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- Abstract

This paper highlights the changing role of infrastructure as Canada enters an era characterized by
increased globalization of outlook, decentralization of production and decision-making, and rapidly
merging technological media in the communications and information technology (C&IT) industry. The
primary purpose of the paper is to identify a number of key issues and tensions that permeate
infrastructure planning in the search for an economically prosperous and environmentally and socially
sustainable society.

The paper examines physical and information infrastructure separately. The section on information
infrastructure explores key issues related to the right of access to information and information
infrastructure, the pace of deregulation in the industry, and the impacts on employment and job quality.
It also identifies one area of key importance to sustainability which has been neglected by most current
programs in Canada: the need to address the raw material requirements and waste generation
implications of an industry characterized by rapid technological change, short product life, and declining
costs that discourage recycling and reclamation. The section on physical infrastructure reviews the status
and role of three segments of the physical infrastructure stock: transportation, energy and “environmental
utilities”. 'Within each segment, specific areas of complementarity and tension between planning for
economic prosperity and planning for environmental sustainability are identified. The linkages between
Dphysical and information infrastructure are also addressed. Although the linkages cannot be definitely
characterized, the paper identifies possible positive synergies. It also warns against regarding
information infrastructure as a panacea.

The paper concludes with a discussion of seven themes that weave across all segments of physical
infrastructure: the concept of "doing more for less”, the role of economic signals and full cost
accounting, decentralized decision-making, the role of the private sector, public involvement and
management of research and development.
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The Changing Role of Infrastructure

When we think of infrastructure, we typically think of roads, railways, ports, communication
grids or other massive steel and concrete structures. They exude permanence; they seem
unchangeable. We seldom get introspective about such infrastructure. It is, more often than
" not, regarded as a simple convenience or necessity to the pleasures and tasks of our day-to-day
business.

But infrastructure is far from being a fixed entity; infrastructure technologies continue to change.
The connotation that infrastructure is a static immutable entity is especially far off the mark
today; some have likened the current communications technology revolution to the advent of
powered flight, or to the introduction of the telephone. Infrastructure’s role in society has been
both a reflection of and a motivation of social change.

We distinguish here between physical infrastructure - that used for delivering goods and people
- and information infrastructure - that used for delivering services. The changing role of both
of these types of infrastructure is being driven by three key trends (Figure 1):

¢ Globalization of Outlook. Concerns now extend beyond simply the nation state or
the individual, to the local community, the global community, and the supporting
natural environment.

¢ Decentralization of Production and Decision-Making. Economic production and
different forms of decision-making are no longer vested in or controlled by an elite.

® Merging of Communications Technologies. Broadcast, print, and computer
technologies — all of which started as discrete technologies - are becoming
increasingly merged into single integrated technologies.

In short, there are a number of pressures that are carrying us towards an infegrated global
society through decentralization. This paper explores how this premise influences the issues
which mold physical and information infrastructure, and which will in turn have specific
implications for Canada’s economic prosperity and overall sustainability.

Decentralization - A Driving Force
The visionary trend of globalization is one primarily of outlook. It becomes explicit, however,

in observable trends to greater decentralization in some areas. This decentralization is key to
many of the issues explored in this paper, and it has many dimensions:
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FIGURE 1
THE CHANGING ROLE OF INFRASTRUCTURE
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¢ Decentralization of Location. The production and consumption of goods and
services are becoming less spatially concentrated. Scarce land resources, higher
capital and labour mobility, and concomitant technological change are causing
changes in where we work and where we live.

- Decentralization in Time. Production and consumption are, similarly, becoming
less temporally concentrated. The nation, and the world, operates seven days a week
and twenty-four hours a day.

o Decentralization of Productive Activity. Specialized product development continues
to occur when and where local comparative advantages arise.

e Empowerment. Social, political, and economic structures are changing to allow
individuals greater freedom and participation in guiding their lives.

® Decentralization of Decision-Making Within Structures. In business especially,
- traditional forms of hierarchical decision-making are disappearing and becoming
"flatter". Within organizations decision-making is decentralized to the group of

people that the decisions will affect.

The overall issue of decentralization is, however, quite complex and there are other forces at
work that promote the concentration of activity and the centralization of decision-making
authority.  Social settlement patterns, for example, persist in causing greater rates of
urbanization. Also, the creation of activity “hubs” continues even in the face of increased
communication and transportation options (Nilles, et al., 1976).! Moreover, certain types of
control is ~ arguably - becoming concentrated as multinational firms increase their influence to
more parts of the globe. The decentralization trend, therefore, may be more precisely
characterized as one of ‘selective’ decentralization, with counter-trends that allow a concentration
of control in selected regions or firms. The assumptions in this paper, however, are that - even
though there is a potential for greater centralized control - over the longer term this control in
itself becomes more diffused and decentralized within the decision-making structures. Numerous
examples of this are available with large companies having branch offices and production
facilities all over the globe; the most successful of these are the ones which have_decentralized
decision-making authority within the larger corporate umbrella (Reich, 1991).

Even with advanced communications, most available evidence suggests that massive concentrations of activity
will still continue to exist, as companies attempt to take advantage of locating at key urban hubs.
Communication technologies will continue to favour high volume point-to-point transmission between such hubs.
Hence, companies do find that there are strategic and economic advantages to locating near these centres: the
cities of New York, London, and Tokyo are examples of where this is occurring internationally. It is therefore
not likely that we shall see a complete exodus of workers from the city cores to the suburbs and the
country-sides. What is more likely is that there will be a partial decentralization, favouring those tasks that do
not require constant physical contact with the central work and production activities.
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From Prosperity to Sustainability — Changing Motivations

Underlying the decentralization of production and decision-making, the motivations behind
infrastructure design and focus have also been changing (Figure 1). Traditionally, when the
social focus was on the nation state, infrastructure’s role was to defend or expand the state.
Strategic, military, or colonial aspirations were the motivating forces behind many infrastructure
projects: from the Roman roads to the Alaska Highway.

While some of these motivations persist, the advent of the modern era (after the Industrial
- Revolution) changed the social focus and the economic importance of infrastructure. Social
changes stressed individual freedoms; economic changes stressed efficient production and
prosperity. At this stage, physical and information infrastructure became critical factors of
economic production: the challenge was to design and organize this infrastructure in a manner
that it could deliver goods, people, and services cost-effectively and reliably. Public
expenditures on physical infrastructure construction had the added role of job creation as a
counter-cyclical recession-fighting mechanism. Promotion of information infrastructure had a
social role of supporting freedom of expression and other rights consistent with the principles
of participatory democracy -

The post-industrial revolution era is bringing further changes to social, political and economic

motivations. Concentrating solely on economic prosperity is no longer an adequate motivation:
concerns for the global community, and for future generations, have added the new motivation
of sustainability. The general role of infrastructure is thus changing from one of a factor of
efficient production to one of a factor of sustainable production. The sustainability angle has
added important environmental and social dimensions. The job creation role of massive public
works has been brought into question if it undermines long-term economic prospects because of
increased debt loads and taxation levels. Environmental impacts of all infrastructure
developments are becoming an increasingly important concern. Fair access to both physical and
information infrastructure is regarded as necessary to ensure a socially and politically sustainable
society: it provides the freedom of movement and the freedom of expression that many feel are
prerequisites for the longevity of society’s structures.

While strategic defense and economic prosperity will continue to be part of the set of motivating
forces behind changes to physical and information infrastructure, greater preoccupation with
sustainability will shape much of infrastructure planning over the next century.

Purpose of the Paper

Through the evolution of the role of infrastructure, fundamental linkages between prosperity and
sustainability have become apparent. Each policy philosophy recognizes economic, social and
environmental needs of society. Yet the fear that environmental protection will impose costs on
the economic system and compromise competitiveness persists in some quarters and the threat
of an infrastructure repair bill in the order of $20 billion nationally raises concerns regarding
the allocation of scarce public investment funds between competing needs. Tensions between
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cost minimization and environmental protection or fair access issues do exist; however,
complementarities can be found.

The purpose of this paper is to explore the linkages between infrastructure, prosperity and
sustainability and to describe potential complementarities and tensions that planners will have
to face in making investments for sustainability.

Outline of the Paper

- This paper investigates key sustainability and prosperity issues in four separate areas:? physical
infrastructure (transportation infrastructure, energy infrastructure, environmental utilities) in Part
A and information infrastructure in Part B. Each part addresses general observations and
challenges that face decision-makers as they pursue both prosperity and sustainability. - Following
the investigation of each of the four infrastructure components, the paper investigates some of
the important linkages that exist among different types of infrastructure, in particular between
information infrastructure and other forms of physical infrastructure (Part C).

In discussing each of these components, the paper emphasizes the potential complementarities
and tensions among economi€, environmental, and social priorities. In the case of the physical
infrastructure components of transportation, energy and environmental utilities, the focus is on
the economic and environmental trade-offs because our physical infrastructure heritage is largely
the product of economic (prosperity) and health imperatives. Unlike information infrastructure,
which is frequently attributed with environmental improvements, physical infrastructure decisions
have traditionally omitted environmental considerations. Challenges to decision-makers,
therefore, lie in incorporating environmental imperatives more fully into the planning framework
for physical infrastructure.

In the case of information infrastructure, key sustainability concerns tend to focus on social
sustainability issues, environmental sustainability impacts within the sector, and environmental
sustainability complementarities and tensions acting through linkages with forms of physical
infrastructure. A key challenge for decision-makers is not to fall into a trap that regards
information infrastructure as a panacea. Although the historical environmental tensions within
the sector have not been widespread, social challenges presented by expansion of information
infrastructure are manifold. Further, there is significant potential for future environmental
tensions primarily because of rapid sector growth which encourages short product lives, the use
of rare raw material inputs, and falling costs that encourage high material throughputs. The
main policy challenge, however, will be to take advantage of beneficial linkages between
information and physical infrastructure and to minimize the instances where expansions in
information infrastructure lead to a proliferation of environmentally unsound physical
infrastructure. o

The terminology we use closely relates prosperity to economics and sustainability to environmental protection and social issues.
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Part D of the paper has two sections One section identifies a number of key themes for
sustainability that are common across all segments of infrastructure. These themes concentrate
on the role of pricing and appropriate signals for sustainability and economic prosperity, but
recognizes common themes related to decision-making and research and development. A
concluding section presents a number of opportunities and challenges to decision-makers.

