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EXECUTIVE SUMMARY

The Market

In North America, expenditures on cleaning up water and solid waste pollution were
estimated at approximately $U.S. 56 billion in 1988: $U.S. 51 billion in the United
States and $U.S. § billion in Canada. This expenditure includes both capital and
operating costs. North American expenditures on air pollution control were about
$U.S. 38 billion; however, no significant biotechnology applications were found in
air pollution control. Consequently, this particular part of the pollunon control
market was excluded from further con51derat10n.

Public money predominates in the effort to control pollution. Approximately 60%
of all U.S. expenditures or about $U.S. 30 billion are from public funds. In water
pollution control expenditures, public money accounts for two out of every three
dollars spent. Of the $U.S. 21 billion spent by the private sector, industry spends
some $U.S. 9 to $11 billion on internal measures to control pollution. ‘As a major
chemical producer put it: "We handle most of our wastes ourselves”. Consequently,
commercial hazardous waste companies handle less than 5% of the wastes
generated. |

Public sewer systems are the largest market, accounting for $U.S. 19 billion or 37%
of all pollution control spending on water and solid waste. Industrial expenditures
on water pollution control are around $U.S. 10 billion. "Other" expenditures, for
example, groundwater protection programs and measures directed at non-point
sources amount to $U.S. 6 billion.

Solid waste pollution control expenditures are around $U.S. 16 billion, or
approximately 31% of all pollution control spending on ‘water and solid waste.
Conventional waste, such as municipal garbage, accounts for ‘most of this
expenditure, about $U.S. 10 billion. Spending on hazardous waste, including site
remediation amounts to approximately $U.S. 3 billion while other, unspecified -
spending is also $U.S. 3 billion. |




EXECUTIVE SUMMARY...

In 1988, it is estimated that biotechnology accounted for approximately $8.6 billion
or about 17% of total spending on cleaning up water and solid waste pollution. As
the following graph shows, this spending is overwhelmingly concentrated in the
wastewater area, public sewer systems in particular. .

Biotechnology’s share of annual spending
on facilities investment and operations
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EXECUTIVE SUMMARY...

Market Growth

The largest market, water pbllution‘ control, is also the slowest growing market. In
the United States, although total expenditures have marginally increased in constant

‘dollars over the 1975 to 1985 period, growth in capital expenditures has slowed.

Capital spending is down 30% for industrial facilities and 22% for public sewer
systems. By the same measure, Canadian capital expenditures on public sewer
systems declined 39%. In effect, the great capital investment in water pollution
control was made in the 1970s, in both the public and private sectors. Consequently,
new capital expenditures will decline in real terms to the turn of the century.
However, operatmg expendxtures for the huge base of mstalled systems are
mcreasmg. ~

* Conventional waste disposal expenditures, such as those for municipal garbage;_wiu
__expand in step with GNP or slightly more to the year 2000. Site remediation, driven -

largely by public funding, will continue to expand rapidly. - Hazardous waste
treatment, especially on-site services, is expected to grow the fastest of all.. '

Demzind Drivers

Regulation is the basic impetus behind spending on pollution control. Regulationis

- stronger in the United States where there has historically been an adversarial

relationship between government and industry. - Furthermore, Canadian regulatory
powers are shared between the provincial and federal governments, a less effective
arrangement than in the U.S. where power is concentrated in the Environmental
Protection Agency (EPA).

Public opinion is an underl‘ying force which is interpreted through government and
focussed and expressed through regulations. Companies are also affected directly
by public opinion. In a consumer society where marketing and public image count,
companies are more conscious of avoiding public outcries over their pollution
record. Finally, companies are also confronted with environmental regulations
through the actions of surrogate regulators like banks and insurance companies.

SECOR -m-




EXECUTIVE SUMMARY...

These institutions insist that companies producing wastes meet regulations as a
condition for getting loans and insurance.

Cost is a factor in moderating efforts to reduce pollution. Expenditures to meet |

regulatory standards are dollars which are not available to invest in the basic
business. Furthermore, in North American business, all capital investments are
viewed in a more short-sighted manner. This stems from our higher interest rate
structure which demands that all investments pay out quickly to the bottom line.
Because of this, companies will do what they must to meet regulatory demands and
some of consumers’ expectations, not more.

In the United States, specific regulatory measures have been essential in helping to
develop new waste treatment technology. For example, the EPA has established the
Superfund Innovative Technology Evaluation (SITE) program. The overall goal is
to carry out a program of research, evaluation, testing, development and
demonstration of alternative or innovative treatment technologies for the clean-up
of Superfund sites in order to maximize the use of alternatives to land disposal.

Industry Structure and Dynamics

The environmental biotechnology industry is smaller, more fragmented and less
developed than its counterparts in the pharmaceutical or agricultural sectors for
example. Amongst dedicated biotechnology companies in the United States, only
1% focus on waste treatment and disposal. Even amongst the larger established
companies which undertake R&D in biotechnology, only 2% concentrated on waste

treatment and disposal.

The companies in the waste treatment industry can be thought of as comprising six
strategic groups: the research houses, the consulting engineers, traditional
equipment suppliers, suppliers of new and emerging products, the waste generators
‘themselves and the waste treatment companies. How these players interact to
provide waste treatment is depicted in the following figure.

SECOR V-
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INTERACTIONS AMONG KEY STRATEGIC GROUPS

Research
= Nouse
' The Waste Generator's Options ' :
Consulting <_  Tracitions!
Engineers Suppiier
Waste managemant S . ‘
companies _ B
New Products/
Upgraded Treatment Emerging
Waste Treatment
to Mast Reguistory [
Standarc's

SECOR

In the mature industry of wastewater treatment, biotechnology companies
concentrating on research are newcomers operating at the margins of the industry.
Most of thése research houses are young companies with under ten employees and
variable financial resources from year to year. Some are university spin-offs and
some have shifted from contact research work to developing products.

Because wastewater treatment involves a process engineering approach to adapt
mostly proven technologies to users’ needs, consulting engineers are central players
in this industry. Their activities also tend to overlap with those of the research
houses and those of traditional equipment suppliers to the industry. For example,

" both SNC and Lavalin have developed their own bioreactors. Because the

consulting engineers play tiumerous roles to meet the wastewater generators’ needs:
e.g., develop designs, screen vendors, act as general contractors, they wield
considerable decision-making power. Since they bear the technical responsibility, -
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they also tend to be very conservative. This combination of conservatism and
decision-making power tends to frustrate the entry of suppliers of new and emerging

products. These companies offer products ranging from new strains of bacteria to

sophisticated equipment such as digestors and bioreactors, generally focussing on
very specific niches. Some do contract research to help pay some of their product
" development costs. '

The waste generators themselves are typically large resource-based concerns like
mining or pulp and paper companies. They will often have their research
departments work on in-house solutions to waste problems and are interested in
biotechnologies as an economic solution to upgrade or treat their wastes.

The situation with solid and hazardous wastes is different. Where the waste
generators do not take care of the wastes themselves, they typically rely on the waste
management corporations. In this sector, the top eight companies presently hold
around 15% of the market. This degree of concentration is expected to increase.
First, the industry giants, companies like Waste Management Inc. and Browning
Ferris have been diversifying and making acquisitions. They are broadening the
scope of their services, adding biotechnology capabilities where these offer a more
economic solution. Second, there is a growing tendency for such companies to
develop multiple technology capabilities. In some segments, such as site
remediation, having a range of skills can be crucial in winning contracts. Third,
government agencies responsible for environmental problems and major industrial
customers are attracted to larger companies because they believe such companies
have the resources to be reliable partners in projects that can take years to
complete. Fourth, rising regulatory standards for waste treatment are forcing
companies to invest more in equipment, management and assets like laboratories
and landfill sites.

Technology and Technology Sources

Biotechnology must compete with ;)ther technologies to serve the $U.S. 56 billion

North American market. On a broad range of criteria, from the ability to handle

-vi-




EXECUTIVE SUMMARY...

process upsets to reliability and cost, Arthur D. Little ranks biotechnology fourth
out of five waste treatment technologies. Biotechnologies were ranked ahead of
thermal treatment but behind physical, chemical and land disposal methods.
Biotechnologies’ greatest strength lies in their operational reliability. Unlike some
other technologies, such as thermal, biosystems are largely on-line when needed.

- On the other hand, biotechnologies’ two greatest weaknesses, are seen as their
~ inability to adapt easily to changes in input and the need for operator intervention

to control the process.

Biotechnology research in the waste treatment industry tends to come primarily
from public sources. Private research is fragmented and underfunded. These facts
give rise to the following problems. First, capital is unavailable to bring innovations
to market. Although funding is generally available at the laboratory scale and to a
lesser degree at the pilot scale, all industry participants pointed to a lack of funding
for demonstration projects as the greatest barrier to implementing biotechnology in
industry. Second, industry and universities are still léarning how to work with each
other in joint research. They have different interests which must be accommodated.
Third, Canada is not competitive in protecting intellectual pr‘operty.\ Companies
urge extension of the Patent Act to all aspects of biotechnology: processes are

 particularly difficult to protect.

Conclusions

In terms of market size, wastewater treatment presents the greatest opportunities
for biotechnology. Biotechnology-based treatments account for approximately 35%
of all capital expenditure on public wastewater treatment in the United States, and
around 12% in the manufacturing sector. The operating expenditures of this huge
public and private base of facilities amount to over $U.S. 14 billion annually in the
United States alone. -

[n the faster growing' market of hazardous waste treatment including site
remediation, biotechnology’s share is estimated to be under 5%. As biotechnology

develops, this share will increase; however, site remediation in particular poses a

- vii -
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EXECUTIVE SUMMARY...

mix of problems, from explosion and fire hazards to radioactive materials, pesticides
and inorganics. Consequently, a broad range of technologies will be required to
cope with these problems. For the treatment of hazardous wastes in industry,
biotechnology has a very small share. For example, microbial treatment currently
represents a $U.S. 5 million market. At this point, no biotechnology treatments are
clearly commercially established. In conventional waste management, few new
applications are foreseen for biotechnology. Currently, biotechnology in the form of
microbial treatment, composting and landfarming represents about a 7% market
share of annual capital and operating expenditures in conventional waste treatment,
or about a $700 million annual market.

Biotechnology’s most attractive opportunities lie in the municipal wastewater
treatment sector. In particular, the interrelated problems of sludge disposal,
‘dewatering and contamination by heavy metals present opportunities where
biotechnology may find extensive épplication. Conventional sludge disposal
techniques involve the use of landfill sites. However, heavy metal contamination
imposes limits on how much sludge can be applied per unit area. With the North
American problem of limited landfill sites, this makes the continued use of current
sludge disposal techniques problematic, unless the political problems in siting new
landfill capacity can be resolved.

Presently there are a considerable number of publicly funded research projects
underway in the areas of sludge biodegradation and heavy metals removal. These
projects range from the conversion of sewage sludge into oil and bioadsorption of
heavy metals to sludge degradation processes and metal lixiviation from sludge.

Finally, bioreactors in municipal and industrial wastewater treatment represent a
second area of potential application of biotechnology. Much opportunity appears to
exist from the selection and development of improved microbial strains. Process
control is a second area for significant improvements in bioreactor performance. In
the area of bioreactor control, publicly funded projects include computer controls
for activated sludge processes, automated monitoring and control strategies, and
modelling and control of bioprocesses among others.

- viii -
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The potential health risks to waste treatment workers from airborne infections and
skin adsorption could lead to a much greater emphasis on computer control and
automation. Together with the development of improved microbes, this new degree
of process control and automation would eliminate biotechnology’s two greatest
weaknesses : the need for operator intervention and the inability to adapt easily to

changes in input. ‘
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INTRODUCTION

This study was undertaken on behalf of Industry, Science and Technology Canada.
The objective was to assess the opportunities for biotechnology in the waste
treatment industry. The methodology comprised a review of existing literature
along with industry contacts in both Canada and the United States. Our contacts in
Canada were guided by the "1988 Canadian Biotechnology Industry Sourcebook”.
Our contacts in the United States centered on publicly-owned companies applying
biotechnology in the waste treatment field. The study was finalized through
consultations with industry participants to verify the tentative conclusions which
were developed in the final phase of the study. |

This document is divided into nine chapters. This first chapter serves to introduce
the study briefly and put the work into context. In the second Cha'pter, we outline
the size of the market for the waste treatment industry. Chapter three looks at the
underlying forces which tend to increase the demand for waste treatment services.
The fourth chapter looks at the structure of the Canadian waste biotreatment
industry as indicated by contacts with companies listed in the Canadian
Biotechnology Industry Sourcebook. This look at industry structure is extended in
the following two chapters: ~ in chapter five, with an overview of where
biotechnology fits in with the publicly-held companies; in chapter six, with a sample
of what some of the smaller, privately-held companies are doing under the
innovative "SITE" program in the U.S. The seventh chapter summarizes how
biotechnology measures up to other technology options available to industry for
treating waste. - Chapter eight examines the public sources of waste biotreatment
technology in Canada. In the ninth chapter, we summarize the outlook for
biotechnology and its most promising applications in the waste treatment industry. .
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OVERALL POLLUTION ABATEMENT EXPENDITURES

The United States is the world’s largest; best-docum'ented- market. In
1986, pollution abatement expenditures were estlmated at some
$ U.S. 74 billion

. This includes both capital and 6perating expenditures. Internal
corporate expenditures are accounted for as well.

. At first glance, air pollution is the largest market; however, anti-

pollution devices installed on cars and trucks represent the lion’s
share.
. The water pollution market is the largest: more than twice the size of

either the solid waste or the non-vehicle air pollution market.

. The solid waste market includes site remediation.

- gs of 1989 the EPA had identified some 1,200 sites in the Umted
tates.

UNITED STATES
ESTIMATED POLLUTION ABATEMENT EXPENDITURES
(US. $ BILLIONS)

1986
SECTOR 8 (%)
AR o - .30 « (41

Vehicular 20 : 27

non-vehicular : 10 ) 14
WATER 30 . S 41)
SOLIDS ] 14 19
ToTAL” 74 (100)
* Totals may not add because of rounding

Source:  SECOR, based on data from the U.S. Bureau of Economic Analysis.
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WATER POLLUTION

Water pollution abatement expenditures . amounted to approxxmately |
$ U.S. 30 billion in 1986. |

s  Public sewer systems are the hrgwt market, accountmg for some 55%
of all expenditures

- - over half of this is capital spending on facilities.

. Although industrial operations represent a smaller share of the
market, their spending is much more concentrated on operations.

WATER POLLUTION ABATEMENT EXPENDITURES

UNITED STATES
1986
SECTOR - $ US. (000,000) - | - (%)
PUBLIC SEWER SYSTEMS - 16300 o (55)
Facilities 8,800
Operations . 7,500
INDUSTRIAL o 9300 @Y
Facilities | 3,300 | |
Operations - 6,000 -
OTHERS* | 4300 (14
. TOTAL D 29900 (100)

*  Include non-point sources not shown separately
Source: SECOR, based on U.S. Bureau of Economic Analysis data
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WATER POLLUTION : MANUFACTURING SECTOR

In the manufacturing sector, industrial capital expenditure for
wastewater treatment totalled $U.S. 975 million in 1985. Biosystems
spending represented 12% of this outlay.

s~ The bulk of biosystems expenditures (64% in 1984, 55% in 1985) were
in the chemical and petroleum industries.

. Textiles, food, chemicals and petroleum  represent the highest
percentage of capital spending on biosystems.

MANUFACTURING CAPITAL EXPENDITURES ON WASTEWATER TREATMENT .

UNTTED STATES
(US. Millions)
1984-1985
BIOSYSTEMS/
INDUSTRY ' BIOSYSTEMS TOTAL TOTAL DIFFERENCE
1984 1985 1984 1985 1984 1985 1984-1988
Food 83 117 563 629  15% 19% = +4%
Textile. 70 88 402 399 17% 22% +5%
Paper 55 84 742 852 % 10% +3%
Chemical 41.7 432 1969 238.7 21% 18% . =3%
Petroleum 149 22.6 120.5 1253 12% 18% +6%
Primary metals 12 18 465 45.1 2% 4% +2%
Fabricated metals 0.8 4.5 418 451 2% 10% +8%
Electricequipment 1.5 1.8 40.6 47.6 4% 4% - 0%
Electric utilities 42 133 969 97.0 4% 14% +10%
Coal mining 32 33 106.9 110.1 3% 3% 0%
Other N/A N/A 75.1 785 N/A N/A N/A
TOTAL 883 1194 8959 9754 10% 12% +2%

Source: Business Development Service, "Watermark 85 - January 1985 Survey and Forecast”, Feb. 1985




WATER POLLUTION : CANADIAN EXPENDITURES ON EQUIPMENT

About $ 455 million is spent annually in Canada for water and

. wastewater treatment equipment. If trends continue toward more

stringent industrial and municipal wastewater reqmrements thls f' igure
could rise to almost $ 600 million by 19920,

] Total annual equipment expenditures in Canada for mumcnpal
treatment systems are estimated at about $ 275 million®,

] Industrial expenditures on water pollution control equipment are
 estimated at $ 100 million™ annually. An additional $ 80 million is
spent on water treatment(2),

ANNUAL WATER AND WASTEWATER EQUIPMENT EXPENDITURE

CANADA
(5000,000)
1989 N

Source | Expenditure
Municipal 275
Industrial 100
Other 80
Total | 455

(1)  Source: B.A. Fenton, Science Council of Canada, Wmm_&zm

Qpportunitites for Research gnd Manufacturing Jan. 1989.
(2)  Source: W.M. Glenn, Corpus Information Smces, “Jobs and the Environment: Some Preliminary

Number Crunching ,_mm 14(3) (1987), 25.
-8 -




WATER POLLUTION : GROWTH RATE OF ABATEMENT EXPENDITURES

Water pollution abatement, in both the public and industrial sectors, is
a mature market. Total spending on facilities and operations has in-
creased, on average, at less than 1% over the period 1975 to 1985. By
way of comparison, the annual GNP growth rate over this period was
3.3%, in constant dollars.

In spite of slow growth, pai'ticularly in capital spending on industrial
facilities, the market is still immense.

Spending on operations has increased, reflecting the huge base of
installed facilities. . ’

WATER POLLUTION ABATEMENT EXPENDITURES
IN CONSTANT (1982) DOLLARS ($000,000)

UNITED STATES
1975 - 1988
YEAR TOTAL (Capital INDUSTRIAL PUBLIC SEWER SYSTEMS
& Operating) Facilities Operations  Facilities Operations

1985 24,770 2,941 5,042 6,990 5,946
1984 23,257 . 2,900 4,795 6,387 5,649
1983 21,543 2,811 4,509 5,951 5,475
1982 21,199 ' 3,080 4,022 6,148 5,156
1981 21,984 3,259 4,180 6,882 4,880
1980 24,647 3,725 4,081 8,942 . 4,694
1979 26,470 4,013 4,222 9,758 4,583
1978 26,631 4,277 3,934 10,090 - 4,392
1975 22,840 4,200 2,950 8,977 3,428
TEN YEAR
AVERAGE : '
GROWTH RATE 0.85 <30 7.1 22 73
IN PER CENT )

Source: U.S. Bureau of Economic Analysis
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WATER POLLUTION :

- FUTURE GROWTH OF PUBLIC ABATEMENT EXPENDITURES

~ Capital expenditures on public wastewater treatment facilities will

decline from current (1988) levels over the next 20 years.

. The estimated capital investment in facilities to meet fully the needs |
of the United States’ population was § U.S. 67.9 billion as of January,
1988. ‘ '

- In 2008, this is expected to increase to $ U.S.83.5 billion (m |
constant 1988 dollars). The $U.S. 15.6 billion difference
represents additional needs to serve population growth.

. If spending to meet all identified needs were realized over the next -
 twenty years, this would translate to an annual facilities expenditure of
some $ 5 billion. Capital expenditures in 1985 were some S US.7
biilion.

. The installed base will grow, but more slowly than in the past.

TOTAL NEEDS FOR PUBLICLY-OWNED WASTEWATER
TREATMENT FACILITIES (BILLIONS OF 1988 DOLLARS)

UNITED STATES
1988 - 2008
YEAR ' TOTALNEEDS (§) 'INDEX: 1988 = 100
2008 ) 83.5 ' 123
- 1988 - 67.9 . 100

_ Source: "1988 Needs Survey Report to Congress", EPA, Feb. 1989
The estimates are based on "grant-eligible” categories of needs. For example, 39 States which
participated in the survey submitted separate estimates for an additional $ U.S. 15.9 billion in
needs which did not meet the criteria of the survey.

c =10 -




WATER POLLUTION : ‘
CONSTRUCTION EXPENDITURES IN CANADA

In Canada, the total value of construction work purchased for sewage
systems, disposal plants and connections has declined steadily from

1975. However, new treatment plant construction opportunities exist in

Quebec. In 1978, Quebec embarked on a program to improve water and
wastewater treatment services.

= Recently, le Conseil des ministres du Québec, voted to spend some
$1.5 billion, in total, over the next three years for urban wastewater
treatment facilities. This reflects "catch-up” spending. Quebec will
constitute the largest market for municipal treatment equipment in
Canada for at least the next S years()),

= It is assumed that by 1992, Ontario will make up 50% of the market
for industrial treatment facilities("),

TOTAL VALUE OF CONSTRUCTION WORK PURCHASED IN CANADA
FOR SEWAGE SYSTEMS, DISPOSAL PLANTS AND CONNECTIONS
(1982 CONSTANT DOLLARS, $ 000,000)

1975-1988
Year Expenditures(®
1985 674
1984 ' 695
1983 705
1982 754
1981 733
1980 - 810
1979 o 868
1978 - 922
1975 ' 1,099

Sources:(1) B.A. Fenton, Science Council of Canada, Water Resources Equipment Industry:
Qpportunities for Resegreh and Manufacturing, Jan. 1989. '
2) Statistics Canada, cat. 64-201, June 1985.

-11 -




'WATER POLLUTION : OPPORTUNITIES FOR BIOTECHNOLOGY

Investment in secondary and advanced treatment systems, which
together represent the best opportunities for biotechnology are expected
to increase from 35% to 38% of the total capital investment required in
- public wastewater treatment systems. ‘

NEEDS FOR PUBLICLY-OWNED WASTEWATER TREATMENT
FACILITIES (BILLIONS OF 1988 DOLLARS) :

UNITED STATES
- 1988
NEEDS CATEGORY CURRENT NEEDS NEEDS IN 2008
- : $ %R $ (%)
Secondary Treatment - 202  (30) . 2638 G2
Advanced Treatment 39 (6) . 50 (6)
Sub-Total* - 241  (36) 318 (38)
Infiltration/Inflow , :
Correction 29 (4) 29 (3
Replacement/Rehabilitation 3.7 (5) 37 (9
. New Collector Sewers 10.9 (16) 13.8 a7
New Interceptor Sewers 9.9 (15) 14.9 (18)
Combined Sewer Overflows 16.4 (24) 16.4 (20) -
- TOTAL* : : 679 _(100) 835 (100)

. Totals may not sum to 100% because of rounding
Source: 1988 Needs Survey Report to Congress, EPA, Feb. 1989.

12 -
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WATER POLLUTION : OPPORTUNITIES FOR BIOTECHNOLOGY...

The number of secondary and advanced treatment facilities will need to

be expanded from their current level of 12,000 to 15,000 to meet fully
the currently documented needs under the Clean Water Act.

= This would mean an expansion in design capacity from about 31,575
MGD to 42,107 MGD or an increase of some 33%.

NUMBER OF FACILITIES
1988 ACTUAL VS NEEDED
UNITED STATES
LEVEL OF TREATMENT __# OF FACILITIES —DIFFERENCE
ACTUAL NEEDED # DESIGN CAPACITY,
: MGD
Second : 8,536 9 659 1,123 2,903
Greater than _ ’
Secondary - 2412 5293 1881 1.629
Sub-Total 11,948 14,952 3,004 10,532
Less than Secondary 1,789 48
NoDischarge* 1,854 2,363
Other - 11
TOTAL 15,591 17,374

*  Most are pond systems which dispose of their total inflow by evaporation, by percolation to
groundwater, or through reuse, e.g. spray irrigation.

= 13 -
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WATER POLLUTION : OPPORTUNITIES FOR BIOTECHNOLOGY...

The known breakdown by process type to meet fully 1988 documented

needs is presented below.

] Additional biological treatment needs and sludge treatment of a
- biological nature represent some 7,700 process installations or fully
28% of the over 27,000 process installations which are required.

EXPECTED PROCESS NEEDS BY TYPE

UNITED STATES
1988 ACTUAL VS NEEDED
_DIFFERENCE -

TYPE OF TREATMENT 1988 ACTUAL NEEDED #
BIOLOGICAL TREATMENT

Stabilization Ponds 5,165 6,449 1,284

Acrated Lagoons ‘ 1,575 2,367 792

Total Containment Ponds 867 1,017 150

Aquaculture/Wetlands/

Marsh Systems 5 21 16
Trickling Filter 2260 2,365 105
Rotating Biological Contactor 448 725 277
Sequencing Batch Reactor \ 1 2 1
Activated Sludge 3,591 4284 . 693
Activated Sludge/ -

Extended Acration ' 2,082 2858 776
Oxidation Ditch : 937 1,353 416
Biological Nitrification ) - 1,007 2,053 1,046
Biological Denitrification 49 85 36
Biological Phosphorous Removal 28 37 9
Other Biological Treatment 39 65 2%
Land Treatment System ‘ , _985 1.445 _460

Sub-Total ' 19,039 25,126 6,087

SLUDGE TREATMENT '
Acrobic Digestion 3,710 4,800 1,090
Anacerobic Digestion ’ 3,628 4,072 444
Composting : I 126 49
Sub-Total 7,415 8,998 1,583
OTHER SLUDGE TREATMENT 10,791 13,156 2,365
SLUDGE DISPOSAL 10255 - 12,054 1,799
PRELIMINARY OR PRIMARY TREATMENT 18,345 22,108 3,763
PHYSICAL/CHEMICAL TREATMENT 15,912 23,657 7,745
NON-CENTRALIZED COLLECTION/’I'REATMENT 37 879 500
MISCELLANEQOUS \ 16,098 19,681 3,583
TOTAL 98,234 125,659 27,425

Source: "1988 Needs Survey Report to Congress’, EFA, Feb. 1989.
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SOLID WASTE POLLUTION

" Solid waste is classified into hazardous and non-hazardous matenals as

follows:

I A solid -waste is hazardous if it exhiblts any of the followmg
characteristics:

ignitability
corrosivity
reactivity |

toxicity

Industry produces over 200 million tons® annually of hazardous
wastes in the U.S. :

. A solid waste 1s not hazardous if it is:

household waste .
agricultural waste used as fertilizer

from the extraction, beneficiation and processing of ores and
minerals (including coal)

fly ash, bottom ash, slag and ﬂue gas and emxssmn control waste
from fossxl fuel combusnon

fluid associated with oil, gas and geothermal energy |
exploratlon, development and producnon

Municipal wastes, for example, amount to over 150 million tons
annua]lym the US. ‘

(1) Souce:‘ "Hazardous Materials Management Markets” SRI International, Fall 1987.
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NON-HAZARDOUS WASTES

The conventional waste management market in the United States is
valued at some $U.S. 10.5 billion in 1989, exclusive of the collection and
transportation costs involved.

] ‘The market breakdown by treatment method is shown in the following
table.

CONVENTIONAL WASTE MANAGEMENT MARKET

UNITED STATES
($U.S. 000,000)
1989

Treatment method ' $ | (%)

Containment ' 5750  (55)

- largely landfill

Waste-to-Energy : 2010 (19)

Recycling | 1870 (18)
Treatment 840 (8)

Sub-total | - 10470  (100)
Collection/Transportation 12 000 -
TOTAL 22 470 . ——

Source: "The Huge Conventional Waste Managerment Business", Business Communications Company
Inc., May 1989. Cost basis includes construction, engineering and operating costs.
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NON-HAZARDOUS WASTES...

R T R W - S B .

With some ex'cegtwns, this market has limited opportunities for
biotechnology. Containment and recyclmg alone represent almost
three-quarters of the expendntures.

] CONTAINMENT

- Is largely dominated by landfill operations. In fact, landfill han-
dles an estimated 81% of all non-haza.rdons sohd waste

geomembranes and geotextiles constitute the high technology
portion of this market. -

] RECYCLING

- Presently, accounts for an estimated 11% of the hazardous waste
stream : A

well-known examples include aluminum cans and newspapers
over 15% of U.S. households and commercial establishments

will be participating in some kind of recycling program by 1999.

s WASTE-TO-ENERGY

- This market includes incineration (for energy recovery) and land-
fill metha.ne recovery projects

the use of biotechnology may enhance methane gas production.

!

] WASTE TREATMENT

- Includes incineration (not-for-energy-recovery), microbial treat-
ment, composting and landfarming

the fastest growing market will be incineration, mainly because |

of an increased need for the destrucuon of infectious or
medically suspect wastes

the remaining three sectors represent a SUS. 700 million
market in 1989. However, this overlaps somewhat with the
sludge treatment activities covered in the previous section on
water pollution.

* The recycling and waste-to-energy segments are forecast to\‘ grow at real

rates in excess of 10% to 1994. The waste treatment segment, in
contrast, is expected to grow to $U.S. 820 million in 1994 or some 3%

- annually.
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HAZARDOUS WASTES

~ The commercial hazardous waste sector had revenues of approximately

$U.S. 2.3 billion in 1986, including site remediation work; however, it is
important to note that this figure does not include private industry’s
own internal expediture of $U.S. 8 to 10 billion on hazardous
waste/wastewater spending,

. Public sector spending under the Superfund program to clean up

inactive waste sites accounts for more than half of this market.

. Industry’s purchase of waste management services is largely for the
treatment of ongoing waste streams.

THE HAZARDOUS WASTE CONTROL INDUSTRY

UNITED STATES
- 1986
Sector . $U.S. (000,000) (%)
Private Industry 1000 ' (44)
- = on-site work 360
Public 1250 (56)
TOTAL 2250 ' | (100)
Source: "1987 UPDATE - Hazardous Waste Control Industry Outlook”, WTL & Co. Management
Consultants. ‘
-19 -




HAZARDOUS WASTES : SOURCE BY SECTOR

,- -
!
i
H
i

The hazardous waste market is concentrated in relatively few industrial
sectors. In fact, nearly 80% of the estimated annual industrial expendi-
tures for hazardous waste management is concentrated in only 4 indus-

try groups.

INDUSTRY CONCENTRATION OF THE HAZARDOUS
'WASTE MANAGEMENT MARKET

UNITED STATES
1986
Major Industry Estimated Expenditures! Estimated waste generation?
Group SU.S. (000,000) (%) (000,000) metric tons (%)
CHEMICALS AND ALLIED 2010 (29) ‘
PRODUCTS, e.g. :
- Industrial Organic Chemicals 48 (19)
- Industrial Inorganic Chemicals 42 (16)
- Agricultural Chemicals 20 (8)
- Alkalies and Chlorine 4 (2)
PRIMARY METALS,eg. 1337 ()
- Blast furnaces | S % (9
FABRICATED METAL PARTS,eg. 1040 (15)
- Gray Iron Foundries . A 1 (4)
- Steel Wire o ' 4 : (2)
RUBBER AND PLASTICS ‘ :
PRODUCTS, ¢.g. 971 . (14)
- Misc. Plastics 9 (4
- Rubber, Plastic Hose ‘ 6 (3)
- Plastics, Resins o S 5 (2
Sub-Total* 5358 (8) 173 (69)
TOTAL 6 860 (100) 259 (100)

*  May not add because of rounding
1 Source: = "Hazardous Materials Management Markm SRI Intanarzonal, Fall 1987. These figures

include industry’s own intemal expenditures. .
2 - Source: Apogee Research S
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HAZARDOUS WASTES : GROWTH OF ABATEMENT EXPENSES

The commercial hazardous waste treatment industry is expected to grow‘

at a 20 to 25% annual rate.

. "The recent flood of new legislation and continually shifting standards
for compliance have put most companies in a state of flux. Virtually
every manufacturer is re-evaluating or implementing new hazardous
waste management practices™ -

] EPA estimates put the commercial hazardous waste treatment indus-

" try’s volume at under 5% of the total quantity of hazardous waste
generated.

- a one percentage point increase in the 5% share handled could
add as much as $U.S. 1.5 billion by 1991

- on-site work is expected to grow fastest of all.

s The site remediation market will grovir at about 10% annually

EXPECTED GROWTH OF THE HAZARDOUS WASTE CONTROL MARKET

UNITED STATES
($U.S. 000,000)
1986-1991
Sector 1986 1991
3 (%) , 3 (%)

Private Industry 1000 (44) 3000 (60)

- On-site work _ 360 (16) 2500 (50)
Public - | |

- Site remediation 1250 (56) 2000 (40)

TOTAL 2250 (100) 5000 (100)
Source:"1987 Update - Hazardous Waste Control Industry Outlook”, WTL & Co. Management
Consultants, 1987.

1 "Hazardous Materials Management Markets" SRI International, Fall 1987.
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HAZARDOUS WASTE : CURRENT AND PROJECTED DISPOSAL PRACTICES

- Hazardous waste has been largely disposed through conventlonal
- means up to the mid - 1980s. However, traditional disposal practices

like landfill, deepwell injection and surface impoundment are on the
declme. By 1990: ’

] - Incineration is expected to grow by over 200% . o
- destruction of wastes by- classic incineration tcchnology is well '
known and commercially established. :

] Advanced recovery of useful materials will grow by more than 100%
- solvent recovery is often cost-effective
- similar efforts with metals have not yet gained commercial
acceptance. :

" Treatment, a broad category which includes many technologies,
biotechnology among them, is expected to grow on the order of 50%
- historically, treatment has occurred w1th simple reacnons like
-oxidation, reduction and precipitation. -

COMMON HAZARDOQUS WASTE DISPOSAL METHODS

- UNITED STATES
© MID - 1980S
Method L Approximate use
(per cent of total waste)

Aqueous Treatment , (30) '
Deep Well Injection (20)
Landfill (20)
Surface Impoundment _ (15)
- Solvent/Qil recovery o . - (10)
Incineration (5)
TOTAL | | .~ (100)

Source: "Hazardous Materials Management Markets", SR Intemationa, Fall 1987.
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HAZARDOUS WASTE : DEVELOPMENT OF NEW TECHNOLOGIES

Currently, spending on high technology treatment of hazardous wastes
amounted to some $U.S. 215 million in 1988 or roughly one-tenth of the
commercial hazardous waste treatment market.

= Biological treatment of wastes with naturally occurring and genetically
enhanced organisms includes hundreds of processes, but none are yet
clearly commercially established.

- microbial cultures represent about a $U.S. S million market, or
some 2% of the high technology sector.

- slow growth to about a 3% share of the high technology market is
forecast to 1998.

n Membrane separation is the original high tech'nology hazardous waste
treatment.

- ultraﬁltrauon, microfiltration, reverse osmosis and electrodxalysm
will be the fastest growing subsector.

. High technology containment consists of sophisticated landfill
techniques including multiple geotextile and geomembrane layers
along with leachate gathering and characterization networks.

- in-situ vitrification is an example of an entirely new technique.

. Advanced incineration utilizes techmques like plasma arc, mfrared,'

fluidized bed, etc.

. Advanced chemical treatment includes proceéses like supercritical
' oxidation and hydrogen peroxide treatment.

The market value of these high technoloy segments is outlined on the
followmg page.

L
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HAZARDOUS WASTE : DEVELOPMENT OF NEW TECHNOLOGIES...

~ THE HIGH TECHNOLOGY HAZARDOUS WASTE'TREATMENTVMARKET ‘

UNITED STATES
: 1988-1998 '
Sector 1988 - 1998 o

| : $ (%) - $ (%)
Chemical | 120  (56) 259  (50)
Containment 60 (28 162 (1)
Membrane 19 (9 7 (14)
Incineration -1 | (35 9 (2
Microbial s (2) T (3
TOTAL 215 (100) 516 (100)

Source:  "Hazardous Waste Control: Advanced Waste Treatment Technology", Business

Communications Co. Inc., July 1988

=24-




HAZARDOUS WASTE : SITE REMEDIATION

Site remediation, the most mature segment in the hazardous waste
treatment business, is served by major established international
companies like Chemical Waste Management, International Technology
and Browning-Ferris.

s Although these companies have used many basic techniques like
hydrogeological engineering and containment, they are increasingly
considering advanced technologies.

. The complex and multifaceted nature of site remediation dictates that -
a broad range of technologies will be required to cope with the many
problems and waste types encountered.

THE COMPLEX PROBLEMS OF SITE REMEDIATION

Problem Typee Site Characteristics’

Surtace Water 77777777/ 777777/777773

1 ]
Waste Types 0% 0% 6%  80%

Radioactive Material 7
Explosives/Flammabiles
Inorganics

Pesticides

Other Orgarics

T4
D777/
D ppz070m000%0%72

‘Totais axceed 100% because many sites had numerous types of problems and westes.
"~ Conarmnation of poentigily NOtabie weler Suppies.

Source: SPt imemesonel
‘ﬁ-
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AIR POLLUTION

The air pollutxon control market, contrary to that of solid waste and
wastewater does not present any significant opportunities for
blotechnology.

"In the treatment of both liquid and solid wastes there are significant

- opportunities for biotechnology... The possibxlmes for using biological

systems to control atmospheric pollutxon, in contrast, are rather
limited."()

No evidence was found in either the public or private firms re-
searched of significant applications of biotechnology to air pollution.

Outside of automotive applications, sales of air pollution control
equipment are estimated at some $U.S. 2 billion in 1988. This- will
grow to some $U.S. 8 billion by 1995.® Flue gas desulphurisation
equipment to reduce acid rain is a major factor in this growth.

Other significant parts of the air polluuon control eqmpment market
include, among others:

- industrial and agricultural waste burmng

- municipal incinerators

- hospital incinerators

- liquid incinerators in the chemical and petrochemmal mdustry

- high speed printing plants re: Volatile Organic Carbon (VOC)
emissions |

- semiconductor plants: scrubbers for wafer fabrication facxlm_es.

Very few blotechnologxcal solunons are being deveIOped by .
Canadians to solve atmospheric pollution problems.

Biofilters already exist mainly to control odor problems. These filters
use at and bacteria. Tourbiéres Premier CDN from Quebec works
at product, '

Some blotreatment to recover sulfate from stacks has been patented -

though not yet commercialized, by Coastech Research B.C.

(1) U.S. Office of Technology Assessment, Commercial Biotechnology: An International Analysis.
(2) "The Air Pollution Control Market in the 1990s", Intemauonat Joumnal of Air Pollution Cantrol and
Waste Management, March 1983.
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DEMAND DRIVERS

Demand for biotechnological solutions to pollu_tion problems can be
stimulated by factors such as p;jblic policies, cost of other types of waste
treatment, corporate pqlicies and regulation. S

s Both corporate’ policies and regulation are influenced by public
environmental concerns. ‘

»  Industrial process improvement through waste upgrading could also
be a demand driver, to a lesser extent.

DEMAND DRIVERS
Public ' Government
Evionments)  |————— | Policy

Reguiations
" e
> Poluters - Treetments

fom
P | Benctiiogy

The principal effects of these demand drivers are detailed in the following pagés. |
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L REGULATIONS

The entire field of pollution control is driven primarily by government
regulation. In general, waste generators only clean up as much as they
have to; therefore, incentives to improve current systems come mostly
from tightening the rules. Proper enforcement of regulations is also
essential to drive industry towards better environmental practices.

] Industry is waiting for guidelines - it doesn’t want to invest in cleaning
up to a certain level if the government is then going to say that it
wasn’t properly done.

™ In general, U.S. Federal and State regulations are stricter than those
~ in Canada, where new federal and provincial legislation has yet to
cause concrete changes in corporate and municipal behavior.

] Banks and Insurance companies tend to act as "surrogate” regulators.
— They insist that waste producers meet environmental standards that

are on the books as a condition for obtaining loans or insurance
coverage. '

. Basically, two types of legislation can act as demand drivers; health
and safety regulations and environmental regulation.
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1. REGULATIONS : THE UNTTED STATES

' 1
There are § pnncxpal Acts which compnse the American regulatory
framework. |

a) Comprehensive E.nvu-onmental Response, Compensatlon and
Liability Act (CERCLA)

b) Clean Water Act

¢)  Resource Conservation and Recovery Act (chA)
d)t Toxic Substances Cooool Act

e) Clean Axr Act

The eésenCe of these five Acts is summarized in the follOwing pages,

-31-



1. REGULATIONS : THE UNITED STATES...

a)

The Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) authorizes the Federal government to
respond to spills and other releases of hazardous substances, as
well as to leaking hazardous waste dumps.

. Hazardous substances are identified under:

- the Resource Conservation and Recovery Act (RCRA)
- the Clean Water Act

- the Clean Air Act

- the Toxic Substances Control Act

or, are designated by the EPA.

= The Superfund Amendements and Reauthorization Act of 1986
(SARA) amends the CERCLA by directing the EPA to establish the
"Superfund Innovative Technology Evaluation (SITE) Program”.

- The overall goal of the SITE Program is to "carry out a program of
research, evaluation, testing, development, and demonstration of
alternative or innovative treatment technologies...”

- Specifically, the goal of the program is to maximize the use of

alternatives to land disposal in cleaning up Superfund sites.
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1. REGULATIONS : THE UNITED STATES...

b)

The Clean Water Act &stabhshes as xts objective the restoratxon
and maintenance of the chemical, physical and biological integrity
of the Nation’s waters. The Act has been termed a technology
forcing statute because of its rigorous requirements which

. demand the achievement of mcreasmg levels of pollutxon
abatement. ‘

. One major part of the Act consmts of authonzmg Federal financial
assistance for municipal sewage treatment plant construction. In
1982, the Clean Water Bill committed $U.S. 18 billion over nine years
~ to new sewage treatment plants. -

- the 1987 amendements also encourage States to undertake
groundwater protection activities as part of their overall nonpoint
pollution control efforts. Federal financial assistance totaling
$U.S. 400 million is provided to support demonstration  projects
and actual control activities.

" The other major part consists of regulatory reqmrements wlnch apply
to industrial and municipal dlschargers

- The Act requires pollutant cleanup by no later tha.n March 1989,
generally demanding use of the best- available technology that is
economically achievable. Extensions of up to two years are
available for industrial sources unhzmg innovative or alternative
technology.
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1. REGULATIONS : THE UNITED STATES...

d)

The Resource Conservation and Recovery Act (RCRA):

= Amendments in 1984 concerning hazardous and solid waste represent

a radical departure from the RCRA approach by establishing a strong
presumption against land disposal. The Congress called for a ban on
the land disposal of most untreated hazardous wastes by 1990().

. Performance-based treatment standards have to be established for the
majority of waste streams(D,

. Approaches to defining wastes as hazardous or non-hazardous will be
revised and improved(®,

The Toxic.Substances Control Act (TSCA) was designed to provide
EPA, among other things, with authority to control unreasonable
risks of chemicals already known, or as they are discovered.

" To eliminate unreasonable risks, EPA can use powers such as limiting
the volume of production or concentranon, or control disposal
methods.

The Clean Air Act is designed to protect health and the
environment by limiting and reversing the pollution of ambiant
air through reductions of individual pollutants at source.
Strategically, the Act revolves around health-based National
Ambiant Air Quality Standards (NAAQS).

s - NAAQS sets limits on pollution levels in outdoor air. The seven major
pollutants are sulphur oxides, total suspended particulate matter,
nitrogen oxides, carbon monoxide, photochemical oxidants (ozone)
“hydrocarbons and lead.

(1)

Source: Waste Age, May 1988
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1.  REGULATIONS : CANADA

Water pollution:

Water pollution control falls under federal jurisdiction when it is a matter of urgent
national concern, otherwise water quality is managed by federal-provmcxal
agreements.

Main federal legislation:
. Canada Water Act
. International Boundary Waters Treaty Act
e Canadian Environmental Protection Act (CEPA)
. Fisheries and Ocean Act

- The St-Lawrence Action Plan is a new federal-provincial
program of $110 million (over 5 years) which aims at the
reduction of 90% of the toxic effluents released in the St-
Lawrence vaer by 50 big polluters

Hazardous Wastes:

Hazardous wastes are mainly controlled by provincial jurisdiction exeept‘ for -

questions concerning their transportation, and the storage of wastes containing - -

PCBs. Products listed in Schedule I of CEPA fall under both federal and provincial
jurisdiction (see Appendix).

Main federal legislation:

. Canadian Environmental Pretection Act (CEPA)
. Transportation of Dangerous Goods Act

There is significant variation in the extent to which provinces have developed and
implemented hazardous waste management regulatmns The trend is towards
greater regulation and waste minimization.
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| REGULATIONS : CANADA ...

The Canadian Council of Resource and Environment Ministers (CCREM) are
preparing a Hazardous Waste Action Plan. This reflects increasing public concern
with dangerous waste.

Quebec and Ontario have the toughest regulations for toxic wastes.

Solid Wastes:

Solid waste management is mostly controlled by provincial administration except for
transportation matters which fall under CEPA, and sludge which also falls under
federal jurisdiction.

Main federal legislation:

o Canadian Environmental Protection Act
AQricultural utilization of sludge in Canada comes under both federal and provincial
Jjurisdiction. The sale of sludge and sludge-based products as fertilizers and soil
amendments is within the purview of the Fertilizers Act administered by Agriculture
Canada.
Air pollution:
Atmospheric emissions of substances listed in Schedule I of CEPA fall under both

federal and provincial jurisdiction. Other emissions are regulated by provincial
authorities.

Main federal legislation:

. Canadlan Environmental Protection Act (CEPA)

- 36 -
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1. REGULATIONS : CANADA ...

*

The new Canadian Environmental Protection Act (1988) concerns human health
and environmental protection regarding any pollution caused by toxic substances.
'l‘his Act allows the federal government to rule toxic substances from "cradle to
grave . It is the strongest federal law that can act as a demand driver for waste
treatment. ~

« It falls under the responsibility of Environment Canada and
Health and Welfare Canada. :

"o It establishes guidelines, 6bjectives and regulations to . prevent
contamination of water, soil and air and to solve e)ustmg polhmon
problems such as waste sites,

« CEPA covers substances as broadly defined as any distinguishable
kind of organic or inorganic matter, whether animate or.
inanimate, and includes chemical products, ‘biotechnology
products and mixtures contained in effluents, emissions or wastes.

o Investigations and inspections to enforce the law have -already
started in certain areas.

o Offences and punishment are much sti'onger than the ones

provided by the old environmental law. Pollutors can be fined up - :

to one million dollars daily and even more if they made profits
from pollutlon.

« The following federal acts have been mérged into CEPA:

Clean Air Act

Department of the Environment Act
Environmental Contaminants Act
Ocean Dumping Control Act
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L REGULATIONS : CANADIAN VS AMERICAN

Even with the new Canadian Environmental Protection Act, Canadian legislation is
still behind its American counterpart. In fact, no Canadian department has the
power of the U.S. Environmental Protection Agency.

« In Canada, the power is not centralized like in the United States.

Jurisdiction is often assumed by the federal and provincial levels,
creating conflicting situations. In terms of waste management,
provinces have more say than federal authorities.

« Though CEPA was promulgated in 1988, much work is still needed
before it is completely enforced.

« Historically, Canadian environmental regulations have been less

effective because no mechanisms were applied vigorously to
enforce the laws. -
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2. PUBLIC ENVIRONMENTAL CONCERNS

Growing awareness over pollution issues drives biotechnolog develop-
ment indirectly through its double lmpact on regulations and corporate
policies. :

] Regulations are made up in respoﬂse to pressure from electors who
are concerned by environmental problems.

. Public concern also drives compames conscious of their image to
elaborate policies takmg the environment into account.

3. PUBLIC POLICY GOALS

Government policies can strongly influence biotechnology development
by providing or creating a proper set of tools. Such tools can consist of
research funding, tax credits, trade policies, legislation, and the like.
But, biotechnology has to be given high pnonty to become successful

. The followmg examples illustrate some provmcxal initiatives in research
fundmg

m At the Alberta Research Council, the use of biotechnology in waste
treatment applications is a major goal for the 1990’s. They see this
whole area of research as charactenzed by technology push, rather
than market pull. .

'® The B.C. Science Council through its SPARKS Program() has setup a
Biotechnology Committee which is looking at a proposal to fund the
establishment of a biotechnology center. Waste treatment is
identified as a research priority for the next 5 years

(1) SPARKS PROGRAM: Stmtegrc Planning and Applied Research Knowledge Proyam
. .39 .



2. PUBLIC ENVIRONMENTAL CONCERNS...

. The Ontario Premier’s Council Technology Fund supports this type of
research mainly through contributions to the University Research
Incentive Fund. .

= Here are a few industry comments about public policy goals:

« Does Canada really want to make it a priority? If so, why is
BIOQUAL only a network to facilitate oommumcanon and co-
operation, lacking other resources?

« Attention must be given to coordinating actions from the different
federal departments involved in biotechnology. Actions
undertaken must converge in the same direction. ‘

« Consultation with experts from acadexma and industry is essential
to formulate this direction.

4. COST OF OTHER TREATMENTS

Waste generators and public organizations undertaking pollation
control operations favour the most economical solution available to
solve an environmental problem, given that it meets the regulations.

. Since compliance with environmental regulation in order to solve a
waste problem translates into a compulsory expense, waste generators
tend to keep it at the lowest level using the most cost-effecuve
technology

= Biotechnology offers an economic solution. In 1985, biotreatments -

ranged from $15 - $30/ton, relatively inexpensive compared with
thermal treatment averaging $100/ton.
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agricultural biotechnology sectors.

" In 1988, 13.8% (30) of Canadian firms involved i in biotechnology had
their most marked interest in waste treatment, up from 7% (8) in

1986(h,

= 8% ($13.1 million) of biotechnology R & D expenditures and 5.4%
(80.5) of biotechnology R & D researchers were involved in the waste

~treatment field in 1988(2).

~In general, the environmental biotechnology sector is smaller, more
fragmented and less developed than the leading pharmaceutlcal and

PROFILE OF BIOTECHNOLOGY R&D IN WASTE TREATMENT

CANADA
1986 VS, 1988
" 1988 1986
Number of Canadian Biotechndldgy _
firms with marked interest in : ; .
waste treatment - 30(138%) 8(7%) -
Btotechnology R&D in waste treatment
- R&D spending S 13.1 million (8%) N/A
- R&D personnel. 80.5 people (5.4%) , N/A

(1)
()

Source: "1988 Canadian Btotedmolog Iudu.my Soumebook”
Source: Idem '
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U.S. INDUSTRIAL R&D

In the United States, as in Canada, R&D efforts in the'environmental
sector are also less than in the health care and agricultural sectors.

. Only 1% of the total number of dedicated biotechnology companies
focus primarily on waste disposal/treatment R&D.

. Within the large, diversified, established companies this ﬁ'gure ,
reaches 2%.

AREAS OF PRIMARY R&D FOCUS BY BIOTECHNOLOGY COMPANIES

UNITED STATES
Research area 'Dedicated biotechnology Large, established
companies # (%) "companies # (%)
Human therapeutics ... - 63(21%) 14(26%)
Diagnostics 52(18%) 6(11%)
Chemicals 20( 7%) _ 11(21%)
Plant agriculture.......ssoccens 24( 8%) 7(13%)
Animal agriculture....eee: 19( 6%) 4( 8%)
Reagents 34(12%) 2( 4%)

Equipment 12( 4%) 1( 2%)
Cell culture - 5(2%) 1( 2%)
Diversified 13(4%) - 6(11%)
Other 31(18%) 0( 0%)

Total 276(100%) 53(100%)

Source: Office of Technology Assessment, New Developments in Biotechnology - Report No. 4 A
U.S. Investment in Biotechnology, Summary, July 1988.
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INDUSTRY STRUCTURE

Based on contacts with the companies listed in the 1988 Biotechnology
Source Book, there are six key actors in the waste biotreatment
industry. The strategic groups comprised by these actors and their
most important characteristics are summarized in the following table:

STRATEGIC GROUPS '
TYPE . TYPICAL CHARACTERISTICS
Research houses | « most estabhshed after 1980; typxcally fewer than
- . 10 employees
Example: ‘
B.C. Research « few financial resources resulting in a vanable
’ number of employees from year to year
. some are‘umversxty spin-offs
. « Ssome shift from contract research work to
-making actual products | :
Consultants o . A' 'well—estabhshed companies, typically large, often
play a leading role in exports .
‘Example: .
Groupe SNC o also smaller- specxahzed firms |
' ' o services: engineering and/or environmental
consultmg .

. rather conservative since they bear the techmcal
responsibilty

o play numerous roles to meet clients’ needs:
develop architectural designs, screen vendors,
make equipment purchases, act as general

contractors, etc
Waste management
corporations ‘ ‘
. estabhshed companies broademng the range of
their services with biological technologies, where
' these offer a more economic solution
Example:
Waste Management Inc.




INDUSTRY STRUCTURE ...
STRATEGIC GROUPS
TYPE TYPICAL CHARACTERISTICS
Waste Generators large companies, typically involved in pulp &
: paper and mining sectors
Example: : ,
Large mining or manu- .
facturing company interested in biotechnologies as an economic

‘solution to upgrade or treat their wastes

will often have their research division develop in-
house solutions to their own problems

Traditional suppliers

Example:
Degremount Infilco

supply packaged systems such as complete waste
water systems :

have the know-how to design customized systems

New products
emerging products

Example:
Microbe Inc.

focus on development and applications of new
knowledge and techniques to products generally
for very specific higy technology niches

earn some revenues from contract research to
support their long term product development
interests _

products range from strains of microorganisms to
sophisticated equipment such as digestors and
bioreactors
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STRATEGIC GROUPS: INDUSTRY DYNAMICS B

The interaction of the six strategic g’roups to deal with pollution
problems is illustrated in the following figure. y

s Waste génerators seek solutions to solve their waste problems. They can use
the services of a waste management company to eliminate it or call upon
consulting firms which will concexve a system to treat and/or upgrade thc

waste.

= Consulting firms are at the center of all the interactions: sharing research

interests with research houses, de51gmng facilities that traditional supphers
will put together, bringing some emerging products on the market. '

- Consulting firms tend to ovcrlap with research houses and traditfonal
suppliers e.g. SNC’s bioreactor and T.W. Beak’s research activities.

INTERACTIONS AMIONG KEY STRATEGIC GROUPS

Nouse
The Waste Generator's Options - T
Consulting Tracitonsl
Engineers & supptier
Waste mansgemernt 4
companies
New Products/
Upgraded Treatment £merging
Weete el ' system Products
Waste Treatment
fo Meet Reguistory |&
Standards :




STRATEGIC GROUPS ..

Research houses, emerging product firms and consultants are the most
numerous players at this stage of the Canadian industry’s development.

. Even though research houses outnumber the other categories, the revenues

generated by them are fairly low, mostly under $1 million.

. Consultants (for the major part consulting engineers) generate the bulk of

the revenues.
KEY STRATEGIC GROUPS
TYPE : NUMBER TOTAL SALES
$ (000,000)
Research houses | 17 ' 130
' Emerging product firms 11 69

Consultants : 11 98 @
Waste generators | 5. N/A
Traditional suppliers 2 12.5
Waste Management Companies 1 30
PARTIAL TOTAL 47 222.5

(I):  Total of 12 firms
(2):  Tokal of 10 firms

. Compiled from "1988 Canadian Biotechnology Industry Sourcebook.

g Totals 47 instead of 58 listed in the Sourcebook - aﬁercheclangofmfonnaaonmthmost
companies named in the Sourcebook, p.17.
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INTRODUCTION

The followmg analysns is based on American public compames which
are in the waste treatment business.

. Of these companies, at least seven are employing biotechnology to
- some degree. These seven companies are profiled in the following
pages. | |

PUBLIC COMPANIES INVOLVED
IN BIOTECHNOLOGY WASTE TREATMENT
UNITED STATES

" w  Groundwater Technology Inc.

" Westinghnuse

" Environmental Diagnostics

. Waste Management Inc.

. Laidlaw

. In;emational Technology Corp.

s - Cambridge Analytical Associates
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SUMMARY : BIOTECHNOLOGY VS OTHER TECHNOLOGIES

Though most of these seven public companies offer some kind of
biological solutnon, other types of treatments are being used much more
extensively.

= Biological technologies

e Conventional biological treatments like land farming and composting
are the most popular biotreatments.

. Some companies are recovering methane gas from landfill sites.
. Bioreclamation technology is showing some growth and is practiced by
several companies.

- For International Technology Corp., bioreclamation is even the
source of four patents '
- Cambridge Analytical Associates has a whole division concentrating
on bioremediation

- Groundwater Technology uses mostly bioreclamation as a solution
to site remediation. |

. Other technologies

e Disposal and incineration are the principal technologies offered.
- Disposal technologies include deep well injection, disposal cells and
landfills
- Incineration is a promising technology. Sophisticated incinerator
units have been developed by Rollins, International Technology and
Westinghouse.
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SUMMARY : BIOTECHNOLOGY VS OTHER TECHNOLOGIES...

Market outlook

Very few public firms are in the wastewater treatment market. -

Trends seem to favor very strongly on-site vs off-sxte remedxanon for
hazardous waste contaminated sites. 0

- The NIMBY syndrome (Not-m-my-back-yard) is a strong hurdle to |

permanent treatment installations

- All of the public companies described in the following pages have
developed some kind of expertise in site remediation

- International Technology Corp. put its- hazardous waste facilities up
for sale, intending to concentrate on expandmg its site clean-up
efforts

- Many companies have obtained substannal contracts to clean up
Superfund sites. ~

The giants have not entered the bioreniediation fiéld because of
competitive concerns. They are moving cautiously because they are

~ waiting to see the efficiency of new biotreatments.

Overall, the Superfund site decontamination program is actually the
best market opportunity for biological treatment applications.
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COMPANY PROFILE : GROUNDWATER TECHNOLOGY INC.

This is an international corporation providing integrated, full-service
environmental solutions to companies that produce, or use hazardous
materials. The basic business consists of cleaning up petroleum related
soil and groundwater contamination for oil companies, among others.

Enﬁronmental services

Tests for contaminants, risk assessment, design and implementation of corrective
programs, equipment manufacturing, consulting.

Technologies

. Biological: bioreclamation
. Other: air stripping, hydrocarbon pump

Revenues

1988 = $66.1 M (US); 1987 = $37.1 M (US)

.52 .
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COMPANY PROFILE : WESTINGHOUSE

Westinghouse is an international company. Its principal markets
include TV and radio broadcasting, electronic systems, financial
services, environmental services, and the mdustnal constructlon and
electric utility industries. ' '

Environmental services

Westinghouse has entered the waste field through acquisitions of S&ME/Haztech
and Aptus. S & ME/Haztec Inc is a company that offers environmental and-
geotechnical engineering, hazardous waste clean-up, asbestos abatement, petroleum
product recovery and geographic information data bases. The acquisition
complements corporate capabilities in the clean-up of hazardous wastes. Aptus.
expands Westinghouse’s capabilities in the transportation and destruction of
hazardous wastes. In two years, Westinghouse’s backlog for waste-to-energy plants
has grown from zero to $1 billion.

Technologies

. Biological: land farming, bioreactors (activated sludge, fixed film),
composting treatment with forced air conditions.

. Other: thermal - O’Connor Coinbustd‘r, Piasma Arc Pyroly'sis', Electric
Pyrolyzer, Shirco Infra-Red Incinerator, Slagging Rotary Kiln
Incinerators, mobile wastewater treatment equipment. :

Revenues

1988 = §12,500 M (US); 1987 = $11,332 M (US)
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COMPANY PROFILE : ENVIRONMENTAL DIAGNOSTICS

This company’s core is in the agricultural biotechnology area. EDI
manufactures proprietary diagnostic kits for agricultural, clinical and
environmental purposes. The company also sells culture media, animal
blood products, reagents and other biomedical products and supplies.

Environmental services

The company offers environmental testing for toxic waste clean-up sites. Potential
markets are in contaminated water/soil analyses, industrial analysis and
underground leak detection. '

Technologies

. No waste treatment offered

Revenues

1987 = $2 M (US); 1986 = $1.5 M (US)
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COMPANY PROFILE : WASTE MANAGEMENT INC.

Waste Management Inc. is an international provider of solid and
hazardous waste management services. In addition the company
provides street sweeping services, portable lavatories and related
services and mobile office services. Through other subsidiaries, Waste
Management supplies lawn care and pest control services.

Environmental services

Solid wastes: collection, transfer, resource recovery and dlsposal
Medical wastes: collection, treatment and disposal; 3
Construcnon of wastewater facilities and operation of waste-to-energy fac11mes, -

Through its Chemical Waste Management subsidiary (the largest hazardous waste

management service in the U.S.) it provides: transportatlon, treatment, resource:

recovery dlsposal, haza.rdous waste site remediation services, radloacnve waste
management services. ~ »

Technologies

. Biological: methane gas recovery from landfills

. Other: sanitary landfills for solid waste;

for chemical waste: disposal cell, deep well injection,

incineration, distillation, evaporation and separation, chemical
oxidation' and reduction, chemical precxpltatxon of heavy
metals, hydrolysis, neutralization.

Revenues (in Canadian dollars)

Total: 1988 = $4254 M
Solid wastes: . $34032 M
Hazardous wastes: § 805.8 M
- transportation: § 114.9 M |
- treatment, resource recovery and disposal: $610.9 M

- -special services (including site remediation): $125.0 M
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COMPANY PROFILE : LAIDLAW

Laidlaw is the third largest waste services company and the largest
school bus operator in North America. Over 70% of the company’s
operating assests are in the United States.

-

Environmental services

Solid waste collection is the most important operation of the waste service division.
Other services include: chemical waste collection, solid and chemical waste disposal,
solid and chemical waste transfer stations, resource recovery, recycling, wastewater
treatment facilities, clean-up of chemical spills, clean-up of hazardous waste
facilities.

Technologies

. Biological: composting, gas recovery in landfills, land treatment

. Other: landfills, liquid injection, incineration.

Revenues

Total: 1988 = $1,182 M (US) 1987 = $ 892 M (US)
Waste services: 1988 = § 617 M (US) 1987 = $ 481 M (US)
« commercial & industrial: 1988 = § 305 M (US) 1987 = $ 270 M (US)
« transfer & disposal: . 1988 = § 116 M (US) 1987 = $ 62 M (US)
« residential: 1988 = $ 107 M (US) 1987 = § 99 M (US)
« chemical wastes: 1988 =8 89IM(US) . 1987 =$ S1M(US)
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COMPANY PROFILE : INTERNATIONAL TECHNOLOGY CORP.

IT is an environmental management compahy providing services in
three business areas: risk control semces, envxronmental prOJects and
environmental services.

Environmental services

~ The company put its hazardous waste facilities up for sale, concentrating on d‘n—site_
remediation, the fastest growing market in the environmental sector. Biotechnology

continues to be a key development focus for the company.

Technolbgies

. Biological:  bioreclamation (source of four patents for IT); anaerobic
bioreactor systems for dealing with organicany contaminated

*liquid waste streams.
. ‘Other: . hybrid thermal treatment systems \modular transportable in-
' cinerator); sohdxﬁmuon/stabxhzahon, landfill cell construc-

tion; synthetic cap installation; thermal separatxon unit (in de-
velopment) -

Revenues

Environmental Projects(); 1988 = $1404M(US) 1987 = $99.6 M (US)

Environmental Services: 1988 = $ 52.9 M (US) 1987 = $43.8 M (US)

Risk Control Services: 1988 = § 16.2 M (US) 1987 = $12.2 M (US)

(1)  The Environmental Projects Division is the group mostly involved in waste treatment.
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COMPANY PROFILE : CAMBRIDGE ANALYTICAL ASSOCIATES

CAA provides environmental analysis and consulting services for the
* identification, measurement and management of hazardous and non-
hazardous chemical wastes. @~ CAA is also developing and
commercializing processes to treat hazardous wastes at the site of
~ contamination.

Environmental services

CAA is organized in two divisions, the Bioremediation Systems Division and the

Environmental Services Division. The first one concentrates on analytical activities, .
while the second one offers site remediation services for contaminants such as

chlorinated solvents, petroleum hydrocarbons and coal tar.

Technologies

. Biological: application of naturally occurring microorganisms; pumped
groundwater treatment by bioreactors or activated carbon; in-
situ aquifer remediation by re-circulation of groundwater; in-
situ forced aeration treatment and composting of excavated
soils; land treatment; in-situ soil treatment with off-gases being
treated with biological filters or other methods. _

. Other: catalytic destruction; soil vapor extraction for volatile com-

‘ pounds; direct chemical oxidation; neutralization; activated
carbon. |

Revenues

Environmental Services Division: 1987 = $5.0 M (US) 1986 = $3.5M (US)
Bioremediation Systems Division: 1987 = $1.0 M (US) 1986 = $0.3M (US)
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PRIVATE COMPANIES’ ACTIVITIES

The following pages describe dlfferent biotreatments that were
demonstrated within EPA’s Site Program by six private companies. This
chapter does not intend to cover all emerging technologies in the United
States, but rather give examples of what is being done(!?, ’ ~

1. Colorado School of Mines =~
Wetlands-based treatment technology: |

This coxicept uses natural geochemical and biological px_'océs_s'e's inherent
in a man-made wetland ecosystem to remove and. accumulate metals
from influent waters. The processes that play a role in the wetlands
system include filtration, ion - exchange, adsorption, absorption
accumulation by plants and microbes, and precipitation through
geochemical and microbial oxidation and reduction.

-Waste applicability:

The treatment is suitable for acid mine drainage from metal or coal
mining activities. = These wastes- typically contain high metal
concentrations and are acidic in nature.

(1) For information conceming biotreatments i in Camdum teclmologr, we invite the reader to consult
-The 1988 Canadian Biotechnology Industry Sourcebook, by the Ministry of State for Science and

Technology.
(2)  In appendix, the reader will find two lists of American compmws commmalmng bxotechnology

with applications to waste treatment.
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PRIVATE COMPANIES’ ACTIVITIES...

2. DetoxInc

Submerged fixed-film bioreactor:

This system relies on aerobic microbial processes to metabolize
contaminants present in a liquid waste stream. It consists of an above
ground fixed-film reactor, supplemental nutrient storage tank and pump,
sump tank with pump, cartridge filter and final activated-carbon filter.
The bioreactor is operated on a one-pass, continuous-flow basis.

Waste applicability:

Groundwater and industrial process waters. Also applicable to lagoon
and/or pond waters. Readily biodegradable compounds such as methyl
ethyl ketone and benzene can be treated along with other organic
chemicals such as chlorobenzere. '

Inoculation of microorganisms into reaction tank:

The essence of this biotechnology involves the adaptation of naturally
occurring microorganisms to perform specific biodegradation of targeted
organic hazardous wastes. Once these microbes are adapted, the process
involves the accelerated growth of these microorganisms and their
inoculation into the contaminated soil or the slurry tank in which the
waste is contained. Nutrients and catalysts are added over time when

- necessary to enhance the microbial activity. Subsequent inoculations of
microorganisms may be necessary. The process involves the slurrying of a
contaminated soil with water in an open top agitated tank.

Waste applicability:
Suitable for treating liquids, sludges and soils. Currently microorganisms
have been developed to biodegrade the following organic contaminants:

PCBs, pentachlorophenol, creosote, oil, phenolics, PAHs, chlordane and
myrex.

-61 -
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PRIVATE COMPANIES’ ACTIVITIES...

3. MotecInc

Liquid-solid contact dxgestlon technology:

“This technology involves organic wastes which are placed in a high energy
environment and solubilized into the aqueous phase, thus allowing

- microorganisms to degrade or detoxify organic constituents. The system
uses two or three portable tank digesters or lagoons. The portable system
has three phases: (1) Primary Contact or Mixing Phase, (2 anary
Digestion Phase, and (3) Polishing Phase.

Waste applicability: -

~ Halogenated and non-halogenated organic compounds, PCBs, dioxin§ and
pesticides. This technology has been demonstrated on liquids, sludges
and soils with high orgamc concentrations. ,

4. Biotrol Inc.
Aqueous treatment system:

Remediation approach based on the use of specific microorganisms as
the sole treatment agent for the biodegradation of toxic organic
compounds in groundwater. The microbiological system degrades the

' organic contaminants via immobilized film bioreactor units without
leaving residual intermediate compounds. These units can be based on
either aerobic or anaerobic conditions.

Waste applicability:

Groundwaters contaminated with organic compounds, such as
pentachlorophenol and creosote from wood-treating chemicals, gasoline
or other fuels’ hydrocarbons, pesticides, halogenated aliphatic solvents,
alcohols, phenolic and PNA wastes from coal gasification processes, and
effluent from pulp and paper miils. This technology is also applicable for -
the removal of certain inorganic compounds such as nitrates.
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PRIVATE COMPANIES’ ACTIVITIES...

5. Zimpro/Passavant Inc.

Powdered activated carbon treatment (PAcr):‘

The PACT process was developed for the treatment of wastewaters from
both industrial and municipal sources. Powdered activated carbon for
physical adsorption is added to the active biomass in the aeration basin.
Out of the basin, excess solids are removed from the system by wasting a
portion of the solids from the clarifier or thickener. The PACT system can
be used with a wet air oxidation unit. .

Waste applicability:

Municipal and industrial wastewater containing organic pollutants. The
technology has been applied to industrial wastewater including: chemical
plant wastes, coke oven flushing liquors, contaminated groundwater, dye
production wastewater, food processing wastes, pharmaceutical wastes,
and refinery and synthetic fuel wastes.

6. Biorecovery Systems Inc.

AlgasORB™ sorption process:
This process is designed to remove heavy metal ions from aqueous
solutions and is based upon the natural, very strong affinity of the cell
walls of algae for heavy metal ions. AlgaSORB™ functions as a biological
ion-exchange resin.

-Waste applicability:

AlgasORB™ will remove only heavy metal ions from aqueous solutions.

'
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TECHNOLOGY OPTIONS AS SEEN BY THE USERS

Users face many options to solve their waste problems and biotech-
nology is one tool among others. Biotechnology solutions are seen as
partial answers; i.e. they are used in support of other solutions. The
following table summarizes the advantages and disadvantages to
biotechnology approaches.

BIOTECHNOLOGY : PROS AND CONS IN WASTE MANAGEMENT

ADVANTAGES | ~ DISADVANTAGES
« ability to treat wastes on site . doesn’t work well under low temperatures
- cuts transportation costs and risks ~
« minimum disruption of sites - in cases of . needs dilute conditions .
site remediation o -
. canbe used as polishing step with other o specxﬁcxty of.microorganisms - needs
techniques mixed microflora '
« faster than certain physical methods . site specific technology
« biosystems are not energy intensive o  biodegradation not applicable to all
contaminants
«  black box syndrome
o  biosystems are fragile - can die xt' not
properly maintained

These pros and cons are discussed on the follnw_ing’pages:
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BIOTREATMENTS - ADVANTAGES

1.

2.

3.

4.

S,

Ability to treat wastes on site

Cuts out transportation costs and eliminates risk underlying that operation.

. For example, even the simple collection of municipal garbage
amounts to over half of the total cost of dealing with these solid
wastes. .

" Minimum disruption of sites

. Since waste can be treated on site, there is no need to dig up and haul
away anything unless there are some "untreatable” contaminants in
the site.

. Little disruption is caused by operations such as addition of oxygen

and pumping water through the contaminated area in order to dilute
the waste for biological treatment.

Faster than certain other methods ‘ ’

Air stripping or carbon adsorption can take up to 50 years, while bioreclama-
tion is in the one, two or three year time frame.

Use as polishing step with other methods

. Importance of looking at biotechnology in combination with other
. technologies - it is shortsighted to focus on individual tools.
N Final step that gets rid of trace contaminants and achieves permanent
degradation of wastes. '

Biosystems are not energy intensive

Microorganisms can work at ambiant temperatures, especially the aerobic
species. '
o vs, for example, oxidation through incineration.
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BIOTREATMENTS - DISADVANTAGES .

1.

2.

3.

Temperature

At temperatures below 50° F, the metabolism of microorganisms slows
significantly. This means that in northern countries, bnodegradanon
processes are seasonal unless the installation is heated.

Dilute conditions

Microbes can assimilate waste in an aqueous system on.ly They work better
when contaminants are diluted.

e They work best when there are a few tens to a few thousands of ppm
of pollutants in soil or water, '
e Large molecules are often irisoluble.
o . As industries are using less water, effluents are becommg much more

concentrated, creating problems for biological systems.
Specificity of microorganisms

No one microbe does the job alone; usually a complex mixture of microflora
is required. The more complex the component, the more complex the
microbial population has to be to handle it.

Black box syndrome

. The main problem is getting industry people to understand how
systems work and how to operate them properly - 85% of biological
treatment system failures are due to human error rather than system
problems.

. Companies using biosystems must hire specialists to keep the systems

| working properly.



BIOTREATMENTS - DISADVANTAGES...

5.

7.

Fragility of biosystems

. Standard microbial products can have shelf-life problems.

. Toxic effluents can poison the biomass, creating problems to
. reactivate the microflora.

. Biosystems will not survive if not fed properly.

Site specific technology

Hydrogeological factors can limit the use of bioremediation methods.

Biodegradation not applicable to all contaminants

" Not all contaminants are susceptible to biodegradation; for example, metal
contaminants, cyanide complexes, radioactive wastes or inorganic substances. -

. Very large complex molecules do not exist in nature; therefore,
bacteria generally lack enzymes that can degrade them.
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~ OVERALL RANKING OF TREATMENT TECHNOLOGIES

-h N Ny B S N e

Waste treatment techndlogies can be ranked on the seven criteria indi-

cated below. Overall, biological technologies are ranked fourth out of
five. Physical technologies are ranked first, followed by chemical and

disposal technologies.

. Biological systems are rated superior, overall, only to thermal

treatment systems.
Scoring summary
TECHNOLOGIES mlm . input | operstional| operational| technical| cost|{ TOTAL
' events |events | flexibility| flexibility | reliability | reliability 'SCORE
BIOLOGICAL E : : 60
Activated sludge 19 12 7 3 .9 9 5| o
Anaerobic digestion 19 8 10 3 7 9 s 61
Fluid bed contactor 19 12 7 3 7 7 s| 60
Land treatment 8 7 1n 8 "9 9 3| ss
Activated sludge/powdered act. . L
carbon 19 12 7 3 9 9 5 64
Rotating biol. contactor 19 12 7 3 7 9 s| 6
Trickling filter 19 12 7 3 7 7| s| e
Waste stab. pond 8 1 7 8 9 9 3| ss
PHYSICAL 75
Air stripping 19 12 7 8 9 9 8| 7
Carbon adsorption 28 12 7 8 9 9 | 3| 7
Resin adsorption b ] 12 7 8 9 9 3| 7
Centrifugation a1 | 10 1 ] 7 .9 8| 84
Dissolved air flotation 2 7 10 8 7 9 S| 68
Electrodialysis a1 12 10 8 0 12 8 81
Emulsion breaking 2 “ 10 '8 9 9 [; el
Evaporation 19 1 7 8 9 13 s| n
Filtration . ] 10 1 s 7 9 8| s
Floc./sedimentation . ] 14 1 s 7 9 |. 3| %
Reverse osmosis A 12 10 (1 0 12 8 81
Solidification "3l 10 n 8 9 9 3] =
Solvent extraction 8 10 10 ] 9 10 3| s8
Steam stripping 19 12 7 8 . 9 7 [ 67
Ultrafiltration 2 12 10 8 0 2 | 8|
(Continued...)
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OVERALL RANKING OF TREATMENT TECHNOLOGIES...

Scoring summary (Continued...)

A Ty N an By o

TECHNOLOGIES ml-«-ﬂ imput | operational| eperatiomal|l techmical| cost | TOTAL

events |events | flexibility| flexibility | reliability | velinbility] SCORE

. CHEMICAL . O
Chemical oxidation 8 8 10 8 9 7 5 55
Chemical reduction 25 8 7 8 9 7 5 69
Dehalogenation 8 10 7 8 9 7 3| s2
Ion exchange 3 12 11 ] 9 12 8 91
Precipitation -3 14 1 8 9 9 8 87
Neutralization 2 14 7 8 9 13 8 87
Wet air oxidation 8 1 11 3 0 1 8 52

THERMAL ’ 48
Fluidized bed incin. 8 | 7 11 3 0 1 5 45
Liquid injection 8 7 11 s 7 1 s 54
Pyrolysis 8 7 i1 3 0 i1 5 45
Rotary kiln incin. 8 7 12 3 0 1 5 46

DISPOSAL : 66
Geologic isolation 25 10 1 ] 9 12 3 3
Deep well injection 8 4 1 5 7 9 8 62
Engineered landfill 11 10 1 8 9 9 5 63
Warchouse storage 8 10 11 8 9 12 3 61
MAXIMUM SCORE 3s 4 B s N 1B 8| 100

Source: Arthur D. Little of Canada Ltd: Technologies and systems for treatment and disposal of special
wastes in Ontario.
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OVERALL RANKING OF TREATMENT TECHNOLOGIES...

Biological systems® comparative strength lies 'in their operational

- reliability.

u “Their two(D) weakut points are o ,
. their inability to adapt easily to changes in input
. their relatively higher need forbper'a»toi intervention to control

the process (technical reliability)

. RANKING OF TREATMENT TECHNOLOGIES BY INDIVIDUAL CRITERIA

TECHNOLOGIES | abaormal |mormal| ispst | operational | operational | techaical | = TOTAL

events | evemts | flexibilky| flexibility | relisbility | relisbility | SCORE
PHYSICAL st st 3nd st 4h 3d 1st
CHEMICAL and | 2nd 4th 204 | 3n 4th 2nd
DISPOSAL 4th :ma | 2d 3rd 1 20d Ind
BIOLOGICAL 3nd “h sth “ 2ed | s | am
| THERMAL Sth Sth 1st Sth Sth 1st Sth

Source:  see Appendix

(1)  Interms of unit costs which are not presented in.the table, biological treatments score fazdy well.
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BIOTECHNOLOGY APPLICATIONS TO WATER POLLUTION

Wastewater treatment is a classic bioprocess which is open to further

technological improvements.

= The major treatment steps and their respective purposes are outlined

in the following table.

m  Processes similar to these are also used in the treatment of industrial

wastewater.

MICROBIAL TREATMENT OF NON-TOXIC WASTES IN PUBLICLY-OWNED
WASTEWATER TREATMENT PLANTS

TREATMENT STEP PURPOSE
Primary Processi to remove solids from wastewater
« typically a phl;ls%cal settling/ for: ,
separation process « disposal, or

Secon Processing
« typically in a large open basin with
natural microbes and some kind of
forced aeration

Tertiary Processing
- can involve a range of processes from
chemical precipitation and separation
from phosphorous and nitrogen, to sand
gtranon, detention ponds or biological
ters :

Sludge Di Festion
« typically an anaerobic process

« digestion (to reduce their volume)

to degrade dissolved organic com-
pounds '

to further remove dissolved com-
pounds, e.g. phosporous & nitrogen

to achieve a combination of four

objectives: '

» to reduce dt?se tosg'all solids volume
requiring dispo

+ to reduce the odour

« to reduce the number of patho-
genic organisms

» to recover methane gas

Source: U.S. Office of Technology Assessment, Commercial Biotechnology: An Intemational Analysis.
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BIOTECHNOLOGY APPLICATIONS TO WATER POLLUTION.Q.

Some specific opportumtles for bnotechnology-based mpmvements in
wastewater treatment are discussed below. . -

L

3.

4.

SECOR

_ dewatering.

Solids separation

o Flocculation .

Synthetic polymers which have been used in recent years with promising
results are both toxic and expensive. Therefore for both safety and economic

reasons, biologically derived flocculants could be very desirable.

o . Advanced separations teclmology

The many technologies in this class include advanced ﬁltranon materials,
membranes and centrifuges. In Canada, advanced separation technology is
dominated by foreign firms. Research needs are prinfarily in materials
development including separations membranes and application.

‘ Biological reactor design

Reactor designs using fixed - or floating - bed techniques show excellent
promise of higher biological efficiencies. These designs are generally
patented. '

Sludge dewatering

Because much of the water retamed in sludge is probably held in polymenc
‘matrixes composed of cellulosics, fats, polysaccharides, and proteins, partial
degradation of these matrixes by using some enzyme combination should
release it. For certain potentially useful enzymes, techniques for economic,
high-yield production will have to be developed using microbial strains.

Presently, thermal conditioning is an alternative which is used for sludge

Sludge elimination

Sewage sludge is a by-product of the wastewater treatment processes used to
render industrial and. municipal wastewaters less harmful to the
environment., Canada alone produces 500,000 tonnes of sludge annually.
An interesting solution has been developed by the Wastewater Technology
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BIOTECHNOLOGY APPLICATIONS TO WATER POLLUTION...

5.

SECOR

Center to convert the substance into fuel oil. The next step will be the full-
scale demonstration of the process, if sufficient funding can be made
available. '

Control of organic micropollutants

Their removal could be improved by the use of enzymes that are capable of

polymerization. Development of this process requires one or more of the

following biotechnological developments.

. microbial strain improvement and process development programs
using known polymerizing enzyme-producing microbial strains.

e  identification of microorganisms that produce these enzymes in high
yield. ‘

. genetic manipulation of a microorganism to produce high levels of
these enzymes. '

Another approach is to develop<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>