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PREFACE 

Part 6 of National Building Code of Canada 1995 states, "Heating, 
Ventilating and Air-conditioning systems, including mechanical 
refrigeration equipment, shall be designed, constructed and installed to 
conform to good engineering practice such as described in the ASHRAE 
Handbooks and Standards, the HRAI Digest, the Hydronics Institute 
Manuals, the NFPA Standards, the SMACNA Manuals, the Industrial 
Ventilation Manual published by the American Conference of 
Governmental Industrial Hygienists, and CAN CSA-Z317.2 Special 
Requirements for HVAC Systems in Health Care Facilities." A recent 
report noted that almost 50 percent of the design practitioners, code 
officials and building owners wanted more explicit requirements. 

Data has been accumulating for many years but is scattered throughout 
hundreds of books, journals, government and equipment manufacturers' 
publications, building operations logs and individual project files, all 
reflecting the creativity of designers, owners and operators. This 
document attempts to summarize and consolidate the more relevant 
data. It complements references noted in the Bibliography by presenting 
practical design concepts and guidelines to reduce operating costs, 
eliminate problems and redundancies and lead to improved detailing and 
affordable solutions. It is not intended to supplant, but rather to support, 
the experienced design practitioner. When developing the detailed 
engineering drawings and specifications, prevailing industry standards 
and local practices should be incorporated. 

Codes are documents that promote health and safety. Standards 
define uniform methods of rating, sizing and measuring performance. 
Guidelines are recommended techniques. This document attempts to 
provide background and define "good engineering practices" for 
mechanical and electrical energy consuming equipment and systems in 
medium- and high-rise multi-unit residential buildings. It also applies 
directly to other domiciliary facilities (such as dormitories, motels, 
hotels, seniors housing and nursing homes) with many small self
contained suites and rooms. 

Generally accepted practices can discourage innovation. However, 
innovation is also restricted by the additional fees required to attempt 
something new, the risk that it will not work and result in callbacks, 
and the potential for subsequent litigation. We believe the availability 
and use of comprehensive guidelines will encourage innovative 
design and installation, reduce operating costs and also help avoid 
misunderstandings between teams designing, delivering, owning 
and operating buildings. 
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The scope of this publication has been limited to design techniques 
used in space heating and cooling, ventilation, plumbing and electrical 
power systems. In some cases, fundamentals are provided, but heating 
and cooling loads calculations are not included, as they are the subject 
of a number of handbooks, publications and textbooks. In some 
instances, desirable features of fire protection, emergency lighting, 
plumbing and drainage systems, elevators, emergency power and 
security systems, swimming pool equipment, smoke control, duct and 
pipe design, water treatment and vibration and sound control are the 
subject of limited commentary. 

The primary readership is designers with university or technical 
college training, or others with system operational experience. 
Installers, educators, public sector officials and technical owner
operators who want to understand the practical aspects of affordable, 
trouble free, energy consuming systems in large buildings will also 
find this a useful resource. It also provides a needed and welcome 
benchmark to support the development of environmentally sensitive 
and "Green" Buildings. 
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CHAPTER 1 - INTRODUCTION 

1.1 Background 

Given the correct conditions, multiple-unit 
apartments offer many advantages compared 
to detached or semi-detached housing. Their 
compact design and high density allow for 
better utilization of transportation and utility 
infrastructure in urban settings. Where land 
costs are high, a higher density reduces the 
overall cost of housing units. Apartment units are 
often smaller than detached housing, leading to 
lower costs and greater affordability, either for 
renters or owners. For seniors and others with 
physical limitations, building maintenance and 
other operating and maintenance services are 
often provided by others at a lower cost than 
would be available otherwise. 

Apartment building design and quality are 
influenced by the following ownership types: 

• rental occupancy; 
• owner-occupied; 
• combination of rental and owner-occupied; 

and 
• co-operative, etc. 

Owner-occupied apartments (condominiums) 
generally have higher quality and cost than 
rental buildings. Not only are larger floor areas 
common, but higher quality building components 
and systems (e.g., built-in air-conditioning) are 
often selected. Better quality normally leads to 
higher capital costs but may achieve lower 
operating costs. Rental projects tend to be built to 
the lowest practical capital cost, with less concern 
for operating - and particularly energy - costs. 
These costs will be a future liability to either the 
tenants or the building owner. Operating costs are 
important because higher operating costs require 
higher rents or provide lower net revenues. 

Although some construction practices for 
high-rise apartments are similar to those used 
for commercial buildings, there are significant 
differences. Apartments have many more 

permanent partitions and walls. The mechanical 
systems in apartment buildings are generally 
simpler. Each suite should have at least one 
temperature control zone, leading to greater use 
of unitary systems or equipment in apartments, 
contrasted with wider use of central systems in 
commercial buildings. In addition, the occupancy 
patterns and operating schedules of apartment 
and commercial (office, retail, etc.) buildings 
are different. 

The mechanical systems require a significant 
portion of the capital cost of the building and, 
through energy consumption, have a large impact 
on operating costs. The annual operating costs 
for apartment buildings will vary from $20 to 
$45 per square metre of floor area (ref. 1). These 
operating costs include energy for heating and 
cooling (if provided), electrical and other utilities, 
cleaning and housekeeping, administration, 
maintenance and routine repair work, taxes and 
insurance. Figure 1.1 shows a typical breakdown 
of these expenses, with utilities comprising 
31 percent of the total. 

The cost of utilities varies from $4 to $18 per 
square metre and represents a significant portion 
of total operating costs, as noted in Figure 1.1. 
The corresponding energy consumption varies 
from 140 to over 500 kilowatts per hour per 
square metre per year. Figure 1.2 shows a typical 
apartment building energy use breakdown. Space 
heating dominates, consuming 52 percent of the 
total. Domestic hot water heating, lighting and 
appliances total another 32 percent. Elevators and 
cooling equipment (if provided) and fans, pumps 
and miscellaneous equipment consume the 
remainder (ref. 2). 

The energy cost depends on the fuel source used 
for supplying heating and cooling requirements 
in the building. Electricity costs vary by a factor 
of two from Quebec (lowest at $0.054 per 
kilowatt/hour in 1995) to Prince Edward Island 
(at $0.094 per kilowatt/hour in 1995), excluding 
the Northwest Territories and "off-grid" locations 
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Fig. 1.1 
Operating Expenses in an Apartment Building 

developed for individual suites 
with individual metering so that 
occupants only pay for their 
consumption. In summary, there 
is a significant opportunity for 
reducing operating costs with 
the use of efficient, and properly 
selected, heating, cooling, 
ventilation, lighting, motors 

Administration 
21% 

Cleaning 
7% 

Taxes & 
Insurance 

23% 

where electricity costs are often much higher. 
Natural gas costs are lower: they vary from 
30 percent of electricity cost on a per equivalent 
kilowatt-hour basis in Alberta to about 50 percent 
of electricity cost in most other 

Fig. 1.2 

Utilities 
31% 

Maintenance & 
Repairs 

18% 

and control systems. 

Figure 1.2 indicates the 
dominance of space heating 
(includes infiltration and ventilation 
components) energy consumption 
in a typical apartment building. 
Apartment buildings have 
substantial heat losses from 
windows, walls, roofs and (where 
there is parking below) floors. 
Therefore, there is a need to 
integrate the architectural, 

mechanical and electrical systems designs to 
achieve the lowest overall costs. An analysis of 
costs over a nominal 40-year life for buildings 
constructed to current standards indicates that the 

provinces. Fuel oil costs tend to 
be somewhat higher than those 
for natural gas, but less than 
electricity. 

Energy Use in an Apartment Building 

The choice of heating fuel, the 
overall building design and the 
selection of mechanical and 
electrical systems can all have an 
impact on the capital, operating, 
and long-term maintenance 
costs of apartment buildings. 
Generally, gas or fuel-oil heated 
buildings have lower energy 
costs than electrically heated 
structures, but they may have 
higher capital costs. Traditional 
designs have employed a central 
plant, which means that energy 
costs are shared among all units. 
Recently, however, new gas-fired 
combustion equipment has been 
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installation cost of the energy-consuming systems 
is significantly less than their operating costs 
(utilities plus maintenance). From a life-cycle cost 
point of view, therefore, the best design improves 
on current practice and may increase capital cost 
to achieve operating cost reductions. 

However, the information necessary to achieve 
these desirable goals of optimum design and 
operation are all too often unavailable to those 
who need it most - apartment designers, 
developers and their customers (condominium 
owners, co-operative councils, etc.). This manual 
has been developed to fill that need. 

1.2 Purpose and Scope 

1.2.1 Purpose 

The purpose of this handbook is to provide 
practical guidelines for good design for 
those engaged in apartment building design, 
construction and operation. It responds to a need 
that was identified in a cross-Canada survey of 
practitioners (ref. 3). This advisory document, 
therefore, sets out: 

• to list features and operating characteristics 
that should be incorporated into energy
consuming systems; 

• to provide design guidelines for various 
heating, ventilating and air-conditioning 
(HVAC), plumbing and electrical systems to 
improve their overall energy efficiency; and 

• to identify preferred system layouts and 
operating strategies. 

1.2.2 Scope 

The manual covers all buildings classified as 
Part 3 buildings of Residential Occupancy 
under the National Building Code of Canada 
(NBCC), including: 

• mid- and high-rise, non-combustible 
construction; 

• low-rise, combustible construction; and 
• "4-plex" or "6-plex" housing with a common 

building entrance for all suites. 

These structures may be rented, owner-occupied 
(condominiums) or have other ownership and 
tenancy (e.g., co-operative or life-tenancy) 
arrangements. As well, there is some application 
for the other domiciliary buildings - dormitories, 
hotels, motels and nursing homes. The manual 
does not cover NBCC Part 9 buildings: 
townhouses; "4-plex" housing, where each unit 
has its own street-level entrance; and detached 
and semi-detached houses. 

1.3 Existing Apartment Building 
Stock in Canada 

In 1993, there were approximately 
936,000 residential units in high-rise apartment 
buildings in Canada. This reflects about nine 
percent of the total dwelling units in the country. 
Apartment buildings are concentrated mostly in 
large urban areas: for example, 68 percent of 
high-rise apartments are located in centres with 
a population of over one half million. The 
following reflects the age distribution of 
Canadian high-rise apartments: 

Constructed before 1960 
Constructed 1961-1977 
Constructed 1978-1982 
Constructed 1983-1992 

15.1% 
51.8% 
13.5% 
19.6% 

Buildings constructed between 1965 and 1980, 
particularly those with cooling and fossil fuel 
heating, show the highest energy consumption. 
Those constructed between 1980 and 1995 with 
electric heating show lower energy consumption. 
Possible reasons include: 

• lower heat losses due to better windows 
and higher insulation levels; 

• tighter buildings envelopes, leading to 
less infiltration; 

• no energy conversion losses, as with 
fossil-fuel heating; and 

• lower energy distribution losses where 
local, in-suite heating is used. 

These electrically heated apartment buildings 
show what can be done within normal building 
budgets. One challenge for the industry is to 
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obtain similar building envelope improvements 
in all apartment buildings, regardless of heating 
fuel source. 

Although it is known that the mechanical systems 
used in apartment buildings have changed over 
time, no hard data is available by building age. A 
survey of the entire high-rise apartment building 
stock provided data on both space heating energy 
source and the type of heating system installed. 
The results are shown in Table 1.1. 

Electric resistance heating is used in 
58.8 percent of buildings, with baseboard heaters 
predominating. Natural gas is used in 33.7 percent 
of buildings, with central hydronic heating 
selected in 64 percent of those and forced air 
in another 30 percent. Fuel oil is used in only 
6.7 percent of buildings, probably where natural 
gas is not available. Central hydronic and forced 
air are used in 69 percent and 30 percent of these 
buildings respectively, a similar ratio to the 
natural gas buildings. Other heating systems, such 
as radiant panels or heat pumps are rarely used in 
existing buildings. 

Recent surveys (refs. 4 & 5) of indoor air quality 
in apartment buildings, both high-rise and low
rise housing for families and seniors, reported: 

Table 1.1 

• 

• 

• 

• 

• 
• 

• 
• 
• 
• 
• 

• 

• 

• 

• 

unsuitable temperature, relative humidity and 
air motion; 
faulty system design, maintenance 
and operation; 
unacceptable levels of CO, CO2 , N02, 

HCRO & NR2, airborne microbials 
and radon; 
winter overheating in suites due to 
inadequate controls; 
transfer of cooking and garbage room odours; 
backdrafting of kitchen and bathroom 
exhausts; 
undersized ducts; 
excessive noise; 
air flow rates at less than design levels; 
inoperative individual exhaust fans; 
actual air supply to the corridor and kitchen 
and washroom exhausts at approximately 
50 percent of design; 
lack of positive air supply to the suites (doors 
were not undercut, carpeting blocked the 
undercut or weather-stripping was installed 
around the door frame); 
electrically heated corridor make-up units 
were undersized for the heating'requirements; 
holes between the building and equipment 
penthouses allowed uncontrolled air flow due 
to stack effect; and 
adequate maintenance had not been 
performed on duct dampers, filters, grilles 
and equipment. 

Measures to improve 

Fuel-Use Data for High-Rise Apartment Buildings (ref. 6) the capabilities and 
performance of all 
participants in design, 
delivery and operation are 
needed. This handbook is 
one part of the process of 
defining these measures. 

Type of Fuel (main) Percentage of Building Stock Type of Heating System 

Electricity 58.8% Forced air 9% 
Baseboard 79% 
Hydronic 8% 
Radiant panels 3% 
Other 1% 

Natural Gas 33.7% Forced air 30% 
Hydronic 64% 
Other 6% 

Oil 6.7% Forced air 0% 
Hydronic 69% 
Other 1% 

Other combination of fuels 
(wood, propane, diesel, etc.) 0.8% 
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CHAPTER 2 - PROJECT DEVELOPMENT 

2.1 Basic Considerations 

Building design decisions depend on a large 
number of factors. Many of the most important 
of these must be determined by the owner, 
often with input and recommendations from the 
designers the owner has selected for the project. 

One of the most important factors is the overall 
capital cost budget for the project, of which the 
construction cost is the largest single component. 
Capital cost will depend primarily on the project's 
intended market (i.e., lUxury condominium, 
lower-cost condominium, rental and co-operative 
housing), The local market, in terms of selling 
price or rental rates, will determine the owner's 
income from the project and therefore will govern 
how much capital is available to design, construct 
and finance it. 

All building design disciplines (architectural, 
component and material selection, mechanical, 
electrical, etc.) must complement one another 
in the construction of an economically viable 
building. While capital cost may be the dominant 
factor, others are also important. Better quality 
building envelope (windows, walls and root) 
construction will reduce long-term maintenance 
and repair costs and will improve occupant 
comfort in cold weather. Better insulation levels 
and higher efficiency mechanical equipment will 
reduce energy consumption and cost, at the 
same time reducing greenhouse gas emissions. 
Low-water-consumption plumbing fixtures will 
reduce the demand on both water supplies and 
sewage systems. 

Most private-sector buildings are constructed 
as an investment, whether for public housing 
agencies or private investors. Most public housing 
projects have at least one more requirement a 
maximum construction cost per suite. HVAC 
systems must be reliable, reasonably efficient and 
provide acceptable comfort for the occupants. In 
addition, they should be economical to install and 
operate. Determining what is "reasonable," 

"acceptable" and "economical" is central to the 
achievement of a successful design. For example, 
a decision to provide cooling is an HVAC-related 
decision that affects, and is affected by, future 
occupancy and revenues. Cooling might be 
viewed as essential in an up-scale condominium, 
while it might be unacceptable in a publicly 
owned, low-cost housing project. 

Residential mechanical systems are not as 
complex as those installed in most commercial 
occupancies. Even so, those installed are 
frequently less than optimum. Diligent application 
of the design tasks outlined in this chapter will 
assist designers and owners in achieving 
mechanical and electrical systems that are closer 
to optimum. One aspect of this diligence is 
considering both energy efficiency and 
environmental responsibility. Some general 
information on domiciliary buildings is noted 
in Reference 7. 

Designers often rely on rules of thumb. Many of 
these rules are useful and need to be disseminated 
for wider adoption, but some need to be 
abandoned. The reasons for rejecting some of 
these previously accepted norms are changing 
occupant expectations, as well as one or more 
of the following: 

• Between 1987 and 1992, electrical energy 
costs in Ontario increased by about 30 percent 
(5.4 percent each year) and natural gas costs 
by 24 percent (4.4 percent each year). Energy 
cost increases in other parts of Canada were 
similar. In the same period, installation and 
construction costs only increased 9 percent. 
This has now made formerly uneconomic 
energy-efficiency options viable. However, 
there is a tendency for designers to continue 
to use "tried-and-true" systems, instead of 
researching and selecting systems more 
suited to changed economic conditions. 

• An indoor air quality survey conducted in 
1984-85 by Health and Welfare Canada 
showed that 61.5 percent of residential 
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buildings had indoor air quality (IAQ) 
complaints specifically related to the HVAC 
systems. The list of reported problems 
included: uncomfortable temperatures; air 
too dry (insufficient relative humidity); 
too much or too little air motion; lack of 
ventilation; excessive noise; and faulty 
design, maintenance and operation of the 
system. Most these IAQ problems can be 
solved with improved design and layout 
of distribution systems, along with 
proper maintenance (ref. 8). 

• Recent advances in the electronics, computers 
and controls industry have generated new 
control and energy management systems and 
products to take advantage of new efficiency 
improvement opportunities without significant 
cost increases. Unless system and controls 
designs are updated to take advantage of these 
advances, the improvements they promise 
will not be achieved. 

• Better building envelopes (particularly walls 
and windows) are being constructed. This 
results in smaller thermal loads, smaller 
heating and cooling equipment and systems 
and smaller electrical service and power 
requirements. Further, more efficient electric 
motors and equipment (including low-flow 
showers and plumbing fixtures for pumped 
water service), etc., also reduce electrical 
power requirements and associated 
installation costs. 

• Computer· based design and analysis tools 
were complex, user-hostile and not widely 
used in the past. The tools available and under 
development are more practice-oriented and 
are easier to use. These powerful software 
packages facilitate comparative studies and 
optimization of various HVAC and building 
design options. However, there are still 
profound barriers to greater use of these tools. 
First, they require additional analysis time by 
expert practitioners, and owners have shown 
little or no interest in paying for this time, 
even though the results may be worth more 
than the additional fees. Second, obtaining 
valuable results demands a high level of 
expertise in both design and energy 
performance analysis. There are very few 
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Canadian professionals with the required 
level of knowledge. Third, the best results 
are achieved when the analysis starts at the 
concept design stage, with all the design 
disciplines participating in a totally integrated 
design process. Once again, normal design 
team organization and fee arrangements 
mitigate against this sort of design approach. 

Unfortunately, fee structures for design 
professionals are typically based on a percentage 
of the construction budget, with a requirement 
not to exceed that budget. There is an incentive, 
therefore, for the design professional to design 
systems at the lowest possible capital cost, that 
meet owner or resident expectations (as expressed 
in lack of complaints) and can be achieved with 
the lowest possible expenditure of design time. If 
an expert team of professionals were to study 
means of minimizing energy and other operating 
costs, maximizing occupant comfort and 
satisfaction, optimizing overall design among all 
disciplines and achieving this with little or no 
additional capital cost, they would require more 
design time and associated fees. They should 
also reduce the future maintenance costs. 

Under the conventional "low fee bid" 
procurement process, someone proposing an 
integrated design approach (as described above) 
would not obtain the design commission unless 
the consultants chose to perform the work at a 
loss. Consequently, owners are denied potential 
benefits. A fee structure is needed that recognizes 
more than lowest fee and lowest capital cost. A 
small base fee, with incentives for reducing 
building life-cycle cost (covering capital cost 
and ongoing operation and maintenance costs) 
compared to a pro-forma base building, has 
potential value for all parties. 

In most cases, the additional cost incurred in 
detailed design engineering for both building 
envelope and building systems, and also for the 
purchase and commissioning of high-efficiency 
equipment, and the use of reliable and intelligent 
control systems, should provide a quick payback 
through reduced operating energy and 
maintenance costs. Extra care is required for 
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design detailing and construction inspection to 
ensure that intended results are achieved in the 
completed building. 

It is noteworthy that simple systems and ongoing 
training for building operators are essential for 
optimum results. 

2.2 Design Tasks 

Design tasks should be undertaken throughout the 
entire delivery process (i.e., from the feasibility 
phase until after the building is turned over to the 
owners). Typical design tasks are outlined in 
Sub-sections 2.2.1 through 2.2.11. 

2.2.1 Determine the Owner's basic project 
requirements. 

As noted earlier, local market conditions and the 
intended use of the building will influence the 
installation budget, comfort requirements, method· 
of metering energy and the mechanical system 
design. For example, seniors will require higher 
indoor temperatures and highly legible readouts 
for thermostats. The Ontario Ministry of Housing, 
recognizing occupancy differences, has recently 
published technical guides for family housing 
and for seniors (ref. 9). The designer should 
recommend appropriate design criteria to the 
owners. In addition, many tall buildings have 
commercial space on the ground floor and 
underground parking, and these affect 
system design. 

2.2.2 Determine design criteria. 

Design criteria provide a statement of 
requirements and performance which the building 
will provide They include obvious factors, such as 
indoor design temperatures and relative humidity. 
They also include less definitive factors, such as 
energy conservation evaluation criteria and 
environmental impact criteria. It is important for 
all relevant design criteria to be documented and 
agreed between the owner and designers. Detailed 
information and recommendations concerning 
design criteria are contained in Section 2.3. 

2.2.3 Consider and evaluate system 
design options. 

There are a variety of choices for heating, cooling 
and ventilation systems. In addition, there is 
usually more than one heating fuel or energy 
source available. The designer must consider 
the alternatives vis-a-vis their capabilities and 
limitations, the budget, the local climate, the 
architectural design and layout of the project and 
possibly other factors important to the owner. 

The proposed utility metering arrangement 
plays a significant role in selecting the system. 
Buildings with individual metering generally 
utilize in-suite (unitary or through-the-wall) 
equipment and electric space and domestic water 
heating. Bulk-metered buildings generally use 
central equipment and fossil fuels for space and 
domestic water heating. Reference 10 found 
energy use to be 20 to 25% higher with 
bulk metering. 

All the design disciplines should have an 
opportunity for input on design proposals to 
achieve an optimum design (best performance 
at the lowest overall cost). For example, 
improvements to the building's windows and 
insulation - if incorporated in the design from 
the beginning may reduce the heating capacity 
required, improve occupant comfort and reduce 
energy consumption with potentially very little 
increase in overall capital cost. An optimum 
design will often result in smaller, less complex 
HVAC equipment and systems and may even 
eliminate the need for some. 

2.2.4 Perform thermal load calculations. 

Calculations of internal gains, solar gains and heat 
losses through the envelope can be undertaken 
using the standard procedures outlined in industry 
handbooks and publications. Reference 11 is one 
such source. The thermal insulation and air 
tightness of the building envelope are important 
factors for these calculations. Reducing thermal 
loads, including solar gains in summer, reduces 
the required capacity of heating and 
cooling equipment. 
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2.2.5 Prepare system layouts. 

Locations for heating, ventilating and cooling 
system equipment must be determined. This 
includes terminal equipment within suites, which 
must coordinate with the overall architectural 
design. When centralized systems are selected, 
equipment locations and space for distribution 
piping or duct runs must be determined. 

Regardless of the system selected, the HVAC 
equipm~nt should take as little space as possible. 
However, easy access is required for maintenance 
and repair. One rule of thumb is that HVAC 
equipment should not require more than 
4 percent of the total floor area. 

2.2.6 Select equipment. 

The architectural design and the mechanical 
system dictate the equipment selection. Refer 
to Chapters 3 through 11 for detailed information 
concerning systems and equipment requirements. 

Equipment that is energy-efficient and durable, 
requires minimum maintenance, and has well 
defined operating schedules and controls will 
operate at lower cost. Since the full-load 
efficiency of equipment is not always a good 
indicator of its average annual efficiency, the 
number of operating hours, load profiles and 
efficiency ratings at various loads should be 
reviewed. This information will permit the 
selection of equipment that meets budget cost 
constraints while minimizing operating costs. 

Central equipment, terminal units, electronic 
controls, mechanical control and balancing 
valves, balancing and fire dampers, pumps, etc., 
should be accessible for maintenance and repairs. 
For northern, remote or rural locations, systems 
should be selected that incorporate equipment that 
can be serviced and maintained by local labour 
and for which spare parts are readily available. 
Otherwise, specialized components, testing 
equipment and technicians will need to be shipped 
in at considerable additional expense for repairs 
and even for .routine servicing. 
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2.2.7 Estimate construction costs. 

Most developers or owners require budgets to be 
developed prior to the start of design. Subsequent 
detailed designs should not exceed these budget 
values. Clearly, the project budget will be a factor 
in the evaluation of possible system selections 
(refer to Sub-sections 2.2.3 and 2.2.6). When 
system selection, layout and equipment selection 
has taken place, it is important to confirm that 
construction cost is still within budget. For 
additional costing information, refer to Sub
section 2.6, as well as References 12, 13 and 14. 

2.2.8 Estimate operating and maintenance 
costs. 

It is recommended that estimates of 
energy, operating and maintenance costs be 
developed. These are usually produced using 
simplified procedures. Reference 15 is one 
source of information on energy estimating. 
Reference 16 contains information on operating 
and maintenance costs. Linking operating, 
maintenance and construction costs to determine 
the optimum balance involves life-cycle cost 
estimates, and these are also addressed. 

If more detailed energy consumption evaluations 
are required by the owner, the design consultants 
would need to use sophisticated energy 
performance analysis computer programs. Such 
analysis demands a high level of expertise and 
considerable time, and it is best carried out at the 
concept stage of a project before key design and 
system selection decisions have been finalized: 
this is rarely done. 

2.2.9 Prepare construction documents. 

All details required to develop competitive 
prices and perform the entire installation must 
be consolidated into project drawings and 
specifications. These documents provide the only 
link between the designer, installer, ultimate 
owner, service contractor/tradesman and operator. 
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2.2.10 Inspect the installation. 

During construction, the installation is inspected 
to ensure that it adheres to the construction 
documents and that problems are resolved as 
they arise to maintain the design intent. 

2.2.11 Confirm proper operation 
(commissioning). 

As construction nears completion, the correct 
operation should be confirmed and documented 
by functional testing. Major equipment may also 
need to be subjected to performance testing. 
Chapter 11 contains more information on the 
commissioning process. 

2.3 Design Criteria 

Design criteria are based on codes, standards 
and good practices. Some design criteria relate 
directly to resident comfort. It is important for 
designers (and owners) to understand that design 
criteria are not wish lists. More demanding 
criteria usually require a higher capital cost to 
achieve. Therefore, it is important that design 
criteria express the real, minimum results that the 
design is intended to achieve in operation. 

2.3.1 Outdoor Design Conditions 
(temperature and wind) 

Outdoor temperatures have an important 
influence on mechanical systems design. Long
term temperature data from the Supplement to the 
NBCC, 1990 (Chapter 1, Climate Information for 
Building Design) are reproduced in Appendix A 
for a number of selected sites. As well, 
comparable data from References 17 and 18 have 
been extracted for selected sites in the U.S.A. 

The coldest temperatures in a given location are 
always somewhat colder than the recommended 
design temperature. There is a choice to be 
made, therefore, in terms of design temperature. 
For example, a 2.5 percent winter design 
temperature is the value below which not 
more than 2.5 percent of observations typically 
occur during the month of January (18 hours). 

A 1 percent winter design temperature 
is determined similarly, and it will be both 
colder - and safer - than the 2.5 percent design 
temperature. However, Appendix A of the NBCC 
recommends use of the 2.5 percent design 
temperature for most buildings. 

Similarly, a 2.5 percent summer design dry-bulb 
temperature is the value above which not more 
than 2.5 percent of observations typically occur 
during the month of July (18 hours). The summer 
design wet-bulb temperature is the mean 
coincident wet-bulb temperature for the design 
dry-bulb values. 

The 2.5 percent summer design temperature will 
be higher, and thus "safer," than the 5 percent 
summer design; however, because cooling is 
often considered "optional," and a building'S 
heat capacity tends to delay cooling requirements, 
a 5 percent cooling design temperature might be 
acceptable in most Canadian locations. A large 
mean daily range (average difference between 
maximum and minimum temperatures) would 
enhance diurnal heat storage in the building 
structure and could allow use of a lower 
design temperature. 

Reference 18 shows climatic data converted to 
a new format. It provides dry-bulb temperatures 
above which 0.4 percent (hottest), 1 percent, 
2 percent, 99 percent and 99.6 percent (coldest) 
of the observed readings occur over the entire 
year. This format may become the international 
industry standard. The 0.4 percent (indicating that 
35 hours per year are hotter) and 99.6 percent 
(35 hours per year are colder) are considered to 
reflect appropriate design temperatures for 
cooling and heating systems. 

DegreeMday and daily range data, from 
Reference 18, have been presented for the 
American sites. The NBCC only provides data 
to the base 18°C and does not publish the daily 
range, which is used in some cooling analysis. 
See Sub-section 5.7 for additional discussion 
on energy requirements and desirable 
operating characteristics. 
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The wind pressure, in kPa, indicates the pressures 
that the envelope and ventilation systems must 
accomodate. 

The actual operating temperature, as indicated 

2.3.2 Indoor Design Temperatures 

Table 2.1 contains suggested indoor design 
temperatures for various types of spaces in 
residential buildings. The owner could require 
other design temperatures. The HVAC systems 
and components should be able to maintain the 
selected indoor design temperatures when outdoor 
temperatures are at design conditions (refer to 
Sub-section 2.3.1). 

by the thermostat setpoint, is not necessarily the 
same as the indoor design temperature; the indoor 
temperature can have large effect on energy 
requirements. Analytical techniques of hourly 
climactic temperature data suggest that a 1°C 
reduction of indoor temperature causes a drop 
in the "Effective Temperature Differential" (the 
"force" that causes heat flow), and thus a drop 
in the energy requirements of the building from 
3.5 percent to 12 percent, depending upon the 
actual temperatures (ref. 19). Over the heating 
season for most Canadian sites, the actual 
result achieved could amount to over 5 percent 
per Celsius degree of reduction in indoor 
temperature. However, occupant comfort cannot 

Table 2.1 
Indoor DeSign Temperatures 

Location 

Living rooms, bedrooms and bathrooms 
(normal occupancy) 

Living rooms and bedrooms (seniors occupancy) 

Bathrooms (seniors occupancy) 

Common areas (e.g., recreation halls) 

Corridors 

Vestibules and stairwells 

Unoccupied storage and service rooms 

Garbage rooms 
Heated garages (ceiling to building insulated to 

RSI 2.1 or more as per NBCC) 
Mechanical and electrical equipment rooms 

Elevator equipment rooms 

Swimming Pool: Air 
Water9 

Notes: 

Heating °c 

21 24 
23 24 
24 none 

21 24 
18 28f 

10 none 
108 none 

5 -10a c 

2d none 
5 -108 none 

5 -108 30 - 32' 
24-29 dehum. 
24-29 50 - 60% 

a. These rooms frequently do not require terminal heating devices, particularly if they 
are unoccupied, below grade, have limited exterior envelope and have operating 
equipment that generates heat. As well, allowing the room temperature to drop to 
5°C is considered acceptable by many experts. 

b. Many projects do not incorporate cooling. In such cases, temperature values in 
this column, except for elevator rooms governed by note lie:' would be replaced 
by "none:' 

c. Garbage rooms should be cooled if the heat gain would cause elevated 
temperatures (22 to 24°C) to occur. Alternatively, they may be provided with high 
volume exhaust capacity (20 to 30 air changes per hour) to remove odours. 

d. Garage heating is most often not recommended. If it is provided, the recommended 
design temperature would just prevent freezing. 

e. Probably achieved by ventilation, not mechanical cooling, except in very hot 
climates. Note that some elevator equipment manufacturers incorporate an overheat 
safety shutdown and recommend mechanical cooling in their equipment rooms. 

f. Excessively hot corridors can result in resident complaints. If a building incorporates 
mechanical cooling in the suites, some cooling in the corridors might be provided. 

g. Whirlpools or therapeutic pools can have a water temperature from 30 to 39°C. 
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be compromised. As space 
temperatures decrease in 
winter, discomfort may well 
increase. Sub-section 2.3.7 
notes that radiant effects 
and unequal temperatures 
throughout the space also 
affect comfort. 

2.3.3 Thermal Zoning 

Spaces with similar heating 
or cooling requirements 
are considered to behave as 
one space for the purposes 
of heating or cooling system 
design. Thermostats should 
be included in each 
individual suite for comfort 
control. Suites with multiple 
heating or cooling units, 
very large suites, and 
those having opposite 
orientations, may require 
two or more zones: the 
reason is that rooms with 
one orientation may be 
receiving solar heat gain 
from the sun, while other 
rooms may be on the 
windward side or in the 
shade, and, when the 
outside temperature is 
cool, they may need heat. 
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Additional zones should also be considered for 
recreation and other common rooms and for other 
large spaces. Enclosed swimming pools should 
have dedicated systems and temperature control. 
Refer to Sub-section 7.5.1. 

A floor area of up to 100 square metres 
can be considered as one zone. In end-suites, 
two separate zones (units) might be required, 
depending on the suite's size and orientation. A 
south-facing zone can be supplied with one unit 
and other orientations with another. This will 
ensure that if heat is needed during the day in 
one zone during early spring or late fall, the 
other zone can maintain comfort. In large suites, 
common rooms, such as living, dining, kitchen 
and storage, can be served with one unit and 
bedrooms can be served with another. In small 
suites, one unit can meet all heating and cooling 
needs. A thermostat and duct damper may be 
installed in the smaller room where two unique 
rooms with different needs are supplied from the 
same heating and cooling unit. Obviously, air 
flow to the main room must be adequate to . 
ensure suitable operation of the fan and coil. 

2.3.4 Humidity 

Apartment buildings generally do not incorporate 
humidification equipment. Winter humidity levels 
of 20 percent or greater are frequently maintained 
in the suite as a result of water vapour released 
from cooking, washing, showering, plants and 
human occupancy (perspiration and breathing). 
Higher humidity levels will permit a dry-bulb 
temperature that is 1 or 2° C lower, with 
equivalent comfort. Deterioration has occurred in 
some buildings when excessive humidity levels 
result in moisture migration into the structure. 
The building envelope must be designed so 
such damage does not occur. 

If cooling is provided, summer dehumidification 
will result. This can help to prevent moisture 
problems, such as mould growth, in hot and 
humid climates. 

2.3.5 Outside Air Ventilation 

Make-up or ventilation air must be provided to 
suites to offset any kitchen, bathroom or laundry 
exhaust from the suite. In addition, outside air 
ventilation must be provided for the occupants. 
Building codes and standards mandate minimum 
outside air ventilation rates (refs. 20 and 21) 
for this purpose. Sub-section 7.2.1 provides 
additional information. 

It should be noted that "dumping" outside 
air into the building is not sufficient for good 
indoor air quality. Proper distribution of that air 
throughout the suite is dependent upon design 
characteristics and operating performance. 

2.3.6 Environmental Impact Criteria 

There is increasing interest in buildings that will 
have less impact on the environment. Factors in 
reducing environmental impact include: 

• 

• 

• 

• 

• 

• 

reduced electricity consumption, which will 
reduce carbon-dioxide emissions (from fossil 
fuel-fired electricity generation), nuclear fuel 
residue (nuclear generation) or new dams for 
water power (hydraulic) facilities; 
reduced electricity demand, which reduces 
the need for expansions to generating and 
transmission facilities; 
use of high-efficiency equipment and systems, 
which reduces atmospheric emissions from 
fossil fuels; 
use of chlorofluorocarbon-free refrigerants, 
which eliminates a possible ozone-depleting 
source; 
use of low-water-consumption plumbing 
fixtures, which minimize water use, save 
water resources and reduce demands on 
sewage treatment systems; and 
collection and disposal of solid waste. 

If the owner or developer wishes to address 
environmental factors, the criteria must be 
identified and appropriate design targets 
documented clearly in the overall design criteria 
for the project. Reducing the environmental 
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impact of a project may result in higher 
construction costs. 

2.3.7 Energy Conservation Criteria 

Energy is the largest single component of 
operating expense (refer to Figure 1.1). An owner 
or developer may mandate energy conservation 
criteria for a project for a number of reasons. 
One is a desire to have a project meet, and be 
advertised as meeting, a certain level of 
conservation performance. Another would be 
a desire to reduce energy consumption to the 
maximum extent possible, consistent with 
minimum life-cycle cost. 

There is a host of possible avenues for achieving 
reductions in energy consumption. Some of 
them are: 

• The Model National Energy Code for 
Buildings (ref. 22) and ASHRAEIIES 
Standard 90.1 (ref. 23) provide standards 
that could be chosen as criteria. 

• Some guidelines for energy-efficient 
operations in apartment buildings are found 
in Reference 24. 

• Designing mechanical systems to avoid the 
purchase and use of energy to heat and cool 
simultaneously is an energy conservation 
opportunity; 

• If a room has a window area that represents 
more than 30 percent of the floor area, as well 
as standard double-glazing and metal window 
frames, it may be necessary to increase the 
heating temperature setpoint by 2 to 3°C to 
offset the effects of radiant heat loss. 
However, if high performance windows 
and frames are selected, the inside surface 
temperatures will be warmer. Not only will 
the heat loss be reduced, but so will the 
radiant losses. 

• A design that achieves even temperatures 
throughout the occupied space will result in 
the best balance of comfort and energy use. 
Ideally, the maximum temperature difference 
between 0.01 and 3.0 metres from the exterior 
wall should be less than 3°C at a height of 
1 metre, and the maximum temperature 
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difference between 0.1 and 1.7 metres from 
the floor should also be less than 3 DC when 
measured 0.3 metres from the exterior wall. 

2.4 Maintenance Considerations 

Good maintenance begins at the design stage and 
includes the selection of equipment for reliability 
and long service life and the installation of parts 
requiring service in accessible locations. If 
adequate space is not available for easy access 
and servicing, maintenance of the HVAC 
equipment and systems will not take place. This is 
particularly important for major equipment (such 
as boilers, chillers, cooling towers, air handling 
units and fans), and also for motorized dampers 
and their actuators, control sensors and devices, 
humidifiers, coils (heating, cooling and 
reheating), drain pans, isolating valves, drain 
valves, filters, strainers and expansion joints. 

Some building standards require I-metre 
clearance around equipment. However, allowance 
should also be made for the removal and 
replacement of HVAC equipment (including 
boiler and chiller tubes) in designing the building 
in order to minimize disruption to other 
components and systems. Major roof-mounted 
HVAC equipment should be located only on flat 
roofs and should be accessible via a stairway. 
Installing roof-mounted HVAC equipment in a 
depression in a sloped roof should be avoided 
because the risk of drifting snow prohibits safe 
access. Service mechanics with the skills 
necessary to trouble-shoot, calibrate, service and 
repair the HVAC equipment and controls should 
be available in the local community, or at least 
within a distance that allows for an acceptable 
response time. 

Operating and maintenance manuals for all 
major equipment, systems, accessories and 
controls are important. They should contain 
installation, start-up and service maintenance 
data and instructions with diagnostics and trouble
shooting explanations. Reference 25 presents 
useful guidance on the preparation of these 
manuals. 
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Fig. 2.1 2.5 Noise Reduction 
and Vibration 
Control 

Frequency Ranges of Likely Sources of 
Sound-Related Complaints 

Occupants may complain about 
noise and vibration near supply 
and exhaust duct outlets or 

(reprinted with permission from 1995 Applications Handbook, ASHRAE Inc., 
Atlanta, GA.) 
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when occupied units are near 
mechanical equipment. If 
excessive noise or vibration is 
generated by either equipment or 
air noise, it is typically difficult 
and costly to reduce the problem 
to acceptable levels. Hence, it is 
important that the original design 
include steps to minimize noise 
and vibration where necessary. 
Continuous noise is less annoying 
than intennittent noise. 
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Several single-number rating systems have 
been developed to quantify noise exposures in 
and around buildings. The rating systems used 
for HVAC systems are: the A-weighted sound 
level (dBA); loudness level (sones); (phons) 
dB @ 1,000 hertz; room criteria (RC) and noise 
criteria (NC). See References 26, 27 and 28. As 
an example, an equipment noise level of NC 35, 
measured in a medium to soft room at a distance 
from the equipment of 3 to 4 metres would 
generally be acceptable in apartments. Good to 
better quality equipment that operates within 
these noise levels is available. 

Noise and vibration from mechanical equipment 
ranges from low frequency rumble to high 
frequency hissing or whistling. Figure 2.1 outlines 
some noise sources and their typical frequency 
ranges. Figure 2.2 illustrates 12 different ways in 
which unacceptable noise and vibration from an 
air-handling unit installation can occur. Figure 2.3 
illustrates prefered detailing. 

Apartments and private residences should have 
a design RC (room criteria) of 25 to 30. This 
numerical value rates the ease of voice 
communication. It is complemented by a suffix 
that classifies the subjective quality of the noise. 

OCTAVE BAND CENTER FREQUENCY, Hz 

The solution to HVAC noise and vibration 
control problems involves an examination of 
sources, transmission paths and receivers. Design 
approaches to avoid noise and vibration problems 
include the following: 

• Select quiet equipment. This is particularly 
important for tenninal equipment and exhaust 
fans located within a suite. Sources, such as 
fans, pumps, chillers and other rotating 
equipment, will be less likely to cause 
problems if quiet models are selected. In-suite 
air conditioning fans and compressors are 
frequently noisy, unless precautions are taken. 
It is noteworthy that the quietest equipment is 
generally the most efficient. 

• Interrupt noise and vibration transmission 
paths, many of which are illustrated in 
Figure 2.2. In both figures 2.3 and 2.4, the 
noise and vibration isolation measures 
illustrated interrupt probable noise or 
vibration transmission paths between the 
source and the occupied spaces. 

• Be careful in locating bedrooms. In apartment 
buildings, the "receiver" is the resident who 
will hear, and possibly be bothered by, noise 
and vibration from mechanical equipment. 
The closer equipment is located to the 
occupied space, the more likely its noise 
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Fig. 2.2 
Air-Handling Unit and Fan Room with Several Acoustical Problems 
(reprinted with permission from A Practical Guide to Noise and Vibration Control for HVAC Systems. 
ASH RAE Inc., Atlanta, GA., 1993) 
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AHU panel vibration "couples" to the lightweight, flexible gypsum wall just a small fraction of a meter away. This coupling 
lets low frequency noise pass easily through the wall. 

2 The counterclockwise rotation of the fan's discharge air is forced to change direction at the downstream elbow. The change 
in the direction at the elbow causes turbulence resulting in excessive low frequency noise, duct rumble and pressure drop. 

3 The problems noted above are aggravated if the elbow's turning vanes are too short to straighten the airflow and control 
the turbulence. 

4 The sound trap is too close to the elbow. This compounds the turbulence problem. 
5 Rectangualr ductwork and sound traps do not control the rumble produced by turbulent air flow. 
6 The AHU's air inlet is too close to the wall. This causes two acoustical problems: unstable fan operation leading to surge 

and rumble, and direct exposure of the inlet noise to the mechanical room wall. 
7 The lack of a sound trap in a mechanical room return air opening allows fan noise to travel into the ceiling cavity, then 

through the lightweight acoustical ceiling into the occupied space. 
8 The unit is resting on thin cork/neoprene isolation pads that are too stiff to adequately isolate the fan vibration. 
9 The poorly isolated unit is resting on a relatively flexible floor slab without sufficient structural support. This arrangement 

allows unit vibration to enter the slab. 
10 The chilled water piping is rigidly attached to the slab above, thereby letting unit vibration enter the slab. 
11 Ductwall vibration in the sound trap (or any other part of the trunk duct system) touching the drywall partition can cause the 

partition to act as a sounding board and radiate low frequency noise into the occupied space. 
12 Suspending ceiling from supply duct causes ceiling to be sound radiator. 

or vibration will be bothersome. Noise and 
vibration are more acceptable in stairwells, 
closets, kitchens and washrooms than in 
bedrooms and living rooms, so it is wise to 
locate noisy equipment and piping away from 
the latter. When residents are trying to sleep, 
everything is quiet, and they are most 
susceptible to noise and vibration. 
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• Prevent the transmission of sound through 
air ducts (exhaust and supply). Manufactured 
sound traps and duct silencers, acoustical 
lined elbows, 25-millimetre duct liner in 
trunks and branches and the judicious use of 
flexible ducts will reduce sound transmission 
between spaces. 
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Fig. 2.3 
Air-Handling Unit and Fan Room with Optimal Acoustical Features 
(reprinted with permission from A Practical Guide to Noise and Vibration Control for HVAC Systems, 
ASHRAE Inc., Atlanta, GA.,1993) 
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Keeping a minimum 600 mm clearance reduces coupling between AHU and wall. Masonry wall provides excellent low 
frequency sound Isolation. 

2 Use of a horizontal discharge AHU eliminates the need for a turbulencewproducing elbow. 
3 Gradual transition at AHU outlet minimizes turbulence. 
4 Sound trap Is far enough away from AHU outlet to avoid excessive regenerated noise & turbulence. 
5 Circular ductwork controls the transmission of low frequency noise & rumble Into the occupied space. 
6 The large clearance at the AHU Inlet keeps the unit away from the wall & avoids excessive inlet turbulence. 
7 The return air sound trap controls AHU noise via the return air path. 
8 The unit is resting on high-deflection, steel spring vibration isolators. 
9 The floor assembly supporting the unit has a housekeeping pad & at least one major beam under the unit. Additional 

stiffness & mass help to control the transmission of unit vibration Into the slab. 
10 The chilled water pipes are suspended by vibration Isolation hangers. 
11 The supply trunk duct does not touch the wall. A 13mm gap surrounding the duct Is filled with a non-hardening sealant. 
12 Ceiling not suspended from supply duct. 

• Ensure that there are no open pathways 
through which noise can be transmitted to 
occupied spaces. For example, ensure that 
holes between occupied spaces and equipment 
rooms, duct and pipe shafts, etc., are sealed. 

It should be noted that we are surrounded by 
sound of one kind or another and that we tune it 
out as long as the volume is not too great. Care 
should be exercised when eliminating noise 
transmission. Some noises, such as constant 
low-pitch vibrations, act to mask other, higher 

pitched noises. Measures that reduce these noises 
too much may result in the objectionable noises 
being more noticeable. 

2.6 Installation Cost and 
Operating Characteristics 

2.6.1 General 

Construction cost for mechanical and 
electrical systems is influenced by a host 
of factors, including: 
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Fig. 2.4 
Pump Installation for Vibration and Noise Isolation 
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• basic building design with simple 
construction details, repeated many times, 
reducing costs; 

• choice of heating, ventilating and (if 
applicable) cooling systems; 

• basic layout of distribution systems -
e.g., ducts and piping - and their 
co-ordination with the architectural layout 
(designs permitting straight runs, with 
standardized take-offs, reducing costs); 

• choice of equipment (higher quality, 
more efficient equipment tending to 
cost more); 

• cost of equipment versus the cost of site 
labour (a design with an optimum mix, 
reducing cost); and 

• competitive market situation (a lot of 
construction meaning less competition among 
contractors, suppliers, etc., and higher prices). 

Operating costs are influenced by the 
consumption of energy, incorrectly set controls 
and ongoing, or lack of, maintenance. 
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Every project is different. Therefore, providing 
meaningful construction cost information 
comparing different systems for apartment 
buildings in general is difficult. Nevertheless, a 
study to determine generic cost comparisons of 
some common heating, cooling and ventilation 
systems was undertaken as part of the work to 
develop this Handbook (ref.29). Results from 
that study are included in this section. In order 
to maximize the ongoing relevance of this data, 
the cost comparisons are presented in percentage 
terms. This emphasizes comparisons between 
systems costs, rather than between absolute costs, 
because, even at the same time, a single design 
may result in different construction costs in 
different locations, or even with different 
contractors in the same location. 

The cost data is presented for two generic 
apartment buildings: a 10-storey building with 
54 suites, and a 3-storey building with 20 suites. 
The cost models assume buildings with a single 
corridor, with suites opening off both sides. It 
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also assumes that the suites are, to a large extent, 
identical throughout the building, so economies 
from repetition are reflected in the costs. A typical 
suite layout is provided in Figure 7.8. Even 
though there is a wide variety of possible layouts, 
and the absolute costs per suite may vary widely, 
the cost models will reflect with reasonable 
accuracy comparative cost differences between 
different types of systems. The reason is that 
all cost estimates are based on consistent 
assumptions concerning basic equipment and 
labour costs, the competitive situation and other 
factors such as the interest rate on borrowed 
money. Therefore, the cost comparisons should 
apply to a wide range of multi-suite 
building designs. 

2.6.2 Heating Systems 

Construction costs for seven different heating 
systems were estimated. They are: 

• System HI - Electric resistance baseboard 
heating in suites, with remote, wall-mounted 
thermostats; elsewhere electric resistance 
convectors or fan-coil cabinet heaters with 
integral thermostats elsewhere. 

• System H2 - The same as system HI, 
except electric resistance radiant 
ceiling panels in suites, with remote, 
wall-mounted thermostats. 

• System H3 - Both space and domestic hot 
water (DHW) heating provided by a unitary, 
gas-fired "combo" system in each suite. For 
comparison with other systems, the cost of a 
gas-fired DHW heater in each suite has been 
estimated and deducted from the overall 
"combo" system cost. 

• System H4 - A central hydronic heating 
system located in a rooftop mechanical 
penthouse and using modular, gas-fired, 
copper-coil boilers with atmospheric burners; 
hot-water baseboard heating in suites, with 
one wall-mounted thermostat per suite. 

• System H5 - The same as system H4, except 
the boilers are located in a basement 
mechanical room. 

• System H6 - The same as system H4, except 
two gas-fired, steel, water-tube boilers with 
power burners are used. 

• System H7 - The same as system H5, 
except oil-fired boilers are used with an 
underground, double-wall, fiberglass 
oil-storage tank. 

Chapter 3 provides details on the characteristics, 
design issues, advantages and disadvantages of 
the various types of heating systems. Chapter 5 
provides similar information for central hydronic 
distribution systems. 

Figures 2.5 and 2.6 show the estimated 
construction cost comparison for these seven 
heating systems when applied to the generic ten
storey and three-storey buildings respectively. 
The estimated construction cost range represents 
the estimated cost, plus or minus 10 percent. 
For each system, this cost range is shown by 
a black rectangle. It is apparent that, for both 
buildings, the three unitary "in-suite" heating 
systems have the lowest installed cost. Systems 
HI and H2 have high operating cost electric 
heating. Therefore, their construction cost 
advantage may be offset by higher energy costs 
over the life of the building. System H3 requires 
the location of a gas-fired heater - a potential 
source of noise - in each suite. On the other hand, 
the four central hydronic systems use gas- (or oil-) 
fired boilers, provide modulating heat output and 
locate the major equipment in a mechanical room 
remote from the suites. For these reasons, the 
central systems are often considered superior. 

2.6.3 Cooling Systems 

There are two basic types of cooling systems: 
unitary, "in-suite" systems and central chilled 
water systems. 

The unitary systems typically have a stand-alone, 
packaged refrigeration fan-filter unit located 
adjacent to an outside wall so that the condenser 
can reject heat. Though typically located in the 
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Fig. 2.5 
Installation Cost Comparison, Heating Only, 10-Storey Building 
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Fig. 2.6 . 
Installation Cost Comparison, Heating Only, 3-Storey Building 
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living room, there may be a branch duct providing 
some cooling to the bedroom(s). 

A typical central chilled water-cooling system will 
have a packaged, air-cooled chiller located on the 
roof. Chilled water distribution will be through a 
two-pipe system with horizontal supply and return 
mains on the top (or bottom), floor and supply 
and return risers serving fan-coil cooling units in 
each suite. As with the unitary system, the fan
coil unit is typically located in the living room, 
with branch ducts supplying cooling to the 
bedroom( s). 

One variation of the central chilled water cooling 
system uses vertical fan-coil units designed for 
"stacked" mounting, one above the other. This 
configuration minimizes field piping installation 
costs and is particularly suitable to mid- and high~ 
rise buildings. It is described in more detail in 
Sub-section 4.3.5, and illustrated in Figure 4.5. 

Fig. 2.7 

Figure 2.7 shows the estimated installation cost 
comparison for these three types of systems in the 
generic ten-storey building, and also for the first 
two systems in the three-storey building. As with 
the previous cost figures, the solid rectangle 
represents a range of the estimated cost plus 
or minus 10 percent. 

Unitary "in-suite" cooling systems have the 
cooling unit with its refrigerant compressor and 
air distribution fan within each suite. Both these 
components create noise, and the compressor 
will cycle on and off. Compressor noise is thus 
a potentially significant disadvantage of unitary 
systems, particularly if they operate during 
sleeping hours. An even more significant 
disadvantage may be the fact that unitary cooling 
units have to be located at an exterior wall, and 
furthermore must protrude through that wall and 
open into the outside air in order to reject the heat 
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removed from the space to the outside air. The 
result may be unacceptable resthetically, as well 
as inflexible from a planning point of view. 

Central chilled water systems, on the other 
hand, have the major equipment generating noise 
and requiring service remote from the suites. If 
cooling is required, this suggests that serious 
consideration be given to a central system, even 
though it carries a very substantial construction 
cost premium. In addition, the central system will 
typically use more efficient equipment and, if the 
chilled water distribution system is well designed, 
it will have a lower energy cost than the unitary 
cooling system. Nevertheless, it is important that 
noise and vibration control design measures be 
implemented as outlined in Sub-section 2.5. 

Chapters 4 and 5 provide more detailed 
information concerning cooling systems and 
central hydronic distribution systems respectively. 

2.6.4 Combined Heating and 
Cooling Systems 

Heating and cooling can be provided by a variety 
of systems. Chapter 6 provides details on many 
of the possible combinations. In order to evaluate 
comparative installation costs, costs were 
developed for five different systems that combine 
both heating and cooling. System descriptions 
are as follows: 

• System HC 1 - Unitary, in-suite, packaged 
terminal cooling (PTC) unit in each suite, 
complete with an integral electric resistance 
heating element sized to meet the design 
heating load. Control is from a wall-mounted 
heating/cooling thermostat. The unit is located 
on an outside wall in the living room, with 
branch ducts to deliver some air to bedrooms 
or other rooms with exterior walls. For rooms 
not supplied from the PTC unit, there would 
be electric resistance baseboard heating 
elements with integral thermostats. 

• System HC2 - Water-loop heat pump system, 
with a vertical "closet-style" heat pump in 
each suite, supplying the living room and 
bedroom(s); control is from a wall-mounted 
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heating/cooling thermostat. For rooms not 
supplied from the heat pump unit, there 
would be electric resistance baseboard 
heating elements with integral thermostats. 
Supplementary heat is provided by a centrally 
located gas-fired swimming pool boiler. Heat 
rejection is by means of a centrally located 
closed-circuit, sprayed-coil heat rejecter, with 
freeze protection, mounted on the roof. 

• System HC3 - Central heating and cooling 
systems with a two-pipe hydronic distribution 
system. Heating provided by gas-fired boilers 
located in a rooftop mechanical penthouse. 
Cooling provided by an air-cooled chiller, 
located on the roof. Each suite has a hydronic 
heating/cooling fan-coil unit, receiving either 
hot or chilled water from the two-pipe 
distribution system. Control will be from 
a wall-mounted heating/cooling thennostat 
controlling a two-way modulating control 
valve in the water piping to the unit. 

• System HC4 - The same as system HC3, 
except that each fan-coil unit has a 
supplementary electric resistance heating 
element so the unit can provide some heating 
in suites requiring it, even when the hydronic 
distribution system is delivering chilled 
water. The controls must sense water supply 
temperature and have two-stage heating 
control capability. 

• System HC5 - This system has a central 
hydronic heating system, and a central chilled 
water cooling system (called a four-pipe 
system) which can deliver both hot and 
chilled water at the same time to fan-coil 
units in each suite. The fan-coil units each 
have two coils, one for heating and one for 
cooling, and each coil has its own two-way 
modulating control valve. A wall-mounted 
heating/cooling thermostat controls the 
control valves in sequence to provide either 
heating or cooling as required in each suite. 

Figures 2.8 and 2.9 show the comparative costs 
of these five combined heating/cooling systems 
when applied to the ten-storey and three-storey 
buildings respectively. As an additional 
comparison, these figures also include a central 
hydronic heating-only system cost (system H4 in 
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Fig. 2.8 
Installation Cost Comparison, Combined Heating and Cooling, 1 a-Storey Building 
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Figures 2.S and 2.6) and a central chilled water 
cooling-only system (the "fan-coil" system in 
Figure 2.7). 

As with cooling-only systems, the least' costly 
combined heating and cooling system in the 
10-storey building (Fig. 2.8) is system HC 1, 
which uses unitary, in-suite packaged terminal 
heating and cooling units. In fact, it provides 
both heating and cooling for a lower construction 
cost than a central chilled water cooling-only 
system! But this system suffers from the same 
disadvantages noted earlier in Sub-section 2.6.3 
for the cooling-only packaged terminal 
cooling system. 

System HC2 uses heat-pump units located in each 
suite but connected to a central water-loop. Refer 
to Section 6.7 for detailed information on this 
system. Its construction cost is somewhat more 
than the PTC system, but this may well be 
offset by lower energy costs. High-efficiency 
heat-pumps are available, and heat recovery 
through the water-loop is achieved. However, as 
with the PTC system, unit noise is problematic. 
The configuration of this system does provide 
for the units to be located in closets or furred 
spaces, and so their noise will be less intrusive. 
In addition, heat-pumps with very low noise 
levels are available, although they are on the 
high end of the cost spectrum. 

System HC3 has significant operational 
limitations. As Sub-section 6.2.3 details, at any 
one time either heating or cooling, but not both, 
will be available throughout the building. If one 
suite requires heating when another requires 
cooling, both needs cannot be met. 

System HC4 is a variation on system HC3, 
adding a supplementary electric heating 
capability. But system HC4 has a construction 
cost approximately 90 percent that of the four
pipe fan-coil system, (HCS) which provides either 
heating or cooling to all in-suite fan-coil units at 
any time, according to demand. However, as 
discussed in Section 6.4, electric heating will only 
be needed for "trim" heating during spring and 
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fall, when some suites still need cooling while 
others need heating. In addition, it does require 
less space for the installation of piping, a decided 
advantage in many layouts. 

Figure 2.9 shows a similar cost pattern to 
Figure 2.8. The most significant difference is 
that the water-loop heat-pump system, (HC2) 
has almost the same cost as the unitary packaged 
terminal heating and cooling system (HCt). Given 
its expected lower energy cost and lower noise 
levels, the heat-pump system seems a good 
choice for smaller buildings. 

2.6.5 Ventilation Systems 

There are basically two approaches to providing 
outside ventilation (supply) air to suites: a central 
mechanical ventilation system or "natural" 
ventilation by means of opening windows. As 
discussed in Chapter 7, building codes are 
increasingly moving towards requiring 
mechanical supply ventilation systems. It is 
expected that central mechanical supply 
ventilation systems will predominate. 
The construction cost will be determined 
primarily by the general factors outlined 
earlier in Sub-section 2.6.1. 

Building codes require mechanical exhaust 
from bathrooms and kitchens. This can 
be provided with either local exhaust fans and 
discharges from each room to outside, or by 
centralized exhaust systems. Local exhaust fans 
are usually considered to cost less. Somewhat 
surprisingly, the results (ref. 29)indicate that a 
well designed central exhaust system can have a 
lower installation cost than a series of local 
exhausts. All costs, including those for furred 
spaces (or other means) to hide exhaust ducts and 
the layout requirements necessary for reasonably 
straight ducts for both systems were included. 
The results speak for themselves. Figure 2.10 
illustrates those results, using the central exhaust 
system cost as a base for comparison. The black 
rectangle indicates the estimated cost plus 
or minus 10 percent. 
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Fig. 2.10 
Installation Cost Comparison, Exhaust Ventilation 
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2.6.6 Life-Cycle-Costlng of Alternatives 

Owners and investors expect design decisions 
that provide near optimum selections. They also 
want assurances of performance and economic 
viability. Prior to changing current design 
practices, or replacing functional operating 
systems and equipment, they look for 
compelling reasons to do so. This may involve a 
life-cycle-cost analysis of competing alternatives. 
For example, one might require additional 
installation cost but would provide savings in 
operating costs. 

The procedure for evaluating the alternatives 
is textbook economics. The procedure involves 
obtaining all the following information for both 
(or all) systems alternatives being considered: 

GENERIC 10-STOREY BUILDING 

CENTRAL LOCAL 

• identifying where the system has been 
used successfully; 

• identifying the initial capital cost of 
the system; 

• identifying the operating, maintenance and 
repair costs of the system; 

• detennining the appropriate analysis period 
(normally 10 to 25 years); 

• selecting the appropriate inflation rate(s) for 
the various ongoing costs; 

• defining periodic (repair or replacement) 
costs, including frequency; 

• identifying any salvage values at the end of 
the study period; and 

• establishing an appropriate discount or 
interest rate to use in the calculations (usually 
related to the mortgage, Canada Savings Bond 
or other investment vehicle interest rate) for 
the applicable time. 
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Using the preceding infonnation, the Present 
Value of all costs is calculated for each alternative. 
The one with the lowest Present Value will be 
the one with the lowest life-cycle cost over the 
analysis period. 

2.7 Resource Conservation 

2.7.1 Energy Conservation 

Over the life of the mechanical system, operating 
costs will range from two to five times the 
installation costs. The energy required to cool 
residential buildings is a small component of the 
total energy required but, because cooling energy 
is all electric, it can represent a higher proportion 
of the total energy cost if fossil fuel is used for 
space and domestic water heating. 

Reference 30 suggests that the cooling load 
ranges from 9.2 to 11.9 square metreslkilowatt 
(348 to 450 square feet/ton) in high-rise 
apartments and from 10 to 15.8 square 
metreslkilowatt (378 to 600 square feet/ton) in 
large residential buildings. Cooling loads are not 
as dependent as heating loads on the envelope 
construction, insulation levels and air-tightness. 
Although cooling is not a major energy cost, the 
capital and maintenance costs are sometimes 
comparable to that of the heating system. 

Recent developments in food preservation and 
preparation equipment technologies (microwave 
cooking, high-perfonnance refrigerators and 
dishwashers, etc.) have provided improved 
appliance energy efficiencies. Consequently, 
even though the population of computers, 
appliances and other equipment increases, 
overall loads may not increase. 

Common (central) laundry rooms in rental 
buildings use less water and energy than 
comparable condominium buildings with 
in-suite laundry (washer and drier) equipment. 
The in-suite approach generally involves: 
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• foregone revenue (a missed opportunity 
for coin-operated machines) to the 
building owner; 

• additional laundry appliances (a central 
location can permit diversity); 

• reduced floor space in the suites; 
• additional, smaller loads, with potential for 

less efficient use of water and energy; 
• wasted energy and water resources and 

greater burden on the environment; 
• increased gas, electricity, water and 

sewerage costs; 
• reduced opportunity to change dryer energy 

source (gas/electricity) if future costs change; 
• reduced future opportunity for water recycling 

and heat recovery; 
• additional ventilation equipment, system 

complexity and maintenance needs (see 
Sub-section 7.4.6) which can become a health 
and safety issue; 

• additional exhaust duct cleaning, which 
frequently is difficult to do in high buildings, 
and which, if not performed often, may 
result in a fire safety issue; 

• additional plumbing and electrical 
installation costs; 

• additional risk of water leaks and reSUlting 
building damage; 

• higher humidity levels in suites from washing 
and drying that may result in building 
deterioration; and 

• potential for floor damage when the resident 
moves these heavy appliances. 

2.7.2 Water Conservation 

The Multi-Housing Laundry Association indicates 
that central laundry rooms provide the benefits 
noted above. Additional water conservation 
technologies are included in Section 10.5. 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

2.7.3 Waste Management and Recycling 

Sorting and recycling of waste materials is 
becoming increasingly popular and desirable. 
It should be easy to deposit general waste and 
recyclable materials into appropriate storage 
facilities at one location. Mechanical compactors 
and carousals with this capability have recently 
become available. Space should be reserved for 
these technologies. Recycling of construction 
waste is also desireable. 
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CHAPTER 3 - HEATING-ONLY SYSTEMS 

3.1 Introduction 

Heating-only systems provide space heating to 
suites and common areas. They do not provide 
cooling nor, in most cases, ventilation. This 
chapter describes the heating-only systems most 
commonly used in domiciliary buildings and 
which are most suitable for them. Hydronic 
(water) systems can provide both heating and 
cooling. Cooling-only systems are described in 
Chapter 4, and combined heating and cooling 
systems are described in Chapter 6. The hydronic 
piping distribution for central equipment and 
systems are described in Chapter 5. 

3.1.1 System Types 

Heating-only systems can be classified by: 

• energy source, either fossil fuel or electricity; 
• location of heat generation, either centrally 

or locally; 
• heating distribution type; and 
• terminal equipment type (for a room or area, 

e.g., convectors and baseboards). 

Section 3.2 covers central hydronic heating 
systems. These have centralized heat generation, 
hydronic (hot water) piping for heat distribution, 
either fossil fuel Of electricity as the energy 
source (fossil fuel is predominant), and terminal 
heating units using coils or finned tubing for 
heat delivery to the space. 

Section 3.3 describes electric resistance heating 
systems. Heating units are located in each room 
or suite and are connected to the building's 
electrical system to obtain the heating 
energy needed. 

Section 3.4 describes fossil-fuel-fired unitary 
heating systems. These systems are based on 
local heating units, or furnaces, with various 
configurations, usually one for each suite or 
common area. 
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Finally, Section 3.5 covers snow melting systems 
for sidewalks, vehicle entrances and driveways. 
These are usually systems that do not provide 
space heating to the building, but which may be 
needed for its operation. 

3.1.2 Heating Load Calculations 

The heating load depends on the climate, the 
building size and height, envelope and system 
design, workmanship and construction practice. 
Depending on location, a heating system is 
needed from seven months per year to almost 
year-round. Heating load calculation methods, 
such as those described by ASHRAE and others, 
should be used to determine the design heating 
loads. The peak (design) heating load due to 
envelope conduction, exfiltration and infiltration 
is calculated for each room or space, or groups of 
similar rooms and spaces. A "per floor" heating 
load is frequently defined for high-rise buildings 
because, except for stack effects as noted below, 
intermediate floors will have the same loss. 
The top floor has an additional roof loss, while 
the floor at grade level often has different 
architectural features and different loads - e.g., 
loss to an unheated underground garage, or a 
cooler basement area, or from entrance doors, 
vestibules, lobbies and service areas. 

Ventilation loads are added to obtain an estimate 
of the total building heating requirement (the use 
of heat recovery systems should be factored in). 

Each terminal device and its associated supply 
should have a capacity equal to the maximum 
design heating load for that space or room. This 
heating load is based on maintaining the space 
at the design temperature difference without 
considering interior heat gains. 

Winter temperature differences between inside 
and outside result in "stack effect". Warm 
building air tends to rise, resulting in a negative 
building pressure at lower floors compared to 
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outside (outdoor air flows into the building) 
and positive building pressure at upper floors 
compared to outside (building air flows out of the 
building). Consequently, lower floors frequently 
need more heating capacity than upper floors. The 
amount of air leakage due to stack effect depends 
primarily on how well sealed (or how leaky) the 
building envelope is. In addition, stack effect is 
more pronounced in higher buildings. Some 
designers will select tenninal heating equipment 
on lower floors with up to 20 percent more 
capacity than design calculations indicate and, 
conversely, on upper floors will select equipment 
with up to 20 percent less capacity than design 
calculations show. Sub-section 7.2.2 provides 
more information on stack effect, particularly 
as it affects ventilation systems. 

Suites above entry doors and unheated spaces 
(garage, garbage room, storage room, etc.) should 
be provided with additional heating capacity. 
Floors must be insulated under the slab if comfort 
is to be maintained in the occupied space above 
and complaints about cold floors are to be 
avoided. In-floor heating (either hydronic or 
electric resistance) will warm the floor and 
offset floor heat losses. But in-floor heating 
will increase capital cost and so needs careful 
evaluation against comfort demands. If the 
floor is not insulated below, then heat losses 
will be excessive. 

Infiltration will also increase heating load in 
suites on the windward side of a building. Leaky 
and loose building envelopes result in additional 
losses (infiltration and air leakage). As well, 
leakage through closed windows and balcony 
doors result in dynamic exchanges within the 
building, depending upon wind direction 
and speed. 

Energy studies are occasionally performed. When 
they are, both the design heating load and annual 
energy consumption may be detennined using 
computer-based simulation programs (DOE2, 
BESA, Carrier, Elite, etc.). If these simulations 
are perfonned, and the results analyzed by 
knowledgeable energy analysis professionals, 
then the results can be utilized with some 

confidence, and uncertainty factors and oversizing 
might be reduced. 

3.1.3 General Design Recommendations 

The following are some general heating system 
design recommendations: 

• Tenninal heating units should be located 
near windows, or other major sources of heat 
loss, and where curtains and furniture will 
not obstruct the natural flow of air. 

• With high thermal performance windows, 
air-tight envelope construction and higher 
insulation in exterior walls, the location of 
tenninal units can be up to 3.5 metres away 
from the exterior wall and window, although 
heat must still be distributed to the exterior 
wall. This greater flexibility in terminal unit 
location can reduce installation cost. 

• Ideally cables, conduits, pipes, etc., should 
not be installed in exterior walls. Never locate 
hydronic piping in an outside wall unless it is 
completely inside both the building insulation 
and air/vapour barrier, the building envelope 
construction is tight, or the site is in a mild 
climate. Otherwise, the water in the pipe may 
freeze if there is an envelope penetration, an 
electrical power interruption, or circulating 
pump failure. 