Each of the segments of infrastructure covered in this paper deserves much more detailed
examination than can be presented here. Transportation planning, for example, raises a vast
array of complexities that can only be alluded to within the constraints of this paper. The
- purpose here is to set out ideas for joint planning for prosperity and sustainability and explore
how infrastructure may be designed differently to meet both sets of needs.
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The state of a country’s physical infrastructure is a critical ingredient in the economic, social
and environmental welfare of its citizens. Yet Canada’s infrastructure is aging. The Canadian

Federation of Municipalities estimates a bill of $20 billion to replace and repair the existing
- stock. Furthermore, physical infrastructure decisions have traditionally omitted environmental
considerations, generating pressures on the quality of air, water and other environmental
Tesources.

In this section of the paper, we explore physical infrastructure needs and emphasize the
complementarities and tensions between environmental and economic priorities. We first look
at transportation infrastructure, followed by energy infrastructure and environmental utilities.
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When the term "infrastructure” is used, many people immediately think of how we move from
one location to another -- they think of transportation routes, railways, airports, and shipping.
Indeed, transportation infrastructure has played a critical role in the political, social and
economic development of Canada, from the construction of the canal network on the St.
Lawrence River, to the completion of the transcontinental railway, to the existing network of
- international and regional airports.

Canada’s Existing Transportation Infrastructure

Canada’s transportation infrastructure is dominated by roads and highways. The road
infrastructure includes over 825,000 km and more than 48,000 bridges. Most of the road system
(64 %) falls under municipal jurisdiction, but the main road linkages between major centres fall
under the jurisdiction of the provincial (34 %) or federal (2%) governments.

Marine transportation is the single most important mode of transport in terms of total freight
tonnage carried, largely because it is one of the main modes for moving bulk commodities such
as forest products, grains and ores. The Great Lakes shipping system is important, but about
97% of all international container traffic is handled through Montreal/Contrecoeur, Halifax or
Vancouver.

Rail transport is also mainly devoted to shipments of bulk commodities. The rail infrastructure
in Canada consists of about 91,500 km of track and almost 4000 locomotives, 77% of which are
devoted to freight service. Yet, the role of rail transport has diminished over time, with
abandonment of 2100 km of track between 1987 and 1989.

By contrast, air transportation is a growing sector with a 6.5% increase in total tonne-km in
1989 over the previous year. Canada’s air infrastructure supports the movement of almost
38,000 passengers and 658 million tonnes of cargo annually. The number of aircraft movements
at about 60 Transport Canada airports totalled close to 6 million in 1989. The five busiest
airports were Pearson International (350,000 movements), Vancouver International (325,000),
Montreal International (225,000) Calgary International (210,000) and Victoria International
(200,000) (TAC, 1991b).

The Economic Role of Transportation Infrastructure

The economic role of transportation infrastructure is conceptually simple. Productivity, a key
element in economic growth, is closely linked with the rate of capital investment; public
infrastructure, including transportation infrastructure, is part of the capital stock. Transportation
infrastructure, therefore, is a vital factor of production, and its availability and quality will affect
costs of production. More specifically, investments in transportation infrastructure can reduce
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resource costs to users in the form of improved accessibility, reductions in travel time, lower
operating costs, and reduced accident costs.

It has recently been suggested that these "user benefits" do not fully capture the benefits of
transportation infrastructure. The Transportation Research Board of the U.S. National Research
Council is currently exploring productivity' impacts associated with -infrastructure-related
structural change in industry. These impacts include reorganization of corporate logistics and
distribution networks based on the capabilities of the transportation system. Reorganization can
include the adoption of "just-in-time" inventory management, elimination of distribution centres,
- and clustering fewer depots around key points in a transportation network (Transportation
Research Board, 1991).3

Prosperity Issues

Some of the prosperity issues currently facing transportation infrastructure are:
appropriateness of transportation infrastructure mix;

maintenance of the roadway infrastructure;

highway financing; and
congestion.

Infrastructure Mix: The appropriateness of the infrastructure mix involves both mode of
transport and accessibility. As the Canadian economy adapts to shifting trade links in more
knowledge-intensive industries and services, the relative importance of different transportation
corridors (e.g., east-west vs. north-south) and modes (e.g., passenger vs. goods) may also shift.

Increasing concerns for the demand on and system capacity for inter-city passenger
transportation, for example, has led to the Royal Commission on National Passenger
Transportation. The Commission, which submitted its interim report in April, 1991, has
identified a number of key economic, social and demographic issues, including tradeoffs between
road and rail (including the prospect of high-speed rail) and improvements and challenges of
intermodal integration. Intermodal integration has also been raised as a key element in’future
freight transportation systems. -
Maintenance of the Roadway Infrastructure: - The Road and Transportation- Association of
Canada paints a gloomy picture of the future of Canada’s road infrastructure. Having estimated
that “current spending levels are almost $2 billion annually under what they need to be just to
maintain existing service and surface condition levels at what they were in 1978 -- without
allowing for further growth" (RTAC, 1990), the report goes on to suggest that this spending
shortfall will result in reduced service levels, increased vehicle costs, increased maintenance

3 The linkages between economic growth and infrastructure investment financed through tax revenues are not

without controversy; some economic studies suggest that government spending has a negative impact on growth
(Jorgenson, no date).
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costs and compromised road safety, and will ultimately compromise industrial development and
Canada’s competitiveness with U.S. producers.

Maintenance of the existing roadway infrastructure is at the root of a second major national
transportation policy initiative: the National Highway Policy for Canada. The policy is being
developed under the auspices of the Council of Ministers Responsible for Transportation and
Highway Safety. The project’s Phase I Report summarizes the context for a National Highways
Policy as follows:

In the past several years, growing recognition of the importance of highway transportation to the
Canadian economy has been linked with serious concerns for the preservation of the Canadian highway
infrastructure. Economic development in the traditional centres of Canadian manufacturing as well
as the resurgence of the peripheral resource-based economy have begun to move highway
transportation problems to a national level (Council for Ministers Responsible for Transportation and
Highway Safety, 1988).

Two surveys undertaken for the policy initiative quantified deficiencies in the national highways
system.* These deficiencies were:

33% of the system is below minimum geometric design standards;
18% of the system has serviceability deficiencies (i.e., could not support a 90 km/h
operating speed under normal conditions or are below the appropriate local standard);
and

®* 26% of the system falls below the minimum standard for pavement strength and
quality.

Combining serviceability and pavement deficiencies, the surveys concluded that about 38% of
the National Highway System is below at least one minimum standard. In addition, deficiencies
(including load restrictions, vertical clearance deficiencies and requirements for major
strengthening or repair) affect about one third of the total number of bridges in the system.

The economic benefits of these improvements include reduced accident costs, vehicle operating
savings and travel time savings. The National Highway Policy Study Steering. Committee Report
-- Phase 2 reported an estimate of user benefits in the range of $17 billion over 25 years. This
figure excludes implications of cost savings for “[enhancing] the competitiveness of Canadian
industries", the benefits associated with "better market integration” with the United States and
increased tourist traffic (National Highways Policy Steering Committee, 1989). At a 5%

4 One of the first tasks of the Steering Committee for the National Highway Policy was to identify a national

highway system. Based on a number of criteria, they identified a national system of 24,459 highway kilometres
in length with 3,534 bridges. The system represents approximately 16% of the freeway, arterial and collector
highway infrastructure under direct provincial or federal jurisdiction, and about 3% of total road length in
Canada (when local and municipal roads are considered). The routes that were includéd in the national highway
System are those that form a primary interprovincial or international link or directly link major
population/commercial centres in a province or territory.

Role of Infrastructure | Page 11



discount rate, the value of quantifiable benefits exceeds costs, although benefits fall just short
of costs assuming a 10% discount rate.

Highway Financing: Highway financing is one of the most controversial and complex issues
currently facing transportation managers. An urgency in the debate is fuelled by a need to find
funds for maintenance investments against the priority accorded to deficit reduction at all levels
of government. Questions brought forward by the railroad industry regarding the efficiency and
equity of current financing methods (e.g., are truckers paying their way?) have also contributed
to the discussion.

There is a fair degree of consensus in the literature about the economic principles upon which
highway financing should be based: namely that user charges should be based on the marginal
cost of the services provided; and that charges should not favour one mode or class of highway
user over others (i.e., the concept of competitive neutrality). The complexities arise in
application of the economic principles and, specifically, problems related to the definition of
costs, the allocation of cost components to users, and equity considerations associated with the
design of user charges (Bisson, 1989). Reconciliation of some of these issues will be further
complicated by the potential influence of interest groups.

Conge&tion: As noted in both the Royal Commission on National Passenger Transportation and
the work undertaken for the National Highway Policy for Canada, congestion, especially in the
urban areas, is fast becoming a major concern.

Costs of congestion include direct costs of travel (time and reliability) as well as indirect costs.
For example, Ulberg (1991) shows that implicit parking subsidies in the United States could
exceed $30 billion per year; a portion of those costs are borne by businesses in the form of
employer-subsidized parking.® By compromising reliability, congestion can also affect the
viability of efficient inventory management systems, such as “just-in-time".

The prosperity planner’s prescripts for transportation, then, include:

e direct capital projects to- modes and corridors that reflect emerging patterns of
economic growth; -

¢ protect the productivity and viability of the existing roadway infrastructure through
adequate maintenance;
develop fair and efficient methods of highway financing; and
develop approaches to minimize urban traffic congestion.

3 Jtis estimated that approximately 50% of parking in downtown Vancouver is employer-subsidized.
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Environmental Issues

Most of the environmental urgency in the transportation sector focuses on road transportation.
This urgency has been driven by the fact that vehicles are the largest source of key air pollutants
(compared to air transport, rail, marine) and present problems related to surface and
groundwater quality, waste management and noise.

The environmental concerns are particularly acute in urban areas because of the concentration
of vehicular activity. At the rural or regional level, land use concerns and wildlife impacts also
- come into play. Regionally and locally, carbon dioxide emissions and depletion of non-
renewable resources as transportation fuel are also of concern from the perspective of
sustainability, as are road maintenance practices such as de-icing and asphalt spreading.

Considerable effort has been devoted to examining management options for transportation, and
specifically, road transportation. These options fall into five categories:

traffic demand management;
vehicle energy emission;
trip reduction;
interfuel substitution; and
intermodal shifts.

Examples of measures that fall into each of these categories are presented in Figure 2.5 These
measures have direct implications for infrastructure. For example, a number of traffic demand
management measures will involve introduction of new technologies for road management
systems; and land use planning and intermodal shifts have obvious implications for physical
transportation infrastructure.

From the perspective of environmental sustainability, the basic planning precepts may be roughly
compartmentalized as:

® restricting -or conserving transportation services, including redefining what needs to
be moved; -
adapting the infrastructure for alternative modes of transportation; and
enhancing the efficiency of transportation where “reducing" is not feasible (e.g., all
measures to increase energy efficiency).

A number of these measures, particularly in the areas of interfuel substitution and traffic demand management,
are evolving. For example, a number of technological barriers face the widespread introduction of electric
vehicles, and interactive vehicle/highway systems (IVHS) are in their infancy. Othér measures will demand
significant behavioral changes and, on another level, the policy choices for implementing measures (e.g.,
regulation versus economic instruments) will have important impacts.
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FIGURE 2: EXAMPLES OF TRANSPORTATION MANAGEMENT MEASURES

Traffic Demand Management Route and traffic planning
Driver training
High occupancy lanes
IVHS
Computerized traffic control systems
Freeway traffic management systems
Pricing mechanisms

Vehicle Energy Efficiency Fuel efficiency
Vehicle maintenance
Vehicle retrofits

Trip Reduction ' Land use planning
Consolidated work week
Staggered working hours
Ridesharing
Parking policy
Telecommuting
Pricing mechanisms

Intermodal Shifts ' Road to rail
Public transit
Bicycling

Interfuel Substitution

Complementarities and Tensions

The relationship between economic prosperity and environmental sustainability is complex. The
critical role of transportation in economic growth and the array of environmental issues raised
by the transportation sector are further complicated by the range of transportation choices and
local factors and influences. However, certain elements of complementarity and tension can be
identified.

At the urban level, congestion is a problem from both economic and environmental perspectives,
and opportunities to develop a package of measures to deal with the joint problem exist.
Demand management, trip reduction measures, and intermodal substitution can help to reduce
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vehicle emissions while easing land pressure and some of the time and reliability costs that
impinge on economic productivity.

Transportation infrastructure cannot be considered in isolation from urban or land use planning
or city structures. Alternative structures have been proposed to reduce urban transportation
needs (and infrastructure), with the most common emphasis on high density planning either in
a central core or nodal configuration, and self-contained communities that require people to
move shorter distances and that open up possibilities for alternative transportation modes.

- A recent study for the Greater Toronto Coordinating Committee examined three main urban
structure concepts for the Greater Toronto Area. The three concepts were:

e Spread concept that represented the status quo for the area: that is, growth in the
suburban regions at relatively low density and continued concentration of office
development downtown; )

¢ Central concept with intensification within the central core and reduced growth
outside existing urban boundaries; and

¢ Nodal concept in which residential and commercial growth is concentrated in and
around existing communities, with little spread outside those communities.

Among the criteria for comparing the three concepts were infrastructure costs, transportation
requirements and economic impetus. The report concluded that the spread concept is least
compatible with sustainable development "as it would consume the greatest amount of rural land
and related agricultural productivity and natural resources, would use the most energy and
produce the most air pollution” (IBI Group, 1990).

The study also indicated that transportation operating costs would be higher in the spread concept
but did not find significant differences in terms of infrastructure capital costs. Although the
study did not compare broad corporate operating costs, location decisions and transportation
requirements, the initial cost estimates do not rule out opportunities for urban planning to
simultaneously attend to environmental and economic needs. _
Management of urban traffic congestion is a world-wide issue and new technologies to deal with
the problem offer Canadian innovators opportunities to develop external markets. As noted by
the Ontario Round Table on Environment and Economy (1991b), Canada can build on an
existing reputation in the area of alternative fuels and the development of technology for
accessible transit, light rapid transit, alternatively fuelled transit vehicles, infra-red emission
scanning equipment and fleet management control systems. This complementarity in the field
of transportation technology, mirrors a general complementarity that exists between prosperity
and sustainability: developing environmentally friendly products and technologies for a world
wide-market.
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Complementarities also exist at the intercity or regional level. One of the key issues for both
sustainability and prosperity is energy efficiency. From the prosperity perspective, of course,
energy efficiency contributes to lower costs. The link with environmental protection is similarly
obvious: using less energy generates less waste. One joint planning priority, then, would be to
maintain key intercity corridors at peak efficiency and to augment that infrastructure with
ancillary services that promote energy efficiency (e.g., vehicle inspection, driver training).

One tension between environmental sustainability and economic prosperity is the relative role
of road transportation. The dominance of road transportation in Canada is driven by cost,
- geography, density considerations and government policies. From an environmental perspective,
however, alternative modes may be more sustainable than the motor vehicle. With respect to
the choice of freight modes, intermodality -- the combination of rail for long distance movement
of bulk goods and road for short distance of the same goods -- may be the most suitable option
(Ontario Round Table on Environment and Economy, 1991b). As suggested above, research
into methods of highway financing may shed light on the role of prices in modal choice. If
research indicates that road charges fall short of marginal costs, then a realignment of prices
based on economic principles may shift demand to other modes from which a more
environmentally benign transportation infrastructure may emerge. :

If the current dependence on road transportation has emerged from economic considerations, it
is possible that any shift to an inter-modal transportation network may impose additional costs
for some transportation users, with possible implications for competitiveness. A more aggressive
move to new environmentally-friendly transportation modes (e.g., electric rail) could have
similar effects. However, impacts of either policy are likely to differ significantly across
applications, some of which may in fact generate benefits to some users.

Summary

Transportation services, as supported by transportation infrastructure, are critical to economic
growth and prosperity. Transportation services allow the exchange of goods, and people,
facilitate trade, and reduce the costs of production. Transportation is also key to some pressing
environmental concerns. - But environmental sustainability and-economic prosperity have at least
two areas of common and potentially complementary concerns: urban traffic congestion and
energy efficiency.

In the area of modal choice, the complementarities are less clear. Developments in intermodal
scheduling and logistics and highway financing may offer opportunities for economic benefits
from integration, but the extent to which these economic benefits outweigh accessibility issues
and costs of moving away from the existing system is less clear.
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Energy is an integral part of modern life and a critical component of Canadian infrastructure.
Our endowment of considerable sources of energy has helped shape the economic profile of the
country; along with Canada’s climate and geography, the availability of energy has made Canada
one of the most energy-intensive countries in the world.

- However, there is considerable and growing awareness of the negative environmental
implications of energy, extending from production through transportation and distribution to final
use. These impacts affect land, air and water resources, with consequences for the health and
well-being of Canada’s.citizenry and the productivity of our natural resources. In addition, there
are concerns about dependence on non-renewable forms of energy, especially the use of oil in
the transportation sector.

Directions for Sustainability

Both the Ontario and the B.C. Round Tables on Environment and Economy have produced -
sector papers on energy. While the two documents do not completely overlap, they do present
similar themes for sustainability. These are discussed below. '

Energy Efficiency: Energy efficiency falls under the general rubric of "doing more for less".
As noted by the B.C. Round Table, "conserving energy and using energy more efficiently ...
are the cornerstones of any sustainable energy strategy ... Energy efficiency is recognized
around the world as one of the most effective and affordable means of controlling the
environmental impacts of energy supply and use" (B.C. Round Table on Environment and
Economy, 1992a).

For example, measures to manage global climate change (specifically, carbon dioxide emissions)
focus on energy conservation and energy efficiency improvements in the industrial, residential
and commercial sectors (ARA Consulting, 1992; U.S. EPA, 1990). With new energy
technology, energy savings in specific uses ranging from 20% to 50% are ngt unheard of
(Buderi, 1991).

Energy Technology: Both the Ontario and B.C. Round Tables pay particular attention to the role
of energy technology in a strategy for sustainability. Energy technologies address alternative
sources of energy (e.g., biomass energy, fuel cells, hydrogen, ocean energy, solar power) as
well as demand management and environmental control technology. It is generally held that
technology could provide important answers to environmental sustainability.

The more pressing questions relate to the management of research and development and the
balance of R&D between traditional and non-traditional (and more environmentally benign)
sources of energy. The Ontario Round Table recommends more "balanced incentives" for new
technology development and application, in particular for low carbon and renewable energy
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technology, including pursuit of longer term opportunities such as fission. These incentives
would include improvements to or refinement of approval processes for smaller scale energy
developments, pricing adjustments (discussed below), consumer education regarding technology
and energy efficient products and services, and a reassessment of the distribution of public funds
for energy research and development (Ontario Round Table on Environment and Economy,
1991a).

For example, the federal government’s main energy R&D program -- the Panel on Energy
Research and Development (PERD) -- devoted 50% of program funds to oil and gas over the
" five year period 1985/86 to 1989/90 and an additional 15% to coal. The remaining 35% was
devoted to renewables (19%), electricity (6%) and fusion (10%). By another breakdown, 60%
of program funds were allocated to R&D related to production compared with 20% for energy
efficiency, 12% for energy usage and 8% for transportation research (ARA Consulting, 1991).
The federal government also supports nuclear energy research through the Atomic Energy of
Canada Itd. (AECL) which biases total research spending in favour of energy production even
more. Public R&D funding programs are designed to meet a multitude of objectives and policy
priorities; however, the PERD and AECL examples suggest that existing R&D programs may

not fully incorporate the needs for sustainability or the potential complementarities between

sustainability and prosperity.

Decision-Making: A number of issues were raised by the Round Table with respect to decision-
making in the energy arena. Perhaps first and foremost is a call for greater public involvement
at all stages of energy-decision making: setting public policy goals, developing plans, assessing
project proposals and reviewing project implementation. Part and parcel of more extensive
public involvement are:

® ensuring that mechanisms to facilitate multi-stakeholder input are well established;
improving public information and education; and
* ensuring adequate financial support for broad participation by public interest groups.

Both Round Tables also call for a greater emphasis on comprehensive long range energy
planning so that the complete-energy infrastructure -- all energy types and all producers -- can
be considered collectively in meeting the demand for energy services. It was alsonoted that this
process would facilitate coordinated planning with other jurisdictions, so that international
environmental issues (such as acid rain and global warming) could be addressed efficiently and
effectively.

Finally, the Ontario Round Table (1991a) recommends that the provincial government "facilitate
further deregulation and competition in the Ontario energy sector, rather than move to
centralized planning and control". The perceived benefits of such decentralization would be to
allow industry "a greater choice of supply sources including self-generation, private power and
purchases from other utilities". In such a case, public power utilities would be responsible for
operation of the power grid (transmission and distribution) only, analogous to the government’s
responsibility in other segments of public infrastructure such as the highway grid.
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One of the key outcomes of the decentralization proposal would be increased competition
amongst power generators and a move to competitive-based pricing. The primary advantage of
this shift from a sustainability perspective relates to the allocation and use of resources. A move
to competitive (market-based) pricing would represent a shift away from average cost pricing
and cross-subsidization of different electricity sources, practices that have historically
characterized public power utility policies. Because competitive-based pricing would take into
account the cost of future sources of power, it would likely increase the price of electricity, at
least for some fuel types. Increased prices would lead to conservation and reduced demand for
new electricity projects.and infrastructure. Competitive-based pricing could also result in a shift
~ among fuel types and potential efficiency improvements on the supply side; the profit motive
would impart considerable discipline on improving the efficiency with which energy is converted
to electricity, with environmental benefits along the full path from energy productlon to final end
use (N. Rubin, Energy Probe, pers. comm.).

A complementary component of decentralization is full cost accounting: inclusion of all
environmental and social costs so that market-based price signals correctly reflect both the
economic and environmental status of each energy source. Extending the full cost accounting
concept to all energy forms (in addition to electricity) would shift relative prices-of various
energy forms and, consequently, gradually redefine the country’s energy infrastructure.

Foundations for Prosperity

As noted above, the Canadian economy is energy-intensive. Figure 3 provides data on the
energy intensity of a variety of industry groups. The exhibit also shows the share of Canadian
exports by each industry group. As indicated, for approximately 30% of total Canadian exports
fuel and electricity costs account for more than 5% of the value of shipments. A strong, reliable
and efficient energy infrastructure, therefore, is critical to a large segment of the Canadian
economy and any changes to that infrastructure are likely to be widely felt.

The energy-producing sector also plays a role in prosperity. Exports of refined petroleum and
coal products account for about 10% of total Canadian exports (see Figure 3), which represents
an increase from 6% in.1970. Major energy exports are crude oil and natural gas, primarily
to the United States. Total energy exports amounted to $12.1 billion in 1986._ The energy-
producing sector accounts for about 2.7% of total employment in Canada, 6. 1% of GDP and
over 14% of investment spending (Energy Mines and Resources Canada, 1987).

Complementarities and Tensions

Prosperity and sustainability create a number of possible complementarities in energy policy
development, as well as some fairly profound tensions. On the positive side, a world-wide focus
on clean energy technologies affords an opportunity for the Canadian energy sector to develop
new products and services to satisfy this growing demand.

Role of Infrastructure Page 19



FIGURE 3: ENERGY INTENSITY IN CANADIAN EXPORT INDUSTRIES

Food, Beverage & Tobacco Industries

Rubber, Plastic & Leather &
Allied Products Industries

Textile & Clothing Industries

Wood, Furniture & Fixture Industries
Paper & Allied Products Industries®
Refined Petroleum & Coal Products
Primary Metal Industry

Non-Metallic Mineral Products

Machinery & Electrical &
Electronics Products Industries

Transportation Equipment Industries

Chemical and Chemical Products Industries

Notes:

a 1984,

b Average 1988 - 1991.

c Excludes corrugated box industry.
d
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Underestimates energy intensity because excludes use of self-generated fuel and electricity.
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Sources: Statistics Canada, Exports by Country, (January-December, 1989, 1991)

Statistics Canada, Manufacturing Industries of Canada: National and Provincial Areas, Catalogue 31-203.
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Canada’s energy resources also include substantial resources of hydro-electric power and natural
gas, two of the "cleaner" traditional energy sources. As environmental concerns world-wide
(and particularly in the United States) increasingly affect investment decisions, the demand for
these clean energy sources will rise. Although an economic opportunity, energy export policy
will have to deal with geographic tradeoffs for environmental impacts (e.g., reductions in global
carbon dioxide emissions compared to increased local wildlife and land disruptions associated
with hydro developments) and social and political issues associated with exporting energy.

As noted above, one of the main policy options for carbon dioxide management is energy
- conservation. Many of the energy efficiency and energy conservation measures are expected to
generate cost savings and, in this way, should contribute to economic competitiveness and
prosperity as well as environmental enhancement. A similar argument could be made for
potential efficiency improvements in the electric utility sector. :

The fundamental tension between principles for sustainability and prosperity revolve around
energy pricing. From a sustainability perspective, marginal cost pricing and general price
increases can be justified on the grounds of conservation of resources and dampening of energy
demand. From a prosperity perspective, any price increases could hamper competitiveness,
especially given the energy-intensity of many of Canada’s major export industries.

Sustainability also calls for an adjustment in relative prices of different energy sources to fully
account for environmental and social costs. Irrespective of the change in average energy prices,
a change in relative prices would result in fuel switching, with associated adjustment costs
throughout the economy and distributional consequences in the energy-producing sector.
Introduction of a carbon tax to reduce carbon dioxide emissions (the major greenhouse gas)
illustrates these tensions. Results from a general equilibrium environment-economy model
simulation showed that a carbon tax was the most cost-effective instrument to achieve carbon
dioxide emission reductions; that is, a directly targeted tax on the carbon content of fuels
resulted in a smaller decline in real income than did performance standards or an indirectly
targeted tax on fossil fuels (Environment Canada, 1992).

On the other hand, the model simulation also indicated that the tax would result in a decline in
real income by approximately 0.25%. A carbon tax could also significantly affect Canada’s
trade balance. Taxing carbon fuels that are used in the production of goods and services, as
indicated above, is likely to increase the costs of those products; this would provide a cost
advantage for imports unless an equivalent carbon tax is levied on all imports. A carbon tax
would also add to the cost of exported goods, placing Canadian raw materials and manufactured
goods at a disadvantage in international markets (Environment Canada, 1992).

Finally, a carbon tax could have important regional consequences. Coal, which has the highest
carbon content of traditional fuels and, therefore, would suffer a heavier tax burden, is almost
exclusively (80%) produced in Alberta and British Columbia. Reduced demand for coal through
price effects could have economic prosperity implications for these provinces and, more
specifically, for single industry towns supported by coal mining. In the electricity-generating
sector, Saskatchewan and Alberta are virtually dependent on fossil fuel, as are the Atlantic
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provinces. A carbon tax would place a regional disadvantage on these provinces, compared to
Quebec, Ontario, Manitoba and British Columbia who enjoy varied sources of electric power,
including hydro and nuclear.

Summary
Canada’s energy infrastructure plays a fundamental role in both environmental sustainability and

economic prosperity. Areas of mutually reinforcing action include energy conservation
measures, development of clean energy technologies, and increased exports of "clean" energy

-~ sources.

However, a basic tension between environmental sustainability and economic prosperity cannot
be overlooked; because of the important role of the energy-producing sector and energy-intensive
export industries in the Canadian economy, increases in the absolute price of energy or shifts
in the relative prices of different energy sources to reflect environmental impacts could have
negative economic and regional development implications.
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Infrastructure has traditionally encompassed the provision of drinking water, education and
health facilities, waste management (sewage, liquid and solid waste), transportation,
communications and public administration (including defence and policing). These "utilities"
have developed in support of economic activity and social concerns. Recognition of
environmental imperatives is leading us to reassess of our activities, products and serviced; no
~ less so, our definition of infrastructure.

Needs for Sustainability

Environmental imperatives are shifting the composition of what we include in "infrastructure".
Although the basic categories listed above have not changed, sustainability requires a substantive
change in the content of these categories. Specific changes include (but are not be limited to):

* expanded water treatment facilities to deal with both the nature of water
contamination problems and the environmental byproducts of the water treatment -
process;

s expanded sewage treatment facilities (secondary, post-secondary, tertiary treatment)
and upgrades to meet tougher effluent and emission standards;

e expanded sewage treatment facilities to areas where they do not currently exist;

* waste management systems to manage special wastes, recyclable materials, and more
stringent environmental standards for waste disposal sites and processes; and

¢ introduction and maintenance of environmental monitoring systems and policy
development/implementation at municipal, regional, provincial and national levels.

Although incremental to the massive infrastructure already in place, these new requirements are
not insignificant. For example, approximately $1 billion or 72% of capital expenditures
projected by the Greater Vancouver Regional District for the 1991-1997 period, are allocated
to improved environmental projects (GVRD, 1991). The bulk of the expenditures lie in
implementation of secondary sewage treatment facilities (see Figure 4). Environmental
initiatives will also raise operating costs by approximately 50%, or an additional $50 million per
year.

Other municipalities and regional districts face similar environmental initiatives. For example,
the National Capital Region approximately doubled residential water bills to finance post-
secondary and tertiary sewage treatment facilities. The Green Plan, produced by.Environment
Canada in 1990, specifically referenced a significant acceleration of the provision of water and
sewer systems to Indian reserves.
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FIGURE 4: GREATER VANCOUVER REGIONAL DISTRICT LONG RANGE INVESTMENT AND
OPERATIONS PLAN

Capital .
Expenditures Operating Costs
1991-1997 (annual, on completion)
Sewerage and Drainage
¢ Legislated programs 644.6 18.3
® Maintenance and replacement 110.2 23.4
e  Growth 46.4 0.6
* Board policies 225.0 59
Sub-Total 1,026.2 48.1
Solid Waste
® Legislated programs 3.7
* Board policies 12.6
® Maintenance 102.0
Sub-Total - 118.3 37.7
Drinking Water
¢ Committed new projects 35.8 0.1
¢ Legislated/mandated projects 27.5 0.1
® Maintenance and growth 122.1 12.8
®  Enhanced reliability 26.8 -
®  Board policies 99.0 6.4
Sub-Total 311.2 19.3
Air Quality n.a. ] 3.1 (1991)
Total Sewage and Drainage,
Solid Waste, Drinking Water,
Air Quality 1,455.7 108.2
Environment-Related (estimated) 72% §0%
Notes:
Legislated programs: Required by the Province of B.C. to conform to the Waste Management Act, Ministry goals

Maintenance and replacement:

Growth:
Board policies:

Committed Projects:

for waste reduction and recycling and dam safety requirements.
To maintain current levels of service and replacement of facilities that are reaching the end of
their economic life.

To provide basic systems to meet the needs of population and economic growth.

To (i) upgrade the quality of sewerage and drainage discharge to improve environmental
conditions in local receiving waters, (ii) meet the Regional District’s Solid Waste Management
Plan that provides for expanded recycling, an energy-from-wasteplant and integrated recycling-
transfer stations, and (iii) improve quality of water according to the District’s Water Quality
Improvement Program.

Projects that have already received Board approval to proceed.

Source: Greater Vancouver Regional District (1991).
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Not included in the GVRD estimates or the Green Plan are what may constitute much more
profound infrastructure needs: remodelling our infrastructure heritage to adapt to global
environmental threats such as depletion of the ozone layer or global warming. In the case of sea
level rises caused by climate change, for example, flood control infrastructure may require major
modifications to handle significantly different flood and streamflow patterns. The threat of sun
exposure under a compromised ozone layer may necessitate a shift to indoor -- or at least
protected -- activities, with consequences for building/city/community facility designs. Costs
of such changes have not been estimated, but could be significant.

- Prosperity Linkages

The linkages between new “"environmental" infrastructure requirements and prosperity are
complex, encompassing complementarities, tensions and relationships of unknown character.
The basic complementarity is likely to arise from benefits generated by the provision of these
new infrastructure components. These benefits encompass (but are not limited to):

* improved health and productivity of the labour force;

* improved quality of inputs for production (e.g., water quality in food processing);
and ; :

* enhanced natural resource productivity (e.g., mitigation or avoidance of ozone
impacts on agricultural production). '

These positive feedbacks from environmental protection to productive efficiency underlie the
basic concept of sustainability. However, the magnitude of the benefits are unknown and their
distribution (relative to costs) are even less certain.

On a more concrete level, expanded "environmental utilities" could reduce the direct private cost
of compliance with environmental regulations through economies of scale and distribution of
costs across a broad set of beneficiaries. For example, technology, economies of scale and
management structures may indicate that hazardous waste facilities should be developed and
operated as a public facility, with cost savings feeding back to facility users.

Opportunities for the environmental protection industry to develop water, sewer, waste and
monitoring infrastructure products and services for both the domestic and export markets, as
noted above, could also be significant. For example, members of the environmental protection
industry in Ontario average annual rates of growth of 17%, with current sales in excess of $2
billion; sales by B.C. companies exceed $100 million (ISTC, 1990). The United States
represents a huge market for environmental utilities, with recycling markets expected to grow
at 13% per year through to 1994, total public spending on solid waste disposal estimated at $7
billion per year (compared with the Canadian analog of $600 million), and municipal wastewater
treatment and potable water treatment capital expenditures totalling $2.8 billion in 1995 and $4
billion annually, respectively (ISTC, 1990).

A basic tension between prosperity and sustainability rests on a fear that new demands will
increase costs and that the magnitude and distribution of those costs (or associated tax burdens)
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will affect competitiveness. Financing infrastructure investments and operations is, indeed, a
major issue for municipalities and regional districts. A limited tax base coupled with pessimistic
prospects of increased contributions from other levels of government narrow the sources of
funding available for these investments.

There is, in fact, an emerging perception that prices charged for municipal infrastructure such
as water and sewage/wastewater infrastructure are too low and that they do not fully cover the
costs of new or replacement facilities, nor do they encourage the efficient use of the
infrastructure or associated resource. Considerable work has been done in the area of water
- pricing, some of which has addressed water management from the perspective of sustainable
development (i.e., it covers with both quantity (resource use) and quality (environmental
protection) issues).

Three themes dominate this work. First, it is argued that the "user pay" principle should be
applied to municipal infrastructure. The “user pay" principle dictates that the cost of
infrastructure be borne through direct fees on users instead of indirect revenue generation
‘mechanisms such as property taxes (which embody only a weak relationship between property
values and water and sewer use) 7

The second major theme in the literature addresses the structure of user fees, arguing that prices
should be set at the long term marginal cost that, in the case of water, includes:

the marginal opportunity cost of water;

the marginal capital cost of infrastructure capacity; and

the marginal cost of operating and maintaining the infrastructure (Pearse and Tate,
1990).

Prices that are set at less than marginal cost do not reflect the true resource costs of providing
water services and encourage inefficient use of the resource and the infrastructure. Consistent
with the marginal cost concept, prices should differ across water systems when any of the three
elements above vary, and across time to reflect peak demand factors.

Furthermore, flat rate structures should be replaced by consumption-based pricing systems (e.g.,
meter use and volumetric charges). In contrast to consumption-based structures, flat rate fees
effectively provide an unlimited supply of water for a given cost, thereby providing no incentive
for resource conservation. A similar criticism holds for volume-based rates that either have a
large first block (that effectively transforms the volume-based rate into a flat rate in the range
of normal water usage) or volume-based rates with declining block rates (in which the per unit
price of water falls as consumption increases). Flat rates or declining block rates are currently
the dominant form of rate schedule for municipal, rural residential, and agricultural water

Some argue that not all water and sewer costs need be covered by users because "the universal availability of
convenient water supply, and the treatment of sewage, makes it possible for people to live a high-quality life
in efficient urban agglomerations, which would not be possible without those services" (Apogee Research
International Ltd., 1991). Such a "beneficiary pays" approach justifies some financing from a general tax base.
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pricing. In addition, water taxes for both industry and agriculture are applied on a declining rate
basis (e.g., British Columbia).

The third major theme in the literature is the incorporation of environmental costs in the pricing

of infrastructure or infrastructure-related resource use. Although less well developed than the

"user pay" concept discussed in the preceding paragraphs, it has been suggested that taxes could

provide a vehicle by which sustainable levels of resource use (for example, water) that take into

account local sensitivities of the environment could be incorporated into infrastructure costing
(McNEeill, 1991).

The requirement to finance new environment-related utilities and the adoption of pricing
principles described above will affect the cost structure and operating decisions of economic
players, as they are intended to do. However, it is difficult to determine a priori the overall
impact on costs of production or the distribution of those impacts. Consequently, the nature and
seriousness of the potential tension between prosperity and sustainability in the provision of new
environmental utilities remains an open question.

The demands for environmental infrastructure have also raised questions regarding the

compatibility of municipal responsibilities and the structure of the municipal tax base. This

compatibility is being increasingly tested as municipalities are forced to respond to environmental
policies (such as waste management prescriptions) developed by provincial and federal
governments. In short, infrastructure investments that meet the needs of sustainability may
require a revision of the allocation of tax revenues and planning processes to take into
consideration capabilities and other issues of municipalities.

In evaluating this reallocation, experience in other countries may be instructive. In Sweden, for
example, municipalities are responsible (required by national law) to develop comprehensive
plans that take into account land base, physical infrastructure and social factors. These plans
now also incorporate environmental considerations. Specifically, Swedish municipalities have
the legislative power to introduce environmental standards based on local priorities and
preferences. This power is supported by direct taxation mechanisms that broaden the municipal
tax base beyond the property tax structure that typifies most Canadian municipalities (A. Kaarik,
consultant pers. comm). ’
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Physical infrastructure has long been recognized as a critical factor in economic development
and prosperity. The preceding review suggests that Canada enjoys an extensive stock of
transportation, energy and municipal infrastructure. However, the outlook for prosperity raises
" concerns related to the maintenance and upgrade of that stock. These concerns are most
pronounced in the road transportation sector and at the municipal level.

Motivated by the concept of sustainability, additional demands will be placed on the physical
infrastructure as its focus shifts from the efficient delivery of goods and people to efficiency plus
fair access and minimal environmental impact. Combining environmental, social and economic
factors generates a fairly complex set of principles for infrastructure planners. Those
complexities embody both complementarities and tensions.

Opportunities for Joint Planning

Complementarities between prosperity and sustainability requirements present opportunities for
joint planning. Some of the possible complementarities are:

Management of urban traffic congestion;
Implementation of energy efficiency measures in the residential, commercial,
industrial sectors as well as infrastructure design and maintenance in the
transportation sector;

* Development of "green" technologies in transportation, energy, and environmental
monitoring and control for export to world-wide markets; and

® Decentralization of some decision-making and price setting to ensure cost-based
pricing and incorporation of local demand patterns and environmental sensitivities.

Challenges to Joint Planning -
However, the requirements of environmental sustainability and economic prosperity are not fully
consistent. Policy-makers should recognize and attempt to resolve these tensions so that
infrastructure planning does not support one initiative by compromising the other. Specific
examples of tensions in the three segments of physical infrastructure discussed above include
realignment of the relative role of road transportation and the allocation of the potential cost
burden of additional municipal infrastructure.

At a broader level, the concept of full cost accounting that wraps environmental and social costs
into prices could have significant economic impacts. Increases in prices, especially for important
production inputs such as energy, will increase the overall costs of production and could
compromise international competitiveness. The concomitant change in relative prices will also
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impose costs as firms adjust their operations. The challenge to policy-makers will be the
application of the full cost accounting concept -- defining the appropriate pace of application,
the treatment of exports and imports, equity in applying the concept across industries, and
consideration of income distribution impacts among different sectors of society.

Research and Development

Another challenge facing policy-makers in industry, labour and government is the management
of R&D. A product of historical concern with economic competitiveness, the current pattern
- of R&D may not be fully consistent with the spirit of environmental sustainability. Shifting the
focus of R&D will likely encounter resistance from established sectors and raise questions
regarding appropriate roles for industry, government and academic institutions. However, R&D
holds promise both for addressing domestic environmental concerns and for nurturing a
competitive, export-oriented environmental protection industry.
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Information infrastructure encompasses a vast array of goods and services, consisting of physical
capital - ranging from satellites and communications grids to computers, telephones, and radios
- as well as the specific information provided by these services. From a prosperity and
" sustainability perspective, information infrastructure has often been credited with improving
economic well-being and providing social amenity; the historical environmental impacts of this
infrastructure have often been presumed to be beneficial. However, key sustainability concerns
revolve around social issues, future environmental impacts within the sector, and environmental
sustainability complementarities and tensions acting through linkages with other forms of
physical infrastructure.
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Canada is internationally renowned for the quality of its communication and information
technology (C&IT) and for providing access to innovative services to a large proportion of its
population and businesses. Pioneering work at the turn of the century originated in Canada:
Alexander Graham Bell invented the telephone in 1874; the first long distance call was made two
- years later; and Marconi was, in Newfoundland, at the receiving end of the first transatlantic
radio signal. Canada established the first nation-wide telephone system in 1931, and the
microwave system put into place in 1958 was - at the time - the largest network of its kind in
the world. Entering the space age, Anik Al became the world’s first geostationary
communications satellite put into service. Canada also was the first country, in 1973, to have
a coast-to-coast digital network in place. Canada continues to pave the way in implementing
new technologies such as fibre optics; a $500 million 7000 kilometre fibre optic network was
¢ompleted on the Canadian mainland in 1990, and 1992 will see its extension to Newfoundland
(Vision 2000, 1992). .

Physical investments of the telecommunications industry have grown significantly. Total facility
investments grew from $17.8 billion in 1979 to $40.3 billion in 1990 (Communications Canada,
1992d). It is estimated that new investments over the next decade will range from $50-$100
billion (Vision 2000, 1992).

Such continued progress and commitment has allowed Canadians to have access to a wide range
of services which, one or two decades ago, were largely unheard of; automatic tellers, fax
machines, cellular telephones, and the availability of 911 emergency services have become a
normal part of the every day lives of Canadians. Canada boasts the most comprehensive phone
service in the world, serving 98% of Canadian households; its cellular network is geographically
the largest in the world, available to 80% of Canadians and currently having some 600,000
subscribers (Communications Canada, 1992c).

To meet the growing challenges of the expansion of the C&IT industry, and to maintain its
historical momentum, there are a number of important initiatives currently underway in the areas
of policy, legislation and institutions, and employment.

Policy

One of the most coherent and comprehensive long-term policy initiatives in Canada involves
Vision 2000 - Networking the Global Village (Figure 5). Vision 2000 concentrates on the
development and implementation of Advanced Personal Communications. Its focus is the
end-user of the technologies: the individual. Vision 2000 forms a guiding strategy for a
cooperative group of C&IT companies, government departments, academia and research
organizations, including Communications Canada and most of the major regulated companies.
Vision 2000 works as a forum for planning a coherent strategy, as well as a mechanism for
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initiating R&D in areas that would be too risky or expensive for any one single organization or
company. The general premise is that cooperation will accelerate implementation,
implementation will lead to greater customer benefits, and these in turn lead to market expansion
in all sectors: computing, broadcast media, and telecommunications.

Canada is also active at the global level, both at working on setting global standards to ensure

compatibility, as well as at negotiating international protocols and agreements for the use of

telecommunications. For example, 1992 will witness a new international allocation of the radio
spectrum to provide more efficient use of radio frequencies.

New Legislation and Institutions

The last two years have seen the rationalization and updating of a number of major pieces of
legislation. In 1991, the Broadcasting Act was rewritten to set out more clearly the role of the
Canadian Radio-television and Telecommunications Commission (CRTC) and, more ambitiously,
to make the legislation “technology neutral” so that the CRTC is given greater discretion in
regulating the industry during periods of rapid technological change. Also, the new
Telecommunications Act (introduced in February 1992) underscores the principle of providing:
(i) a coherent policy for the country as a whole under one regulatory agency; and (ii) a more
flexible regulatory approach. The Act will allow the CRTC to refrain from regulating the
industry where competitive forces appear to be adequate for meeting the public interest (of fairly
priced, readily accessible services), while allowing the CRTC a central role in regulating
common standards or in protecting the public from the abuse of information and invasion of
privacy. In response to legislation and other initiatives, major institutions are undergoing
restructuring.®

Work at Home Programs

Many private corporations in Canada have adopted ‘Work at Home’ programs to allow their
employees to take advantage of C&IT services, while reducing company costs and improving
general working conditions. At the Federal level, the Treasury Board is investigating the
adoption of a Work at Home program to improve employee productivity and decrease
government expenditures. -

Telecom Canada renewed its alliance of cross-Canada telephone companies in early 1992, renaming itself
Stentor Canadian Network Management. It jointly owns two new companies: Stentor Research will consolidate
all R&D efforts of its member companies by 1993, and Stentor Telecom Policy Inc. will act as a government
relations advisory arm. Communications Canada is also undergoing reform to improve its contribution to R&D;
in April 1992, the Communications Research Centre became a separate Research Institute, with a mandate to
develop telecommunications policies, regulations and standards (Communications Canada, 1992d).
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The major economic prosperity concerns currently facing the C&IT industry are:

assimilating new media and technologies in all aspects of economic production;
maintaining Canada’s growth prospects in the sector;

maintaining R&D performance; and,

pace of industrial deregulation.

New Media and Technologies

The ‘information’ industry has historically consisted of three discrete areas: the broadcasting and
motion picture industry; the print and publishing industry; and the computer industry (Brand,
1987). With the advent of technological changes within these industries, the overlaps are
becoming more significant. In a few more decades, such distinctions may well disappear
altogether. Three relatlvely new media - electronic publishing, telematics, and transactlonal
media -- provide cases in point.

Newspapers have relied on telecommunications for 140 years to gather news into editorial
offices. But electronic publishing now involves increased use of telecommunications to distribute
final copy from publishing centres to widely dispersed printing plants or to home video-display
units.’ Telecommunication carriers are also entering the publishing business: constructing,
storing and editing messages, rather than just transmitting them. Electronic bulletin boards, such
as iNet, Envoy 100, and Dialcom are manifestations of this trend.

The telematics industry (or computer/communications industry) is a merging of two industries
because computing power is becoming more distributed (through lower cost and smaller size
processors), and because telecommunications networks are being converted to modes of
operation that, essentially, use the same modes of communication that computers use. One
result of telematics is that systems are becoming ‘smarter’ and can be specifically customized;
voice recognition computer software, for example, allows automation of directory assistance
functions.

Transactional media involves more extensive use of video and graphic information. The original
applications were oriented primarily to electronic publishing and information retrieval; current
applications involve a broader integration of the fields of retailing, banking, marketing and
consumer research. For example, all transactions which take place electronically (teleshopping,

®  The Globe and Mail encodes text diffused by satellite and stored electronically in computers for access over

telephone lines: services such as InfoGlobe thus appear.

Role of Infrastructure Page 34



electronic banking in the home) will generate computer-based profiles of individuals and
households which can be stored and used for computer market research.

There are many new technologies that are driving this change in how various media operate, but
most are associated with a few key trends in the telecommunications and computing industries
(BNR, 1991). The first trend involves a shift from analog to digital communication. The most
ambitious projects in this area involve Integrated Services Digital Networks (ISDN) similar to
the one just recently completed in Canada. With ISDN, any communications device --
telephone, television, facsimile machine, computer, etc. -- can be connected into this single
" network.!® The second trend involves a shift from wired to wireless and fibre optic
transmission. This key complementary component of the digital network is a rationalized shift
away from the traditional wired connecting systems. Wireless systems are being used - for
cellular phones, for example - to improve mobility and access in remote locations; satellite
systems provide another example. In addition, however, a shift to fibre optics provides a low
cost and efficient alternative to wired systems that were prone to interference and limited in their
message handling capacity. The third trend involves advanced use of Digital Signal Processing
(DSP). Increased computer processing speeds and lower costs have resulted in major
breakthroughs that further enhance the use of digital techniques. The integration of DSP with
communications systems allows customizing of intelligent networks."

These new technologies have important implications for what is now technically feasible. Voice,
data, and image can now be combined on one network; the Megaplan and Mach III services
offered in Canada are examples. Mobile communications are less costly and will become more
routine after 1994, when a satellite dedicated to mobile users will be placed into operation in
Canada. Sonet Radio, being developed by Bell Northern Research, will introduce dlgltal
technology to mobile communications, improving both quality and capacity.

At a personal level, many of the new features being offered by telephone companies are a direct
result of the conversion to digital systems; calling number display, bilingual voice recognition,
three-way conference calls, message waiting, ring again, customer trace, call transfer, and voice
mail are but a few examples of recent enhancements to POTS (“Plain Old Telephone Service™).
In the United States, AT&T will, late in 1992, be accepting subscribers for its ‘700-number’
program. The program assigns a personal number to an individual for life, and that number will
follow that individual whether they are at home, in the office, or in their car; digital and

10 Telephone systems historically used analog techniques for transmitting voice or other messages over radio waves
or copper wires. These techniques are — put simply — based on vibrations; much the same as a vibrating needle
is used on phonograph records. Digital technology, on the other hand, operates in discrete pulses or steps; an
example is typical computer processing that processes all information as a series of ‘ones’ and ‘zeroes’.
Conversion of communications systems to digital operation allows a more direct interface to computers and,
for significant efficiency increases, allows multiple messages to be sent on a single channel without interference.

1 Data compression via DSP can speed up transmission by an order of magnitude, while -other advanced

techniques improve quality and clarity or provide new types of services. DSP is the backbone to high-definition

television, character recognition, and voice and speech recognition.
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wireless technology makes this possible. In Canada, in June 1992, a desktop computer-based
video-conferencing system (“VISIT”) was introduced.

Globally, the trend is to more establishment of networks. A ‘network economy’ is one in which

individual cities and regions are interconnected by telecommunications highways for the

exchange of voice, data, facsimile and video messages. The role of telecommunications has

been to speed up the diffusion of computer power through resource sharing. Intra-corporate

computer networks have developed wherein power is centrally located but made available to
remote locations via terminals and channels of digital communication.

At the level of the workplace, networking is also evolving rapidly. The current direction in the
evolution of computer networking is towards office, factory and warehouse automation in which
local area networks (LANS) are used. The interconnection with LANS and wide area networks
(WANS) provides organizations with hierarchical systems for managing, controlling and
integrating their dispersed and diverse functions. Inter-organization consistency is being
achieved by the adoption of open systems interconnection (OSI) standards by manufacturers of
computer equipment. An example of this is the cooperation of banks and retailers in electronic
funds transfer at point of sale. -

Growth Prospects

Many analysts expect that the international C&IT industry will be one of the largest in the world
within the next decade. Current global markets for communication services are approximately
$400 billion annually; equipment sales generate an estimated additional $100 billion in sales
annually. In Canada alone, capital investment in the industry approaches $6 billion. Canadian
sales of communication services, equipment, and information technology are about $36 billion
and the industry employs some 300,000 people. Growth in the industry has far surpassed that
of most other sectors of the Canadian economy (Communications Canada, 1992c).

A key economic challenge over the next decade will be for Canada to maintain its current
international position in this industry. There are signs that its historically favourable position
is in jeopardy. Although the domestic market growth has been buoyant —- real growth has been
about 7% annually -- it lags behind typical global growth rates that exceed 10%. _Also, Canada
has recently shifted into a net import situation for telecommunications products; a net balance
of trade surplus of $800 million in 1982 deteriorated to a $200 million deficit in 1990
(Communications Canada, 1992c).

R&D Performance

The role of R&D in promoting technological changes has been substantial but Canada has
recently been lagging its major trading partners in R&D efforts. The telecommunications
industry is the largest performer of industrial R&D in Canada (14% of total R&D in 1990), yet
it still represents only 0.16% of total Canadian GDP (Communications Canada, 1992c). The
United States, Japan, Germany, France, and the United Kingdom all spend in excess of 0.25%
of their GDP on telecommunications R&D. Changes in the regulatory structure and organization
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of the Canadian industry are expected to increase R&D performance, but it is likely that massive
injections from both the public and private sectors will need to persist to match efforts in other
countries.

Deregulation

The new Canadian legislative framework involves a shift from regulated monopoly to regulated
competition. Within this legislation, however, the CRTC has been given fairly wide discretion
in deciding when it should and should not regulate activity.”? The issue of regulation is
- therefore likely to persist as an important policy variable over the next decades.

The changes in industrial structure are challenging some of the traditional monopoly positions,
while also creating potential new niches for new services. A key tension is whether some
monopoly elements should be maintained in the industry. Some argue, for example, that certain
activities -— such as overseas calling -- should be handled through a single public company with
monopoly rights to such an activity. Others argue for open entry, allowing smaller private
companies to get involved with various types of specialized carriage service. A concem is, for
example, that some type of cross-subsidization is still required to provide universal access to
telecommunications services; this cross-subsidization is available only with some form of
monopoly control. Open entry would cause smaller firms to commence “profit-skimming” from
the larger firm on the lucrative end of the business, thus causing the less lucrative (but perhaps
socially and politically important) part of the business to be placed in jeopardy. A corollary can
be made with the deregulation of the airline industry: upon deregulation, smaller communities
lost services to which they had become accustomed.

A related tension involves the entrenchment of existing markets. Cable television, for example,
has traditionally operated as a stand-alone regulated monopoly. The barriers to entry for new
firms were quite obvious: massive investments would be required to duplicate the cable
television system into any given neighbourhood or household. New technology effectively tears
down these barriers; television and video signals could readily be transmitted on the same
network as voice telephone or data transmission, at a very low incremental cost. While there
are clear advantages to the final customer to such a move, the industrial benefits might be
mixed. Concentrating all types of media (video, data, voice) under the control of one firm
might itself lead to monopolistic inefficiencies.

2 The new legislation was a response to the increased globalization of the industry, decentralization of activity,
and merging of many of the technologies. In addition, the legislation was intended to rationalize a number of
regulatory tasks under a single agency. This was largely a response to a landmark Supreme Court decision
(respecting AGT) in 1989 that even provincially-based, investor-owned companies fell under Federal regulatory
jurisdiction. Current telecommunication industry structure involves two national companies in-the carriage
sector (Unitel and Stentor), 49 independents, and Teleglobe, which has a monopoly on overseas services. The
CRTC regulates rates, to ensure fair pricing, and standards (such as through the Terminal Attachment Program)
to ensure the compatibility of services. The CRTC is expected to use “forbearance and discretion” to decide
whether a particular sector (such as cellular telephones) is operating in a manner that is consistent with the
public interest. In general, however, the intent is to allow increased competition; an example of this is that the
CRTC is allowing greater liberalization through resale and sharing of services.
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Complicating these tensions are two other economic realities. First, Canadian industry is subject
to intense global competition. Are larger ‘monopoly-style’ firms with a secure domestic foothold
going to compete better globally, or are smaller firms better able to react to a rapidly changing
global market? Second, the fast pace of technological change is causing product life cycles to
become shorter. Monopolies have traditionally been associated with long-lasting ‘reliable’
products that underwent very little change; experience elsewhere has shown that deregulation
increased industrial R&D and technical innovation. Are smaller firms thus perhaps better placed
to move the industry forward? Debates on these questions persist, both inside and outside the
industry, and few incontrovertible answers are available."

3 One of the oldest rationales for promoting regulation was when an industry had the characteristics of a ‘natural
monopoly’. Its primary attribute were declining average costs over all relevant levels of activity; in the absence
of regulation, buyers would be gouged by the firm through high prices and no amount of competition could
change this because the industry’s cost structure provided a natural barrier to entry. Available evidence suggests
that, in the telecommunications industry, such cost structures exist only at a very localized level (within a small
distribution area, for example) and that, at the scale of most company operations, long-run anti-competitive
pricing is not a concern. The ‘natural monopoly’ argument is thus no longer regarded as a valid basis for
promoting regulation of the Canadian industry (Babe, 1990).
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The major social sustainability issues facing the C&IT industry are:

e whether there is some basic level of service to which everyone should have access;
worker freedom and potential exploitation; and
¢ censorship.

Universal Access and Pricing

A key tension is whether some minimal level of service and some minimal level of access to
information should be guarantied to every Canadian, regardless of income level or location.
From a moral stand-point, freedom of access has often been regarded as a fundamental human
right which, if not upheld, could lead to exploitation of those individuals or groups not having
access to key information. From the perspective of economic productivity, information is a
factor of production that will improve the economic performance of individuals, organizations
and society as a whole. Further, the idea of equitable access to information infrastructure is
often regarded as a fundamental policy goal in Canada; the July 1987 Telecommunications
Policy Framework for Canada asserts that a key policy objective is to “maintain a universally
accessible and affordable telephone service” (Communications Canada, 1987). By contrast,
however, it is clear that limiting access -~ to protect individual privacy or corporate interests -
can also be a prerequisite for social, economic and political stability.

Product and information price is closely tied into the access issue. Economists regard
information as a ‘free and public good’ because it is something that can, in principle, be shared
without hindering anyone else’s access to it. Some argue that all information media --
newspapers, public databases, television, radio -- should in principle be free to the end-user and
that, if funding is necessary, it should be publicly funded the same way that roads and highways
are publicly funded. This leads to greater universality and free access to information.™ In such
a case, businesses might becoming more competitive due to lower information costs, and there
might be improved well-being from increased leisure time enjoyment. The greatest threat to
prosperity, however, is that such a move might place a tremendous fiscal drag on the economy,
as some of the infrastructure would need to be publicly funded. Alternately, if it were not
completely funded, the industry itself might not have the required revenues to meet on-going
costs and maintain R&D at levels required to maintain technological competitiveness.

% 1 Singapore, for exampie, a National Information Infrastructure strategy has a goal to placea minimum level

of service in every household by the turn of the century. Japan has set a target of having fibre in every home
by 2015.
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Others argue that information has a cost associated with its generation and delivery, and that
end-users should be made to pay for that cost in relation to the value they derive from the
information or the service. Bell Canada’s proposed rate re-balancing, for example, involves
removing historical cross-subsidization so that long-distance business users will no longer be
subsidizing local household telephone service. A user-pay approach would result in investments
and services which can lead to greater economic productivity, and which would not impose a
cost burden through any form of cross-subsidization. Infrastructure development would likely
focus on business needs, and would, among other areas, require intensified focus on providing
secure channels that protect proprietary interests. = Economic efficiency might be achieved
- through providing improved services at the lowest possible cost, funded privately. Public
expenditures could be diverted to other needs, such as public transportation infrastructure or to
social services. The greatest threat to sustainability might be that it undermines some of the
principles of universal access to information and information media. Resolving such pricing
issues forces a major re-examination of some of the principles of access to information and
access to information infrastructure.'® "

Job Quality

There is little doubt that the combined impacts of decentralization and merging technologies are
creating entirely new work modes. ‘Tele-working’ -- the mediation of work tasks through
computer networks -- is becoming more common. Conversely, worker preferences for these
types of work modes is itself creating a demand for new technologies that further enhance the
work. New technology and decentralized work modes are thus co-evolving rapidly. Although
this trend on the surface appears to be generally beneficial, a key issue is whether these changes
will indeed improve job quality.

There are many complementary benefits from an increase in work freedom (Estabrooks and
Lamarche, 1987; Reich, 1991). Worker productivity increases, primarily because workers can
organize their schedules more flexibly. Customer satisfaction also increases, usually because
customers have more freedom to schedule their use of the services being offered. Another
potential benefit from this increased freedom is that it provides employment opportunities for
some groups which, traditionally, were discriminated against because they were unable to be at
the central workplace all of the time: the most notable examples of this are women who had
chosen previously not to enter the work force. Other examples, however, include potential
part-time workers such as students or those undergoing retraining.

B Ris important to distinguish between private and public components of information infrastructure. Use of the
term ‘public highways’ is not altogether appropriate as an analogy for information infrastructure; ‘private toll
roads® would be a better description. Most corporate computer networks, for example, are well isolated and
can be well protected from other users. It is quite likely that such ‘private toll roads’ will become more
numerous: individual businesses can use their networks for secure video meetings; individual households can
subscribe privately to their favourite electronic journals; buyers can purchase goods and services through
electronic catalogues. In such a scenario, all of the services, carriage and the information itself, allow some
form of ‘exclusion’. Prices can be charged according to the value of the service to the end-user. Costs can
be recovered through this mechanism but, if one believes in universal access, it is a given that some individuals
might be excluded.
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A serious potential tension, however, is that advanced technologies will increase worker
exploitation. Recent attention has been drawn to the establishment of “tele-colonies” in the West
Indies where low-paid female labour is used for data processing functions: information is moved
via satellite to and from home offices in the United States. Although this is an extreme example
of how globalization has given companies freedom to locate their activities wherever it is most
profitable to do so, it raises key social concerns. Domestic labour may find that it is competing
more directly with foreign labour in countries where labour standards are less stringent. Even
within the domestic labour market, however, many unions and labour representatives have
expressed concerns that workplace health and safety standards may decrease; current health and
- safety inspectors do not have the mandate to inspect home offices. Increased responsibility for
home safety will thus be placed on the worker themselves. This, it would seem, generates
training requirements which are not being addressed by available programs and institutions.

Another tension is that the changes will lead to ‘bi-modalism’ of the work force job structure.
The idea is that rapid technological change will essentially eliminate much of the middle class,
elevating them to high-tech jobs, while concurrently increasing the subjugation and
marginalization of lower class workers. Although most evidence suggests that this has not been
happening in the past'® -- technological changes have allowed almost everybody to improve the
general job quality -- there remains wide concern that some people will be left behind because
of current organizational structures. Two examples of this involve older workers, not adapted
to keeping up with technological changes in the workplace, and women who choose to take a
break in their careers to raise families. A concern is that, in both of these cases, the worker will
be marginalized: in one case because they are unwilling to work with new technologies and, in
the other case, because a short absence from the work force would decrease the value of the
worker’s skills given the rapid changes taking place.

In summary, clear programs must be put into place to ensure that workers are not exploited as
a result of their physical isolation from the traditional workplace. On-going training in safety
standards and technological advances will become a more critical component of both employer
and government training programs.

Censorship

Current globalization trends may require that we pay closer attention to information content.
One example relates to criminal activities; the proliferation of private computer networks
provides scope for clandestine activities that are less easily regulated and monitored than those
over public broadcasts or in print media. Canada’s pornography laws, for example, in principle
apply to material transmitted over computer networks, although the capacity to monitor such

18 See Estabrooks and Lamarche (1987). A related issue is that employment opportunities in the ‘information
infrastructure’ industry are regarded by some as being of higher quality than those in traditional physical
infrastructure industries. An image of a seasonally employed unskilled road crew worker, juxtaposed next to
a full-time computer analyst, comes to mind. But many will argue that such stereotypés are misleading and that
alternate images — of computer key-punch operators and airline pilots -~ might lead one to conclude the opposite.
Comparative job quality remains an open-ended debate.

Role of Infrastructure . Page 41



material effectively is currently not available -- some would argue that it should not even be
developed. Also, at one time, all overseas transmissions originating and terminating in Canada
were required to be routed through a single earth station so that, if necessary, transmissions that
might be a threat to national security could be monitored. Although such censorship is
- decreasing, it is clear that issues of information content have, at times, been instrumental in the
design of the information infrastructure itself.
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As noted previously, there have been few historical concerns regarding the environmental
impacts of the industry. This is primarily because the industry is usually credited with
" improving environmental quality because of its effects on overall economic efficiency. There
are, however, a number of environmental sustainability issues facing the C&IT industry:

role of environmental information collection and dissemination;
industry adoption of good environmental operating practices;

short product life cycles;

use of rare raw materials for selected manufacturing processes; and
declining costs that encourage material throughput.

It should be noted that the last three issues should not be regarded as environmental crises at this -
stage. What is critical, however, is that decision-makers realize that these issues exist and that
if they are not addressed, environmental problems might develop at some future date.

Environmental Information

A key policy question is whether public policy relating to information infrastructure should
explicitly encourage the dissemination or collection of certain types of environmental
information. One position encourages immediate and widespread dissemination of currently
available information to assist developing regions and marginalized economic groups (Meadows,
et al., 1992). It requires public policy to concentrate on establishing networks which allow
currently available information to reach as many people as possible.

A second position asserts that the content of much of the currently available information is not
adequate for decision-makers to come to coherent decisions regarding environmental
sustainability (Victor, et al., 1991). There is a need to encourage immediate and widespread
collection and analysis of new rypes of information which can be used to select appropriate
actions. This might involve, for example, expanded incentives for the use of geographic
information systems (GIS) in gathering, interpreting and displaying important economic, social
and environmental information.

Good Environmental Operating Practices

A significant complementarity between economic prosperity and environmental sustainability is
that, because of the C&IT industry’s economic success, it has been able to afford investments
in internal environmental “housekeeping measures”. The environmental control costs (ECC) of
the industry are lower than most industries and, coupled with its higher than average
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profitability, there have been significant opportunities for meeting environmental regulatory
standards. :

For example, the ECC/Output ratio for all manufacturing firms in the US is approximately
0.54% and for heavy industrial firms ECC approaches or exceeds 3% of output value; ECC for
the communications industry, however, is 0.39% of output value and ECC for the consumer
electronics is generally less than 0.30% of output (United States Department of Commerce,
1988a, 1988b). This has allowed companies such as Northern Telecom to accelerate many of
its regulatory compliance programs; it is expected to phase out CFCs in its production, for
" example, well in advance of national targets. -

Short Product Life Cycles

Perhaps the single most significant environmental tension that exists within the industry is that
related to the expectation that product life cycles will become shorter and shorter. There are
numerous pressures that lead to shorter life cycles. Rapid technological changes accelerate
product obsolescence. Industry deregulation provides incentives for firms to enter the market
quickly - at times with untested products'” -- and creates an environment in which firms are
continuously striving to make incremental improvements to existing products. The impacts of
product obsolescence are familiar. It is estimated, for example, that there are about as many
personal computers in the Canadian Federal public service as there are employees. Given that
many employees have no reason or opportunity to use such computers, product proliferation has
no doubt contributed to the fact that many computers are not being used.

The obvious solution to this problem is to design products which are upgradable. This is largely
the approach which has been taken for the design of the major components of information
infrastructure. Bell Northern, for example, has an “evergreening” approach to its product
design which allows constant upgrading; the most notable case deals with its switching
technologies which can be upgraded to faster technologies as they are developed (BNR, 1992).
This same approach is less obvious, however, in the market for consumer end-products. In
addition, where upgrade paths for equipment are available, consumers often reveal a preference
for replacing products with new products rather than upgrading existing products.

Raw Material Inputs

One potential concern over the longer term is whether the raw material input requirements of
the C&IT industry will accelerate the use of scarce goods for which there are no substitutes, or
whether the use of certain types of materials will cause detrimental environmental impacts. A
concern relating to resource scarcity and potential environmental problems is the use of plastics
in consumer end-products. The industry is in a position to have a substantial influence on
plastics use and on mitigating potential environmental impacts associated with plastics but, by
and large, there have been few initiatives in this area. With respect to other material inputs, a

17 This problem is especially endemic to the computer industry (Brand, 1987).
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potential tension is that, with rapid advances in materials technology, the materials developed
for electronic component design may have detrimental human or environmental health effects
which are currently not known.

To date, these issues have not received a great deal of attention within the industry because some

of the commonly used materials are relatively abundant (such as silicon for circuitry or quartz

for fibre optic design) or, more recently, because some of the technological shifts have been less

materials-intensive. An example of the latter is the move from copper-based wire systems to
wireless or fibre-optic systems.

Declining Production Costs

Technological developments in information infrastructure have resulted in a higher level of many
new types of services, as different media become more integrated and as automatic systems
dealing with these media become more intelligent. Communications costs for private and public
enterprises have also been dropping as a result of the greater capacity and lower cost of
communications networks. