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1. Introduction

Canada’s infrastructure is among the best in the
world: it was ranked fifth out of 22 developed
countries in the early 1990s.! Since the time of
Confederation, the federal government has
played a significant role in the development of
our infrastructure, and it continues today with ini-
tiatives such as the Infrastructure Canada
Program, the Canada Strategic Infrastructure
Fund, and the new Municipal-Rural
Infrastructure Fund. All of these programs fund,
among other infrastructure areas, water infra-
structure. Water infrastructure — the reservoirs,
towers, pipes, pumps, sewers, treatment plants
and drainage systems that we rely on every day
to store, transport and treat our water — is a vital
requirement for public health and economic
growth.

Provincial and territorial governments have primary
jurisdiction over most operational aspects of
water management and protection, and they del-
egate many of these responsibilities to municipal
governments. The federal government’s role in
water infrastructure is a more strategic one and
involves activities such as funding water infra-
structure projects and research and policy
development to ensure that Canada meets its
modern infrastructure needs.

Infrastructure Canada (INFC) is leading the
development and implementation of Canada’s
long-term infrastructure strategy, and as part of
this process the department is conducting
research on various infrastructure areas, includ-
ing water infrastructure, to inform future funding
and policy decisions. Recently, the INFC
Research and Analysis Division reviewed current
research on water infrastructure — primarily
drinking water and wastewater infrastructure —
consulting numerous and diverse sources, ranging
from academic publications to organization-funded
reports (see Appendix B for the full list), and
found common themes related to water infra-
structure and future research needs. A large
volume of research already exists on water infra-
structure, much of which is technical in nature
and focused on issues such as optimal pipe
design and pressure flow; however, research does
exist in non-technical areas including evaluation,
financing, water and demand management, part-
nerships, state and needs, and protection of
source water. These non-technical themes are the
focus of this report, which is a culmination of the
analysis of the research findings.

This report has four main objectives:

e To improve knowledge and understanding
around water infrastructure;

* To present preliminary key research findings;
¢ To identify priorities for future research; and

* To contribute to advancing the department’s
research strategy through strengthening the
knowledge base for evidence-based policy-
and decision-making.

1 According to the World Economic Forum/Institute for Management and Development, the top five countries were Norway, Switzerland, Sweden,
Denmark and Canada. Federation of Canadian Municipalities and McGill University, Report on the State of Municipal Infrastructure in Canada.
(Ottawa, Ontario: FCM, 1996), p.4; National Roundtable on Environment and Economy, State of the Debate on the Environment and the Economy:
Water and Wastewater Services in Canada, (Ottawa, Ontario: NRTEE,1996), p.7. http://www.nrtee-trnee.ca/publications/pdf/sod_water_E.pdf
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The report is divided into four sections. Section 1
serves as an introduction and identifies the
objectives of the report. Section 2 provides back-
ground information on water infrastructure
including its definition. In Section 3, the main
research findings are presented. The final section
identifies some of the key research questions
that have emerged from an analysis of the litera-
ture. Appendix A consists of an annotated
bibliography of several sources of particular
interest and relevance to water infrastructure. In
Appendix B, the sources consulted for this report
are listed by thematic areas.




2. The Nature of Water
Infrastructure

Canada has 9% of the world’s renewable water?2
and only 0.5% of its population; however, the
abundance of this natural resource does not
exempt Canada from water-related problems. In
Canada, water treatment and distribution are
under-priced, and water infrastructure is under-
funded. Although we are more dependent on this
natural resource, and its necessary infrastruc-
ture, than any other type of infrastructure, we
frequently forget about it and its significance to
our health and our economy — until something
goes wrong. This section defines water infra-
structure, provides background information on
water infrastructure, and describes the proper-
ties that make it uniqgue compared to other types
of infrastructure.

Definitions of water infrastructure vary from one
organization to the next. They generally include
any or all of the following:

« Water treatment plants;

» Water distribution systems, including pipes
and pumps;

» Urban drainage, including separate storm
and sanitary sewers, as well as combined
sewers with overflows;

* Wastewater collection systems
(such as reservoirs and towers); and

« Wastewater treatment plants.

For example, in its definition of “water infrastruc-
ture,” Environment Canada includes water
treatment plants, water mains, water towers and
reservoirs, sewer pipes, and sewage treatment
plants.® The Ontario Municipal Economic
Infrastructure Financing Authority refers to water
works as: “any works for the collection, produc-
tion, treatment, storage, supply and distribution
of water, or any part of such works, but does not
include plumbing.”* And in the United States,
water infrastructure is commonly divided into
drinking water infrastructure and wastewater
infrastructure.>

Despite differing definitions, the literature agrees
that water, and consequently, water infrastruc-
ture, is a key determinant of public health and of
quality of life. A reliable supply of clean, non-con-
taminated water is essential in ensuring the
health of a community, as is the proper treatment
and disposal of wastewater. Water is also an
essential component of all sectors of the econo-
my, be it for irrigation, transportation, recreation,
or as a product ingredient.

Environment Canada, “1987 Canadian Federal Water Policy.” http://www.ec.gc.ca/water/en/info/pubs/fedpol/e_fedpol.htm
Environment Canada. Freshwater Website. http://www.ec.gc.ca/water/en/manage/effic/e_sustin.htm
4 Ontario Municipal Economic Infrastructure Financing Authority, “2003 Loan Eligibility Criteria and Definitions of Eligible Infrastructure

Investments.”

5 For example, federal funding in the form of the State Revolving Funds separates water infrastructure along these two categories, as does a US
General Accounting Office (GAQ) report, which explains that drinking water infrastructure “includes treatment and storage facilities and distri-
bution systems (pipes and conduits), while wastewater infrastructure includes sewage collection systems and treatment works.” United States
General Accounting Office. Report to Congressional Requesters. “Water Infrastructure: Information on Federal and State Financial Assistance.”
November 2001. http://yosemite.epa.gov/R10/ecocomm.nsf/0/7b68c420h668ada5882569ab00720988/$FILE/GAO-water%20funding.pdf
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Several studies point to the relationship between
all types of infrastructure and economic growth®
While a lack of adequate infrastructure can hamper
growth, the research suggests that investment in
infrastructure can stimulate economic growth,
“the existing literature suggests strongly that
public spending on infrastructure generates
growth in the private sector. Infrastructure renew-
al is necessary for maintaining and enhancing
prosperity.”” Public investment in infrastructure is
critical, since it encourages productivity growth,
competitiveness and trade, and promotes
regional economic growth.8

The benefits of water infrastructure are clear;
however, its expense can deter sufficient invest-
ment. Water is the most capital-intensive of all
utilities. The ratio of infrastructure investment to
revenues is almost 5:1 in water and wastewater,
whereas it is only 3:1 in electricity and telephone
and 2.5:1 in gas. This means that a significantly
higher amount of investment is required to fund
water infrastructure, yet it generates fewer rev-
enues than other utilities.® Further, about 70-80%
of water and wastewater assets are under-
ground. Such infrastructure is therefore often
“out of sight, out of mind.”® There is a tendency
to under-invest in maintenance of infrastructure
that cannot be seen, especially when financial
resources are limited. Consequently, many peo-
ple do not think about water infrastructure until
problems arise, such as leaks or bursts. Once
these problems surface, repairing the infrastruc-
ture can be a costly endeavour.’ The 1987
Federal Water Policy recognized water as a
scarce commodity that “is, at present, Canada’s
most undervalued and neglected natural
resource."?

Water infrastructure, in comparison to other
types of infrastructure such as transportation,
energy, dams, waste management, recreation,
leisure and border infrastructure, is dependent
on a limited, vulnerable source. Water infrastruc-
ture not only transports and supplies a limited
resource; it must protect that supply and ensure
its purity for human consumption. In contrast,
other types of infrastructure, such as energy
infrastructure, do not depend on a natural and
scarce resource but instead can be produced
using various man-made or natural products and
resources. Water infrastructure is a unique type
of infrastructure: we rely upon it every day, it is
critical to our health and to economic develop-
ment, and it is dependent on, and responsible for
supplying, a vulnerable and limited resource that
is under increasing pressure.

6 Two such studies are A. S. Rakhra, Reinvesting in Infrastructure for Economic Growth. (Ottawa, ON: Industry, Science and Technology Canada,

1992) and FCM & McGill.
7 FCM and McGill, p.1.

8 Canada Mortgage and Housing Corporation (CMHC), Alternative Methods of Financing Municipal Infrastructure, (Ottawa ON: CMHC, 1999a).
9 Ontario SuperBuild Corporation (OSBC), Organization of Municipal Water and Wastewater Systems in Ontario. (Toronto ON: OSBC, 2002b).

10 0SBC 2002b, p.73.
11 0SBC 2002b; FCM & McGill.

12 Environment Canada, “1987 Canadian Federal Water Policy.” http://www.ec.gc.ca/water/en/info/pubs/fedpol/e_fedpol.htm.



http://www.ec.gc.ca/water/en/info/pubs/fedpol/e_fedpol.htm

3. Main Research Findings

The 21t century poses new challenges for water
infrastructure. Water infrastructure, to be effective,
must be studied and evaluated within the particular
confines of today’s challenges. This section first
describes the pressures facing water infrastruc-
ture today and then provides a summary of the
research findings related to the state of water,
the management of water infrastructure assets,
and infrastructure financing and innovation.

New Challenges Facing Water
Infrastructure in the 21st Century

Water infrastructure faces many challenges,
including scarcity of funding and deterioration of
old infrastructure; however, there are also some
new pressures that have changed the context in
which water infrastructure decisions are now
made. These pressures compound the existing
challenges.’® This section examines some of
these key challenges including the new face of
Canadian urbanisation, climate change, and
increasingly stringent standards.

Over the years, high population growth focused
on large metropolitan centres has dramatically
increased the need for expanded and upgraded
infrastructure in these areas.!* In the 1970s, low-
density suburban housing mushroomed. These
sprawling developments placed a large demand
on existing infrastructure, and necessitated the
expansion of existing networks.> In fact, much of

the type of development seen in Canadian cities
over the last 40 years is characterized as sprawl.
Canada now has 27 census metropolitan areas
(CMAs), which make up approximately two-
thirds of the nation’s total population.16 A CMA is
a very large urban area that possesses a mini-
mum of 100,000 inhabitants and is adjacent to
regions with a high degree of social and economic
integration with the urban core. Approximately
two-thirds of the Canadian population lives in
CMAs, and the seven largest CMAs account for
about 45% of the national population. CMAs are
not traditional urban areas; instead, they are
developing into city-region states with unprece-
dented infrastructure challenges.

As Canada’s CMAs grow, residents and busi-
nesses tend to move to the suburbs, demanding
new infrastructure and leaving a shrinking tax
base to support the city core and its infrastructure.
Property taxes, commercial taxes, land prices,
housing prices, zoning restrictions, and other
costs are lower in suburban areas than in the city
cores. The flight out of cities causes downtown
property taxes to increase further, which creates
a vicious circle.r” Extension of this infrastructure
occurs at a significant cost. Furthermore, in the
case of sprawl, as opposed to compact develop-
ments, the cost of water and sewer infrastructure is
much higher. For example, one study showed that
low-density developments in the Greater Toronto
Area would cost billions more than re-urbanization

13 NRTEE.

14 C. G. Vander Ploeg, Big City Revenues - A Canada-US Comparison of Municipal Tax Tools and Revenue Levers. (Calgary, AB: Canada West Foundation,

2002).

15 Rakhra ; FCM & McGill; M.S. Mirza and M. Haider, The State of Infrastructure in Canada:lmplications for Infrastructure Planning and Policy. (Montréal,

QC: McGill University, 2003).

16 TD Economics Special Report, “A Choice Between Investing in Canada’s Cities or Disinvesting in Canada’s Future.” TD Bank Financial Group. 2002.

17 Ibid.




or brown-field developments.18 In addition, existing
infrastructure in urban areas today is in need of
maintenance and repair, but these needs are
often deferred in favour of infrastructure expansion
into new communities on the fringe.1

Exacerbating this problem is the inadequate
funding and status of Canadian municipalities.
Municipalities are creations of the provinces, and
provincial legislation limits their ability to spend
and raise revenues.? These restrictions have
serious consequences: between 1995 and 2002,
local government revenues increased only 14%
compared to federal government revenue
increases of 38% and provincial revenues of
30%. Amidst these challenges, municipalities are
also facing the increased responsibilities that the
federal and provincial governments have down-
loaded to municipal and regional governments in
recent years.

A second key challenge is climate change.
Pressures on water sources are increasing, and
models are predicting a drier future in many
parts of Canada. Climate change is projected to
affect river flows, lake levels, groundwater levels
and quality, and water temperatures in most of
southern Canada, with implications for water
infrastructure due to reduced water supplies and
waste assimilation, increased pollution concen-
trations, and increased storm sewer overflows
from high intensity rainfalls.z

A third challenge is new standards, including
stricter environmental and health regulations,
which have increased the need for upgraded
water and wastewater infrastructure. Increasingly,
water systems must meet new seismic, safety
and security standards, and legislative and regu-
latory demands are increasing the need for more
complex treatment systems. This can represent
a substantial cost for municipalities. Some
municipalities may simply not have the money to
either upgrade their infrastructure or pay for the
effective regulation and maintenance of quality
standards.?

3.1 The State of Water
Infrastructure

Experts agree that Canada’s water infrastructure
is inadequate and in need of substantial invest-
ment. In a 1995/1996 survey of 167 Canadian
municipalities, 59% noted that water distribution
infrastructure was in need of repair and 43% said
that the condition of their water supply was unac-
ceptable. With respect to wastewater
infrastructure, 68% described their sanitary and
combined sewers as being in need of repair,
58% said that their sewage treatment was unac-
ceptable, and 53% noted that storm sewers were
in need of upgrading. Finally, with an estimated
average age of 42 years in 1995, the sanitary
and combined sewers are the oldest type of
infrastructure in the survey, which also included
transportation infrastructure, waste manage-
ment, public buildings and recreational
facilities.?

18 Mirza and Haider.
19 Ihid.
20 TD.

21 Global Change Strategies International and the Meteorological Service of Canada, “Water Sector: Vulnerability and Adaptation to Climate Change,”

2000. www.gcsi.ca/publications/watereport.html.

22 Canadian Council of Environment Ministers. “National Action Plan to Encourage Municipal Water Use Efficiency.” 2001. Prepared by The CCME
Water Use Efficiency Task Group. http://www.ec.gc.ca/water/en/info/pubs/action/e_action.htm

23 Mirza and Haider.
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Aging Infrastructure

Much of the older infrastructure in Canada is
approaching the end of its lifespan and needs to
be replaced.?* Water infrastructure construction
materials and practices have changed from cast
iron pipe with leaded joints in the 1950s to
asbestos cement pipe and ductile iron pipe to
plastic, which is used today. The old materials
and practices cannot accommodate today’s envi-
ronmental and health standards or the
application of advanced treatment technology,
and bringing older treatment plants and pipes to
today’s standards requires substantial and on-
going investments.” Due to changes in
construction materials, pipes created since
World War Il have shorter life spans than older
pipes. Subsequently, pipes installed at the end of
the 19 century and newer pipes installed after
World War Il are nearing the end of their lifespan
simultaneously. This is creating a bulge in
demand for new water infrastructure.?

Aging infrastructure also needs replacement due
to a lack of maintenance. Several studies point to
the deteriorating conditions of infrastructure facil-
ities.2” Water infrastructure was well maintained
in Canada until the 1970s due to good economic
conditions, but also because the majority of the
facilities were built after World War Il and were
still relatively new. Since then, however, all parts
of these systems have been deteriorating. Only
20% of expenditures on all types of infrastructure
contribute to repairs, while the remaining 80%
supports new construction.22 As Mirza and
Haider (2003) discuss, deterioration is mainly
due to deferred maintenance and repair of exist-
ing facilities. Once deterioration sets in, the costs

of repairing infrastructure compound exponen-
tially, which makes maintenance an even bigger
task.? There is therefore a need for continuous
preventative maintenance and reinvestment in
water and sewage systems. This type of mainte-
nance will reduce the need to fund the
construction of new plants and massive over-
hauls of existing ones due to crumbling
infrastructure.3

Favouring construction over maintenance or
repair of infrastructure is politically more appealing.
A joint study by the FCM and McGill (1996)
argues that government priorities frequently prefer
the construction of new infrastructure facilities.
This approach is much more politically popular
than simply repairing existing infrastructure,
especially since most water infrastructure is
underground, and is therefore “out of sight, out of
mind.”! The public is not fully aware of the infra-
structure problem, and thus would rather support
other initiatives and developments.3?

Canada’s situation is not unique among other
industrialized countries. Many countries belonging
to the Organization for Economic Cooperation
and Development (OECD) have neglected their
public capital. Since 1975, the ratio of investment
for all types of public infrastructure to gross
domestic product has been declining in most
OECD countries, and virtually all of the OECD
countries are experiencing needs similar to
those of Canada with respect to the provision of
water infrastructure.3® According to Mirza and
Haider, “the state of infrastructure around the
world has declined steadily at least over the past
three decades and several of these existing
infrastructure facilities are inadequate to meet

24 FCM & McGill.

25 Canada Mortgage and Housing Corporation (CMHC). Provision ofMunicipal Infrastructure Through Demand Management. (Ottawa, ON: CMHC,

1999h).

26 Bob Walker, “Sustainable Infrastructure: It's Our Responsibility.” PVC News. Volume 24(2). 2001. (Dallas TX: Uni-Bell PVC Pipe Association).

27 Rakhra; FCM & McGill; NRTEE; Mirza and Haider.
28 FCM & McGill; Mirza and Haider.

29 Mirza and Haider; FCM & McGill.

30 Mirza and Haider.

31 0OSBC 2002b, p.73.

32 FCM & Mcaill.

33 Organization for Economic Cooperation and Development (OECD). Infrastructure Policies for the 1990s. (Paris, France: OECD,1993).




the present population requirements and the pro-
jected future growth and development.
Infrastructure everywhere is in serious need of
repair and upgrading.”3

For example, deteriorating water infrastructure is
a significant problem in the United States.
Deferred maintenance has caused the deteriora-
tion of many water and wastewater systems to
the point that they are either unsafe or unreliable.
The U.S. Environmental Protection Agency esti-
mates that the U.S. will need to spend about one
trillion dollars on capital, maintenance and oper-
ations of water and wastewater systems
between 2010 and 2020. Much of this spending
is for the replacement of current systems that
were not maintained.3

Several organizations have studied the effects of
deteriorating infrastructure in Canada. For example,
the Ontario Sewer and Watermain Contractors
Association (OSWCA) contends that Ontario’s
water mains experience 25 breaks per 100km per
year, which costs $40 million in repairs, and a loss
of 40% of purified water. The OSWCA estimates
that 25% of the water system must be replaced and
50% must be restored over the next 60 years.3 The
Federation of Canadian Municipalities (FCM)
also notes that many systems are currently unable
to meet purity standards, and suffer from source
contamination, deteriorating storage systems
and limited water supplies.?” Finally, the National
Round Table on the Environment and the
Economy (NRTEE) estimates that poorly main-
tained piping systems and sewers lose up to
25% of the water they carry. This means that
effluent may discharge into land mass and
groundwater rather than being treated in waste-
water plants.38

Estimates of Needs and Replacement
Costs

One of the leading areas of research concerns
the quantification of the state of water infrastruc-
ture in Canada — be it an estimation of the
replacement value of the current stock, or the
amount of money required to bring current infra-
structure to acceptable levels. The research
identified a lack of consistency in assessing both
the state of water infrastructure in Canada and
current infrastructure financing needs. There are
different types of costs associated with infra-
structure including maintenance of existing
infrastructure, rehabilitation and replacement of
existing stock, and new construction. While some
studies attempt to estimate the cost of maintaining
water infrastructure, others measure the need for
new or upgraded infrastructure; therefore, it is
very difficult to compare the cost estimates of
water infrastructure needs.

The figures presented in the literature are not
particularly persuasive, nor are they all compa-
rable. Estimates range from $38-$39 billion for
maintaining existing capital stocks and services®
to $88.4 billion for new and upgraded water and
wastewater infrastructure over a fifteen year
period“ to $80 to $90 billion over a ten year peri-
od.4 Evidently, there are several differing
estimates regarding water infrastructure needs
in Canada, but there is a consensus among all

34 Mirza and Haider, p.3.
35 Walker.

36 Canada Mortgage and Housing Corporation (CMHC), Urban Infrastructure in Canada. (Ottawa ON: CMHC, 1992).

37 FCM & McGill.
38 NRTEE.
39 Ibid.

40 According to a 1997 study by the CWWA, the need for new and upgraded water and wastewater infrastructure in Canada is estimated at
$88.4 billion over the period 1997-2012. (Canadian Water and Wastewater Association (CWWA). Municipal Water and Wastewater
Infrastructure — Estimated Investment Needs 1997-2012. (Ottawa ON: CWWA, 1997.)

41 FCM & McGill.




studies that water infrastructure urgently needs
billions of dollars of investment. In the 1990s,
estimates for necessary water infrastructure
expenditures ranged from $9 to $19 billion per
year; therefore, in 2003 the total is probably more
than $10 billion per year.4

These estimates have several problems including
their reliance on insufficient data, their static context
and their difference in methods and definitions.
Data collection on infrastructure is often inade-
guate. According to Mirza and Haider “several
municipalities in Canada do not have an inventory
of the infrastructure in their jurisdiction.
Moreover, many of the municipalities that do
have a partial or more complete inventory of their
infrastructure, do not have a detailed description
and history of the condition of the various infra-
structure facilities.”® Complete inventories and
detailed condition assessments of water infra-
structure facilities is crucial for estimating costs
and for ensuring optimal repair and rehabilitation
strategies. Furthermore, infrastructure cost esti-
mates are often one-time assessments — not
longitudinal studies, which makes it difficult to
assess a change in need over time. Different
studies also employ different methods of data
collection and analysis, so their results are
somewhat varied.

Each study employs a different definition of
“water infrastructure,” and as a result, attempts to
measure different things. This leads to differing
estimates of need. It also makes it difficult, if not
impossible, to compare findings between studies.
There is a clear need for consistency in the
approaches used to estimate the need for water
infrastructure. Establishing common methods will
enable accurate and comparable assessments of
the specific need for water infrastructure — both
between regions and for Canada as a whole.

3.2 The Management of
Water Infrastructure Assets

Accurate inventories and assessments of infra-
structure are required for municipalities to
implement asset management practices. The
United States Federal Highway Administration
(US FHWA) defines asset management as “a
systematic process of maintaining, upgrading,
and operating physical assets cost-effectively. It
combines engineering principles with sound
business practices and economic theory, and it
provides tools to facilitate a more organized, logical
approach to decision-making.”

It is often described as a lifecycle management
method for infrastructure because it takes into
consideration expenditures from construction
through maintenance during the entire life of an
asset.” Data management is central to asset
management planning and spans all dimensions
of the process, yet is inadequate in many munic-
ipalities. As a result, these municipalities lack the
expertise and the information needed to monitor
infrastructure, and to assess the need for new or
upgraded water infrastructure. Without a system
of data collection and monitoring, it is almost
impossible to make an informed decision on
whether to repair, expand or upgrade infrastructure.

Asset management is useful because it focuses
on how a system is performing overall, rather
than specific indicators such as how much
money has been spent. The system is also
viewed in its entirety, rather than component-by-
component, which requires taking into account
the effect that a change in one part of the system
can have on another.46 The research noted that
many Canadian municipalities, particularly
smaller ones, do not have an asset management

42 Ajoint study by FCM and McGill in 1996 estimated the need for water infrastructure totaled between $80 and $90 billion over 10 years, which
is approximately $19 billion annually. (FCM and McGill). A study by Peat Marwick (1994) has estimated that an additional $41 billion will be
required by the year 2015 for new capital demands for water and wastewater infrastructure. (Peat Marwick, “Introduction to Public-Private
Partnerships.” Proceedings of the 23% Annual Technical Symposium and Exhibition of the Water Environment Association of Ontario.

(Toronto ON: Peat Marwick, 1994); CMHC 1999b, p.5.)
43 Mirza and Haider, p.41.

44 United States Federal Highway Administration (US FHWA), “Asset Management.”

http://www.fhwa.dot.gov/infrastructure/asstmgmt/assetman.htm. 2003.

45 US FHWA. 2003.

46 D. Geiger, “Asset Management: Resources for Maximizing Your Transportation Investment.” APWA Reporter. Vlolume 70(7): 23. 2003.
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program.#’ This is a concern that impacts water
infrastructure in particular, as well as other forms of
infrastructure. Research into effective and efficient
ways of implementing asset management pro-
grams in all municipalities is therefore required.*s
The establishment of such a system in a munici-
pality would leverage several public benefits — it
would improve regulation of infrastructure assets
and ensure that municipalities show evidenced-
based need for water infrastructure. Such a
system would ultimately lead to an improvement
in the management of public funds.

3.3 Financing Water
Infrastructure

Financing water infrastructure can be a major
challenge for municipalities and communities.
Trends in the last 30 years indicate that the propor-
tion of the national pie devoted to public
infrastructure has been declining. Not only has
public investment been on the decline, but also
investment requirements to maintain, upgrade
and expand infrastructure have been on the
rise.® Thus, a gap has developed between what
is needed to bring public infrastructure to satis-
factory levels and current expenditures on this
infrastructure. A 1984 study by the Federation of
Canadian Municipalities estimated that this gap
was 25% of annual investment in urban infra-
structure.

Lack of Funds

According to the literature, one of the main prob-
lems with investing in infrastructure is the lack of
funding available for such investment, given the
high cost of servicing water infrastructure.
Canada had a strong cost-sharing program for
infrastructure among all levels of government
until 1984, when the federal government terminated

all direct assistance for municipal infrastructure.
The elimination or reduction of provincial/territorial
and federal grants reduced the funds available
for maintenance, repair and replacement of
water and wastewater infrastructure.>! There has
recently been a renewed commitment from the
federal government to assist in financing infra-
structure. However, these programs alone are
not enough to meet Canada’s infrastructure needs.

The municipal revenue structure contributes to
the lack of funds for infrastructure. As creatures
of the province, municipalities are constrained in
the ways in which they can raise revenue. Their
main source of revenue comes from property
taxes; however, the province regulates property
tax increases. Because of this regulation, munic-
ipal revenues have not increased in proportion to
population and inflation increases. Between
1995 and 2001, local government revenues
increased 14%, but federal revenues increased
38% and provincial revenues increased 30%.52 In
many respects, the stagnant growth in revenue is
a function of the lack of elasticity in the property
tax, the primary tax used by most Canadian
cities. Compounding the lack of buoyancy in city
tax revenues is the fact that operating and capi-
tal grants have not kept pace either. As a result,
municipalities are more cash-strapped than
before.s3

Municipalities are also dealing with urban social
challenges, such as homelessness, poverty and
illegal drug use. As a result, municipalities have
tended to focus on the more visible and politically
sensitive priorities, while infrastructure spending
has been pushed aside. Cities are finding it diffi-
cult to keep up with the demand for traditional
services, let alone addressing a whole new set of
problems.>* The recent downgrading of responsi-
bilities to municipalities in many provinces has
further constrained budgets. Cities are being

47 FCM & McGill.

48 0SBC 2002b; FCM & McGill.
49 Mirza & Haider.

50 Rakhra.

51 FCM & McaGill.

52 Mirza and Haider, p.29.

53 Vander Ploeg.

54 Ibid.




confronted with an expanded list of responsibilities
due to both federal and provincial downloading,
including responsibility for the provision of afford-
able housing and a larger role in community and
social services.

Under-Pricing of Water

One of the major problems with respect to water
infrastructure in Canada is that water itself is
under-priced. In most countries, there is an
inverse relationship between the price of water
and the amount of water consumed. This is true
for Canada: the price of water is one of lowest in
the developed world,>® and per-capita consump-
tion levels are one of the highest in the world,
second only to the United States. On average,
Canadians use 343 litres of water per person per
day.’® In countries where water is expensive,
such as Sweden and France, per capita water
consumption is much lower than in Canada.
Further, in these countries, revenues more than
cover the costs of providing the service.5’

In Canada, many municipalities under-charge
the real cost of providing and maintaining the
service, often through a flat rate, a constant rate,
or declining block rates.s8 Flat rates are unrelated
to the volume of water used — customers pay the
same amount each billing period — and provide
no incentive for limiting water usage. In contrast,
rate structures that depend on the volume of
water used are referred to as “volume-based
pricing” and require the use of water meters.
Metering, when used with an effective pricing
system, is an effective water conservation measure.
Metered households in Canada use substantial-
ly less water than unmetered households;
however, in 1999, only 56% of Canadian house-
holds served by municipal water systems were
metered.>

A constant rate is the simplest type of volume-
based rates: users pay a constant rate per unit.
Declining block rates (DBR) and increasing block
rates are also examples of volume-based pric-
ing. With DBRs, the unit cost of successive
volumes (or blocks) decreases as consumption
increases. In contrast, with increasing block rates
the unit cost increases as consumption increases.
DBRs function like a flat rate when customers
are charged a minimum fee for a certain volume
of water that is greater than the normal amount
that residential customers use. The number of
customers who paid this type of DBR plus those
paying a flat rate totalled 50 % of Canadian
households in 1999. This is a serious issue,
since residential water users who pay a flat rate
used 457 litres/person/day in 1999, which is 70%
more water than Canadians charged a volume-
based rate.50

The under-pricing of water means that municipal-
ities do not recover all of the costs associated with
providing the service; therefore, funds for the
maintenance and upgrade of water infrastructure
must be obtained from general municipal revenues,
which are already quite constrained. Subsequently,
water infrastructure is under-funded.6!
Furthermore, under-pricing leads to over con-
sumption, which increases overall demand.®
Under-pricing water depletes the available sup-
ply of drinking water and increases the amount
of wastewater that must be treated. Ultimately,
this leads to an increasing strain on water infra-
structure. New infrastructure, in addition to more
frequent repairs to the existing stock, becomes
necessary.® In conclusion, Canada could more
effectively use water pricing — especially volume-
based pricing — to decrease water consumption,
decrease the burden on infrastructure, and
increase revenues for infrastructure.

55 Klas Ringskog, “International Trends in Water Pricing and Use.” World Bank, 2000.
http:/Inweb18.worldbank.org/mna/mena.nsf/0/2421f467¢2c0262685256951006660e9/$FILE/Riyadh-Final.ppt

56 Environment Canada (EC), “Municipal Water Pricing, 1991-1999.” 2001. http://www.ec.gc.ca/water/en/info/pubs/sss/Pricing91-99.pdf

57 NRTEE; Klas Ringskog.

58 CMHC 1999b.

59 EC 2001.

60 Ibid.

61 NRTEE; FCM & McGill.

62 NRTEE; CMHC 1999b; OSBC 2002b.
63 CMHC 1999b; NRTEE.
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Full Cost Pricing as a Financing Option

Several studies in the literature highlight the
need to move toward a full cost, user-pay system
with respect to water and wastewater infrastruc-
ture.84 User fees are a good way to finance water
and wastewater services, since the people who
directly benefit from a service pay for it. They are
appropriate in cases where people use facilities
to varying degrees and can be used to control
use during peak periods. For example, the City of
Los Angeles uses peak load pricing with higher
charges for water during the dry season, in order
to reduce consumption during these periods.®

Full cost pricing ensures that resources are allo-
cated efficiently because the users pay the full
cost of providing water and wastewater services.
Therefore, people must pay more to consume
additional water services, and this acts to dis-
courage over consumption. Full cost pricing
reduces the need for water subsidization, and
more revenue is generated for maintenance and
upgrading of infrastructure.®’

With increasing block rates, in contrast to declining
block rates (mentioned earlier), the charge per
unit of water increases with use. This approach is
efficient, since charges reflect marginal cost. It is
also equitable because those who incur higher
costs pay more, and thus, the system encourages
resource conservation.®

Full cost pricing must be used with caution
because it can result in equity problems when
members of a community cannot afford to pay
the full cost of maintaining infrastructure.®® Such a
system must maintain the affordability of water
and wastewater services for low-income people,”
which could be accomplished through subsidies
and assistance for low-income people.

The financing of storm water infrastructure can be
achieved in part through user pay systems, as well.
However, the costs associated with storm water
are often large and associated with the clean-up of
environmental effects. For example, clean-up costs
of storm water impacts at Ontario’s 16 Remedial
Action Plan sites were estimated to be $2.5 billion,
and local storm water management programs
can have annual costs in excess of 5 million dollars.
Currently, Regina, Saskatchewan is the only city
in Canada that levies user fees for storm water
infrastructure.™

In addition to the advantages discussed, full cost
pricing can leverage several other benefits. If full
cost pricing reflects the environmental impact of
water use such as water table depletion, water
pollution, and conservation and replenishment
measures, it can promote the conservation of
resources and the adoption of sustainable practices.
It can also encourage the development of eco-
efficient environmental technologies and
promote economic development through infra-
structure renewal and development. Over the
long term, homebuilders and homeowners could
change elements of building design, for example,
to include plumbing systems that re-use water.”
This would result in reduced infrastructure
requirements. If water prices rise by 100% over

64 CMHC 1999b; American Water Works Association (AWWA), Manual of Water Supply Practices: Water Utility Capital Financing, Second Edition.
(Denver CO: AWWA, 1998); American Water Works Association (AWWA), Manual of Water Supply Practices: Principles of Water Rates, Fees
and Charges, Fifth Edition. (Denver CO: AWWA, 2000); NRTEE; FCM & McGill; KPMG, Analysis of Business Models and Their Applicability to

Ontario. (Toronto ON: KPMG, 2002).
65 CMHC 1999a.
66 Ibid.
67 CMHC 1999b; AWWA 2000; OSBC 2002b.
68 CMHC1999a; AWWA 2000; Vander Ploeg.
69 CMHC 1999a.
70 KPMG; CMHC 1999a.

71 Canadian Water and Wastewater Association (CWWA). Members’ Briefing Book. (Ottawa ON: CWWA, 2003).

72 NRTEE.




time, for example, water usage and a related per-
centage of wastewater generated decline by
approximately 30%, so the actual amount of
infrastructure financing required is an over-estimate,
and could probably be reduced by 10-16%.73 Full
cost pricing is a significant and fundamental
starting point for water infrastructure financing, but
several other financing options may also be used.

Public-Private Partnerships

Public-private partnerships are an increasingly
popular method for financing infrastructure,
including water infrastructure, in Canada.
According to the Canadian Mortgage and Housing
Corporation, “public-private partnerships (PPP), or
‘privatization’ is a growth industry in Canada."’
These partnerships range in the degree to which
private firms are involved in the building or oper-
ating of water infrastructure. They can help
governments control expenditures while expanding
infrastructure and can create new revenue
streams, accelerate project completion times,
and reduce financial risks for governments.
Further, the establishment of partnerships gives
governments the opportunity to take advantage
of the expertise that private firms can offer in the
area of water infrastructure. For example, private
sector partnerships can help expose the govern-
ment to sophisticated methods of planning and
financing infrastructure, to more creativity, and to
expertise and technology in the financing and
delivery of public services.?™

Such partnerships, however, bring their own
potential risks such as a loss of control, confused
lines of accountability, increased user costs, loss
of public sector jobs, limited competition, limited
control over public policy, perception of bias in
the selection process, transfer of assets, and
leaking of confidential information.” Moreover,
the private sector may not be as concerned with
social responsibility, environmental issues, local
knowledge, and job generation as the public sector.
When successfully implemented, however, part-
nerships are an innovative approach to enabling
governments to carry out projects unlikely to pro-
ceed without private assistance, and are a useful
tool to assist in working towards meeting infra-
structure needs.

Development Charges, Special
Districts, Funds, and Bonds

In addition to full cost pricing and public-private
partnerships, the literature discusses tools such
as development charges, special districts, funds,
and bonds. Development charges are often used
instead of property tax increases when funding
new infrastructure. With these charges new resi-
dents — the principal beneficiaries of the
infrastructure — incur the costs of the service.
However, they often fail to capture the large
increase in operating costs associated with
maintaining these new systems. As a result,
municipalities must find other sources of revenue
simply to maintain this new infrastructure, let alone
improve and expand other existing systems.”

73 Ibid.

74 Canada Mortgage and Housing Corporation (CMHC). Public-Private Partnerships in Municipal Infrastructure. (Ottawa ON: CMHC, 1999c), p.1.

75 Société de partenariat et de coopération (SPC), Le partenariat public-privé et le programme d’infrastructures stratégiques : une approche.
(Montréal, QC : SPC, 2002); National Audit Office (UKNAO). (2003) Private Finance Initiative: Construction Performance. A Report By the
Comptroller and Auditor General. (London UK: UKNAO, 2003); Peat Marwick.

76 CMHC 1999c.
77 CMHC 1999a.
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Special district financing, which is very common
in the United States, is another method used to
finance new water infrastructure that will benefit
the homeowners who will live in the area serviced
by the new infrastructure. It is often used in com-
bination with development charges. A designated
urban district, usually referred to as a local
improvement area, is created as an entity with
the sole purpose of financing new infrastructure.
Homeowners can influence the method of financ-
ing, which includes a fee or tax. For example,
some states have used incremental property tax
increases to finance infrastructure improvements
in a new development. The advantage of special
district financing is that the district can finance
the new infrastructure at better rates and over its
useful life, resulting in less impact on housing
affordability. 8

Funds, including trust funds and revolving loan
funds, are another method that can be used to
raise revenue for infrastructure. Trust funds are
usually set up to hold and funnel tax revenues
when a government uses earmarked taxation. A
special tax is an example of earmarked taxation
when a percentage of the tax revenue is used to
finance a specific investment area. For example,
a gasoline tax can be earmarked and used for
transportation infrastructure. In contrast, revolving
loan funds consist of an initial grant or a low
interest loan from a higher or central level of gov-
ernment designed to provide funds for particular
infrastructure projects. Lower jurisdictions over-
see the administration of the fund. Water and
sewage treatment plants are especially well suited
to this type of financing.” Revolving funds are a
reliable source of financing for municipalities and
are an effective way of building specific types of
infrastructure.

Revolving funds are a popular method of financing
water infrastructure in the United States. The
most significant water and wastewater infrastruc-
ture program in the United States is the State
Revolving Fund Program, which includes the

Drinking Water State Revolving Fund and the
Clean Water Revolving Fund. Most federal assis-
tance for water and wastewater infrastructure is
provided through this program.8t Under the pro-
gram, the U.S. Environmental Protection Agency
(USEPA) provides grants to states, which then
use the funds to make loans to communities,
individuals, and others for high priority water
quality activities. As recipients pay back the
loans to the revolving funds, states make new
loans to other recipients.8

Bonds are also an effective method for financing
infrastructure. For example, a municipality may
issue bonds to finance a new sewage treatment
plant. A bond is a type of loan where the borrower
(e.g. the government) provides a written promise
to repay the borrowed amount at an agreed interest
rate over a specified period. Although all three
levels of government in Canada can issue and
sell bonds, very few bonds are considered
municipal bonds. Even when Municipal Finance
Authorities issue bonds, in most cases those
bonds are fully guaranteed by the province and
are considered provincial rather than municipal
bonds.

3.4 Sustainable
Innovations in Water
Infrastructure

Several techniques and technologies can be
used to reduce the amount of water used or
wasted, and consequently, the need for new
water infrastructure and the demands placed on
existing infrastructure. Reducing water consump-
tion can reduce the cost of maintenance and
rehabilitation. With the advent of the concept of
sustainable development, new practices to
reduce the demand for water infrastructure have
evolved including demand management, sus-
tainable practices, and technical best practices.

78 Ibid.
79 CMHC 1999a.
80 Vander Ploeg; CMHC 1999a.

81 United States House of Representatives (USHOR), “Water Quality Financing Act of 2002.” http://www.house.gov/transportation.
82 United States Environmental Protection Agency, “Wastewater Primer.” 1998. http://www.epa.gov/owm/primer.pdf.
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Demand Management

Traditional water infrastructure management
focused on expanding the supply of water.
Instead, demand management seeks to under-
stand and reduce the demand for water or
wastewater flow. This approach may include
reducing overall water consumption, minimizing
peaking of water demand and sewage flow,
reducing the loss or waste of water, and increas-
ing the recycling of water so that the supply is
conserved. Some examples of demand manage-
ment practices include the use of water
metering, public education, home conservation
kits, water recycling, and leakage repair.83 By
reducing the demand for water, the conservation
of water is enhanced, the output of wastewater
decreases, and the need for new and expanded
water infrastructure is reduced.8 Subsequently,
the need for new or upgraded wastewater facilities
with higher capacities is reduced. According to
the Canadian Council of Ministers of the
Environment (CCME) Water Use Efficiency Task
Group, “Canada is behind other countries in pro-
viding consistent codes, guidelines, regulations
and policies affecting water use efficiency.”s

Sustainable Practices

Several developed countries are pursuing and
promoting sustainable practices in water infra-
structure to address issues such as
urban-sprawl, over-consumption, and scarce
financing. For example, roof top gardens, rainwater
gardens, and wetland preservation assist with
drainage systems and storm water manage-
ment. With respect to urban sprawl, land use
planning can focus on creating more compact,
higher-density communities. This reduces the
need to extend new water and wastewater infra-
structure further away from existing urban areas,
and at low densities, and smaller lots reduce
water use for lawn irrigation.8® Ultimately, this
means that more money is available for main-
taining existing infrastructure.8” Therefore,
sustainable practices can assist in reducing the
demand for water and water infrastructure.

Technical Best Practices

Several technical innovations and best practices
have been developed in order to reduce the
amount of water used, and a large body of literature
exists on this topic (see Appendix B). Technical
best practices include water metering, leak
detection and repair, pressure reduction, regula-
tion through by-laws and the plumbing code,
audits, plumbing retrofits, and landscaping
measures. Technical innovations are increasing
water efficiency with efficient pipes and drains,
low flow showerheads, low flush toilets, double
piping systems for homes and office buildings,
and process technologies that use less water
and generate less waste in production.® Water
recovery and wastewater reuse technologies,
such as rain barrels and membrane technolo-
gies, are being improved, and there is ongoing
research into the establishment of high-tech,
automatic water meters.

83 CMHC 1999b.

84 KPMG.

85 CCME Water Use Efficiency Task Group.
86 CMHC 1999b.

87 CMHC 2000b.

88 NRTEE; FCM 2003: “Water Use and Loss in Water Distribution Systems.”
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Water recycling programs that minimize first use
water are receiving increasing attention. This is
followed by the reuse of grey water — wastewater
that has not come into contact with human waste —
for secondary uses such as toilets and lawn
care. This approach reduces both the demand for
water and the amount of wastewater generated.8®
The reuse of water is now being incorporated
into urban building and landscape design, includ-
ing plumbing systems that reuse grey water. Use
of these technical innovations can reduce the
amount of water used, ensure the conservation of
water resources, and ultimately, reduce the costs
associated with the provision of water infrastructure.

3.5 Overall Assessment of
the Available Literature

Based on a survey of the literature, it is clear that
a wealth of information exists on issues such as
water pricing, metering and technical best prac-
tices. However, many other key issues related to
water infrastructure are not well analyzed or
studied in the literature. Several gaps have been
identified, for example, in the areas of asset
management, the state of infrastructure, and the
effects of public involvement on infrastructure
decisions. More research is needed in these and
the areas identified in Section 4.

Further, much of the available research on water
infrastructure is not peer-reviewed. Many studies
are organization-specific, and are produced by
interest groups or associations of some kind, as
opposed to being published in an academic jour-
nal. As such, they often are not reviewed by other
experts in the field, and are thus more prone to
bias and methodological errors. In some cases,
the methods used are not even explained in any
detail. This often leads to variations and inconsis-
tencies in the methodologies used in the studies,
which in turn, hampers the accuracy and the
comparability of the findings.

Another concern with the available research is
that it does not always effectively informing policy-
and decision-making. For example, water pricing
is one of the most extensively studied areas in
water infrastructure research, yet best practices
in water metering and pricing are being applied
in only a handful of regions in Canada. Clearly,
work needs to be done to bridge the gap
between research and policy- and decision-making
processes.

89 CMHC 2000b; AWWA 1980; NRTEE.




4. Questions for Future

Research

The findings presented in Section 3 raise a number
of key research questions. The questions below
are intended to serve as a starting point for
future research on water infrastructure.

Urban Infrastructure Demand

Given the shape of urban development in
Canada over the last decade and the size and
influence of Canada’s largest census metropolitan
areas, how can the federal and provincial/territorial
governments better assist municipalities as they
adapt to rapid urban change? What changes
should provincial/territorial governments make to
infrastructure-related legislation, the ability of
provincial/territorial governments to leverage
taxes and increase their revenues, and infra-
structure priorities and funding decisions?

State of Water Infrastructure

What is the “need” for water infrastructure across
the country? What is the best method for assessing
the state of Canada’s water infrastructure? What is
necessary for improving infrastructure inventories?
How can a framework for this purpose be devel-
oped? Once the proper framework for
determining the state of infrastructure is created,
the next step is to actually apply the framework,
in order to estimate the need for water infrastruc-
ture in Canada today.

Management of Water Infrastructure
Assets

What is the best way to implement an effective
asset management system? It is clear that asset
management is an important factor in ensuring
the responsible use of resources and the effective
management of water infrastructure. Research is
now needed regarding the best methods of
implementing assess management programs
across municipalities with different sizes and
needs.

What are the public benefits of an asset man-
agement system? Infrastructure investments,
including asset management, have the potential
to leverage several other benefits to Canadians.
Research is needed in order to determine what
these benefits could be, and how to realize them.

Financing Water Infrastructure

A discussion of the pros and cons of the different
methods of financing water infrastructure, and
how they relate to potential application in various
Canadian municipalities, is required. Although
some literature examines the pros and cons of
various methods of financing infrastructure,
much of it is not specifically related to Canada or
to water infrastructure in particular.

17



Innovation in Water Infrastructure

What are the limiting factors in the implementation
or success of innovation? Much in the literature
discusses the benefits, which are well known. In
documentation as far back as the 1987 Federal
Water Policy, the federal government noted the
importance of water pricing, “the billions of dollars
required for the development or rehabilitation of
water and wastewater systems cannot be met
from existing funding mechanisms. Water pricing
is, therefore, a solution.” The government also
encouraged technological innovation for reducing
water demand, “sound management of Canada’s
water resources requires a comprehensive infor-
mation base and the development and
application of new and improved technology to
reduce increasing water demands.”! What is hin-
dering implementation? What legislative, policy or
funding changes are required to ensure that we
practice what we already know?

90 Environment Canada. http://www.ec.gc.ca/water/en/info/pubs/fedpol/e_fedpol.htm#7.23
91 Ibid
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Appendix A — Annotated

The following is an annotated bibliography of
several key pieces of literature on water infra-
structure.

Canada Mortgage and Housing Corporation
(CMHC). (1999a) Alternative Methods of
Financing Municipal Infrastructure. Ottawa
ON: CMHC.

This report highlights the need for maintenance
and repair of the existing infrastructure in urban
areas, which is often deferred in favour of infra-
structure expansion into new communities on the
fringe. An overview of financing mechanisms for
generating revenue to pay for infrastructure is
presented, including development charges, special
district financing, user fees, funds and privatization.

Canada Mortgage and Housing Corporation
(CMHC). (1999b) Provision ofMunicipal
Infrastructure Through Demand Management.
Ottawa ON: CMHC.

Demand management works to reduce the need
for new infrastructure, and therefore the costs
associated with funding it, while promoting sus-
tainability. Demand for water and wastewater
flow, for example, can be reduced through water
and sewer rates, surcharges and other market-
based incentives. Communities charging the full
costs of water generally have the money to invest
in upgrades and expansions, while those that
under-price water cannot make the investments
required to maintain and improve their systems.

Canada Mortgage and Housing Corporation
(CMHC). (1999c) Public-PrivatePartnerships
in Municipal Infrastructure. Ottawa ON: CMHC.

Bibliography

The large costs associated with improving infra-
structure in Canada necessitate the co-operation
between levels of government and within the private
sector. However, partnerships also increase gov-
ernment exposure to more sophisticated
methods of planning and financing infrastructure,
more creativity, and expertise and technology in
the financing and delivery of public services.
Public-private partnerships also assist with the
identification of projects unlikely to succeed without
private assistance, and allow the government to
assume the role of “steering” rather than “rowing.”

Federation of Canadian Municipalities and
McGill University (FCM & McGill).(1996) Report
on the State of Municipal Infrastructure in
Canada. Ottawa ON: FCM.

Since the 1970s, infrastructure in Canada has
been deteriorating. Repair costs for infrastruc-
ture are escalating. There is a lack of continuous
maintenance, which has led to the deterioration
of infrastructure. Once deterioration sets in,
repair costs compound exponentially. In 1985, it
was estimated that $12 billion was required to
upgrade all water infrastructure facilities to
acceptable levels. By 1992, this cost had risen to
$20 billion. Causes of decline include funding
inadequacies, government priorities, and a lack
of information and public involvement.

Mirza, M.S. and M. Haider. (2003) The State of
Infrastructure in Canada: Implications for
Infrastructure Planning and Policy. Montréal QC:
McGill University.
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The state of infrastructure in Canada has been
declining since the 1970s, due to several factors,
including the economic recession of the 1980s,
some infrastructure reaching the end of its service
life, rapid inflation in the late 1970s, competing
demands for various types of infrastructure,
increased public involvement in decision-making,
and the reduction of funds available for the main-
tenance of infrastructure. Using a review of 1985
and 1995/1996 results from a survey of Canadian
municipalities, the report estimates the total infra-
structure deficit in Canada to be $125 billion. With
respect to water distribution and water supply
infrastructure, the survey noted that overall, 59%
of systems are in need of some repair. For
sewage treatment systems, 58% were identified
as in unacceptable condition. This figure was
53% for storm sewers, and 68% for sanitary and
combined sewers. The results are based on
1995 data.

National Round Table on the Environment and
the Economy (NRTEE). (1996) State of the
Debate: Water and Wastewater Services in
Canada. Ottawa ON: NRTEE. http://www.nrtee-
trnee.ca/Publications/PDF/SOD_Water_E.pdf

Canada has the second highest per capita con-
sumption of water in the world, at 343 litres per
person per day. In 1991, 10 million households in
Canada received unmetered water services. This
system encourages over consumption, and is not
sustainable in the long-term. This report stresses
the need for a comprehensive, user-pay system
across Canada for the provision of water. A full
cost, user-pay system would reduce the demand
for water, and encourage resource conservation.
It would also increase the amount of money
available for maintenance and expansion of
water infrastructure. Such a system would
increase the demand for eco-efficient technolo-
gies, and promote economic development.
Finally, it would open up a major export market
for Canadian environmental firms.

Rakhra, A.S. (1992) Reinvesting in
Infrastructure for Economic Growth. OttawaON:
Industry, Science and Technology Canada.

Trends in the last 30 years indicate that the pro-
portion of the national pie devoted to public
infrastructure has been declining. Public invest-
ment outlays have not grown since the 1970s,
when they reached their peak levels. In contrast,
investment requirements to maintain, upgrade
and expand infrastructure have been on the rise.
Thus, a gap has developed between what is
needed to bring the public infrastructures to sat-
isfactory levels and the actual expenditures on
them. A 1984 study by the Federation of
Canadian Municipalities estimated that this gap
was 25% of annual investment in urban infra-
structure. The study also estimated that Canada
needed to spend an additional $12 billion in 1984
dollars on urban infrastructure to bring this infra-
structure to satisfactory levels.

Société de partenariat et de coopération (SPC).
(2002) Le partenariat public-privé et le pro-
gramme d’infrastructures stratégiques : une
approche. Montréal QC : SPC.

Public-private partnerships can elicit many bene-
fits for governments. With respect to water
infrastructure, conditions that must be respected
in such a partnership are the recognition of the
high value of water to the public, a sharing of the
risk associated with the project and, most impor-
tantly, a realization that in the end, the public still
retains control of the infrastructure.
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The following is a selected bibliography on water
infrastructure, organized by the following
themes: evaluation, financing, water and
demand management, partnerships, state and
needs, technical aspects, and protection of
source water.

Evaluation

Fougéres, D. and M. Trépanier. (1997) Le pro-
gramme de travaux d’infrastructures
Canada-Québec. Etude du processus déci-
sionnel et évaluation de certains impacts a
partir d'études de cas. Saint-Paul-de-
Chateauguay QC : INRS-Urbanisation; chapitre 4.

Institute for Catastrophic Loss Reduction (ICLR).
(2003) An Assessment of Flood Risk
Management in Canada. Toronto ON: ICLR.

Kulshreshtha, S. and Charles Grant. (2003)
“Economic Impact Assessment oflrrigation
Development and Related Activities in Manitoba.”
Canadian Water Resources Journal. Volume
28(1): 53-68.

McLaren, R.A. and S.P. Simonovic. (1999)
“Evaluating Sustainability Criteria for Water
Resource Decision Making: A Case Study From
the Assiniboine Delta Aquifer Region.” Canadian
Water Resources Journal.Volume 24(2): 147-163.

Financing

American Water Works Association (AWWA).
(1998) Manual of Water Supply Practices:
Water Utility Capital Financing, Second
Edition. Denver CO: AWWA.

American Water Works Association (AWWA).
(2000) Manual of Water Supply Practices:
Principles of Water Rates, Fees and Charges,
Fifth Edition. Denver CO: AWWA.
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