• Each suite should have its own temperature 
control. Suites that have two or more 
exposures (e.g., east and south, south and 
west, or south and north) may have widely 
differing heating requirements in different 
rooms at the same time. In such cases, 
separate control zones for each exposure 
should be considered. If the economics of the 
project prohibit more than one zone in a suite, 

. then the architectural design of the building 
should be such that all suites have only one 
window exposure; comer suites would have 
most windows on one exposure. 

• Central heating equipment should not be 
oversized to raise suite temperatures from 
night setback to daytime levels. The reason 
is that night setback will be used variably 
by residents, not at all by some, and at 
unpredictably different times of day (or night) 
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by others. Thus, the extra pickup load will be 
quite diverse and does not justify an increase 
in central equipment capacity. 

• Terminal heating units in condominiums, 
or in rental buildings where the heating costs 
are metered and charged directly to each 
suite, should have the capacity to raise suite 
temperatures from night setback to 
daytime levels. 

• Heating is rarely required in kitchens, which 
tend to be interior spaces and open to living 
areas. However, if heating is required, forced 
air toe-space heaters, which require no wall 
space, are popular. 

• Most bathrooms are interior spaces with 
minimal or no heat loss. Nevertheless, 
provision of some heat should be considered 
in seniors' accommodation to avoid chilly 
conditions when people are lightly clothed. 

3.2 Central Hydronic 
Heating Boilers 

3.2.1 Systems Overview 

Because water has a much greater specific 
heat and density than air, the cross-sectional 
area of a pipe will be much less than that of a 
duct providing the same heating or cooling effect. 
Thus, pipes will take up less space than ducts. In 
addition, pumps require less space than fans and 
consume far less power per unit of heating or 
cooling provided. As space for services is usually 
limited and fire ratings can be maintained more 
easily, hydronic rather than air distribution 
systems are generally used for heating or 
cooling in domiciliary buildings. 

A central hydronic heating system consists of: 

• Heat-generating equipment, usually boilers, 
which convert fuel in order to heat hot water. 
Sub- sections 3.2.2 and 3.2.3 discuss various 
aspects of boiler selection, sizing, installation 
and operation. Section 3.3 discusses 
system ancilliaries, steam boilers and 
district heating. 
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• 

• 

• 

A piping distribution system, including 
pumps, valves and other components, to 
convey the hot water from the boilers to 
the terminal heating units. The design and 
installation of hydronic distribution systems 
is discussed in Chapter 5. 
Terminal heating equipment which transfers 
heat from the hot water to the air in the 
suites and other areas in the building. 
Section 3.4 discusses this equipment. 
Controls for hydronic heating systems. 
Boiler controls are discussed in Section 3.2. 
Sub-section 3.4.6 covers the typical control 
sequences for the terminal heating equipment. 
Control of temperatures and flows in the 
distribution system is discussed in Chapter 5. 

Hydronic systems require central mechanical 
room space, which in-suite (unitary) systems do 
not need. They also have a higher capital cost 
than in·suite systems (refer to Section 2.6). The 
capital cost premium can frequently be recovered 
by using less expensive (fossil) energy. 

3.2.2 Hot Water Boilers 

Boilers are frequently located at the top of the 
building in a penthouse or top-floor mechanical 
room. In this location, system pressures are low, 
and thus low-pressure boilers may be used. In 
addition, venting is easy and inexpensive, but 
access for maintenance may be more difficult. 
Also, the issue of replacement must be 
considered. Modular boilers are often small 
enough to fit in elevators, so replacement is not 
too difficult: but larger boiler units may require 
a large crane (or even a helicopter) to lift the 
old one down and the replacement up. 

Alternatively, boilers may be located at or 
below grade. In this location, boiler weight is 
not an issue, and access for maintenance and 
replacement will often be easier. Condensing 
boilers and some smaller high-efficiency designs 
can be vented through side-wall vents. Thus, the 
cost of running vents through to the roof will be 
avoided. For all other boilers, however, roof 
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venting is essential and may be costly, particularly 
in a tall building. 

Most boilers used in apartment buildings are 
"packaged" boilers. This means the boiler is 
factory-fabricated and is small enough to be 
shipped to the building site complete, ready to 
put in place and make field connections to fuel, 
distribution piping, vent (chimney), power and 
control wiring. Startwup services, including 
calibration and adjustment to controls and burner, 
complete the work. Large-capacity boilers may 
have to be shipped in sections and erected in 
the field, but this is only necessary in the 
largest developments. 

Packaged boilers come complete with safety 
controls and quite often with operating controls. 
Safety controls must meet the requirements of 
the applicable Boiler and Pressure Vessel 
Regulations. These typically require relief 
valves for protection against high pressure and 
temperature and low-water-Ievel shut-down 
controls. As well, combustion controls are 
required, which monitor burner start-up and 
prevent firing unless all safety features are 
operational and indicating safe conditions. In 
addition, automatic burner shut-down is 
required if: 

• there is inadequate water flow through 
the boiler; 

• excessive water temperatures are experienced 
in the boiler; or 

• burner flame failure occurs. 

Fossil fuel boilers generally consume natural 
gas, if available, but may use propane, fuel oil 
(which requires site storage tanks refer to 
Sub-section 3.3.3) or, in rare cases, solid fuel 
(e.g., wood or coal). 

In most Canadian jurisdictions, hydronic 
heating systems with design operating 
temperatures and pressures less than 120"C 
(2500 P) and 965 kilopascals (125 pounds per 
square inch gauge) may operate without a boiler 
operator (power engineer) in attendance. The 
applicable boiler and pressure vessel safety 

regulations should be checked, and any design 
exceeding the "unattended" temperature/pressure 
limits should be avoided, unless a capital 
and operating cost analysis shows it to be 
economically viable. As well, an emergency shut
off switch, controlling all boilers, may be required 
at the entrance-exit door to the boiler room. 

Steady state combustion efficiency for 
conventional boilers, based on the energy content 
in the fuel minus stack (chimney) losses, ranges 
from 75 to 86 percent. Condensing boilers have 
comparable efficiencies of 88 to 95 percent. These 
values are generally readily available. Overall 
efficiency, which is lower than combustion 
efficiency, incorporates losses from the boiler 
surface, losses during burner start-up and 
shutdown purge, as well as off periods. These 
values can be precisely detennined only under 
laboratory test conditions. Seasonal efficiency -
the operating efficiency during the heating 
season at various loads - must be estimated. 
In this context, Reference 31 indicates that an 
84.5 percent steady state efficiency is reduced to 
82 percent when the equipment is on 50 percent 
of the time; to 80 percent when on 25 percent; 
to 70 percent when on 15 percent; to 60 percent 
when on 10 percent; and as low as 5 percent 
when on 5 percent of the time. It can be deduced 
that the efficiency would approach 0 as the 
load approaches O. 

Electronic ignition and stack dampers affect 
seasonal efficiency in conventional boilers with 
atmospheric gas burners. The fonner eliminate 
pilot light consumption, and the latter reduce off· 
cycle losses resulting from warm boiler room air 
going out the vent by putting a barrier to flow 
in the vent pipe. 

Condensing boilers must have low return water 
temperatures to achieve their highest efficiency. 
However, conventional boilers, because their 
construction is not able to withstand the corrosive 
effects of condensation, need to maintain water 
temperatures above 50°C (122°F) in order to 
prevent condensation in the boiler. This is 
particularly a concern for oversized, non
condensing boilers that cycle frequently under 
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low-fire, extract too much heat from the flue 
gases and reduce the flue gas temperature to the 
point where condensation can occur. For most 
boilers, it is also important to avoid rapid water 
temperature changes because such changes can 
cause excessive stresses in boiler components, 
a condition known as "thermal shock." This 
can occur, particularly during start-up, if large 
volumes of cold water are introduced to a hot 
or standby boiler placed on-line to replace a 
malfunctioning boiler. 

Operating controls typically control burner 
operation to maintain the boiler water supply 
temperature at the setpoint. The setpoint may be 
a fixed temperature, or it may vary. In the case of 
an installation of several (small) modular boilers, 
it is common for them to be cycled on and off 
one at a time, thus achieving part-load operating 
capacity to meet the heating load at any given 
time. If the building temperature control system 
determines burner operation, often the control 
system interfaces with the factory-installed boiler 
operating controls. However, all control of the 
burner must be achieved through the boiler 
operating controls, thus ensuring that no safety 
controls are inadvertently by-passed. 

Virtually all hot-water boilers are fossil-fuel-fired 
but electric heating elements can be used if 
electric rates are low. Fossil-fuel-fired boilers are 
available in a number of basic designs: fire tube, 
water tube, water coil, heat exchanger, cast iron 
sectional, condensing (using a secondary heat 
exchanger) and pulse combustion condensing. 
The characteristics of each, and application 
recommendations, follow. 

3.2.2.1 Fire Tube Boilers 

The Scotch marine boiler has a circular 
combustion chamber inside a shell, which is 
surrounded by water. In addition, fire tubes, 
through which flue gasses pass, run the length of 
the boiler and are also surrounded by water. The 
combustion process heats the water by conduction 
through the fire tubes. Because the fire tubes are 
long (boiler length) and subject to very high 
combustion gas temperatures, the fire tube boiler 
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design is subject to thermal shock damage if 
exposed to sudden water temperature changes 
inside the boiler. Power burners using natural (or 
propane) gas or fuel oil are used on these boilers. 

Fire tube boilers with capacities of from 100 to 
25,000 kilowatts (340,000 to 85,000,000 British 
thermal units/hour [Btu/hD are available. They 
take considerable floor space to install and require 
a space as long as the boiler at one end for tube 
removal and replacement. Design working 
pressures up to 860 kilopascals (125 pounds 
per square inch gauge [psigD are common and 
higher pressure ratings are available. Fire tube 
boilers would generally be selected for larger, 
higher quality facilities. 

3.2.2.2 Water Tube Boilers 

Water tube boilers consist of an array of 
tubes, usually made of steel and curved to 
absorb expansion and contraction, surrounding 
a combustion chamber. The tubes are often 
configured to provide a circuitous flue-gas 
pathway among the tubes to enhance efficiency. 
These boilers are very compact, contain very 
little water (the tube diameter is quite small) 
and are available in capacities of from 100 to 
3,000 kilowatts (340,000 to 10,000,000 Btu/h). 
Design working pressures to 1,720 kilopascals 
(250 psig) are available. Except in the smaller 
sizes, power burners using natural (or propane) 
gas or fuel oil would normally be used in these 
boilers. The true watertube design, with a high 
efficiency burner, results in a boiler with higher 
efficiency and longer service life than less 
expensive designs. As with fire tube boilers, 
they would typically be selected for larger, 
higher quality facilities. 

3.2.2.3 Water Coil Boilers 

Water coil boilers typically use copper coils that 
surround the combustion chamber. They have a 
very small water volume and therefore require 
continuous water flow whenever the burner is 
on. They are fueled by natural gas (or propane) 
with on-off atmospheric burners of modular 
design in small capacities from 30 to 90 kilowatt 
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(100,000 to 300,000 Btu/h). Typical design 
working pressures are 200 or 400 kilopascals 
(30 or 60 psig). Water coil boilers would typically 
be selected for smaller, inexpensive facilities. 

3.2.2.4 Steel Tube Heat Exchanger 

These are inexpensive boilers, usually gas-fired 
with on-off atmospheric burners, comprising a 
steel tube heat exchanger with water in the tubes 
to extract heat from combustion. They differ from 
water tube boilers in that the heat exchanger tubes 
do not enclose the combustion chamber, which 
usually has a refractory ceramic lining to 
withstand the high temperatures. Capacities 
range from 30 to 1200 kilowatt (100,000 to 
4,000,000 Btu/h). Typical design working 
pressures are 200 or 400 kilopascals (30 or 
60 psig.). These boilers would typically be 
installed in lower cost facilities. 

3.2.2.5 Cast Iron Sectional 

These boilers have individual cast iron sections 
that are mechanically joined together to form a 
pressure-tight assembly with passages for water 
and the products of combustion. Power burners 
fueled by natural (or propane) gas or fuel oil are 
most commonly used. Cast iron boilers are 
durable and have a long service life, and capacity 
can be increased in the field by adding sections. 
However, they are heavy (a disadvantage in 
penthouse installations), hard to clean and have 
high standby losses. Pressure ratings to 400 kPa 
(60 psig) are normal. Capacity range is from 90 to 
600 kW (300,000 to 2,000,000 Btu/h). Typically, 
they would be selected for low to mid-rise 
buildings, with grade-level, or basement, 
mechanical rooms. 

3.2.2.6 Condensing, Secondary Heat Exchanger 

Condensing boilers are very efficient because of 
an additional heat exchanger that removes more 
heat from the products of combustion before they 
are discharged to the vent (chimney). However, in 
the course of extracting additional heat, the flue 
gases cool down so much that moisture starts 
to condense out of them (hence the name 

"condensing"). This moisture is strongly 
acidic because fossil fuels contain some sulphur, 
which produces sulphur dioxide (S02), then 
forms sulphuric acid by coming into contact 
with water and air. As a result, the secondary 
heat exchanger is usually made of stainless steel 
(or other corrosion-resistant material) to avoid 
premature failure. These boilers are most 
commonly available in modular sizes, with from 
30 to 90 kilowatts (100,000 to 300,000 Btu/h) 
capacity. Typical design working pressures are 
200 to 860 kilopascals (30 to 125 psig). 

The cost for condensing boilers is greater than 
for lower efficiency boilers, although future 
fuel costs will be less. As shown in Figure 3.1, 
efficiency depends on how low the flue gas 
temperatures are, but they must be higher than 
the return water temperature to the boiler. High
efficiency condensing operation requires a return 
water temperature of 60°C (140°F) or lower. 
Condensing boilers are most suitable for small 
or medium-sized facilities, where energy 
conservation is an important consideration and 
where the terminal units are selected for a low 
return water temperature. Heating systems using 
fan-coil units, water-loop heat pumps, radiant 
floor heating, domestic hot water heating, 
swimming pool heating or snow melting 
meet this criterion. 

3.2.2.7 Pulse Combustion Condensing 

Comments on secondary heat exchanger 
condensing boilers generally apply to pulse 
combustion condensing boilers as well. The 
significant difference is that the burner uses a 
high-frequency "pulse" to disperse and ignite 
the gaseous fuel, resulting in very efficient 
combustion. Pulse boilers have often been quite 
noisy in operation, so if they are located close to 
suites, noise control measures may be necessary. 
Also, they tend to be very expensive, and so 
their economics need to be carefully evaluated. 
Although most commonly found in modular 
sizes up to 90 kW (300,000 Btu/h), at least one 
manufacturer offers capacities of from 30 to 
300 kW (100,000 to 1,000,000 Btu/h). 
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Fig. 3.1 
Eff~ct of Inlet Water Temperature on the Efficiency of 
BOilers (reprinted with permission from 1996 Systems 
and Equipment Handbook, ASHRAE Inc., Atlanta, GA.) 

3.2.3 Hot Water Boilers: Capacity 
and Operation 
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Normally, boiler capacity is selected to 
meet the peak design heating load for 
the entire building, not the sum of the 
peak design loads of individual suites. 
This may allow a reduction in central 
equipment size because infiltration is 
dependent upon wind direction and can 
only impose a load from one orientation 
at any given time. 
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in the event of a boiler failure at a peak 

3.2.2.8 Electric Resistance 

Electric boilers use electric resistance elements 
immersed in a water chamber. Electric boilers are 
very compact and do not require fuel storage or 
burner maintenance (no burners). However, as 
electricity is generally much more expensive than 
fossil fuels, the energy cost of electric boilers will 
be much higher than that of fossil fuel boilers. 
Electric resistance boilers usually have several 
heating elements, each individually controlled. 
This provides part-load step control. If there are 
sufficient steps, step control is often sufficient. A 
more sophisticated control involves the use of a 
silicon-controlled rectifier (SCR) which provides 
modulating control, almost down to zero, on one 
element. As heating load changes, elements are 
stepped on or off, and the SCR-controlled element 
is modulated to match loads between steps. 
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. load time, the provision of standby 
capacIty, or redundancy, should be considered 
to ensure the availability of adequate heating. 

Figure 3.2 shows a heating duration curve 
for three Canadian locations. The vertical axis 
displays the time (hours per year) that the outside 
temperature is below that noted on the horizontal 
axis when viewed from the city curve. The 
boiler output required at any time is directly 
proportional to the inside-to-outside temperature 
difference. In Ottawa, for example, 25 percent 
of the design heating load is adequate when the 
temperature is at approximately 9°C (e.g. (20-9)/ 
(20 - 25». Thus for more than 3,760 (8,760·5,000) 
hours per year the boilers will operate at or 
below 25 percent of the total output capacity. For 
Vancouver, 25 percent of the load is adequate at 
approximately 13°C, with a corresponding 2,760 
(8,760 - 6,000) hours per year. Loads greater than 
50 percent design (_2°C and 6°C respectively) 
occur approximately 2,500 hours per year. The 
boiler installation, therefore, should be able to 
operate effectively and efficiently at part-load .. 
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Fig. 3.2 
Heating Duration Curve 
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The options are: 

• Use one or two larger boilers with capacity 
modulation burners or high-low-off firing. 

• Use several modular boilers. Each boiler will 
have on-off firing, but part-load operation is 
achieved by activating only as many boilers 
as needed to meet the load. Ensure the 
differential between burner cut-in and cut-out 
temperature is large enough to avoid short
cycling. Chapter 5 discusses how the volume 
of water in the boiler piping circuit affects 
burner cycling. 

3.2.3.2 Boiler Standby or Redundancy 

Occupant discomfort and damage may occur if 
the heating system fails or cannot provide enough 
heat when the outside temperature is very cold. 
Standby equipment, a reasonable availability of 
spare parts and the presence of skilled service 
personnel is, therefore, desirable. Experience 
has shown that, in an emergency, a building can 
often manage with 70 percent of design capacity 
because the heat loss calculation is based on 

unoccupied space and does not include internal 
gains from equipment, lights, solar, people, etc. 
Also, it may be possible to turn some loads off 
temporarily (e.g., make-up air systems), thus 
further reducing the load. Other issues to be 
considered in selecting the number and sizes 
of boilers are: 

• safety factors being used; 
• uncertainty in the heating load calculation; 
• availability of boiler sizes; 
• manufacturer's warranty; 
• actual and published equipment performance; 
• piping distribution losses; 
• pickup allowances for both building and 

distribution piping warm-up, if setback 
temperatures are proposed; 

• envelope degradation over time; and 
• deterioration in equipment and system 

performance over time. 

When several modular boilers are selected, 
adding one or two additional modules provides 
the needed stand-by capacity. If it is possible to 
turn some loads off, then the loss of one module 
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may be acceptable and no additional capacity 
is warranted. 

When one Of more large boilers are used, then the 
optimum choice is not so clear. Table 3.1 shows 
some of the options. A larger number of smaller 
boilers provides greater part-load flexibility and 
requires less overall capacity for any given level 
of standby capacity. However, each additional 
boiler increases the capital cost, as more piping, 
pumps, controls and mechanical room space are 
needed, and smaller boilers generally cost more 
per unit of capacity than larger boilers of the 
same design. There is no single "right answer" 
for all situations. 

Sequencing two boilers of different sizes can 
provide operating economies if the smaller boiler 
(e.g., 50 percent total) is initially used; then the 
larger boiler (e.g., 80 percent) is brought on, and 
the smaller boiler goes off until the load becomes 
large enough to require both boilers. On the other 
hand, if the larger boiler fails during a peak. 
heating load time then, as Option 2 shows, only 
50 percent of the total required load remains. If 
Option 5 is selected, both part-load performance 
and redundancy are improved, but three boilers 
are required. 

3.2.3.3 Boiler Operatio" 

Boiler operating controls can maintain either a 
fixed or a variable water temperature in the boiler. 

Table 3.1 
Boiler Sizing and Standby Options 1 

Option Basic Arrangement Standby 

1 2 @ 65 none 
2 1@ 50, 1@ 80 none 
3 2 @ 40 1 @ 40 
4 3 @ 30 1 @ 30 
5 1@ 25, 1@ 50 1 @ 50 

Notes: 

1 All values based on percentage of load. 

In the latter case, boiler water and the hot 
water distribution system will usually be at the 
same temperature. 

Figure 3.3 shows a simple fixed-ratio 
indoor/outdoor temperature controller for two 
boilers, with boiler and distribution water at the 
same temperature. As the heating load reduces 
with warmer weather, a lower supply water 
temperature will provide adequate heating 
capacity. The fixed-ratio controller carries out 
this function. However, as the supply water 
temperature is reduced, so is the temperature of 
the return water coming back to the boilers. If the 
temperature gets too low and the boiler is not a 
condensing design, corrosion problems can arise, 
as noted in Sub-section 3.2.2. This design 
provides for economical installation because 
both boilers and loads operate on the same 
pumped piping circuit. 

Figure 3.4 shows a system where the boilers 
operate with a constant supply water temperature, 
and mixing controls vary the water temperature 
supply to the heating loads. This arrangement 
protects the boilers from low water temperatures. 
However, as can be seen, the system requires 
two pumped circuits, one to maintain water 
flow through the boilers (the source circuit), and 
another to provide flow to the heating loads (the 
load circuit). The increased flexibility and control 
come at the price of increased capital cost and 
system complexity. 

Total Avail. Cap. if Smallest Part-Load 
Capacity Largest Boller Fails! Outputs 

130 65 65 
130 50 50 
120 80 40 
120 90 30 
125 75 25 

2 The "Avail. Cap. if Largest Boiler Fails" is the percentage of total capacity available if the largest boiler fails. 
3 The "Smallest Part-Load Outpuf' (without boiler cycling using on-off control) is obtained by multiplying the percentage 

of load listed in this column by the minimum firing rate of the smallest boiler. Cycling affects the thermal conversion 
efficiency of conventional boilers. 
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Fig. 3.3 
Boiler Control Reset by Outdoor Temperature 
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Sub-section 5.7.2 of Chapter 5 provides 
detailed control sequences for these boiler and 
load arrangements. 

In most cases, hydronic heating system operation 
will involve boiler cycling. A high-efficiency 
boiler could be selected for operation as the 
"lead" boiler, which would operate at low loads 
with the other boilers turned off. Figure 3.2 
illustrates that most climates have many hours 
with moderate temperatures. The lead boiler will, 
therefore, operate for many hours a year, thus 
maximizing the benefit of its high efficiency. If all 
boilers are of the same design, then the operator 
could rotate the boiler designated as the lead 
boiler. This tends to equalize boiler operating 
hours, so that they can be serviced and maintained 
on a common schedule. However, a single lead 
boiler with higher efficiency and more operating 
hours than the others will provide a faster 
payback for the premium cost. It will tend to 
require more servicing; however, the other 
boilers will require less, because they have 
been used less. 

Regardless of the boiler piping design, controls 
to shut down boilers and pumps when heating is 
not required will save energy. Shutdown can be 
based on outside temperature, say when outside 
temperature is above about 12 to 15°C (54 to 
59°F). Direct digital controls (DDC) can operate 
pumps in response to heating demand, further 
reducing pump operating time, as discussed in 
Sub-section 5.3.5, "Pump Control." Designers 
should not plan to shut down boilers manually 
until it is unlikely they will be required for an 
extended period of time (at least several weeks). 
For larger boilers, the pump should continue to 
run for a short period after the burner stops to 
remove residual heat from the combustion 
chamber and tubes. Small boilers could avoid 
the requirement for an automatic gas valve if 
water flow switches were provided to protect 
the boiler. 
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3.3 Central Hydronic 
Heating Ancilliaries 

3.3.1 Chimneys, Vents, Breeching 
and Connectors 

In the following discussion, all chimneys and 
vents are referred to as flues. Breeching and 
connectors are ducts that convey the flue gases 
from boilers to vertical flues. Chimneys are 
vertical flues that discharge the products of 
combustion from solid and liquid fuel boilers 
and from gas-fired boilers with power burners. 
Chimneys have a refractory lining with either a 
masonry or a fabricated steel outer casing. Vents 
are flues, either vertical or horizontal, that are 
used for gas-fired boilers with atmospheric 
burners. Horizontal discharge is only permitted 
with condensing Of other high-efficiency boilers 
with very low flue gas temperatures. Vent 
construction must meet gas code requirements. 
Vents for condensing or other high-efficiency 
boilers should have stainless steel liners to 
withstand the acidic condensation that occurs 
with their low temperature flue gases. 

Generally speaking, each condensing boiler with 
a wall vent discharge will be individually vented 
regardless of its location. To keep vent lengths 
short, it is important that the mechanical room be 
located adjacent to a suitable outside wall. Each 
boiler located on the roof or top floor of a 
building should be vented individually. This is 
practical because vent length will be short, the 
cost of multiple vents will be modest, and each 
vent can be sized for the specific boiler it serves. 

It is difficult to vent non-condensing boilers 
located several storeys below the roof. Excessive 
height or oversized flues increase installation 
costs and the potential for flue gas cooling, 
leading to condensation and premature 
deterioration. To reduce the potential for 
condensation, the amount of flue located outside 
should be minimized or, if an exterior location is 
unavoidable (e.g., up the side of a building), an 
insulated enclosure should be provided. 
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Generally, there would be only one flue leading 
from a lower level mechanical room to the roof. 
If there is more than one boiler, then a combined 
flue is recommended. It must be sized to function 
well with any combination of boiler operation 
that is likely to occur. The vent height and inside 
area (diameter) will depend on the number and 
capacities of the appliances, the elevation above 
sea level, the fuel used, flue gas temperature, vent 
type (e.g., draft hood, forced draft, etc.), lateral 
length of breeching (offset) from the appliance 
hood to the vertical vent, and the number of 
elbows and tees in the breeching. Manufacturers' 
catalogues have tables that define the minimum 
total height and size of the flue based on the 
requirements of the provincial and CSA Oil 
and Gas Codes. The cross-sectional area of the 
breeching and all flue gas ducting between the 
boiler flue-gas discharge and the main flue should 
be at least as large as the boiler discharge (or the 
combined area if there is more than one boiler or 
other heating appliance with connected flues). 

Increasing the height of a flue increases its 
capacity, while additional connector (offset) 
length reduces its capacity. For flues serving 
boilers with atmospheric burners, significant air 
flow may occur through the flue even when the 
burner is off. This air comes from the mechanical 
room and can create a negative pressure in the 
room. If this occurs, there may be combustion 
problems with operating burners or even 
backdrafting down other flues. 

For combined vents serving atmospheric 
burners, the most critical operating condition for 
back- drafting (draft hood spillage) occurs when 
the appliance with the smallest draft hood and 
lowest input is operating by itself. Further, 
backdrafting through one of the draft hoods 
connected to a combined vent is a common 
problem. Backdrafting can even blowout pilot 
lights in unused appliances. Increasing the flue 
height and adding draft inducer fans has resolved 
this problem. Stack dampers in the breeching, 
or vent, reduces losses when the boiler is 
not operating. 

Reference 32 provides guidance on calculating 
flue, breeching and connector sizes for various 
appliance configurations. It is important to 
consider all aspects of the specific installation, but 
a general rule can be stated as follows: "Always 
assign full resistance coefficient values to all 
portions carrying combined flow, and determine 
system capacity from the smallest diameter 
carrying the combined flow" (ref. 32, p. 30.10). 

3.3.2 Combustion Air 

Provincial boiler and gas regulations require 
that boilers be provided with combustion air 
from outside the building. References 33 and 34 
generally govern oil- and gas-fired installations 
across Canada. In general, the requirement is 
for combustion air openings to connect the boiler 
room directly with the outside, with a free area 
depending on the input capacity of all boilers 
(and other fossil-fuel-fired equipment) in the 
room. Typically, these openings use weather 
louvres with bird screens for the sake of 
appearance and security and to exclude rain, 
snow, birds, rodents, etc., from the boiler room. 
The louvre must provide the free area required by 
the regulations, so the louvre itself will be larger 
than the free area. 

Natural gas-fired appliances must have 10 percent 
of the free area open at a high level. This is 
because natural gas is lighter than air and, if 
a leak develops, the high-level opening allows 
it to escape from the room, thus reducing the 
concentration and risk of an explosion. However, 
it is important to remember that propane is 
heavier than air. So in the event of a propane 
leak, the gas will pool at the floor and will flow 
through any openings to spaces on lower floors, 
basements, etc. Therefore, with propane*fired 
boilers, a combustion gas alarm should be 
installed with the detector mounted at floor level. 
Carbon monoxide sensors that detect flue gas 
spillage are recommended, particularly for rooms 
with combustion appliances connected to 
residential occupancy. 

In cold climates, combustion air openings are 
a potential source of cold air which, in extreme 
cases, could cause frost damage to the boiler and 
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water piping. It is important, therefore, that the 
design include measures to prevent freezing. The 
recommended approach is to install an open
topped box at floor level around the combustion 
air duct so that combustion air must enter the 
box, then flow over the top of the box to enter the 
room. This prevents the free flow of outdoor air 
across the floor of the boiler room. In extremely 
cold climates, unit heaters or similar equipment 
may be provided to mix heated boiler room air 
with the incoming combustion air but without 
interfering with the combustion air flow. 
Figure 3.5 illustrates these measures. 

In some jurisdictions, it may be permissible to 
fit motorized dampers with end switches in the 
combustion air ducts. Any burner will be locked 
out unless the end switch indicates that the 
damper is fully open. Thus, when burner 
operation is not required, the combustion air duct 
could be closed. At least one manufacturer offers 
a product that combines this approach with the 
air-mixing shown in Fig. 3.5(B). Other than such 
approved arrangements, it is most important that 
combustion air openings NOT be closed off in 
cold weather, as that could result in a dangerous 
situation both for residents and service personnel. 

Some gas-fired equipment uses what is 
termed "sealed combustion." This means that 
the equipment is designed to duct combustion 

Fig. 3.5 
Cold Climate Combustion Air Intakes 
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air directly from outside into the appliance, 
bypassing the room in which it is installed. The 
manufacturer will provide information on the size 
and maximum length of the combustion air duct. 
Such equipment does not require any other 
combustion air. Sealed combustion design boilers 
are generally small, expensive, high-efficiency, 
gas-fired units. The use of sealed combustion 
equipment keeps combustion air from creating 
cold boiler room conditions and prevents products 
of combustion from backdrafting into the space 
occupied by the boiler(s). 

3.3.3 Fuel Oil Storage and Transfer 

Boilers fired by fuel oil will require an oil storage 
tank and a means to deliver the oil to the boilers. 
Smaller tanks, up to 950 litres (250 U.S. gallons), 
can be installed inside the bUilding. However, in 
almost all cases, that is too small a size for 
apartment buildings. Alternatively, an interior oil 
storage tank could be installed in a bunker within 
the building but physically isolated from other 
interior space. Unless a bunker already exists in 
a building, or a readily usable volume of space is 
available, the bunker approach is likely to have a 
very high capital cost. Finally, outside tanks may 
be installed, either above ground or buried. The 
urban, residential setting of most buildings 
effectively precludes an above-ground tank. 
Therefore, this discussion centres on buried tanks. 
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Installation requirements for fuel oil tanks are 
dictated by provincial or local fire and boiler 
regulations. Generally, buried oil tanks must be 
at least three metres from buildings. They require 
excavation, a concrete or other pad, anchors and 
hold-down capability (to ensure that an empty 
tank would not be pushed out of the ground if the 
ground became saturated with water), cathodic 
protection, access openings, provision for oil 
leakage monitoring, transfer pumps and fuel lines. 
See Figure 3.6. The concrete pad is usually sized 
to weigh 1.5 times the buoyant force of the tank 
and overall should be approximately 0.5 metre 
wider and longer than the tank. The weight of the 
earth over the tank can reduce these requirements. 

Underground oil storage tanks are typically made 
of either steel or fiberglass. Steel tanks are coated 
with bitumen to protect them from corrosion and 
eventual leaking. It is important that this coating 
not be damaged, either in transit to the site or 
during installation. Pea gravel or sand is normally 
used as backfill material. In addition, steel tanks 
should have cathodic protection and electrical 
isolation. In some jurisdictions, they must be of 
double-wall construction and have leak detection 
and cathodic protection monitoring equipment. 
Leak detection in double-wall tanks involves 
pressurizing the interstitial space: if the pressure 
holds, there is no leak in either wall; the presence 
of hydrocarbons in the interstitial space indicates 
an inner-wall leak. Tanks must be inspected 
and tested periodically. 

Fiberglass tanks are more costly than steel tanks, 
but they do not corrode. However, they do require 
careful handling and installation to avoid damage. 
Double-walled fiberglass tanks are becoming 
more common. Leak detection and testing as 
described for steel tanks also applies to 
double-wall fiberglass tanks. 

Regardless of tank construction, there needs to be 
overfill protection, much like the liquid-sensing 
nozzle shut-off for fuelling a vehicle, and a 
containment capacity in the event of spillage 
during filling. 

Underground piping should have secondary 
containment, such as impervious liners or 

double-walled piping. It should be installed on 
a compacted bed of non-corrosive material. Pipes 
should slope back toward the tank to prevent 
fuel from siphoning out of the tank. 

This emphasis on prevention and detection 
of underground oil leaks is important because 
governments and the legal system are increasingly 
holding property-owners responsible for any 
damage caused to the environment or to other 
property-owners as a result of leaks or spills. 
Cleanup costs can be extraordinarily high! 
Therefore, prudent developers insist on the 
highest design and installation standards for 
underground oil storage tanks. 

The tank size is normally selected from a 
manufacturer's catalogue to provide storage 
for 100 to 140 hours of continuous operation at 
full-load plant capacity (corresponding to four to 
six days of severe weather). In remote locations 
where supply may be interrupted or if bulk 
purchases are desirable, additional storage 
capacity is required. A procedure to estimate 
the total usage for the heating season involves 
dividing the degree-days (most published values 
use a base of 18°C) by the winter design 
temperature difference between inside and outside 
to get the number of days of full load operation. 
Values of full load operating days for selected 
cities are shown in Table 3.2. Most southern 
Canadian sites are in the range from 100 to 
110 days of annual usage. Northern locations have 
greater usage. Because most multi-unit buildings 
do not require heating above approximately 15°C, 
the tank size required to supply fuel for the entire 
season - if the systems operate efficiently - may 
be considerably less than indicated in Table 3.2. 

Oil transfer pumps are frequently required, 
particularly with buried tanks and boiler-burners 
at the top of the building. A nominal 100-litre 
(i.e., several hours' capacity) day tank installed at 
or above the boiler elevation is common. A float 
in the tank is used to control the transfer pumps 
and maintain the oil level. At least two oil transfer 
pumps are recommended to provide standby. 
An alternative design features continuously 
operating oil transfer pumps with a relief valve 
to recirculate oil back to the buried tank(s). A 
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Fig. 3.6 
Typical Installation for Double-Wall Buried Oil Tank 
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third technique utilizes a nominal 20-centimetre 
diameter by 100-centimetre long vertical pipe for 
each burner-boiler. The oil transfer pumps must 
be carefully selected to maintain a small head in 
the pipe, and a limit control should be installed 
on the vent line to shut off the pumps at high 

3.3.4 Other Hot Water Heating Equipment 

oil level. 
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The previous discussion was based on using 
hot water boilers to generate hot water. There are 
other possible sources, even though their use is 
very limited. 

Steam boilers with steam-to-hot-water heat 
exchangers may be used to generate hot water. 
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Table 3.2 
Seasonal Heating Fuel Storage 

Location 

Vancouver 
Regina 
Thunder Bay 
Timmins 
Toronto 
Montreal 
Halifax 
St. John's 
Cornerbrook 
Alert 
Iqualuit 
Yellowknife 
Whitehorse 
Dawson City 

Degree-Days 
below 18°C 

2925 
5750 
5650 
6200 
4000 
4400 
4100 
4800 
4750 
13186 
9928 
8500 
6900 
8400 

However, steam operating and safety controls 
for the boiler and steam piping systems are more 
complex than those required for hot water. In 
addition, most provinces require the continuous 
presence of a power engineer at an operating 
steam plant in an occupied building, unless 
the system has a very small capacity 
(e.g., 30 kilowatts, or 100,000 Btu/h). This 
would be an onerous operating cost burden. 
Therefore, unless there is some other need for 
steam in the building, the use of steam boilers 
is not recommended. 

A central or district heating system can distribute 
hot water or steam through a piped network to 
several buildings. Use of district heating will 
require a ground- or basement-level mechanical 
room to house the necessary heat exchange 
equipment, pumps, piping, etc. Because there 
is no combustion equipment in the building, 
venting, combustion air and fuel supplies are 
not needed. However, some mechanical room 
ventilation will be needed to prevent overheating. 
If the district system supplies steam, there is 
usually no legal requirement for the continuous 
presence of a power engineer when the system is 
operating, because there is no local source of 
combustion. The few district heating systems in 
Canada that operate as utility companies serve 
only the central business districts in major cities. 

Winter Design Indoor/Outdoor Full-Load 
Temp.,oC Temp. Diff., °C Operating Days 

·7 28 104 
-34 55 105 
-31 52 109 
-34 55 113 
-20 41 98 
-23 44 100 
·16 37 111 
-14 35 137 
·19 40 119 
-43 61 206 
·40 58 162 
-43 64 133 
·41 62 111 
-50 71 118 

3.4 Central Hydronic Terminal 
Heating Devices 

A terminal heating element or unit should be 
installed in each occupied room that is exposed 
to an outside wall or roof. Terminal equipment 
can be a radiator, fin-tube convector or baseboard, 
fan-coil in a cabinet, fan-coil-filter unit, unit 
heater suspended in space, or hydronic radiant 
panel. Heating capacity should match the 
calculated design heating load for the space, plus 
any required safety factors, pick-up allowance, 
etc., deemed necessary. Figure 3.7 shows a typical 
cross-section of the various terminal units. 

Terminal heating units must be selected 
according to the design supply and return water 
temperatures of the central hydronic heating 
system. However, this is not a "one-way" 
decision. The type of heating unit will influence 
the design water temperatures. Sub-section 5.2 
has more information. 

The types of hot water terminal heating units are: 

• Convector-Radiators, which typically have a 
design supply water temperature of between 
82 and 93°C (180 to 200°F), with an 11 to 
22°C (20 to 400 P) supply-to-return 
temperature difference. 

• Fin-Thbe Convectors, also known as wall-fin 
or hot-water baseboard units, have a design 
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supply water temperature that is typically the 
same as for convector-radiators. 

• Fan-Coil Units, which typically have a design 
supply water temperature of 55°C (130°F). 

• Radiant Wall and Ceiling Panels, which 
typically have a design supply water 
temperature no higher than 60°C (140°F). 

• Radiant Floor Heating, which cannot have a 
design supply water temperature higher than 
about 30°C (86°F). 

3.4.1 Convector-Radiators 

Convectors are manufactured in a variety of 
depths, sizes and lengths. They have pressed 
steel enclosures, are often pre-painted, with 
heating elements made of ferrous and non-ferrous 
materials and a large amount of secondary heating 
surface, which leads to a relatively large heating 
capacity per unit of length. They may be free
standing, wall-hung or recessed. They rely on 
natural convective heat transfer, and so require 
openings at both the floor and at the top of the 
unit to allow room air to flow through the unit 
and to pick up heat from the heating element. The 
convector enclosure must provide for access to 
any water shut-off valves or controls inside it. 

Fig. 3.7 . 
Terminal Units 

Design water temperatures for convectors are 
typically 82 to 93°C (180 to 200"F) supply, with 
an 11 DC (200P) temperature drop. As discussed 
in Chapter 5, larger temperature drops should be 
considered to reduce piping and pumping costs. 

In suites, there should be a thermostatically 
controlled valve in the supply water pipe. This 
will control the flow of heating water to all 
convectors in the suite. In larger, more luxurious 
suites, there may be more than one valve. As 
the suite temperature rises, the water flow is 
reduced and vice-versa. Often, the supply water 
temperature is reduced centrally (see Chapter 5) 
as the outside temperature rises. This reduces the 
heating capacity of the convectors and leads to 
two-stage control - a broad-brush central water 
temperature control and a local "fine-tuning" 
control in each suite. 

3.4.2 Fin-Tube Convectors 

Hot water fin-tube convectors rely on natural 
convection, as do convector-radiators, and 
typically they have the same supply water 
temperatures. Fin-tube convectors have two basic 
designs: wall-fin and baseboard. Wall-fin consists 
of one or two finned pipes, usually copper tubing 
mechanically expanded into aluminium fins, 
installed along a wall on brackets and connected 

(reprinted with permission from 1996 Systems and Equipment Handbook, ASH RAE Inc., Atlanta, GA.) 
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to the hydronic piping system. Fin length is 
determined according to the required heating load, 
and may be much less than the cabinet length. A 
pressed steel cabinet is mounted over the finned 
tubing and clipped into place. Often, the cabinet 
runs wall-to-wall, which facilitates connections 
to piping mains. The enclosure is typically 75 to 
100 millimetres (3 to 4 inches) wide and 300 to 
500 millimetres (12 to 20 inches) high. Simple 
expanded metal covers are often used in storage 
or workshop areas. 

Baseboard units are factory-produced as complete 
units. Their basic construction is similar to that of 
the wall-fin, except they are narrower and shorter 
than wall-fin, often only 50 millimetres wide and 
250 millimetres high. Thus, they are unobtrusive, 
an attraction in suites. Often, for appearance and 
ease of piping connections, they also run from 
wall to wall. However, the baseboard's small size 
means that heat outputs per unit of length are 
lower than for the wall-fin. Refer to Figure 3.7 
for typical cross-sections. 

The heat output of fin-tube convectors is not 
significantly affected by water velocities between 
0.15 and 0.9 metres per second (m/s). However, 
it may drop rapidly at lower velocities if the 
flow changes from turbulent to laminar. Sample 
performance based on different heating water 
supply temperatures (for a 12°C temperature drop 
and 5-centimetre by 7.5 centimetre fins) are 
shown in Table 3.3. 

Fin-tube convector control is the same as that for 
convector radiators. 

Table 3.3 
Fin-Tube Heating Capacity 

Design 

1 row, 300-mm (12") high enclosure 
1 row, 450-mm (18") high enclosure 
2 row, 450-mm (18") high enclosure 

Notes: 

Capacity @ 90'C 
(194°F) AWl: see Note 

1,640 (1,705) 
1,830 (1,905) 
2,230 (2,320) 

3.4.3 Fan·Coil Units 

A fan -coil unit consists of a fan sending an air 
flow across a coil through which hot water is 
circulated. If installed within a space, the unit will 
have a sheet metal enclosure and, usually, an air 
filter on the air intake side. Fan-coil units are 
installed where large heating output is required. 
In-suite mounting will require very quiet units, 
with low-velocity fans and acoustic lining in the 
enclosure features that will add to the unit cost. 
Where noise is not a problem (e.g., entrances, 
stairwells, large storage rooms, garages, etc.), 
noisier, less expensive units will suffice. Units 
for recessed ceiling mounting may have an open 
centrifugal fan, with the discharge duct connected 
to a hot water coil and no other enclosure. 

Because fan-coil units do not rely on natural 
convection to deliver heat, they often operate with 
design supply water supply temperatures as low 
as 55 to 70°C (130 to 160°F), and a design water 
temperature drop of 6 to 12°C (10 to 20°F). A 
higher supply temperature and larger water 
temperature drop would allow for smaller 
piping and pumping energy. 

Figure 3.8 shows typical fan-coil 
unit configurations. 

There are two approaches to controlling fan-coil 
units. In the first, there is no local control of the 
hot water. Instead, the unit fan is cycled "on" 
when heat is required, and "off' when it is not. 
The fan blows air across the heating coil, 

Capacity @ 82.S·C 
(180°F) AWl: see Note 

1,395 (1,450) 
1,550 (1,610) 
1,895 (1,970) 

Capacity @ 7S"C 
(167°F) AWT: see Note 

1,185 (1,230) 
1,320 (1,370) 
1,615 (1,680) 

Capacity in watts per linear metre (British thermal units per hour per linear foot) based on AWT (Average Water 
Temperature). as indicated in each column. 

2 Data based on a manufacturers typical output capacity. 
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Figure 3.8 
Typical Fan·Coil Unit Arrangements (reprinted with permission from 1996 Systems and 
Equipment Handbook, ASH RAE Inc., Atlanta, GA.) 

+ + 
/I '/////i ,//, 

lOW PROFILE VERTICAL MODEL 

pziZiz:Ds:t» FILTER 

VERTICAL MODEL· FLOOR MOUNTED 
" ", 

FILTER 

1"11"'"'''''''''''''''' ';" "~"[:~M.' "ml CHASE-ENCLOSEO MODEL WITH 
FINNED-RISER HEAT ElCCHANGER 

(PlaCe unlls back·to·back-one for each room. Do 
not use one unit for two rooms.) 

HORIZONTAL MOO£L - CElLINI MOUNTED 

extracting heat from it and delivering it to the 
space. The disadvantage of this approach is the 
annoyance of having a fan tum on and off. 
Unless the unit is very quiet, this approach is not 
recommended for in-suite units. The second is to 

Fig. 3.9 
Multi-Speed Fan Coil with Water Flow Control 

H 

o 

MANUAL 
FAN 
SWITCH 

o 

LOW 

MEDIUM 

HIGH 

OFF POSITION 

MANUAL HEAT 
ON·OFF SWITCH 

have constant fan operation and a control valve 
that modulates water flow through the unit (or, if 
there is only one control in the suite, through all 
the units in the suite) in response to thermostat 
demand. This control functions in the same 

N 

way as that described previously 
for convectors. 

Most fan-coil units allow fan speed 
to be manually selected. Figure 3.9 
shows a manual fan switch set to 
operate at low speed, with medium 
and high speeds available. It 
illustrates the control option in 
which the thermostat opens the 
control valve to the unit when 
heating is required (as opposed 
to cycling the fan). 

3.4.4 Hydronic Radiant Wall and 
Ceiling Panels 

2-POSITION 
CONTROL VALVE 

Radiant heating panels are another 
option as terminals for central 
hydronic systems. Radiant panels 
provide at least 50 percent of their 
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thermal energy via radiation and the remainder 
by convection. Reference 35 provides additional 
background. Panels can be recessed or surface 
mounted on either ceilings or walls. Crosswlinked 
polyethylene tubing, with an integral oxygen 
barrier, is generally used in panels. Important 
design considerations for radiant panel 
systems include: 

• With normal ceiling heights of from 2.4 to 
2.7 metres, ceiling panels less than 1 metre 
wide at the outside perimeter wall can be 
designed for a maximum surface temperature 
of 55°C (130°F). Hotter temperatures will 
cause a "hot head" effect. 

• Panel surface temperatures that are too low 
can result in a large uneconomical panel and 
a failure to locate heat output near enough to 
the outside walVwindow area where it is 
needed. The result may be a feeling of 
coolness at the outside wall. 

Reference 36 requires insulation on the back of 
the panel to reduce heat loss. However, for ceiling 
radiant panels installed in a multi-storey building 
with an occupied floor above, a recent study 
(ref. 37) suggested a better approach. Instead of 
insulation on the back of the radiant panels, there 
is a partition in the ceiling plenum space parallel 
to the exterior wall. This keeps the heat lost from 
the top of the panel near the exterior wall within 
this perimeter plenum space, which is thus heated 

Fig. 3.10 

so that it provides some heat to the occupied floor 
above. Figure 3.10 illustrates the concept. 

3.4.5 Radiant Floor Heating 

Radiant floor heating may be a candidate for 
some buildings. Cross-linked polyethylene tubing, 
incorporating an oxygen barrier, is distributed on 
a sub-floor with the tubing concentrated near 
exterior walls and windows. The polyethylene is 
then covered with a concrete topping which, when 
dry, forms the base for the finish flooring. Floor 
panels are limited to a surface temperature of less 
than 30°C (86°F) for comfort and safety, which 
limits the design water supply temperatures and 
output capacity per unit area. 

The floor piping circuits are connected to the 
central hydronic distribution system through 
supply and return headers. Each header can 
handle several zones, and each zone will have 
its own temperature control. 

These systems provide very stable heat output. 
For areas where rapid changes in heating load 
rarely occur, floor radiant systems can work well. 
This would be the case if solar heat gains, which 
can change rapidly, are low; however, if rapid 
changes are common, the floor system control 
would not be able to respond fast enough. 

3.4.6 Terminal Heating 
Unit Control 
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Electronic thermostats are 
becoming more popular. DDC 
(Direct Digital Control) can be 
programmed to limit setpoint 
adjustment. Every terminal 
heating device should have an 
operating control (thermostat) 
in the zone, the apartment unit 
or space. 

Each space thermostat must 
allow adjustment of the 
temperature setpoint and 
should indicate actual space 
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temperature. Thermostats with an anticipator 
feature, which tracks space temperature rise and 
shuts off heating output as space temperature 
approaches setpoint, thus preventing an overshoot 
of setpoint, are recommended for comfort. If the 
tenants do not pay for space heating, the use of 
setback thermostats would not be cost-effective, 
and they should not be installed as they will 
not be used. 

Line voltage thermostats are economical for 
electric heating. Wall-mounted thermostats are 
recommended in suites instead of putting the 
thermostat inside the heating cabinet (integral 
control), Integral controls are preferred for 
vestibules, stairways and other areas where 
modest temperature swings can be tolerated. 

Sturdy, locking, ventilated covers should be 
provided for exposed thermostats in public areas 
so that it is inconvenient to change the setpoint. 

3.5 Electric Heating 

3.5.1 Introduction 

In central Canada, the cost of gas to generate heat 
is 30 to 50 percent of the cost of a similar amount 
of electricity. This range also applies in British 
Columbia, the Prairies and the Maritimes. In 
Alberta, gas is even less expensive relative to 
electricity. In northern and remote areas, which 
are off-grid, electricity costs are extremely high. 
However, in Quebec the price differential is much 
less. As a result, electric heating is very popular 
in Quebec. 

Some electrical utilities (e.g., Ontario Hydro 
and BC Hydro) discourage the use of electric 
resistance heating in apartment buildings because 
they want to delay significant generating capacity 
expansion for as long as possible. Also, in 1992, 
the Ontario Ministry of Housing prohibited the 
use of electric resistance heating in social housing 
projects if natural gas was available. 
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Compared to central hydronic systems, unitary 
electric heating systems generally: 

• require less space; 
• have lower maintenance costs; 
• allow low-cost individual suite metering 

(studies show significant reductions in energy 
consumption when individual residents pay 
for their actual usage) for electricity; and 

• have the lowest capital cost. 

If individual suite metering is installed, common 
area consumption can be divided among units in 
the building or paid by the building owner. 
Individual meters should be grouped to make 
reading easier. However, this requires branch 
feeders from the group meter area to each suite, 
which will increase costs. Also see Section 9.1. 

The main electrical supply to an electrically 
heated building should be designed according 
to the sum of peak heat loads for all individual 
heating units and using the diversity factors 
allowed by the Canadian Electrical Code. 

Where electrical heating units are on a building· 
based meter, and not metered within each suite, 
there should be controls to reduce the available 
heating output as outside temperature rises. This 
will avoid excess heating energy consumption 
caused, for example, by residents leaving 
windows open so that the heating system has 
to meet the high infiltration load. Circuits 
serving heating units should have controls that 
shut them off for part of the time: when the 
outside temperature approaches the winter 
design temperature, the full heating capacity 
would be available; however, as the outside 
temperature rises, the percentage of off-time 
would progressively increase until the outside 
temperature reaches the building balance 
temperature - approximately 15°C. See 
Sub-section 5.7.1 for Balance Temperature 
discussion. Above the balance temperature, 
the heating units would be locked out entirely. 
It is vital that there are several "groups" of 
heating units 
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so that "on" periods can be rotated. Without this 
rotation, excessive demand and demand charges 
could occur during mild temperatures. 

3.5.2 Electric Heating Units 

Tenninal units are similar for both electrical and 
hydronic supplied energy in that they are located 
in areas of greatest heat loss. Baseboard heaters, 
convectors, fan-coil units and radiant panels are 
most commonly used. The characteristics of 
each are: 

3.5.2.1 Baseboard units 

Baseboard resistance heaters are usually less than 
300 millimetres high and 7.5 millimetres deep, 
and so are unobtrusive. They deliver heat by 
convection, so it is important to locate them 
where air flow will not be blocked. They are 
available in sizes from 0.3 to 2.5 kilowatt output, 
and lengths of from 600 to 1,800 millimetres. 

Baseboard heaters are on-off devices, usually 
controlled individually by electric thermostats. 
Thus, they provide room-by-room control of 
temperature. The least expensive installations 
will use thermostats that are integral to the 
unit. However, wall-mounted thermostats are 
recommended, as they provide better control 
characteristics and are visible to residents. 

3.5.2.2 Convectors 

Electric convectors have the same physical sizes 
and shapes as hydronic convectors. Cabinets may 
be surface-mounted or semi-recessed. Convectors 
are used when an intermediate heating capacity 
is required and wall space is limited. Their 
somewhat bulky appearance tends to limit their 
use within suites. They are generally used in 
common areas. Capacities range from 0.5 to 
5.0 kilowatts. 

Controls are similar to those for electric 
baseboard units. 

3.5.2.3 Forced air (fan-coil) resistance heaters 

These are also referred to as cabinet heaters or 
unit heaters. They consist of a circulating fan 
and an electric resistance heating element, usually 
mounted in a painted sheet-metal cabinet. They 
are used where high output capacity is required -
normally at building entrances, but also 
in common areas, storage and service rooms or 
garages. They can also be used within suites, but 
very quiet units, with slow speed fans, low air 
velocities, and acoustically lined cabinets must 
be selected for this application. Capacities 
range from 0.5 to 15 kilowatts. 

Thermostats, which can be within the unit or 
located in the space, turn the heating element on 
or off. There must be an interlock to ensure that 
the fan is operating before the heating element 
can be energized. The fan may cycle with the 
heating element; however, continuous fan 
operation will reduce complaints of noise 
with in-suite units. 

3.5.2.4 Electric Radiant Panels 

These panels are similar to the hydronic energy 
source noted in Section 3.4 and also provide at 
least 50 percent of their thermal energy via 
radiation. Modular metal panels, typically 300 by 
1,200 millimetres, or 600 by 1,200 millimetres, 
are most common. They can be installed on the 
ceiling or recessed into it, or recessed into a wall. 
The installation must ensure that overheating of 
the panel itself, and of the wall or ceiling into 
which it is installed, will not occur; it must also 
provide access to electrical components as 
required by the Electrical Code. In addition, 
panels located in exterior walls or ceilings should 
not penetrate air or vapour barriers and should be 
installed with the full complement of wall or roof 
insulation. Removable panel sections may be 
needed. Reference 35 provides additional 
installation guidelines. 

Radiant heat can provide very even space 
temperatures and comfortable conditions. In 
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addition, the panels are often almost invisible. 
This is an resthetic advantage, but there are 
practical limitations because occupants must not 
put nails, picture hooks or other inserts into them. 

Panels are available with heating outputs varying 
from 0.1 to 1.0 kilowatts per square metre of 
panel area; the higher the output, the hotter the 
panel surface will be. Care must be taken to 
ensure that surface temperatures are safe and 
provide resident comfort. For low-level wall 
panels, this means a surface temperature low 
enough so that they can be touched without harm: 
a maximum of 45°C (113 OF) is recommended. 
For ceiling panels and high-level wall panels, 
the surface temperature must be low enough to 
avoid a "hot head" effect: with normal 2.4-metre 
(8-foot) ceiling height, this means the panel 
surface should not be above 55°C (130"F). Given 
these limits, radiant panels alone may not provide 
adequate heat in very high heat-loss areas. 

Ceiling panels must not be installed over partition 
walls because of the danger of damage from the 
installation and overheating while in service. 

Electric radiant panel control is typically by 
means of wall-mounted thermostats that tum the 
panels on or off in response to heating demand. 
As with other electric heating units, individual 
room control is the norm. 

3.6 Fossil-Fuel Unitary Heating 

3.6.1 Introduction 

Unitary fossil-fuel heating systems in domiciliary 
buildings almost always use natural gas as the 
fuel. Its low cost is attractive. In addition, natural 
gas furnaces and heaters suitable for lower cost 
horizontal wall venting are readily available. 

The most significant concern associated with 
having a combustion appliance within a suite is 
the possibility of flue backdrafting and the 
resultant release of carbon monoxide into the 
suite. Any design for unitary, fossil-fuel heating 
must address this concern. First, the design must 
ensure the provision of adequate combustion air 
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to the furnace or heater. Second, the design must 
provide a flue system that vents the products 
of combustion under all anticipated 
operating conditions. 

The use of sealed-combustion furnaces or heaters 
is recommended. Combustion air is piped directly 
from outside the building to the appliance; and the 
products of combustion are vented directly from 
the appliance to the outside. Thus, the combustion 
air and products of combustion are completely 
isolated from the suite, eliminating the possibility 
of inadequate combustion air or flue backdrafting 
into the suite. 

If sealed combustion is not used, then a system 
that positively delivers combustion air to the 
furnace room or closet and removes the products 
of combustion is required. The furnace or heater 
should have a power-vented design (e.g., using 
an induced draft fan) to ensure removal of the 
products of combustion. The burner should also 
be interlocked with the vent system and prevented 
from firing unless the vent system is operating. If 
a combustion air make-up fan and damper system 
is used, it will also need to be interlocked to 
prevent burner operation, unless it is proven 
to be operating. 

There are three types of unitary, fossil-fuel 
heating systems: 

• hot-air furnaces, 
• domestic hot water heating and space heating 

"combo" systems; and 
• supplementary heating with natural 

gas fireplaces. 

3.6.2 Hot Air Furnaces 

Hot air furnaces would typically have a vertical, 
closet design, as is often used in modular or 
manufactured housing, and they should be located 
in a central10cation adjacent to a corridor. Hot air 
would be delivered to spaces needing heat 
through hot air ducts located at ceiling height 
and furred in as required to hide them. Return air 
would flow from those spaces via the corridor or 
hall to the furnace. 
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The furnace would have be located so as to 
introduce combustion air and allow for the 
venting of products of combustion. Therefore, 
a location fairly close to an outside wall is also 
desirable. In addition, the furnace should be 
located where the noise it generates will not 
be a disturbance to the occupants. 

3.6.3 Combination Domestic Hot Water and 
Space Heating System 

A typical combination domestic hot water (DHW) 
and space heating system consists of a gas-fired 
DHW storage heater and a fan-coil unit with a 
hot-water coil. Water from the DHW heater is 
circulated through the coil to provide space 
heating for the suite. Figure 3.11 shows a 
configuration requiring a stainless flue 
discharging through a wall. Alternatively the 
combustion air and flue gases would be separated 

The DHW heater must have sufficient capacity 
to meet both the space heating and the DHW 
heating demands. Generally, the heater's recovery 
capacity will have to meet the design space 

Fig.3.11 

heating load plus an allowance for the DHW 
heating demand. The size of that allowance 
depends on the ratio between the peak DHW 
heating demand and the design space heating 
load, as shown in Figure 3.12. 

Combination systems are suited to apartment 
suites for a number of reasons. With a single 
gas-fired heater, there is only one flue and one 
combustion air intake required. The equipment is 
compact; typically, it will take no more space than 
a standard DHW storage tank and a fan-coil unit. 
The two units do not have to be located together, 
although that is probably the most common 
arrangement. The installation cost, while higher 
than for electric resistance heating, will be very 
competitive on a life-cycle cost basis in most 
areas, given the low ongoing energy cost with 
gas. All components in the water piping system, 
in the DHW tank, the fan-coil unit and the 
connecting piping must be constructed of 
materials approved for potable water systems 
and designed for the domestic water pressures 
present at the site. 
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Figure 3.12 
Sizing Factor for Combination Space Heating and Water 
Heating Boilers 

fireplace might be 
considered in selecting the 
primary heating system. If 
the fireplace could provide 
much of the suitels heating 
with low cost gas, then 
using electric resistance 
heating as the "primary" 
system may become 

(reprinted with permission from 1995 Applications Handbook, ASH RAE Inc., 
Atlanta, GA.) 

1.00 

0,0 

..... ~ - ~ 

./ 
V 

V 
I 

V 

0.110 

0.10 

0.10 
more attractive. 

I 
0.50 

0.40 

3.7 Snow-Melting 

I fACTOR ~ WATER HEATING LOAD. ADDITIONAL BOILER CAPACITY 

I 
Q30 

0,20 

0.10 

o 
0.2111 0.50 0.15 1.0 2.0 3.0 

RATIO' HOT WATER HEATING LOAD 
HEATING LOAO 

Heating control is excellent. The circulating 
pump cycles "on" and "off' in response to the 
room thermostat. With the relatively large water 
storage volume, there is very good stability of 
temperature delivery. When high-efficiency sealed 
combustion equipment is used, the overall system 
has a low energy cost. 

3.6.4 Natural Gas Fireplaces 

One of the most common features in many new 
apartment buildings, particularly those designed 
as condominiums, is a gas-fired fireplace. These 
provide the ambience of an open fire at the press 
of a button, without the need for wood, lighting a 
fire, etc. The fireplace is often located in the main 
living area of the suite, so the heat it discharges 
into the space can supplement the primary space 
heating system. Where the suite's heat loss is low , 
and especially if the fireplace is equipped with 
a room circulating fan unit, it can provide a 
substantial proportion of the heat needed in the 
room. If the floor plan is quite open, the heating 
effect may well be felt elsewhere in the suite. 

If the design is going to include a gas fireplace, 
then a room air circulating fan should be included 
and, if the owner agrees, the heating effect of the 
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Entrance pathways and 
parking garage vehicle 
ramps for large buildings 
in urban areas must be kept 

&.0 f f ree 0 snow and ice. Where 
the project's design criteria 
dictate that shovelling 
andlor putting salt down to 

melt ice are not acceptable, there are two possible 
approaches: to cover or enclose the path or ramp; 
and to heat the path or ramp and melt the snow 
or ice that would otherwise accumulate. This 
sub-section deals with the second approach. 

Snow-melting systems may be of three different 
types. They are: 

• 

• 

• 

heating the slab with a hot glycol solution in 
buried pipes (hydronic); 
heating the slab using buried electric heating 
cables (electric); and 
warming the surface of the slab with gas-fired 
radiant heaters (usually infra-red). 

Melting ice and snow accumulations from wall 
caps, gutters, downspouts and eaves may also 
be required for some buildings. Electric heating 
cables are generally the only solution proposed 
for these situations. References 38, 39 and 40 
provide design guidelines, installation details, 
operating data and heat output recommendations 
for these systems. In all installations, back 
(underside) and edge losses should be minimized. 
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3.7.1 Hydronic Glycol Slab-Heating 

In this system, small piping (usually with a 
12-millimetre, or 1/2-inch nominal diameter) 
is installed 50 to 100 millimetres (2 to 4 inches) 
below the surface of the slab. A warm glycol 
solution is circulated through the piping to heat 
the slab and melt the snow or ice. Materials used 
must have high resistance to temperature aging, 
stress cracking, chemicals, water and concrete 
additives, abrasion, deformation and thermal 
expansion. Materials meeting these resistance 
criteria include metal (steel, iron, copper), plastic 
(polybutylene, cross-linked polyethylene) or 
reinforced rubber tubing. The piping is spaced 
to provide 2 to 20 watts per square metre (80 to 
800 British thermal units per hour per square 
foot) of heat output. Modulating control is 
recommended to avoid slab temperature cycling, 
which is implicated in premature deterioration 
of the slab itself. 

Refer to Section 5.5 for information on glycol 
systems design and to Chapter 5 for information 
on hydronic systems design in general. 

3.7.2 Electric Slab-Heating 

The concept here is the same as for glycol slab
heating, except that electric resistance heating 
cable is used in place of the piping. The cable 
insulation must be made of materials that will 
withstand the wet conditions and corrosive effects 
of being buried in concrete. Self-regulating cable, 
selected for the desired slab temperature, is most 
commonly used. This cable, when activated, 
automatically limits its heating output to locations 
that need heat, and it will not overheat anywhere. 
In addition, its output varies with the heating 
needed, leading to stable slab temperatures. 

The most significant disadvantage of electric 
slab-heating systems is the high cost of electricity 
relative to that of fossil fuels. If the system must 
be used extensively during a typical winter, then 
a fossil fuel system is probably a better choice. 

3.7.3 Infra-Red Radiant Slab-Heating 

These systems operate by directing high-intensity 
infra-red radiation on to the surface of the slab. 
The radiant energy heats the slab directly without 
heating the surrounding air, thus preventing the 
accumulation of snow or ice. This system requires 
poles or other mounting arrangements for the 
heaters, a potentially costly requirement. 

It is essential that this type of system be activated 
before any snow accumulation occurs, because 
if there is already an accumulation of snow, 
the snow will tend to reflect the radiation, thus 
thwarting efficient melting and making the 
radiant system ineffective. 

Given the limitations of this system and the 
potentially high cost of equipment mounting, this 
system is probably the least desirable alternative 
in most situations. 

3.7.4 Control of Snow-Melting Systems 

The major operating control design issues are: 

• protection of the boiler and slab from 
unacceptable temperature excursions; 

• control of the snow-melting system for 
economical operation; and 

• slab pick-up temperature during start-up. 

Water entering a traditional boiler must be 
maintained at a high temperature, as noted in 
Sub-section 3.2.2. However, if a domestic water 
heater or heat exchanger is used, this might not be 
an issue. As well, the temperature of the (glycol) 
solution delivered to and from the snow melt field 
should be less than 16°C (30°F) to limit stresses 
and avoid slab deterioration. Drains should slope 
positively, and they should be heated to ensure 
that the melted snow can escape. If not, the 
moisture would have to evaporate, which would 
require substantially more thermal energy. 

While a snow-melting system has modulating 
control for stability, the system itself is either 
activated or turned off altogether. To avoid using 
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energy unnecessarily, the most important control 
decision is when to activate the system and 
when to shut it off. The two most popular 
control alternatives are manually activated 
timers and snow sensors coupled with outside air 
temperature sensors. Snow sensors are composed 
of a dome (or dish), which traps the snow, an 
internal heater (nominal 100 watt), which melts 
the trapped snow, and electrical contacts, which 
make an electric circuit if water is present. 
Because there is no risk of snow or ice unless 
the outside air temperature is close to freezing, a 
temperature sensor in the control circuit generally 
prevents activation of the snow-melting system at 
ambient air temperatures of more than 2 to 4°e 
(35 to 39°F). 

If the snow sensor is not recessed into the slab 
so that it is flush with the surface, it should be 
installed on a pole to prevent vandalism. The 
pole should be erected away from buildings, trees, 
etc., to minimize the effects of drifting and snow 
build-up. Snow sensors require periodic cleaning 
and checking of contacts and operation to 
retain effectiveness. 

Manually activated control timers require the 
building superintendent, or someone else who has 
been delegated this authority, to decide when the 
system needs activation and to "push the button." 
The system should have a securely located 
monitoring station fitted out with an indicator 
light and clearly labelled controls, accessible to 
whomever operates the station. These systems 
should have a timer that automatically shuts off 
the slab-heating system after some period of time, 
usually from one to eight hours. Some manually 
activated systems might have an outdoor 
thermostat that prohibits system activation 
when air temperatures exceed 2 to 4°e. 
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If the slab temperature is not maintained, 
the time required to heat it from the ambient to 
approximately 1°C (34°F) should be calculated. 
A procedure is provided in Reference 39. It 
notes that a 15-centimetre (6-inch) slab can be 
heated through 0.55"C (1°F) when provided with 
1,500 watts per square metre (150 Btu/h - frt) in 
approximately six minutes. Based on an air and 
slab temperature of -T'C (20°F) it would take 
84 minutes to raise the slab temperature to 1°C 
(34 OF). Snow accumulation does no.t generally 
occur at very low temperatures. 



CHAPTER 4 - COOLING ONLY SYSTEMS 

4.1 Introduction 

Systems that provide cooling are frequently 
installed in condominiums and "upscale" rental 
properties where the summer design dry-bulb 
temperature exceeds 26°C (79°P) for extended 
periods. Cooling is generally not incorporated in 
low-cost rental housing and is currently (1995) 
not allowed in non-profit housing projects 
receiving funds from the Ontario government. 

This chapter describes cooling systems which 
are, or can be, independent of the building's 
heating systems. Cooling-only systems provide 
cooling to the suite using a separate terminal unit 
from the one which provides heating. The 
following cooling system types are discussed: 

• central hydronic where chilled water is 
generated centrally and distributed to chilled 
water terminal units in each suite, which then 
cool the air in the suite (electrical power is 
generally bulk-metered); and 

• unitary (in-suite) where the cooling is 
generated within a terminal unit dedicated 
to a suite, which then cools the air in the suite 
(the occupant generally pays for electrical 
power used in that suite). 

Combined heating and cooling systems are 
described in Chapter 6. Heating-only systems 
are described in Chapter 3. 

If cooling is not provided as an integral part of the 
initial building design, and hot summer weather 
results in resident discomfort, then residents may 
purchase and install their own local cooling units. 
In most cases, these will be inefficient window 
units (cooling only). These not only waste energy 
but will add electrical demand which the building 
design may not have allowed for. 

Designing a cooling system involves: 

• calculating peak cooling loads; 
• selecting the cooling equipment; 

• sizing and laying out the distribution network; 
• ensuring the cooling, heating, and ventilation 

systems will function properly together; 
• defining operating sequences; and 
• selecting controls. 

These activities are described in more detail in 
Chapter 2, Section 2.2. 

Refrigerants restricted under the 1987 Montreal 
Protocol on Substances which Deplete the Ozone 
Layer (e.g. R-ll, R-12, R-113, R-114 and R-115) 
should not be used. Systems should have service 
valves and ports to permit isolation and controlled 
withdrawal of refrigerant during servicing. If 
the system cooling capacity is greater than 
35 kWth (10 tons), isolation valves should 
permit containment of the refrigeration in one 
portion of the system to reduce the amount of 
refrigerant that must be recovered or replaced 
during servicing. 

4.2 Cooling Loads and 
Equipment Capacity 

Cooling load calculation procedures are 
presented in the ASHRAE Fundamentals 
Handbook (ref. 41) and in various design 
manuals. These procedures should be used to 
obtain accurate estimates of peak cooling loads 
and to reduce problems associated with oversized 
equipment. Oversizing is wasteful as it increases 
installed costs, results in operational problems 
due to excessive on-off cycling and frequently 
increases operating and energy costs. A slight 
undersizing is recommended as it reduces 
compressor cycling and wear, frequently 
improves dehumidification, reduces electrical 
demand charges and utilizes the thermal storage 
capacity of materials that moderate the indoor 
temperature rise. 

The cooling load includes internal heat gains 
from appliances, lights, equipment and occupants, 
as well as heat gains from conduction and solar 
radiation. The use of efficient lighting fixtures and 
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appliances reduces internal gains, thus reducing 
the cooling load. 

A potentially large component of the cooling 
load is related to solar heat gain through windows. 
Because of this, the peak cooling load on a south
or west-facing apartment can easily be twice as 
high as that with a north orientation. Low 
emissivity (low-E) coatings, solar control films, 
high performance windows with a low shading 
coefficient and overhangs can all reduce these 
gains. Windows with low-E coatings have a 
positive impact on both heating and cooling 
energy and on load (peak requirements). Low-E 
glazing with an inert gas-filled (e.g., argon) space 
between panes has about one and half times 
higher thermal resistance and about 15 percent 
less solar heat gain than conventional double 
pane windows. Such high performance window 
systems with a southern exposure may show 
a net heat gain over the winter in many 
Canadian locations. 

Terminal equipment capacity should be equal 
to the cooling load for the spaces served by each 
unit. Central cooling system equipment, however, 
does not need to be the sum of the capacities of 
all terminal equipment; rather it should be equal 
to the sum of the cooling loads at the co-incident 
peak. This allows for diversity in solar orientation 
and non-simultaneous interior loads. Generally, 
the overall system capacity can be reduced by 
15 to 30 percent from the sum of the calculated 
loads. However, distribution main sizes cannot 
be reduced, and standby and redundancy 
considerations should be addressed. 

Normally, each suite that has less than 
100 square metres in floor area will have one 
zone. An additional zone might be considered 
if there were large areas of glazing with either 
southern or western orientation connected to a 
small room. Also, the common rooms (dining, 
kitchen and living areas in larger suites) might 
have a separate zone. 
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4.3 Central Hydronic Cooling 

4.3.1 General Description 

A central hydronic cooling system consists of: 

• chillers to generate chilled water (refer to 
Sub-section 4.3.2); 

• heat rejection equipment to discharge the 
heat removed from the chilled water (refer to 
Sub-sections 4.3.3 and 4.3.4); 

• a piping distribution system to convey chilled 
water throughout the building to terminal 
units requiring cooling (refer to Chapter 5); 
and 

• terminal cooling units to provide the 
cooling in each space requiring it (refer to 
Sub-section 4.3.5). 

The energy required to transport cooling by 
circulating chilled water is parasitic, imposes an 
additional cooling load and is required regardless 
of how small the cooling load is at any given 
time. Therefore, the requirement should be 
minimized by such means as: 

• large supply water to return water temperature 
differences to minimize water flow and 
resultant pumping energy; 

• minimal water velocity and pressure drop 
(use next larger pipe size) to reduce system 
pressure drop and thus pump power; 

• pump controls to shut·off pump(s) when 
not required; 

• variable speed or staged pumping; and 
• primary-secondary pumping, especially 

for circuits with high heads or infrequently 
used equipment. 

These measures are discussed in more detail 
in Chapter 5. They are mentioned here because, 
for maximum effectiveness, the design of central 
hydronic cooling systems needs to be a highly 
integrated process. So chiller and terminal unit 
selection must be considered in conjunction 
with the design of the chilled water 
distribution system. 
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Generally, residential buildings have opening 
windows, and the cooling systems are not 
required to operate at moderate outside 
temperatures. Thus, the refrigeration equipment 
providing the cooling generally does not need 
low-ambient temperature control accessories. See 
Sub-section 5.7.3 for a discussion of operational 
and seasonal cooling requirements. 

Hydronic cooling system performance is affected 
by chiller type and efficiency, chilled water 
distribution, coil surface area and operating 
schedules. For example: 

• central chillers with cooling towers, or 
evaporative condensers, are more efficient 
but more expensive to install than 
air-cooled chillers; 

• centrifugal chillers have the highest 
efficiencies of any chiller type but are the 
most expensive type in sizes below about 
1,440 kWth (400 tons) cooling capacity; 

• larger coil surface areas will reduce 
refrigerant condensing temperatures, increase 
evaporating temperatures and provide greater 
efficiency, but at a capital cost premium; 

• pumping energy required for the distribution 
system is a major energy consumer; and 

• reducing chiller operating time will probably 
reduce consumption but may increase 
electrical demand. 

4.3.2 Chillers 

A chiller is a factory-assembled package 
incorporating: a compressor (or compressors); 
an evaporator in which water is cooled (chilled); 
a condenser (either air- or water-cooled) through 
which heat is rejected to the environment; 
refrigerant which is pumped through the 
evaporator, condenser and interconnected piping 
by the compressor; capacity and safety controls; 
and other ancillaries. Two CSA Codes govern 
these installations: B51 - Boiler, Pressure Vessel 
and Piping Code; and B52 - Mechanical 
Refrigeration Code. 

Chillers must have safety controls as required 
to meet provincial regulations and to protect the 
chiller from damage in the event of component or 

equipment failures. These controls are normally 
provided as a factory-installed package and 
typically shut the compressor off in the event of 
chilled or condenser water flow failure, too low 
evaporator temperature, compressor overcurrent, 
phase loss, phase reversal, under and over 
voltage, high motor winding temperature 
and high or low refrigerant pressures. 

In addition, the control package usually operates 
the entire chiller or compressor based on the 
supply chilled water temperature. Typically, it 
incorporates automatic compressor sequencing, 
condenser fan sequencing, load limiting (kW 
demand) and anti-recycle timer functions. A 
building automation system may allow remote 
monitoring of alarms and operating conditions or 
may control whether or not the chiller is permitted 
to operate. Refer to Chapter 8. However, a 
building automation system should not bypass 
the chiller's factory provided operating and safety 
controls. Operating adjustments normally include 
an auto-stop switch and water temperature 
setpoint. The leaving water (supply) temperature 
might be reset based on a proprietary control 
algorithm using input from the return water 
temperature, outside air temperature or 
temperature of a typical indoor zone. 

Chillers are categorized by the type of 
refrigerant compressor that is used. The following 
list covers the chiller types most commonly 
used in multi-unit residential buildings. 

4.3.2.1 Centrifugal Chillers 

A centrifugal compressor functions much like a 
water pump but operates on refrigerant vapour. It 
incorporates inlet vanes for modulating capacity 
control and can maintain the chilled water supply 
temperature setpoint down as low as 20 percent 
of design capacity. Centrifugal chillers typically 
have a capacity in excess of 700 kW (200 tons). 
Maximum efficiency is at 70 to 80 percent of 
design capacity. Below about 30 percent, 
efficiency is very poor, and noise may increase. 
The efficiency at low output will be greatly 
improved by a variable speed drive, but the cost 
premium will need to be evaluated against the 
operating savings. 
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For large, constant-speed units, a reduced voltage 
starter is recommended to limit current inrush on 
starting. Refer to Section 9.2. Centrifugal chillers 
are almost universally provided with integral 
water-cooled condensers. 

If they are properly maintained, centrifugal 
chillers have a very long life and can operate from 
10,000 to 20,000 hours between major overhauls. 

4.3.2.2 Reciprocating Chillers 

Reciprocating compressors use pistons, driven 
from a rotating crankshaft through a connecting 
rod and pin mechanism, to compress refrigerant 
vapour. A reciprocating chiller may have from one 
to eight compressors, each with from one to four 
cylinders. Capacity control is achieved by cycling 
compressors "on" and "off' (for multi-compressor 
chillers) or by unloading one or more individual 
cylinders. More compressors and more cylinders 
lead to a greater capacity reduction capability. 

Reciprocating chillers are available with 
either air-cooled or water-cooled condensers. 
Alternatively, they may be designed for piping 
to an external condenser. 

Reciprocating chillers are typically used up to 
350 kWth (100 tons) capacity. If they receive 
proper maintenance, they will normally operate 
for 3,000 to 6,000 hours before requiring a major 
overhaul or compressor replacement. Hermetic 
compressors will normally be replaced on failure; 
open compressors may be repairable. 

4.3.2.3 Helical Screw Chillers 

Helical screw compressors are rotary, positive 
displacement units, utilizing either a single screw 
operating between gate rotors, or two mated, 
helically grooved rotors. Capacity can be 
modulated down to about 10 percent of design 
by means of a sliding gate that reduces the 
volume within the screw available for vapour 
compression, thus reducing capacity. 

Screw compressors can be very noisy, with high 
frequencies predominating. These chillers are 
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almost always provided with integral 
water~cooled condensers. 

Capacities are available up to 2800 kWth 
(800 tons). Between 50 and 700 kWth (15 to 
200 tons), they should definitely be considered. 
For capacities above 700 kWth (200 tons), a 
comparison with centrifugal chillers is warranted. 
With proper maintenance, screw compressors 
should operate for 5,000 to 15,000 hours 
between major overhauls. 

4.3.2.4 Scroll Chillers 

Scroll compressors are positive displacement 
units, with two spiral-shaped scroll members 
(something like an old-fashioned watch spring) 
that fit together. The compressor generates an 
orbital motion between the two scrolls, which 
compresses refrigerant vapour. Scroll compressors 
in chillers have small capacity, up to 200 kWth 
(60 tons). Control is either through variable speed 
operation or by opening and closing ports in the 
suction side of the scroll chamber. 

Scroll compressors are inherently quiet. They 
almost universally feature a sealed, hermetic 
design. Required maintenance of the compressor 
itself is minimal; other components require 
a normal maintenance program. If a scroll 
compressor fails, it will normally have to 
be replaced. 

4.3.2.5 Chiller Selection 

Table 4.1 shows a typical chiller selection 
schedule: 

Table 4.1 
Chiller Type and -System Size 

Cooling Capacity -
kWth (Tons) 

Up to 350 (100) 
70 to 200 (20 to 60) 
50 to 700 (15 to 200) 
700 to 2,800 (200 to 800) 
Above 2,800 (800) 

Equipment Type 

Reciprocating 
Scroll 
Helical Screw 
Helical Screw or Centrifugal 
Centrifugal 
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However, in addition to the type of chiller 
selected, there is the issue of the optimum 
number of chillers. In fact, there are two issues: 
first, the efficiency and stability of operation 
at low cooling loads; and, second, the existence 
of a standby in the event of compressor failure. 
Additional chillers increase piping, pumps, 
electrical service and controls costs and 
require additional floor space. 

Reciprocating chillers often have multiple 
compressors and may have more than one 
refrigerant circuit. Thus, a single chiller may 
provide not only considerable capacity control, 
but also some standby capacity in the event of 
a single compressor failure. Therefore, when 
a reciprocating chiller is selected, a single, 
mUltiple-compressor unit will be satisfactory 
in most cases. 

Due to their small capacities, scroll chillers 
are most likely to be selected for small buildings 
with the simplest hydronic systems. This tends 
to suggest a single chiller, relying on step 
unloading and compressor cycling for capacity 
control and requiring replacement in the event 
of compressor failure. 

In larger buildings, where single-compressor 
screw or centrifugal chillers are selected, a more 
comprehensive evaluation is warranted. Most 
apartment buildings will have cooling loads less 
than 25 percent of design at least 75 percent of 
the time (refer to Figure 4.1 and the cooling load 
discussion in Sub-section 4.3.2.6). Below 25 
percent of capacity, the compressor efficiency 
drops significantly. Selecting two compressors 
(two chillers) will improve operational efficiency 
for most of the operating hours. In addition, for 
the vast majority of operating hours, only one 
chiller will need to operate to meet demand. The 
two chillers could each be sized for 50 percent 
of capacity, or they could be unequal in size 
(e.g., 33 and 66 percent, or 25 and 75 percent). 

Chillers are designed and tested to ARI Standard 
575, "Method of Measuring Machinery Sound 
within an Enclosed Space." Noise is generally a 
significant design concern, and recommendations 

from a noise consultant should be obtained. 
Maximum noise levels should be specified for 
25 and 100 percent of full load, because chillers 
are generally noisier at part- than at full-load. 

4.3.2.6 Load and Efficiency Issues 

As previously noted, appropriate chiller selection 
is the central issue in achieving good operating 
efficiency. It is imperative that part-load operation 
be considered, because for the majority of 
operating hours, actual cooling demand will be 
much less than the design cooling load. Although 
cooling load related to solar heat gain is a factor 
of building design and is somewhat independent 
of outside temperature, the total cooling load 
tends to increase with outside temperature. 
Figure 4.1 shows the frequency of outside air 
temperatures (OAT) when cooling might be 
required for three representative climates: 
central, maritime and northern Canada. To use 
the diagram, select an outside temperature, go up 
to the line for the desired city and move to the left 
to determine the number of hours the outside air 
temperature (OAT) will be above the selected 
temperature in a year. The chart illustrates 
how few hours there are with high outside 
temperatures. For example, in Vancouver, there 
are only about 250 hours per year above 21°C 
and in Ottawa only about 250 hours above 26°C. 
Similar charts can be prepared for other locations 
using data available from Environment Canada 
or the U.S. National Climatic Data Center. 

A chiller is rated by its energy efficiency ratio 
(EER with kW/ton units), which is a measure of 
its efficiency at design conditions. By contrast, a 
non-dimensional term, Coefficient of Performance 
(COP), is used to define the efficiency of heat 
pumps. Most chillers designed for capacity 
reduction also have an ARI Standard 550 
Integrated Part-Load Value (IPLV), which 
identifies the total performance over a predefined 
range of part-load conditions. Chiller operating 
efficiency at both part- and full-load conditions 
needs to be considered when selecting a chiller. 
A single chiller installation is least efficient on 
a seasonal basis. However, multiple chillers, all 
operating at a low-level part-load are not as 
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Fig. 4.1 
Cooling Load Duration Curve 

2500~------------------------------------------------------------~ 

UJ 2000· 
X 
~ 
z 
0 

1500 I-
oct 
0 ----"'.--- VANCOUVER 
W 
> 
0 m 1000· oct 
UJ 
II: 
:l 
0 
J: 
U- 500· 
0 
0 
Z 
..J 
oct 
:l 0-z 
z 20 25 30 35 
oct 

OUTSIDE AIR TEMPERATURE, °C (OAT) 

efficient as a single chiller in a multiple chiller 
plant operating at near full-load. 

4.3.2.7 Controls and Operation 

Control of the chiller is usually carried out by 
the safety and operating control package provided 
by the chiller manufacturer. These packages often 
include such things as microelectronic sensors 
and controllers that provide mUltiple and/or 
averaging samples for maximum equipment 
protection and avoid nuisance shut-downs. Shut
downs can occur on start-up, when water flow to 
the lead chiller drops, causing unstable refrigerant 
temperature and pressure fluctuations. 

Once a chiller plant has been activated for 
the cooling season, the chillers are often under 
fully automatic control. They will start up when 
cooling is needed, load and unload in order to 
maintain chilled water temperature at the setpoint 
and shut down when cooling is no longer needed. 
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In addition, there may be time-clock or outside 
temperature over-ride controls that will "lock out" 
the chiller plant during certain hours (say 
overnight) or if the outside temperature is 
below some pre-set value. In multiple chiller 
installations, proper primary-secondary chilled 
water distribution design is essential to avoid 
changes in flow through operating chillers 
when, for example, an additional chiller (with 
its circulating pump) starts up. Sub-section 5.7.3 
contains additional information concerning chiller 
start-up and shut-down control in multiple 
chiller plants. 

Many manufacturers provide software to 
optimize life-cycle operating costs when selecting 
the chiller, condenser, tower, coil, pumps, etc., 
and defining piping configuration. Water flow 
rates of 2 to 3 USGPMlton are common. Higher 
flows require more pumping power but reduce the 
risk of fouling. Use of this optimization software 
is recommended. 
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4.3.3 Heat Rejection 

Chiller evaporators remove heat from water. 
Chiller condensers reject that heat, plus the 
energy used in refrigerant vapour compression. 
In this context, heat rejection refers to the means 
by which this condenser heat is rejected to the 
environment. In virtually all cases, the heat is 
ultimately rejected to ambient outside air. 
Therefore, heat rejection equipment requires good 
outdoor exposure and space around the unit to 
ensure both good air circulation, and an avoidance 
of re-circulating discharge air. Discharging the 
heated air vertically up is recommended. Space 
is also required to provide access for servicing 
and maintenance. 

Heat rejection equipment capacity must account 
for the compressor input power as well as the 
chiller's cooling capacity. Normally heat rejection 
capacity should be at least 130 percent of chiller 
cooling capacity. In the case of heat rejection 
equipment, oversizing is better than undersizing. 
Oversized equipment will reject heat at a lower 
temperature difference, increasing overall cooling 
system efficiency, while continuing to have 
sufficient capacity at peak conditions. 

Cooling towers, evaporative condensers and 
closed-circuit water-cooled condensers involve 
piping water outside the building. Cooling 
systems in most residential buildings do not need 
to operate at near freezing temperatures, so they 
can be shut down and drained in lieu of providing 
freeze protection. If the chiller is located outside, 
the chilled water piping which is outside, as well 
as any condensing water piping, must either be 
drained before the onset of winter or else 
protected from freezing. Draindown tanks are 
usually not provided for multi-unit residential 
buildings because there is usually adequate time 
to allow manual draindown between the time 
mechanical cooling is no longer required and 
the onset of freezing temperatures. 

Cooling towers, evaporative condensers and 
water-cooled condensers involve recirculating 
water systems which are exposed to the outside 

air. In order to avoid corrosion, scaling and 
biological growth, water treatment (usually 
using chemicals) is critical. An automated 
control system, as described in Sub-section 
4.3.4, is needed. Such an installation has a capital 
cost and requires regular ongoing supervision, 
maintenance, supply of chemicals, periodic water 
testingand makeup water due to evaporation and 
bleed-off. These costs are considerable, even for 
the smallest system. Therefore, when the building 
cooling load is less than 700 kWth (200 tons), the 
use of an air-cooled or "dry" heat rejection system 
is recommended. This reflects current British 
Columbia Buildings Corporation (BCBC) 
design standards. 

There are additional maintenance costs for water 
treatment associated with evaporative cooling 
equipment. However, there are offsetting energy 
cost reductions due to the lower (wet-bulb) 
temperatures to which the heat is rejected. An 
air-cooled condenser has a higher refrigerant 
condensing temperature than an evaporative 
cooled condenser (see Sub-section 4.3.3.6) 
and thus will be less efficient. It will also be 
somewhat less efficient than a cooling tower but 
it only has one heat exchange: from refrigerant 
to air. However, in Canada cooling systems often 
have limited annual operating hours, so the 
energy consumption penalty for smaller systems 
is usually less than the additional cost of water 
treatment. The efficiency of air-cooled heat 
rejection can be improved by increasing heat 
exchange surface area (larger condensing coils) 
and by using the most efficient fans possible. 

A cost-benefit analysis is recommended to 
identify the optimum equipment heat rejection 
selection. Maintenance considerations may 
govern. Skilled operating and service personnel 
will be required if the benefits of energy
efficient equipment are to be realized. Additional 
infonnation is available in References 42, 43 
and 44. 

The rejected heat from chiller or other cooling 
equipment could be used in a refrigerant-to- water 
desuperheater to pre-heat domestic hot water, thus 
reducing the energy required for that function. If 
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the cooling system will have high annual 
operating hours, then more heat will be available 
over the course of a year, and the capital cost of 
the heat recovery equipment will be recovered 
more quickly. This energy conservation option 
should be investigated in such cases. See Sub
section 7.5.1 and Section 10.6 for discussion on 
swimming pool dehumidification. 

4.3.3.1 Air-Cooled Condensers 

Air-cooled condensers reject heat directly from 
the refrigerant hot gas to the ambient outside air. 

Figure 4.2 shows chilled water piping and 
accessories for a packaged, air-cooled water 
chiller designed for outside installation. 

An air-cooled condenser is often integrated as 
part of a chiller package but the compressor and 
evaporator may be inside and the condenser 
outside to avoid the need for a draindown tank 
or seasonal shut-down and start-up. If the 

Fig. 4.2 

compressor is located inside, the condenser 
should be close to minimize refrigerant and 
piping costs. 

At a given outside air temperature, air-cooled 
condensing chillers have a lower efficiency (larger 
kW power per unit cooling effect) than 
evaporative cooled installations. They are 
frequently used in packaged reciprocating 
chillers. In terms of capital cost, this selection 
will usually have the lowest cost for sizes up 
to approximately 200 kW (60 tons). It always 
requires the greatest roof space and involves 
the lowest maintenance costs. 

Temperature control sensors on the chilled 
water lines cycle the refrigerant compressor(s) to 
maintain the required chilled water temperature. A 
pressure sensor in the hot gas line will sense head 
pressure, which corresponds to temperature, and 
will tum the condenser fan(s) on as the pressure 
rises and off as the pressure drops. If the 
condenser has several fans, the control will 
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determine how many of them must operate to 
meet the heat rejection demand. These controls 
are usually provided as an integral part of the 
air-cooled condenser package. 

Two or more condenser fans, or a modulating 
damper to reduce air flow, should be provided. 
If there is only one fan, rapid condensing pressure 
fluctuations will result at low cooling loads as the 
fan cycles on and off. A head pressure control 
valve is recommended for stable operation. 
Lower refrigerant head pressures provide 
higher efficiencies. 

4.3.3.2 Water-Cooled Condensers 

In chillers with water-cooled condensers, heat 
from the refrigerant hot gas is rejected to water 
flowing through a heat exchanger that is part of 
the chiller package. The heat must then be 
rejected. One way to do this is by a once-through 
water flow, but this is very wasteful of water and 
is prohibited by many municipalities. In addition, 
municipal water costs and associated sewerage 
charges are substantial for such an installation. 
Once-through water flow should not be used for 
heat rejection. Alternatively, condenser water is 
directed to a cooling tower, a closed circuit 
evaporative cooler or a closed-circuit dry cooler, 
and then recirculated. A third possibility involves 
an acquifer, where groundwater is utilized. 
See Sub-section 6.6.6. 

4.3.3.3 Cooling Towers 

Cooling towers operate by breaking up the 
warm condenser water into droplets that fall 
through the tower and come into contact with 
outside air being blown through the tower in the 
opposite direction. Some of the moisture in the 
droplets evaporates and is carried away by the 
air. The evaporation cools the remaining water. 
Colder air, with a lower wet-bulb temperature 
supports more heat rejection for a given cooling 
tower. Approximately 75 percent of the heat 
rejection is latent and the remaining 25 percent 
sensible. For capacities over 200 kW (60 tons), 
cooling towers generally provide the most 
economical heat rejection installation. 

One of the characteristics of cooling towers is 
that the condenser water comes into direct contact 
with the outside air. This maximizes heat rejection 
efficiency because there is no intervening heat 
exchanger involved; but this also puts the water 
into contact with oxygen, and its corrosion 
potential, and with micro-organisms for which 
the warm condenser water is an ideal growth 
environment. A good water treatment program, as 
noted in Sub-section 4.3.4, is critical to successful 
cooling tower operation. 

Figure 4.3 shows typical cooling tower piping 
and accessories. The installation must permit easy 
draining of the condenser water for winter. The 
bypass control valve permits some condenser 
water to bypass the cooling tower so that the 
water does not cool too much in colder weather. 
A minimum condenser water temperature of 15°C 
(59°F) is typical. The cooling tower fans can be 
operated at low speed in cooler weather; this 
also reduces heat rejection. 

Because of their considerable maintenance and 
water treatment demands, cooling towers are 
normally used only in large systems. Generally, 
in order to simplify controls, one cooling tower 
is used for each chiller. 

The design temperature difference (cooling 
tower range) between the condenser water 
entering and leaving the cooling tower should be 
6 to 10°C (10 to 16°F). In order for heat rejection 
to occur, the water leaving the tower must be 
warmer than the outside wet-bulb temperature. 
Usually this difference, termed the cooling tower 
approach temperature, is 4 to 6°C (7 to 11°F). 
Cooling tower capacities are listed in terms 
of cooling a given flow of water through a 
design temperature range with a design 
temperature approach. 

Four types of cooling towers are commonly 
specified: 1) forced-draft counterflow; 2) induced
draft counterflow; 3) forced-draft crossflow; and 
4) induced-draft crossflow. The first two are most 
popular in multi-unit residential building sizes. 
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The dominant noise source for cooling towers is 
the fan. Both centrifugal and propeller fan types 
produce high levels of broadband and tonal low
frequency noise that can be difficult and costly 
to control. Centrifugal fans are preferred because 
they are inherently quieter than propeller fans 
and can accommodate sound traps or other 
noise-control measures. Cooling towers must 
be selected to have acceptable noise levels 
and located to minimize problems from noise. 
Landscaping can be effective in reducing noise 
problems for cooling towers installed at grade. 

Heat rejection may be controlled by re-directing 
(by-passing) condenser water, or by controlling 
the air low through the cooling tower. Frequently, 
two butterfly valves with a motorized linkage 
connecting both (because of large pipe sizes) will 
be used to bypass water around the cooling tower. 

Fig. 4.3 

A temperature sensor in the condenser water 
leaving the chiller, acting through a controller, 
will increase water bypass as the condenser 
water temperature drops. Bypassed water does 
not get cooled in the cooling tower, and so acts 
to increase the condenser water temperature, 
preventing it from getting too cool. Conversely, 
when condenser water temperature leaving the 
chiller increases, bypass flow is reduced, more 
water flows to the cooling tower, and the 
condenser water temperature returning to 
the chiller is cooler. Alternatively, the cooling 
tower is controlled by: 

• cycling the fan(s); 
• having a two-speed fan, one for low-capacity, 

the other for full-load operation; or 
• having a variable-speed drive on the fan. 
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A temperature sensor in the condenser water 
leaving the cooling tower controls the fan 
operation. As the water temperature drops below 
setpoint, the fans slow down or stop. As the 
temperature rises above setpoint, the fans start 
or speed up. 

4.3.3.4 Closed-Circuit Evaporative Coolers 

In closed-ci: ::uit evaporative coolers (CCEC), the 
condensing water flows through a coil within the 
unit. A recirculation pump, in a separate hydronic 
system, sprays water onto the coil, while a fan 
draws outside air over the coil. Some of the spray 
water evaporates, cooling the rest and increasing 
the cooling effect on the condenser water in the 
coil. In this context, the CCEC operates on the 
difference between condensing water and outside 
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air wet-bulb temperatures. Capacity control is 
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the high maintenance associated with evaporative 
cooling and the radiator can be located remote to 
the chiller compressor. 

4.3.3.6 Evaporative Condensers 

An evaporative condenser has similarities to 
both the CCEC and the air-cooled condenser. 
Refrigerant hot gas is piped into a condenser coil 
that is similar to the air-cooled condenser, and the 
gas is condensed to liquid. A recirculation pump 
sprays water onto the coil, as noted for the CCEC. 
This results in superior energy performance 
efficiency. The previous equipment designs 
included an intermediate heat exchange from 
refrigerant to water, or they rejected heat to the 
dry-bulb, rather than lower, wet-bulb, air 
temperature. Standard coils in evaporative 
condensers are composed of copper tubes and 
aluminium fins in a steel frame. Copper fins may 
be selected to minimize fouling and corrosion. 
Some designers prefer bare tube (no fins). 
Provision should be made for winter draindown 
of the recirculating water sump. 

The evaporative condenser is usually mounted 
remote from the compressor and evaporator (a 
condenserless chiller), and field refrigerant piping 
is used to connect the two pieces of equipment. 
It is critical that this piping be designed and 
installed correctly to avoid operating problems 
and premature equipment failure. Refer to 
refrigerant piping design guidelines in 
Reference 45. 

Capacity control is typically by fan cycling and/or 
modulating dampers, as described for air-cooled 
condensers. The recirculating pump is activated 
whenever condenser fan operation is required. 

4.3.4 Condenser Water Systems 

Cooling tower and evaporative cooler water 
piping supply and return temperatures depend 
on wet-bulb design temperature but frequently 
are in the range of 35 and 29°C respectively 
(95 and 85°P). 
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Open-circuit coolers (equipment that utilizes 
the evaporative cooling effect cooling towers, 
evaporative condensers and CCECs) require 
bleed valves, and associated blowdown to prevent 
concentration of solids. Some designers suggest 
the amount of water blowdown should be equal to 
the amount evaporated (this is equal to 50 percent 
of the make-up water quantity). Daily water 
make-up may be as much as 3 to 5 percent of the 
system volume. Staff skilled in the maintenance 
of mechanical systems are generally not in daily 
attendance at apartment buildings, so automatic 
control of make-up water is recommended. 

Chemical treatment of "open condenser" 
water systems, both for corrosion and biological 
growth control, is critical. The acid and corrosion 
inhibitor system should be automatically 
controlled to maintain the solids and PH level 
in the circulating water. A number of biocidal 
treatment systems are available. A typical 
chemical treatment installation includes: 

• a corrosion inhibitor feed system (chemical 
tank, pump and control timer, agitator and 
meter with contactor on water make-up line); 

• a conductivity controller that automatically 
opens the bleed valve when the TDS (total 
dissolved solids) concentrations in the system 
exceed design limits; 

• an acid handling system (dilute and strong 
acid tank, acid pump with electronic capacity 
control and PH recorder controller, and 
vacuum piping); a PH controller, or a timer, 
may be used to control the acid pump; and 

• an acid system malfunction timer can be 
incorporated to shut the pump off and open 
the blowdown valve if the pump operates for 
a longer period than is set on the timer; this 
will purge the system of corrosive water and 
replenish the system with raw make-up water, 
which requires more inhibitor. 

4.3.5 Terminal Cooling Units 

Terminal cooling units in central hydronic cooling 
systems are typically fan-coil units, complete with 
local controls and duct work (when applicable). 
Units may be installed on (or recessed into) a 
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wall, in a closet or storage room, or in the ceiling 
space over the vestibule. They are generally 
factory was sembled and have two- or four row coils 
to achieve the necessary cooling capacity with a 
relatively low temperature difference between 
room air and chilled water temperatures. 

Thennal cooling units do provide dehumidific
ation if the water temperature is cold enough 
to produce condensation on the surface 
of the coil. A condensate drain pan and a piped 
condensate drainage system is essential. 

Figure 4.5 shows vertical fan-coil units in a 
stacked configuration, which is an economical 
installation for high-rise buildings because it 

Fig. 4.5 
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the most remote coil (see Sub-sections 5.2.5 and 
5.2.6). Coil circulating pumps, as shown 
in Figure 4.6(C), may be installed on large coils 
with three-way valves to ensure minimum water 
velocities and delivery of published performance 
from the coils. However, these will add 
substantially to installation cost and are not 
required in the vast majority of cases. 

The coil piping shown in Figure 4.6 also 
applies to heating coils in fan-coil units. Refer to 
Sub-section 5.4.8 and Sections 3.4, 5.7, 6.2, 6.3 
and 6.4. 

Each terminal cooling unit (or all units in a 
single suite) will be controlled from a room 
thermostat that positions a modulating chilled 
water control valve to regulate water flow (and 
thus temperature) so that the cooling delivered 
meets demand. Unit fan control is usually manual, 
often with several fan speeds to choose from. 

Fig. 4.6 
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of the unit will be clearly 
visible on the exterior 
facade of the building, a 
negative factor in many 
cases. If it is hidden from 
view by screens or other 
barriers, the flow of air to 
the condenser will likely 
be impeded, which results 
in inadequate heat 
rejection, operating 
problems, and premature 
equipment failure. The 
exterior part of the unit 
may be located at a 
balcony, which will hide it 
from external view; if this 



Mechanical and Electrical Systems in Apartments and Mu/ti·Suite Buildings 

is done, the balcony must be left open to retain 
air circulation, and not subsequently closed in, 
a popular option in some areas. 

Water-cooling typically uses domestic water on 
a once-through basis. This is very wasteful of 
water and is prohibited by many municipalities. 
In addition, water costs and associated sewerage 
charges are substantial for such an installation. 
Once-through water cooling is not recommended. 
If it is used, a water-regulating valve assembly 
that modulates the water flow to meet condenser 
needs is essential. Such a valve also prevents 
water flow through the unit when it is neither 
heating nor cooling. 

It would be possible to design a recirculating 
condenser water system, similar to that for 
heat pumps, to serve all the unitary cooling units. 
The cost of installing all the piping and heat 
rejection equipment would be high. A better 
alternative is to use a central hydronic (chilled 
water) cooling system, as described in 
Section 4.3, with its efficiency, control and 
noise advantages. 

A thermostat in the space controls the cooling 
unit compressor. The factory-installed controls 
should include compressor protection to prevent 
starting more than once every five minutes and 
to shut off on electrical current overload, high 
temperature and either high or low refrigerant 
pressure (charge). Some units also have a time 
clock, an occupied/unoccupied switch, a 
condensate overflow switch and a dirty filter 
sensor. Refrigerant flow is commonly controlled 
by a fixed metering device (e.g., orifice or 
capillary tube). 

4.4.2 Window Cooli,ng Units 

Window "cooling only" units are the least 
expensive to install, have the shortest equipment 
life, the highest noise level, the poorest supply air 
distribution and are generally the least efficient 
and least desirable from both an architectural and 
a performance perspective. Occupants frequently 
install these units in window openings so physical 
sizes reflect common window dimensions. They 

are generally not well sealed nor insulated, and 
they are not removed at the end of the cooling 
season. Unit capacities vary from 1.75 to 
10.5 kWth (0.5 to 3 tons). 

4.4.3 Packaged Terminal Cooling Units 

Through-the-wall units penetrate the exterior wall 
and air barrier and therefore have the potential to 
affect adversely the air-tightness, effective 
insulation level and appearance of the building 
envelope. Exterior wall details should be defined 
to minimize air leakage through the unit casing as 
well as between the casing and the wall. Cables, 
conduits and ducts that penetrate the air barrier 
must be properly sealed with a fire-resistant 
insulating sealant. 

The units may be installed in a closet adjacent 
to the exterior wall. This arrangement requires a 
wall sleeve and grille for condenser cooling and 
make-up air. It is not recommended in high-rise 
structures in cold regions because of problems 
with stack effect (refer to Sub-section 7.2.2) 
and infiltration/exfiltration. Suite 
compartmentalization, a recently promoted 
approach to isolate each suite from the remainder 
of the building (each suite is a separate 
compartment) could make these units 
more desireable. 

4.4.4 Split Systems 

"Split systems" refer to unitary cooling equipment 
where the compressor/condenser is in one 
package and installed outdoors, and the 
evaporator/circulating fan is in another, installed 
in a furnace room or closet. The two parts of the 
system are connected by field-installed refrigerant 
piping. It is important this piping be kept as short 
as possible, with minimum elevation difference 
between the two components. 

The outdoor unit is usually located on a balcony 
or at grade adjacent to the dwelling. Other system 
types will be preferred in most cases. 
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CHAPTER 5 - CENTRAL HYDRONIC 
DISTRIBUTION PIPING SYSTEMS 

5.1 Introduction 

Central hydronic systems are used for both 
heating and cooling. Hydronic heating systems 
use boilers to generate hot water, which is then 
delivered through a distribution piping system to 
the tenninal heating units. Heating systems are 
described in Chapter 3. Hydronic cooling systems 
use chillers to remove heat from water. The 
resulting chilled. water is then delivered through a 
distribution piping system to the tenninal cooling 
units. Cooling systems are described in Chapter 4. 
Hydronic systems can also be used in combined 
heating and cooling systems, as described in 
Chapter 6. 

Chapters 3, 4 and 6 do not cover hydronic 
distribution piping systems, primarily because 
these systems have much in common for both 
heating and cooling. Therefore, hydronic 
distribution piping systems for both heating 
and cooling are described in this chapter. 

Pipe insulation is important to reduce heat losses 
from the piping system and to maintain a constant 
supply water temperature throughout the system. 
Pipe insulation to levels noted in Appendix C 
are recommended. Preformed glass fibre with a 
thermal jacket is a common material for heating 
applications. Cooling piping requires a vapour 
barrier in lieu of the thennal jacket. 

5.2 Desig n Issues 

5.2.1 Basic Piping Systems Layouts 

Distribution piping systems can be of two basic 
designs: series flow or parallel flow. In series flow 
systems, sometimes called "one-pipe" systems, all 
the various loads are in series with one another. 
This means that, for heating systems, the supply 
water temperature to the first loads served will be 
higher than that to subsequent loads. Series load 
systems are not recommended, except in the 
configuration shown in Figure 5.4. 
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Parallel flow systems have both supply and return 
pipes, so they can deliver the same supply water 
temperature to all loads. They also can have two 
basic designs: direct return or reverse return. 
Figure 5.1 illustrates both. In the reverse return 
system, the length of supply and return piping 
serving each load is similar. This means that, if 
the pressure drop through each load is similar, the 
total pressure drop through the entire system is 
similar for all the load circuits, and so the flow 
through each load circuit will tend to be similar 
also. As a result, reverse return systems are 
referred to as "self-balancing": there are no 
cold zones and no noisy sections arising from 
flow throttling. 

In a direct return design, the length of supply 
and return piping serving each load is different. 
The result may be unbalanced flow rates, unless 
there has been careful flow balancing to ensure 
design flow is available to all loads. Balancing 
water flows through a number of direct return 
loads, as in Figure 5.1, is at best difficult and 
laborious. There is, however, a considerable flow 
tolerance in heating systems, in that a 25 percent 
reduction in flow results in only 5 percent to 
I 0 percent reduction in heat output. Refer to 
Figure 5.13. 

Particularly in multi-unit residential buildings, 
where the piping layout needs to permit a separate 
control valve for each suite, direct return systems 
can be considerably less expensive than reverse 
return systems. Can the design of direct return 
systems be carried out to minimize the inherent 
flow imbalance? The answer is "yes." 

In the direct return diagram in Figure 5.1, if the 
pressure drop through each load (from B I to C 1 , 
B2 to C2, etc.) is a large percentage of the entire 
system pressure drop (A Bx Cx D - A), then 
differences in pressure drop in the "non-load" 
piping (e.g., Cl D A BI, or C3 - D - A
B3) become less significant. Therefore, in direct 
return systems, the design should keep the 
pressure drop through "non-load" piping and 
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Fig. 5.1 
Basic Load Piping Configurations 
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the heating/cooling source low, and the pressure 
drop through each load relatively high. 

Figures 5.2, 5.3 and 5.4 are schematic diagrams 
showing, in general terms, the application of 
direct and reverse return concepts to total building 
piping system layouts. These figures are 
schematic only and do not show any piping 
details. Refer to Sub-section 5.4.8 for piping 
details of connections to individual tenninal units. 

It is possible to have a distribution system 
that combines reverse return and direct return 
concepts. In many cases, this may be the optimum 
piping layout. Figure 5.2 shows a schematic 
diagram for a layout using reverse return for the 
horizontal piping around the building and direct 
return for vertical risers leading to the heating 
(or cooling) units in each suite, which comprise 
the loads. Reverse return in the horizontal loop 
can be achieved quite easily. Space must be 
provided in the ceiling space anyway. However, it 
would be much more difficult to make the vertical 
risers reverse return. In effect, each return riser 
would have two pipes. In the direct return design 
in Figure 5.1, the supply pipe A - Bl - B2 - B3-

C1 

C2 

C3 

HTG.OR CLG. 
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LOAD #1 
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LOAD #3 
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REVERSE RETURN PIPING 

81 
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84 

B4 is analogous to one vertical supply riser 
in Figure 5.2, and C4 - C3 - C2 - Cl - Dis 
analogous to one vertical return riser. Note how 
in the reverse return case in Figure 5.1, the return 
water flow is actually C 1 - C2 - C3 - C4 - D, 
and "double-riser" return piping in Figure 5.2 
would be required to achieve the reverse 
return configuration. 

However, there are other approaches. Figure 5.3 
illustrates a design which allows reverse return 
piping for the loads by putting the horizontal 
supply piping at the top floor and the horizontal 
return piping at the bottom floor. All loads have 
the same water piping length. 

Figure 5.4 is applicable to high-rise buildings 
using "stacked" fan-coil units for heating andlor 
cooling. See Sub-section 2.6.3 and Figure 2.7. 
Each fan-coil unit has a two-circuit coil. In any 
one vertical load riser pipe, the water flows in 
series through all the fan-coil units in its stack 
(using the first circuit in the coil) and then 
reverses direction and flows in series through the 
same fan-coils (using the second circuit), but in 
the opposite order. In a heating system, the water 
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Fig. 5.2 
System Schematic with Direct Return Load Piping 
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will reduce in temperature as it passes from one 
fan-coil to the next. The unit closest to the supply 
main receives both the hottest and the coolest 
water in its two passes, while a unit at the end of 
the load circuit (the bottom units in Figure 5.4) 
receives a mid-range water temperature on 
both passes through it. Thus, the average water 
temperature is the same for all fan-coil units on 
the stack, resulting in a capacity balance among 
all units. As with any other fan-coil configuration, 
there are control valves in the piping to each coil, 
controlled by the suite thennostat, to provide 
individual control. 

Buildings more than 12-storeys high could have 
separate distribution systems for the top and 
bottom portions of the building. If two zones are 
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used, then higher supply water temperatures could 
be provided to the lower portion of the building to 
help provide the additional heating requirements 
caused by greater infiltration due to the 
stack effect. 

5.2.2 Two~Pipe Systems: Heating-Only or 
Cooling .. Only 

Figures 5.1 through 5.4 all illustrate a two-pipe 
system that provides either heating or cooling, but 
not both at the same time. The tenninal heating 
(or cooling) units have only a single water coil. 
If heating, the coil is selected for heating duty; if 
cooling, it is selected for cooling duty. 
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Fig. 5.3 
System Schematic with Reverse Return Load Piping 
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and load piping are only shown on 2 sides of bldg. Loads on the bottom floor, below the horizontal return main, are not shown. 

2. If there is no garage below lowest occupied floor, lowest floor heating elements will be below the horizontal reverse-return main, 
and will have to be provided with drain valves. 

5.2.3 Two-Pipe Systems: Combined Heating 
and Cooling 

Two-pipe systems may be designed to provide 
either heating or cooling. However, they cannot 
provide both at the same time. Instead of a single 
heating (or cooling) source as shown in Figures 
5.1, and suggested in Figures 5.2 through 5.4, 
there will be both a heating source (boilers) and 
a cooling source (chiller). They must be piped 
so that, when in heating mode there is no water 

flow through the chiller and, when in the cooling 
mode, no water flow through the boiler. Damage 
could result if either of these conditions occurred. 
Figure 5.5 illustrates this configuration, using a 
system with a single pump circulating water 
through both the boiler/chiller and the loads. In 
order to maintain reasonably constant water flow 
through the boiler and chiller, three-way mixing 
valves are shown for temperature control at 
each load. 
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Fig. 5.4 
System Schematic for Series Piping of "Stacked" Fan-Coil Units in High~Rise Buildings 
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To prevent simultaneous boiler and chiller 
operation, an interlock should be provided to 
ensure that the system can only operate in either 
the heating or cooling mode, especially during 
intermediate seasons. During the cooling season, 
the boilers should be physically isolated from the 
pumped pipe circuit, and, during the heating 
season, the chillers should be isolated. When 
changing over from heating to cooling, or vice
versa, sufficient time must be allowed for water in 
the pumped piping circuit to cool down (or heat 
up) before making the changeover. Otherwise, 
water that is too hot might enter the chiller, 
causing damage; or water that is too cold might 
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enter the boiler. In view of the foregoing, it 
is important to have a knowledgeable person 
responsible for changeovers in a two-pipe system. 
The configuration in Figure 5.5 results in a 
difficult pump selection and the system is 
inefficient due to all the three-way valves. 
See Sub-section 5.2.6. 

The piping system and terminal units must be 
designed and selected for the more stringent 
condition, usually cooling. Then water 
temperatures and flows for the other 
service will have to conform. 
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Fig. 5.5 
Two-Pipe System for Combined Heating and Cooling (Small System) 
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The inherent disadvantage with the two-pipe 
system is the difficulty of switching back 
and forth from heating to cooling during the 
transitional (spring and fall) seasons when cooling 
may be required in the south zone, while the north 
zone still requires heating. Some designers have 
provided small auxiliary electric heating elements 
in the terminal units to provide some heating to 
those suites needing it, while allowing the central 
hydronic system to operate in cooling mode. This 
system is further described in Section 6.4. 

5.2.4 Three-Pipe Systems: 
Combined Heating and Cooling 

Three-pipe systems use independent heating 
supply and cooling supply pipes, and a common 
return pipe. When some terminal units require 
heating and some require cooling, the return water 
temperature will be a mix of the two. As a result, 
the boiler receives low temperature return water 
and the chiller rather high temperature return 
water. Both are undesirable. From an energy point 
of view, it is essential to reduce the hot water 
supply temperature until it just meets the heating 
demand of the zone requiring the most heat, and 
increase the chilled water supply temperature 
until it just meets the cooling demand of the zone 
requiring the most cooling. In practical terms, this 
means monitoring every control valve actuator 

MODULATING 3·WAY MIXING 
CONTROL VALVE FOR LOAD 

TEMP. CONTROL 

J 
position and controlling water temperatures 
in response. This is best accomplished with a 
computerized direct digital control (DOC) system. 

From an equipment point of view, the boiler 
and chiller must be selected to operate properly 
with the range of return water temperatures that 
will occur. In addition, diligent control valve 
maintenance is essential because, if control valves 
leak, then a unit needing heating will also have 
chilled water entering, creating a demand for 
more hot water flow to compensate (and 
vice~versa for a unit on cooling). Leaking 
control valves not only can create huge increases 
in energy use, but the problem is very difficult to 
track down unless two conditions are met: first, 
the availability of a full-function DDC system; 
and, second, the availability of an expert who 
can use the system to diagnose problems. 

Because of these control system and 
maintenance demands, three-pipe systems are not 
recommended in residential buildings. If cooling 
systems must be inexpensive, then the two~pipe 
system, with or without supplementary heating, 
should be selected. If the budget permits, the 
greater flexibility and operating efficiency of the 
four-pipe system is recommended. 
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5.2.5 Four-Pipe Systems: 
Combined Heating and Cooling 

Fig. 5.7 
Four-Pipe Independent Load System 

Four-pipe systems have dedicated piping for 
both heating and cooling. Each is similar to 
the basic system described in Sub-section 
5.2.1. These systems come together at a 
common heating/ cooling terminal unit. 
There are two different configurations: 
common load systems and independent 

(reprinted with permission from 1996 Systems and Equipment 
Handbook, ASHRAE Inc., Atlanta, GA.) 

load systems. 

In common load systems, the terminal unit 
has a single coil, which is used for both 
heating and cooling. Two-position three-way 
control valves determine whether the coil 
has hot water or chilled water flowing 
through it at any given time. Figure 5.6 
illustrates the concept. The common load 
approach is not recommended for a number of 
reasons. First, each terminal unit (or commonly 
controlled group of units) requires two three-way 
control valves, along with their associated piping 
and fittings. Second, there is no provision for 
temperature control on the water side, because the 
function of the control valves is to make sure that 
hot, or chilled water - but not both at the same 
time - enter the coil. The control valves must be 
two-position. Third, control valve maintenance 
and system cleanliness is critical because, if the 
valves leak, water mixing will occur, leading to 

Fig. 5.6 
Four-Pipe Common Load System 

Pc-1 

energy waste and possible equipment problems. 
Fourth, because the hot and chilled water 
systems connect at the terminal units, they are 
hydraulically interdependent, and need to have 
a common expansion tank and water make-up, 
as shown in Figure 5.6. If they do not have a 
common tank, flow problems could ensue. And 
finally, fifth, a common load system has more 
complex piping and requires greater knowledge 
on the part of the building operator if problems 
are to be avoided. 

(reprinted with permission from 1996 Systems and Equipment 
Handbook, ASHRAE Inc., Atlanta, GA.) 

In independent load systems, the terminal 
units have two coils, one for hot water and 
the other for chilled. These coils are served 
by two completely independent hydronic 
distribution systems, one providing hot 
water and the other chilled water. Each 
coil's output can be modulated by varying 
water flow through the coil, using either 
constant flow or variable flow design. 
Figure 5.7 shows an independent load 
system using two-way control valves for 
variable flow. This is the recommended 
design because terminal control is both 
more simple and more flexible, and because 
it is easier to design two independent 
hydronic systems than one combined 
system. Most systems have a manual 
changeover. It is important, if automatic 
changeover is provided, that the controls 

LOAD 1 LOAD 2 CHILLER 

Page 74 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

Fig. 5.8 
Constant Flow and Variable Flow Load Circuit Schematic Diagrams 
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have a "deadband" between the heating and 
cooling modes. 

5.2.6 Variable-Flow versus Constant 
Flow Systems 

Constant flow systems use three8 way mixing (or 
diverting) control valves at terminal units. The 
water flow through the heating (or cooling) coil is 
reduced as the heating (or cooling) demand falls. 
However, because the control valve bypasses 
water around the coil, the flow of water in the 
system, and therefore the system pumping power 
requirements remain constant. Figure 5.8(A) 
shows typical terminal unit piping for constant 
flow. Piping and control valve costs are higher 
than for the variable flow systems, as shown in 
Figure 5.8(B), so constant flow systems are not 
recommended except for small, single-circuit 
systems, as shown in Figure 5.5. Additional 
operating costs will also result, as noted in 
Sub-section 5.2.7. 

Variable flow systems use two~way throttling 
control valves at terminal units as shown in 
Figure 5.8(B). The water flow through the unit, 

and through the distribution system, is reduced 
as the heating (or cooling) demand falls. However, 
water flows through boilers or chillers frequently 
cannot be reduced much, if at all. Therefore, the 
overall system design must accommodate these 
minimum flows, usually by means of primary 
secondary pumping, refer to Sub-section 5.2.8. 

In variable flow systems, the flow reduces 
because, when the two-way control valves close, 
they increase the resistance to flow in the system. 
This is illustrated in Figure 5.9. System curve #1 
shows the design load condition, and point A is 
the pump operating point. Typical control valve 
(CV) pressure drop is shown by the line A-B and 
corresponds to about 30 percent of the pump head 
at design conditions. As load reduces and control 
valves start to modulate "closed," thus increasing 
the pressure drop, system curve #2 would apply, 
with the pump now operating at point AI. 
However, the system curve, excluding the CV 
pressure drop, has not changed. The CV pressure 
drop is now shown by the line AI - B', and 
corresponds to about 70 percent of the design 
pump head. If the load reduces further, system 
curve #3 could result, with CV pressure drop, 
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shown by A" - B", now at 100 percent of design 
pump head and more than three times as great as 
when the system as a whole is at design flow. The 
control valve's pressure drop rating must be high 
enough that it is not forced open by the increased 
pressure drop across it. 

Pumping power requirements reduce as flow 
reduces. The pump has a design operating flow 
range, and water flow must be kept above 
the pump's minimum flow rate. This can be 
accomplished by using a differential pressure 
relief valve at the end of the load circuit, as 
shown in Figure 5.8(B). Alternatively, the 
terminal unit(s) at the end of the circuit can be 
fitted with three-way control valves, so that the 
system water flow at that point will be constant 
and sufficient to meet the pump's minimum flow. 
In addition, continuous water flow to the end of 
the distribution piping ensures that hot water is 
available to all loads in heating systems (or 
chilled water in cooling systems). 

Variable flow systems require some care in 
design to accommodate the requirements just 
discussed, but for a number of reasons they are 

Fig. 5.9 

recommended over constant flow systems. First, 
they have simpler, less costly piping to each 
terminal unit. More piping and fittings are 
required for a three-way valve, shown in 
Figure 5.8(A), than for a two-way valve, shown 
in Figure 5.8(B). In addition, the three-way valve 
itself is more costly. Second, they reduce pump 
energy consumption. Third, whenever a terminal 
unit load is less than design (which is most of the 
time), its water flow is reduced, and this means 
that more water flow capacity will be available to 
other units with larger loads. There is less chance 
the system will "starve" some units of needed 
water flow. And fourth, related to #3, the design 
pump flow rate need only meet the simultaneous 
peak heating (or cooling) demand of the building; 
it does not need to be sized for the sum of the 
peak flows of every terminal unit. 

Maximum power reduction and load circuit 
flow flexibility will come with variable speed 
pumps. Modem microelectronic control 
technology (pulse width modulation) result in 
practical variable flow pumping systems for 
motor sizes over 7.5 kilowatts that operate more 
than 1,000 hours a year. Therefore, if pumps are 
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anticipated to meet these criteria, variable speed 
drives should be evaluated. 

When two-way control valves are used at terminal 
units, they should have an equal percentage flow 
characteristic, which is opposite to that of the 
terminal unit's capacity response to reduced flow. 
The result is that terminal unit capacity reduction 
will be approximately linear with the control 
valve in an open or closed position. 

5.2.7 Hydronic System Curves 

Hydronic system and pump performance curves 
are displayed in Figures 5.9, 5.12, 5.15 and 5.16, 
A hydronic system curve can help to explain the 
relationships and operating characteristics of 
complex piping and pumping arrangements. 
Flow and pressure drop (frictional head loss) in 
the hydronic system are conveyed by the 
following relationship: 

Equation 5.1: 

P2 = PI * (Q2 I Ql)2 

where: 
PI and P2 are the system pressure drops; and 
Ql and Q2 are the corresponding 
system flows. 

The system curve can be developed by 
determining the system pressure drop for one 
flow rate and using this relationship to define the 
pressure drop at other flows. As an example, if the 
calculated frictional head loss is 100 kilopascals 
(33 feet) at a flow rate of 6litres per second 
(95 U. S. gallons per minute) then at 9litres 
per second (143 U.S. gallons per minute) the 
frictional head loss would be 225 kilopascals 
(74 feet). 

5.2.8 Single-Circuit Systems versus 
Primary .. Secondary Pumped Systems 

Figures 5.1 and 5.5 show single-circuit systems. 
The term "single-circuit" refers to a system in 
which flow through both the heating (or cooling) 
source and the terminal unit loads is produced by 
one pump (or two or more pumps in parallel). See 

Sub-section 5.3.2, Pump Stand-by Considerations. 
A single-circuit design minimizes the construction 
cost for pumps, piping, fittings, valves, etc., but it 
is limited to constant flow operation (or variable 
flow, with very limited flow reduction because 
minimum flow rates through boilers or chillers 
must be maintained). This is considered 
acceptable for small systems, or systems 
with condensing boilers and low standby losses 
(no chimney), but it is uneconomical for large 
systems because of the additional pumping 
energy costs. 

Primary-secondary systems involve at least two 
pumped circuits. Typically, there is one pump 
providing flow through the boiler (or chiller) 
circuit, and another providing flow through the 
load circuit. Figure 5.10 illustrates the concept. In 
Figure 5.10 (A), there is a constant flow boiler (or 
chiller) circuit, with a single pump providing flow 
through all the heating or cooling sources (boilers 
or chillers). This is coupled with a variable flow 
load circuit, with terminal unit capacity being 
controlled by two-way valves, while a differential 
pressure regulator ensures the required minimum 
flow rate. The two circuits are linked by a 
"common pipe," shown by the heavy line, which 
is a piece of pipe with no valving in it, and which 
is common to, or part of, BOTH CIRCUlrS. The 
presence of this common pipe is critical to 
successful primary-secondary pumping systems. 
It is what allows each of the two pumped circuits 
to operate independently of the other, in terms of 
hydraulic flow. It is what allows one circuit to be 
constant flow and the other to be variable flow, 
without the flow in either circuit interfering with 
the flow in the other. Therefore, if the load pump 
is turned off, the boiler or chiller pumps can 
operate with no problem, and with no flow in 
the load circuit, and vice-versa. 

Figure 5.10(B) shows a different primary
secondary system. In this one, each heating or 
cooling source has its own dedicated circulating 
pump. The source circuit consists of the piping to 
the boilers (or chillers) and the piping from them 
and around the common pipe. Either, or both, 
source pumps can operate, and pump around 
this circuit, even if the load pump is turned off. 
The load circuit is identical to that shown in 
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Fig. 5.10 
Primary-Secondary Pumping Diagrams . 
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Figure 5.10(A), except that it includes piping 
running past the boilers (chillers) and the common 
piping. Putting the common piping beyond the 
boilers (or chillers) ensures that there will be 
water flow past them whenever the load pump is 
operating. Refer to Section 5.7 for more detailed 
information on water temperature and flow 
control in primary-secondary systems. 

Primary-secondary pumping often improves 
system operating efficiency because the boiler 
(or chiller) source circuit and the load circuit 
pumps both can more closely match actual 
requirements. Primary-secondary pumping should 
be used for cooling systems exceeding 200 kWth 
(60 tons) capacity. Enormous amounts of energy 
are wasted pumping "unused" chilled water 
throughout the distribution system in large 
systems. Constant flow load circuits, using three
way control valves, waste energy by requiring 
design level water flows at all times, even when 
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loads are very low. See Control Operation in 
Sub-section 5.7.3 

5.2.9 Design Water 
Temperatures Differences 

Terminal heating (or cooling) units must have 
the capacity to offset the heating or cooling loads 
in the space they serve. For heating units, capacity 
is proportional to: 1) water flow rate; and 2), 
water temperature drop from supply to return. 
For a given capacity, doubling the temperature 
drop will halve the required flow rate. However, 
the terminal unit must be selected for the actual 
water temperatures and temperature drop being 
designed. For example, a higher temperature 
drop might require a larger coil or longer length 
of finned tubing in the terminal unit; but this 
requirement may be more than offset by 
construction cost savings from smaller piping 
and pumps and by lower pumping energy costs as 
well. Typical design temperature drops in heating 
systems are described in Section 3.4. 
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In chilled water systems, the design temperature 
rise across the terminal unit coil has typically 
been about 6°C (10°F). Design temperature rises 
anywhere from 8 to 10"C (14 to 18"F) should 
be considered. 

5.3 Pumps 

Pumps force fluid (treated water or glycol) 
through the distribution piping, the terminal 
units and the equipment. They must offset the 
friction and hydraulic head (resistance to flow) 
around the loop with the greatest frictional 
resistance. Industry practice suggests maximum 
velocities of 1.25 to 2 metres per second (4 to 
7 feet per second) for suction; and 2.5 to 4 metres 
per second (8 to 12 feet per second) for discharge. 

5.3.1 Pump Selection 

Pump manufacturers provide pump performance 
curves similar to those noted in Figure 5 .11. 
This demonstrates the significance of correctly 
selecting the pump. The pump shown should 
be selected if the system requirements are 
between 4.2 and 5.5 Htres per second and 90 and 
150 kilopascals. Within this range, the pump 
hydraulic efficiency is approximately 68 percent. 
If this pump were installed in a system that could 

Fig. 5.11 
Typical Pump Performance Curve 

not accommodate this flow, or required greater 
flow, the efficiency would drop unless the speed 
were changed. Also, if the system resistance to 
flow is overestimated, greater flow will result. In 
this instance, there is a potential for both 
overloading the drive motor and having 
inefficient pump performance. 

Care should be taken not to oversize 
pumps because: 

• they cost more; 
• they have higher power requirements, 

increasing energy cost; 
• for the majority of operating hours, loads will 

be less than design, requiring less than design 
flows, thus adding to the ~xcess capacity; and 

• even if a pump actually delivers less than 
design flow, either because it is undersized 
or the system pressure drop is greater than 
designed, the consequences will be minimal. 

Figure 5.12 shows there is nominal 
reduction in flow (8 to 12%) when actual system 
head is considerably greater (30 %) than design, 
and Figure 5.13 shows that for heating systems, 
a modest reduction in flow results in very little 
capacity reduction. 

(reprinted with permission from 1996 Systems and Equipment Handbook, 
ASHRAE Inc., Atlanta, GA) 

Pump power is directly proportional 
to water flow rate and system (or 
circuit) pressure drop and inversely 
proportional to pump/motor 
efficiency. Pumping energy is 
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Fig.5.12 
System Flow Rate versus Head Interrelationship 
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For hydronic heating systems, capacity, flow and 
temperature drop are related by Equation 5-2. 

Equation 5.2: 

Q = 14.371 * q * (t2 - tt) 
Q = 500 * q * (t2 - tl) (Imperial units) 

where: 
Q = heating capacity in kW (Btu/h); 
q = water flow in L/s (USGPM); and 
(t2 - tl) = temperature drop in °C CF). 

The lower the water flow, the less pumping 
power required. Refer to the related discussion 
in Sub-section 5.2.9 on the desirability of 
increasing design temperature differences in 
order to reduce flow rates. 

Frequently almost 50 percent of total system 
head is due to the resistance in fittings, take-offs, 
elbows, tees, strainers, meters, etc. System 
pressure drop can be reduced by minimizing 
changes of direction and increasing pipe size, 
thus decreasing pressure drop and fluid velocity 
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(this will also help keep system noise low), as 
well as selecting coils, boilers, chillers and other 
components for low pressure drops. To maximize 
efficiency, select pumps at near their maximum 
efficiency point and use motors with reasonably 
high efficiencies as well. It is recommended that 
three-phase induction motors be specified for 
all pumps of 1/2 horsepower and larger because 
induction motor efficiencies are typically 
much greater than small single-phase motors. 
Particularly for larger pumps, review several 
possible selections in order to identify the 
best one. See Subsection 9-2. 

Much of the energy consumed by pumps enters 
the pumped fluid as heat. This assists heating 
systems but is an additional parasitic load on 
cooling systems. For cooling systems, this is 
an additional reason not to oversize or select 
inefficient pumps and motors and to design 
the hydronic distribution system for the 
lowest practical pump power. 
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Small capacity pumps, up to 112 horsepower, 
commonly called circulators, should be of 
close-coupled, sealed design, either oil- or 
water-lubricated. These pumps are very compact 
and avoid the flexible coupling typical of open
motor circulators and a potential breakdown 
point. The one advantage of the flexible coupling 
circulators is that the coupling and motor can be 
replaced independently of the pump itself. For 
sealed, close-coupled circulators, failure generally 
requires complete replacement. 

For larger capacity pumps, close-coupled, vertical, 
in-line pumps with outside, balanced mechanical 
seals are an excellent choice. They are normally 
floor-mounted for stability but take up very little 
space, particularly if 90-degree suction guide and 
discharge check valve fittings are used. Finally, 
the entire motor/shaft/impeller assembly can be 
lifted out of the pump body for repair or 
replacement in the event of problems and without 
affecting the connected piping. However, the 
layout must provide access for lifting equipment. 
Base-mounted pumps are also commonly used 
and are an acceptable alternative choice. 

Most pumps incorporate a backward-curved 
blade impeller running at 1150, 1750 or 
3500 rpm. Lower rpm pumps generally have 
higher efficiency with larger flows at low heads. 
Conversely, high rpm pumps usually perform 
better at lower flows and higher heads. The power 
curve for the motor selected must be above the 
power required for all points on the pump curve 
for the specified impellor and speed. 

5.3.2 Pump Standby Considerations 

Table 5.1 

Clearly, a single pump, at 100 percent of required 
capacity has the lowest construction cost; but it 
has no standby. If it fails, there is no heat (or 
cooling) until it has been repaired or replaced. 
This may be satisfactory for small systems, when 
a replacement pump is available in stock, locally, 
to permit rapid replacement. It may also be 
satisfactory for systems that can be shut down 
temporarily (e.g., make-up air systems) while 
repairs are carried out. However, for most central 
hydronic heating systems in Canada's climate, 
some standby is desired. Table 5.1 shows a 
number of pump standby options. 

In Table 5.1, Option 1 has the lowest cost but 
would not be recommended in severe climates. 
Options 2 and 3 are the most expensive and 
would not normally be installed in residential 
occupancies. Option 4 is a popular compromise 
for residential installation. 

An additional reason for selecting Option 4 
(or Option 3 in remote locations for critical 
applications) for variable flow load circuits is 
that for most of the year only one 50 percent 
pump will need to be operated. With average 
loads less than 50 percent, flows of less than 
25 percent are adequate. In such a situation, 
operating one smaller pump is much better 
than operating a larger one. 

Isolating valves may be used so that single pumps 
on different load circuits act as standbys for each 
other. If the pump on one circuit fails, appropriate 
valves are opened and closed manually to isolate 
the disabled pump. The good pump then provides 
a reduced level of circulation for both circuits 

Pumps deliver heating or 
cooling to terminal units in 
the form of hot or chilled 
water. If the required 
reliability demands standby 
Of redundancy in boilers (or 
chillers), then standby or 
redundancy in pumps is also 
required. Otherwise, fluid 
pumping will be the weak 
link in overall system 
reliability. 

Pump Sizing and Standby Options 

Option Number Standby Total Application 
and (w/o largest Capacity 

Capacity pump-%) % 
% 

1 @ 100 0 100 small systems with readily 
available parts 

2 2 @ 100 100 200 critical applications 
3 3 @ 50 100 150 remote locations 
4 2 @ 50 50 100 medium and large heating systems 

in multi-unit residential buildings 
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Fig. 5.13 5.3.3 Parallel Pumping 
Heat Emission versus Flow Characteristic of Typical 
Hot Water Heating Coils Figure 5.15(A) shows a typical parallel 

pump layout. Often, standby pump Option 
2, 3 or 4, as described in Sub-section 5.3.2, 
will be piped as shown in Figure 5.15(A), 
but with all four isolating valves left open 
to permit the standby pump to be activated 
automatically if it is needed. The check 
valves are essential to prevent backflow 
through a pump that is off. Pumps in 
parallel operate at the same pressure, and 
each provides a share of the system flow, as 
illustrated in Figure 5.15(B). Look at where 
the system curve crosses the single pump 
curve and the pump curve for both pumps 
operating. It can be seen that the flow 
(operating point) for a single pump is 
considerably more than 50 percent of the 
flow with both pumps operating. For most 
pump selections, the one-pump flow will be 
between 70 percent and 80 percent of that 
for both pumps. 

(reprinted with permission from 1996 Systems and Equipment 
Handbook, ASH RAE Inc., Atlanta, GA.) 
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until the repair is completed. A typical layout 
is shown in Figure 5.14(A). A variation of this 
would be three pumps shared by two circuits, as 
shown in Figure 5.14(B). The middle pump acts 
as a standby for either of the load circuit pumps. 

Fig. 5.14 
Standby Pump Configurations 

LOAD 
#1 

LOAD 
#2 

Another potential application for 
parallel pumping is in a two-pipe 

combined heating/cooling system. Often the 
cooling cycle requires a higher load circuit flow 
rate than heating, with a correspondingly higher 
system pressure drop. In such cases, a parallel 
pumping installation can be used where both 
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#1 
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#2 

NO 
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Fig. 5.15 
Parallel Pumping Concept 
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pumps operate during the cooling season but 
one pump is adequate during the heating season. 

It is important to ensure that the pumps will 
not overload during single pump operation. 
Hydronic designers who are experienced in 
parallel pumping design may select non-identical 
pumps. However, if all pumps in a parallel pump 
installation are identical, when more than one is 
operating the flow will be shared equally between 
them. Therefore, identical pumps in a parallel 
pumping installation are recommended, unless 
there is good reason to do otherwise. 

5.3.4 Series Pumping 

Figure 5.16(A) shows a typical series pumping 
layout. It requires bypass piping and additional 
valves, compared to parallel pumping, and 
therefore will be more costly. The result with 
two pumps operating together in series is similar 
to that achieved by parallel pumping. Series 
pumping is not as popular as parallel pumping but 
may have application where fluid viscosity or heat 
transfer equipment configuration changes occur. 
In series pumping layouts, it is important that 
each pump have the same flow range. Otherwise, 

(8) PUMP AND SYSTEM CURVES 

the larger capacity pump could overflow the 
smaller, leading to damage from cavitation and 
system dysfunction. Therefore, series pumping is 
only recommended if unusual circumstances 
render parallel pumping unsuitable. 

5.3.5 Pump Control 

When there is a heating demand on terminal 
heating units, the pump( s) must be operating 
to deliver hot water and the heat it contains. The 
essence of pump control is ensuring that the pump 
is operating when there is a heating load and, that 
sufficient water flow to meet the load is being 
delivered. Exactly the same logic applies to 
pumps for chilled water cooling systems. 

The most basic pump control is a manual on-off 
switch. The building superintendent, or someone 
in authority, turns the pump off in the spring when 
the outside temperature is warm enough that it is 
judged that heating will not be needed till the 
autumn. It is turned back on when heating is 
needed once again. These actions are probably 
carried out in conjunction with a seasonal boiler 
shutdown. If we assume that the primary heating 
system is manually shut off between the end of 
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Fig. 5.16 
Series Pumping Concept 
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May and the middle of September (2,568 hours), 
then the pumps would operate continuously for 
the rest of the year (a total of 6,192 hours). 

Once the outside air temperature is above 
about 12 to 15°C (54 to 59°F), most apartment 
buildings no longer need heat. A sensor and 
master controller could shut off all heating system 
circulating pumps when the outside temperature is 
higher than this. Better envelope designs, with 
lower heat losses, allow shut -off at much lower 
temperatures without loss of occupant comfort. 
Such controls reduce pump operating hours, 
cutting both pumping energy and heat losses 
from the distribution system. 

An example of the influence of control scenarios 
on pump operating hours and electricity cost in a 
heating system is shown in Table 5.2 . It assumes 
electricity cost at $0.07 per kilowatt hour, based 
on Ottawa climatic data and on a single pump 
drawing 5 horsepower. The savings shown do 
not include the reduced distribution system heat 
losses. They are much greater than the pump 
electrical energy savings but are more difficult 
to quantify. 
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These pump control strategies require only 
calendar or outside air temperature inputs. They 
do not reflect the actual heating demand at each 
terminal unit. Computerized direct digital controls 
(DDC), if extended to control terminal units, have 
the capability to monitor demands for heating (or 
cooling) from every zone continuously. The DDC 
system does this by scanning the building-wide 
control network, thus monitoring control 
commands to all terminal unit control valves. If 
any valves are commanded "open," indicating a 
demand for heat (or cooling), then the DDC 
system is programmed to start the load circuit 
pumps (and the boiler or chiller and their pumps, 
if appropriate) in order to meet the demand. But 
the pumps are "ofr' if there is no demand, or the 
demand is so minimal that a lack of response will 
not result in resident complaints. To ensure water 
flow in cold weather there is usually an override 
control so that the pumps operate continuously 
whenever the outside temperature is cold enough 
to create a freezewup risk. This type of control can 
dramatically reduce annual pump operating hours. 
Experience from some office buildings in British 
Columbia suggests reductions to less than 113 of 
previous heating pump operating hours. The 
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Table 5.2 
Annual Electrical Savings from Heating Pump Shut-off in Ottawa 

• Isolating valves are 
needed for each pump 
circuit, and on both sides 
of pumps, boilers, chillers 
or other equipment that 
may need to be removed, 
repaired or replaced. 

Pump Control Strategy Annual Annual Savings ($) 
Pump Pump Elec. 
Operating Cost ($) 

Continuous pump operation 
Manual off June 1 to Sept. 15 
Manual off June 1 to Sept. 15 
and if OAT> 12'C 
Manual Off June 1 to Sept. 15, 
plus off if OAT> 2'C. 

(hrs) 

8,760 
6,192 

5,323 

4,226 

2,288 
1,617 

1,390 

1,103 

reductions for cooling pumps are even greater, 
because the cooling demand is more solar·related, 
so using outside air temperature as the only pump 
control indicator greatly extends operating hours. 

Variable speed drives should be considered for 
hot, chilled and condenser water distribution 
pumps with motor sizes over 7.5 kilowatts that 
operate more than 1,000 hours per year. However, 
life-cycle costs using pump control strategies 
which limit annual operating hours, as just 
described, should be compared to life cycle 
costs when using variable speed drives. 

5.4 Piping Details and Installation 

5.4.1 Basic Installation Considerations 

The designer should follow good design 
practice as published by ASHRAE (refs. 46 
and 47) and other industry sources. The following 
recommendations provide some general guidance 
applicable to low-pressure and temperature 
hydronic heating and cooling systems: 

• Piping slopes upwards in the direction of flow 
a minimum 1: 150 to ensure positive escape 
of air. 

• Automatic air vents are needed at the top of 
all risers and at high points on horizontal 
mains and branches. Large capacity vents are 
recommended at high points in equipment 
rooms of large systems. 

• Drain valves are needed at the base of each 
riser and at low points on horizontal mains 
and branches. 

Base 
671 

898 

1,185 

• Where pipes must 
penetrate floor slabs or 
walls, sleeves are needed. 
Sleeves should be made of 
Schedule 40 steel pipe, 
galvanized sheet metal or 

fire-resistant composition material. They 
should extend 150 millimetres 
above floor slabs and 50 millimetres on each 
side of walls. Voids between pipes and sleeves 
must be filled with resilient fire-resistive 
material to meet code requirements. 

• Piping should not be installed in exterior 
walls in severe climates. Piping may be 
installed entirely inside the insulation and 
vapour/air barrier to reduce the risk of 
freezing and rupture in the event of a power 
failure when water flow stops. 

• Dielectric couplings are required between 
ferrous and non-ferrous piping. 

• An air separator should be provided on the 
boiler outlet as air is less soluble in hotter 
water and so will come out of solution at that 
location. If the boiler is located at the bottom 
of the building, then there should also be an 
air separator at the top of the system because 
air release also occurs with lower pressure. 

• Pipe hangers may be a ring band, roll or 
clamp, depending upon location and size of 
piping. They should be spaced according to 
good industry practice. The attachment to the 
structure may be either rigid or flexible 
(spring). Rigid hangers can have resilient 
material supporting the pipe. 

• Rigid connections tend to transmit vibration 
to the structure and should be avoided near 
large pumps when the piping is adjacent 
to suites. 

• A minimum of 600-millimetre straight pipe 
should be included between a pump and the 
nearest fitting, elbow, valve, etc., except for 
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specialized fittings designed for closer 
installation (e.g., suction and discharge 
fittings for vertical in~line pumps). 

• Strainers are normally of the "Y" design. 
There should be one strainer in each circuit, 
usually installed on the main pump suction. 

• Strainers frequently have a valve, with a 
hose end connection, installed in a threaded 
opening to allow the strainer to be flushed. 
Alternatively, the isolating valves may be 
closed and the strainer cap and screen 
removed for checking and cleaning. 

• Threaded hose end connections in parking 
and other public areas (used to direct water 
during system draindown) should be capped, 
as they can easily be misused for washing 
automobiles, and this will adversely affect 
the heating system. 

• In high-rise buildings, vertical distribution 
systems serving many floors may have 
an operating pressure in excess of 
860 kiloPascals (125 psig). In such cases, 
it is essential to use pipe, fittings, valves, 
etc., with working pressure ratings in 
excess of the highest operating pressure. 

Pipe sizing should reflect pressure drop, which 
determines required pumping energy, and water 
velocity, which affects noise and erosion of piping 
material. The larger the pipe size, the lower the 
pressure drop, energy requirements, noise and 
erosion potential. Pipe sizes should not be less 
than 18 millimetres (3/4 inches) to reduce future 
perfonnance degradation due to deposits and 
sediment. Table 5.3 indicates the maximum 
water velocities to control erosion. See also 
subsection 5.4.4 

5.4.2 Expansion and Contraction 

Pipe runs in heating and cooling systems should 
have provision for accommodating expansion and 
contraction without imposing undue stress or 
force on any part of the piping, connected 
equipment or building. See Reference 48. 
Three elements must be considered: anchors, 
alignment guides and the section of piping that 
accommodates the expansion. Expansion between 
the extreme temperatures (ambient temperature at 
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Table 5.3 
Maximum Water Velocity to Minimize 
Pipe Erosion 

Operating Time 
(hours/year) 

1,500 
4,000 
8,000 

Maximum Water 
Velocity: 
metres per second 
(feet per second) 

4 (12) 
3 (10) 
2.5(8) 

installation, the coldest, or the hottest temperature 
which may be a higher than the normal operating 
temperature) must be accommodated. Anchors are 
usually structural steel angles, channels or plates, 
welded to the pipe and suitably secured to the 
building structure so as not to transfer vibration 
from the pipe to the structure. Alignment guides 
are used to maintain linear piping movement 
and prevent side-to-side flexing or wobble. 
Oversized pipes, which are anchored to the 
structure, are often used as guides. Expansion 
and contraction may be taken up by elbow 
swing joints, expansion joints or compensators 
or expansion loops. The following 
comments apply: 

• Elbow swing joints for branches or terminal 
unit run~outs from risers or main piping are 
often adequate. Swing joints only apply to 
piping with screwed connections. 

• Select expansion compensators/joints to 
accommodate the system pressure and the 
calculated expansion of the pipe between 
anchors. Normally, the selection will include 
a 25 percent to 50 percent expansion safety 
factor. Expansion compensators/joints must 
be accessible for periodic maintenance, repair 
or replacement. 

• Expansion compensators with external 
pressure bellows, steel construction with 
screwed ends and stainless steel bellows 
should be used. Externally pressurized 
compensators protected by an external 
shroud eliminate the instability that can occur 
with internally pressurized bellows. Small 
expansion compensators are frequently used 
on long lengths of radiation. 
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• For piping 75 millimetres (3 inches) in 
diameter and larger, use pressure-balanced 
expansion joints with self-equalizing stainless 
steel bellows and flanged ends. 

• Expansion loops are an excellent choice 
for expansion compensation, as they do not 
require future maintenance and replacement. 
The key is allocating ceiling or wall space 
for the loop. 

5.4.3 Valves 

5.4.3.1 Manual Valves 

Manually operated valves have a number of 
functions in central hydronic systems. Most are 
used for shut-off, or isolation, of pump circuits, 
terminal units, or pieces of equipment (such as 
boilers, chillers and pumps) that are connected to 
the piping system. Others are used for balancing 
flows to different branches or loads in the overall 
piping system. The most commonly used valves 
are listed below, along with relevant 
characteristics. 

Gate valves 
Gate valves, usually of bronze or cast iron 
construction, are available in all sizes, with 
screwed ends in smaller sizes and weld or flanged 
ends in larger sizes. They have a low pressure 
drop. They are suitable for full shut-off operation 
but not for throttling service. They are a preferred 
choice for equipment and branch circuit isolation 
involving infrequent operation. 

Globe valves 
Globe valves are also of bronze or cast iron 
construction, with screwed, weld Of flanged ends, 
and available in sizes up to 300 millimetres. For 
a given size, they are large and heavy. Shut-off 
occurs when a disk or conical throttling plug is 
moved against an annular disk. These valves are 
suitable for throttling, involve turbulent flow and 
have a high pressure drop. In small sizes, and if 
equipped with a memory stop, they are an 
excellent choice for balancing service. 

Ball valves 
Ball valves have a machined ball, with a 
cy lindrical hole through it, mounted within 
the valve body. They operate with a 90-degree 
tum. They are light, available in a wide range 
of materials, can be installed in limited space, 
provide tight closure and are suitable for frequent 
operation. With a full-size port, they are an 
excellent choice for shut-off service. With a 
reduced port size and a memory stop, they can 
also be used for balancing service. 

Butterfly valves 
Butterfly valves are designed for installation 
between flanges in piping 80 millimetres 
(3 inches) or larger. They are light in weight, can 
be installed in a small space, have a low pressure 
drop, and are suitable for frequent operation. They 
can be used for shut-off or throttling service. 
When sized carefully, they can also be used as 
automatic control valves. In larger sizes, their 
relatively small size and modest cost makes 
them a preferred choice. 

5.4.3.2. Automatic Control Valves 

Automative control valves are used to control 
the flow of a fluid in response to a control signal. 
They consist of the valve itself, plus an actuator 
that responds to the control signal. The actuator 
will position the valve open or closed, or 
modulate it between open and closed in response 
to the control signal. Control valves may be 
categorized by valve construction, by 
configuration (two-way, three-way mixing, or 
three-way diverting), by actuator type, and by 
control action (two-position or modulating). 
The pressure drop through control valves is an 
important factor in flow control effectiveness. To 
provide the correct pressure drop, valve bodies 
are often one or two sizes smaller than the parent 
piping. It is desirable that the flow be modulated 
linearly through the full valve movement. As 
such the pressure drop through the valve must 
represent a substantial portion of the total system 
pressure drop, even when the valve is wide open. 
See Figure 5.9 and description. 
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Actuator type and control action are related. 
Types of actuators include: 

Solenoid 
A solenoid actuator is either energized or not 
energized, and thus is suited only for two-position 
control. 

Clock-motor 
A small bi-directional electric-motor-driven 
actuator, driven by a three-wire "floating point" 
control output, provides modulating control but, 
as torque provided is very low, is limited to small 
valves. When driven in one direction, the valve 
opens; when driven in the other, it closes. 
However, these actuators often do not provide any 
direct feedback on current valve position. Valve 
position must be inferred from the accumulated 
times of "opening" and "closing" operation. End 
switches are sometimes used to provide a positive 
indication when the valve is fully open or fully 
closed. Typically, the motor will drive the valve 
from fully open to fully closed in from 30 to 
180 seconds. These are the least expensive 
modulating actuators. 

Electronic 
These actuators accept an analog voltage or 
current signal, and position the valve in response 
to the magnitude of the signal. For example, with 
a 2 - 10 volt DC (VDC) signal range, the valve 
might be closed at 2 VDC and fully open at 
10 VDC. A signal between these values would 
result in a partly open position. For example, a 
6 VDC signal would result in 50 percent open, 
and a 4 VDC signal would result in 25 percent 
open. The valve's position corresponds to the 
current signal value (providing the valve has had 
time to move in response to any signal change), 
and so valve position feedback is available with 
this type of actuator. They are available in a range 
of torques, and so can position quite large valves. 
They may have a spring return, or may need to 
be driven both open and closed. 
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Valve construction depends on the control 
function required. Some of the more common 
valve types are: 

Two-way Globe 
This design is similar to the manual globe valve, 
in that an internal plug moves linearly away from 
a seat to open and towards it to close. It is ideal 
for modulating control. The plug shape can vary 
to provide different flow, versus stem travel, 
characteristics. Refer to Figure 5.17. In heating 
and cooling systems, an equal percentage valve 
is usually selected because its flow versus stem 
travel is the opposite of the terminal unit's heating 
(or cooling) output versus flow characteristics. 
This results in a reasonably linear heating (or 
cooling) output versus valve stem travel 
performance for combination of the load and the 
control valve. Figure 5.18 illustrates this concept. 
A two-way control valve may close off against a 
pump head, so its differential pressure rating must 
be able to withstand that head. If it cannot, the 
valve will be forced open, and control will be lost. 

Two-way Ball 
This design is similar in construction to a manual 
ball valve, with a 90-degree rotation from full 
open to closed. In control service, it is only 
practical for two-position, on-off, control. This is 
because there will be almost full flow at only 
about 30-degree open rotation, giving very poor 
modulating control. 

Two-way Butterfly 
Comments for two-way ball valves apply. 

Three .. way Mixing 
These valves are similar to globe valves, but 
with three piping connections, two inlets and 
one outlet. They may have either two-position or 
modulating control. Two~position control would 
be used in a changeover system, where one inlet 
or the other is used, but there is no mixing of the 
two. Modulating control would be used to mix 
two inlet flows of different temperatures to obtain 
a desired mixed temperature. 
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Three-way Diverting 
Diverting valves also have three piping 
connections, but with one inlet and two outlets. 
They are similar in construction to mixing valves, 
except they use a double-seat construction to 

. permit the diverting flow action. A diverting valve 
can be used, for example to maintain a constant 

Fig. 5.18 

pumped circuit flow while diverting flow 
around a load, thus providing variable flow. 

Three .. way Butterfly 
Two butterfly valves may be installed with a 
common actuator and linkage. When installed 
for mixing service, they will be installed on the 
two inlets, and there will be a common outlet 
pipe with no control valve on it. Refer to 
Figure 5.19(A). In diverting service, the 
butterfly valves will be on the two outlets, and 
the common inlet will have no control valve. 
Refer to Figure 5.19(B). When one valve is 
closed, the other will be fully open and vice
versa. When the actuator and linkage starts to 
open the closed valve, the other, which is open, 
will start to close. Thus, the operation of the 
two butterfly valves is co-ordinated. This 
configuration is typically used on larger piping, 
where a single three-way control valve would 
be very large, heavy and expensive. 

Heat Output, Flow and Stem Travel Characteristics of Equal Percent Valves 
(reprinted with permission from 1996 Systems and Equipment Handbook, ASH RAE Inc., Atlanta, GA.) 

Iso,," 
... 
~ :z: 

° 10% 50% 
flOW 

100'11> 

10O"" 

~ 50"" 
IA. 

° 50"" 
STEM TRAVEL 

10O"" 

90,," 

15O"" 
~ :z: 

Page 89 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

Fig. 5.19 
Linked Butterfly Valves as Three-Way Control Valves 
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Equation 5.3: 

Valve sizing is determined by the following 
relationship: 

where 

Q =USGPM; 
Cv = valve coefficient; and 
P2 PI = pressure drop in psi. 

Note: with the valve wide open and a pressure 
drop of 1 psig, the flow will be equal to the Cv. 

5.4.4 Avoiding Noise in Piping Systems 

If vibration is transferred to a piping system, the 
resulting noise can be transported a considerable 
distance and be a major cause of resident 
complaint and discontent. In addition, piping 
noise can be caused by water flowing at.high 
velocity (turbulence), the water flow stopping 
suddenly (water hammer), the flow direction 
changing suddenly, uncontrolled pipe movement 
(due to temperature changes remote from 
anchors), low-pressure water flashing into steam 
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and valve whistle, or a 
combination of all these. 
See Section 2.5. Control 
of these potential noise 
sources at the design 
stage will be much 
less expensive than 
undertaking remedial 
work once construction is 
complete and the building 
is occupied. The retention 
of a noise and vibration 
control consultant, even 
if only for a quick 
review of the design, is 
strongly encouraged. 

Some brief guidelines follow: 

• Base-mounted pumps should be set on 
spring-mounted inertia pads if installed 
above occupied units. 

• Spring-mounted pipe hangers should be 
used in mechanical rooms to support piping 
larger than 50 millimetres (2 inches) that 
is connected to vibrating equipment (e.g., 
pumps, chillers and cooling towers). 

Guidelines for piping design to avoid noise 
complaints in occupied areas include: 

• ensuring that flow velocity does not exceed 
1.0 metres per second in pipes less than 
50 millimetres in diameter and 1.5 metres 
per second in larger pipes (less than noted 
in Table 5.3); 

• ensuring positive pressure, particularly at 
the pump suction, boilers and upper levels 
to prevent cavitation or air coming out 
of solution; 

• ensuring effective air removal at system 
high points to avoid air entrainment and 
pump cavitation; 

• providing low-loss fittings and control valves 
and long radius elbows to ensure smooth 
flow; 
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Fig. 5.20 
Piping Connections at T's 

RECOMMENDED 
PIPING CONNECTIONS 

NOTE: Arrows indicate water flow direction. 

• avoiding flow restrictions and bull head Ts 
(refer to Figure 5.20); 

• providing reverse-return piping configuration, 
where practical, so the system balances 
easily; and 

• avoiding balancing valves, and other sources 
of piping noise in occupied areas. 

5.4.5 Piping Connections to Heating 
Equipment 

Figures 5.2, 5.3, 5.8, 5.9, and others, have shown 
various basic design configurations for heating 
equipment in an overall hydronic system design. 
This section provides some typical, recommended 
piping connection details for specific 
system configurations .. 

Figure 5.21 shows an arrangement where one 
pair of pumps provides circulation through three 
boilers and the distribution system (common 
pumping). Figure 5.22 shows an arrangement 
where each boiler has its own circulation pump, 
and there is a separate set of load circuit pumps. 
This is similar to the system concept shown in 
Figure 5.l0(B). Pumps should be provided with 
isolating and check valves, unions (where 
screwed piping connections are used), pressure 
gauges and a strainer, as shown in Figure 5.23. 
The left hand diagram in Figure 5.23 shows a 
typical base-mounted pump arrangement. The 

1 
POOR PIPING 

CONNECTIONS 

right-hand part of Figure 5.23 shows a vertical 
in-line pump using inlet guide vanes and an outlet 
check valve, both integrated with elbows to save 
installation space. Pipe vibration isolators are 
recommended between pulse (condensing) boilers 
and the remainder of the hydronic system. The 
boiler supply and return pipes should connect to 
mains above the boiler to reduce the risk of 
draining the water from the boilers. 

Flow switches should always be provided on 
boilers with small water volume (e.g., copper tube 
designs) and on other boilers as recommended by 
the manufacturer. In addition, a pump dedicated to 
a single boiler, as in Figure 5.22, should continue 
to operate for a short time after burner shut-off to 
remove residual heat from the boiler before 
stopping water flow to it. 

It is recommended that each non-condensing 
boiler with an open, atmospheric burner have 
a circulating pump, as in Figure 5.22, to reduce 
standby losses. An alternative would be a vent 
damper that closes when the burner is off and 
the vent temperature has dropped to ambient. 

5.4.6 Piping Connections to Chillers 

Chillers require chilled water return and supply 
piping connections. Water-cooled chillers also 
require condenser water piping supply and return 
connections. 
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Fig. 5.21 
Boiler Piping Connections: Common Pumping for All Boilers 

Fig. 5.22 

CHEMICALFE~ 

PRES. 
GAUGE 7 

k TEMP. GAUGE 

WATER MAKE-UP 
ASSEMBLY 

EXPANSION 
TANK 

... _ HOT WATER 
SUPPLY TO LOADS 

COMBUSTION AIR INTAKE 
AIR SEPARATOR J FROM, & FLUE GAS OUTLET 
& AUTO. AIR VENT TO, OUTSIDE (TYP.) 

VIBRATION 
ISOLATOR, FOR 
PULSE BOILERS / TEMP.IPRES. 

·1 \ i ~~V~l 

FLUE GAS CONDENSATE 
TO DRAIN (TYP.); FLOOR 
DRAINS NOT SHOWN 

1 
HOT WATER l 

RETURN FROM -l 
LOADS 

Boiler Piping Connections: Individual Pump for Each Boiler 

Page 92 

... __ THERMOMETER 

WATER MAKE·UP 
ASSEMBLY 

EXPANSION 
TANK 

.... --.. HOTWATER 
SUPPLY TO LOADS 

DISTRIBUTION 
PUMPS 

AIR SEPARATOR r & AUTO. AIR VENT BOILER 
CIRCULATING 

PUMPS 

FLOW SWITCH 

LOW WATER 
CUT .oFF ----... 

RELIEF VALVE, PIPED 
TO DRAIN (FLOOR 
DRAIN NOT SHOWN) 

I , 
~ 

HOTWATER J 
RETURN 

FROM LOADS 



Mechanical and Electrical Systems in Apartments and Multi-Suite Bui/dings 

Fig. 5.23 
Pump Connection Piping Details 
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Figure 4.2 shows typical chilled water piping 
connections to a roof-mounted air-cooled package 
chiller. In this case, there is a single chiller with 
one chilled water pump circulating water through 
it. If reliability considerations require standby 
pumps, then two pumps would typically be 
installed in parallel. Refer to Sub-section 5.3.2. 

If the building is large enough to require 
two or more chillers, then the design should 
incorporate primary-secondary pumping. Refer 
to Sub-section 5.2.8. The chillers in such a design 
are connected to chiller circuit pumps, as shown 
in Figure 5.10. As with boilers, there may be 
common pumping for all chillers as in Figure 
5.10(A) or a single pump dedicated to each chiller 
as in Figure 5.l0(B). As with boiler piping (see 
Figures 5.21 and 5.22), each chiller piping system 
will require a water make-up station, a chemical 
treatment feeder unit, an expansion tank, pressure 
gauges on each side of pumps and chillers, 
thermometers on each side of chillers, manual 
shut-off valves around chillers and pumps and, 
if there is more than one chiller or pump, check 
valves. In addition, chilled water flow must be 
proven before the chiller controls permit chiller 
start-up (the flow switch is usually internal to 
the chiller). 

For water-cooled chillers, condensing water 
piping connections are also required. Figure 4.3 
shows typical piping connections from a chiller to 
a cooling tower. 

otherwise, water will 
be discharged when 
the water temperature 

increases and then, when the temperature drops, 
water will have to be introduced through the 
water make-up system. The addition of fresh 
water should be avoided, if at all possible, 
because it requires treatment to remove 
entrained air and other impurities to prevent 
scaling in piping, etc. 

The make-up water assembly, with a quick 
fill by-pass, is connected to the expansion 
tank connection pipe. There should be a 
pressure regulating valve set at a minimum of 
35 kilopascals (5 psig) in the water make-up pipe 
so this point of connection will stay at a relatively 
constant pressure and act as the system's 
reference point. This pressure must be adequate to 
prevent cavitation at the pump and ensure positive 
pressure at the highest vertical point in the piping 
system. Generally speaking, the lower the 
expansion tank pressure, the smaller the tank can 
be. This suggests that the tank should be located 
close to the pump suction and as high in the 
building as practical. This expansion tank and 
water make-up design will help keep air out of the 
system, maintain a stable system pressure, prevent 
pump cavitation and reduce or eliminate noise in 
the system. 

Expansion tanks normally incorporate either a 
bladder or a watertight, flexible diaphragm to 
separate system water and pressurized air or inert 
gas (generally nitrogen). Bladder or diaphragm 
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expansion tanks do not require maintenance, a 
desirable characteristic when there are no skilled 
personnel on staff. 

Closed tanks without a bladder or diaphragm are 
also used, but they are not recommended, because 
the system water comes into direct contact with 
the pressurization air in these tanks. When air is 
released from the system, the tank can become 
air-bound. Alternatively, it can lose air to the 
system, becoming water-logged and useless as 
an expansion chamber. Thus, standard closed 
tanks require periodic inspection and 
maintenance. Reference 49 outlines the 
relationships that should be considered when 
sizing these expansion tanks for a heating system. 

Equation 5.4: 

[( V2! VI ) - 1 ] - 3 * a * ( t2 - tt ) 
Vt = Vs -------------

(P a ! PI) - ( Pa / P2 ) 

where 
Vt = volume of expansion tank in m3; 

Vs = volume of water in the system in m3; 

VI = specific volume of water at lower 
temperature in m3/kg; 

V2 = specific volume of water at higher 
temperature in m3/kg; 

a = linear coefficient of thermal 
expansion of piping material in 
mI(m-OK); 

tt = lowest temperature in the system 
in DC; 

t2 = highest temperature in the system 
in DC; 

Pa = atmospheric pressure in kPa; 
Pl = pressure in the system at the lower 

temperature kPa; and 
P2 = pressure in the system at the higher 

temperature kPa. 

For a heating system, the lowest temperature 
will normally be the room temperature at fill 
conditions, say about 25"C, and the highest 
temperature, t2 , the design supply water 
temperature. For a combined heating/cooling 
system, they will be the cooling design supply 
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water temperature and the heating design supply 
water temperature respectively. 

It can be seen from this equation that the size of a 
heating system expansion tank is determined by: 

• the volume of water in the system; 
• the range of water temperatures; and 
• the range of system pressures associated with 

system fill and system operation. 

Calculating the recommended diaphragm 
tank size in a heating system is slightly simpler 
because the initial denominator term is 1 and 
the relationship is: 

Equation 5.5: 

[( V2 / v I ) - 1 ] - 3 * a * (t2 t 1 ) 

Vt = Vs -------------
1 - ( PI/ P2 ) 

The size of expansion tanks in chilled water 
systems may be calculated using an even simpler 
formula. Provided the system temperature is 
maintained in range of 5 to 40°C (40 to 100°F), 
a minimum (standard) expansion tank size is 
given by: 

Equation 5.6: 

(0.006) * Vs 

Vt=---------------
(Pa !Pf) - (Pa !Po) 

where: 
Vt = expansion tank size in Htres; 
V s = the system volume in Htres; 
Pa = the atmospheric pressure in the tank 

when the water initially enters in kPa; 
Pf = the initial fill atmospheric pressure at 

the tank in kPa; and 
Po = the maximum operating pressure at 

the tank in kPa. 

5.4.8 Piping Connections to Terminal Units 

In hydronic heating systems, convection heating 
units are generally connected between a vertical 
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supply riser and a vertical return riser, using a 
nominal 400 millimetres offset to accommodate 
expansion and contraction. Figure 5.24 shows a 
typical piping layout. Risers will normally be 
located at party walls between suites. Convection 
heaters are almost always at or near an exterior 
wall and under windows, because that is where 
they provide heat most effectively. 

Each terminal unit zone should have two shut-off 
valves, a balancing valve and a drain valve, all 
accessible. Branch take-offs should include swing 
joints to accommodate expansion and contraction. 
For terminal units located on the lowest floor, 
with run-out piping from the ceiling, provision for 
drains will be necessary as shown in detail #3 of 
Figure 5.24 

Piping connections to radiant heating panels 
will be similar to those for convection heating 
elements, although the configuration will be 
different. For ceiling panels, the piping will 
usually be located in a ceiling cavity, and access 
is needed to shut-off valves, air vents, control 
valves or any other component that may require 
servicing. Because panels are normally located 
along the exterior wall, riser locations are 
generally the same as for convection heating. 

Likewise, piping connections to heating only 
or cooling only fan-coil units, or combined 
heating/cooling fan-coil units with a two-pipe 
distribution system, are similar to those for 
convection heaters, except that the configuration 
will suit the location of the units. Because they 
have fan-forced air movement, there is greater 
flexibility in the location of fan-coil units than 
for convection heaters. Supply and return riser 
locations will have to suit the fan-coil locations, 
and so may be quite different than for convection 
heating. For example, locating risers together in 
an interior pipe shaft may be optimal. 

5.5 Freeze Protection 

Some hydronic distribution systems may be 
exposed to freezing conditions - for example, 
those that are heating outside air in make-up air 

ventilation systems or melting snow on walkways 
or vehicle ramps. Systems designed for such uses 
need to incorporate measures to prevent the water 
in the system from freezing, which will damage 
piping and equipment and cause building damage 
from leaks when thawing occurs. See also 
subsection 3.7. 

The most common approach is to use an "anti
freeze" solution in the piping system. Ethylene 
and propylene glycol solutions are most common 
due to their moderate cost, high specific heat, low 
viscosity and inhibitors that provide the necessary 
corrosion control. Propylene glycol is preferred 
by some because it is not as toxic but, on the 
other hand, it is not as good a heat transfer fluid. 
It is important to use industrial glycols. They 
should last more than a decade, as long as 
corrosion inhibitor strength is maintained. 
Samples need to be taken at least annually, 
analyzed by a reputable water treatment lab 
and replacement inhibitors added as needed. 
Automotive glycols containing silicates should 
not be used because they can cause fouling, pump 
seal wear, fluid gelation and reduced heat transfer. 
In addition, once the glycol has deteriorated, the 
entire solution must be replaced, as the addition 
of lost inhibitors is not possible. 

Glycol solutions have lower specific heat and 
higher viscosity than water. Thus, in order to 
achieve the same heat transfer, they require both 
a higher flow of glycol solution and a higher 
pump head than would be needed with water. 
This must be taken into account in sizing piping 
and selecting pumps and heat exchangers or coils 
for glycol systems. Failure to do so may result in 
a system with insufficient capacity. 

Some additional cautions are appropriate. 
Ethylene glycol and petroleum distillate are 
toxic. Connections between glycol systems and 
the drinking (potable) water supply should only 
be through a backflow preventer (double-check 
valve) to avoid backflow contamination. These 
glycol products are not compatible with 
galvanized steel, but all other piping materials can 
be used. Glycol systems also require non-standard 
pump seals and gaskets. All make-up water 
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Fig. 5.24 
Typical Piping Connections for Perimeter Connectors 
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should be soft and contain less than 50 parts 
per million of chloride and sulphite ions. If the 
municipal supply is too hard, then a water 
softener should be used. 

addition, glycols should not be heated directly 

Glycol systems are expensive because the 
solution itself is costly and because of the higher 
flow and pumping cost requirements. Therefore, 
they should be kept as small as possible. In 
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in boilers because high temperatures can cause 
chemical breakdown. Normally, a heat exchanger 
is used to transfer heat to the glycol circuit from a 
hot water system, another factor in glycol system 
installation costs. 
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5.6 Water Treatment 

Water treatment is used in closed central hydronic 
systems to control corrosion and reduce scale 
formation and deposition. Corrosion can weaken 
pipe and fittings and cause premature failure, with 
potentially high repair costs and consequential 
damage. Scale deposited on heat transfer surfaces 
will reduce heat exchange and, thus, the effective 
capacity of equipment. Water treatment and the 
conditions it is intended to control are complex. 
A water treatment supplier, or consultant, should 
provide recommendations. 

Effective air removal from systems is important, 
as this reduces the amount of oxygen available 
for oxidation (rusting). Chemicals are usually 
added to the water to control corrosion and 
prevent scale deposition. However, it is very 
important to monitor the chemical treatment 
regularly, as recommended by a water treatment 
specialist, and to take the appropriate actions. 
Improper use of treatment chemicals can create 
problems more serious than if no treatment at all 
were carried out. 

In closed systems, a small bypass line is 
frequently used to circulate water through a 
chemical feeder located between the pump suction 
and discharge. See Figures 5.21 and 5.22. 

5.7 Distribution Systems Control 

5.7.1 Introduction 

The control of central hydronic distribution 
systems must be designed in conjunction with 
the control of the heating or cooling equipment 
(boilers or chillers) and the terminal units. Sub
section 5.3.5 covers pump control. In essence, the 
goal is to operate the pump(s) to deliver hot or 
chilled water only when there is a demand for 
heating or cooling. Boilers and chillers generally 
have factory-mounted controls that operate them 
to maintain a desired water temperature at the 
equipment. Refer to Sub-sections 3.2.3.3 
and 4.3.2.7. 

Early initiatives to calculate heating energy 
consumption resulted in the adoption of 18.3°C 
(65°F) as the base temperature. Traditional 
degree-days are based on this value. Internal 
heat gains (e.g., from lights, food preparation 
and preservation appliances such as stove, 
dishwasher, refrigerator and freezer, and other 
appliances, such as television, computer, clothes 
washer and drier) have increased over time and 
frequently are greater than the combined solar 
and people heat gains. Further, building envelope 
thermal improvements (insulation levels and 
window performance) and air-tightness have 
resulted in lower conduction and infiltration 
losses. Consequently, the outdoor air temperature 
at which there is no requirement for auxiliary 
heating (the balance temperature) has been 
lowered. Because of these changes, and the large 
errors resulting from a fixed base temperature, 
Reference 50 no longer contains degree day data. 
Balance temperature and "Variable Base Degree 
Days" concepts are discussed in Reference 51 to 
provide some analytical basis for understanding 
heating energy consumption and usage 
in buildings. 

A heating balance temperature of approximately 
15°C (59°F) is common for apartment buildings. 
Tight, well insulated residential buildings have 
balance temperatures that are considerably lower, 
thus reducing both the number of hours when, 
and the rate (power) at which, heating must 
be provided. In this context, some large retail 
structures with large lighting and equipment loads 
have, when occupied, balance temperatures as 
low as -20°C (_4°F). 

A similar analogy, which is discussed in 
Sub-section 4.3.1, can be applied to cooling. 
When outside temperatures are above the 
balance temperature, cooling would be required 
if the minimum heating temperature was to be 
maintained and the windows were not opened. 
The actual temperature range at which mechanical 
cooling is required for any zone depends on 
exposure (west and south zones with large glazed 
areas can produce uncomfortable heat gains at 
quite low temperatures), the ratio of envelope 
heat flow to internal thermal storage, the diurnal 
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(day/night) temperature range, internal gains and 
the quantity of infiltration/ventilation. 

Hydronic distribution system control is concerned 
primarily with the control of the supply water 
temperature in the piping system. There are two 
basic approaches: constant temperature; and 
variable temperature. Because heating and cooling 
distribution system control decisions are quite 
different, each is discussed separately. 

5.7.2 Heating System Operation and Control 

A constant supply water temperature means that, 
when the pump is on, a constant boiler water 
temperature will be supplied to terminal heating 
units. In a small, single-circuit system, such as 
shown in Figure 5.5, a constant flow design for 
the heating terminal units, as shown in Figure 
5.8(A), would be satisfactory. The boiler(s) 
would be cycled on and off to maintain the 
desired temperature. However, if a variable flow 
design was used, as in Figure 5.8(B), the heating 
demand would be less than 30 percent, much of 
the time, leading to water flow through the 
heating terminal units between 5 percent and 
10 percent of design. Refer to Figure 5.13. 
The probable result would be unacceptably 
low water flows through the boiler(s) in a 
single-circuit system. 

A primary-secondary pumping system, as shown 
in Figure 5.10, is more adaptable to a constant 
supply water temperature control because proper 
flow through the boilers can be maintained 
regardless of the flow in the load circuit. With 
careful design, this is a good system choice. 
However, with a variable flow load circuit, the 
two-way control valves will be almost closed 
most of the time in order to throttle water flows 
enough to meet low heating demands. In addition, 
they will have a high pressure drop across them, 
as shown in Figure 5.9. Careful selection of the 
differential pressure relief valve at the end of the 
load circuit to prevent the load circuit flow 
dropping too low is necessary for successful 
application. If this design is selected, the control 
valves should have a differential pressure rating 
equal to the pump shut-off head. 
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Constant temperature supply has inherent 
problems and should only be used for the 
smallest systems. Terminal unit heating 
capacity varies in proportion to the water-to-air 
temperature difference. A common design 
temperature difference would be 55"C (lOOOP), 
corresponding to a 20"C (68°P) room temperature 
and an average water temperature of 75"C 
(l67°P). If the average water temperature 
was reduced to 50D C (122°P), the temperature 
difference would be 30"C (54°F) and heating 
unit capacity just over half of design. To achieve 
this capacity reduction with a constant supply 
temperature system, the water flow must be 
reduced to about 15 percent of design. 

If the supply water temperature were reduced 
as outside air temperature increased, then the 
terminal heating unit capacity at design water 
flow would be reduced correspondingly. Then the 
two-way control valves in a variable flow system 
could do a "fine-tuning" control to meet specific 
space heating needs. Admittedly, the load circuit 
flow rate (and associated pumping savings) would 
not reduce as much, but the reliability of the 
system and the accuracy of control would 
both be improved. 

For convector and baseboard heaters, the 
supply water temperature should reduce linearly 
from the design value at the winter design outside 
temperature to about 35"C (95"P) at 15°C (59°F) 
outside air temperature. For a design supply water 
temperature of 90°C (l94°P), Figure 5.25 shows 
the resulting supply water temperature schedules 
for three different winter design temperatures 
(WDT). In a mild maritime climate (e.g., WDT 
of ·15°C (+5°F), supply water temperature would 
drop 1.8°C (3.2°P) for each degree increase in 
outside air temperature. In a central Canadian 
climate with -25°C (-13°F) WDT temperature, 
the reduction would be 1.4 °C (2.5°F) per degree 
increase. Finally, in a cold northern climate with 
-40°C (_400P) WDT, the reduction would be only 
1.0°C (l.8°P) per degree increase in outside 
air temperature. 

Supply water temperatures can be reduced or 
scheduled with outside air temperature in one of 
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Fig. 5.25 
Supply Water Temperature Reset Schedules 
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two ways. First, if high-efficiency or condensing 
boilers, which can tolerate water temperatures 
as low as 40°C (104 OF) are selected, then a 
primary-secondary system such as that shown in 
Figure 5.10 is recommended. While water flows 
in the source and load circuits in this design are 
independent of one another, water temperatures 
are interdependent. Thus, a variable temperature 
source circuit imposes a variable temperature 
load circuit. 

The second design approach is to interpose a 
supply-return water mixing control between the 
two pumped circuits. Such a design is outlined in 
Figure 5.26. In this design, the boiler circuit is 
normally constant flow, and it operates at its 
design supply water temperature at all times. The 
load circuit supply water temperature would be 
determined by the proportion of return water 
mixed with boiler supply water, and this can be 
independently controlled by the three-way mixing 
valve. Note the common pipe. This is a primary
secondary pumped system, and so the common 
pipe is essential to proper overall system 
operation. The common pipe is part of the load 

circuit when both boiler pumps are off (or only 
one boiler pump is operating) and the required 
flow entering port B of the three-way valve is 
greater than the source circuit flow. Under these 
conditions, some water will follow flow along 
path K - L - M - B. 

As discussed in Sub-section 5.3.5, Pump Control, 
it is essential that the pumps operate to deliver 
heating when it is needed at the terminal units 
("Loads" in Figure 5.26). Options for the control 
of the load circuit pump are as described in 
Sub-section 5.3.5. The boiler pumps may be 
controlled in a similar fashion, but this may 
lead to excessive operating hours. It is very 
common to permit only one boiler pump to 
operate above a certain outside air temperature, 
thus approximately matching potential demand. 
The best control approach is to use a 
computerized direct digital control system 
(DDC) and to operate all the pumps according 
to measured heating demand at the terminal unit 
control valves. An alternative demand control 
approach would be to cycle the boiler pumps 
(and boilers) in response to load circuit 
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I Fig. 5.26 
Piping Arrangement for Constant Temperature Primary and Variable Temperature 
Secondary Hydronic System 
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supply water temperature. If the supply water 
temperature setpoint, as determined by the reset 
schedule, were not being maintained, then a boiler 
pump and its boiler would be turned on (or an 
additional boiler, if one or more were already 
operating). Boilers would run until the source 
circuit water temperature reached its required 
operating temperature, at which point one 
boiler/pump would be shut down. As the heating 
load reduces, the three-way control valve would 
be positioned to demand progressively less source 
circuit hot water. As a result, the source circuit 
water temperature would rise, and boilers would 
be progressively shut off as their output was no 
longer required. 

When considering hydronic system control, the 
following points are noteworthy: 

• Except for south exposures, total solar 
gains generally become less as the outside 
temperature decreases. This is partially due to 
the shorter days and longer nights. Published 
values for the mean global solar radiation in 
southern Ontario is similar for a south-facing 
wall in January (coldest month) and July 
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COMMON PIPE 

(hottest month). However, the January solar 
radiation for a north-facing window and wall 
is approximately 20 to 30 percent of that 
for July. 

• Internal gains tend to increase as the outside 
temperature decreases. This is due to the 
shorter days, increased requirement for 
lights, the tendency to cook inside rather 
than outdoors, increased time spent watching 
TV, etc .. 

• If heat is effectively transferred from 
zones where it is in excess to zones where 
it is needed to offset losses, the building 
would not require any heating at outside 
temperatures above the balance temperature. 

The net heat loss of a building, or suite, is the 
transmission heat loss through walls, windows, 
roof, etc., plus any ventilation air heating 
required, less any heat gains from lights, 
appliances, occupants and solar radiation. 
The heating balance temperature is the outside 
temperature at which the space heat gains match 
transmission losses and ventilation air heat 
requirements. When the outside temperature 
is above the balance temperature, no heating is 
required, because the heat gains provide sufficient 
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Fig. 5.27(A) 
Heat Loss/Heat Gain versus Temperature, Typical Construction 
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heat. As shown in Figures S.27(A) and (B), 
the balance temperature is lower than the space 
temperature. Figure 5.27(A) reflects a building 
with standard construction and insulation levels. 
Its balance temperature, not considering solar 
gains, is 16°C. Figure 5.27(B) shows an energy 
conserving design, with more insulation and 
lower heat loss windows. In this building, heating 
would not be required above 13

Q

C, even with no 
solar gains. With solar gains, as shown in both 
diagrams, the balance temperature would be 
reduced even more. 

The suite heating balance temperature is relevant 
to heating system control because when heating is 
not required (anytime the outside temperature is 
above the balance temperature), then the control 
system should shut off the boiler(s) and pump(s) 
in the building's heating system. The importance 
of a low heat loss design, as shown in 
Figure 5.27(A) and 5.27(B), is that with the lower 
balance temperature, heating is required for many 
fewer hours per year. For example, referring back 
to Figure 3.2, in Ottawa there are about 600 hours 

per year when the outside temperature is between 
13°C and 16°C, when operation of heating system 
ancillaries could be avoided through energy 
conserving design. 

5.7.3 Cooling System Operation and Control 

Many of the comments in Sub-section 5.7.2 
about hydronic heating system control also apply 
to the control of chilled water systems. In fact, 
the variability of cooling loads is probably greater 
than that of heating loads because, in many cases, 
solar heat gain dominates cooling load. Therefore, 
the design of systems and their controls need very 
much to reflect zoning (e.g., rooms with different 
exposures in different zones) and part-load 
operation. Apartment occupancies frequently have 
windows that open, but hotels do not. Because of 
this difference, the latter require operation of the 
chiller at lower temperatures than the former. As 
well, hotels often have other zones with large 
internal cooling loads (e.g., conference and 
meeting rooms) that require cooling year-round. 
Recognizing these characteristics, and the 
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Fig. 5.27(8) 
Heat LosslHeat Gain versus Temperature, Efficient Envelope . 
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requirement for automatic start-up and shut-down 
of multiple chillers and associated pumps is vital 
to efficient operation. 

Chilled water cooling system designs normally 
have a supply temperature of 5 to 7°C (41 to 
4SOF) and a return temperature of 12 to 14°C 
(54 to 5TF). The chilled water flow rates are 
generally between 2.2 and 3.3 Htres per minute 
per kilowatt thermal equivalent of cooling (2 to 
3 U.S. gallons per minute per ton @ 16°P 
temperature differential). Cooling tower and 
evaporative cooler water piping supply and 
return temperatures are dependent upon wet-bulb 
design temperature but frequently are in the range 
of 35 and 29°C respectively (95 and 85°F). 

The temperature difference between room 
temperature and chilled water temperature is 
much less than the difference between heating 
water and room temperatures. Therefore, a 
constant temperature chilled water supply to loads 
is very common. However, if two-way control 
valves are used at terminal units, as they should 
be for most systems, then the load circuit will 
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have variable flow operation. The design 
of the controls, as well as the system, must 
accommodate this reality. Primary-secondary 
pumping, as shown in Figures 5.10 and 5.26, 
is commonly used in order to permit a variable 
flow load circuit and constant flow through 
the chiller(s). 

When there are two or more chillers, and each has 
its own circulating pump, as in Figure 5.28, which 
repeats Figure 5.10(B), the control system must 
determine when to operate chillers (and their 
associated pumps) and when to shut them off. The 
load circuit pump must operate if cooling is to be 
delivered to any of the loads. Flow in the load 
circuit will be determined by the position of the 
two-way control valves in each load branch pipe. 
The first control decision, therefore, is load circuit 
pump control, which has a similar approach to 
that described in Sub-section 5.3.5 for heating. 
Assuming the load pump is operating, Table 5.4 
shows a number of flow situations, based on the 
following assumptions: 
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Fig. 5.28 
Primary-Secondary Chiller and 
Terminal Unit Piping and Control 

Table 5.4 

TEMP. SENSOR 
(TYPICAL) 

CHlillR PUMP 11 l 

LOAD #1 

LOAD #2 

DIFFERENTIAL J 
PRESSURE 

RELIEF VALVE 

• each chiller pump has a flow of 25 litres 
per second; 

• the load circuit design flow is 50 litres per 
second, with a minimum flow as determined 
by the differential pressure relief valve of 
10 litres per second; and 

• depending on load control valve positions, 
load circuit flow may modulate between the 
design and the minimum flow rates. 

The control decisions associated with 
each situation are described in the following 
paragraphs, with reference to flows in specific 
piping sections in Figure 5.28 (piping branches 
are identified by reference to the shaded letters). 
In all cases, it is assumed that the chillers have 
been provided with a seasonal start-up and are 
available for operation as determined by the 
automatic control system. The following 
automatic arrangement is recommended for an 
installation having multiple chillers of equal 
capacity operating with varying system loads. 

The control system will incorporate a 
time-delay relay to prevent activation of a chiller 
pump (and its associated chiller) until the cooling 
load demanding the chiller (as indicated by the 
temperature sensor in the common pipe B-C) 
has existed for some time, typically five to ten 

Chiller Operation and Flow Analysis of System in Figure 5.28 

PUMPS FLOWS (See Note #1) 

Situ a- Load Ch.#1 Ch.#2 A·8 8-C C-O O-E-A 8- A-
tlon (common (See CH#1 CH#2 

pipe) Note 2) -C -0 

1 ON OFF OFF 10 10 10 10 0 0 
2 ON ON OFF 10 -15 10 10 25 0 
3 ON ON OFF 23 ·2 23 23 25 0 
4 ON ON OFF 27 2 27 27 25 0 
5 ON ON ON 2 -23 2 27 25 25 
6 ON ON ON 20 -5 20 45 25 25 
7 ON ON ON 2 -23 2 27 25 25 
8 ON ON ON -2 -27 -2 23 25 25 
9 ON ON OFF 23 -2 23 23 25 0 
10 ON OFF OFF 10 10 10 10 0 0 

Note 1: Positive flow numbers indicate flow that is in the direction shown, i.e., from "B" to "C" in the common pipe. Negative flow 
numbers indicate flow that is in the opposite direction, i.e., from "C" to fiB" in the common pipe. 

Note 2: This column indicates flow around the load circuit from "0" to "E" and around "A" through any or all of the loads plus the 
relief valve. 
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minutes. Similarly, when both chillers are 
operating, and the cooling load reduces so that 
the second chiller can be shut down, the control 
system will delay that action and only complete 
the shut-down if the cooling load does not 
increase. These time delays will minimize 
cycling of chiller activation and deactivation 
by the control system. 

Situation no. 1: The load pump starts and operates 
when the outside air temperature exceeds the 
temperature at which the building can be cooled 
with natural or mechanical ventilation. For most 
apartments, this would be from 16 to 21"C (61 to 
70°F) during the daytime, when there is glazing 
and solar gain. After the sun goes down, the 
required start-up temperature would be higher, 
unless other occupancies provided additional 
internal heat gain. In this condition, no cooling is 
available, as neither the chillers nor chiller pumps 
have been started. The 1 0 Htres per second water 
flow through the common pipe between Band C 
will be at the load circuit return temperature. 

Situation no. 2: A temperature sensor located 
in the B-C common pipe senses the warm water 
temperature and automatically starts chiller pump 
no. 1 (allowing the associated lead chiller to 
start). See Sub-section 4.3.2.7. Because the load 
circuit demand is only 10 Htres per second, 
and chiller flow (B, through chiller #1, to C) is 
25 Htres per second, there is a (back) flow of 
-15 Htres per second through the common pipe 
B-C, and the temperature in this pipe section will 
now be equal to the chiller discharge temperature. 
The first general rule is that, whenever the 
temperature in that portion of the common pipe is 
at the chiller discharge temperature, the flow 
direction has reversed, and the operating chiller(s) 
are delivering more chilled water than is required 
by the loads. 

Situation no. 3: The load circuit flow has 
increased to 23 Htres per second. However, 
because the chiller pump delivers 25 Htres per 
second, the one chiller still delivers more chilled 
water than needed by the loads. This is similar to 
situation no. 2. 
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Situation no. 4: The load circuit demand 
increases slightly to 27 Htres per second. Now, 
the load circuit demands more chilled water than 
is delivered by the one operating chiller. The 
additional water flow is pumped right around the 
common pipe by the load circuit pump. The flow 
in pipe section A-B is 27 litres per second, and 
25 Htres per second flows through the chiller from 
B to C. The remaining 2 Htres per second flows 
around the common pipe from B to C. The 
temperature in this portion of the common pipe is 
now equal to the load circuit chilled water return 
temperature (typically 4 to 8°C warmer than the 
chiller discharge temperature). The second general 
rule is that if there is forward flow in the B-C 
section of common pipe, then the operating chiller 
is not providing enough chilled water to meet load 
demands, and another chiller should be started. 
This situation illustrates that condition, but before 
the second chiller has been started. 

Situation no. 5: The temperature sensor located 
in the B-C common pipe (noted in situation no. 1) 
now senses a water temperature equal to the load 
return temperature, and automatically starts chiller 
pump no. 2 (and chiller no. 2). This sensor only 
starts and does not shut off the chiller pumps. All 
of the flow from chiller no. 2 is delivered to the 
load circuit, but only 2 Lis (the flow in C-D) is 
required from chiller no. 1. The remainder of the 
discharge from the chiller no. 1 flows from C to 
B (backflow) in the common pipe, indicating 
by temperature (now equal to chiller discharge 
temperature) and flow direction that operating 
chillers have more than enough capacity to 
meet the load. Both chillers operate under their 
factory-installed control systems to meet the 
required load. 

Situation no. 6: The chilled water demand has 
risen to a peak of 45 Lis. This is similar to 
situation 5. 

Situation no. 7: The flow drops to 27 Lis (as for 
situation no. 5). 

Situation no. 8: The load circuit demand for 
chilled water has dropped to 23 Lis (similar to the 
flow in situation no. 3), except that both chillers 
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are still operating, even though demand could be 
met by only one of them. Chiller no. 2 delivers 
most of its chilled water output to the load 
circuit. But 2 LIs flow backward through pipe 
section D-C, changing its temperature to equal 
chiller discharge, and joins all of the output from 
chiller no. 1 in flowing back through pipe section 
C-B. Further, there is a 2 LIs backflow in pipe 
section B-A, and this water's temperature is equal 
to the chiller discharge temperature. When water 
backflows in section A-B, it is an indication that 
the chiller piped between this pipe section and the 
load circuit (Le., chiller no. 2) is not needed to 
meet the cooling loads. 

Situation no. 9: The temperature sensor in the 
A-B pipe has shut off chiller no. 2 and its 
associated pump. With only chiller no. 1 
operating, water flows, and pipe section 
temperatures become identical to those in 
situation no. 3. 

Situation no. 10: If the load continues to decrease 
to a level below the minimum chiller output, the 
factory-installed operating controls on chiller no. 
1 will shut it down with its associated pump This 
will return operation to situation no. 1. 

This control arrangement can apply for more 
than two chillers. DDC controls are particularly 
suited to perform these operations. Some chiller 
manufacturers suggest that a directionally 
sensitive flow switch, or flow meter, be 
installed in lieu of the economical 
temperature sensors noted. 
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CHAPTER 6 - COMBINED HEATING 
AND COOLING SYSTEMS 

6.1 Introduction 

Heating and cooling systems can be classified 
by energy source, type of central equipment, type 
of distribution and type of terminal equipment. 
Combined heating and cooling systems have both 
the heating and the cooling required by the suite, 
or other area being served, delivered by the same 
terminal unit. The actual sources of heating and 
cooling energy, however, may be different. For 
example, with central hydronic cooling and 
unitary electric resistance heating, the cooling 
is generated centrally by a chiller, while the 
heating is generated by a heating element in 
each terminal unit. 

Many combined heating and cooling systems 
include heating systems as described in Chapter 3, 
and cooling systems as described in Chapter 4. In 
the discussion of the various types of combined 
systems in this chapter, that material is not 
repeated. This chapter focuses on how such 
systems are combined at the terminal unit. 

The peak cooling load depends on the climate, the 
building size and height, envelope design, thermal 
storage and layout, workmanship and construction 
practice. Depending on the location and the 
building design, cooling may be needed from 
three to nine months per year. 

Combined systems should prevent simultaneous 
operation of the heating and cooling cycles in any 
zone. The control devices for suite terminal units 
should have a "deadband" between the heating 
and cooling setpoints. It is suggested that after 
the cooling control is fully closed, the room 
temperature shall drop 2 to 3°C before the 
heating is energized. 
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6.2 Central Hydronic Heating 
and Cooling 

6.2.1 Hot Water and Chilled Water 
Generation and Distribution 

The central hydronic heating and cooling 
systems are identical to those described in 
Section 3.2, Central Hydronic Heating Systems, 
and Section 4.3, Central Hydronic Cooling 
Systems, except that the two systems share a 
single terminal unit to deliver both the heating 
and the cooling. The present discussion focuses 
on the various ways these two hydronic systems 
may pipe up heating and cooling to the terminal 
units and control its delivery in an integrated 
and efficient manner. 

6.2.2 Terminal Heating/Cooling Units 

When central hydronic systems are used to 
supply both heating and cooling, the terminal 
units are almost always fan-coil units. For proper 
distribution of cooling, a fan-forced terminal unit 
is almost always needed. Modem fan-coil units 
are available with suitable capacities, quiet fans 
and low air noise. The fan normally has a manual 
switch to select from several speeds. For quiet 
operation, unit capacities may be selected on 
the basis of low-speed fan operation. This results 
in a physically larger unit but a higher quality 
installation from an acoustic point of view. 
"Valence" convectors have been used to provide 
cooling (and heating) without fan energy, which 
is an additional cooling load. They are generally 
installed at high level to improve cooling capacity 
and performance. Additional surface area is still 
required to obtain the required cooling, and 
drainage troughs to remove condensation must 
be carefully designed to remove condensate 
and avoid stagnant water. 

Thermostats controlling fan-coil units usually 
include an "auto-manual" fan control switch, as 
well as a "fan on / fan off' switch. In the auto 
position, the fan is turned off except when heating 
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or cooling is required. In the manual position, 
the fan is controlled by the "fan on / fan off' 
switch. If the fan is manually turned off, effective 
heating or cooling will be unavailable. This fan 
control is typical for fan-coil units described in 
Sub-sections 6.2.3, 6.2.4 and 6.2.5. 

6.2.3 Two-Pipe Distribution 

In two-pipe distribution systems, the boiler(s) 
and chiller(s) are both connected into a single 
supply/return distribution system. The chief 
characteristic of a two-pipe system, therefore, is 
that it can provide either heating or cooling at any 
given time but not both at the same time. Refer to 
Sub-section 5.2.3, where this type of distribution 
system is described and illustrated. 

A water-loop heat pump system, described in 
Section 6.6, has a two-pipe distribution system 
and provides simultaneous heating and cooling. 
However, the heating and cooling for individual 
zones is obtained from the unitary heat pump 
units, not from central generation. The hydronic 
(water) distribution system is merely a "carrier" 
for the transfer of energy from one part of the 
building to another. 

The major control decision is to determine when 
the hydronic distribution system should deliver 
hot water and when it should deliver chilled 
water. The most common approach is to use a 
seasonal changeover. In the spring, when heating 
is no longer needed in any suites, the heating is 
turned off by the building superintendent (or 
operator), and cooling is activated. The process 
is reversed in the autumn, when heating is once 
again required in some suites. If there are some 
suites needing cooling while others require 
heating, those requiring heating will normally 
receive priority, and those requiring cooling will 
have to make do with natural cooling from 
outside air coming in through open windows. 

The terminal unit heating or cooling output will 
be controlled by a thermostat that will modulate 
the water control valve to maintain the space 
temperature at the heating or cooling setpoint. 
The thermostat must be of a heating/cooling 

changeover design. When hot water is being 
supplied to the unit, as determined by a sensor 
mounted on the terminal unit supply pipe, then 
the thermostat operates in heating mode. The 
colder the space temperature, the more the 
control valve will open to allow more heat output. 
When chilled water is being supplied, the control 
action must be reversed; the colder the space 
temperature, the more the control valve will be 
closed, reducing cooling output to an already 
cool room. 

An alternate control design would be to use a 
two-position control valve at each terminal unit, 
with a supply water temperature sensor. When 
heating is required, and hot water is being 
supplied in the piping system, the thermostat 
would open the control valve. When heating 
demand is satisfied, the thermostat would close 
the valve. Fan operation would normally be 
continuous for consistent air circulation. If 
heating is required, and chilled water is being 
supplied, the control valve would stay closed. 
The control system would operate similarly 
when cooling is needed and chilled water is 
being supplied. 

6.2.4 Three .. Pipe Distribution 

As noted in Sub-section 5.2.4, three-pipe 
distribution systems are unusual in residential 
buildings and are not recommended. Therefore, 
the alternatives are: 

• two-pipe heating or cooling (see 
Sub-section 6.2.3); 

• two-pipe heating with unitary cooling (see 
Sub-section 6.3); 

• two-pipe with supplementary electric heating 
(see Sub-section 6.4); and 

• four-pipe (see Sub-Section 6.2.5). 

6.2.5 Four-Pipe Distribution 

Sub-section 5.2.5 describes central hydronic 
distribution systems for four-pipe combined 
heating and cooling systems. Figure 6.1 shows 
piping connections to a four-pipe fan~coil unit 
with two independent water coils. Although the 
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Fig. 6.1 
Four Pipe System Coil Connections 
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NOTE: Piping to heating coil is similar to that for cooling coil except condensate drain pan not required. 

diagram shows piping coming from different 
directions, the physical installation would see 
all piping coming from a common riser location. 
The four-pipe distribution system should have 
the heating supply shut down in summer and 
the cooling system shut down in winter. During 
intermediate seasons, both heating and cooling 
would normally be available. 

The room thermostat will usually control both 
the heating and the cooling control valves in 
sequence. When full heating is required, the 
heating valve will be fully open and the cooling 
water valve closed. As less heating is required, 
the heating valve gradually closes to reduce 
heating water flow and output; the cooling valve 
stays closed. As the need for heating ceases, both 
the heating and cooling valves close and will stay 
closed while the space temperature remains within 
a "deadband" range of 1 to 3°e (2 to 5°P). Then, 
as cooling begins to be required, the cooling valve 
starts to open; the heating valve stays closed. As 
more cooling is required, the cooling valve 
progressively opens until, when maximum 
cooling is required, it is wide open. This is a 
fairly sophisticated control. Given today's 
technology, either a self-contained electronic 
control module or a direct digital control (ODe) 
system is the likely choice. However, pneumatic 
controllers to carry out this control are available. 
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6.3 Central Hydronic Heating 
and Unitary Cooling 

6.3.1 Terminal Heating/Cooling Units 

The terminal heating/cooling units for this type of 
system will be self-contained, packaged cooling 
units as described in Sub-sections 4.4.3 and 4.4.4, 
except that they will have a hot-water heating coil 
included in the unit to provide heating. 

Sub-section 4.4.1 provides additional information 
on the features and controls normally provided as 
part of these units. The discussion on air-cooled 
units versus water-cooled units is 
particularly important. 

Terminal unit control will be from a heating/ 
cooling thermostat. The thermostat may have 
separate heating and cooling setpoints, or it may 
have a single setpoint and provide heating when 
the temperature is below setpoint, cooling when 
above. Usually, there will be a "deadband" in 
which neither is activated. The heating control 
will either open or modulate the heating control 
valve to provide heating when needed. The 
cooling control will cycle the cooling compressor 
on and off to meet cooling requirements. The unit 
will usually have an automatic lockout to prevent 
cooling operation when the outside air 
temperature is below about 10°C (500 P). 
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6.3.2 Hot-Water Generation and Distribution 

Hot-water generation and distribution is covered 
in Sections 3.2, 3.3, 3.4 and Chapter 5. 

6.4 Central Hydronic Heating and 
Cooling with Supplementary 
Unitary Heating 

6.4.1 Terminal Heating/Cooling Units 

This system is similar to the central hydronic 
heating and cooling system with two-pipe 
hydronic distribution, as described in Section 6.2, 
except that the terminal units have an electric 
resistance heating element to provide 
supplementary heating. This system benefits 
from the low capital cost of a two-pipe 
distribution system and fan-coil units with a 
single coil but allows for both heating and cooling 
to be available simultaneously in different suites 
during spring and autumn seasons. 

As with the standard two-pipe distribution system, 
a decision must be made as to when the hydronic 
system provides heating and when it provides 
cooling. For this system, when some suites begin 
to require cooling in spring, the system is changed 
over to provide cooling. Any suites still requiring 
heating (say those on the north side of a building) 
would obtain it from the electric heating element 
in the unit. In the autumn, when cooling is no 
longer required, cooling is de-activated, and 
heating started up. Because the supplementary 
heating would only be required during moderate 
weather, its capacity can be much less than the 
design winter heat loss of the area served by the 
unit. A capacity of 25 percent of design is 
commonly used. Among other things, this 
limits the consumption of expensive electrical 
energy for heating, and it is a desirable load for 
electric utilities because it occurs during low 
demand periods. 

The terminal unit control is the same as that 
described in Sub-section 6.2.3, except that 
the thermostat must have an extra contact 
that activates the electric element if heating 
is required when the water temperature sensor 

indicates chilled water, rather than hot water, is 
being supplied. It has been reported that the life
cycle-cost for this arrangement is less than that 
of a four-pipe system (ref. 52). 

6.4.2 Hot and Chilled Water Generation 
and Distribution 

Hot and chilled water generation and distribution 
is covered in Sections 3.2, 3.3, 3.4, 4.3 and 
Chapter 5. 

6.5 Unitary Heating and Cooling 

6.5.1 Terminal Heating/Cooling Units 

The terminal heating/cooling units for this type of 
system will be self-contained, packaged cooling 
units as noted in Sub-section 6.3.1, except that 
they will either: 

• 

• 

be a heat pump with a reversing valve in the 
refrigerant circuit, so they can provide heating 
and cooling from the refrigerant cycle; or 
have an integral electric resistance heating 
element to provide heating. 

Sub-section 4.4.1 provides information on the 
features and controls normally provided as part 
of cooling-only units. Heating/cooling units have 
similar features, but with controls for heating as 
well as for cooling. In particular, the discussion 
on air-cooled units versus water-cooled units 
is significant. 

6.5.1.1 Packaged Terminal Units with 
Electric Heating 

Terminal unit control will be from a 
heating/cooling thermostat. The thermostat may 
have separate heating and cooling setpoints or 
may have a single setpoint and provide heating 
when the temperature is below setpoint, cooling 
when above. Usually, and importantly, there will 
be a "deadband" in which neither is activated. 
The heating control will switch the heating 
element on or off, to provide heating when 
needed. The cooling control will cycle the 
cooling compressor on and off to meet cooling 
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requirements. The unit will usually have an 
automatic lockout to prevent cooling operation 
when the outside temperature is below about 
10°C (500 P). 

6.5.1.2 Packaged Terminal Heat Pumps 

The heat pump refrigeration cycle will operate 
year-round. Therefore, air-cooled units will need 
to incorporate controls to permit heat pump 
operation at low outside temperatures, as well 
as an outside coil defrosting system. In addition, 
these units will typically include an integral 
electric supplementary heating element. This is 
required because the heat pump's heating capacity 
decreases as the outside temperature gets colder 
(there is less heat in the outside air to "pump" into 
the interior of the building), and so supplementary 
heating is needed during cold weather and during 
coil defrost cycles. This means that heat pumps 
are best selected in areas where winter 
temperatures are mild (e.g., lower mainland 
B.C. and southwestern Ontario in Canada). 

Temperature control will be from a 
heating/cooling thermostat. The cooling control 
ensures that the reversing valve is in the cooling 
position and will cycle the compressor on and off 
to meet cooling requirements. The heating control 
will ensure the reversing valve is in the heating 
position and will cycle the compressor on and 
off to meet heating requirements. If heat pump 
heating is inadequate, the heating control will 
activate the supplementary heating element to 
provide the needed extra heat. 

6.6 Water-Loop Heat Pump (WLHP) 

6.6.1 Description 

This system consists of unitary water-source 
(or water-to-air) heat pumps located in each suite 
and in other areas needing heating and cooling. 
The water-side of each heat pump is connected 
to a common circulating water loop. A fan in each 
heat pump circulates room air over a coil in the 
unit, which forms the air-side of the refrigerant 
circuit. Refer to Figure 6.2. When a heat pump is 
providing heat, the water-side is the evaporator 
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and the air-side is the condenser. Thus, heat 
is extracted from the circulating water by the 
evaporator, and the circulating room air is 
heated by the condenser. When the heat pump 
is providing cooling, the air-side coil is the 
evaporator, cooling the air, and heat is 
rejected through the water-side, heating 
the circulating water. 

While heating, WLHP units use approximately 
one unit of energy to remove two units of heat 
from the water loop and provide three units of 
heat to the space (COP = 3). Conversely, while 
cooling they use approximately one unit of energy 
to remove two units of heat from the space and 
reject three units of heat to the loop. Thus, if 
40 percent of the units are providing cooling 
and 60 percent are providing heating, the overall 
system is balanced: the central boiler will not 
need to supply heat nor will the condenser need 
to reject heat from the water loop. This is the 
most energy efficient mode of operation. In this 
instance, the opening of windows to provide free 
cooling would result in inefficiency because the 
heat would not be available for the remaining 
suites. Some installations reportedly use the 
water loop as part of the sprinkler system 
piping and extend it as required to reach 
sprinkler head locations. 

6.6.2 Water-Loop Piping Distribution System 

A pumped closed·circuit water distribution 
system, or water loop, circulates water around 
the building, and this loop is connected to each 
WLHP. Figure 6.3 presents a schematic diagram 
of a typical system, heat pumps, loop heating 
and loop heat rejection. 

When the loop water temperature drops below 
approximately 16°C (61°F) heat must be added 
to the water loop. This will occur at quite low 
outside air temperatures. possibly below freezing, 
when most of the WLHPs are heating the space, 
and withdrawing heat from the water loop. 

When the water temperature in the loop exceeds 
approximately 32°C (90°F) heat must be removed 
from the water loop. This occurs when most 
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WLHPs are in cooling mode and are thus 
rejecting heat to the water loop. 

A water-loop heat pump system is most suited 
to a building where there is frequently a need 
for heat in some zones and simultaneously a need 
for cooling in others. When this occurs, some 
WLHPs are heating, while others are cooling. The 
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temperature floats 
between 16 and 32°C 
(61 and 90°F), means 
that, for many operating 
hours, neither loop heat 
rejection nor heat input 
will be needed. 

The loop piping is 
generally not insulated 
because of the moderate 
water temperatures. 

6.6.3 Supplementary 
Water-Loop 
Heating 

Supplementary heating 
to the water loop may be 
supplied by a boiler, a 
domestic hot water heater, 
solar collectors or the 
ground. When using 
conventional fossil-fired 
appliances, care must be 
taken - because the loop 
water temperature is so 
low to ensure that the 
loop water does not come 
into direct contact with 
the boiler heat exchanger. 
A heat exchanger will 
avoid direct contact 
between boiler water 
and loop water, or a 
modulating control valve 

may be used to mix boiler water into the loop. A 
swimming pool heater incorporating a bypass, 
which avoids unwanted condensation and thermal 
shock in the boiler, may be used. If an electric 
resistance boiler is used, there are no thermal 
shock or condensation concerns. 

6.6.4 Water-Loop Heat Rejection 

A closed-circuit, evaporatively cooled, fluid 
cooler is the most commonly used heat rejection 
device. (See Sub-section 4.3.3.) Cooling in 
apartment buildings should not be needed at 
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to maintain flow must be within the 
building. Further shut-down and isolation 
of the heat rejecter to prevent freezing must 
be simple to do. 

6.6.5 Water-Loop Thermal Storage 
and Solar Heating Option 

Compared to most commercial buildings, 
multi-unit residential buildings have less 
internal heat gain and thus less cooling 
requirement. Simultaneous heating and 
cooling, leading to balanced water-loop 
temperatures in a WLHP system, may not 
occur very often. However, if additional 
heat storage is incorporated into the water 
loop, it will be able to store most of the 
heat rejected to it during daytime cooling 
without exceeding the maximum loop 
temperature. The stored heat could then be 
available, except during periods of severe 
outside temperatures, when heat is required 
from the water loop at night or early the 
next morning. As a result, the need for 
active heat rejection and supplementary 
supply are both reduced. If a storage tank 
is installed, it is normally located in the 
water loop return pipe, upstream of the 
supplementary heater and heat rejecter. 

--Supply Piping 

- - - - Retum Piping The basic water loop (without storage 
tanks or ground coils) provides substantial 
thermal storage. The amount of stored 

low outside air temperature and the heat rejecter 
should be shut down prior to encountering 
freezing conditions. (See Sub-section 5.7.2 for 
the discussion on Balance Temperature.) This is in 
contrast to retail, commercial and office buildings, 
which have high internal gains and do require 
heat rejection even in very cold periods. If a suite 
does need cooling then the WLHP in that space 
will operate in cooling and will reject heat to the 
loop. If enough WLHPs do this, heat will need to 
be rejected from the loop. If heat rejection were 
required under near freezing conditions, the 
evaporative part of the fluid cooler could be 
drained and the heat rejected by "dry" heat 
exchange. In any event, water-loop circulation 
must be maintained, and ALL the piping required 
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heat available depends on the volume of water, 
quantity of piping and the loop temperature 
difference between actively rejecting and adding 
heat. To maximize heat storage per unit of loop 
volume, designers may allow the water-loop 
temperature to drop as low as 5°C (41°F) before 
heat input is activated. Heat pumps capable of 
operation with this Iowa water inlet temperature 
must be selected. With a 5 to 32°C loop 
temperature range, heat storage will be 
68 percent more than the typical 16 to 32°C 
temperature range. 

If supplementary solar heating energy is 
incorporated, the economics of using a storage 
tank could be evaluated. The installation would 
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consist of a simple glazed collector with a piping 
loop to a heat exchanger located in the storage 
tank and a pump to circulate the heating fluid 
when solar energy is available. If the system 
does not incorporate drain-down into a tank 
inside the building for when the pump is off, 
then the solar piping loop will need to contain an 
anti-freeze solution. See references 53 and 54 for 
additional information. 

6.6.6 Ground-Coupled Option for 
Supplementary Heating and Heat 
Rejection 

The earth (ground source) may be used as a heat 
source and a heat sink for water-loop temperature 
maintenance. In such an installation, the water
loop includes heat exchange piping buried in the 
ground. The deep earth temperature is virtually 
constant all year round, and that temperature 
falls within the extended water-loop temperature 
range. This means that the heat exchange piping 
in contact with the ground will reject heat to the 
ground when loop temperature rises above ground 
temperature and withdraw heat from the ground 
when the loop temperature drops below ground 
temperature. The length of heat exchange piping 
in the ground must be enough to provide 
sufficient heat transfer, so the water loop 
temperatures never get too hot or too cold. 
Additional guidance for design and sizing is 
available in references 55 and 56. 

The heat exchange piping is normally made of 
high-density polyethylene or polybutylene with 
heat-fused joints. It can be installed as U-tubes in 
vertical boreholes or in horizontal trenches with 
up to six pipes per trench. 

Minimum water-loop temperatures in 
ground-coupled systems will be lower than in 
conventional systems. Therefore, the heat pumps 
must be selected for these temperatures. If water 
temperature might approach the freezing point, 
then an anti-freeze solution will be required. (See 
Section 5.5 for information on freeze protection.) 

6.6.7 Water .. Source Heat Pump Units 

In multi-unit residential buildings, in-suite water
source heat pumps will likely be either console 
units, designed for free-air delivery into the suite, 
horizontal ceiling plenum units, or vertical closet 
units, which may have limited supply ductwork. 
Installation configurations will thus be similar to 
those of fan-coil units, and the same criteria for 
appropriate location, number of units and zoning 
apply. (See Sub-section 4.3.5.) 

Like unitary air conditioners, water-source heat 
pumps contain refrigeration compressors. These 
cycle on and off, and quiet operation is essential 
if resident complaints are to be avoided. This is 
an advantage for vertical closet-mounted or 
horizontal ceiling-plenum-mounted heat pumps, 
as they will be relatively isolated from bedrooms 
and living areas. By contrast, any noise generated 
by console units mounted in the occupied space 
will be more noticeable. 

Because the water-loop temperature is kept 
quite close to room temperature, water-source 
heat pumps in WLHP systems typically are quite 
efficient. High-performance heat pumps rated for 
a minimum heating COP of 4.8 are commercially 
available. Their comparable cooling season EER 
(Energy Efficiency Rating) in kW/ton cooling is 
14.3. Reference 57 requires a minimum EER of 
9.3 (COP = 2.72) at ARI conditions for units less 
than 19 kWth. Individual unit capacities vary from 
6 to 15.4 kWth (20,300 to 52,500 Btu/h) cooling. 
Water flow rates range from 1.6 to 3.9 L/min 
per kWth of heating or cooling. 

WLHPs are typically connected to the suite's 
electrical service, and thus each tenant pays for 
electrical energy consumed for heating and 
cooling. Energy for pumping the water loop and 
for supplementary heating and heat rejection is a 
common charge item. It should be noted that the 
annual pumping energy cost may be significant. 
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CHAPTER 7 - VENTILATION SYSTEMS 

7.1 Introduction 

Ventilation systems help control odours and 
remove indoor air contaminants generated from 
occupancy and off-gassing of building materials, 
and they can reduce overheating. Some of the 
contaminants include tobacco smoke, cleaning 
chemicals, odours from cooking, laundry and 
washrooms and bacteria from garbage storage, 
etc. Ventilation air can be supplied directly to 
suites, either from self-contained ventilation 
systems serving each suite individually or through 
a central ventilation system. Alternatively, if 
building and fire codes permit, ventilation air may 
be delivered to suites through corridor duct shafts 
and grilles. Air-handling systems are required to 
pressurize stairwells (and some corridors) to limit 
smoke migration in the event of a fire. This can 
be provided either from dedicated systems or 
as part of a ventilation air distribution system. 
Common areas generally have separate 
ventilation systems. 

Air may be exhausted directly outside through 
individual exhaust fans and ducts, or it may 
be collected by an exhaust duct system and 
discharged from a central location. Sometimes 
heat recovery is incorporated. 

Designing supply and exhaust ventilation 
systems involves: 

• defining the air exchange requirements for 
each space; 

• locating ventilating equipment and air intake 
and exhaust openings; 

• integrating the ventilation system into the 
heating and cooling systems, as appropriate; 

• sizing the distribution ductwork, risers, 
branches, grilles and diffusers; 

• defining operating sequences; 
• selecting controls; and 
• occupancy considerations (i.e., who owns, 

operates and maintains the system). 
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These various requirements are discussed in the 
following sections. 

7.2 Design Considerations 

7.2.1 Outside Air Ventilation and Exhaust Air 
Flow Rates 

The minimum outside air ventilation and 
exhaust air flow rates are mandated by code and 
regulation. For multi-unit residential buildings 
constructed under the National Building Code of 
Canada (NBCC) 1995 (ref. 58), or a code based 
on NBCC 1995, there are two options: 

• Ventilation systems "serving a single 
dwelling unit" must comply with NBCC 
Sub-section 9.32.3. For this option to 
apply, there must be no centralized supply 
ventilation systems serving suites either 
directly or indirectly (e.g., a corridor 
pressurization system) and with exhaust 
limited to individual exhaust fans discharging 
directly to the outdoors. Reference 59 outlines 
alternative techniques for meeting the 
requirements of Sub-section 9.32.3. 
These requirements were derived from 
CAN/CSA F326 (Residential Mechanical 
Ventilation Systems). 

• For buildings where central ventilation 
systems are used for either supply or exhaust, 
NBCC Part 6 requirements apply. Part 6 in 
the NBCC 1990 and 1995 both requires 
"good engineering practice," and references 
ASHRAE Handbooks and Standards. 
ASHRAE Standard 62-1989, Ventilation 
for Acceptable Indoor Air Quality, covers 
ventilation requirements. The NBCC 1995 
mandates ASHRAE Standard 62-1989. 
Outdoor air quantities for selected areas 
are noted in Table 7.3. 
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Table 7.1 
Outdoor Air Quantities 

Master bedroom: 

Other bedrooms: 

Living, dining, family 
and recreation rooms: 

Basement: 

Other habitable rooms: 

Kitchen, bathroom, 
laundry and utility rooms 

Table 7.2 
Exhaust Air Quantities 

10 LIs (20 cfm) 

5 LIs (10 cfm) 

5 LIs (10 cfm) each 

10 Us (20 cfm) 

5 Lis (10 cfm) 

5 LIs (10 cfm) each 

Continuous Intermittent 

Kitchen: 30 Us (60 cfm) 50 LIs (100 cfm) 

Bathroom: 10 Us (20 efm) 25 LIs (50 cfm) 

For apartment-based systems, minimum outdoor 
air flow quantities are noted in Table 7.1. Exhaust 
air requirements for apartment-based systems are 
provided in Table 7.2. 

The NBCC 1990 permitted these ventilation rates 
to be met by either natura] or mechanical means. 
For multi-unit residential buildings designed 
under the NBCC 1995, or a building code based 
on it, ventilation must be provided either: 

in accordance with NBCC Sub-section 6.2.2, 
which mandates ASHRAE Standard 62-1989 
for minimum outdoor air flows; or 
for "self-contained mechanical ventilation 
systems that serve only one dwelling unit," 
such as a suite, there is an option to design in 
accordance with NBCC Sub-section 9.32.3, 
which sets out minimum ventilation air flows 
based on CANjCSA F326. 

Table 7.3 
Outdoor Air Requirements(l) 

Suite Living Areas: 0.35 air changes per 
hour but not less than 
7.5 Lls/person(2) 

Suite Kitchens: 50 Us intermittent or 
12 LIs continuous(3) 
or operable windows 

Suite Bathrooms: 25 Us intermittent or 
10 LIs continuous(3) 
or operable windows 

Common Corridors: 0.25 Us/m2(4) 

Common Rooms: 8 Us/person 

Utility Rooms: 0.25 Us/m2 

Common Laundry 8 Us/person 

Indoor Swimming Pools 2.5 Us/m2 

Locker Rooms 2.5 Us/m2 

Enclosed Parking Garages 7.5 Us/m2 

NOTES: 
(1)The values in this table are from ANSI/ASHRAE 

Standard 62-2001 "Ventilation for Acceptable Indoor 
Air Quality" unless otherwise referenced. It is the 
designer's responsibility to confirm that ventilation 
rates meet with local building codes. 

(2) For calculating the air changes per hour outdoor air 
rate, the volume of all areas within the conditioned 
space shall be used. Occupant-based rates shall be 
based on 2 persons for the first bedroom and one 
additional person for each additional bedroom unless 
higher occupancy loadings are known. 

(3) Installed mechanical exhaust capacity. 
(4) The 1995 ASHRAE HVAC Applications Handbook 

recommends that corridor ventilation in mUlti-unit 
residential buildings be no less than 2 ach. 

An important change in the NBCC 1995 is that 
minimum ventilation air flows must be provided 
by mechanical means; natural ventilation alone, 
such as by infiltration or air flow through open 
windows, is not acceptable. This applies to 
both the options listed above. In addition, for 
self- contained ventilation systems that are not 
part of a forced-air heating system and are 
designed under NBCC Sub-section 9.32.3, supply 
air must be ducted to every bedroom and living 
space not served by a principal exhaust. This is a 
major change from past NBCC requirements, and 
one that is directed primarily to detached single
family dwellings. It is noteworthy that, if the 
designer chooses to apply NBCC 
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Sub-section 9.32.3 to a multi-unit residential 
building, then ductwork for suite air distribution 
would be required there as well. 

7.2.2 Stack and Wind Effects 

The operation of ventilation systems is affected 
by many factors. These include: the indoor to 
outdoor temperature difference; wind forces, 
which create pressures across the building 
envelope; the degree of compartmentalization 
within the building (domiciliary buildings tend 
to be highly compartmentalized); and air leakage 
openings in both the building envelope and in 
compartment separations (walls, doors and 
ceilings/floors). If the design of ventilation 
systems does not take these factors into account 
properly, then system operation may not be in 
accordance with design intent and may, in 
fact, contravene Building Code requirements. 
Reference 61 provides evidence that the operation 
of ventilation systems in many existing mid- and 
high-rise residential buildings is sub-standard. It 
also provides a detailed discussion, summarized 
in this sub-section, of stack and wind effects on 
ventilation system operation. 

7.2.2.1 Air Leakage Openings 

Intentional openings, such as open windows and 
doors, can reduce the efficiency and performance 
of ventilation systems. The natural air flow 
through these openings may either add to the 
ventilation rate or short-circuit air flows, 
depending upon outside temperature and wind 
direction. However. these are under the control 
of residents, not designers. 

Unintentional air leakage openings can also affect 
ventilation system operation. Common openings 
are cracks: between doors and frames; between 
window and door frames and walls; at wall-floor, 
wall-ceiling and wall-wall junctions; stairwells, 
elevator shafts, ventilation shafts, and garbage 
chutes. These openings can be reduced by 
good design detailing; by appropriate product 
specification and selection; and by competent 
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on-site installation. It is important to note that the 
fewer leaks there are between compartments, the 
more likely that ventilation systems will operate, 
and be controllable, as intended. Again, these are 
outside of the control of the designer. 

Air flows through a leakage opening from the 
high pressure side to the low pressure side with a 
magnitude as expressed in the following equation 
(ref. 62): 

Equation 7-1: 

Q = C * (Ph - Pl)n 
where: 

Q = airflow rate through the 
leakage opening in L/s; 

C = flow coefficient for leakage 
opening in L/(s-m2); 

Ph - PI = pressure difference between 
the high-pressure side and 
the low-pressure side of the 
opening in pascals (PA); 

n = flow exponent for the 
leakage opening, 
dimensionless and typically 
in the range of 0.5 to 0.7 
(ref. 63). 

Studies have shown that, in multi-unit residential 
buildings, ceilings, floors and corridor walls 
typically have low leakage, whereas exterior 
walls/windows, suite access doors to corridors 
and elevator and stairwell doors exhibit large 
leakage. Leakage through partition walls between 
suites and from suites to service shafts for 
plumbing, wiring (both communications and 
power), ductwork, etc., tends to be intermediate. 
Further, exterior wall leakage rates in large 
residential buildings range from 1.4 (good) to 
10 (poor) litres per second per square meter when 
tested 'at 75 pascals (refs. 64 and 65). Air will 
flow through a leakage opening only if there is a 
pressure difference between the two sides of the 
opening. There are three driving forces for such a 
pressure difference: stack effect, wind effect and 
mechanical ventilation system fans. Only the 
latter is controllable by the designer. 
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However, if a ventilation system is to operate as 
intended, it must take the uncontrollable effects 
of stack and wind into account. 

7.2.2.2 Stack Effect 

In Canada, stack effect occurs predominantly 
during cold weather. Warm air inside a building 
is less dense than colder outside air. The dense 
outside air wants to displace the warm, lighter 
inside air on the lower levels. The warm air in 
the building tends to rise, creating a low pressure 
inside the building (relative to outside) at the 
lower floors, leading to infiltration. The warm 
air at the top of the building tries to escape, 
resulting in high pressure (relative to outside) 
on the upper floors of the building, leading to 
exfiltration. The theoretical magnitude of these 
pressure differences is expressed in equation 7-2 
(ref. 66): 

Equation 7·2: 

Pstack = Pi * g * (h - hNPP) * (Ti - To) 1 To 
where: 

Pstack = pressure difference at a leakage 
opening due to stack effect in Pa 
(theoretical relationship); 

Pi = indoor air density in kglm3, 
(approx. 1.2 kg/m3); 

g = gravitational constant, 9.8 m1s2; 
h = leakage opening elevation from 

grade in m; 
hNPP = neutral pressure plane elevation 

from grade in m; 
To = outdoor absolute temperature in 

OK,; and 
Ti = indoor absolute temperature in OK. 

If there were perfect separation between each 
storey of a building, then pressure differences for 
stack effect would be limited to that of a single 
storey for each floor. However, perfect separation 
is difficult, and some industry experts believe that 
it is impractical to compartmentalize high-rise 
buildings because of stairwells and elevator 
shafts with leaky doors that effectively extend 
stack effect to the full height of the building. 
Nevertheless, compartments within the building 

tend to restrict movement of air, thus somewhat 
reducing the pressure differences created by 
stack effect. The ratio of actual to theoretical 
stack-induced pressure is called the Thermal 
Draft Coefficient (TOe). Field studies in office 
buildings (ref. 66) suggest a TDe range of 
0.8 to 0.9. As residential buildings are more 
compartmentalized than office buildings, a TDC 
range of 0.7 to 0.8 might be expected. Using a 
TDC value of 0.8 in stack effect calculations 
would seem to represent a conservative approach. 

Combining the constants in Equation 7-2 and 
including an assumed TDC of 0.8 results in the 
estimated (calculated) relationship expressed in 
Equation 7-3. 

Equation 7 .. 3: 

Pstack = 9.4 * (h - hNPP) * (Ti - To) / To 
where: 

Pstack = calculated pressure difference at a 
leakage opening due to stack effect 
in Pa; 

9.4 = combined constants and TDe 
of 0.8; 

h = leakage opening elevation from 
grade in m; 

hNPP = neutral pressure plane elevation 
from grade in m; 

To = outdoor absolute temperature in OK; 
and 

Ti = indoor absolute temperature in OK, 
normally 293 (273 + 20) °e. 

This equation should be used to estimate stack 
effect pressure differences caused by indoor
outdoor temperature differences. For example, 
consider a 10-storey building which is 27 metres 
in height, with the neutral pressure plane 
(Pstack = 0) halfway up at 13.5 metres. 
When the outdoor temperature is -20oe 
(or 273 - 20 = 253 OK), an apartment on the 
top floor, at an average height of 25.65 metres, 
would have a Pstack of : 

Pstack = 9.4 * (26.65 - 13.5) * (293 - 253) 1253 
= 19.5 Pa. 
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Ignoring wind and mechanical system effects, an 
apartment on the first floor, at an average height 
of 1.35 metres, would have a Pstack of -18 Pa. 
Note the first-floor suite has a negative pressure, 
resulting in infiltration, while the tenth floor suite 
has a positive pressure, resulting in exfiltration. 
This reflects current observations and experience. 

Figure 7.1 (A) illustrates the pressure profile in a 
tall building with a central exhaust system during 
the summer, when indoor-to-outdoor temperature 
differences are minimal. Figure 7.1(B) shows the 
pressure profiles in the same building during 
winter conditions. It is noteworthy that the slope 
of the pressure in the exhaust duct and elevator 
shaft would be the same for summer and winter 
if there was not an exhaust fan, The slope of the 
exhaust duct pressure differs from that of the 
elevator shaft due to the ductwork friction 

Fig 7.1 

resulting from exhaust fan operation. Further, 
for any elevation, if the elevator is stationary, 
the elevator shaft always has a positive pressure 
compared to that in the exhaust duct; this 
difference is greatest at the top, due to the 
roof-mounted exhaust fan. 

In cold weather, note how in Figure 7.1(B) the 
suite pressures (sawtooth line) decrease relative 
to both elevator shaft and exhaust duct pressures 
at higher storeys, while at the same time they 
increase relative to the outside air. This occurs 
because both the elevator shaft and the exhaust 
duct are open through the full height of the 
building, which maximizes stack effect. So the 
higher in the building, the greater the pressure 
differential between inside and outside due to 
stack effect. In this illustration, on the top two 
floors, the suites are at a lower pressure than 
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the exhaust air duct. As a result, air would flow 
from the exhaust duct into the suite (reverse 
flow through the exhaust duct) and thence to 
the outside by exfiltration through the building 
envelope. This is a severe situation, but one 
which can, and has, occurred when the exhaust 
fan pressure differential is small and the building 
envelope is loose. Not only is it very undesirable, 
but the NBCC does not penn it air to flow 
from one suite into another one due to 
smoke-control concerns. 

In addition, on lower floors, the elevator shaft 
(and stairwells) are at a lower pressure than the 
suites. Thus, air flows from suites on lower 
floors into corridors (which are at intennediate 
pressure), and thence into elevator shafts and 
stairwells, where it then rises by stack effect. 
On upper floors, air flows out of the elevator 
shafts and stairwells into the corridor, into the 
suites, and finally outside by exfiltration. These 
pressures profiles demonstrate why sometimes 
elevator doors "stick" and stairwell and entrance 
doors are difficult to open during very cold 
conditions in loose buildings: the pressure 
differences across them create forces that 
must be overcome. 

7.2.2.3 Wind Effect 

If a wind is blowing, it exerts a positive pressure 
on one or two faces of the building and a negative 
pressure on the other orientations. Wind will thus 
create pressure differences across the building 
envelope and cause air flows through air leakage 
openings. The magnitude of these forces is 
proportional to the square of the local wind 
velocity and dependent upon the relative 
orientation of the wall and wind. Reference 67 
suggests the following relationship: 

Equation 7·4: 

Pwind = 0.5 * Pi * (To / TO * (Cp - Cin) * v2 

Where: 
Pwind = 

To= 
Tj= 

Cp = 

Cin= 

v= 

static pressure difference at leakage 
opening due to wind effect in Pa; 
density of indoor air, kg/m3, 
assumed constant at 1.2 kg/m3; 
outdoor absolute temperature in K; 
indoor absolute temperature, K, 
assumed constant at 293 (which is 
+ 20°C); 
surface pressure coefficient, 
dimensionless; 
interior pressure coefficient, 
dimensionless; and 
local wind speed (undisturbed air) 
in mls. 

Wind pressure varies with both velocity 
and air density. This equation uses indoor 
air density and corrects it for outdoor air 
temperature - that is, the "(To / Ti)" term 
in the equation. 

The surface pressure coefficient depends on 
building geometry, wind direction and the 
location of the leakage opening in the building 
envelope. Figure 7 .2( a) shows values of Cp for 
a low-rise building for different wind directions, 
averaged over the entire building wall. Figure 7.2 
(b) shows the same information for a tall building. 
Note that for the tall building, Cp depends on the 
aspect ratio of the floor plate. 

If building envelope leakage openings 
are evenly distributed and internal air flow 
resistances are low, then the interior pressure 
coefficient is about -0.2 (ref. 66). Thus the 
"Cp Cin" term in the equation becomes 
"Cp - (-0.2)", which is the same as "Cp + 0.2". 
When this is done and the constants are 
combined, equation 7-4 becomes: 
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Equation 7·5: 

Pwind = 0.002 * To * (Cp + 0.2) v2 

where: 
Pwind = static pressure difference at 

Cp = 

To= 

v= 

leakage opening due to wind 
effect in Pa; 
surface pressure coefficient, 
dimensionless, value taken from 
Figure 7.2 or other appropriate 
sources (note that Cp may be 
positive or negative); 
outdoor absolute temperature 
in K; 
and 
local wind speed (undisturbed 
air) in mls. 

As an example, consider the wind 
pressure on a tall building with a 4: 1 floor 
plate aspect ratio from a wind of 10 metres 
per second (22.4 miles per hour) at 30 degrees 
to the long side of the building when the 
outside air temperature is -20cC. From Figure 
7 .2(b), on the windward side of the building, 
the wind angle is 30 degrees, and Cp = +0.40. 
Using Equation 7-5: 

• WIND ANGLE 
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Fig. 7.2 (b) 
Surface-Averaged Wall Coefficients for 
Tall Buildings 
(reprinted with permission from 1997 Fundamentals 
Handbook, ASHRAE Inc., Atlanta, GA.) 

Pwind = (0.002) (273 - 20) (0.4 + 0.2) (10)2 
= +30 Pa. 

On the leeward side of the building, with a wind 
angle of 150 degrees, Cp = -0.30. Then: 

Pwind = (0.002) * (273 - 20) * (-0.3 + 0.2) * (lOY 
= 5 Pa. 

7.3 Supply Systems 

Air flows through air leakage paths from areas 
of higher pressure to areas of lower pressure. 
As the previous discussion shows, wind and 
stack effects do create pressure differences 
between suites on the one hand and other 
suites, outdoors, corridors, exhaust ducts, 
services shafts, stairwells and elevator shafts 
on the other hand. The design of ventilation 
systems, both supply and exhaust, must take 
these pressure differences into account. In 
addition, the design and construction of the 
building envelope should deliberately 
undertake to minimize air leakage paths, 
thus making control of unwanted air flows 
much easier. 

The overall building design, and the 
ventilation system design in particular, must 
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also ensure that pressure differences across 
exit doors do not result in an excessive door 
opening force. See Sub-section 7.3.7 for 
further information. 

The following building and ventilation system 
characteristics are desirable to minimize 
undesirable pressure differentials: 

• ductwork for a single fan system should not 
be connected to more than 12 floor levels; 

• ventilation fans should be selected to 
provide static pressures that offset stack-and 
wind-induced pressure differences that would 
result in undesirable air flow directions; 

• all vertical service shafts and chases should 
be sealed at each floor level; 

• stairwells should have tight-fitting doors to 
minimize openings to individual floors; and 

• elevator doors with gaskets, seals and larger 
drive motors, or elevator lobbies with 
tight-fitting doors would be provided on 
every level. 

7.3.1 Duct Distribution and Fans 

Duct distribution systems provide a pathway 
through which supply or exhaust air will flow 
when an air pressure is created by a fan. The ideal 
duct distribution system will convey the necessary 
air flows and have low pressure drop, little or no 
turbulence or air noise and low installation cost. 
These are often conflicting requirements, and 
attention to design details is essential to achieving 
an optimum compromise. Basic duct design and 
construction guidance can be found in ASHRAE 
(refs. 68 and 69) and SMACNA (ref. 70). For 
duct systems in multi-unit residential buildings, 
designs should: 

• Keep ducts as straight as possible. Fittings 
should be minimized as they are three to 
seven times more expensive than straight 
runs of the same area. This reduces both 
cost and pressure drop but may require close 
co-ordination with the architect to obtain the 
required space. 

• Use ducts with aspect ratios (ratio of the 
width to height) of less than 3 to 1. Ducts 
with higher aspect ratios are more expensive 
per unit flow. 

• Use manufactured circular or "flat-oval" ducts 
where feasible. They are more rigid, are less 
expensive per unit of flow and usually leak 
less than field-fabricated ducts. 

• Seal ductwork to minimize leakage and 
air loss. 

• Do not use flexible ducts except for short 
sections at connections to inlets or outlets. 
When used, stretch them to eliminate kinks 
and excessive pressure drop. 

• To improve energy efficiency and to reduce 
system noise, use inlet and outlet connections 
to fans that have low duct entry and exit 
losses. 

• Select maximum air velocities as noted in 
Table 7.4. Adherence will result in relatively 
good energy efficiency and in low noise 
levels, provided turbulence is avoided. 

The importance of duct and fan layouts that 
provide straight air flow into and out of fans 
cannot be over-emphasized. Layouts with 
insufficient space result in uneven or swirling 
air flows and generate system pressure losses 
over and above normal duct friction losses, 
termed System Effect Factors (SEF), which must 
be accounted for if fan performance is to meet 
design requirements. Pressure losses increase as 
duct velocity increases, so systems with small 
fans and ducts and high air velocities suffer 
higher losses than larger systems with lower 
air velocities. Figures 7.3 and 7.4 show a variety 
of fan inlet and outlet duct connections, with 
estimates of the corresponding SEF losses, which 
must be added to other calculated losses. Where 
high loss configurations are unavoidable, the 
designer should calculate the system effect losses 
and include them in the fan pressure selection. 

As an example to the use of Figures 7.3 and 7.4, 
consider a fan inlet configuration with an inlet 
elbow of RlEDD = 0.75 (EDD signifying 
"equivalent duct diameter"), this is between that 
shown in Figures 7.3 (C) and (D), with the inlet 
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Table 7.4 
Recommended Maximum Air Velocities Based on Total Face/Duct Area 

Element Velocity (m/s) Velocity (fpm) 

Intake louvres (Note 1): Over 3,300 Lis 2.0 400 
Less than 3,300 Lis 1.25 250 

Exhaust louvres (Note 2): Over 2,400 Lis 2.5 500 
Less than 2,400 Lis 2.0 400 

Panel filters: Viscous impingement 1 to 4 200 to 800 
Flat, dry (low efficiency) duct velocity duct velocity 
Pleated (intermediate up to 3.8 up to 750 
efficiency) 

Main ducts (Note 3) 3.5 to 4.5 700 to 900 
Branch ducts 3.0 600 
Grilles, registers and diffusers 0.25 to 0.75 50 to 150 
Heating coils 1.5 to 2.5 300 to 500 
Cooling coils 1.25 to 2.5 250 to 500 
Stairwell exit door for smoke control 1 to 2 200 to 400 
Air velocity in occupied space (Note 4): summer 0.25 50 

winter. 0.15 30 

Notes: 

1: Intake louvres are sized on a free area that depends on the louvre design and may range from under 20 percent of the face 
area of a 0.3 metre by 0.3 metre (12 inch by 12 inch) to over 50 percent for a 2.5 metre by 2.5 metre (100 inch by 100 Inch) 
louvre. Further, they generally have a maximum static pressure drop of 35 pascals and negligible water penetration. 
Rainhoods and cowls may be utilized. Any reduction of free area caused by bird screening must also be allowed for. 

2: Based on exhaust louvres larger than 1.2 square metres with at least 45 percent free area and a maximum static pressure 
drop of 60 pascals. 

3: Ducts are sized according to on 0.6 to 0.8 pascals/metre (0.08 to 0.1 inches water gauge per 100 feet). Velocity is normally 
checked in critical areas to ensure that noise is not a problem. 

4: The occupied space is defined as any point between 0.2 metres and 2.0 metres from the floor the and more than 0.3 metre 
from a full-height partition or an exterior wall. 

duct length "L" equal to zero. Interpolating 
between the two figures, at an inlet velocity of 
7.5 metres per second (1,500 feet per minute) the 
system effect factor (SEF) will be approximately 
60 pascals (0.25-inch water). If the inlet velocity 
was 15.0 metres per second (3,000 feet per 
minute), then the SEF is much larger, about 
260 pascals (1.05-inch water gauge). However, 
adding a short inlet duct with "L" equal to twice 
the EDD, reduces SEF significantly. Interpolating 
between Figures 7.3 (C) and (D) again, shows that 
at 7.5 metres per second inlet velocity the SEF 
will be about 25 pascals (0.10·inch water gauge), 
and at 15.0 metres per second inlet velocity, about 
155 pascals (0.65-inch water gauge). Even though 
these examples use interpolation, it is important 
to note that the interrelationship between SEF, 
Velocity, and Outlet Ratio are not linear. After 
performing a similar analytical process to obtain 
the SEF at the fan discharge, the total SEF would 
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be added to the system pressure drop prior to the 
final fan selection. Additional configurations and 
velocities are presented in Reference 71. 

The static pressure developed by fans in most 
multi·unit residential buildings is less than 500 Pa 
(2 inches water). Based on the Sheet Metal and 
Air Conditioning Contractors National 
Association (SMACNA), duct construction 
standard for this design pressure, a water-based 
sealer should be applied to all transverse joints 
(ref. 72). However, if duct design static pressure 
exceeds 500 Pa, then heavier duct construction 
and additional sealing measures will be required. 
Refer to the SMACNA Duct Construction and 
Duct Sealing Standards. If ducts are not 
constructed, installed and sealed to the standards, 
they should be tested in conformance with the 
SMACNA Air Duct Leakage Test Standard. 
Because ductwork can support the movement 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

Fig. 7.3 
System Effect Factors for Fan Inlet Conditions 

FIG.7.3(A) 
RlEDO = 1.0 FAN INLET 

VEL, m/sec 

. ~ .. ~ . 
7.5 

-- . 

15.0 

FIG 73(8) 
R IEDD = 1.0 L FAN INLET 

L ... Io.l I-f-H+ol 
VEL, m I sec r ~~) ... 

V 7.5 
.. ~ 

.... ~ w 

15.0 

FIG.7.3(C) H[ 
AlEDO = 1.0 

FAN INLET 
VEL, m/sec 

... 

7.5 

15.0 

FIG 73(0) .. 
R /EDD = 1.0 

~rH1 
FAN INLET 

I" L 
VEL, m/sec 

I:· .. ··:~I [SJ 7.5 

15.0 

NOTES: 
Based on air at standard conditions. I 

2 
3 

Inlet ratio is dimension "L" divided by equivalent inlet duct diameter (EDD) 
If system effect factor (SEF) is less than 25 Pa, it is assumed to be "0". 

INLET RATIO, 
SEF, Pa. "UEDD" 

0 45 

2.0 0 

0 170 

2.0 90 

INLET RATIO, 
"L/ EDD" SEF, Pa. 

0 0 

2.0 0 

0 75 
. 2.0 45 

INLET RATIO, SEF, Pa. ilL I EDD" 

0 40 

2.0 0 

0 170 

2.0 90 

INLET RATIO, 
"L/ EDD" SEF. Pa. 

0 85 

2.0 55 

0 350 

2.0 225 

Page 123 



Mechanical and Electrical Systems in Apartments and Mu/ti·Suite Buildings 

Fig. 7.4 
System Effect Factors for Fan Discharge Conditions 
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of smoke, hot gases and fire from one area to 
another, it must be non-combustible and have fire 
dampers at all fire separations. 

Smaller, high-velocity ducts are sometimes 
used when space is limited, but they require 
more operating energy (air velocities and losses 
are greater) and are generally more expensive 
to install. 

Fans create an air pressure difference and result 
in air flow. The impeller imparts both static 
and kinetic energy to the air. Figures 7.5A and 
7.5B display typical performance for centrifugal 
fans. Note that the Pressure/power "arbitrary 
units" may be watts, pascals, inches water 
gauge, etc. 

Most fans are of the centrifugal impeller design 
because they can efficiently move large or small 
quantities of air over a wide range of pressures. 
Propeller (axial) fans are popular for low-pressure 
applications. Axial fans are characterized by low 

Fig. 7.5 (A) 

efficiency but can provide high flow rates where 
there is no ductwork. 

The four types of centrifugal fans are airfoil, 
backward-curved, radial and forward-curved. 
The airfoil has backward-inclined blades with an 
airfoil cross-section. It has the highest efficiency 
but is only used in large systems. The backward
inclined design is similar to the airfoil, but the 
blades are flat, reducing manufacturing cost. 
The radial blade provides the highest pressure 
characteristics but is not common in HVAC 
applications. The forward-curved design is most 
commonly used, has a flatter pressure curve and 
lower efficiency than airfoil and backward-curved 
fans but has the lowest cost. Figure 7.5(B) 
displays a forward-curved fan and system 
curve. Note the fan has a range outside of which 
instability and poor performance dominate. It 
should not be operated in the range to the left of 
peak pressure because operation there is unstable 
and inefficient. Because the power increases 
continuously as flow increases, care must be 
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Fig. 7.5 (8) 
Typical Forward-Curved Constant-Speed Fan Performance 
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taken when selecting the motor (see Section 9.2) 
to ensure it will not overload. The highest 
efficiency is to the right of the peak pressure. 

Fans are often slightly oversized because of 
the potential for on-site duct changes, extra 
elbows, dirty filters, poor fittings and other duct 
installation details. A recent study of ventilation 
systems in existing mid- and high-rise r~sidential 
buildings in Canada (ref. 73) showed actual air 
flows to be much less than design values. For 
corridor supply systems, the average measured 
air flow was only 60 percent of design, and the 
highest was only 80 percent of design. For suite 
exhaust systems, the average measured air flow 
was an abysmal 32 percent of design, with the 
highest measured air flow only 55 percent of 
design. Clearly, designers have not been taking 
all the actual pressure drops, including pressure 
losses from System Effect Factors into account 
in their design calculations, or installers are not 
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installing systems in accordance with the 
design. The negative impact can be substantial. 
Additional resistance or restriction will cause 
the operating point to shift to the left on the fan 
curve. In extreme cases, if the static pressure 
exceeds the maximum the fan can deliver, it may 
simply "stall" and chum air with very little net 
air flow. This is a very real risk with small, 
low-pressure exhaust fans. 

Figure 7.6 displays a fan and system curve in 
which the system losses were underestimated. 
This discrepancy results in a reduced air flow 
at higher pressure and affects the efficiency 
of the fan. 

The three points noted are: 

1: Calculated Design Point; 
2: Required fan performance to satisfy system; 
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3: Actual Operating Point due to: 
• incorrectly calculated velocity head; 
• fittings with larger losses than anticipated; 

and 
• dirty filters. 

Fan performance curves should be checked 
based on both a clean, and dirty filter to ensure 
satisfactory operation under these conditions. 

7.3.2 Outside Air Intakes 

It is very difficult to predict air flows around 
buildings. Adjacent buildings, trees and other 
objects often affect wind patterns so that air 
entering inlet louvres does not meet expected 
standards. Temperature inversions and the 
proximity of exhausts from automobiles, 
washrooms, garbage chutes, storage rooms, 
combustion vents and boiler and fireplace 
chimneys can all impair the quality of the 
intake air. 

Fig. 7.6 

The most important design factor is to 
ensure there are no local contaminant sources 
(e.g., combustion equipment flues or exhausts; 
laundry, parking garage, kitchen, bathroom, 
garbage room or indoor swimming pool exhausts; 
dirt or fume sources) near the outside air intake. 
Some design guidelines are: 

• If feasible, outside air intakes should be 
located at roof level, because there are fewer 
pollutants at that height. 

• Intakes should be positioned upstream of 
exhaust outlets, based on the prevailing wind. 

• Outside air inlets should be at least 2 metres 
(6.5 feet) below nearby exhaust outlets to 
avoid recirculation. Ground~ level inlets should 
be at least 5 metres from the nearest road, 
driveway, outdoor parking lot, garbage storage 
area, lawns (if herbicides or pesticides are to 
be used) or property line. 
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• Some sources suggest that intakes, if they 
are downstream of prevailing winds, should 
be 30 metres (100 feet) from emergency 
generator exhausts and large boiler flues. 

• Intakes that draw air vertically up should be 
at least 3 metres above the ground or roof 
to avoid picking up grass clippings, snow, 
leaves, sand, roof gravel, etc. 

• Intakes that draw air in horizontally should be 
at least 1 metre above the ground or roof. 

Combustion air intakes are a special case. These 
are discussed in Sub-section 3.3.2. 

A 6-millimetre (1/4 inch) screen located behind 
all louvres is recommended to prevent the entry 
of birds debris and large particles. Storm-proof 
louvres are required to reduce rain entry for 
horizontal intakes. A baffle is used to separate 
fine-blowing snow from the air in arctic 
conditions. Refer to Figure 7.7. A drain is 
required to remove rainwater and melted snow 
that gets past the louvres. A lower velocity to that 
noted in Table 7.4 should be used to prevent 
intake of snow. 

a pressure difference of 250 pascals (1 inch 
water) when tested to AMCA Standard 500, Test 
Methods for Louvres, Dampers and Shutters. 
Where the winter design temperature is lower 
than -25°C, damper frames and blades should be 
insulated with expanded polyurethane foam or 
equivalent. The blades should also be thermally 
broken. In marine environments and in very cold 
climates, the linkage and hardware should be 
corrosion-resistant. 

7.3.3 Outside Air Heating 

A make-up air ventilation system conditions 
(heats, filters and sometimes cools) and 
distributes outside air into the building to balance 
exhaust air flows or to provide minimum outside 
air for occupant ventilation. As make-up air 
systems operate year-round, the air must be 
heated to inside temperature (or close to it) 
before delivery, and the means of heating 
must be resistant to freezing. 

Low leakage (tight-fitting), motorized 
dampers are recommended to minimize 
undesirable infiltration and exfiltration, 
and also to prevent coil freezing when the 
ventilation system is not operating. The 
dampers should be installed as close as 
possible to the plane of the building 
envelope air barrier, and they should 
automatically close when the system is not 
in operation. Parallel blade dampers are 
recommended, with extruded aluminum 
preferred for rigidity. Blades should have 
blade seals of rubber, plastic, thermoplastic 
elastomer, EPDM (a high-quality rubber 
compound with resistance to many 
chemicals) or extruded silicon (best) 

Fig. 7.7 

with double contacts. Side seals should 
be extruded TPE on stainless steel or 
flexible plastic. 

Dampers should not allow air leakage of 
more than 15 Htres per second per square 
metre (3 cfm per fe) cross-sectional area at 
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In residential buildings, make-up air heating is 
usually provided by: 

• a furnace using an indirect fired fossil-fuel 
burner, usually with a high~grade stainless 
heat exchanger to avoid corrosion due to 
condensation from cold air temperatures 
contacting the heat exchanger; 

• a fluid coil heat exchanger, usually using 
a glycol solution for freeze protection, 
connected to a central hydronic 
heating system; 

• a run~around loop with a glycol solution; 
• a heat pipe, or plate heat exchanger, which 

requires the airstreams be in close proximity; 
• a refrigerant heat pump; or 
• an electric resistance heater. 

When a furnace is used, burner efficiency is 
governed by the provincial energy efficiency 
acts and should be as efficient as possible over its 
operating range. While capacity to heat air from 
winter design temperature is required, most of the 
time only a small fraction of this capacity will be 
needed. Therefore, the furnace should, as a 
minimum, have high-low-off burner controls or, 
preferably, a modulating burner with turndown to 
25 percent of full capacity. Manufacturers are 
increasingly offering modulating burners, taking 
advantage of modem controls technology. When 
the make-up air is being supplied to the building 
corridors, instead of directly into the suites, a 
wider supply air temperature range will be 
acceptable, as the supply air will not directly 
affect resident comfort within suites. 

If fluid coils are used, an anti-freeze solution 
is required, as water could freeze if a power or 
other failure occurred. The solution should be 
able to flow freely at the lowest expected outdoor 
temperature, which is below the normal winter 
design temperature. Refer to Section 5.5 for 
details on the design of hydronic systems for 
freeze protection. 

A supply air temperature sensor in the supply 
duct, downstream of the fan, controls the output 
of the outside air heating equipment. For a 
furnace, the burner is modulated, or is cycled 

on and off. For a hydronic coil, the coil circuit 
glycol pump and automatic control valve for the 
hydronic heating coil are controlled. An electric 
resistance coil will usually have several individual 
elements or steps, and these will be cycled on 
and off to meet heating demand. If cooling is 
provided, the supply air temperature control 
would also control the chilled water valve (and 
circulating pump, if provided) or refrigeration 
compressor for a direct expansion (DX) system. 
See Sub-sections 7.3.5 and 7.3.6. 

A low limit thermostat should shut down the fan 
and close the dampers for freeze protection if the 
supply air temperature drops below S"C, which is 
an indication of a heating failure of some sort. On 
system start-up, it is common that air flow starts 
before full heating is available (e.g., combustion 
equipment often requires air flow before burner 
start), leading to momentarily low supply air 
temperatures. It is important that the controls 
incorporate provisions, such as time delays, to 
prevent nuisance triggering of the freeze 
protection. In very cold weather, systems that 
allow full heating availability as soon as the fan 
starts should be considered. In systems with tight
fitting inlet dampers, the fan should be prevented 
from starting until an end switch on the damper 
indicates that it is fully open. This will prevent 
ductwork collapse. 

7.3.4 Air Filtration 

Air cleaners and filters capture and remove 
airborne particles, odours and gaseous 
contaminants in the air. The factors affecting 
their selection are: 

• degree of air cleanliness required; 
• whether particulate removal only is required, 

or both particulate and gaseous contaminant 
removal is required; 

• amount and type of dust in the air 
being filtered; 

• pressure drop (resistance to air flow) of the 
filters, both when clean and dirty; 

• space available for filtration equipment; 
• initial cost of the filtration system; and 
• cost of maintaining or replacing the filters. 
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References 74 and 75 provide background on 
indoor contaminants, products, performances, 
installation and operating costs for various types 
of air filters. The air cleanliness performance is 
based on the weight of large dust particles 
removed (arrestance) and the efficiency of 
removal of small particles that cause stains 
(dust-spot efficiency). The ASHRAE Standard 
52.1 atmospheric dust spot test is generally used 
to define filter efficiency. 

For central ventilation systems, such as air 
make-up systems, filters having a dust-spot 
efficiency of at least 60 percent are 
recommended. These are generally an extended 
surface, cartridge, bag or sock design, with a filter 
depth of 150 to 300 millimetres (6 to 12 inches) 
in the direction of air flow. They provide quite 
good removal of lint, pollens, plant spores, 
bacteria and some particles that cause smudging 
and staining of interior surfaces. However, they 
will not be very effective at filtering tobacco 
smoke, viruses or fine atmospheric dusts. 

Where there is no space for extended surface 
filters, then pleated panel filters which are 25 to 
100 millimetres (l to 4 inches) deep can provide 
25 to 30 percent dust spot performance. Lower 
efficiency filters are not recommended, even for 
unitary equipment. However, in small equipment, 
the pressure drop imposed by the filter must be 
checked carefully to ensure that the unit fan has 
sufficient capacity when filter pressure drop 
is included. 

Reference 75 contains a comprehensive 
application classification for hypersensitive 
individuals and for use in unusual circumstances 
(e.g., pre-filters, High Efficiency Particulate 
(HEPA) or electrostatic filters with dust-spot 
efficiencies exceeding 90 percent). The frames 
of higher efficiency filters must have tight-sealing 
gaskets to prevent bypass of unfiltered air. 

All filters (except electronic) should be equipped 
with either a pressure differential sensor to tum 
on a warning light when the filters need to be 
cleaned or changed, or a manometer with the 
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maximum filter pressure drop permanently etched 
on the glass. Automatic roll filters, which advance 
the medium as differential pressure reaches the 
maximum, should have an end-of-roll alarm to 
alert the building operator to install a new roll. 
The pressure drop across the filter when 
replacement or cleaning is required can be as 
much as 300 percent (not optimum) of the clean 
nominal rated value. Early replacement will lower 
energy costs but increase maintenance costs. Face 
velocities of 1.5 to 2.5 metres per second (300 to 
500 feet per minute) allow reasonable service 
frequency and fan energy usage. 

7.3.5 Supply Air to Suites 

7.3.5.1 Self-Contained Ventilation Systems 

Self-contained ventilation systems are mechanical 
ventilation systems, either supply or exhaust, that 
are totally dedicated to a single suite. If both 
supply and exhaust ventilation systems serving 
a suite are self-contained, then different building 
code requirements may apply. 

Using the self-contained approach under the 
1990 NBCC, supply air ventilation may be 
provided solely by natural means - for example, 
by operable windows. However, if a mechanical 
supply or make-up air ventilation system is used, 
it must be dedicated to one suite only. 

For suites with self-contained ventilation systems, 
the 1995 NBCC continues to provide the option 
of those systems complying either with NBCC 
Sub-section 9.32.3 or with Part 6. Sub-section 
9.32.3 is intended primarily for application to 
single-family detached houses. It requires: 

• a mechanical supply ventilation system to 
distribute air throughout the dwelling which, 
if not part of a forced air heating system, must 
have a dedicated supply fan and heat outside 
air to at least 12 °C before delivery to 
any space; 

• the supply fan and all principal exhaust fans 
must be interlocked; 
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• the supply fan must have a maximum noise 
rating of 2.0 sones (kitchen fans may be up to 
3.5 sones); and 

• minimum ventilation air flows to each 
space; these are listed in Sub-section 7.2.1 
of this document 

These requirements may be difficult to achieve 
in multi-unit residential buildings where locations 
for air intakes and space for duct runs are less 
available than in detached houses. On the other 
hand, self-contained systems may avoid some of 
the negative aspects of wind and stack effects 
discussed in Sub-section 7.2.2. Concerns would 
only be addressed if the supply and exhaust 
openings for each suite were located in the 
same pressure regime. 

Hotels and motels normally involve suites 
with smaller floor areas. A heating, cooling 
and ventilation unit may be located in a dropped 
ceiling space over the vestibule or washroom, in 
a closet or under a window. Hotels and motels do 
not have in-suite cooking and may have more 
shaft space and higher ceilings. 

7.3.5.2 Central Ventilation Systems 

A recent survey of mid- and high-rise residential 
buildings in Canada (ref. 61) shows that, in 
virtually every case, the designer intended suite 
supply ventilation (make-up) air to be provided 
for suite exhaust by means of: 

• natural ventilation through operable windows; 
and 

• transfer air from a central corridor 
supply system, typically through the suite 
access door. 

There is a variety of code and performance 
concerns associated with such a design, 
and particularly with the use of corridor 
supply systems. 

The performance concerns include the following: 

• when the corridor is used to supply air to the 
suites, the space around the suite door must 
be adequate for the required air flow; 

• with more space around the suite door, 
corridor noise will be a problem if acoustic 
treatment is not provided; 

• some of the air supplied into the corridor will 
short-circuit to the elevator shaft, stairwell, 
garbage chute, etc., and not get to the suite; 
and 

• air that enters the apartment under and around 
the suite door will normally take the shortest 
route to the exhaust hoods and grilles in the 
kitchen and washroom and may bypass some 
rooms, leading to poor ventilation in 
those rooms. 

The 1995 NBCC is very ambiguous about 
corridor supply and suite distribution systems. 
The safety provisions of Part 3 of the NBCC must 
be met by every design. Part 6 applies if there are 
central systems for either supply or exhaust 
ventilation. Part 6 requires "good engineering 
practice" for ventilation systems and references 
ASHRAE Handbooks and various other 
publications, including NFPA Standards. These 
standards should be reviewed, professional 
judgment applied, and decisions made to ensure 
ventilation air is effectively provided for 
the occupant. 

In NFPA Standard 90A, for example, there is 
a general prohibition on the transfer of corridor 
air to suites. However, there is an exception 
which allows transfer of air "because of pressure 
differentials," provided that maximum clearances 
permitted in the suite access doors, which must 
provide fire separation, are not exceeded 
(Exception 2 in article 2-3.11.1, Egress 
Corridors). Therefore, make-up air to balance 
exhaust is permitted, provided maximum door 
clearances specified for fire doors in NFPA 
Standard 80-1992 are not exceeded. The specified 
clearances correspond to an equivalent leakage 
area of 470 square centimetres. It has been found 
that the suite access doors in existing Canadian 
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apartment buildings generally have much less 
than this leakage area and transfer sufficient air 
at reasonable pressure differentials to meet both 
make-up air and ASHRAE ventilation air flow 
requirements (ref. 61). 

The 1995 NBCC requires the provision of outside 
air to every occupied space. Air flowing into the 
suite through the entrance door does appear to 
address this requirement. Further, as outside air 
may be provided through open windows, there 
is no requirement for the mechanical system 
make-up air to be delivered into the suite. It is 
a significant departure from current practice to 
provide ductwork to each room within the suite. 
That practice could involve considerable expense, 
but it has merit, and has been adopted for single
family home construction. 

It is uncertain how the NBCC and "good 
engineering practice" will continue to view 
corridor discharge and transfer of make-up air 
through cracks around the suite access doors. 
Although there is nothing to preclude this in the 
current version, concern from some industry 
sources has been noted. The Technical Advisor to 
the Code Committee has indicated that there was 
no intent to require suite distribution systems, nor 
to prohibit corridor supply systems. Therefore, 
corridor air supply systems can be used to provide 
make-up for suite exhaust air systems. 

While future code requirements cannot be 
predicted, past changes have become more 
restrictive in terms of the provision of ventilation 
air in other building types. Therefore, the 
characteristics of future systems may be: 

• a suite ventilation unit, which positively 
supplies air to, or returns air from, occupied 
rooms; or 

• a central ventilation system, such as 
illustrated in Figure 7.8, which is directly 
ducted to occupied rooms. 

The location and velocity of the discharge air in 
the suite is vital to occupant comfort. Supply air 
diffusers and registers (grille plus damper) must 
be located for good air distribution and to 
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minimize drafts. The supply air velocity should 
be less than 0.15 metres per second (30 feet 
per minute) before an occupant. is contacted. 
Consequently, diffusers with adjustable vanes 
generally direct air along the ceiling or up a 
wall. Further, as noted in Sub-section 7.3.5.1, 
the NBCC requires a supply duct air temperature 
greater than 12°C but higher supply air 
temperatures are often required to prevent drafts. 

7.3.6 Supply Air to Corridors and 
Entrance Lobbies 

Central supply ventilation systems to corridors are 
provided in multi-unit residential buildings to: 

• pressurize the corridor relative to the suites 
so as to minimize the transfer of air from one 
suite to another via the corridor, noting that 
ducted transfer is prohibited by both the 1990 
and 1995 NBCC; and 

• provide make-up air to the suites to offset 
exhaust air flows. 

Central corridor supply ventilation systems must 
generate flow rates sufficient to provide corridor 
pressurization in keeping with that in suites on 
every storey. The fewer leaks there are in corridor 
walls, doors, ceilings, etc., the less air flow will 
be required for pressurization. If the corridor 
supply system does not provide any make-up air 
to suites, then the suite access doors should be as 
tightly fitting as possible to reduce total air 
leakage area from the corridor. 

For corridor pressurization alone, an outdoor air 
flow of approximately 0.25 Btres per second per 
square metre (0.05 cfm per ft2) of corridor area 
will be sufficient with good construction. If the 
corridor supply system also provides exhaust air 
make-up or ventilation air to the suites, then the 
amount of that make-up or ventilation air flow 
must be added to the pressurization amount. If 
there is a central suite exhaust system, the air 
make-up flow capacity must at least equal the 
exhaust air flow because the exhaust system 
should be operating constantly (refer to 
Sub-sections 7.4.1 and 7.4.3). If there are 
individual suite exhaust fans, the air make-up 
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Fig. 7.8 
Suite Plan of Supply and Exhaust for Central Ventilation System 
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flow should be about 50 percent of the design 
flow of all exhaust fans; this allows for 
diversity, as not all exhaust fans will be 
operating simultaneously. 

Central corridor supply ventilation systems should 
operate continuously. If they are only providing 
air make-up for suite exhaust systems, they would 
only need to operate when the exhaust fans are 
on. However, one reason for continuous operation 
is that supply air pressurization is essential to 
offset the negative impact of stack and wind 
effects, as noted in Sub-section 7.2.2. 

Some buildings only operate the make-up 
air unit around mealtimes. The Ontario Energy 
Conservation Guidelines Manual 3042-G 

OUTSIDE AIR 
SUPPLY 

DUCT RISER 

indicates operating times from 7:00 to 9:00 am, 
11:00 am to 1:00 pm and 4:00 to 8:00 pm, if 
approved by the local building inspection 
department. Although such operating 
schedules will reduce ventilation system 
energy consumption considerably, they will not 
address problems associated with wind and stack 
effects. 

Tighter corridor and building envelope 
construction will allow pressurization control 
with the lowest possible air flow rates. 

Corridor supply ventilation system design 
should address stack and wind effects and system 
effect factors related to fan inlet/outlet and duct 
configurations (see Sub-section 7.3.1). The static 
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pressure impact of these effects should be 
calculated and fan design static pressure increased 
as needed. If that impact is not calculated, then 
under certain conditions - typically cold weather 
and/or high winds - corridor static pressure will 
be less than that of the adjoining suites on some 
floors, leading to a flow of air out of suites into 
the corridor and thence into other suites. In windy 
conditions, the flow is most likely to be from 
windward suites across the corridor to leeward 
suites on the same floor. In cold weather, the flow 
is most likely from suites on lower storeys into 
the corridors, up vertical stair and elevator shafts 
into corridors on upper storeys, then into suites on 
upper storeys and finally, through exhaust ducts 
in those suites, to the outside. 

The monitoring of existing mid- and high-rise 
residential buildings (ref. 61) demonstrates this 
flow abundantly. The flow rates of corridor supply 
ventilation systems (calculated from measured 
transfer flow rates to ten test suites, mostly on 
upper storeys of the test buildings) averaged 
60 percent of design values. The fraction of 
transfer air entering these suites from other suites 
averaged 19 percent (with an 18 percent average 
uncertainty). However, the five suites with the 
worst inter-suite air transfer problem averaged 
31 percent "used" air in their corridor supply 
(with an uncertainty of 24 percent). Clearly, 
more detailed corridor supply ventilation 
system designs are needed. 

Corridor supply ventilation system control should 
incorporate the following elements: 

• In systems with tight-fitting dampers, fan 
start-up should be from an end-switch on the 
outside air damper to ensure that the damper 
is open before the fan starts. 

• A low-limit thermostat in the supply duct 
should shut down the fan and close the 
outside air damper if a supply air temperature 
colder than about 10°C (50°F) is detected. 
This freeze protection control may have an 
automatic reset to start the fan after a short 
time delay, or it may require a manual reset. 
If it has a manual reset, there should be an 
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alarm indication to show that the system has 
been shut down. 

• If supply air heating is from a hydronic 
system, then a glycol anti-freeze solution 
should be used. (see Section 5.5). In addition, 
there should be a pump dedicated to the 
heating coil and a three-way control valve 
providing modulating control of heat output. 

High-low-off control can generally be used for 
make-up air heaters supplying outside ventilation 
air to the corridor. However, if the air is supplied 
directly to the suites, more precise modulating 
temperature control is required to avoid drafts 
and complaints. The supply temperature should 
be 19 to 22"C when outside air temperature is 
cold and 17 to 19°C when it is hot and cooling is 
provided. An outdoor sensor and smart controller 
can be used to automatically reset the supply air 
temperature down (in spring, summer and fall) 
and up (in winter). If a cooling coil is installed, 
the discharge air thermostat should control it in 
sequence with the heating coil with a nominal 
2 or 3°C "deadband" between heating and 
cooling. When a direct expansion coil is 
employed, an outside air sensor would prevent 
the compressor from operating below the supply 
air temperature setpoint. 

7.3.7 Stairwell and Elevator Shaft 
Pressurization and Smoke Control 

Building codes require fans that will pressurize 
stairwells of tall buildings automatically when 
a fire alarm sounds. A fixed louvre with an 
automatic relief damper will prevent over
pressurization and problems opening doors. 
Alternatively, if there is concern that the linkage 
may freeze, a differential pressure sensor between 
the stairwell and outside could control motorized 
dampers. Clause 3 in Sub-section 3.4.6.15 in the 
1995 NBCC sets an upper limit of 90 Newtons 
(20 pounds) force to open exit doors. Clause 7 in 
Sub-section 3.8.3.3 applies to closers only in a 
barrier-free path. A pressurization air flow of 
1,400 litres per second (3,000 cfm) is a commonly 
used value for each (potentially) open door. 
Chapter 48 in the 1995 ASHRAE Handbook is 
devoted to smoke management principles. 
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The relationship for flow in this situation is: 

Equation 7-6: 

Q = 0.25 * ELA * [( P2 - PI ) 110 ]n 
where: 

Q= 
ELA= 

the flow in liters per second; 
the equivalent leakage area in 
square centimetres (cm2); 
the pressure differential in Pascals; 
and 

n varies from 0.5 to 0.8 for this 
non-laminar condition. 

U sing this relationship, with n = 0.7, it can be 
determined that a door with an equivalent leakage 
area of 100 square centimetres (cm2) (0.11 ft2) 
and a pressure difference of 50 pascals (0.2 inches 
water gauge) would have a leakage rate of 
approximately 77 Htres per second (160 cfm). A 
stairwell pressure of 50 pascals (0.2 inches water 
gauge) would require a 90 Newton (20 pounds) 
force on the handle to open a typical 1.6 square 
metre (m2) door. This value does not include the 
dynamic effects of temperature induced stack and 
wind forces (e.g., from broken or open windows). 

The corridor make-up air equipment could 
be used, but a dedicated system is normally 
provided because it eliminates the complexities of 
automatic dampers otherwise necessary to redirect 
the corridor supply to pressurize the stairwell. 

7.3.8 Insulation 

Duct insulation levels recommended in 
Reference 72 are noted in Appendix C. As well, 
the following apply: 

• ducts and plenums located within conditioned 
space in a suite and which serve only that 
suite, need not be insulated except to avoid 
condensation on cold ducts; 

• ducts and plenums located outside the 
building envelope (except for relief and 
outside air ducts) should be insulated to the 
levels required for exterior walls and should 
also be protected from the elements; and 

• insulation on cold air supply ducts should 
have vapor barrier protection to prevent 
condensation. 

7.4 Exhaust Systems 

7.4.1 Centralized versus Local 

Systems exhausting air from suites can be either 
ducted systems with a central exhaust fan or local 
systems with individual exhaust fans. Local 
systems are described in Sub-section 7.4.2; 
central systems in Sub-section 7.4.3. 

There are advantages and disadvantages to each 
approach. Perhaps the most basic consideration 
relates to the building code. The NBCC permits 
ventilation systems for multi-unit residential 
buildings to be designed according to Part 6 or 
Section 9.32. However, Section 9.32 can only be 
used if the suite has totally self-contained supply 
and exhaust ventilation systems. Thus, a design to 
Section 9.32 would require local exhaust systems; 
but a design to Part 6 could use either local or 
central exhaust systems. 

Local systems use individual exhaust fans located 
within the suite, usually in a dropped ceiling or 
furred-out space. Noise from local fans is the 
cause of many complaints in existing buildings, 
and careful fan selection and installation for low 
noise is essential. See Sub-section 7.3.5.1. Central 
systems use remote fans, usually on the roof, so 
noise is less of a concern. 

Local fans are individually controlled, either 
by a manual switch or from a "dehumidistat," 
which turns the exhaust fan on when humidity 
exceeds a setpoint. Central systems need to 
operate whenever there may be a need for exhaust 
in any suite. In addition, the exhaust ducting in 
most central systems runs vertically through the 
building in shafts, creating an air flow pathway 
for gravity stack effect within the building. If 
the fan is off, air from lower level suites will 
discharge into upper level suites during cold 
outside air conditions. For these reasons, central 
exhaust systems should not be shut off, but they 
could be run at low speeds much of the time. 
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Local exhaust systems will be affected by wind 
but are less affected by stack effect. 

Reference 72 requires motors on the dampers of 
every duct or opening that exceeds 0.08 square 
metres (0.9 square feet) in cross-sectional area 
in locations with more than 3,500 degree-days. 
Manual operators can be used on the dampers 
of openings smaller than 0.08 square metres. 
Dampers are not required on air intakes 
and outlets serving continuously operating 
systems, nor prohibited by other regulations 
(e.g., combustion safety). More economical 
parallel blade dampers are preferred for two
position operations, while opposed blades 
are recommended when it is necessary to 
balance flows. 

7.4.2 Local Exhaust 

Local exhaust systems consist of an exhaust 
fan, factory-mounted within a cabinet, usually 
complete with an air inlet grille, connected to 
an exhaust duct that runs laterally from the fan 
location to a discharge louvre at the building's 
exterior wall Of in an overhanging soffit. There 
should be a backdraft damper, preferably at the 
discharge louvre, to prevent backflow (e.g. from 
wind) when the fan is off. The lateral ducts may 
run along furred-out spaces at a wall/ceiling 
junction. In buildings with cast-in-place concrete 
floors, flat-oval lateral ducts are often poured in 
the slab, thus avoiding the need for furring; these 
ducts do, however, require detailing at and co
ordination in the outside wall. 

The lateral duct system should be as short and 
straight as possible to minimize static pressure 
on the exhaust fan. Rigid sheet metal ducts should 
be used. Flexible ductwork has a much higher 
pressure drop, even when straight, and is prone 
to kinking and short-radius bends that further 
increase pressure drop. Local exhaust fans 
typically have a very limited static pressure 
capacity. Exhaust fans must be selected to provide 
the design flow at the static pressure that will be 
imposed by ductwork (including all elbows and 
fittings), damper and wind effects. The study of 
HVAC in existing residential buildings (ref. 61) 
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found that local exhaust systems, as measured, 
delivered only 31 percent of design exhaust air 
flows. This finding suggests that actual local 
exhaust system static pressures are significantly 
higher than those routinely anticipated by 
designers. It indicates a need for more attention 
both in design and installation, as noted in 
Sub-section 7.3.1. 

If a jurisdiction has adopted the Model National 
Energy Code for Buildings 1997 and the 
ventilation systems are designed to section 9.32 
of the NBCC, then in many parts of Canada 
each suite will require its own exhaust air heat 
recovery unit. This is a significant change from 
current multi-unit residential building practice 
and will require skillful design for a 
cost-effective installation. 

7.4.3 Central Exhaust 

Centralized exhaust systems are an exhaust 
duct system that connects exhaust grilles in 
many suites to a single, central exhaust fan, 
usually located on the roof or in a roof-level 
mechanical room. In most cases, an exhaust 
system uses a vertical primary exhaust duct to 
which are connected lateral ducts from exhaust 
grilles located close to the riser duct. The vertical 
duct is located in a fire-rated duct shaft, and the 
lateral ducts have fire dampers installed where 
they penetrate the shaft wall. This arrangement 
limits the need for lateral ductwork and the 
associated dropped ceilings or furred-in chases, 
which are often awkward to locate. Figure 7.8 
shows a generic floor plan duct layout for central 
exhaust systems connected to vertical duct risers 
in shafts. Figure 7.9 illustrates the vertical shaft 
concept for this type of system. 

Central exhaust ducts must be designed and 
installed to eliminate noise transmission between 
suites. To do this, sufficient noise isolation must 
be built into the lateral ducts connecting the 
exhaust inlets to the main duct. The design of 
central exhaust systems serving several storeys 
must also prevent exhaust air from flowing back 
into upper-level suites. To ensure backflow does 
not occur, the system design and operation must 
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Fig. 7.9 
Vertical Arrangement for Central Ventilation Supply and Exhaust 
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Exhaust air duct is diagrammatic only. Fig. 7.8 shows one typical design layout. Individual exhaust ducts are turned up in the 
main duct riser to improve acoustic isolation and avoid the requirement for fire dampers. 

take stack and wind effects into account. Refer to 
Sub-section 7.2.2 for details of how to estimate 
the magnitude of these effects. If these effects are 
not taken into account, it is quite possible, under 
some conditions, as noted in Section 7.1, to have 
reverse flow into upper floor suites through the 
exhaust air grilles. 

Because central exhaust systems have many 
exhaust inlets located at different distances 
from the fan, balancing air flows is important. 
Balancing dampers should be provided in 
accessible locations to facilitate adjusting 
and balancing air flows to design values. As 
an alternative, consider using a constant flow 
exhaust regulator, involving a simple, innovative, 
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self-balancing, silicone bulb that automatically 
inflates as the static pressure increases across the 
bulb. Figure 7.10 illustrates the concept. A higher 
static pressure increases air velocity and 
produces a constant air flow, regardless of 
the pressure differences, in the range of 50 to 
200 pascals (0.2 to 0.8 inch water gauge). 
Devices are available for different flow and 
pressure ranges. 

Regardless of the balancing means chosen, 
the vertical primary duct should have as low a 
pressure drop as possible in order to minimize 
the system's pressure differences between storeys. 
This will make balancing easier and reduce the 
fan power required. 

It is important to note that the 1995 NBCC 
prohibits connecting washroom exhaust ducts to 
exhausts from other spaces, except directly at the 
common exhaust fan inlet. Therefore, if central 
exhaust systems are used for both bathroom and 
kitchen exhaust, then two parallel exhaust duct 
systems will be required. Each duct could have its 
own exhaust fan - the usual situation - or the two 
ducts could be connected at a common 
exhaust fan inlet. 

During very cold weather, when stack effects 
can be significant, central exhaust systems serving 
several storeys should not be shut off. The vertical 
duct, with its exhaust grille openings on every 
storey served, is in effect a vertical stack in the 
building, within which air will flow due to stack 
effect. If the fan is shut off, and if there is a 
tight-sealing damper at the exhaust fan, venting 
of building air directly to .the outside will be 
prevented; however, air in the exhaust duct may 
reverse flow into upper storey suites, particularly 
if suite windows are open, there are leaks (cracks) 
in the envelope or the suite is on the leeward side 
of the building. 

7.4.4 Heat Recovery from Exhaust Air 

Continuous operation of exhaust systems in cold 
weather, when the required make-up air systems 
must heat incoming air, results in large energy 
consumption. Conditioning make-up air may 
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Fig. 7.10 
Constant Air Flow Regulator Showing 
Decreasing Orifice Area with Increasing 
Air Velocity 
(courtesy American Aides Ventilation Corporation) 
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require up to 30 percent of the total heating 
energy when heat recovery is not installed. This 
represents an opportunity for heat recovery from 
the exhaust air using a heat pipe, rotary wheel 
heat exchanger, "run around" glycol loop or a 
heat-pump-driven "run around" loop. The rotary 
wheel and heat pipe both require the bringing 
together of the exhaust and make-up air ducts, 
as both must be connected to the heat exchanger. 
Refer to Figure 7.11 for a typical configuration. 
Exhaust air heat recovery is uncommon in 
existing multi-unit residential buildings; 
however, in cold climates or where heating 
energy is expensive, it should be evaluated for 
economic payback. References 76 and 77 provide 
supplementary information. 

A heat pipe is composed of a bank of closed 
tubes, each of which operates independently. Each 
tube has a capillary wick, which is partially filled 
with a suitable refrigerant and sealed (see 
Figure 7.12). One end of the tube is in the 
warm exhaust air stream and the other in the 
adjacent cold make-up air stream with a partition 
separating the air streams. The warm air vaporizes 
the refrigerant, removing heat from the air. The 
refrigerant vapour flows through the tube and 
condenses at the cold end, giving up its heat to the 
make-up air stream. The condensed liquid returns 
to the warm end by capillary action via 
the wick. Tilting the tube to increase the liquid 
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Fig.7.11 
Heat Recovery (Heat Wheel or Heat Pipe) with Central Supply and Exhaust Ventilation Systems 
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flow will increase the capacity. The tubes are 
similar to other coils in that they may have fins, 
be several rows deep and have air flow velocities 
in the range of 2 to 3 metres per second (400 to 
600 feet per minute). 

a "run around" arrangement. The flow 
arrangement for the latter is similar to that 
presented in Figure 10.12. Note that a double 
wall refrigerant condenser is required when 
rejecting heat into potable water. 

The run-around loop uses 
piping to connect glycol coils 
in both the exhaust duct and 
in the make-up air duct. Heat 
in the exhaust air stream 
is transferred to the glycol in 
the exhaust coil: the glycol is, 
in tum, transferred to the 
make-up air when it circulates 
through the coil in the cold 
make-up air stream. Coils are 
selected for low temperature 
and high viscosity fluids. 

A heat pump (refrigeration 
compresser, evaporator, 
condenser, controls and 
ancilliaries) can capture heat 
in the exhaust air and supply 
it to make-up air or domestic 
water. The former approach is 

Fig. 7.12 
Typical Individual Heat Pipe Tube 
Illustrating Winter Exhaust Air Heat Recovery 
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The heat pump run around system has 
a refrigerant coil in both the exhaust and 
make-up air streams as noted in Figure 7.13. 
A refrigeration compressor circulates refrigerant 
through both coils, which are part of the 
refrigerant circuit. In winter, the compressor hot 
gas discharge enters the coil in the cold air make
up duct via ports I and 2 of the reversing valve. 
There it gives up heat to the make-up air and 
condenses. The refrigerant liquid then flows 
through the one-way check valve, the two sight 
glasses, the isolation valve, drier and thermal 
expansion valve on its way to the exhaust coil. 
The thermal expansion valve is not only an 
expansion valve; it also controls the differential 
temperature. In the exhaust coil, the refrigerant 
draws heat from the wann exhaust air, is 
vaporized and expands. The volume of liquid 
passing through the thermal expansion valve is 

Fig. 7.13 

controlled by the pressure in the gas line. The 
gas then travels through ports 2 and 4 to the 
accumulator and eventually back to the 
compressor. In cold climates, an air temperature 
sensor in the exhaust air stream can control 
bypass dampers (or face and bypass, if required) 
to the make-up air coil. The air temperature 
sensor causes the cold make-up air to bypass the 
condenser coil, reducing heat transfer, and thus 
ensuring that moisture does not freeze on, and 
block, the exhaust air coil. A timer can be 
provided to reverse the compressor discharge 
valve and defrost the exhaust air coil on low 
gas pressure. In addition, supplementary heat 
may be provided. 

This system can easily and effectively cool the 
make-up air in the summer. An outdoor sensor 
switches the reversing valve to cooling when the 

Heat Pump Exhaust Air Heat Recovery Refrigerant Piping 
(courtesy Phoenix Energy Systems Inc.) 
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outside air temperature exceeds approximately 
22°C (72°F) to heating when it drops below 
approximately 16°C (61°F) and shuts off the 
compressor between these two temperatures. See 
Sub-sections 5.7.2, 5.7.3, 7.3.3, 7.3.5 and 7.3.6 
for additional discussion on energy, operation 
and supply air temperature considerations. The 
compressor should be controlled from a heating 
and cooling space thennostat, with a minimum 
supply (make-up) air temperature. In summer, 
the refrigerant on its way to the coil in the exhaust 
air, enters port 1 and discharges from port 3 of 
the reversing valve, where it gives up heat and 
condenses. The refrigerant liquid then flows 
through the one-way check valve, the two sight 
glasses, the isolation valve, drier and thennal 
expansion valve to the make-up air coil. There, it 
draws heat from the make-up air, is vaporized and 
expands. The volume of liquid flowing through 
the thennostatic expansion valve is controlled by 
the pressure in the gas line. The gas then travels 
through ports 2 and 4 to the accumulator and 
eventually back to the compressor. 

This type of system has the following advantages: 

• the refrigeration system operates at a very 
high COP because the condensing and 
evaporating temperatures are so favourable; 

• the system can heat the make-up air, even 
when there is very little indoor-outdoor 
temperature difference (if heating is required) 
because of the active heat pump operation; 
and 

• the marginal installation cost for the heat 
recovery feature would be trivial if cooling 
of the make-up air were provided. Further, 
compressor energy would be lower because 
the heat rejection temperature from the 
condenser would be at the building exhaust 
(room air) temperature, not the (higher) 
outside design air temperature. 

7.4.5 Hybrid Local/Central Exhaust 

There are some existing installations where 
a hybrid exhaust system has been used with 
individual suite exhaust fans that discharge into 
a common exhaust riser through lateral ducts. 

The central exhaust duct and its fan are generally 
sized for approximately one-third to one-half the 
capacity of the sum of the individual fans. This 
central fan can be controlled by a pressure switch 
in the exhaust duct riser. The central fan starts 
when the duct is pressurized. Additional controls 
could be introduced to moderate the winter stack 
effect. The preferred design would use a variable 
speed drive on the central fan to maintain a fixed 
negative pressure in the main exhaust duct. The 
actual performance for the "worst case" should be 
checked. The reduced suite flows that could be 
accommodated with all suite fans "on" would be 
detennined according to the performance of the 
central fan operating at a reduced 
pressure differential. 

However, a properly designed and operated local 
or central exhaust system is adequate, and there 
seems little reason to invest the additional cost 
for the hybrid approach. 

7.4.6 Local In-Suite Exhaust 

7.4.6.1 Bathrooms 

The 1995 NBCC requires mechanical exhaust 
from all suite bathrooms. Minimum exhaust air 
flow rates are listed in Sub~section 7.2.1. Exhaust 
may be intermittent - that is, the exhaust is on 
only when the room is in use or room humidity 
is high - or it may be continuous. Control for 
intermittent use is usually a manual switch, often 
combined with the light switch, and having a 
relay to run for two or three minutes after the 
switch is shut off. Alternatively, control could be 
from a reverse acting humidistat which activates 
the fan when room humidity exceeds a setpoint. 

7.4.6.2 Kitchens 

The 1995 NBCC requires mechanical exhaust 
from all stoves and other cooking appliances, with 
the exhaust air capture located in an exhaust hood 
over the appliance. Minimum exhaust air flow 
rates are listed in Sub-section 7.2.1. A washable, 
panel grease filter should be installed in the hood. 
The exhaust must be to outside the building. 
Some existing installations pass the "exhaust" 
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over a grease filter and return it to the space: this 
is not permitted by current codes. Local in-suite 
systems are intermittent, while central exhaust 
systems may be semi-continuous. Control for 
intermittent operation is by a manual switch or 
reverse-acting humidistat. 

7.4.6.3 In-Suite Clothes Drier Venting 

Condominiums often have in-suite clothes 
washing machines and driers. Each drier requires 
a duct that vents the drier discharge outside the 
building. However, in-suites the driers are 
normally located near the building core, some 
distance from an outside wall. Thus, installing 
vent ducting may be awkward, and the duct 
should be insulated 1.5 metres back from the 
wall to prevent condensation. Frequently, 
a supplementary filter and booster fan are 
provided, and they must be accessible. 

Because the drier vents saturated air, vent ducts 
must be watertight and sloped so condensation 
does not leak out and may drain to a safe 
discharge point. One option is to run vents 
laterally, directly to the outside, using a discharge 
cap with an integral backdraft damper. A 
birdscreen should not be installed, unless it is 
accessible, as it will plug up with lint. A second 
option is to run short lateral ducts to a vertical 
discharge duct discharging at the roof. The drier 
fan provides the discharge force for the lateral 
ducts. The central duct may rely on the drier fans 
and stack effect for air flow, or it may have a 
supplementary exhaust fan located at the roof. 
The central duct must be watertight, have a 
condensate drain at the bottom, and be accessible 
for cleaning. Each lateral duct will need a 
backdraft damper somewhere between the 
drier discharge and the connection point 
to the central duct. 

7.4.7 Exhaust for Central Laundry Rooms 

Most rental buildings have central laundry rooms, 
usually with several washing machines and driers 
in close proximity. See also Section 2.7 on 
conservation and central laundry rooms. Drier 
venting will be done as for in-suite driers, either 
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with individual vents or discharge to a central 
vent. If there is a central vent, most installations 
will have a temperature sensor in the exhaust 
trunk duct, and it will start a supplementary 
exhaust fan when the temperature exceeds 20 to 
25°C. Alternatively, a moisture (or humidity) 
sensor could be used to start the fan when duct 
humidity is high, stopping it when humidity 
is low. 

If a central exhaust is used, driers normally have 
small integral exhaust fans and backdraft dampers 
discharging into the central duct. The central duct 
should have a capacity of approximately 12 Htres 
per second for each kilowatt of drier heat output 
(7 cfm per thousand Btu/h - approx. 175 cfm for 
a gas fired unit). In addition, it is important to 
provide duct access doors at frequent intervals to 
make duct inspection and lint cleaning easier. 

Make-up air is required, both when the driers 
operate and when additional exhaust air is used 
to reduce the temperature and humidity in the 
laundry room. Make-up air should only be 
provided when driers operate. The pressure in 
this room should be neutral to avoid heat and 
humidity transfer to other areas (if positive) and 
to avoid combustion and venting problems (if 
negative and naturally aspirated gas-fired 
equipment is used). 

A common make-up air arrangement in 
existing buildings involves a transfer duct (with 
fire damper) between the corridor and laundry 
room. The make-up air unit supplying air to the 
corridor also heats and delivers make-up air for 
the laundry. However, NFPA Standard 90A-1993, 
which is included by reference in the 1995 
NBCC, prohibits such a transfer duct, even 
when protected by a fire damper. 

Gas-fired driers are often wired to a motorized 
outside air damper to allow combustion and 
make-up air to enter the room when one or 
more driers start. A control board can be used to 
sequence several damper operators. A preferred 
arrangement has outside air directed to a chase 
behind the driers when they operate. Alternatively, 
high wall or ceiling diffusers could be used. It is 
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important that any water service lines in the 
chase, if they are close to the make-up air, be 
protected from freezing. Generally, additional 
heating capacity in the room is not required. A 
humidistat or thermostat in the space is often used 
to start a supplementary laundry room exhaust 
fan and to generate an appropriate air make-up 
supply, under warm and humid conditions. 

To date, heat recovery from the drier discharge 
air has not been widely used, although if the 
driers operate for extended periods, such an 
arrangement could be viable. 

7.4.8 Exhaust Air Discharge Locations 

Exhaust air should be discharged where it will 
not be brought back into the building through air 
intakes or open windows, see Sub-section 7.3.2. 
The following supplementary guidelines 
are noted: 

• Exhaust air discharges should be at least 
two metres from the nearest road, driveway, 
outdoor parking lot, garbage storage area or 
property line. 

• Individual suite exhausts will penetrate the 
wall of the building. As the exhaust air tends 
to rise, exhausts should not be located near, 
or below, operable windows and, if possible, 
they should be accessible for cleaning. 

7.5 Miscellaneous Systems 

7.5.1 Indoor Swimming Pools (Natatoriums) 

Most provincial health agencies have regulations 
governing pool design. However, they frequently 
do not have detailed requirements for the design 
and construction of the enclosure, humidity 
control, nor air distribution. This sub-section 
is intended to provide guidance with respect to 
ventilation and humidity control. Section 10.6 
provides information on the design of swimming 
pool water heating. 

Design temperatures are presented in Table 2.1. In 
addition, maximum air velocities in the pool deck 
area should not exceed 0.15 metres per second. If 

the temperature or relative humidity is too low, 
or the air velocity too high, then swimmers will 
feel cold. Higher temperatures and air velocities 
also result in higher pool evaporation rates. A 
high relative humidity results in increased 
corrosion and condensation problems in the 
enclosure. Successful system designs need to 
meet appropriate criteria. 

The most important function for a swimming 
pool ventilation system is humidity control. 
The ventilation system may also provide 
heating and cooling. 

The pool area ventilation systems must be 
separate from those in the remainder of the 
building. Warm moisture-laden air rises to higher 
levels within the pool enclosure. Therefore, high
level return air inlets should be used to prevent 
"dead" areas, where moisture can accumulate and 
condense. Delivery of supply air from the pool 
deck (not high-level) to sweep condensation
prone surfaces and prevent cool, dead-air spaces 
under windows and cold, uncomfortable floors is 
recommended. Excess air movement over the 
pool surface should be avoided as it increases 
pool water evaporation and creates discomfort 
from drafts. Ductwork temperatures should 
always be above the dewpoint to prevent 
condensation and water dripping. 

The Model National Energy Code for Buildings 
1997 (ref. 72) requires that at least 40 percent of 
the heat from pool exhaust air must be able to be 
recovered at design conditions. Mechanical or 
desiccant dehumidification equipment meeting 
80 percent of the dehumidification requirements 
are considered to comply. 

Evaporation from the pool water surface creates 
the humidity load within the pool enclosure. Pool 
covers, which can reduce evaporation when the 
pool is not in use, are recommended. Evaporation 
can be estimated using equation 7-7 (ref. 78): 
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Equation 7·7: 

wp = A * (pw - pa) * (0.089 + 0.0782 V) I Y 
where: 

Wp = pool evaporation rate in kg/sec; 
A = pool water surface area in m2; 

V = air velocity over water surface in mls; 
Y = latent heat required to change water to 

vapour at pool water surface 
temperature in kJ/kg; 

pa = saturation vapour pressure at room air 
dewpoint, kPa; and 

pw = saturation vapour pressure at pool 
surface water temperature, kPa. 

U sing V and Y values corresponding to the 
mid-range of the design conditions for a pool. 
Equation 7-7 can be simplified to: 

Equation 7 .. 8: 

wp = A * (pw - pa) * 4.0 * 10"5 

Values for Pw and Pa can be found in tables 
of thermodynamic properties of moist air 
(e.g., ref. 79). 

Control of the humidity (water vapour) generated 
by pool evaporation can be accomplished either 
by bringing in outdoor air, which is relatively 
dry, and exhausting humid pool enclosure air 
or by mechanical dehumidification using 
a refrigeration unit. 

7.5.1.1 Humidity Control by Outside Air 

Control of humidity in the pool enclosure by 
means of outside air is only possible when the 
absolute humidity in the outside air is lower 
than that desired in the pool enclosure. If the 
outside air humidity is too high, except for 
very brief periods, then the use of mechanical 
dehumidification is essential. 

Where the climate permits humidity control 
by outdoor air, the minimum quantity of outdoor 
air required for humidity control is noted in 
Equation 7-9 (ref. 78) 
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Equation 7 .. 9: 

Q = 1000 wp I d (Wi - Wo) 
where: 

Q = minimum outdoor air quantity in Lis; 
wp = pool evaporation rate in kg/sec; 
d = standard air density in 1.2 kg/m3; 
Wi = humidity ratio of pool air, at design 

pool enclosure condition in kg/kg; and 
W 0 = humidity ratio of outdoor air, at design 

outside air temperature in kg/kg. 

Provided there is a modulating outside 
air/recirculated air mixing control on the 
air handling unit, it is recommended that the 
2 112 percent winter design temperature be used 
as the design outside air temperature for 
calculating the minimum outdoor air quantity. 
As the outside air temperature rises, the humidity 
ratio difference (Wi - W 0) will reduce, increasing 
the amount of outside air required. This increase 
needs to be controlled by the modulating 
dampers. However, the required increase in 
outside air flow will be modest because the 
(Wi Wo) difference reduces quite slowly as the 
temperature rises For example, for a 10 metre by 
25 metre (33 feet by 82 feet) pool with water 
temperature of 27°C (81°F) and enclosure at 
27°C (81 OF) and 60 percent relative humidity, the 
required outdoor air flow at -28 QC (-18°F) would 
be 894litres per second (1,894 cubic feet per 
minute); at an outdoor temperature of -13 DC (9DF), 
the same pool would only require 961 litres 
per second (2,036 cubic feet per minute), a 
7.5 percent increase. 

The ventilation system should provide a total air 
exchange capability of four to six air changes per 
hour, which is probably considerably more than 
the minimum outdoor air quantity needed for 
humidity control. The air-handling equipment 
should mix outdoor air with recirculated air to 
achieve the total air delivery needed. It should 
also have motorized, modulating dampers so that, 
when outdoor conditions are suitable, more than 
the minimum outdoor air can be brought in (up 
to 100 percent). 
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The pool enclosure should be maintained at a 
slight negative pressure, 10 to 35 Pa, relative 
to adjoining spaces to prevent the migration of 
humid air and chloramine odours to other parts 
of the building. Therefore, the ventilation system 
must include a return/exhaust fan operating at a 
slightly higher flow rate than the supply fan. 

Figure 7.14 shows a typical installation using 
outdoor air for humidity control. 

7.5.1.2 Mechanical Dehumidification 

In a mechanical dehumidification system, a 
packaged air handling/cooling unit circulates 
pool air over a direct-expansion cooling coil that 
removes moisture from the air. The packaged unit 
typically includes a refrigeration component with 
two condensers. One condenser is used to reheat 
the air circulating through the unit as needed to 

Fig. 7.14 

maintain the design air temperature in the 
pool enclosure. If any additional heat rejection 
is needed, the second condenser, which heats 
the pool water, is used. In this way, the energy 
consumed in the mechanical refrigeration 
equipment is used to maximum benefit. Various 
manufacturers produce packaged units specifically 
designed for this application. 

The total air circulated by a mechanical 
dehumidification system needs to be sufficient 
to achieve good air distribution within the pool 
enclosure. However, the amount of outdoor air 
brought in at any time can be limited to that 
required to meet occupant ventilation needs. Thus, 
a mechanical dehumidification design could use 
a fixed outdoor air quantity. In order to maintain 
a negative pressure, exhaust air flow must be 
slightly higher than outdoor air intake. 

Humidity, Temperature and Pressure Control in Pools 

NOTES: 

SEE 
NOTES 
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Humidity control. ®. adjusts exhaust & recirc. dampers to maintain humidity setpoint. 

2 Pressure control, ®. adjusts outside air intake to maintain slight negative pressure in enclosure. 

3 Thermostat, CD , controls heating in supply air unit to maintain temperature setpoint. 
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In most cases, the outdoor air is mixed with 
return air before passing through the air-handling 
unit. Care must be taken to ensure hydronic coils 
do not freeze. See Sub-section 5.5. 

7.5.1.3 Other Design Considerations 

The high humidity and chloramine pool 
water treatment combine to create corrosive 
conditions. Therefore, ventilation system 
components (equipment, coils, ducts, registers, 
dampers, etc.) must be constructed of corrosion 
resistant-materials or materials have corrosion
resistant coatings. For example, aluminum 
rather than steel - ducts, registers and grilles are 
recommended. Shower and washroom exhausts 
should be separate from other building 
exhaust systems. 

The building structure and fabric must also 
be designed to resist the corrosive conditions. 
Ferrous metals should not be used. All 
penetrations (doors, windows, duct openings, etc.) 
must have a continuous sealed air and vapour 
barrier. Interior doors between the pool enclosure 
and other areas should be weather-stripped as if 
they were exterior doors. Vestibules should be 
considered. Suspended ceilings should not be 
used because they will create a separate high 
humidity space that will require its own 
ventilation system. Exterior glazing and skylights 
should be avoided, particularly in cold climates, 
because condensation on them is extremely 
difficult to avoid. Even with the application 
of sound design principles, examination for 
condensation, fungus, mould, stains, mildew, 
rust, etc., which result in structural deterioration, 
must be performed on a regular schedule, and 
corrective action taken as needed. 

7.5.2 Parking Garages 

The 1995 NBCC requires outside air ventilation 
for enclosed parking garages. The Code specifies 
either a fixed air flow rate or sufficient ventilation 
to keep carbon monoxide (CO) concentrations 
below a maximum concentration, usually 
100 parts per million. The required ventilation 
is provided by exhaust systems. The required 
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outside air is either drawn in from vehicle 
entrances or exits or is provided by an air 
make-up system. A multi~level below-grade 
parking garage with no outside air openings 
for the lower levels requires positive outside 
air distribution on the lower levels. Figure 7.15 
shows a typical control and air flow configuration 
for a multi-level garage ventilation system. It is 
important that each individual exhaust air fan is 
supplied with a low-leakage discharge damper 
(backdraft or motorized), which closes whenever 
the fan is off. This will avoid recirculation of 
exhaust air fumes from other fans into the garage 
from the positively presssurized exhaust air shaft. 
Also, the outside air intake must be located to 
avoid any recirculation of exhaust air into 
the intake. 

Continuous fan operation at the code-required air 
flow rate is the simplest solution. However, there 
are many hours in a day when vehicle movement 
is limited, or non-existent, and design air-flow 
rates will be excessive. A system controlled 
by CO concentration will greatly reduce fan 
operation. CO sensors should be located near the 
driving aisles or in areas of poor circulation. The 
CO-based control normally opens the exhaust air 
dampers and turns the exhaust fans on when the 
CO concentration reaches 50 parts per million 
and off when it falls to about 30 parts per million. 
At the same time, a fresh-air damper or make-up 
air fans (if required) are opened or started. In 
addition, an audible alarm is required to sound 
if the CO concentration reaches 100 parts per 
million (e.g., due to fan failure). When the garage 
is heated, the incremental cost of a CO control 
system for the ventilation system, compared to a 
continuously operating system, will generally pay 
for itself within one winter. 

In southern Ontario and southwestern British 
Columbia, where the winters are not severe, 
ventilation control can often avoid both the 
requirement for installing heating equipment 
and the cost of heating energy to operate it. 

The size of a control zone in the garage may 
vary from 30 to 250 square metres, and it must be 
co-ordinated with fan Of exhaust inlet operation. 
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Fig. 7.15 
Parking Garage Ventilation 
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NOTE: Exhaust fans to be fitted with low leakage, motorized, discharge dampers interlocked to prevent reverse flow. 

CO sensors must be recalibrated regularly. An 
economical test kit for this purpose is available, 
and it should be used as part of the building's 
regular maintenance program. 

Unit heaters in the vicinity of the outside air 
intakes or delivery points may be provided to 
maintain conditions noted in Table 2.1. Insulation 
is required on the garage ceiling where apartments 
are directly above. The thermal conversion 
efficiency of direct-fired equipment is greater 
than that of indirect-fired and may be used in 
some jurisdictions. 

The garage ventilation systems (exhaust and/or 
make-up) must ensure removal of exhaust fumes 
from all areas of the garage. Multiple exhaust air 
inlets (and supply air outlets) may be required 
depending on the size and layout of the garage 
and the possibility that circulation in some parts 

of it could be poor without them. In multi-level, 
above-grade parking garages, a separate 
ventilation system for each level may reduce 
complexity and lower costs. Propeller (axial) flow 
fans are commonly because of their high-volume, 
low-pressure characteristics. 

The 1995 NBCC also requires that vestibules 
between a parking garage and entrances to 
the building via elevator, stairwell, etc., be 
pressurized as shown in Figure 7.15 to prevent air 
from the garage entering the building. In addition, 
garages are frequently under a negative pressure 
(the exhaust capacity being greater than the make
up air capacity) and stairwells may open to the 
exterior. Small fans normally draw unheated 
air from outside. From an operating costs 
perspective, the supply of conditioned air 
should be minimized. 
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7.5.3 Elevator Equipment Rooms 

Elevator equipment rooms should have an 
exhaust fan with a capacity of approximately 
20 air changes per hour, with a minimum of 
250 litres per second (530 cubic feet per minute). 
In rnid- and high-rise buildings with traction 
elevators, the elevator shaft often vents into the 
elevator machine room, providing the required 
exhaust air make-up. Otherwise, a tight-fitting, 
motorized outside air damper, interlocked to open 
when the exhaust fan starts (and close when it 
stops) should be provided. Other openings should 
be minimized and sealed to the shaft where 
possible. A reverse acting thermostat should 
open the damper and start the exhaust fan when 
the temperature exceeds 23 or 24°C. 

Some elevator manufacturers specify a 
maximum permitted machine room temperature: 
if it is exceeded, the elevator warranty may be 
void. Mechanical cooling may have to be 
provided to ensure that the specified temperature 
is not exceeded. In such cases, it is recommended 
that the exhaust fan be used until the outside 
temperature is too warm to maintain the required 
temperature, and only then should mechanical 
cooling be started. This will reduce energy costs. 

7.5.4 Emergency Generator Rooms 

When emergency electric power requirements are 
large enough, an emergency generator set must be 
provided. This is usually a diesel engine driven 
generator, using a water-cooled engine with a 
close-coupled, blower radiator fan so that air first 
flows over the engine, through the radiator, and 
then is recirculated in the room, or discharged. 

Consideration should be given to selecting a 
self-contained unit, complete with a weather
proof enclosure designed for roof-mounting. This 
eliminates any ventilation requirements within the 
building. However, care must be taken to ensure 
that the unit has an effective acoustic enclosure 
and isolation from the structure to avoid 
occupant complaints from the building 
or adjacent buildings. 
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If the generator set is located within a generator 
room, it will require combustion air as well as 
ventilation for removing engine heat directly 
radiated from operation. If the generator set has 
an integral radiator, as illustrated in Figure 7.16, 
then the dampers that provide for radiator air flow 
will provide ample ventilation for the other 
requirements. If the radiator is remotely located, 
for example, on the roof outside, then engine 
room ventilation noted in Equation 7.10 will 
be required: 

Equation 7.10: 

v = 812 H / trise + combustion air 
where: 

v= 
H= 

trise = 

ventilation air in Lis; 
heat radiation from engine in kW, 
usually equivalent to 10 percent of 
fuel usage; and 
permissible temperature rise in the 
engine room in °C. 

Figure 7.16 shows motorized dampers that allow 
for recirculation of radiator discharge air back 
into the engine room when cold outside air would 
make the engine room too cold with 100 percent 
outside air flow, particularly when the engine is 
first started. The damper control must ensure the 
outside air damper is open to a minimum position 
at all times during generator operation to meet 
minimum ventilation requirements. 

7.5.5 Electrical Vaults and 
Transformer Rooms 

These rooms require ventilation or, in some 
cases, cooling to prevent overheating. Required 
ventilation air can be calculated by Equation 7-11. 
The free opening area for transformers is I 

approximately 20 cm2 (3 in2) per kVA and for 
switches 6.5 cm2 (1 in2) per kVA. The rough 
opening area is approximately double 
this amount. 
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Fig. 7.16 
Emergency Generator Room Ventilation 
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Equation 7.11: 

V = 812 * H / trise 
where: 

V= 
H= 

ventilation air in LIs; 
transformer losses in kW (use 
manufacturers data or allow 6 percent 
of rated transformer kVA); 
and 

trise = design temperature rise in the 
electrical vault in °C. 

When the vault temperature exceeds 24 or 25°C, 
a reverse acting thermostat should start the 
exhaust fan and open the motorized damper. 

If the outside summer design temperature plus 
the design temperature rise exceeds 40°C, then 
consideration should be given to mechanical 
cooling because transformers and switch gear 
need to be down-rated if they are to operate in 
temperatures exceeding 40°C. Mechanical cooling 
can sometimes be avoided by increasing the 
ventilation air flow to decrease the design 
temperature rise. 

7.5.6 Boller and Mechanical Rooms 

These rooms should have an outside air supply 
fan with a capacity of approximately 10 air 
changes per hour, with a minimum of 250 Htres 
per second (530 cfm). In cold climates, the 
outside air should not be introduced where it 
might cause freezing problems. One alternative 
would involve mixing with warm recirculated air 
to increase the temperature of the air. A reverse 
acting thermostat should start the fan when the 
room temperature exceeds approximately 24°C. 
At other times it would not operate. 

An exhaust fan is not recommended because it 
might cause depressurization of the room and 
combustion problems. 

7 .S. 7 Wet and Dry Storage Rooms 

Cleaning and mop storage rooms with sinks 
should have a nominal five air changes per 
hour continuous exhaust, either connected into 
a central washroom exhaust at the roof or with 
a local exhaust fan discharging into the garage 
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or other suitable location. The fan perfonnance 
should ensure stack effect cannot backflow (cause 
air flow from the garage through the storage room 
and into the building). The small fan capacity 
would normally not increase garage air 
pressures to the point at which exhaust 
fumes enter the bUilding. 

7.5.8 Garbage and Recycling Rooms 

An exhaust only fan with a capacity of five air 
changes per hour, with a minimum of 100 Htres 
per second (200 cfm) is recommended if the area 
does not have mechanical refrigeration. It should 
operate continuously in the summer and discharge 
to a location where odours will not be a nuisance. 
If mechanical cooling is provided, a smaller fan 
that would maintain a negative pressure should 
be considered. 
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CHAPTER 8 - AUTOMATIC 
CONTROL SYSTEMS 

8.1 Introduction 

Suggested control sequences and strategies are 
included with the descriptions of the various types 
of HVAC systems in Chapters 3,4,5,6, 7 and 10. 
They will not be repeated here. This chapter 
focuses on the different control system 
technologies available and factors that should 
be considered in selecting a specific one for 
a particular project. 

Automatic control systems are an essential part 
of HVAC systems in modem buildings. Control 
systems are composed. of: devices that sense 
conditions, such as temperature or pressure; 
controllers, which make comparisons between 
sensed conditions and desired conditions (known 
as setpoints) and issue a control command in 
response; and output devices, such as relays or 
actuators, which convert the control command 
into a specific control or system response. 

Automatic control systems do away with 
the need for individuals to supervise conditions 
continuously and manually carry out HVAC 
system or equipment adjustments in response. 
They allow HVAC systems to be set up and 
then to operate and maintain desired conditions 
without further input from the resident or 
occupant, except for making periodic setpoint 
adjustments. Often control systems incorporate 
time clocks so that different control setpoints or 
operating routines for day and night will be 
activated automatically. 

HVAC equipment frequently has automatic 
controls included as an integral part of the 
equipment as purchased. Some controls carry 
out safety functions (for example, flame failure 
shutdown controls in boilers or furnaces); others 
carry out operational control functions (for 
example, varying the position of the inlet vanes 
in a centrifugal chiller to maintain chilled water 
supply temperature at the setpoint). However, 
most control systems involve components 

packaged separately from the controlled 
equipment and specifically intended to carry 
out control functions. 

This chapter discusses characteristics, 
advantages and disadvantages of four types of 
control systems; conventional electro-mechanical 
controls (Section 8.2); packaged electronic 
controls (Section 8.3); computer-based direct 
digital controls (DOC) (Section 8.4); and 
a complete Building Automation System 
(Section 8.5). Section 8.6 provides some guidance 
on appropriate control systems selection for 
different types of buildings and systems. 

Pneumatic controls are not covered because they 
are rarely used in new construction. However, 
where revisions are being made to an existing 
system with pneumatic controls, retention of 
pneumatic actuators for dampers and valves 
should be considered, even if the overall control 
system is being upgraded to a DDC or electronic 
system. Controls for unitary equipment are 
usually by means of electro-mechanical or 
packaged electronic control devices. Controls 
for centralized systems are typically packaged 
electronic controls or DOC. The construction cost 
(and required maintenance) for an air compressor, 
tubing and pneumatic components is such that, 
on a cost-performance basis, DOC is usually 
better value. 

8.2 Conventional Control 

8.2.1 Characteristics 

Conventional control systems are composed 
of devices that carry out their sensing, control 
and actuation functions by physical electro
mechanical means. Often two, or even all three, 
of these functions are combined in a single 
control device. The thermostat is an example. 
It contains a temperature sensing element that 
responds to changes in temperature with physical 
movement. At a position corresponding to the 
setpoint, the movement will trigger the start of 
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the heating equipment (if the thermostat controls 
heating). Finally, the thennostat setpoint can be 
adjusted by rotating a dial or sliding a lever 
which, in tum, changes the physical position -
and therefore the temperature - at which the 
sensing element triggers the heating equipment. 

Often, the controlled equipment is started, 
stopped or its operation adjusted by means of 
establishing an electrical circuit or breaking it. 
The actuation function of a control system often 
consists of a relay or electrical switch that 
"makes" or "breaks" in response to the sensing 
and control actions of the control system 
or device. 

8.2.2 Advantages 

Conventional controls, particularly for unitary 
equipment, have the lowest cost. They are quick 
and easy to install and set up, and, because the 
required control logic is both localized and 
simple, electro-mechanical devices work well. 
Often, HVAC equipment can be ordered complete 
with conventional controls, already matched 
to the equipment. This simplifies the 
overall installation. 

Conventional controls operate as single 
devices; they are not integrated into any sort of 
control "network." Each control is completely 
independent of all others. Particularly for suites 
in residential buildings, this is often seen as 
an advantage. 

8.2.3 Disadvantages 

Conventional control systems are limited to 
control logic sequences that can be carried out 
with physical mechanisms. As the number of 
variables (either sensed conditions or setpoints) 
to be considered increases, conventional controls 
become more cumbersome, expensive, inaccurate 
or unreliable. Therefore, control of a central 
HVAC system which requires co-ordinated control 
of several components or control zones may be 
costly and difficult with a conventional system. 
Optimization of such a system may not 
be practical with conventional controls. Normally, 
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each zone will be controlled independently of all 
the others. 

Conventional controls do not have any of the data 
collection, storage and presentation capabilities 
that are common to high-perfonnance DDC 
systems. These capabilities mayor may not be 
seen as having any real benefit in a residential 
setting; that depends on the nature of building 
ownership and operation and on the types of 
systems being controlled. 

8.3 Packaged Electronic Controls 

8.3.1 Characteristics 

With the advent of micro-processors has come 
electronic programmable thermostats. These 
usuaUy have built-in time-clock and night setback 
features, digital readouts of temperature, setpoint, 
time of day, etc. They can be "programmed," but 
this "programming" is in reality merely putting 
control settings into a pre-detennined control 
sequence, or "program, " built into the unit. 
Their final control action is identical to that of 
non-electronic thermostats - they make or break 
an electrical circuit to activate or shut off heating 
or cooling equipment in response to space 
temperatures. 

Most programmable thermostats cannot be 
linked together in a network; they are individual 
devices. However, as electronics technology 
advances, packaged electronic controls that can 
be networked for remote monitoring and alarm 
purposes but not (as yet) for control optimization, 
are coming to market. Typically, a single 
communications control unit is required to 
activate networking. The communications unit 
may contain a modem, so remote communication 
is possible. Costs are comparable to those for 
independent electronic thermostats. 

8.3.2 Advantages 

Programmable thermostats have features such 
as night setback, digital temperature and setpoint 
displays and more flexibility in settings than do 
electro-mechanical thermostats. They are readily 
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available to control both heating and cooling in 
a unit providing both. 

The new "networkable" controls often have 
alarm capabilities, which can sound an alarm at 
the communications control unit (possibly in the 
superintendent's or manager's suite) or report it 
to a remote location (if there is a modem and 
telephone line connection). These units are almost 
as easy to set up as standard thermostats. 

8.3.3 Disadvantages 

Electronic controls cost more than standard 
thermostats and humidistats but, as noted above, 
may have additional features. 

They do not have the full programmability 
or the customized optimizing control strategy 
programmability available with full-function 
DOC systems. 

8.4 Direct Digital Control (DOC) 

8.4.1 Characteristics 

Direct digital control (nnC) systems differ 
from conventional controls in that they use 
programmable micro-processor. The basic 
structure of a nnc system consists of: 

• sensors or other devices that provide 
input information; 

• micro-processor-based controllers that 
receive the inputs, carry out control logic 

calculations using software algorithms and 
issue output commands; 

• relays or transducers that receive the output 
commands and provide signals to carry out 
the commands; and 

• controlled (field) devices. 

Inputs come from sensors for such things as 
temperature or velocity and from contacts or 
switches that monitor the "on-off' status of 
equipment or components such as fans 
or pumps. 

Controllers contain micro-processors and other 
electronics that implement the control logic 
programmed into them. There are many possible 
configurations of Dnc controllers and DOC 
systems. Controllers can be designed to control 
a single HVAC zone terminal (such as a VAV 
box or a fan-coil unit) with only a few input and 
output point locations. Or they can have a very 
high input/output point capacity, with increased 
memory and other features to support them. 
Controllers can be networked together, so they 
can share information and transmit relevant 
control information to each other. It is this 
capability that facilitates optimization of a 
centralized HVAC system with several 
components needing integrated control and 
many others that are individually controllable. 

The physical configurations possible, termed the 
"system architecture", are almost endless and 
often depend on the specific features supported by 
different manufacturers. In summ.ary, controllers: 

• translate input signals into a digital format 
that is "understood" by the micro-processor; 

• contain computer memory, processing units 
and a software operating system to allow 
programming of control logic by user 
or manufacturer; 

• provide for linking up many panels or 
controllers in a control network and sharing 
information between them, thus allowing 
greater control optimization; 

• provide for external links to personal 
computers (either locally or remotely through 
a modem) for more sophisticated display of 
results, storage and display of data, editing 
of software programming, etc.; and 

• in response to control logic results, issue 
output commands to relays or transducers 
which, in tum, activate, deactivate or position 
final control devices, such as fans, pumps, 
chillers, dampers, valves, etc. 

The crucial difference between DDC and 
conventional control is the use of computer 
technology and the resulting ability to use the 
power of computer software to carry out control 
logic calculations. Software may be written by 
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the DDC system manufacturer and embedded 
in DDC controllers. In these cases, the user will 
merely input control setpoints, "on-off' schedules 
and other parameters but will not have any control 
over the basic control logic. This type of software 
is known as "firmware". In other systems, the 
manufacturer may provide a flexible 
programming language that allows the user 
to program any control logic sequences desired. 
Programs can be customized to fit the particular 
circumstances of the HVAC system and to 
implement advanced control strategies offering 
more efficient system operation and often greater 
occupant comfort (ref. 80) 

Reference 81 provides a more in-depth discussion 
of the fundamentals of DDC. 

8.4.2 Advantages 

The greatest advantage of DDC systems is 
in centralized HVAC systems that can benefit 
from optimized control and where the status or 
operating condition of all the distributed zones in 
the system can be considered in reaching control 
decisions. For example, in a central hydronic 
heating system, the load circuit pump can be 
shut off unless there is a specific demand for 
space heating somewhere in the system. A heating 
load would be indicated by a zone control valve 
opening to allow hot water into a heating element 
in order to provide heat. Every control valve is 
monitored by the system all the time. In some 
climates and buildings, the result can be a 
circulating pump operating for hundreds of 
hours less each year, while always operating when 
heating is needed. There are savings in electricity 
for pumping and piping heat losses. Where boiler 
design permits some heating up and cooling down 
cycles, the same logic can be used to shut boilers 
down until a demand exists, perhaps with 
programmed minimum "on" andlor "off' 
times to avoid short-cycling. 

The use of software logic means there is no limit 
to control sequences. With conventional controls, 
the control logic must be carried out with physical 
mechanisms that, in practical tenns, limit what 
can be done. The added flexibility is most 

Page 154 

valuable in centralized systems with multiple 
control zones. 

Software does not go out of calibration. 
The sensors and actuators attached to a DDC 
system require re-calibration and maintenance, 
but the electronics components are typically 
maintenance-free. Thus, maintenance costs are 
lower for DDC systems than for conventional 
systems controlling central HVAC systems. 

DDC systems can collect and store values from 
both inputs and outputs for future examination 
and analysis. Connected personal computers can 
be used to create trend logs, trend graphs and 
other displays that make possible the analysis 
of HVAC system operation. 

Because controllers are networked, inputs 
physically connected to one controller can be 
used in control logic calculations carried out in 
other controllers. Each controller has its own 
identity and each point its own address. The 
controller's software just refers to the point name, 
and the controller obtains the information from 
wherever it is located on the network. 

8.4.3 Disadvantages (compared to 
conventional controls) 

Particularly for HVAC systems using unitary 
equipment, DDC has a capital cost premium at 
the present time. However, as with all things in 
the computer world, performance keeps rising 
while costs continue to drop. 

DDC is more difficult to set up and get operating 
properly. Commissioning and rigorous acceptance 
testing are essential if problems are going to be 
detected and corrected prior to turnover of the 
completed building. Because DDC systems are 
computer-based, if problems do occur, diagnosis 
and correction can be more difficult. For example, 
if the problem is in the software, there is nothing 
physical to look at. A further problem is the 
limited ability of control components to work in 
competitors systems and mechanics to service 
those systems. This may leave the owner 
dependant on a limited number os service 
contractors and suppliers. 
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8.5 Building Automation 

Building automation systems go one step 
further than DDC systems, in that they control 
and monitor all the building's automated systems 
from a single source. Thus control of security 
surveillance, alarm and access, fire alarm, energy 
management, lighting, HVAC, utility demand, 
communication, etc., can be one integrated 
building system. For example, some hotels and 
motels have a guestroom energy management 
system that allows unoccupied suites to be shut 
down and the temperature unless overridden by 
the occupant - to be reset from the main desk. 
Some of these advanced features are being 
incorporated into the "smart" buildings. 

8.6 Selection Guidelines 

8.6.1 Local Ventilation Systems 

Localized in-suite supply or exhaust fans are 
merely turned "on" or "off." The following 
control options are suggested: 

• Manual "on-off' switch, often with an 
adjustable timer that will keep the fan on for 
a period of time. This has the lowest cost, but 
requires someone to tum the switch when fan 
operation is needed. In bathrooms, the fan 
might be wired into the light switch. 

• Control from a reverse-acting humidistat, 
most common for bathroom exhausts. When 
the humidity is high, the fan is turned on; 
when it drops below the setpoint, the fan 
is turned off. 

• Control from an occupancy sensor i.e. fan 
operation is needed when people are present 
but not at other times. Inexpensive occupancy 
sensors are now available. 

More sophisticated control is rarely justified. 

8.6.2 Unitary Heating/Cooling Equipment 

Unitary space heating and cooling equipment 
serves all or part of a single suite. Therefore, 
independent control is appropriate, with the 
resident determining setpoints. Control actions 

are typically simple - turning the heating or 
cooling "on" or "off' as well as associated air 
circulation fans. Control to permit night setback 
of heating temperature setpoint may be a 
desirable feature. 

The following control options are suggested: 

• Simple electro-mechanical thermostat with or 
without night setback features. If both heating 
and cooling must be controlled, then the 
thermostat/controller must have provision for 
both heating and cooling setpoints and output 
wiring for both heating and cooling "on-off' 
signals. If fans must be controlled, then a fan 
control must be incorporated. 

• Electronic programmable thermostat with 
provision for heating, cooling and fan control 
as required. 

• Electronic programmable thermostat with 
networking capability. Alarms (too cold 
or too hot) can be monitored elsewhere: If 
regulations pennit, it may be possible to use 
runtime data to allocate heating/cooling costs 
to individual suites even in buildings with 
bulk utility metering. 

8.6.3 Central Ventilation Systems 

Controls for central supply and exhaust 
ventilation systems can be quite simple. Supply 
systems will often require heating. A simple 
supply duct thermostat can tum heating "on" 
or "off," or act to modulate a control valve. 
Fans may need to be interlocked with outside 
air dampers and exhaust fans with supply fans. 

The following control system options should 
be considered: 

• Conventional electro-mechanical controls, 
utilizing controllers designed for the functions 
to be carried out (fan and damper control, 
duct furnace or heating coil control, etc.). 

• Full-function DDC system. Particularly for 
larger systems, the cost of DDC per unit of 
air flow will be quite small. If there is a DDC 
system selected for central hydronic system 
control, extending it to fan system control will 
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usually carry no installation cost premium 
compared to a conventional system. With 
respect to controlling combustion furnaces, 
the DDe system typically will enable (allow 
the burner to operate if heating is required) 
or disable (prohibit the burner from operating 
if heating is not required) operation of the 
furnace; actual operation, however, including 
all normal operating and safety controls, 
would then be carried out by the packaged 
controls provided with the equipment. This 
prevents the DDC system from inadvertently 
being programmed in such a way as to result 
in unsafe operation. 

8.6.4 Central Hydronic Heatingl 
Cooling Systems 

Central hydronic systems generally have a 
number of components that need controlling. 
In addition, as the control sequences in 
Chapters 3, 4 and 5 show, there are real benefits 
from integrating control of all components and 
thereby increasing control logic sophistication. 
Finally, because heating or cooling is provided, 
hydronic systems can consume significant 
amounts of energy at a correspondingly high cost. 
More integrated control strategies can improve 
operating efficiency and reduce energy 
consumption considerably. 
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For these reasons, full-function nnc systems 
should be evaluated for all central hydronic 
systems. Conventional controls for carrying out 
the simplest control sequences may have a lower 
construction cost than nnc, but nnc systems 
can carry out control strategies that optimize 
operation and minimize energy use. Thus, they 
provide a life-cycle cost benefit in many, if not 
most, buildings. 

If a nnc system is selected, it is important that 
the owner retain a designer who has experience 
with the design, procurement and commissioning 
of nDC systems. A structured specification that 
focuses on system performance capabilities is 
recommended. Reference 82 provides 
one example. 



The electrical power system is composed of 
transformers, distribution wiring and utilization 
devices (motors, lights, heaters and associated 
controls) that convert the electrical power into 
useful output (motion, light or heat). Canadian 
and provincial electrical codes dictate installation 
and safety requirements. The performance and 
efficiency of some products, such as motors and 
lighting, are the subject of CSA or ULC Standards 
and are regulated by federal as well as some 
provincial Energy Efficiency Acts. Reference 83 
requires meters in each suite for most multiple 
unit residential buildings, as they encourage 
energy conservation. Additional background 
and detail follows for transformers, motors, 
lights and their control. Additional information 
is available from Reference 84. 

9.1 Transformers and 
Power Distribution 

9.1.1 Transformers 

Sub-station transformers convert the utility 
distribution voltage (4,160, 13,800 volts and 
higher) to the building distribution voltage 
(commonly 600, 460, 208 volts three phase). 
Sub-station transformers may be installed in a 
room (vaUlt) within the building, on an exterior 
concrete pad or, for very small installations, on 
a pole. Outdoor installations are generally more 
economical for the building owner, are easier 
to maintain and do not require space in the 
building. However, a suitable outdoor space 
that is aesthetically acceptable and secure from 
vandalism may not be available. The local utility 
generally buys the transformer, but an owner of 
a very large building complex might own the 
sub-station transformer in exchange for a discount 
rate on high voltage power to justify the purchase. 
Only in extreme conditions do transformer rooms 
require supplementary heat. 

Smaller distribution transformers are used 
to transform distribution voltage levels to 

CHAPTER 9 - ELECTRIC 
POWER CONVERSION 

utilization voltage levels (208 volts three phase 
or 120/240 volts single-phase). Distribution 
transformers can be located in the main electrical 
room or distributed throughout the building in 
electrical rooms or closets to provide power to 
individual load centres. 

Transformers can be of liquid-filled, encapsulated 
or dry-type construction and are rated according 
to capacity (kVA), voltage, phase, temperature 
rise and insulation class. Liquid types (mineral 
oil, silicon or other nonflammable fluid) are most 
common over 5 k V and 3 k VA, while the smaller 
distribution transformers are often of dry-type 
design. Temperature rise ratings of 65, 80, 115 
and 150°C (Class A, B, F and H) are common 
and give an indication of efficiency. A transformer 
with a lower temperature rise is more efficient but 
tends to be larger and heavier. Insulation class 
ratings are 80, 115, 150 and 220"C and indicate 
the temperature at which design half life of the 
insulation system is 20,000 hours. Equipment 
with an insulation class of 220"C combined with 
a 65°C temperature rise provides the most 
efficient installation with the longest insulation 
life. Conversely, equipment with a 220°C 
insulation class and 150°C temperature rise 
would result in a smaller, lighter, less expensive 
and less efficient installation with a shorter 
expected insulation life. 

Efficiencies of transformers range from about 
96 to 99 percent. Transformer efficiency can be 
improved by using more copper in the windings 
and by using more and better core material. 
Transformers used in multi-unit residential 
building applications should be specified as 
having losses equal to or lower than those 
specified in CSA standard C802-94, 
Maximum Losses for Distribution, 
Power and Dry-Type Transformers. 

If transformers are installed inside a building, the 
heat gain (due to inefficiency) must be rejected 
during summer but, if it is suitably distributed, 
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can reduce heating requirements in winter. 
Between 1 and 1.5 percent of the full load would 
result in a heat load. Good design practice will 
provide adequate ventilation in transformer vaults 
and switchgear rooms so that the ambient 
temperature in the room does not rise above 
40°C. See Sub-section 7.5.5. Alternatively, the 
transformer would need to be de-rated. 

9.1.2 Electrical Distribution 

The design of the electrical distribution system 
is governed by applicable provincial or Canadian 
electrical codes. Electric power is distributed 
throughout a building at a higher voltage (600, 
460, 208 volts) than is used by in-suite appliances 
and lighting, except in small low-rise buildings 
(maximum six floors) where distribution losses 
are small. By distributing power at higher 
voltages, the current is lower for a given load, 
so smaller, less expensive conductors with lower 
installation costs can be used. This saving is offset 
by the necessity for distribution transformers that 
lower voltage levels to 120/240 volts for use by 
in-suite and common area appliances and lighting. 
These transformers are frequently located in the 
basement and on every second floor to serve that 
floor and an adjacent floor; they may also be 
located at every third floor to serve that floor 
and the floor immediately above and below. 
The decision to use distribution transformers and 
their location is determined by considering code 
requirements regarding voltage drop and the cost 
of installation. Additional considerations include 
the real estate (floor space) required in the 
electrical closets for the transformers, the 
length of cable runs from the transformers and 
transformer ventilation requirements. Sub-meters 
discourage energy waste and, when used, should 
be installed ahead of the service switch so they 
cannot be re-routed. 

Distribution transformers are fed by bus duct 
or cable risers. In turn, they supply the suites via 
meter centres and supply the individual suite load. 
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Bus ducts are a system of heavy bus bars in 
a ventilated steel enclosure, and they have 
extremely high current-carrying capacity. They 
come in sections that are bolted together to form a 
bus way that is installed in a riser running between 
floors. Power is taken from the bus duct via 
plug-in taps or disconnect switches. Cable risers 
contain electrical cables that run in free air. Both 
systems use a fire barrier at each floor level. 

Bus duct is more expensive than cable to purchase 
and install, but it is easy to add additional taps, so 
future loads may be easily serviced. Cable cannot' 
easily be tapped, so provisions for future load 
growth must be carefully planned. 

9.2 Motors 

The selection and proper application of electric 
motors is important. Electric energy consumption 
by motors has been estimated at 50 percent 
for motors in commercial buildings that are 
air-conditioned and 15 to 20 percent of the total 
electrical consumption in high-rise residential 
buildings that are not electrically heated or 
air-conditioned. This accounts for a significant 
portion of building operational energy costs. 

9.2.1 Motor Classifications 
and Characteristics 

Motors can be grouped into two broad 
classifications, namely Alternating Current (AC) 
and Direct Current (DC). AC induction motors 
are the most common type found in multi-unit 
residential buildings. They are used for pumps, 
fans, air-handling units, fan-coil units, elevators, 
kitchen and bathroom fans and supply and 
exhaust fans. They are inexpensive, reliable 
and efficient. Direct Current motors are generally 
not used in multi-unit residential building 
applications, except as the drive motor in some 
elevators. Newer electronically commutated DC 
motors (ECMs, brushless DC) have been adopted 
in some high-end heat pumps and gas furnaces 
and may become a future option. 
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9.2.1.1 AC Induction Motors 

Polyphase (three-phase) induction motors 
are used where three-phase power is available. 
Typical sizes found in multi-unit buildings are 
from less than 1 to about 50 horsepower, however, 
motors of up to several hundred horsepower can 
be found in large air-conditioning chillers. 

Single-phase induction motors are used where 
three-phase power is not available or where the 
horsepower requirement is small, typically less 
than 1 horsepower. They are more expensive, 
less reliable and have lower efficiency than 
a comparably rated polyphase motor. 

9.2.1.2 Motor Selection and Application 

Proper motor selection is one of the most 
important considerations for a reliable and 
efficient drive system. When selecting a motor, 
ensure that the requirements of the driven load are 
met, the electrical distribution system's voltage is 
correct and of sufficient ampacity for the motor 
and the motor's enclosure provides proper 
protection. Subsequently, the efficiency of 
the motor should be evaluated for the lowest 
life-cycle cost. 

9.2.1.3 Driven Load Requirements 

The driven load requirements can be broken down 
into two major areas: starting requirements and 
running load characteristics. The motor must be 
capable of accelerating from standstill to full 
speed and then continue to provide power to the 
load without exceeding its design limits. In order 
for the motor to accelerate the load successfully 
to operating speed, it must be able to supply 
enough torque to start the load moving initially 
(breakaway torque), and then accelerate the load 
to full speed (accelerating torque) within an 
acceptable period of time to prevent overheating 
of the motor. It must also be able to accommodate 
the load's speed-torque requirements. Figure 9.1 
shows the typical speed-torque curve of a fan and 
an induction motor. The motor's torque-speed 
capability must be greater than the fan's torque-

speed requirement in the starting region. The 
fan's operating point will be where the 
two curves intersect. 

9.2.1.4 Speed Rating 

The speed of AC induction motors is governed by 
the frequency of the AC electrical supply and the 
design of the motor. The windings of the motor 
are designed to have a certain number of magnetic 
poles. Motors used in commercial applications are 
usually made with either two or four poles. The 
synchronous speed of these motors is 3,600 and 
1,800 rpm respectively; however, 6, 8, 10 and 
12 pole motors (1,200,900, 720, and 600 rpm) 
may sometimes be encountered. Induction motors 
always operate slightly more slowly than their 
synchronous speed. The difference between the 
synchronous speed and the running speed is 
called the "slip speed" and is often expressed as 
a percentage. The fuUload speed of a motor is 
marked on the nameplate. 

9.2.1.5 Horsepower Rating 

The horsepower ratings of polyphase motors are 
available in standard ratings of: 1, 1 112, 2, 3, 5, 
7 1/2, 10, 15, 20, 25, 30,40, 50, 60, 75, 100, 125, 
150 and 200 horsepower. The horsepower ratings 
of single-phase motors are also available in 
standard ratings of: 1120, 1115, 1112, 1110, 118, 
1/6, 115, 114, 113, 112, 3/4, 1, 1 112, 2, 3, 5 and 
7 1/2 horsepower. It is considered good practice 
to size a motor for operation at about 75 percent 
load as their peak efficiency is in this region, and 
that percentage allows room to accommodate 
variations or uncertainty in the actual driven 
load requirements. Once the load horsepower 
requirement is determined, it should be divided 
by 75 percent and the next highest standard motor 
rating selected. Oversizing motors to operate in 
the 50 percent or lower region should be avoided 
as the cost of the equipment is unnecessarily 
high and the efficiency and power factor poor. 
Undersizing a motor to operate in the 100 to 
115 percent range results in shortened life for the 
equipment and does not allow for any variation in 
electrical supply voltage. 

Page 159 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

Figure 9.1 
Typical Torque-Speed Curve for a 3-Phase Motor and Fan 
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9.2.1.6 Service Factor 

Motors are rated with a service factor. The 
service factor is defined as a mUltiplier which, 
when applied to the rated horsepower, indicates 
a permissible horsepower loading that may be 
carried under the conditions specified for the 
service factor. This means that the motor may 
carry this additional load, but only when 
operating at the rated voltage, frequency and at 
or below the ambient temperature indicated on 
the nameplate. Operation at the service factor 
will result in increased temperature rise at reduced 
efficiency and power factor. The life expectancy 
of the motor will also be shorter. The service 
factor exists to allow for unusual electrical, 
mechanical and temperature conditions. The 
standard service factor for motors of from 1 to 
200 horsepower is 1.15, and it ranges from 1.25 
to 1.40 on motors of less than 1 horsepower. The 
service factor is marked on the motor nameplate. 

9.2.1.7 Temperature Rise and Insulation Class 

The operating temperature of a motor depends 
on the extent of motor loading and the ambient 
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operating temperature. The maximum operating 
temperature of a motor is the sum of the ambient 
temperature and the temperature rise due to 
internal heat generation. Internal motor heating 
is a result of electrical and mechanical losses. 
NEMA has classified standard temperature rises 
and insulation classes for motors. Polyphase 
motors used in multi-unit residential buildings 
should be specified as having a class B 
temperature rise and constructed with a class F or 
H insulation system. Single-phase motors should 
be specified as having a class B temperature rise 
and being constructed with a class B (130"C) 
insulation system. 

9.2.1.8 Motor Mounting 

The mounting arrangement is important 
when selecting and specifying a motor. This 
consideration includes how the motor will be 
attached and coupled to the load. Electric motors 
are generally mounted in a horizontal position 
with feet attached to the floor or to the machine; 
however, other orientations, such as vertical, 
are also common. Electric motors can also be 
mounted without feet. Typical examples include 
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face and flange mounting, where the machine is 
coupled directly to the motor frame as is common 
in pumping applications. Coupling of an electric 
motor to a machine usually takes the form of a 
direct coupling, in line with the shaft, or a belt 
drive arrangement perpendicular to the shaft. 

9.2.1.9 Physical and Environmental 
Considerations 

Motors must be selected to ensure that they 
have adequate protection from the environmental 
conditions in which they operate. Virtually all 
operating conditions found in multi-unit 
residential buildings are considered usual 
service conditions, so physical and environmental 
considerations amount to choosing the appropriate 
motor enclosure and ensuring a solid 
mounting arrangement. 

Motors are protected from surrounding conditions 
by their enclosures. Two general classes of motor 
enclosures used in commercial applications are 
open drip-proof (ODP) and totally enclosed. ODP 
machines are designed with ventilation passages 
that allow external air to enter the motor and pass 
over and around the windings. This provides 
excellent cooling but limited protection from 
contamination. ODP motors are less expensive 
than totally enclosed motors and are used in 
most indoor HVAC applications. 

Totally enclosed motors are designed so that there 
is no free exchange of air between the inside of 
the motor and the outside environment. Totally 
enclosed fan-cooled motors (TEFC) are fitted 
with an integral fan that blows cooling air over 
the motor casing. This is a very common 
enclosure in both indoor and outdoor applications 
where protection is required from dusty, dirty or 
wet locations - for example, proximity to a sump, 
fire protection pumps and pool areas. A totally 
enclosed air-over-motor (TEAO) is similar to a 
TEFC design but without the cooling fan. It is 
used in air-moving applications, and cooling air is 
provided by mounting the motor in the air stream. 

9.2.2 Electrical Supply and Motor Selection 

The electrical distribution system and the motor 
must be matched so that the supply voltage is 
correct and the supply system has sufficient 
capacity to start and run the motor successfully. 

9.2.2.1 System Voltage and Frequency 

Motors and electrical distribution systems 
have standardized voltages. The nominal supply 
voltage of the distribution system is normally 
higher than the motor nameplate voltage to allow 
for voltage drop along the distribution system. A 
frequency of 60 Hertz (cycles per second) is 
standard in Canada. 

Single-phase motors have standardized 
voltages of 120 and 240 volts and three-phase 
motors have standardized voltages of 200, 230, 
460 and 575 volts. Table 9.1 shows the voltage 
relationship between the supply system and the 
correct motor nameplate voltage. 

Table 9.1 
System and Motor Nameplate Voltages 

System Nameplate 
Voltage Voltage 

120 115 
208 200 
240 230 
480 460 
600 515 

Motors are designed to operate within ±10 percent 
of nameplate voltage. When a motor operates at 
a voltage other than its rated voltage, its 
performance is adversely affected. Polyphase 
motors also require a balanced supply. This 
means that the voltages on all three phases are 
within 1 percent of each other. Unbalanced 
voltages result in unbalanced line currents. 
Even small voltage unbalances can result in large 
current unbalances and excessive motor heating. 
For example, a polyphase motor operating at a 
3.5 percent voltage unbalance will operate 
25 percent hotter than normal and have a current 
unbalance of 20 to 30 percent. Voltage imbalance 
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can occur when single-phase loads are not 
properly distributed in a building, the supply 
utility's supply system is unbalanced or when 
electrical distribution system components, such 
as contactors and connections, are not 
properly maintained. 

9.2.2.2 Polyphase Induction Motors 

Polyphase induction motors are available with 
standard torque-speed characteristics that suit 
most applications. These designs have been 
designated into several unique classes by the 
National Electrical Manufacturers Association 
(NEMA). These design classes are intended to 
address the majority of motor applications in the 
1- to 200-horsepower range as shown in the 
Table 9.2 and Figure 9.2. Additional performance 
characteristics are available in Reference 85. 

NEMA design A and design B motors are the 
most commonly used motors in industrial and 
commercial applications. They are suited to the 
majority of multi-unit residential building 
applications, such as fans and pumps in, HVAC 
systems and other general purpose applications. 
NEMA design B motors have lower starting 
current than design A and are generally used, 
instead of design A motors, in new and 
replacement applications. NEMA design C and 
design 0 motors are used in specialized industrial 
applications requiring high starting torque and 
also, when constructed to accommodate repetitive 
starting and stopping, in some elevator 
applications. 

Table 9.2 
NEMA Torque Designs for 3~Phase Motors 

9.2.2.3 Single-Phase Motor 

Single-phase motors are used where the power 
requirement is small. They are common on 
pumps, fans, small air-handling units, fan-coil 
units, kitchen fans, bathroom fans and supply 
and exhaust air fans. These motors incorporate 
features that allow the motor to self-start. (Single
phase motors do not normally self-start; three
phase motors do.) Single-phase motors are 
classified by their starting design feature 
(Le., shaded pole motors, split-phase 
motors and capacitor motors). 

Shaded pole motors are the least costly and most 
inefficient design. In multi-residential buildings, 
they are found in kitchen and washroom exhaust 
fans, unit heaters and fan-coil heaters. They are 
available in the very smallest sizes up to about 
114 horsepower. Efficiencies range from less 
than 10 to 30 percent and should only be used 
in applications with very low operating hours. 
Shaded pole motors operate only in one 
direction of rotation. 

Split phase motors are used in applications 
requiring moderate starting torque such as 
blowers and small circulating pumps. They are 
low-cost, and available in sizes from about 1/5 to 
3/4 horsepower with efficiencies ranging from 
25 to 60 percent. The direction of rotation of 
split phase motors is usually reversible by 
interchanging connections in the terminal box. 

Capacitor motors use a capacitor to generate 
two-phase operation from single-phase power. 
Capacitor start motors use a starting capacitor 

NEMA Design Locked Rotor Torque Breakdown Torque Residential Applications 

A&B medium high General purpose applications such as fans, 
centrifugal pumps, unloaded compressors. 
Constant load-speed. 

C high medium Not generally used in residential. 

0 extra high N/A Elevators 
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Fig. 9.2 
NEMA Torque Designs for 3-Phase Motors 
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to give high starting torque and good running 
performance. They are considered "general 
purpose" single~phase motors and are used in 
applications such as overhead door openers, 
compactors and larger fans and pumps. They 
are available in sizes from about 114 to 
7 112 horsepower with efficiencies of 50 to 
65 percent. Some manufacturers make high
efficiency models that also utilize a running 
capacitor, with some achieving efficiencies 
of 80 percent or more. These motors can be 
specified in applications with high operating 
hours. Permanent split capacitor motors utilize 
a running capacitor to give very high efficiencies 
but have relatively low starting torque. They are 
used in air-moving applications, such as unit 
heaters, air conditioners and ventilators, and 
are recommended over the inefficient shaded 
pole motors. The direction of rotation of 
capacitor motors is usually reversible by 
interchanging connections. 

Single-phase motors installed in multi-unit 
residential buildings usually are part of the 
original manufacturer's equipment. The motor 

type and/or minimum efficiency of the motor 
used in equipment should be part of the 
equipment specification. 

9.2.3 Economic Analysis 

The cost to operate a motor is often 
underestimated. With an electricity rate of 
$0.07 per kWh, a typical15-horsepower HVAC 
motor running at full load for 8,760 hours per 
year would cost approximately $7,600 per year: 
this is over five times the purchase price of the 
motor. A small change in efficiency can mean 
a significant change in operating cost, so it is 
important to consider efficiency when 
selecting motors. 

Manufacturers test motors for efficiency and 
publish this data to aid in the selection process. 
The two standards commonly used in North 
America for testing AC polyphase motors are 
IEEE 112 (Institute of Electrical and Electronics 
Engineers) and CSA C390. Although there are 
minor differences in the standards, the efficiency 
rating of a motor by either standard is identical. 
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When comparing motor efficiencies, the 
comparison should be based on the "Nominal 
Efficiency" of the motor using one of the 
above test standards. Like polyphase motors, 
single-phase motors are generally not tested for 
efficiency because until recently there were no 
accepted test standards; however, the Canadian 
Standards Association has recently developed a 
test standard for small and fractional horsepower 
motors, CSA C747, so comparison of efficiencies 
can now be based on an accepted standard. 
Currently, there are no minimum efficiency 
requirements for fractional horsepower motors. 
Proposed revisions to the CSA C747 small 
motor standard include the development of 
performance standards. 

Energy-efficient motors have been designed 
with fewer losses compared to their standard 
counterparts. This is achieved by using larger 
copper conductors and more and better core 
materials in the motor construction. Because 
energy-efficient motors use more materials, they 
cost more to manufacture, but this increased cost 
is offset in many applications through reduced 
operating costs. When specifying motors, 
Table 9.3 should be used to determine the 
minimum efficiency a motor should have 

Table 9.3 
Minimum Efficiency for Electric Motors 

Enclosed Motors 

HP 3,600 rpm 

1.0 75.5 
1.5 82.5 
2.0 84.0 
3.0 85.5 
5.0 87.5 
7.5 88.5 
10.0 89.5 
15.0 90.2 
20.0 90.2 
25.0 91.0 
30.0 91.0 
40.0 91.7 
50.0 92.4 
60.0 93.0 
75.0 93.0 
100.0 93.6 
125.0 94.5 
150.0 94.5 
200.0 95.0 
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1,800 rpm 

82.5 
84.0 
84.0 
87.5 
87.5 
89.5 
89.5 
91.0 
91.0 
92.4 
92.4 
93.0 
93.0 
93.6 
94.1 
94.5 
94.5 
95.0 
95.0 

to be considered "energy-efficient." These 
values are in Table 2, CSA C390, 1993 and are 
a legislative requirement in several provinces. 

9.2.3.1 Motor Operating Cost Comparisons 

More efficient motors usually cost more to 
purchase, but this higher initial cost is paid back 
through lower operating costs. By comparing the 
annual energy costs to the incremental purchase 
price, the decision whether to purchase a more 
efficient motor can be made on a sound economic 
basis. When performing life-cycle cost analysis of 
motors, the cost of operation can be calculated by 
knowing the horsepower rating of the motor, the 
loading on the motor, annual hours of operation 
and the blended electricity rate. 

If the actual motor loading is not known, an 
estimate of 75 percent should be used. The 
"blended" rate is an average electrical rate that 
takes into account both the demand and energy 
charge and is determined by dividing the total 
electricity cost by the kWh consumption 
indicated on the utility bill. 

Open Motors 

3,600 rpm 1,800 rpm 

75.5 82.5 
82.5 84.0 
84.0 94.0 
84.0 86.5 
85.5 87.5 
85.5 88.5 
88.5 89.5 
89.5 91.0 
90.2 91.0 
91.0 91.7 
91.0 92.4 
91.7 93.0 
92.4 93.0 
93.0 93.6 
93.0 94.1 
93.0 94.1 
93.6 94.5 
93.6 95.0 
94.5 95.0 
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The kWh savings attributed to using an efficient 
motor compared to a motor of lower efficiency 
can be calculated using the following equation. 

Savings = HP x 0.746 x Loading x Operating 
Hours x Ii I - I -1 

itJ;ciency (lower) Efficiency (higher)} 

Generally speaking, polyphase motors 
operating at least 2,000 hours per year in 
multi-unit residential buildings should be of 
an energy -efficient design with efficiencies 
greater than those listed in Table 9.3. Additional 
benefits of using energy-efficient motors include 
significantly lower operating temperatures and 
longer life. 

Single-phase motors operating 2,000 or more 
hours per year should be efficiently designed -
a good model being the permanent split capacitor 
for fans, heating and cooling equipment. High
efficiency, capacitor-run motors should be 
used for larger applications. As with polyphase 
motors, these motors also have lower operating 
temperatures and longer life. Shaded pole designs 
should be avoided in all applications except those 
with very low operating hours - for example, 
in-suite bathroom and kitchen fans that are locally 
controlled. These fans are often noisy and have 
short lives because they are inefficient. More 
efficient designs using improved motors and fan 
wheelslblades have longer life, lower operating 
costs and are quieter. 

9.2.4 Motor Controls 

The purpose of motor controls is to regulate 
motor operation and provide protection to the 
motor and the electrical distribution system. 
Motor controls are mounted in enclosures that 
protect them from the operating environment. 
Multi-unit residential buildings generally have 
NEMA Type 1 enclosures for indoor dry 
applications and NEMA Type 3 for 
outdoor locations. 

9.2.4.1 Disconnect 

A means of disconnecting polyphase motors and 
equipment from the distribution system must 

generally be provided within sight of the motor. 
The purpose of the disconnect is to provide the 
electrical isolation that allows personnel to work 
safely on the motor. 

9.2.4.2 Overcurrent Protection 

A means of overcurrent protection is 
required in all motor installations to protect the 
electrical distribution system from short-circuits 
and grounds on the motor circuit. This is 
accomplished by using appropriately rated fuses 
or circuit breakers, as required by the applicable 
electrical code. 

9.2.4.3 Motor Protection 

All electric motors require protection from 
overload conditions. Single-phase motors 
normally use internal thermal overload protectors 
which de-energize the motor when the windings 
overheat. Automatic thermal protectors reapply 
power when the motor windings have cooled. 
It is important not to use motors with automatic 
overload protection where automatic restarting 
of the motor at any time may cause mechanical 
damage or personal injury. Examples of these 
potentially dangerous situations include overhead 
garage doors and garbage compactors. Where 
automatic restarting is not appropriate, motors 
with manual reset protection are required. A 
manual reset thermal overload must be reset 
manually when the motor has cooled. Some 
small motors used in fan applications may be 
"impedence protected," meaning they will not 
overheat if overloaded or stalled as their current 
is limited by their electrical impedence. These 
motors do not use thermal overloads. 

Protection of integral horsepower three-phase 
motors is achieved by using overload relays. 
These relays monitor motor current and de
energize the circuit before the motor reaches 
critically high temperatures. These devices 
also minimize motor damage during an 
electrical fault within the motor. 
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9.2.4.4 Motor Starting 

A motor starter is used to connect the motor to 
the electrical distribution system. An across the 
line (full voltage) starter is the preferred method 
of motor starting when the motor, driven load 
and electrical distribution system permits. The 
starter is easy to apply and is the least expensive 
motor-starting option. Across the line starting is 
used in most multi-residential building motor 
applications. Motor starters are rated according 
to motor horsepower and voltage, as well as 
enclosure classifications. 

Across the line starters can be manual or 
magnetic, with manual starters finding 
application only in smaller horsepower sizes 
of 10 horsepower or less. Manual starters use 
switches that are opened and closed manually 
and incorporate a thermal overload device. 
Manual starter contacts remain closed if the 
power is lost from the circuit (power failure) 
and the motor will restart when the power 
is reapplied. 

Magnetic starters use a low-voltage (usually 
120 volts) control circuit to operate a magnetic 
contactor that closes electrical contacts supplying 
higher voltage (208, 460, 600 volts) to the motor. 
The magnetic starter can utilize any number of 
control devices such as push buttons, limit 
switches, thermostats, etc., configured into a 
control scheme. It separates the control devices 
from the high-voltage and current power circuits 
and requires low voltage wiring only. This 
lowers installation cost and increases safety 
by separating the operating personnel from 
high-voltage circuits. 

Combination starters include a disconnect switch, 
overcurrent protection and a magnetic contactor, 
all in one convenient package. These should be 
used for motor installations that are not fed from 
circuit beaker panels, as the overall costs are 
lower than installing separate disconnect 
switches and starters. 

Motor control centres are used where the control 
of many motors is required in one location, as in 
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mechanical equipment rooms of very large 
buildings. Modular in construction, they 
incorporate disconnect, protection and control 
devices into a single electrical assembly. 

When across the line starting cannot be used 
because of limitations on motor starting imposed 
by the electrical utility, some type of reduced 
voltage starting must be used. When the voltage 
to a motor is reduced during starting, the starting 
current is reduced by the same proportion; 
however, the starting torque is reduced by the 
square of the voltage reduction. A reduced voltage 
starter must be carefully applied to ensure that 
there is sufficient starting torque available to start 
the driven machine under all loading and supply 
voltage conditions. The mechanical equipment 
manufacturer is usually consulted to assist in 
choosing the type of reduced voltage for a 
particular application requiring reduced 
voltage starting. 

9.2.4.5 Motor Speed Control 

AC induction motors are essentially constant 
speed machines. The speed of the motor is 
determined by the frequency of the power supply 
and the number of magnetic poles in the design 
of the motor. Fixed speed motors serve the 
majority of multi-residential building 
applications; however, it is often desirable 
to have a motor operate at two or more speeds 
or to have fully variable-speed operation. 

Varying the speed of motors and the driven 
load can frequently result in substantial energy 
savings. In some systems, control elements such 
as dampers and valves are used to regulate flow 
or pressure. The throttling actions of these devices 
can result in inefficient operation and energy loss. 
Incorporating variable speed operation can often 
result in energy savings of 20-50 percent. Typical 
applications of variable speed operation in multi
unit residential buildings include cooling tower 
fans, ventilation fans and hot and chilled 
water pumps. 

Multi-speed motors allow the number of poles to 
be changed by reconnecting the windings of the 
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motor. Single winding, multi-speed motors 
allow the speed ratios of 2: 1 (3,60011 ,800 rpm, 
1,800/900 rpm, etc.). Pole changing is 
accomplished through the use of a special motor 
starter. Two winding multi-speed motors can be 
configured for any number of poles, so all 
synchronous speeds are possible (3,600, 1,800, 
1,200, rpm etc.). The use of two-speed motors 
in building pressurization and make-up air fans 
which normally operate continuously, allows the 
system to be run at low speed during the night 
when most suite exhaust systems are not in use. 
Multi-speed motors are also used in cooling 
tower fans. 

Electronic adjustable speed drives - (variable 
speed drives - VSDs, variable frequency drives -
VFDs, or adjustable speed drives - ASDs) are 
speed control devices that vary the voltage and 
frequency to a three-phase induction motor. By 
doing so, the speed of the motor and torque 
characteristics can be adjusted to match the load 
requirements. ASDs have become the preferred 
way to achieve fully variable speed motor 
operation, as they are relatively inexpensive 
and very reliable. Motors operated with adjustable 
speed drives can generate objectionable noise in 
air-handling systems. Drives with high switching 
frequencies (> 15,000 cycles per second) are 
specifically designed to avoid this annoyance 
and should be used with motors rated for "inverter 
duty". The motor and drive supplier should 
be informed that the application is for an air
handling system, so that the drive can be 
properly specified. 

9.3 Lighting 

Although Figure 1.2 suggests lighting accounts 
for approximately 10 percent of the energy used 
it can account for 12 to 18 percent of the total 
energy costs. Energy-efficient lighting fixtures 
can reduce energy costs by 40 percent and 
provide a payback of three years or less. Further, 
while purchase costs may be higher, the ~xpected 
life of energy-efficient lamps and fixtures is from 
10 to 20 times greater. In addition, summer 
cooling loads can be lower, but winter heating 
requirements greater. 

Lighting is used for task illumination, to provide 
security and safety and for resthetic reasons. 
Lighting should be designed to provide sufficient 
visibility of detail to perform common tasks with 
little or no fatigue after prolonged periods. From 
an energy management perspective, these goals 
can be met while minimizing energy usage though 
careful design and consideration of such things as 
the colour rendering index, efficacy and energy 
consumption of various lamp types and sizes. 

There are numerous lighting technologies 
available for various combinations of tasks 
and locations. In general, a luminaire consists 
of a lamp mounted in some type of fixture. The 
various types of discharge lighting (fluorescent 
and High Intensity Discharge - HID) also require 
a ballast to regulate the starting voltage and to 
control the current through the arc. In addition, 
most lighting systems utilize some method of 
control, even if it is just a simple "on/off' switch. 
Each of these components is discussed in the 
sections that follow. 

9.3.1 Lamps and Fixtures 

This section provides an overview of the various 
types of lamps that are available and in general 
use for multi-unit residential applications. 

9.3.1.1 Incandescent lAmps 

Incandescent lamps consist of a glass bulb 
filled with an inert gas, usually a nitrogen-argon 
mixture, and containing a tungsten coil filament. 
Light is produced by passing an electric current 
through the tungsten filament, which glows when 
hot. The inert gas reduces the evaporation of 
tungsten from the filament, which then operates 
at a higher temperature and greater intensity. 

Incandescent lamps are available in a variety 
of sizes and shapes, with wattages ranging from 
3 to 2,500 watts. They are simple, versatile and 
inexpensive, and as a result they have been the 
most common type of light source used in 
residential applications. However, lamp efficacy 
is the lowest of any lamp type. Energy-efficient 
incandescent lamps are available for most 
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standard sizes and shapes. These energy-efficient 
models provide the same or slightly lower lumen 
output at a reduced wattage (for example 90-watt 
energy-efficient lamps can replace 1 ~O-watt 
lamps). In addition, reflector and PAR (parabolic 
aluminized reflector) lamps can improve lighting 
patterns, allowing the use of lower wattage lamps. 

9.3.1.2 Tungsten-Halogen Lamps 

The inert gas mixture in tungsten-halogen 
lamps, usually referred to simply as halogen 
lamps, includes trace amounts of halogen gas, 
which deposits evaporated tungsten particles 
back onto the filament. This can double the life 
of the lamp and allow it to operate at much higher 
temperatures. The result is a very high output and 
good colour rendition throughout the entire 
lamp life. The bulb is usually constructed of 
heat-resistant quartz due to the high operating 
temperatures. Tungsten-halogen lamps are slightly 
more efficient than regular incandescent lamps. 

Single-ended lamps range in size from 75 to 
500 watts, while double-ended lamps are 
available from 300- to 1,000-watt Reflector and 
PAR tungsten-halogen lamps come with ratings 
from 150 to 1,000 watts. 

9.3.1.3 Fluorescent Lamps 

The electric discharge between the two electrodes 
of a fluorescent lamp creates an arc through a 
low-pressure inert gas containing mercury vapour. 
The mercury vapour generates ultraviolet energy, 
which in tum activates a coating of fluorescent 
material (phosphor) on the inner surface of the 
glass tube. The ultraviolet energy is converted 
to visible light by the phosphor coating. The 
colour of the light produced by a fluorescent tube 
depends on the type of phosphors used to coat the 
tube. The phosphors can be combined to produce 
a variety of colours, the most common being 
warm white and cool white. Figure 9.3 illustrates 
the nomenclature used to describe the various 
types of fluorescent tubes available. 
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Rapid start lamps are the most common type of 
fluorescent lamp used today. They ignite almost 
instantly and have compact, efficient ballasts. 
These lamps are available in 25- or 40-watt 
versions, with lengths of 91 centimetres 
(36 inches) and 122 centimetres (48 inches) 
respectively. 

High-output lamps and very high-output 
lamps are simply rapid-start lamps designed to 
operate with current of 800 milliAmperes and 
1,500 milliAmperes, respectively, compared 
with 430 milliAmperes for standard rapid start 
lamps. Although they are designed to produce 
more light per lamp, they also require more 
power and operate at a lower efficacy. High
output lamps range from 25 to 110 watts with 
lengths of from 46 centimetres (18 inches) to 
244 centimetres (96 inches), while very high 
output lamps are available in sizes from 110 
to 215 watts and lengths offrom 122 centimetres 
(48 inches) to 244 centimetres (96 inches). 

9.3.1.4 Compact Fluorescent (CF) lAmps 

Compact fluorescent lamps are smaller, 
twin and double-twin tube fluorescent lamps. 
Their compact design, longer life and higher 
efficacy makes them ideal substitutes for 
incandescent lights. 

9.3.1.5 Mercury Vapour (MV) Lamps 

Mercury vapour lamps contain pressurized 
mercury vapour and argon gas, and produce 
a bluish white light. Phosphor coatings are added 
to convert some of the ultraviolet light produced 
into visible light, improving colour rendition. 

The efficacy of a mercury vapour lamp falls 
between that of incandescent and fluorescent 
lamps. They have been used mainly in large 
commercial spaces and industrial applications, 
although they are generally being phased out 
because of their low efficacy and potential to 
explode. MV lamps should not be used in new 
building construction. 
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I 

Fig. 9.3 
Fluorescent Lamp Nomenclature 

Lamp type Tube diameter 
F - fluorescent 
U - bent tube 

in 1/8 inch increments 

(T12 = 1.S in. dia.) r---t Colour temperature (optional) 
~ I in hundreds of oK (35 = 3500 OJ<) 

B - twin tube TS 

Power F 40 T121WW/ESn35 
in watts for preheat and 
rapid start lamps 
Length 
in inches for slimline 
and high output lamps 

Lamp colour (optional) 
cw - cool white 
WW warm white 
WWX - warm white deluxe 
CWX - cool white deluxe 
LW - lite white 
o -daylight 
.when lamp colour is used, CAl 
and colour temp. are omitted 

9.3.1.6 Metal Halide (MH) Lamps 

Metal halide lamps are very similar in size to 
mercury vapour lamps, as they were designed to 
be safer, high-efficiency replacements. The main 
difference is that halides from metals such as 
sodium are introduced in order to increase 
efficacy and produce all the visible wave lengths. 
As a result, metal halide lamps are the most 
efficient source of white light available. Lamps 
are also available with a phosphor coating that 
increases the amount of red, yellow and orange in 
the light, producing a warmer, more diffuse light. 

Metal halide lamps are available in sizes ranging 
from 175 to 1,500 watts. In addition, some lamps 
have been designed for direct replacement of 
mercury vapour lamps without a change in 
fixture. Newer super metal halide lamps have 
been developed, which provide a 25 percent 
increase in efficacy over normal metal 
halide lamps. 

'1 Rendering Index (optional) 
CAl in multiples of 10 
(7 = 70% of daylight colour) 

Lamp Type Modifier 
ES - energy saving 
HO - high output 
VHO - very high output 

9.3.1.7 High-Pressure Sodium (HPS) Lamps 

HPS lamps produce light by way of a high
intensity electric discharge through high-pressure 
and high-temperature sodium vapour. Although 
mercury and xenon are present in the HPS lamps, 
the sodium vapour radiates most of the light, 
which is golden white and has a low colour 
temperature. This is very poor quality light that 
makes it difficult to render colours and details. 

High-pressure sodium lamps are available in 
sizes ranging from 35 to 1,000 watts. Some 
colour-corrected lamps are available in a 
limited range. 

9.3.2 Lamp Selection 

There are a variety of factors that should be 
considered when selecting lamps. The lighting 
system can be optimized through careful 
consideration of lamp characteristics such as 
efficacy, life expectancy and colour rendition. 
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9.3.2.1 Efficacy 

Efficacy is a direct measurement of lamp 
efficiency in terms of light output per unit of 
power consumed. In terms of light output, a 
IOOO-watt incandescent lamp, a 400-watt mercury 
vapour lamp, a 250-watt high-pressure sodium 
lamp and a 135-watt low-pressure sodium lamp 
all produce about the same amount of light. 
Figure 9.4 derived from Reference 86 illustrates 
the efficacy range for common lamp types. 

The higher the efficacy, the more efficient the 
light source. Incandescent and halogen lamps 
are the least efficient but, because they are 
inexpensive and provide good colour rendition, 
they are widely used in residential applications. 
Compact fluorescent lamps are more desirable 
than regular incandescent light sources in terms 
of efficacy. Metal halide lamps are excellent 
alternatives to mercury vapour lamps in all 
applications. High-pressure sodium lamps are 
very efficient and are suitable for high-mounted 
fixtures, such as those in swimming pools and 
outdoor parking areas. 

9.3.2.2 Lamp Life 

It is also important to consider lamp life when 
selecting lamps. Table 9.4 is derived from 

Fig. 9.4 
Efficacy of Light Sources and Lamp Types 

.. Standard Incandescent 

.. Tungsten Halogen 

_ Halogen Infrared Reflecting 

Mercury Vapor 

Reference 87. Although the average rated life 
values shown are general guides, it is evident 
that incandescent lamps have much shorter life 
expectancy than other light sources. Although the 
initial purchase price is lower, an incandescent 
bulb may need to be replaced 10 times during the 
normal life span of a compact fluorescent lamp. 

In terms of lamp life, incandescent lamps are not . 
desirable. Where other factors, such as colour 
rendition, take precedence, tungsten-halogen and 
extended life incandescent lamps are the preferred 
alternatives to standard incandescent light 
sources. 

9.3.2.3 Colour Temperature and Rendering 

The colour temperature of a light source has a 
significant impact on the ability to differentiate 
colours, as well as the overall comfort level of 
the lighting. Lamps with a high Colour Rendering 
Index (CRI) include more of the natural 
wavelengths found in daylight and result in 
more natural lighting. The colour temperature 
affects the overall feel of the light: higher colour 
temperatures are said to be cooler and feature 
light in the blue and ultraviolet end of the 
spectrum, while lower colour temperatures 
are warmer and feature light in the red end 
of the spectrum. Table 9.5 lists typical colour 

temperatures 
and CRI values 
for various 
lamp types. 

Regular 
incandescent and 
tungsten-halogen 
lamps provide 

•••••• Compact Fluorescent (5 • 25 watts) 
the best colour 
rendition available. 
Some of the Compact Fluorescent (27·55 watts) 

•••••• Fluorescent (full size and U-tube) 

••••••••• Metal Halide 

•••••• Compact Metal Halide 

High Pressure Sodium 

••• White Sodium 

o 10 20 30 40 50 60 70 80 90 100 110 
Lamp Plus Ballast LumenslWatt 
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colour corrected 
fluorescent lamps 
also provide good 
colour performance, 
but most of the 
high-intensity 
discharge (HID) 
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Table 9.4 
Average Rated Lamp Life 

Lamp Type Average Rated Life (hours) 

High CRI is important for lobbies 
and other high-finish areas. 
Colour rendering is not as 
important in hallways, stairways 
and in swimming pools and has 
little importance at all in 

High·pressure sodium 
50 -1000W 
35W 

Metal Halide 
1,000W 
400W 
250W 
175W 

Mercury Vapour 

Fluorescent 11 OW Very High Output 
60W High Output 
40W instant start 
40W rapid start 

Compact fluorescent 

Tungsten-halogen 

Incandescent 
Extended life incandescent 

24,000 
16,000 

12,000 
20,000 
10,000 
7,500 

24,000 

10,000 
12,000 
9,000 

20,000 

10,000 

2,000 

1,000 
2,500 

lamps are very poor in terms of providing light 
across the entire spectrum: light from high
pressure sodium lights is primarily in the red and 
orange areas of the spectrum, while mercury 
vapour lamps produce very cool, blue light. Of 
the HID light sources, metal halide, provides the 
best colour rendition. 

Table 9.5 

parking areas. 

9.3.3 Ballasts 

Ballasts are required in order to 
regulate the voltage and current 
for electric discharge lamps. Both 
regular fluorescent lamps and 
HID lamps require ballasts. These 
ballasts have also been somewhat 
inefficient. Newer designs using 
electronics reduce energy 
consumption and eliminate 
magnetic noise. Some of the 
new energy saving ballasts operate 
lamps at 50 to 80 percent 
of their rated power, but they 

should not be used in conjunction with energy
saving lamps. However, low-loss electronic 
ballasts, which operate the lamps at full output, 
can be used with energy-saving lamps to 
produce compounded energy savings. The 
latter are preferred, as they operate at a cooler 
temperature and have a total harmonic distortion 

of less than 

Typical Colour Performance for Various Lamp Types 
17.5 percent 
(some are less 
than 5 percent). 

Lamp Type 

Tungsten-halogen 
Incandescent 
7,500 K fluorescent 
Cool white deluxe fluorescent 
5,000 K fluorescent 
Daylight fluorescent 
Warm white deluxe fluorescent 
Warm tone super metal halide 
Cool white fluorescent 
Metal halide 
White fluorescent 
Warm white fluorescent 
Deluxe warm white mercury vapour 
Deluxe white mercury vapour 
Colour-improved mercury vapour 
High-pressure sodium 
Clear mercury vapour 

Colour Temperature 
("K), 

3,190 
2,900 
7,500 
4,050 
5,000 
6,200 
2,940 
3,200 
4,250 
3,700 
3,450 
3,020 
3,000 
3,700 
4,400 
2,100 
5,710 

Colour Rendering Index 
(CAl) 

100 
95+ 

94 
89 
85 
74 
73 
70 
62 
60 
57 
52 
45 
38 
32 
21 
15 

Fluorescent fixture 
ballasts should 
be rated to 
CAN/CSAC654, 
Fluorescent Lamp 
Ballast Efficacy 
Measurements. A 
comparison of 
fluorescent lamp 
ballasts with a CRI 
between 70 and 
79 is shown in 
Table 9.6. 
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Table 9.6 
Typical Performance of Fluorescent Lamp Ballasts 

Ballast Type 

Two F40T12 70CRI, 3150 Lumens 
Conventional Magnetic Ballast 
Magnetic Energy·Efficient Ballast 

Two F40T12IES 70CRI2900 Lumens 
Magnetic Energy-Efficient Ballast 
Magnetic Heater Cutout Ballast 
Electronic Ballast Rapid Start Ballast 
Electronic Ballast Instant Start Ballast 

Two F32T8 70CRI 2900 Lumens 
Magnetic Energy-Efficient Ballasts 
Magnetic Heater Cutout Ballasts 
Electronic Ballast Rapid Start Ballasts 
Electronic Ballast Instant Start Ballasts 

9.3.4 Lighting Controls 

Switches are the simplest and most common 
residential lighting control. Careful location of 
switches can help to save energy by making it 
more convenient to tum lights off after use. 

Dimmer controls are used to vary the intensity 
of light mainly for aesthetic purposes. However, 
by dimming lights, energy consumption is also 
lowered. Incandescent dimmers are available as 
both socket and wall-mounted switches and offer 
flexible control of lighting levels. Dimming also 
extends bulb life. Dimmers for fluorescent lamps 
are available, but they are generally more 
expensive and do not work well at low settings. 

Multi-level lighting devices are available for one, 
two or three steps, or for continuous dimming in 
daylight applications. These control devices are 
recommended in common areas with abundant 
glazing, where they save energy by reducing 
lamp output within three metres of the perimeter 
glazing when there is sufficient daylight. 

Occupancy sensors should be installed in 
infrequently used areas (e.g., common area 
washrooms, laundry rooms, etc.). They involve 
either a passive infrared switch, which senses the 
presence of a warm body, or a motion sensor to 
tum on lights and, after a suitable delay, switch 
them off. 
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Input Power Ballast Factor Efficacy 
(W) (Lumens/watt) 

96 
86 

72 
58 
60 
63 

70 
61 
62 
63 

0.95 62 
0.95 70 

0.87 68 
0.81 78 
0.85 79 
0.82 73 

0.94 78 
0.86 82 
0.88 82 
0.95 87 

9.3.5 Lighting Application Guidelines 

9.3.5.1 Suite Lighting 

Lighting within the suite will consist of both 
occupant-supplied portable fixtures and fixed 
units. Compact fluorescent (CF) lamps should be 
considered for fixtures that are used for extended 
periods, but if dimming controls are required, 
low wattage incandescent lamps should be used. 
Bedrooms frequently have receptacles controlled 
by a switch as the fixture is then provided by the 
occupant rather than the contractorlbuilder. Light 
should be directed toward walls with high 
reflectance values on both the wall and floor 
finishes. Stairwell luminaires should be shielded 
so that they do not adversely affect the vision of 
a person descending the stairs. Lighting at both 
the top and bottom of stairwells is critical. 

Fluorescent fixtures can be utilized for 
illuminated ceilings in kitchens, under 
kitchen cupboards and cabinets and over 
bathroom mirrors. F32T8 lamps at full output 
with instant start electronic ballasts provide 
maximum energy-efficiency for dedicated 
(non-dimming) applications. Electronic ballasts 
with a power factor greater than 93 percent and 
a ballast factor of 0.9 to 1.05 are recommended. 

Halogen lamps are recommended for track 
lighting applications in living areas and kitchens. 
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Incandescent lamps can be used in dimming 
applications, bedrooms and work or study areas. 
However, halogen or compact fluorescent lamps 
are preferable to incandescent lamps in 
applications where prolonged use is likely. 
Compact fluorescent lamp fixtures should be of 
the plug-in, hard-wired type rather than screw-in 
type to preclude the possibility of the lamp being 
replaced with regular incandescent bulbs when 
they burn out. 

Table 9.7, which shows the recommended 
range of illuminance for activities in residential 
occupancies, has been extracted from 
Reference 88. 

Table 9.7 
Typical Residential Illuminance Requirements 

9.3.5.2 Interior Common Area Lighting 

Luminaires in public areas, such as corridors and 
stairwells, should be compact fluorescent (CF) for 
small wall sconces and T8 with electronic ballasts 
for larger scale architectural valances and ceiling 
fixtures. High finish areas (lobbies, recreation 
areas, meeting rooms, etc.) should use compact 
fluorescent down-lights, low voltage (MR16) 
lamps or track-mounted fixtures to minimize 
energy consumption and reduce maintenance. 
Ellipsoid reflector (ER) lamps can be used in 
recessed fixtures, but compact fluorescent lamps 
are more efficient in these applications. Lighting 
is critical at both the top and bottom of stairwells 
and care should be taken to shield lamps so that 
they do not adversely affect the vision of a person 
descending the stairs. 

Emergency exit lights should have two 
1.2-watt light-emitting diodes (LED) 
elements to ensure light is always 

Location/Activity Range of Luminance available and must be on emergency 
power. Exit lights that flash when 
activated by a fire alarm are easier to 
see in smoke conditions. Normally 

(Lux - lumenslm2) 

1. Living/family room* 
- reading in a chair 300 - 400 
- watching television 100 -150 
- skilled tasks 500-1,000 

2. Dining room 150- 200 

3. Kitchen 
- general 300 - 400 
- counter and sink 350 - 500 

4. Laundry * 
- general 300 - 400 
-Ironing 350 - 500 

5. Bedroom" 
- general (dressing) 150 - 400 
- normal reading in bed 300- 400 

6. Bathroom 
- mirror lighting for shaving/make-up 350-400 

7. Oesk* 
- casual reading or writing 300- 400 
- prolonged study, difficult task 400-750 

8. Recreation or games room 400 -750 

9. Common areas 
- corridors, lobbies, stairs 100 - 150 
- exterior entrances 50 -100 
- elevators 50 -100 
- garages 20-50 

It Some developers do not provide the fixtures noted under 1, 4, 5, and 7. 

10 percent of common area luminaires 
are on emergency power. 

Daylight can frequently supply most of 
the required illuminance needed in areas 
that have significant amounts of glazing 
so, depending upon the usage, photocells 
might be provided to shut off power to 
the lighting fixtures during these 
extended intervals. 

9.3.5.3 Laundry Rooms 

Common area laundry rooms used by 
residents should be equipped with high 
output T8 lamps and electronic ballasts. 
Occupancy sensors should be used to 
ensure that the lights do not remain on 
when the room is unoccupied. 
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9.3.5.4 Storage Rooms 

Storage, electrical and mechanical equipment and 
janitorial rooms should use high output TS lamps 
and electronic ballasts. Emergency lighting in 
electrical generator rooms and access corridors 
leading to them should be provided with 
battery power. 

9.3.5.5 Tenant Storage Rooms 

It is the nature of storage rooms that residents are 
often carrying items in or out of storage and as a 
result they either forget or it is inconvenient for 
them to turn off the lights as they leave. High 
output T8 fluorescent lamps and electronic 
ballasts should be used as light sources. Infrared 
or ultrasonic occupancy sensors should be used 
for control. A number of lamps can be illuminated 
on a continuous basis to provide a measure of 
safety and security as residents enter the area 
prior to the activation of the occupancy 'sensor. 

Table 9.8 
Typical Luminaire Applications 

Table 9.S summarizes the recommended lamps for 
use in various common area lighting applications 
(including exterior applications, such as 
floodlights and landscape lighting). 

9.3.5.6 Exterior Lighting 

Ref.erence 83 requires exterior lighting to have 
a luminous efficacy of at least 40 lumens per 
watt. Exceptions are allowed for landscaping, 
monuments and signs. Canopies and building 
facade lighting have prescriptive requirements. 
Exterior site lighting should utilize metal halide 
or high-pressure sodium sources. Mercury vapour 
lamps are not recommended, as they are less 
efficient, provide poor colour rendition and are 
prone to explosive failure. 

Exterior lighting should be controlled by a 
lighting schedule controller, photocell or both, as 
well as a manual switch. The lighting schedulers 
should differentiate between weekday and 

Luminaire Surface Wall Pendant Down Track Outside Landscape Exit 
Sconce Light Flood 

Incandescent 
A19/21 S S S S S S S 
R20 S S S 
G2S/30/40 S S S 

Halogen 
PAR20/30/38 R R S R 
MR16 (12V) R R S 
T4 R S S 

Fluorescent 
T12 S S 
T8 S S 
Compact R R S S S 

MH & HPS 
PAR38 S R 
ED17 S S 
S 

Solid State 
LED R 

Legend: s- suitable MH- metal halide 
R- Recommended HID - high intensity discharge 
Not recommended if blank LED· light emitting diode 
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weekend schedules and automatically account for 
seasonal daylight variations. Time clocks should 
have a backup power supply to keep time during 
a power outage, be located in a centrally 
accessible area and have proper identification 
and instructions for resetting. 

9.3.5.7 Parking Areas 

MH and/or HPS lamps could be used, but low 
ceiling heights in the driving aisles, stalls and 
garages generally result in glare and inadequate 
light distribution. High output fluorescent lamps 
with low temperature ballasts should, therefore, 
be used. 

Lighting for outdoor parking areas should be 
provided by HPS lamps. Fixtures should be 
equipped with photocells or automatic controls 
that adjust to seasonal variations in the level of 
natural light. It is noteworthy that light output is 
affected adversely by cold temperatures and thus 
should be taken into account when determining 
the number and placement of lamps required to 
meet illuminance requirements. 

9.4 Power Factor 

AC motors require reactive power to develop 
magnetic fields in addition to real power, which 
actually does useful work. Lighting systems using 
magnetic and electronic ballasts also draw a 
component of reactive power. Reactive power is 
measured in kilovolt-amperes reactive (kVar) and 
real power is measured in kilowatts (kW). The 
vector sum of the real and reactive power is 
called the apparent power and is measured in 
kilovolt-amperes (kVA). The relationship of these 
three quantities is visualized in the power triangle 
in Figure 9.5. 

The power factor is the ratio of the real to 
apparent power, which is also the cosine of 
the angle 0. 

The power factor of an induction motor varies 
with its load ranging from about 80 to 90 percent 
at full load down to less than 30 percent at no 
load. Lightly loaded motors and non-incandescent 

Fig. 9.5 
Power Factor Triangle 

kVar 

Power Factor Triangle 

kW 

lighting systems contribute to low overall power 
factor in a building. Most utilities charge their 
customers for the real energy (kiloWatt-hour
kWh) consumption if the power factor is high, 
usually 90 percent or higher and for apparent 
power (kVA) if the power factor drops below 
90 percent: this is a penalty for poor power factor. 
By correcting the power factor to 90 percent or 
above, the overall utility bill can be reduced. 

The lagging reactive power drawn by motors 
and other loads can be compensated for through 
the use of power factor correction capacitors, 
which draw leading reactive power. Power 
factor correction should be installed if the 
building power factor is likely to be below 
90 percent. Power factor correction capacitors 
can be placed at the building service entrance 
or at individual large motor loads. 

9.5 Elevators 

The installation and operation of elevators is 
largely regulated by safety codes. Performance 
criteria defining average lobby waiting time, 
car speed, car capacity, travel time and control 
equipment affect the installation and operating 
costs, as well as the overall satisfaction of regular 
users. Most installations are pre-engineered and 
installed by the manufacturer. Figure 1.2 indicates 
elevators in tall buildings are a significant user of 
expensive electrical energy. 
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Most passenger elevators in medium and 
high-rise residential buildings are general purpose 
traction designs. Traction drives rely on friction 
between the suspension ropes and the traction 
sheaves to create motion of the car. The system 
involves cables, drums, motor-generator sets, 
counterweights, elaborate controllers, safety 
devices, etc. Smaller buildings requiring less 
than 20 metres (65 feet) of lift and 1 metre per 
second (200 feet per minute) car speeds may 
utilize a less expensive hydraulic design, 
consisting of a hydraulic cylinder and plunger 
unit. Most cars are suitable for 1,000 to 
2,000 kilograms (2,000 to 4,000 pounds) 
load capacity. 

The elevator traction drive may be either gearless 
(motor and brake wheel are on the same shaft) 
or geared. The gearless drive is more expensive, 
more efficient, quieter, requires less maintenance 
and is generally applicable for high speed 
applications - that is, over 2.5 metres per second 
or (500 feet per minute) car speed. Conversely, 
the geared design utilizes a less expensive, 
higher speed motor with a worm gear driving 
the sheaves. 

9.5.2 Elevator Control 

Car acceleration and deceleration are achieved by 
controlling the traction motor speed. The basic 
control alternatives are: 

• rheostat; 
• AC thyristor (SCR); 
• DC thyristor (SCR); 
• motor-generator set; and 
• variable voltage variable frequency. 

9.5.2.1 Rheostat Control (AC) 

The single-speed rheostat control is the most 
economical alternative to install but results in 
a relatively rough ride and poor leveling. The 
motor used for rheostat control applications is 
a high-slip NEMA design D motor, that can 
accommodate many starts per hour. The two
speed version improves leveling, but the rheostat 
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still draws high starting current, causes line 
disturbances and has a poor operating efficiency. 

9.5.2.2 AC Thyristor Control (SCR) 

Thyristor controls provide a variable voltage 
source facilitating the use of inexpensive squirrel 
cage induction motors. This configuration 
provides a smooth ride but the high motor slip 
produces high losses and poor efficiency. In 
addition, the voltage regulation introduces 
harmonics into the electrical distribution system, 
and poor power factor which can overload feeders 
and transformers. Thyristor control is commonly 
used in low and mid-rise residential buildings 
with geared traction drives, where the economic 
factors outweigh the disadvantages. 

9.5.2.3 DC Thyristor Control (SCR) 

The DC version of the thyristor control provides 
a high quality ride because of the precise control 
possible with DC motors but retains the low 
power factor and harmonic problems of the AC 
thyristor controller. This type of control in both 
geared and gearless versions is popular in 
high-quality properties due to the smoothness 
of the ride. 

9.5.2.4 Motor-Generator Set Control (DC) 

Variable voltage DC motor control was obtained 
in older installations through the use of an AC 
motor driving a generator that produced a DC 
voltage supply. Motor-generator sets are not used 
in new designs because of their high cost, high 
maintenance and low efficiency. 

9.5.2.5 Variable Voltage Variable Frequency 
Control (AC) 

This is the system of choice for new high-quality 
installations, even though it is the most costly 
technology. Variable voltage, variable frequency 
(VVVF) control is recommended in buildings 
exceeding seven storeys The controller is very 
similar to a standard adjustable-speed drive 
(ASD). The incoming 60 hertz AC current is 



Mechanical and Electrical Systems in Apartments and Multi-Suite Bui/dings 

rectified to DC and then an inverter creates a 
new AC waveform with the required voltage 
and frequency to move the elevator at the desired 
speed and position. Reference 89 indicates that 
VVVF systems utilize 25 to 30 percent of the 
energy required for hydraulic elevators and 
30 to 40 percent of the energy used in a rheostat
controlled elevator. Other characteristics include: 

• high overall system efficiency at all 
car speeds; 

• traction motors, inexpensive AC 
induction motors; 

• motors smaller than those required for 
other systems; 

• high power factor compared to thyristor 
(SCR) units; 

• line harmonics lower than thyristor 
(SCR) units; 

• precise speed control and leveling; 
• solid-state equipment requiring little 

maintenance; and 
• smaller elevator equipment rooms, sometimes 

requiring air-conditioning. 

9.5.2.6 Harmonics and Electrical Disturbances 

If a 60 hertz sinusoidal voltage waveform is 
controlled by solid-state electronics such as those 
in thyristor and VVVF controls, harmonics and 
other disturbances are likely to be injected into 
the electrical supply system. These disturbances 
can cause problems, particularly in sensitive 
electronic equipment such as computer systems. 
In most cases, the harmonics generated will not 
be significant enough to cause equipment 
malfunction or damage. When power quality 
problems are suspected, or when an electrical 
system contains numerous sources of power line 
disturbances, line reactors can be installed near 
the sources in order to attenuate the problems. In 
more severe cases, harmonic filters can be used 
to filter offending currents and voltages. 

9.6 Automotive Vehicle 
Heater Control 

It is common for multi-unit residential buildings 
to provide electrical outlets so that automotive 
vehicles can use heaters during cold weather. 
Vehicle heaters include block and coolant 
circulation heaters, battery blankets and interior 
warmers. The use of vehicle heaters is not 
necessary when the outdoor temperature is 
above _7°C. Below -rc, engine and battery 
heaters need only be used a few hours before the 
vehicle is started. The use of vehicle heaters can 
significantly increase the electricity consumption 
of a building during cold weather. Good design 
practice provides only one outlet per vehicle 
parking space and, where possible and practical, 
may be wired to individual suite electrical 
metering. As heaters are often plugged in whether 
they are needed or not, using simple control 
devices to reduce vehicle heater operation makes 
sense. These devices can save 50 percent or more 
in electricity costs. 

Four types of control devices can be used in 
multi-residential buildings: 

• thermostat; 
• time clock; 
• thermostat and time clock; and 
• load scheduling controllers. 

Thermostats activate the outlet only when the 
outdoor temperature is below a certain set point 
and are usually cost-effective when more than 
10 vehicles are being controlled. 

Time clocks tum power on and off in 15 .. to 
30-minute cycles. Some can also be set to tum off 
during certain times of the day, but this can make 
the starting of a vehicle difficult in an off cycle 
period such as midnight to 5 :00 am and is not 
recommended. Time clock control is economic 
for more than 10 vehicles. 

For more than 30 vehicles, a cost-effective option 
is a combination of thermostatic and time clock 
controls that cycles the outlets only when the 
outdoor temperature is below the setpoint. 
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Load scheduling controllers are the best choice 
for installations of more than 30 outlets, where 
the controller takes into account not only the time 
and temperature, but also the total heater load 
plugged in and the peak demand of the building. 
These controllers alternate power among the 
connected vehicles and can shed the load during 
periods of high electrical demand elsewhere in 
the building. 

9.7 Emergency Power 
and Co ... generation 

In complexes requiring more than 50 kVA 
emergency power, an emergency generator is 
often provided. If the requirements are lower, 
batteries are generally utilized. Co-generation 
involves burning fossil fuel to generate electrical 
power and making use of the waste heat. The 
emergency generator has the potential for 
providing on-site generation of electric power 
while utilizing the waste heat for space, domestic 
water, pool and laundry water heating. However, 
regulatory requirements generally do not allow 
this approach. Co-generation technology is not 
common in multi-unit residential buildings 
because of: 

• the small differential cost between gas and 
fossil fuel; 

• the substantial costs to purchase, maintain, 
and service this equipment; and 

• the electrical power requirements, which 
differ from the needs for waste heat and 
results in either less than optimum operation 
or a need for expensive storage. 
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However, in projects with large domestic, service 
or pool water-heating loads, or in locations where 
the cost of producing electricity from fossil fuel 
is high, co-generation can be justified. (See 
References 90 and 91 for information on sizing 
and design.) 



CHAPTER10-DOMEsnc 
WATER SUPPLY SYSTEMS 

10.1 Introduction 

Domestic water supply systems include both hot 
and cold water networks. This manual assumes 
that potable water will be available from a 
municipal water system. (Potable water is that 
which meets drinking water standards for purity 
and is thus suitable for drinking without further 
treatment.) Thus, the manual does not provide 
information on the design and construction of 
wells, well pump systems and associated water 
testing, treatment or filtration which may be 
required when a municipal supply is not available. 

This chapter contains information on: 

• the analysis, design and installation of cold 
water piping systems, including pressure 
boosting pump systems where these are 
required (Section 10.2); 

• the design and installation of hot water piping 
systems (Section 10.3); 

• the selection and sizing of domestic hot water 
heaters (Section 10.4); 

• heating domestic hot water using recovered 
heat (from grey water drainage or from heat 
pumps) or solar energy (Section 10.4); 

• the selection of plumbing fixtures (Section 
10.5); and 

• considerations for swimming pool water 
heating (Section 10.6). 

On average, Canadians use 390 Htres (103 U.S. 
gallons) of water per day, more than twice as 
much as Europeans. This consumption costs an 
average of just under $0.50 per 1,000 Htres of 
water and the average four-person household will 
spend $285 per year on water. Sewer charges are 
in addition to this and are often of the same 
magnitude. Domestic water supply and sewerage 
treatment accounts for 4 to 10 percent of total 
utility costs, and as noted in Figure 1.2, domestic 
hot water heating requires a further 14 percent of 
the total energy costs. 

Many aspects of domestic water systems are 
governed by national or provincial health and 
safety regulations (e.g., the National Plumbing 
Code or a provincial plumbing code). 

10.2 Cold Water Piping 

10.2.1 Design Considerations 

Domestic water pipe sizing is calculated on 
the basis of the design water flow of the various 
fixtures or appliances connected to the domestic 
water system, adjusted for diversity of use. 
Design water flow is expressed in "fixture units," 
and comprises the water consumption of the 
fixture when in use, multiplied by a fractional 
usage factor indicating the percentage of time the 
fixture is typically in use. Fixture units for typical 
fixtures within suites, as noted in Table 10.1, 
are based on the pioneering work of R. B. Hunter. 
"Hunter curves" relate design water flow rates to 
fixture units (ref. 92). Other fixture unit values 
can be obtained from References 93 and 94. 

The larger the number of fixture units connected 
to a particular branch, the greater the flow 
diversity that can be used. 

When a fixture is connected to both hot and cold 
water, the maximum separate demands can be 
assumed to be 75 percent of the listed demand for 
each supply. For appliances that have continuous 
water usage, the continuous flow should be used 
without diversity and added to the design flows 
determined from fixture units. Dishwashers 
and washing machines require approximately 
0.125 Htres per second (2 U.S. gallons per 
minute) and 0.467 Htres per second (7.5 U.S. 
gallons per minute) respectively. Often, provincial 
or municipal plumbing codes have minimum cold, 
hot and recirculated water pipe size requirements, 
usually based on fixture units served. Refer to 
the applicable plumbing code to determine these 
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Table 10.1 
Water Fixture Unit Demand from In-Suite Plumbing Fixtures 

Fixture or Group Type of Supply Control Weight In Fixture Units 

Water closet (WC) 
Water closet (WC) 
Lavatory basin 
Bathtub 
Shower head or separate Shower 
Bathroom group 
Bathroom group 
Kitchen sink 
Laundry tubs (1 to 3) 

Flush valve 
Flush tank 
Faucet 
Faucet 
Mixing valve 
Flush valve for we 
Flush tank for we 
Faucet 
Faucet 

sizing requirements, if any. In the absence of code 
sizing requirements, piping is usually sized for 
a water pressure drop in the range of 400 to 
1,200 pascals per meter (4 to 12 feet of water 
per 100 feet) of equivalent pipe length, subject 
to an upper water velocity of 2 metres per second 
(6 feet per second). Where circulation occurs 
much of the time or hot water is involved, lower 
velocities (1 metre per second) are recommended 
to reduce friction and resulting pipe erosion. 

10.2.2 System Water Pressure Analysis 

The local water utility usually supplies water 
at the street pipe main at a pressure ranging 
from 240 to 520 kilopascals (35 to 75 psig) 
depending on the location and time of the year. 

The designer must determine whether or not the 
building will require a pressure booster pumping 
system for domestic water service. The factors 
involved in this decision are: 

• The minimum street pressure in the municipal 
water main. This pressure will vary over the 
course of the year, and also during different 
times of day. The minimum pressure must be 
determined, either from reliable water utility 
records or from pressure tests carried out for 
the specific project. 

• Pressure drop at maximum water flow 
through the water meter valve station at the 
water service entrance to the building. This 
pressure drop will depend on the water 
meter design and can be substantial. 
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• Pressure drop due to elevation at the top 
of the building. The pressure will drop by 
9.8 kilopascals per meter (0.43 psi per foot) 
increase in elevation. This is a static pressure 
drop, independent of flow. 

• Pressure drop due to pipe friction loss at 
maximum water flow. This will depend on 
pipe sizing relative to flow; however, for 
preliminary system analysis purposes, an 
allowance of 1 kilopascal per meter 
(4 psi per 100 feet) of equivalent pipe 
length can be used. 

• The pressure required at plumbing 
fixtures or appliances requiring a domestic 
water supply. Washing machines typically 
require 170 kilopascals (25 psig). Tank-type 
toilets and shower or sink faucets can 
accommodate pressures as low as 85 
kilopascals (12 psig). 

Consider a building site where the minimum 
street pressure is 400 kilopascals (58 psig). Table 
10.2 shows the results of calculations of pressure 
drops for piping system components for a four
storey and a six-storey building. It can be seen 
that street water pressure is sufficient to serve the 
four-storey building without the need for booster 
pumping. However, it would not be sufficient for 
the top two storeys of the 6-storey building; they 
would require a pressure booster pump system. 

Pressure reducing valves are recommended 
for fixtures where the water pressure exceeds 
550 kilopascals (80 psig), otherwise premature 
deterioration of faucets, with resultant leakage, is 
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Fig. 10.1 
Estimate Curves for Demand Load 
(reprinted with permission from 
1997 Fundamentals Handbook. 
ASHRAE Inc .. Atlanta. GA.) 
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likely to occur. This could also happen on 
the lower floors of a system that supplies 
many floors. 

3000 

10.2.3 Pressure Booster Pumping Systems 

Pressure booster pumping systems add capital 
cost and complexity, and they also increase cost 
due to the required pumping energy. 

Fig. 10.2 

Domestic water demand varies a great deal during 
the course of a 24~hour day. Peak flow times are 
short; periods with almost no flow demand may 
last for several hours; and yet the pressure booster 
pumps must ensure that pressure is available 
whenever water is demanded by a resident. 

Therefore, pressure booster pump systems should: 

• 

• 

Have the smallest capacity possible, while 
still being capable of meeting maximum 
demand. Domestic cold water systems should 
be split, as shown in Figure 10.3, so that the 
booster pump system only serves upper floors 
whose pressure needs cannot be met by street 
water pressure. 
Be capable of operating efficiently while still 
providing the necessary water pressure at low 
flow, or no flow, conditions. 

Installations should have at least two pumps. 
Single pumps should not be used as there would 
be no standby. In addition, the single pump would 
have to be sized to meet peak demand: thus, for 
the majority of the time, it would be dramatically 
oversized as the actual demand is much less than 
the peak. This would result in very inefficient 
operation. Common selections are two pumps, 
each at 50 percent (or one pump at one-third, 

the second at two~thirds) of peak demand. 
The one-third/two-thirds pump selection 

Estimate Curves for Demand Load (enlarged scale) 
(reprinted with permission from 1997 Fundamentals Handbook, 
ASHRAE Inc., Atlanta, GA.) 
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systems with peak demand over 
15 litres per second (250 U.S. gallons per 
minute), three pump installations with two 
pumps at 25 percent and one pump at 
50 percent are commonly used. 

The use of a factory-assembled booster 
pump package is recommended. The 
package will typically include the pumps, 
all internal piping, required suction and 
discharge isolating valves, pressure 
regulating and check valves, high
temperature relief valve and pump controls, 
complete with all necessary pressure 
or temperature sensors, contacts, relays, etc., 
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Table 10.2 
Building Water Pressure Example 

4-Storey Building 6-Storey Building 

System Component Pres. Drop Pressure Pres. Drop Pressure 
kPa (psi) kPa (psi g) kPa (psi) kPa (psig) 

Street water 400 (58) 400 (58) 

Water meter and strainer drop 50 (7.3) 50 (7.3) 

Drop due to building height (A) 120 (17.4) (8) 175 (25.6)(C) 

Pipe friction drop 35 (5.1) (D) 55 (8.0)(E) 

Total pressure drop 205 (29.8) 280 (40.9) 

Pressure available at top floor fixtures 195 (28.2) 120 (17.1) 

Pressure required at fixtures 170 (24.7) 170 (24.7) 

Pressure excess 
(negative sign represents deficit) 25 (3.5) ~ 50 (~ 7.6) 

NOTES: A. Measured from the elevation of the water main, not the ground surface. 
B. Calculated as: 4 storeys * 3 m * 9.8 kPa per storey. 
C. Calculated as: 6 storeys * 3 m * 9.8 kPa per storey. 
D. Calculated as: 35 m equiv. pipe length * 1 kPa per m. 
E. Calculated as: 55 m equiv. pipe length * 1 kPa per m. 

all resiliently mounted on a fabricated steel base. 
All the components will be properly matched. 
Typically, the "lead" pump will run continuously, 
to provide required flow while the pressure 
regulating valve maintains constant system 
pressure. As the flow increases, the electrical 
current to the lead pump increases. At a pre-set 
level, a relay will start the second pump. This 
pump will operate until the demand drops to a 
level able to be met by the lead pump alone (with 
a minimum two or three minutes "on-time" to 
prevent excessive cycling). The third pump in 
a three-pump installation would be controlled 
similarly. Under conditions of little or no flow, 
a thermal relief (bleed) valve near the pump 
impeller would open and allow the water to 
discharge so as to prevent the pump from 
overheating. Alternatively, an expansion tank 
could be provided to allow the lead pump to 
cycle without excessive system pressure 
fluctuations. If two equal-sized pumps are used, 
a manual changeover switch might be provided 
to alternate the lead pump. 

As the water demand drops, the pressure 
drops associated with the water meter and pipe 
friction reduce as the square of the flow. Thus, 
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at 25 percent of design flow, these pressure 
drops will be only 6.25 percent of design, and 
at 10 percent of design flow only 1.0 percent of 
design. It is noteworthy that actual demand will 
often be at 10 percent or less of design demand. 
In order to maintain a fairly constant pressure in 
the piping system, the pressure regulating valve 
in the booster pump package must close down to 
absorb the excess available pressure because the 
pressure drop in the meter and piping is so much 
less than at design flows. In addition, if the 
booster pump installation has been oversized, 
the pressure regulating valve may have to absorb 
excess pressure at all times, even at peak flow 
demand. In these situations, the booster pump 
is constantly providing a pressure in excess of 
needs, which wastes energy. 

A variable speed drive (VSD) for the lead 
pump in a booster pump package should be 
evaluated. With a VSD, the control package will 
reduce lead pump speed to meet system pressure 
requirements, instead of creating excess pressure 
which must then be absorbed in a pressure 
regulating valve. The lead pump will not require 
a pressure regulating valve. The VSD will thus 
save pumping energy. It compensates in the same 
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Fig. 10.3 
Pressure Booster Pumping System 
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way for any pump oversizing, which leads to even • 
larger savings. The second pump (and third, if 
installed) would normally have a traditional 
fixed-speed drive and pressure regulating valve. 

10.2.4 Piping Design and Installation 

Domestic cold water system pipe sizing is 
governed by the National Plumbing Code, and 
provincial plumbing codes, and is calculated 
according to fixtures and appliances served. 

Reference 93 provides detailed 
design guidance. The following 
general design and installation 
guidelines should 
be followed: 

• All cold water lines should have 
insulation with a vapour barrier 
to prevent condensation. 

• Noise in plumbing systems 
results from turbulence (excessive 
velocity), cavitation (release of 
air entrained in the water) and 
water hammer. Velocities up to 
1.2 metres per second for pipe 
sizes up to 50 millimetre and 
maximum pressure drops of 
400 pascals per minute for piping 
over 50 millimetres are commonly 
used, subject to Code sizing 
requirements. 

• Thermoplastic piping systems 
should be limited to 2.0 metres 
per second flow velocity to avoid 
the potential for erosion. 

• Water hammer arrestors should 
be provided on connections to 
commercial washers in central 
laundry rooms. Shockstops (a 
10- to 50-centimetre pipe extension 
and cap as noted in Figure 10.4) 
above connections to dishwashers 
and clothes washers with automatic 
(fast) closing valves, at the top of 
risers and at lavatories and showers 
are also recommended to reduce 
plumbing system noise. 

Where piping is attached to the building 
structure, sleeves or pads of resilient material 
should be used between the pipe and the 
structure to prevent the transmission of 
vibration and noise. Where pipes pass through 
walls or floors, resilient sealant (fire-rated if 
passing through a fire separation) should be 
used for the same reason. 
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Fig. 10.4 
Water Hammer Arrester 

AIR CUSHION 

• The potable water system should use non
ferrous piping, valves and pump impellers 
and casings. 

• Lead-free solder is recommended and is 
required in many plumbing codes. If leaded 
solder is permitted and is used, it should 
be 95/5 (tin/lead) and not 50/50. 

• Type L copper pipe, or suitable 
code-approved thermoplastic piping, 
should be used. 

• Dielectric couplings should be provided 
between all ferrous and non-ferrous piping. 
Except for anodes in hot water storage 
tanks, no special corrosion protection is 
normally required. 

• Expansion loops and joints are nonnally not 
installed because temperatures are not as high 
as for heating. However provision for 
expansion is important. 

• Piping needs to be carefully flushed out 
after installation to ensure a clean system. 
In addition, a strainer in the main inlet pipe 
is recommended. The machined surfaces in 
some faucet and shower head valves are 
affected, and the diaphragm has a reduced 
response tirrie if deposits build up. 

• Supplementary high-capacity air vents 
(manual) should be provided at high points. 
They will be required if the system is ever 
drained for servicing. 
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10.3 Domestic Hot Water 
(DHW) Piping 

10.3.1 Design Considerations 

The general design and installation guidelines 
in Sub-section 10.2.4 also apply to hot water 
supply piping. 

Minimum recommended insulation levels for 
hot water piping and equipment are provided in 
Reference 95 and reproduced in Appendix C. 

Domestic hot water supply systems consist of: 

• hot water generators (heaters and boilers); 
• storage devices; 
• distribution piping; and 
• plumbing fixtures and equipment 

(e.g., showerheads, sinks and tubs). 

Heaters can either be centrally located or in-suite. 
Central hot water systems are generally less costly 
to install than individual suite heaters, but they 
make it more difficult to charge individual suites 
for actual consumption. Total domestic hot water 
(DHW) heating capacity can be lower for central 
systems, particularly in larger buildings, because 
of diversity of usage between units. However, in
suite water heaters minimize piping heat losses 
and greatly reduce the total amount of hot water 
piping required. Thus, the choice of central 
versus in-suite hot water system is a basic design 
decision that must be made early in the project. 

An element of the central versus in-suite decision 
is the choice of energy source for water heating. 
Electric resistance heaters have higher energy 
cost but do not require venting for products 
of combustion and thus can be easily located 
in-suite. Fossil-fuel-fired heaters require both 
venting and combustion air, both of which 
are easier to provide in a central installation. 
However, individual combustion DHW heaters 
with sidewall venting are available and could be 
used as in-suite DHW heaters if the vent piping 
can be installed to meet code, and if proper 
combustion air provisions are made. 
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10.3.2 Temperature Maintenance for 
Central DHW Piping Systems 

Central DHW generation requires hot water 
piping throughout the building to distribute hot 
water to all fixtures and appliances requiring it. 
Most fixtures will be some distance from the 
DHW heater. When there is no hot water usage, 
water sitting in the supply piping will cool down 
unless steps are taken to keep it hot. One rule of 
thumb is that hot water should be available at the 
fixture within 10 seconds of turning the tap on. 
This time interval balances the resident waiting 
time for hot water, reduced standby (heat and 
energy) losses from the plumbing lines, additional 
water wastage and increased water and sewerage 
costs. Based on 0.2litres per second (3 U.S. 
gallons per minute) flow to a lavatory, and 
13 millimetres (112 inch) type L copper pipe, the 
maximum (branch) length would be 13 metres 
(43 feet). If the branch was 20 millimetres 
(3/4 inches), the maximum length would be 
5.5 metres (18 feet). Comparable distances for 
schedule 40 steel pipe would be 10 and 6 metres 
(33 and 20 feet), A small pump system has been 
developed (see ref. 96) for installation between 
the hot and cold water supplies to a remote 
fixture. When activated, rather than wasting 
the cooled water in the hot water to a drain, it 
discharges it into the cold water line and sends 
it back to the hot water tank. A third alternative 
would involve bringing the recirculation line 
closer to the most remote fixture and having hot 
water available within a shorter time frame. 

There are two commonly used approaches for 
temperature maintenance. The first is to pump 
a small flow of hot water back to the DHW 
heater/tank from the end of each hot water 
supply main. This recirculation maintains 
enough flow in the hot water mains to keep 
them hot. It is recommended that close-coupled, 
sealed "cartridge" design pumps of non-ferrous 
construction be selected. Figure 10.5 illustrates a 
recirculation system. Heat loss from the hot water 
supply piping should be estimated. Table 2 in 
Reference 94 provides pipe heat loss data. The 
required recirculation flow should be calculated 
according to a suggested 10°C (18°F) temperature 

drop, given the piping heat loss. The recirculation 
pump selection must include supply line and 
recirculation line friction losses. However, there 
is no requirement to size for static head. Impeller 
materials must be bronze, brass or stainless steel. 
The recirculation pump and piping should not be 
oversized; in fact, slight undersizing will not 
affect system performance. The re-circulation 
pump may be controlled by a timer, which will 
tum it off during periods where it is certain there 
will be virtually no hot water use - for example, 
between midnight and 5 :00 am. Where multiple 
risers or multiple horizontal loops are used, 
balancing valves with a memory stop or 
constant-flow valves in the recirculation 
lines are recommended. 

The second approach is electric heat tracing 
of the hot water supply piping, using a self
regulating heating cable strapped to the pipe 
inside the insulation (see ref. 97). The cable is 
thus exposed to a pipe temperature which is very 
close to the water temperature. This type of cable 
incorporates a temperature-sensitive insulating 
material that allows electrical current to flow, thus 
generating heat, when the temperature adjacent to 
the cable drops below the material's built-in 
setpoint. Heat tracing is more economical than 
recirculation where the cost of the heating fuel is 
only nominally less than electrical energy on a 
unit of heat basis; it is also economical if there 
are many circuits and a lengthy recirculation line. 
An electrical ground fault detection system may 
be required. 

10.3.3 Piping Design and Installation 

Figure 10.5 is a schematic diagram of a 
domestic hot water piping supply and 
recirculation system, using central water 
heating, in a tall building. It assumes 
that the water heater(s) are located in a 
rooftop mechanical room. Important design 
considerations illustrated include the following: 

• On any given storey, the hot and cold water 
pressures will be similar, leading to balanced 
flow conditions. 
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• 

• 

• 

Fig. 10.5 
DHW Supply and Recirc. Piping 
for a Tall Building 
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DHW piping within that zone. A 
small electric heater is shown in 
the lower zone in Figure 10.5. 

Check values are required on the 
hot and cold supply lines to all 
mixing values and other situations 
where the hot and cold lines might 
be interconnected. This will prevent 
water flow from one supply network 
into the other when, for example, 
only the hot water valve is opened 
at a nearby fixture, causing a pressure 
drop, and resulting flow from the 
cold into the hot supply piping. 

10.4 Domestic Hot Water 
(DHW) Heating 

10.4.1 Design Load/Capacity 

DHW demand in suites will vary 
according to a number of factors, the 
number of residents being probably 
the most important; however, other 
factors are also important, such as 
the number of children, their activity 
level, age, whether the residents work 
outside the home and whether low
flow shower heads are used. 

Table 10.3 provides maximum 
hourly and daily demands for 
domestic hot water per suite, for 

A pressure reducing valve is used to reduce 
pressure in the DHW piping on the lower 
storeys, thus maintaining the pressure 
balance noted above. The figure shows 
two "pressure zones." 

"low", "average" and "high" usage patterns. The 
data in the table include DHW requirements for 
kitchen and laundry use. If design for low usage is 
selected, additional space should be provided 

In a very tall building, there could be more 
than two pressure zones, each (except for 
the top one) having a pressure reducing 
valve. Each pressure zone might cover 
up to 10 storeys. 
If temperature maintenance is by means of 
recirculation, then each pressure zone (except 
the top one) will need its own recirculation 
hot water heater though its capacity need only 
be sufficient to offset heat losses from the 

to accommodate additional equipment for 
a future change of occupancy. 

If the building uses in-suite DHW heaters, then 
the values in Table 10.3 should be used directly, 
and the combination of storage volume and rate 
of DHW recovery (how much water can be heated 
in a given period of time) selected accordingly. 
However, if the building uses a central DHW 
heating installation, then there will be some 
diversity in both maximum hourly demand 
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Table 10.3 
Design Domestic Hot Water Demand (Iitres) 

Low Use' Avg. Use! High Use 3 

Type of Suite No. of Res. Max. Hour Max. Day Max. Hour Max. Day Max. Hour Max. Day 

Bachelor/Studio 1 11 76 19 180 34 340 
1 Bedroom 2 22 152 38 360 68 680 
2 Bedrooms 3, 33 228 57 540 102 1,020 
3 Bedrooms 4 44 304 76 720 136 1,360 

NOTES: 1. "Low" usage tends to be associated with all residents working outside the home, couples with school-age 
children and middle Income, or seniors. 

2. 
3. 

"Average" usage is the overall average found in the various studies. 
"High" usage tends to be associated with residents who do not work, have low income, use public 
assistance, and have a large number of children. 

and daily usage, as suites will use hot water at 
different times of the day or night. The amount of 
diversity depends on the number of suites in the 
building. Figure 10.6 provides correction factors 
to use with the demand in Table 10.3 and is 
derived from data in Reference 94. 

Where a central DHW heating system uses 
storage, then the rate of recovery can be reduced 
as the volume of storage rises. Figure 10.7, 

Fig. 10.6 

which is adapted from Figure 20 in Reference 94, 
provides correction factors to use with the data 
in Table 10.3, depending on the volume of DHW 
storage provided per suite and the number of 
suites in the building. These demand requirements 
are based on conventional water-consuming 
fixtures (e.g., shower heads with flow of 18 to 
24 litres per minute). 

Domestic hot water should be heated to at least 

Hot Water Demand Reduction for Central DHW Heating Systems 
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Fig. 10.7 
Central DHW Heating: Recovery versus Storage Capacity 
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52°C (l25°F), and stored at that temperature, to 
eliminate the risk of legionella pneumophila. To 
avoid scaling risk, it can be mixed at the point of 
delivery to ensure a cooler discharge temperature. 
If there is equipment that requires hotter water 
(e.g., laundry and dishwashers), a booster 
heater is recommended. 

10.4.2 Central DHW Heaters and Systems 

Two water heating boilers each at 50 percent 
capacity are frequently used. Standby capacity 
is not as critical as for space heating. The 
seasonal efficiency of all fossil-fuel-fired 
heaters must meet legislated provincial 
energy-efficiency requirements. 

Central DHW heating equipment in residential 
buildings is generally one of two types: 

• Automatic storage heaters, which are 
packaged units incorporating burner, storage 
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tank and controls, all enclosed in an insulated 
outer jacket and mounted on a steel base. 

• Circulating tank heaters, which consist of 
packaged instantaneous or semi-instantaneous 
heaters (with burner, controls, water tubing, 
etc.) and a separate storage tank (or tanks), 
with a circulating pump and piping circuit 
connecting them. 

Water distribution piping design should ensure 
similar pressures in both hot and cold pipes at 
every storey. Shower valves with integral pressure 
balancing capability should be used in mid- and 
high-rise buildings with central DHW heating 
systems. CSA B 125M requires that the delivery 
temperature must not fluctuate more than 2°C 
following an inlet pressure drop of 50 percent, 
that the discharge flow must drop to 0.095 litres 
per second (1.51 gallons per minute) or less 
within five seconds, and that high-limit stops 
(generally 49°C) must be supplied with 
each valve. 
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Boilers used for DHW heating require ancillaries 
and devices similar to those required for space 
heating boilers (flow switches, relief valves, low 
water cut-off, high temperature shut-off, operating 
controls, gauges, check valves, etc.). 

In addition, it is important that the piping reflect 
the following principles, as shown in Figures 10.8 
and 10.9: 

• In circulating tank heaters, the cold water 
supply should connect to the tank, not the 
boiler. After some mixing with recirculation 
and tank water, it will be moderated so as not 
to "shock" and damage the boiler when 
occupants use hot water, and cold water 
make-up enters the heating unit. 

• Water temperature in contact with a 
conventional fossil-fuel-fired heat exchanger 
nearest the flue should be kept at 60°C 
(140°F) or higher to avoid condensation in the 
flue gases. Alternatively, the burner and heat 
exchanger must be specifically designed to 
accommodate condensing conditions. 

Fig. 10.8 

• The boiler suction should be as low as 
possible in the storage tanks to ensure that 
the coldest water is drawn out for heating, 
thus making maximum utilisation of the 
tank's storage capacity. The temperature 
sensor controlling the boilers should also be 
installed to ensure that maximum hot water 
storage volume is maintained at all times. 

• The distribution (supply to suites) piping 
should only be connected to the top of the 
tank where the water temperature is both 
hottest and most stable. This will minimize 
complaints of water temperature fluctuations 
during showers. 

• All piping to multiple tanks and boilers 
should be either reverse return, as in 
Figure 10.8, or "balanced," as in 
Figure 10.10, to ensure equal flow. 

• Copper coils should not be used if the water 
is slightly acidic, as they will deteriorate. 
Alternatively, if the water is slightly alkaline, 
heat exchange surfaces will scale. 

• A double-wall heat exchanger is generally 
required between potable water and 
process water. 

Typical Piping for Single DHW Heater and Multiple Storage Tanks 
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Fig. 10.9 
Typical Piping for Horizontal DHW Storage Tank and Multiple DHW Heaters 

_ .. - .. _ .. _ .. _ .. - .. _ .. _ .. _ .. _ ........ _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. ., 
r·_··_·· ........ ··_··_··_·· 
: 1"-'-"-

LARGE HORIZONTAL 
DHW STORAGE TANK 

I :-","-"-"-' 

• • 
MIN. 500 mm, SEE NOTE 

HEATER CIRCULATING PUMp, 
CONTROLLED BY TANK 

THERMOSTAT 

RECIRCULATION PUMP ... 

NOTE: Min. distance between CW inlet and outlet to heaters avoids 
thermal shock in heaters 

DOM. COLD WATER j 
SUPPLY LINE 

DHWSUPPLY 
TO SUITES 

10.4.3 In-Suite DHW Heaters and Systems 

When in-suite DHW heating equipment is 
selected, it will invariably be a single automatic 
storage heater. Heating energy will be either 

Fig. 10.10 

natural gas, propane or electric resistance. 
Oil-firing is unlikely for in-suite water heaters 
because of the complications and cost of both 
oil supply piping and venting. If combustion 
DHW heaters are used, great care will need to be 

Typical Piping for Multiple Storage Tanks and Multiple DHW Heaters with "Balanced Piping" 
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taken to ensure effective venting and provision of 
combustion air, taking into account possible suite 
pressure variations due to stack and wind effects. 
Refer to Sub-section 7.2.2. Sealed combustion 
heaters should be considered. If sealed 
combustion is not used, then power venting 
and stack dampers are recommended. Refer 
to Section 3.6 

Electrically heated hot water heaters generally 
have larger storage volumes and lower recovery 
rates than do gas-fired units. Storage tanks are 
usually steel, lined with glass or hydraulic 
concrete to prevent corrosion. Figure 10.11 
shows a typical in-suite hot water tank and 
piping installation. Note that piping runs are 
short enough that neither recirculation piping 
nor heat maintenance is required. 

10.4.4 Combined DHW Heating and 
Space Heating 

The same combustion boiler(s) may be used 
to provide both space heating and DHW heating. 
Space heating is required only in colder weather, 

Fig. 10.11 

with the greatest demand occurring for short 
periods of time during cold periods. It is thus 
highly variable over the course of a year, with 
several months when no heat is needed. By 
contrast, DHW demand is fairly constant all 
year long. A combined system should be able to 
operate efficiently to meet both sets of demands. 

Therefore, only the following combined DHW 
and space heating systems are recommended 
for consideration: 

• A unitary system, serving a single suite, 
using a combination of DHW heating/storage 
and space heating components specifically 
designed by the manufacturer( s) to be 
combined and provide both functions. Refer 
to Sub-section 3.6.3 for details. 

• A central boiler system comprising several 
modular boilers, with each module having a 
heating output no more than twice the DHW 
heating demand. In addition, the system must 
incorporate primary-secondary pumping, so 
when space heating is not needed, the space 
heating load circuit(s) can be shut off, and 

Typical Piping for In·Suite Hot Water Heater and Tank 
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only the source circuit and DHW heating load 
circuit, both of which are within the boiler 
room, need to be kept hot. 

If a water-loop heat pump system is used for 
space heating and cooling, (refer to Section 6.6), 
then use of a heat pump to heat DHW should be 
considered. It would be a heating-only unit, and 
would have to be selected for a high condensing 
temperature in order to provide a high enough 
DHW temperature. 

10.4.5 Using Recovered Heat for 
DHW Heating 

The first step in considering energy conservation 
in DHW heating should be the use of low-flow 
shower heads and lavatory faucets to reduce the 
amount of DHW required in the first place. 
However, when a centralized DHW heating 
installation is used, waste heat can often be 
recovered for use in heating, or at least pre
heating, domestic hot water. The main reason 
is that relatively low temperature waste heat can 
be used to heat cold water from the temperature 
at which it is delivered to the building, typically 
about 4 to 18"C (39 to 64"F), to a hot water 
supply temperature of not more than 
52°C (125"F). 

In multi-unit residential buildings, three 
sources of waste heat have been demonstrated to 
be most practical, given current construction and 
energy costs: 

• condenser heat rejected from a swimming 
pool mechanical dehumidification system 
(refer to Sub-section 7.5.1) when this heat is 
not required for heating the pool water; 

• heat recovered from showers, dishwashers, 
lavatories, etc.; and 

• heat recovered from central laundry 
waste water. 

Figure 1 0.12 shows a piping schematic for 
recovering heat from a mechanical refrigeration 
unit condenser (as used for pool dehumidification 
or an air or evaporatively cooled condenser - see 
Sub-section 4.3.3 - depending upon the climate 
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and size of the refrigeration system). The double
wall condenser and desuperheater pre-heat the 
domestic cold water to the building. At least one 
pre-heat water storage tank is required. Heat 
recovery is recommended where there is an 
indoor pool with mechanical dehumidification. 

The drainage water from showers, bathtubs, 
lavatories, sinks, etc. within suites is hot or warm, 
and could be considered for heat recovery, using 
a heat exchanger designed for installation as a 
section of drainage pipe. This is essentially a 
double-wall, vented, tubing coil tightly bound 
to a section of piping which is inserted into the 
drainage line. Such a product is now on the 
market. Alternatively, using a heat exchanger in 
a drainage pit to recover this heat, as shown in 
Figure 10.13, would require two parallel drainage 
systems in the building: one for the hot grey 
water from the showers, etc., and a second for 
the "black" water drainage from toilets. The 
construction cost premium for the two drainage 
systems generally overwhelms potential 
savings from heat recovery, and so this 
kind of heat recovery is not economic 
in present circumstances. 

In large apartment buildings with central laundry 
facilities, it is recommended that recovery of heat 
from laundry waste water to pre-heat domestic hot 
water be evaluated. Figure 10.13 shows a layout 
of system to reclaim heat from waSHing machines 
using a concrete pit (or storage tank) to collect the 
warm grey water, and extract heat from it before it 
is discharged. The concrete pit and the double
wall heat exchanger are the most significant 
additions required. Often, there is more than 
one storage tank, requiring series water flow 
so that one tank acts as a pre-heat tank. 

The proposed arrangement would have the 
following features: 

• The pit will require its own vent and must 
have an airtight cover. 

• The heat recovery coil is in the upper portion 
of the pit. 

• The drainage pipe collects the colder water 
from the bottom of the pit for disposal. 
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Fig. 10.12 
Pre-Heating Domestic Hot Water by Heat Recovery from Refrigerant Hot Gas Desuperheater 
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• The potable city water cannot be 
contaminated by the grey water due to 
the double-wall heat exchanger. 

All water to be heated must go through the pre
heat tank. A differential temperature controller 
should be provided to start the pre-heat water 
pump when the temperature in the pit is 2"e or 
more above the temperature in the pre-heat tank 
and shut it off when it is less. 

1 0.4.6 Using Solar Energy for DHW Heating 

Because domestic hot water heating takes place ' 
at relatively low temperatures, it is one of the 
most promising candidates for solar energy use. 
The high capital cost of solar energy has always 
been the biggest barrier to widespread use, as its 
technical practicality has been demonstrated 
long ago. 

Thus, if solar DHW pre-heating is to be 
economically viable, the lowest possible capital 
cost is essential. The simplest possible system 
should be evaluated, using the technical resources 
of a company working in the solar water 
heating business. 

One potentially promising system uses unglazed 
plastic mat solar collector modules, along with a 
piping circuit connected to a heat exchanger pipe 
coil within a pre-heat tank. This keeps the solar 
water circuit separate from the domestic water 
system. It allows gravity drain-down of the water 
from the solar collectors for freeze protection. 
This system does require a pump to circulate 
water through the pipe coil in the tank and to the 
solar collectors when solar energy is available. It 
is recommended that a photovoltaic panel be used 
to power this pump. Whenever there is enough 
solar energy to generate electricity to operate the 
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Fig. 10.13 
Pre-Heating Domestic Hot Water by Heat Recovery from Laundry Waste Water 
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pump, there will be enough solar energy available 
to provide useful water heating. No other controls 
should be required, because the highest water 
temperature available from this type of solar 
collector will not overheat the domestic hot water. 

10.5 Fixtures 

10.5.1 Water Conservation 

Plumbing fixtures and water-using appliances 
that use a minimum amount of water should be 
selected for two primary reasons, First, the use of 
our nation's water resources, and requirements for 
expensive additions to municipal water systems 
will be reduced. With the use of water-conserving 
equipment, water usage can be reduced by 
25 percent or more. Second, lower water 
consumption, particularly for heated water, can 
mean smaller heating equipment and distribution 
system sizes and lower operating costs. Some 
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building and/or plumbing codes already require 
water conserving fixtures and appliances. 

Water-conserving fixtures include: 

• Toilets that use not more than 13 litres per 
flush. Toilets that use less than 6 litres per 
flush should be considered and are required 
by some codes or regulations, but caution 
should be exercised to ensure that they flush 
effectively. In some tests, certain gravity-flush 
6 litre per flush models did not clear solids 
from the bowl effectively or were prone 
to plugging up. 

• Shower heads that deliver no more than 
9.5 litres per minute water flow (2,5 U.S. 
gallons per minute) at an inlet pressure of 
550 kilopascals (80 psig) should be selected. 

• Lavatory faucets with aerators that deliver no 
more than 8.3 litres per minute (2.2 U.S. 
gallons per minute) should be considered. 
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In addition to water conservation, low-water-use 
toilets are often quieter than conventional units. 

Dripless, maintenance~free, cartridge faucets are 
preferred to conventional compression faucets 
with standard washers. The former do not require 
the same level of maintenance. 

10.5.2 Laundry Equipment 

Laundry equipment (washers and driers) exhibit 
considerable differences in resource efficiency. 
Low-flow, high efficiency, horizontal axis 
clothes washers are recommended. They 
are generally front-loading and use less water. 
They suggest a more efficient action because the 
clothes are picked up and tumbled through the 
water. As well, higher spin speeds remove more 
moisture and reduce drying requirements. They 
are widely used in Europe, and are starting to 
appear on the North American market. Washers 
with a cold rinse cycle require less thermal 
heat energy in the water. Ozone-based drying 
equipment is also under development. Refer to 
Section 2.7 for additional conservation measures 
for laundry equipment. 

10.5.3 Water Re-Use 

In exceptional circumstances, where either the 
water supply or sanitary drainage capacity is 
very limited, a design that drastically reduces 
both water usage and discharge may be 
considered. Generally, this means some form of 
drainage water treatment within the building to 
allow re-use of water for non-potable functions, 
such as toilet flushing or landscape irrigation. 
One approach is to have two separate drainage 
systems: one for black water, including water 
from toilet flushing, which is discharged from the 
building; and a second grey water discharge that 
can be collected, filtered, ozonated or sterilized 
as required, stored, and finally pumped into the 

building's non-potable water system. Having two 
drainage systems, and two water supply systems, 
is very costly. In addition, black water discharge, 
especially from apartment buildings, can 
be substantial. 

A second approach uses a single sanitary 
drainage system feeding into an advanced sewage 
treatment, filtration and sterilization plant in the 
building. The water discharged from this plant is 
clear and odourless. It is stored and then pumped 
back into a non-potable supply system. Such a 
treatment plant is very costly. However, because 
it treats all sanitary drainage, it can dramatically 
reduce discharge from the building. It has been 
applied to buildings where there is no municipal 
sewer system and where the ground will not 
support a conventional, local disposal field. 
Thus, its use has permitted responsible 
development on what would normally be 
considered "undevelopable" and, therefore, 
very low-value land. 

10.6 Swimming Pool Water Heating 

10.6.1 Pool Heating Capacity 

The required pool heating capacity depends on the 
heat loss from the pool water once it has reached 
operating temperature, and the heat input required 
to heat the pool from inlet water temperature to 
operating temperature. 

For indoor in-ground pools, heat loss is 
dominated by evaporation loss. If pools are 
located above grade, there will be some heat loss 
by conduction through the pool wall. The use of a 
pool cover is recommended to reduce evaporation 
loss when the pool is not in active use. For 
outdoor pools, radiation losses to the night sky 
can greatly increase heat loss from the water 
surface. A pool cover is therefore even more 
important than for indoor pools. 
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Heat loss can be calculated using Equation 10-1. 

Equation 10-1: 

qloss = U A (tp - ta) 

where 

qloss = heat loss from pool surface in kW; 
U = pool surface heat transfer 

coefficient, kW/(m2-OK); typical 
values are U = 0.0036 for indoor 
pools and U = 0.006 for outdoor 
pools with wind velocity of 5 to 
8 krnlh; 

A = pool surface area in m2; 

tp = pool operating temperature in °c, 
between 24 and 29°C (if not 
specified by the owner use 27°C); 
and 

ta = ambient temperature in °C: for 
indoor pools, use pool enclosure 
temperature; for outdoor pools, 
use the average temperature for 
the two or three coolest months 
of use. 

The capacity provided for pool heat-up depends 
on how long a heat-up period is acceptable. A 
24-hour heat-up time is considered ideal. 
However, for pools that, once brought to 
operating temperature, will be in frequent use 
for an extended period of time (weeks or months), 
a heat-up time of at least 48 hours should be 
considered to reduce the overall pool heating 
capacity installed. The required capacity can 
be calculated using Equation 10-2. 
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Equation 10-2: 

qheat = 4172 V (tp - to / T 
where 

qheat = heating capacity for pool heat-up 
inkW; 

V = pool water volume in m3; 

tp = pool operating temperature, 
as above; 

ti = initial temperature of pool water 
in °c, usually the temperature of 
the fill water; and 

T = the heat-up time in hours. 

The total heating capacity required is: 
qtotal = qloss + qheat 

10.6.2 Pool Heating Equipment 

Fossil-fuel-fired water heaters or boilers, 
electric resistance boilers, air and ground source 
heat pumps and a heat exchanger from some 
other heating system can all be used to heat pool 
water. In addition, solar heating or heat recovered 
from a mechanical dehumidification system (refer 
to Sub-section 7.5.1) can be used, although these 
are usually supplemented by one of the other 
heating sources. Regardless of the type of heater 
used, pool water is circulated through the heater 
by means of a pump and piping circuit. The same 
pumping circuit usually circulates water through 
the pool's filtration system. Figure 10.14 
illustrates a typical piping schematic diagram. The 
pool heater shown could be any of the types just 
mentioned; piping details would be adjusted to 
suit the specific heater selected. Make-up water 
piping is required but has not been shown. 

Fossil-fuel heaters should be specially designed 
for pool heating, and they usually include a water 
bypass to prevent condensation and a water 
temperature controller installed at the inlet to 
the heater. They often require a water flow 
safety cut-out switch. 
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Fig. 10.14 
Typical Pool Water Piping Schematic 
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NOTE: Control valves labelled "NO" will be open during normal pool operation, and closed during filter backwashing. 
Control valves labelled "NC" will be closed during normal operation, and open during filter backwashlng. 

The pool filter is usually a rapid sand design, with 
a portion of the pool circulating water directed 
through it. There may be a separate backwash 
pump, as illustrated in Figure 10.14. Also, 
the control valves shown may be positioned 
to re-direct the water flow (either backwash 
or normal filtration) so the main pool circulating 
pump could be used for backwash purposes. 
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CHAPTER 11 - COMMISSIONING 

11.1 Introduction 

Commissioning is the process for achieving, 
verifying and documenting the performance of 
building service systems to meet the operational 
needs of the building within the capabilities of the 
design (ref. 98). Commissioning includes Testing, 
Adjusting and Balancing (TAB) of systems, 
although it is important to emphasize that TAB 
by itself does not constitute commissioning. 

Commissioning may extend from concept 
through occupancy, with activities peaking during 
the latter part of construction. A high level of 
technical skills is required to commission systems 
properly. Commissioning will not correct poor 
design Of workmanship. However, it will make 
detection of deficiencies or problems more likely, 
so that corrective action can be taken. 

Commissioning often does not occur 
because owners feel that it is already included 
automatically in installation. Unfortunately, 
it is not. Lack of proper commissioning is an 
industry-wide problem that designers cannot 
address adequately by themselves. They do the 
best they can for the fees (often very low) being 
paid. However, commissioning takes time, and 
mostly at the end of the project, when the time 
allocated is already at, or beyond, that budgeted. 
As a result, designers have adopted defence 
mechanisms such as oversizing; avoiding new, 
unproved, but possibly better design concepts; 
using more factory packaging of system 
components; and inserting clauses in the contract 
documents making the contractor responsible for 
performance. While these responses may protect 
the designer from unjust liability, they probably 
do not provide the owner with the best, most 
economical systems, nor do they guarantee that 
the systems installed are operating as intended. 

In most cases, contractors are awarded a contract 
on the basis of lowest bid. Unless commissioning 
is an explicit part of the contractor's scope of 
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work, it is unlikely that it will be done. 
Therefore, commissioning needs to be identified 
as a specific requirement in both designers' and 
contractors' contracts. 

To avoid the perception of a conflict of interest, 
the verification should ideally be carried out, or at 
least directly overseen, by someone other than the 
installing contractor. 

11.2 Costs and Benefits 

Commissioning costs for HVAC systems will 
normally range from 1.5 to 5 percent of HVAC 
construction cost (approximately $75 per suite). 
For electrical systems, the range will normally 
be 112 to 2 percent of electrical construction 
cost. These costs cover a comprehensive 
commissioning process and include costs incurred 
directly by owners, designers, commissioning 
authorities and contractors (including sub-trades 
and suppliers). In general, commissioning cost 
percentages tend to: 

• drop as the project size increases; 
• rise for projects located away from urban 

centres; and 
• rise when control sequences become more 

complex and interlocks between systems 
more prevalent. 

Multi-unit residential buildings tend to have 
relatively simple HVAC systems with a lot of 
repetition, HVAC in each suite is similar. Also 
they tend to be located in urban or suburban 
areas. Therefore, with good planning and 
organization, commissioning costs should 
be at the low end of the cost ranges. 

It is important to remember that in a smaller 
building, with relatively simple systems, the 
level of effort (and cost) required for an effective 
commissioning process is comparatively low. The 
key lies in good planning and organization, so 
that the work is done efficiently. 
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Ultimately, owners pay all the costs. However, 
commissioning benefits all parties to the design 
and construction process. Owners benefit 
as follows: 

• better documentation of the owner's needs, to 
minimize design misunderstandings and for 
reference in the event of future problems; 

• fewer unidentified deficiencies at project take
over (functional testing identifies them), 

• systems that operate more efficiently; 
• fewer resident complaints as a result of better 

system operation; and 
• the opportunity to have operating staff 

observe the commissioning process and 
receive system operation training, which 
results in improved ongoing operations. 

Designers benefit from greater involvement in 
more comprehensive systems acceptance testing, 
which provides systems performance feedback 
that helps them improve future designs. 

Contractors who are prepared to let the 
commissioning process work for them can 
also benefit as follows: 

• improved construction planning 
and co-ordination; 

• fewer outstanding deficiencies at project 
completion and thus reduced call-back and 
follow-up costs; 

• better documentation organization; and 
• more satisfied clients. 

Some of these benefits, particularly the 
contractor's, can immediately offset some of 
the direct commissioning costs. The other benefits 
are more difficult to quantify. However, a number 
of studies have shown that commissioning 
benefits, usually expressed as the costs of not 
commissioning, exceed the costs by a significant 
margin (refs. 99, 100 and 10l). 

In addition, a 1991-92 survey (ref. 102) of 
86 high-rise apartment buildings in Ontario 
identified 28 with serious ventilation and indoor 
air quality problems. In 21 of the problem 
buildings, insufficient ventilation and poor air 

quality was due to unbalanced systems, faulty 
dampers and improper scheduling of mechanical 
equipment, not to inadequate system size. After 
the controls were calibrated, schedules modified 
and distribution systems re-balanced (in other 
words, after the buildings were re-commissioned -
or commissioned for the first time), the 
ventilation and air quality problems 
were alleviated. 

11.3 General Guidelines 

To be successful, commissioning criteria should 
be established between the owner and the 
designer. Criteria should include: 

1. Systems to be commissioned. 
2. Commissioning roles and responsibilities 

(who will do what). 
3. Overview of acceptance/verification 

procedures to be used. 
4. Operator training requirements. 
5. Documentation standards. 
6. Ensuring that design intent and design 

concepts are documented. 
7. Reviewing design drawings to ensure that 

access for acceptance testing and verification 
is provided. 

8. Reviewing specifications to ensure contractor 
responsibilities for commissioning and 
related co-ordination activities are clear 
and complete. 

9. Preparing a written commissioning plan, 
including checklists for pre-start checks 
and functional performance testing and 
schedule requirements. 

10. Holding regular commissioning meetings, 
particularly on larger projects, and issuing 
minutes to the entire commissioning team. 

11. Carrying out required pre~start checks on 
equipment and systems and documenting of 
the results. 

12. Testing, adjusting and balancing hydronic and 
ventilation systems. 

13. Carrying out functional performance tests on 
systems and documenting the results. 

14. Completing all required documentation. 
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15. Instructing, and providing demonstrations to, 
operating personnel as required. 

16. Submitting a final commissioning report. 

References 103 and 104 provide more detailed 
information on the commissioning process. 
Reference 103 includes a guide specification 
and a very good description of optimum 
documentation. Reference 104 includes 
examples of pre-startlstart-up and control system 
verification checklists for a variety of systems. 
The mechanical specifications often require the 
mechanical contractor to certify that the HVAC 
systems and controls are operating as specified. 
Without specific functional performance tests, 
however, it is not possible to ensure that systems 
are operating as specified, let alone operating at 
or near optimum effectiveness or efficiency. There 
is no substitute for personal observation by a 
knowledgeable professional of system operation 
under various load and climatic conditions. These 
conditions may be emulated for test purposes or 
they may occur naturally. Specific commissioning 
requirements must be defined and people with the 
appropriate skills made available to accomplish 
such tests. 

Factors such as outside temperature or lack 
of full occupancy may prevent full performance 
testing of some functions, particularly those 
depending on design-level heating or cooling 
loads, until some time after initial occupancy. 
Testing, verifying and documenting the 
performance of these functions should be carried 
out at an appropriate and mutually agreed time 
during the initial year of occupancy. 

An independent, third party commissioning 
agent may be engaged directly by the owner or 
developer to verify correct systems operation. 
Testing and balancing firms, or firms specializing 
in controls work, life-safety systems, emergency 
power, etc., may have developed the requisite 
skills and experience. Alternatively, the designer 
may be assigned this responsibility. However, the 
owner must ensure that the designer's contracted 
scope of work includes commissioning oversight, 
and that fees for this work are sufficient and 
separately identified. 
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All major manufacturers of chillers, boilers and 
cooling towers adhere to standards established by 
the Air Conditioning and Refrigeration Institute 
(ARI), the Hydronics Institute (formerly the 
Institute of Boiler and Radiator Manufacturers 
and the Steel Boiler Institute), the Cooling Tower 
Institute (CTI) or other recognized agencies. It is 
recommended that the designer specify formal 
start-up service for major equipment, to be carried 
out by the manufacturer's authorized service 
technician or agency. This important activity will 
be part of the pre-start and start-up tests phase of 
commissioning and needs to be co-ordinated 
with it. 

11.4 Documentation 

One of the most valuable benefits of a 
properly carried out commissioning process is 
comprehensive and well organized documentation 
concerning the HVAC and electrical systems in 
the building, as well as the results of all tests 
carried out during commissioning and 
related activities. 

Final commissioning documentation 
should include: 

• as-built drawings and final specifications 
showing the actual layout of systems and 
equipment as installed; 

• testing and balancing reports; 
• records of all pre~start and start-up checks, 

showing satisfactory completion, with re-tests 
if any were needed; 

• records of all functional performance tests 
and control system verification checks, 
showing satisfactory completion, with 
re-tests if any were needed; 

• complete Operations and Maintenance 
(0 & M) Manuals with format and 
information content conforming to 
ASHRAE Guideline 4 (ref. 105);. 

• operational schedules, as-installed setpoints 
and other parameters for all equipment 
and systems; 

• valve schedule (identification, location, 
service and use); 
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• system start-up and shut-down procedures, 
under both normal and specified 
emergency situations; 

• emergency response procedures related to 
HVAC and electrical systems; and 

• for condominiums, ownership and 
identification of responsibility for equipment 
and accessories. 

In order to be of maximum ongoing value, 
the 0 & M manuals should cover all major 
equipment, systems, accessories and controls. 
They should contain easy-to-understand start-up 
and shut-down procedures. In addition, they 
should include trouble-shooting guidance and 
suggestions for diagnostic procedures for the most 
likely system or equipment problems or failures. 
The electrical system data should include: 

• an as-built single-line diagram, showing all 
relevant connections and check-metering 
access points; 

• schematic diagrams of electric controls and 
safety mechanisms; 

• a transformer loss calculation estimate; and 
• manufacturers' information for routine 

inspections, cleaning and lubrication. 

The approved shop drawings should exclude all 
data that does not apply to the actual equipment 
installed and should highlight all features, 
options, etc., that are applicable. 

The building owner or the condominium board 
should retain a copy of the manual in a secure 
location to avoid its disappearance, an all too 
common occurrence. 

11.5 Pre-start, Start-up and 
Functional Performance Tests 

Tests as described in the following sub-sections 
are normally performed. The details will be 
determined by the specific installation. Checklists 
should be used and all results documented as the 
tests are done. If there are any incomplete Of 

failed tests, these must be noted and re-tests 
carried out after corrective measures are 

completed, with the process being repeated 
until acceptable performance is achieved. An 
experienced commissioning agent will have a 
computerized library of standard checklists 
covering most systems, and these can be 
customized to meet specific project needs to avoid 
the time and cost of designing them from scratch. 

Commissioning needs to include both the 
individual components, as discussed in the 
following sub-sections, and the overall controls 
function of the systems as a whole. Functional 
performance testing of the overall system should 
include checklists that cover all sequences of 
control, under all modes of normal and 
emergency operation specified or required for 
the particular system. Examples would include 
start-up, daytime operation, nighttime operation, 
shut-down, emergency shut-down due to fire, 
freeze protection shut-down and transfer from 
heating to cooling or vice-versa. Checklists that 
identify, step-by-step, the procedure to follow 
for each type of system will ensure (if prepared 
well) that all specified functions are included, 
that control response from end-to-end is tested 
and that the results can be documented easily 
and quickly. 

11.5.1 Hydronic Heating and 
Cooling Systems 

11.5.1.1 Combustion Boilers 

The manufacturer's service technician should 
carry out the recommended installation and start
up checks and provide a signed report certifying 
that they have been carried out successfully. In 
particular, the following items should also be 
included: boiler efficiency measurements; in 
and out fluid temperatures; control range and 
sequence of "on-off," "high-low-off" firing, etc.; 
and confirmed operation of flame failure, high
limit and low-water devices to shut down the 
burner. Ensure that multiple boilers provide 
staged start-up and shut-down as specified 
and that automatic boiler alternation occurs, 
if specified. Check that any pumps required 
to produce flow are properly interlocked to 
burner operation. 
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11.5.1.2 Fuel Supply Piping 

Carry out leak testing. Carry out all tests required 
by regulations. For fuel-oil systems, test oil tank 
leakage monitoring system, and the operation of 
the fuel pumping system. 

11.5.1.3 Chillers and Direct-Expansion 
Air-Conditioning Units 

The manufacturer's service technician should 
perform the recommended installation and start
up checks and provide a signed report certifying 
that they have been carried out successfully. In 
particular, the following items should also be 
checked: refrigerant pressures to ensure that they 
are within the recommended range; that high- and 
low-pressure cut-out devices operate; and that 
control range and sequences are correct for 
compressor staging. Ensure that multiple chillers 
cycle "on" and "off' that they load or unload to 
meet changing loads without short cycling or 
demonstrating other undesirable characteristics. 
Check that any pumps required to produce 
evaporator or condenser water flows are 
properly interlocked to chiller operation. 

11.5.1.4 Pumps (3-horsepower and larger) 

Determine pump shut-off head. Measure 
pressure across the pump at normal operation, 
and determine pump operating point and compare 
to design. If the pump is delivering higher than 
required flow, then trim the impeller to reduce 
both output and energy demand. Check that 
system controls start and stop pumps in 
accordance with specified sequences 
of operation. 

11.5.1.5 Heat Exchangers 

Pressure test. Check pressure and temperature, 
both in and out, on both sides under normal 
operational conditions. Calculate pressure drop 
and estimate flow rates, either by using measured 
pressure drops or by direct flow measurement. 
Compare to design requirements. 
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11.5.1.6 Condenser/Cooling Tower 

Before start-up, check to ensure that all piping 
and electrical connections, seismic restraints and 
controls are correctly installed. Start-up should be 
initiated by the manufacturer's representative and 
in conjunction with chiller start-up. Check pump 
and fan operation and rotation, including motor 
current draw compared to design, blowdown 
operation, controls function, including specified 
interlocks, and any other required checks of the 
specific installation. Vibration and noise levels 
should also be observed, and measures taken to 
reduce them, if necessary. 

11.5.1.7 Terminal Heating/Cooling Units 

Check piping to units, including drainage and 
venting provisions. Confirm controls operation 
as applicable. If there is a concern about heating 
or cooling output, check supply/return water 
temperature differences and compare to design 
values. This is best done during severe weather 
conditions. If the water temperature differential is 
less than the design value, then excessive flow 
may be occurring. On the other hand, a high 
water temperature differential may indicate 
inadequate flow. 

11.5.1.8 Fan-Coil Units 

Check fan operation control. Check piping 
to units, including drainage and venting 
provisions. If there is concern about heating 
or cooling output, check supply/return water 
temperature differences as noted in 
Sub-section 11.5.1.7 above. 

11.5.1.9 Water Treatment and Water Softeners 

Have the supplier of chemicals take water 
samples, test them and adjust water treatment 
rates as required. For systems with automatic 
chemical treatment, feed in response to measured 
conditions (such as pH and conductivity), test the 
operation of the chemical feed control system and 
check the accuracy of its operation through testing 
water samples to ensure that setpoint values are 
being maintained. 
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For systems with water softeners, test downstream 
water samples to ensure that required water 
quality parameters are being met. 

11.5.1.10 Piping 

Labels and arrows indicating direction of flow 
should be provided on piping in equipment 
rooms, service shaft openings and other areas 
where future identification is considered 
necessary. Strainer pressure drops should 
be measured at peak flow. 

11.5.2 Unitary Heating and Cooling Systems 

11.5.2.1 Heat Pumps and Cooling Units 

Check that installation is complete and that 
all electrical, control, piping, ducting or other 
connections are satisfactory. Start-up service 
by the manufacturer's representative is 
recommended. Start-up checks should include: 
correct fan rotation; freeze protection functions; 
motor current to ensure that it is within rating; 
controls functions, including applicable interlocks 
and, in the case of heat pumps, the reversing 
valve; and noise and vibration to ensure that 
levels are acceptable, particularly when the 
compressor cycles "on" or "off." 

11.5.3 Ventilation Systems 

11.5.3.1 Heat Recovery Ventilators 

In conjunction with the TAB agency, ensure 
that exhaust and outside air flows match design 
requirements and that any controls (e.g., frost 
protection or removal) operate as intended. 

11.5.3.2 Fans/or Central Ventilation Systems 

Fans in self-contained suite systems are generally 
commissioned in conjunction with the equipment 
in which they are installed. 

Check that duct and electrical connections are 
complete. Check fan rotation, specified normal 
and emergency interlocks and related motorized 
damper operation. Check that noise and vibration 

are acceptable. Ensure that air flow balancing 
has been completed and that the results 
are acceptable. 

11.5.3.3 Grilles, Registers and Louvres 
(intake and exhaust) 

Check installation, air flows (from balancing) and 
that air noise is acceptable. 

11.5.3.4 Duct Distribution System 

Ensure that air flow balancing has been done. 
Check duct leakage by comparing fan air flow 
with total flows through all grilles and registers 
in the system. If duct leakage testing is specified 
(unlikely in residential buildings), then ensure 
that it has been carried out and the results are 
satisfactory. Check filter pressure drops and 
ensure "clean filter" and "filter fully loaded" 
pressure conditions are permanently etched on 
the gauge or manometer. Physkally examine filter 
installation and seal to ensure bypass leakage is 
minimum. Visually verify that dampers and 
operating louvres open and close as scheduled. 

11.5.3.5 Heating and Cooling Coils 

Check pressure and temperature, both in and out, 
on air and water sides, under normal operational 
conditions. Calculate pressure drop and heat 
exchange performance and compare to design 
requirements. Visually check (using a trouble 
light) for leakage around coil at casing. 

11.5.4 Controls 

Functional performance tests of all the various 
systems will include tests of control system 
function along with the equipment comprising 
each system. However, in addition, there are some 
checks which relate to the controls specifically. 
The following should be done, as applicable: 

• Verify all wiring. Check terminations. 
• Confirm the accessibility of all components. 
• Control valves should be checked for: 

correct location and tagging; correct wiring 
connections; control signal versus stroke; and 

Page 203 



Mechanical and Electrical Systems in Apartments and Multi-Suite Buildings 

for two-way valves, confirm differential 
pressure across valve when closed and that 
the valve is rated for this differential. 

• Ensure that all devices have been calibrated, if 
required, and that calibration records 
are available. 

11.5.5 Domestic Water Systems 

11.5.5.1 Combustion Hot Water Heaters 

The following items should be checked: 
heater efficiency measurements; in and out fluid 
temperatures; control range and sequence of 
"on-off', "high-law-off' firing, etc.; and, confirm 
operation of flame failure, high-limit and low
water devices will shut down the burner. 

11.5.5.2 Water Storage Tanks 

Pressure test with piping system. Test the 
operation of any pressure/temperature 
relief valves. 

11.5.5.3 Plumbing Fixtures 

Check for correct operation. For shower mixing 
valves, check operation of pressure balance and 
anti-scalding features if provided. 

11.5.6 Electrical Systems 

11.5.6.1 Primary Switchgear and 
Sub-station Transformer 

Confirm proper fusing or operation of circuit 
breakers, phasing and operation of load breaks. 
If the installation is potentially accessible to the 
public (outdoor pad mount), ensure the integrity 
of the fencing and that suitable warning signs 
are installed. 

Medium Voltage (>750 Volts) 
Ensure that the local electrical safety and utility 
inspectors have approved the installation. The 
installation contractor or supplier should visually 
inspect the installation, perform High Potential 
testing, Insulation Resistance testing, 
Polarization Index testing and a Ground 
Grid Resistance check. 
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Low Voltage «750 Volts) 
Visually inspect the installation and perform 
Insulation Resistance testing. 

11.5.6.2 Distribution Transformers 

Visually inspect the installation and perform 
Insulation Resistance testing. Confirm proper 
grounding on the secondary side of 
the transformer. 

11.5.6.3 Electrical Distribution, Utilization and 
Lighting Panels 

Perform Insulation Resistance testing. Confirm 
correct wire sizes. Check for proper bonding. 
Confirm correct current rating and interrupting 
current rating of breakers. Exercise all breakers 
and ensure panel loads are labelled. 

11.5.6.4 Lighting (interior and exterior) 

Ensure that all fixtures are complete, properly 
lamped and operational. Test that all manual and 
automatic controls function. In particular, check 
photocell and/or time-clock control of exterior 
lights, as applicable. 

11.5.6.5 Electric Motors 

Visually inspect the installation. Check for secure 
mounting, proper alignment with driven load and 
proper belt tension (if applicable). Verify that 
motor voltage is correct and the phase balance 
is within 1 percent. Confirm correct overload 
settings or proper fusing for motor rating. Start 
motor and check for correct direction of rotation 
and excessive noise and vibration. Check lower 
speeds of multi-speed motors. 

11.5.6.6 Ground Fault Devices 

Test to ensure that ground fault relay protection at 
the switchboard is properly set. Manually test all 
local ground fault interrupter receptacles. 
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11.5.6.7 Emergency Power 

Test the operation of all self-contained battery
powered lighting units by removing normal power 
and verifying duration of operation. 

Ensure that the emergency generator is 
completely installed, with all piping, ducting and 
electrical connections. Start-up service by the 
manufacturer's representative is recommended. 
Checks should include load and safety device 
testing, either from on-site or factory test results. 
Carry out a full power fail test, with power 
interrupted before the transfer switch, so that 
its function is part of the test. Ensure that all 
emergency lighting and power circuits are 
properly activated. 

11.5.7 Fire Alarm and 
Communications Systems 

Ensure that the fire alarm system has been 
verified in accordance with ULC S537. In 
addition, the operation of all applicable related 
functions, such as remote monitoring, fan shut
down, automatic door closings, pressurization fan 
start-up, emergency lighting operation, emergency 
elevator for fire fighters and main control panel 
and annunciator functions, should be tested and 
correct operation verified. 

Ensure that the system has been passed by 
the authority having jurisdiction and that all 
requirements for an occupancy permit have been 
met. In addition, ensure that the operating staff 
and/or building superintendent have been properly 
instructed by the fire alarm system manufacturer 
and/or the designer and that an emergency 
procedures manual has been prepared, ready for 
distribution and explanation to all residents. 
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Design Temperature 
Location and Province January July 2.5 % Degree Days Wind 

2.5 % 1% Dry-Bulb Wet .. Bulb below 18°C Pressures 
"c °C °C °C kPa 

British Columbia 
Abbotsford -10 -11 29 20 3,146 0.30 
Kamloops -25 -28 34 20 3,650 0.30 
Kelowna -17 -20 33 20 3,730 0.34 
Nanaimo -7 -9 26 18 3,065 0.47 
Vancouver -7 -9 26 19 2,978 0.44 
Victoria -5 -7 23 17 2,947 0.49 

Alberta 
Banff -30 -32 27 17 5,657 0.39 
Calgary -31 -33 29 17 5,321 0.40 
Edmonton -32 -34 28 19 6,166 0.31 
Fort McMurray -39 -41 28 19 6,661 0.27 
Jasper -32 -35 28 19 5,570 0.37 
Red Deer -32 -35 29 18 5,933 0.31 

Saskatchewan 
Hudson Bay -37 -39 29 21 6,538 0.34 
Regina -34 -36 31 21 5,901 0.34 
Saskatoon -35 -37 30 20 5,997 0.36 

Manitoba 
Brandon -33 -35 31 22 6,046 0.37 
Churchill -39 -41 24 18 9,190 0.48 
Winnipeg -33 -35 30 23 5,871 0.35 

Ontario 
Ajax -20 -22 30 23 4,080 0.43 
Barrie -24 -26 29 22 4,575 0.21 
Belleville -22 -24 29 23 4,129 0.32 
Cambridge -18 -20 29 23 4,100 0.26 
Cornwall -23 -25 30 23 4,418 0.30 
Fort Erie -16 -17 30 24 3,707 0.36 
Hamilton -17 -19 31 23 3,827 0.36 
Kingston -22 -24 27 23 4,251 0.35 
London -18 -20 30 23 4,133 0.36 
North Bay -28 -30 28 21 4,990 0.26 
Ottawa -25 -37 30 23 4,634 0.30 
Sudbury -28 -30 29 21 5,043 0.29 
Thunder Bay -31 -33 28 21 5,673 0.25 
Toronto -18 -20 31 23 3,646 0.39 
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Design Temperature 
Location and Province January July 2.5 % Degree Days Wind 

2.5 % 1% Dry-Bulb Wet-Bulb below 18°C Pressures 
"c .,c "C "c kPa 

Quebec 
Baie Commeau -27 -29 25 19 5,969 0.55 
Brossard -24 -26 30 23 4,600 0.31 
Chicoutimi -30 -32 28 21 5,435 0.25 
Gaspe -23 -25 25 19 5,438 ·0.81 
Hull -25 -28 30 23 4,600 0.30 
Montreal -23 -26 30 23 4,463 0.31 
Noranda -33 -36 29 21 5,900 0.26 
Quebec -25 -28 28 22 5,165 0.38 
Rimouski -25 -27 25 20 5,260 0.48 
Sept-lIes -30 -32 24 18 6,154 0.69 
Shawinagin -26 -29 29 23 5,047 0.19 
Sorel -24 -27 30 23 4,672 0.24 
St-lovite -27 -30 27 22 5,250 0.25 
Trois-Rivieres -25 -28 29 23 4,993 0.22 
Val d'Or -33 -36 29 21 6,199 0.24 

New Brunswick 
Chatham -24 -26 30 21 4,934 0.29 
Edmunston -27 -29 28 22 5,271 0.30 
Fredricton -24 -27 29 2 4,740 0.30 
Grand Falls -27 -30 28 22 5,272 0.29 
Moncton -22 -24 28 21 4,763 0.46 
Saint John -22 -24 25 20 4,768 0.38 

Nova Scotia 
Antigonish -20 -23 27 21 4,550 0.41 
Halifax -16 -18 26 20 3,880 0.40 
Pictou -21 -24 27 21 4,300 0.40 
Sydney -16 -18 27 21 4,541 0.47 
Thuro -21 -23 27 21 4,661 0.37 
Wolfville -19 -21 28 21 4,150 0.36 

Prince Edward Island 
Charlottetown -20 -22 26 21 4,689 0.46 
Summerside -20 -22 27 21 4,578 0.52 

Newfoundland 
Bonavista -17 -19 24 19 4,966 0.52 
Cape Race -14 -16 19 18 4,977 0.79 
Gander -18 -21 27 19 5,683 0.46 
Grand Bank -14 -16 20 18 4,513 0.59 
St. John's -14 -16 24 20 4,824 0.60 
Wabush -35 -37 23 18 7,939 0.31 
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Design Temperature 
Location and Province January July 2.5 % Degree Days Wind 

2.S % 1% Dry-Bulb Wet-Bulb below 18°C Pressures 
°C °C °C °C kPa 

Yukon 
Aishihik -44 -46 23 16 8,155 0.29 
Dawson -50 -51 26 16 8,409 0.20 
Destruction Bay -43 -45 24 15 8,200 0.30 
Teslin -41 -43 25 16 7,213 0.19 
Watson Lake -46 -48 26 16 7,766 0.19 
Whitehorse -41 -43 25 15 6,988 0.28 

Northwest Territories 
Alert -43 -45 13 9 13,186 0.54 
Eureka -47 -48 12 9 13,733 0.47 
Frobisher Bay (Iqualuit) -40 -42 16 11 9,928 0.56 
Inuvik -46 -48 25 16 10,101 0.39 
Resolute -44 -45 11 9 12,594 0.52 
Yellowknife -43 -45 25 17 8,530 0.34 
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Climactic Data for Selected US Sites (Note SI and Imperial Units) 

Dry Bulb WB Degree Days Daily 
99.6% 0.4% 0.4% Heating Heating Cooling Range 

State & Location rC) CC) rC) to 65°F to SO°F to 65°F CF) 

Alaska 
Anchorage Int'l A -25.6 22 16 10,540 5,301 ° 13.8 

Arizona 
Phoenix 1.2 43 24 1,382 90 3,647 21.2 

California 
Los Angeles 6.2 29 18 1,494 3 472 14.1 
Sacramento ~0.8 38 22 2,753 381 1,171 34.6 
San Diego 6.7 29 23 1,275 2 662 11.5 
San Francisco 2.7 28 17 3,228 186 73 20.2 

Colorado 
Colorado Springs ·18.7 32 17 5,996 2,587 491 24.0 
Denver -19.7 34 15 6,083 2652 567 25.5 

Connecticut 
Hartford -16.9 33 24 6,277 2,587 706 23.7 

District of Columbia 
Washington NA NA NA 4,828 2,004 1,083 18.6 

Florida 
Jacksonville -1.7 35 27 1,357 206 2,721 16.4 
Miami 7.6 33 26 185 3 4,045 12.4 
Orlando 2.9 34 26 532 33 3,312 17.1 

Georgia 
Atlanta -7.9 34 25 3,070 866 1,566 17.6 

Hawaii 
Honolulu 16.0 32 24 ° ° 4,150 9.8 

Idaho 
Boise -16.8 36 19 5,667 2,276 744 28.9 

Illinois 
Chicago -21.2 33 25 6,151 3,000 1,015 16.6 

Indiana 
Indianapolis -19.2 33 26 5,620 2,624 951 18.0 

Iowa 
Des Moines -22.7 34 25 6,447 3,275 812 17.5 

Kentucky 
Louisville ~14.5 34 26 4,539 1,851 1,357 17.6 
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Dry Bulb WB Degree DaIs Daily 
99.6% 0.4% 0.4% Heating Heating Cooling Range 

State & Location rC) CC) CC) to 6S
o
F to SO°F to 65°F CF) 

Louisiana 
New Orleans -1.3 34 27 1,392 179 2,578 15.1 

Maryland 
Baltimore -11.6 34 25 4,946 2,020 1,134 18.6 

Massachusetts 
Boston -13.7 33 24 5,775 2,416 695 16.5 

Michigan 
Detroit -17.8 32 24 5,997 2,799 922 18.8 

Minnesota 
Minneapolis -26.5 33 24 8,060 4,563 773 20.7 

Mississippi 
Jackson -6.3 35 26 2,424 546 2,330 17.2 

Missouri 
St. Louis -16.8 35 26 4,860 2, III 1,467 18.7 

Nebraska 
Omaha -21.8 35 26 5,968 2,981 1,130 19.6 

Nevada 
Las Vegas -2.7 42 22 2,399 449 3,043 25.5 

New Jersey 
Newark -12.3 34 25 4,956 2,027 1,009 17.7 

New Mexico 
Albuquerque -10.4 35 19 4,423 1,633 1,257 25.3 

New York 
Buffalo -16.8 30 23 6,721 3,213 509 19.2 
New York City -11.4 33 25 5,022 1,986 834 12.5 
Rochester -17.2 31 24 6,995 3,482 595 20.1 

North Carolina 
Charlotte -7.6 34 25 3,412 1,086 1,549 19.6 
Greensboro -9.7 33 25 3,760 1,261 1,298 17.4 

Ohio 
Columbus -17.4 32 25 5,493 2,424 789 22.6 
Toledo -19.0 32 25 6,514 3,132 698 17.8 

Oklahoma 
Oklahoma City -12.6 37 25 3,825 1,417 1,834 20.8 
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Multiply by To obtain Multiply by To obtain 

Acres 0.405 hectares (ha) Diameter (d): 
43,560 ft2 circle 3.142*d circumference 

circle 0.7854*d2 area 
Atmospheres 101.3 kPa sphere 0.5236*d3 volume 
(standard) 14.7 psig 

30.0 in Hg Duct friction loss 
33.9 ft water (in waterllOO ft) 0.816 Palm 

Bar 100 kPa EDR hot water 44.0 W 
(150 Btuth) 

British thermal 1055 Joules 
units (Btu) 0.2931 W-h EDR steam 70.3 W 

252 calories (240 Btuth) 
778 foot-pounds 

EER 0.293 COP (watt/watt) 
Btuth 0.293 W (Btu/watt-hr) 

BtU/h-ft2 3.155 W/m2 Enthalpy (Air) 42 J/g @ 20/15°C 
11.36 Mjth-m1 18 Btullb @ 70159°F 

Btulh-ft2_oF (Cp) 5.678 W/m2_0C Fahrenheit CF) 1.8*CF-32) ·C 
(heat transfer) of + 460 oR 

Btullb 2.33 Jig (kJ/kg) Feet (ft) 0.3048 m 
(specific enthalpy) 12 in 

113 yd 
Btullb-OF 4.184 J/g_OC 

ft water head 2.99 kPa 
Btu/min 17.6 W 0.885 in Hg 

0.433 psi 
Calorie (gram) 4.19 J 304.4 kg/m2 

Celsius ("C) 1.8*oC + 32 OF ftlmin (fpm) 0.01667 ft/sec (fps) 
·C + 273 OK 

fps 0.3047 mlsec 
Day (mean) 24 hours 0.682 mph 

1,440 minutes 
86,400 seconds Pipe friction loss 0.0981 kPalm 

(ft water/100 ft) 
Degrees/second 0.1667 rpm 
rotation 0.01745 radians/second ft2 0.0929 m2 

144 in2 

Density 
Ib/ft3 16 kglm3 ft2-h- °FlBtu 0.176 m2_OKJW 

Ib/gal 120 kg/m3 (resistance) 

ft2/ton air 0.0265 m2/kW 
conditioning 
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Multiply by To obtain Multiply by To obtain 

ft3 28.32 L Joule (J) 0.000948 Btu 
0.0283 m3 1.00 watt-second 

6.23 Imp gal 
7.48 US gal kg 2.205 lb 

Footcandle 10.76 lux kmlh 0.278 mls 
1 lumens/watt 

kW 1.34 HP 
Gallon (Imp) 4.543 L 738 ft -lb/sec 

277 in3 3,413 Btuth 
1.201 US gal 

kWh 3.60 MJ 
Gallon (US) 3.785 L 

231 in3 kip) 4,450 N 
1,000 Ib 

gpmlton 0.0179 mL/J 
(cooling) Litre (L) 0.001 m3 

0.0353 ft3 

Gravity 32.2 ft/sec2 0.220 Imp gal 
(acceleration) 9.81 mlsec2 0.2642 US gal 

1.057 US quart 
Horsepower 9.81 kW 0.8806 Imp quart 

(boiler) 33,400 Btuth 
34.5 lhlhr water Metres (m) 3.28 ft 

evaporated @ 1.094 yd 
212°P 

m/sec 3.60 kmIh 
Horsepower 746 W 196.9 fpm 

(work) 2,546 Btu/h 
550 ft lb/sec Mile 5280 ft 

1.61 km 
Horsepower- 2,546 Btu 0.870 nautical miles 
hours 2,686,000 Joules 

Mile/hour (mph) 1.61 km/h 
Inch (in) 25.4 mm 0.477 mls 

0.0833 ft 

in mercury (60°F) 3.377 kPa Millimetre (mm) 
mercury 0.133 kPa 

in water (60°F) 248.8 Pa water 9.8 Pa 

in2 645 mm2 Pascal (Pa) 0.00402 in H20 
1.0 N/m2 

in3 16.4 mL 0.0001449 psi 
0.0100 mili bar 
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Multiply by To obtain 

Permeance 
Penns 57.45 nglsec-m2-Pa 
Perm-inch 1.46 ng/sec-m-Pa 

Pound (lb) 
7000 grains 

Ib, mass 453.6 g 
16 oz (avoir dupois) 
12 oz (troy) 

Ib force 4.448 N 

Pounds flow 
lb/min 0.00756 kg/sec 
Iblh 0.126 g/sec 
lbth steam @ 0.284 kW 
212 of 

Pressure 
Ib/ft2 (psf) 47.88 Pa 

Ib/in2 (psi) 6.895 kPa 
703 kg/m2 

0.0680 atmospheres 
144 psf 
2.31 ftH20 
2.04 in Hg 

Revolutions/min 6 degrees/sec 
(rpm) 0.1047 radians/sec 

0.0167 revolutions/sec 

Therm 105.5 MJ 
29.3 kWh 

100,000 Btu 

Thermal: 
Resistance (R) 

h·ft2.oFlBtu 5.678 m2.oCIW 

Conductivity (k) 
Btu-in/h.ft2. OF 0.144 W/m·oC 
Btu-ftlh.ft2. OF 1.73 W/m·oC 

Ton (short) 2,000 Ib 
907 kg 

0.907 metric tonne 
0.893 long ton 

Note 1: Most conversions are oly given 
to 3 significant figures as this represents 
engineering accuracy 
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Multiply by To obtain 

Ton (cooling) 3,517 W 
12,000 Btulh 

288,000 Btul24 hrs 

Volume 
Barrels of oil 0.159 m3 

159 L 
42.0 US gal 
35.0 Imp gal 

Volume flow 
m3/sec 2,119 cfm 

1,000 L/see 

Usee 15.85 gpm (US) 

gpm (US) 0.0631 L/sec 
ft3/min (cfm) 0.4719 L/see 
ft3/sec 28.3 L/see 
ft3/sec 449 gpm (US) 
in3/min 0.273 mL/sec 

Volume flow per unit floor area 
L/sec - m2 0.197 cfmlft2 

Watts (W) 3.413 Btuth 
0.0569 Btu/min 

0.00134 hp 
1.00 J/sec 

0.000284 tons (cooling) 

wrc 1.897 Btuth-oF 

W/ft2 10.76 W/m2 

3.413 Btuth-ft2 

W/m2 0.317 Btuth - fe 

Yard (yd) 3 ft 
36 in 

0.9144 m 

Year - 365 days 8,760 hrs (hours) 
- 366 days 8,784 hrs 
- 365.25 days 8,766 hrs (average year) 

Note 2: The left column is obtained by dividing 
the right column by the centre column. 
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Other Relationships, Symbols and Formulae 

1,000 kWh (1 MWh) electricity is approximately 
equal to: 

• the heat content of 0.13 tons bituminous coal 
or 0.21 tons sub bituminous coal; 

• the heat content of 96 m3 (3,400 ft3) natural 
gas, or 124 m3 (4,400 fe) manufactured gas; 

• the heat content in 0.588 barrel crude oil; 
• the heat content in 3.8 litres propane; 

• the heat content in 94 Htres (23 Imp gal) 
#2 oil; 

• the heat content in 103 titres ( 21 Imp gal) 
automotive gasoline; or 

• the energy required to drive a typical 
automobile 700 to 900 km (440 to 560 miles). 

500 grams natural uranium generates 3000 kwh 
500 grams coal uranium generates 1.5 kwh 
500 grams oil uranium generates 2.1 kwh 

Approximate Heat Content in Common Fuels 

#6 fuel oil 43 MJIL (185,000 BtuJImp Gal) 
#2 fuel oil 39 MJIL or 168,000 BtulImp Gal 
Natural gas 34 - 42 MJ/m3 (925 - 1125 
Btulft3) @ 0.6 to 0.66 Specific Gravity 
Propane gas 92 MJ/m3 or 2550 Btulft3 @ 

1.52 Specific Gravity 

t Btu is the amount of heat needed to raise the 
temperature of 1 pound of water through 
1 Fahrenheit degree. 

1 pound of air requires 0.17 Btu to raise its 
temperature 1°F. 

t Joule per second equals 1 Watt. 

High-rise apartment refrigeration (cooling) 
required varies from 9.2 (large load) to 
11.9 m2/kW, 

Common Prefixes: 

pico(p) 10-12 

nano (n) 10-9 

micro (u) 
milli (m) 
centi (c) 
hecto (h) 
kilo (k) 
mega (M) 
giga (G) 
tera (T) 
peta (P) 
exa (E) 

10-6 (1 micron = 1 0-6 meter) 
10-3 (1 m = 1 meter) 
10-2 

102 

103 

106 

109 

1012 

1015 

10t8 

Electrical Power 
H,P. = x * V * I * eff% * P.P. 

746 

P = x * V * I * P.E 

1000 

where: H,P. is horsepower (output) 
x = 1,0 if single phase 
x = 1.73 if three phase 
V is voltage 
I is current 
eff% is motor efficiency 
P.P. is power factor 
Pis power in kW (or kVA if P.F. = 1) 

BHP = 1.73 * V * A * eff * PF 1746 
= nameplate HP * (V * I)actual I (V * I)rated 

Pum HP - USGPM * ft head 
p - 3,960 * efficiency 

Annual Electrical Costs ($/year): 

1.73 * V * 1* hrs * $/kWh / 1,000 
Note: For single phase power coeficient 1.73 
becomes 1,00. 

Heat rejected from electrical motor: 
up to 2 HP: 3,600 Btu/h per HP 
over 3 HP: 3,000 Btu/h per HP 

Heat FlowlTransfer 
Q = U * A * (T2 - Tl) 

where Q is the flow through an envelope 
assembly 
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Q = 1.08 * cfm * (T2 - Tl) 
where Q in B tu/h is the approximate sensible 
heat difference in air between condition2 and 
conditionl 

Q = 4,480 x cfrn x ~ (#HzO!#Dry air) 
where Q is in Btu/h and tl. (#water!#Dry air) 
is the approximate latent heat difference in 
air between condition2 and condition 1 

Tons (Cooling) = 24 * USGPM * (Tin - Tout) 

Btu!h = 500 * USGPM * (Tin - Tout) 

RPM2 = RPMl * cfm2! cfml 

SP2 = SPl * (cfm2 I cfmt)2 

BHP2 = BHPI * (cfm2! cfml)3 

Cylindrical Tank Capacity Interrelationship 

US Gallon Diameter (in) Length (ft) 
100 24 4 
150 30 4 
250 30 7 
500 42 7 
750 48 8 

1000 65 6 

Sensible Heat Required (Btulff') 

Supply Temp COF) Discharge Temp (DT)(OP) 

60 70 
0 1.08 1.26 

20 0.72 0.84 
40 0.36 0.42 
60 0 0.15 

WindSpeedlPressure Interrelationship 

mls Pa @ ooe Pa @ 200 e 

10 (32.8 fps) 66.7 60.2 
15 (54 kmlh) 146 135 

20 (44.7 mph) 267 241 

Specific Heat J!g - °C (Btu/lb - OF) 

Air 0.712 (0.17) 
Water 4.18 (1.0) 

Water (Vapourization) @ 100°C 2260 (970) 
Water (Fusion) @ O°C 186 (80) 

Density 

kg!m3 @ 21115°e Ib/ft3 @ 70!59°F 
Air 1.18 0.08 

Water 1,000,000 62.36 
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Some Abreviations and Acronyms 

ACPH - Air Changes per Hour 
ARI - Air Conditioning and Refrigerating Institute 
ASHRAE - American Society of Heating Refrigerating and Air Conditioning Engineers 
Btulh - British Thermal units per hour 
cfmlft2 

- cubic feet per minute per square foot 
CSA - Canadian Standards Association 
DDC - Direct Digital Control 
IES - Illuminating Engineering Society 
gpm - (US) gallons per minute 
HRAI - Heating Refrigerating and Air-Conditioning Institute 
HVAC - Heating, Ventilating and Air Conditioning 
IAQ - Indoor Air Quality 
Igpm - Imperial gallons per minute 
in WG - inches water gauge 
kPa - kilopascals 
kW - kilowatt 
kWth - kilowatt (thermal rather than electrical) 
kW 1m2 

- kilowatt per square meter 
kWhlm2 - kilowatt hour per square meter 
L/rnin - litres per minute 
LIs - m2 

- litres per second per square meter 
m2 

- square meter 
mls - meters per second 
rnA - milli Amperes 
NBCC - National Building Code of Canada 
NEMA - National Electrical Manufacturers Association 
Pa - Pascals (pressure) 
psig - pounds per square inch gauge 
SMACNA - Sheet Metal and Air Conditioning Contractors National Association 
TAB - Testing Adjusting and Balancing 
ULC - Underwriters Laboratories Canada 
USGPM - US gallons per minute 
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Pressure 
psi 

I 
0.036091 
0.491154 
14.6960 
0.0193368 
14.5038 
14.223 
1.45038 x 10-4 

Mass 

Volume 

Energy 

Density 

Specific Volume 

Viscosity (absolute) 

Temperature 

Stale 

Kelvin 
Celsius 
Rankine 

Fahrenheit 

Conversion Factors 
(reprinted with permission of ASHRAE, Atlanta, GA., from Fundamentals, 1997) 

Table 2 Conversion Factors 

in. of water In.Hg mmHg 
(60"F) (3l"F) atmosphere (3Z°F) bar kgfIcm2 pascal 

"" 27.708 :::: 2.0360 :::: 0.068046 =51.715 = 0.068948 0.07030696 = 6894.8 
I 0.073483 2.4559 x 10-3 1.8665 2.4884 x 10-3 2.537 X 10-3 248.84 
13.609 1 0.033421 25.400 0.033864 0.034532 3386.4 
407.19 29.921 I 160.0 1.01325· 1.03323 1.01325 X 10'· 
0.53578 0.03937 1.31579 x 10-3 I 1.3332 X 10-3 1.3595 X 10-3 133.32 
401.86 29.530 0.98692 750.062 1 1.01972· 10'· 
394.1 28.959 0.96784 735.559 0.980665* I 9.80665)( 104-
4.0186 x 10-3 2.953 X 10-4 9.8692 X 10-6 7.50 x 10-3 10-'· 1.01972 x 10-5• 1 

Ib(avoir.) grain ounce (avolr.) kg 

I "" 7000· = 16· = 0.45359 
1.4286 x 10-4 1 2.2857 x 10-3 6.4800 X 10-5 

0.06250 437.5· 1 0.028350 
2.20462 1.5432 x 104 35.274 I 

cubic inch cubic foot gallon litre cubic metre (m3) 

I '" 5.787 X 10-4 = 4.329 x 10-3 = 0.0163871 ::: 1.63871 X 10-5 

1728'" 1 7.48055 28.317 0.028317 
231.0· 0.13368 I 3.7854 0.0037854 
61.02374 0.035315 0.264173 1 0.001* 
6.102374 x 10" 35.315 264.173 1000'" I 

Btu n·lb, calorie (cal) 
Joule (J) =: 

"att-second (W 's) 

xK= 

xoe"" 
xOR= 

x"P= 

I 
1.2851 x 10-3 

3.9683 x 10-3 

9.4782 x 10-4 
3.41214 

Ibln' 

I 
7.48055 
62.4280 
0.0624280 

rt3/1b 

1 
0.133680 
0.016018 
16.018463 

= 778.17 
1 
3.08803 
0.73756 
2655.22 

Iblsal 

"" 0.133680 
I 
8.34538 
0.008345 

galllb 

'" 7.48055 
1 
0.119827 
119.827 

= 251.9958 
0.32383 
I 
0.23885 
859.85 

"" 0.016018 
0.119827 
1 
0.001* 

= 62.4280 
8.34538 
I 
1000· 

1 poise", 1 dyne-sec/cmz == 0.1 Pa's == 1 g!(cm's) 

poise 

I 
478.8026 
1. 72369 x 106 

10· 
14.8819 

K 

x 

x + 273.15 

xl 1.8 

(x + 459.67)11.8 

Ib,.s1n2 Ib,.hlrt2 

::: 2.0885 x 10-3 = 5.8014 x 10-7 

I 2 1778 x 10-4 
3600· 1 
0.020885 5.8014 x IO-{i 
0.031081 8.6336 x 10-{i 

Temperature 

°C OR 

x - 273.15 l.8x 
x l.8x + 491.67 

(x - 491.67)/1.8 x 

(x- 32)11.8 (x + 459.67)11.8 

= 1055.056 
1.355818 
4.1868* 
1 
3600· 

= 16.018463 
119.827 
1000· 
I 

= 0.0624280 
0.008345 
0.001· 
I 

'" 0.293071 
3.76616 x 10-4 
1.163)( 10-3• 

2.1778 x to .... 
I 

kg/(m's) as N·s1m2 Ibn/IN 

= 0.1· 
47.88026 
1.72369 x lOS 
I 
1.4882 

OF 

I.8x - 459.67 IK::: 
1.8x+ 32 IOC", 

x-459.67 IOR= 

x 1°F'" 

=- 0.0671955 
32.17405 
1.15827 x lOs 
0.0671955 
1 

Temperature Interval 

K °C OR or 
9/5"" 1.8 9/5= 1.8 

I 915::11. 1.8 9/5 == 1.8 
519 519 

519 5/9 

Notes: Conversions with • are exact Alllemperature conversions and raclors arc exllCl. 
The Btu and calorie are based on the Internallonal Table. The lerm centigrade is obsolete and should nol be used. 
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Minimum Pipe Insulation Thickness/! (mm) from ref. 22 Table 5.2.4.3 
-------------r-----------------------,------------------------------------------------------

: Insulation Conductivity : Nominal Pipe Diameter Inches (mm) 
FluldDesign r-----------------------,------------------------------------------------------

I I 

Operating : Heat Loss Mean Rating : 
Temperature : Coefficient Temperature: Runoutsb 1 and less 1 1/4 to 2 2 1/2 to 4 5 and larger 
Range,OC : (W/(mOC)) (OC) lupt02(51) (25.4) (32 to 51) (64 to 102) (127) _____________ ~ _______________________ J _____________________________________________________ _ 

Heating Systems (Steam, Steam Condensate and Hot Water) -------------r-----------------------,------------------------------------------------------
Above 177 : 0.046-0.049 121 : 38.1 63.5 63.5 76.2 88.9 
122 - 176 : 0.042-0.045 93 : 38.1 50.8 63.5 63.5 88 9 I I • 

94 - 121 : 0.039-0.043 65 : 25.4 38.1 38.1 50.8 50.8 
61 - 93 : 0.036-0.042 52 : 25.4 25.4 25.4 38.1 38.1 
41 - 60 : 0.035-0.040 38 : 25.4 25.4 25.4 25.4 38.1 _____________ L _______________________ J _____________________________________________________ _ 

Cooling Systems (Chilled Water, Brine and Retrigerants)b 

24 25.4 25.4 25.4 
24 25.4 25.4 38.1 

Notes: 
a) The required minimum thicknesses do not consider water vapour transmission and condensation. Additional Insulation, 

vapour barriers or both may be required to limit water vapour transmission and condensation. 
b) Runouts to individual terminal units not exceeding 3.7 metre in length. 

Minimum Pipe Insulation Thickness For Service Hot Water Systems from ref. 22 Table 6.2.3.1 
--------------------r--------------------------------~-----------------------.--------------L __ !'!~~~~~~ ________ gg!'p~p~~i!~ ____ J Nominal Pipe Diameter Minimum Pipe 
Piping Location : Conductivity Mean Rating : inches (mm) Insulation 
___________________ .L '3~!,9~_~!r.!'.:~~ ____ !~!'!e.~r~!t.!r~_ ~~ ___ 1 ______________________ l.hJ~~'!~~~ !:'!1!1 ___ _ 
Conditioned Space : 0.035 - 0.040 38 Runouts Up To 2 (51) 25.4 

: Up to 1 (25.4) 
: 1 1/4 to 2.(32 to 51) 
I 
I 
I 
: 2112 to 4 (64 to 102 38.1 
: over 5 (127) 

--------------------r--------------------------------,--------------------------------------Non-conditioned Space 0.046 - 0.049 121 : Runouts Up To 2 (51) 38.1 
or outside I 

: Up to 1 (25.4) 63.5 
I 
: 1 1/4 to 2 (32 to 51) 
I 
I 

: 2 1/2 to 4 (64 to 102 76.2 
I 
I 

: over 5 (127) 88.9 
--------------------~--------------------------------~--------------------------------------
Note: Applies to recirculating sections of service or domestic hot water systems and first 2.4 metre from storage tank for non

recirculating systems. 

Duct, Plenum and Run-out Insulation (l from ref. 22 Table 5.2.2.5 
-------------------r-------------------------------~----------------------------------------
Temperature : Minimum RSI value for ducts : Minimum RSI value for run-outs b 

Difference,oC : and plenums (m2 °e/W): (m2 °CIW) 
I I lessthan-S----------r---------------O---------------1----------------cr----------------------
I I 

5 to 22 : 0.58 : 0.58 
greater than 22: 0.88 : 0.58 ___________________ L _______________________________ ~ _______________________________________ _ 

Notes: 
(a) The temperature difference at design conditions betwen the space within which each duct is located and the design air 

temperature of the air carried by the duct. Where a duct is used for both heating and cooling purposes, the larger 
temperature differences shall be used. 

(b) Ducts not exceeding 3 m in length connecting to terminal grilles or difusers. 
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Lighting 

Average rated life 
The expected lamp life, in hours, of at least 50 percent of the samples tested in continuous 
operation. 

Ballast 
A voltage regulating device used in discharge light sources to regulate the starting voltage and the 
current flowing through the arc. 

Candela (CD) 
The SI unit for luminous intensity, based on the intensity of a standard candle. 

Candlepower 
A measure of intensity similar to a candela. 

Coefficient of Utilization (CU) 
The ratio of lumens reaching the work plane to the lumens emitted by the lamps. 

Colour Rendering Index (CRI) 
The colour-shift under a light source, measured from 0 to 100, with 100 being equivalent to natural 
day light: the higher the CRI, the more natural the colour and appearance of an object. 

Colour temperature 
A measure of the wavelengths making up white light, in Kelvin (K): higher colour temperatures 
mean cooler, bluer lights, while lower temperatures produce warmer, redder lights. 

Compact fluorescent lamp 
Small-diameter fluorescent lamps suitable for replacing incandescent lamps without changing 
the fixtures. 

Efficacy 
The efficiency of a light source in terms of light produced per unit of power consumption, measured 
in lumens per watt (lpw). 

Elliptical reflector lamp (ER) 
A lamp using an elliptical reflector to focus light sharply in front of the lamp. 

Fixture 
The mounting configuration for a lamp. 

Fluorescent lamp 
A lamp that uses ultraviolet energy generated by an electric discharge in a gas tube to activate a 
coating of fluorescent material (phosphor): the colour depends on the type of phosphors used. 

Foot-candle 
The unit of measurement for light reaching a surface, defined as one lumen per square foot. 

Halogen lamp (or tungsten-halogen lamp) 
An incandescent lamp filled with halogen gas, which recycles tungsten back onto the filament rather 
than allowing it to deposit on the inner surface of the bulb which results in longer lamp life. 
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High-intensity discharge lamp (HID) 
Group of lamps that includes metal halide, mercury vapour, low-pressure sodium and high-pressure 
sodium lamps. 

High .. output lamp (HO) 
A rapid start fluorescent lamp designed to operate at a higher current (800 rnA), produce more light, 
and consume more energy. 

High"pressure sodium lamp 
The most efficient HID lamp which produces light by passing an electric current through pressurized 
sodium vapour. 

Incandescent lamp 
A typical light bulb, filled with an inert gas and a tungsten filament, that glows incandescent when 
heated, by passing an electric current through it. 

Instant start 
A special circuit using higher voltage to start fluorescent lamps instantly without pre-heat, 
commonly known as slimline lamps. 

Kilowatt (kW) 
A unit of power equal to 1,000 watts. 

Kilowatt hour (kWh) 
The standard unit of measurement for electricity usage, calculated as the product of the power and 
the operating time: a 60-watt bulb operating for 2,000 hours would consume 120 kilowatt hours. 

Lamp 
A light-emitting bulb or tube. 

Light loss factor (LLF) 
U sed in illuminance calculations to account for such things as dirt build-up, lamp burnouts and 
lamp fading. 

Low-pressure sodium lamp (LPS) 
An HID lamp using vaporized sodium to carry the arc, producing monochromatic yellow light; used 
mainly for roadway lighting. 

Lumen 
The basic unit of measurement for light, defined as the amount of light falling on a one-square-foot 
area on the surface of a one-foot-radius sphere with a one candela light source at its centre. One 
candela produces 12.57 lumens and a 60-watt incandescent bulb produces approximately 
850 lumens. 

Lumens per watt 
See efficacy. 

Luminaire 
The complete lighting unit, including lamp, mounting, ballast, reflectors, diffusers, etc. 

Lumlnaire efficiency 
The ratio of lumens emitted by a complete luminaire to those emitted by the lamp(s) used. 
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Luminance 
The brightness of an object, as seen by a human eye; measured in candles per square inch, lamberts, 
or foot-Iamberts. 

Luminous intensity 
The intensity of light in a specified'direction, measured in candela. 

Lux 
The SI unit for illumination, defined as one lumen distributed over one square meter. 

Mercury vapour lamp 
An HID lamp that produces with an arc that vapourizes mercury at the electrodes and produces a 
bluish white light. The efficacy is between that of incandescent and fluorescent lamps. 

Metal halide lamp 
An HID lamp much like a mercury vapour lamp, except that halides from metals such as sodium are 
introduced in order to increase efficacy and produce all the visible wavelengths. The result is the 
most efficient source of white light currently available. 

Parabolic aluminized reflector lamp (PAR) 
An incandescent lamp equipped with a reflector and lens in order to focus a beam of light, usually 
used in floodlights. 

Pre-heat 
Original fluorescent lamps used an electric pre-heat circuit to warm the electrodes prior to 
starting them. 

Rapid start 
The modem version of the pre-heat circuit and most common method of starting fluorescent lamps, 
uses a circuit to heat the electrodes continuously thus allowing the lamp to start quickly, but not as 
fast as instant start lamps. 

Reflectance 
The ratio of reflected to incident light. 

Reflector lamp 
An incandescent lamp featuring a reflective surface that helps to focus the light. 

Relative visual performance (RVP) 
The ability of a person to differentiate details in the foreground from the background. 

Very high output lamp (VHO) 
A rapid-start fluorescent lamp that operates with a current of 1,500 rnA. It produces more light while 
consuming more energy. 

Visual comfort probability (Vep) 
The probability that a given person will find a lighting system acceptable in terms of 
discomfort glare. 

Watt (W) 
The SI unit for power consumption, defined as one Joule (SI unit of energy) per second. 
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Motors 

Alternating current 
The flow of electricity that changes direction on a regular continuous cycle, reaching a maximum 
in one direction, decreasing to zero, then reversing to reach a maximum in the opposite direction. 

Ambient 
The air that surrounds a motor for air-cooled machines. 

Ampere 
The unit of current that is a measure of the rate of electron flow. It is often abbreviated as Amp. 

Breakdown torque 
The maximum torque that a motor can develop at rated voltage without stalling or experiencing 
an abrupt drop in speed. 

Capacitor 
A device that can store an electrical charge. In an AC circuit, a capacitor causes the voltage to lead 
the current. The unit of capacitance is the Farad. 

Conductor 
Any material, such as copper, that offers little resistance to the flow of electricity. 

Duty cycle 
The relationship between the operating time and the resting time of an electric motor. 

Efficiency 
The ratio of mechanical output to the electrical input power of a moto~. 

Frequency 
The rate at which alternating current reverses its direction of flow. It is measured in Hertz or cycles 
per second. 

Full load current 
The current that a motor draws at rated voltage, frequency and load. 

Full load slip 
The difference between the synchronous speed of a motor and full load speed. It is often expressed 
as a percent. 

Full load speed 
The speed of the motor at rated voltage, frequency and load. 

Full load torque 
The torque that is necessary to produce rated horsepower at full load speed. 

Horsepower (hp) 
A measurement of power used to rate electric motors. One horsepower is equal to 746 watts. 
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Impedance 
The total opposition a circuit offers to the flow of alternating current. It is the vector sum of 
resistance and reactance. 

Inductance 
The property of an electrical circuit that opposes a change in current due to the magnetic field 
induced by that current. 

Line voltage 
The voltage supplied to the input terminals of an electric device. 

Phase 
A term used to describe the spatial relationship of windings in an electric motor or voltages and 
currents in an electric circuit. 

Power factor 
A measurement of the difference in phase between voltage and current in an electric circuit. Most 
electrical devices cause the current to lag the voltage because of inductance. The voltage leads the 
current in capacitive circuits. 

Resistance 
The property of an electrical conductor that impedes the flow of electricity. 

Rotor 
The rotating member of an electric motor. 

Slip 
The difference between the synchronous speed and the operating speed of an induction motor, often 
expressed as a percent. 

Stator 
The stationary part of an AC motor housing the steel laminations and the windings. 

Temperature rise 
The difference between the temperature of the windings of an operating motor and the ambient 
temperature. 

Torque 
The turning force applied to a shaft, usually expressed as pound-feet (Imperial) or Newton-meters 
(SI). 

Voltage 
The standard unit of electromotive force that produces a flow of current in a conductor. 

Watt (W) 
A measurement of power in an electrical circuit that is equal to one Joule of energy being expended 
in one second. 

Page D-6 



61
91

0

18/04/06


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




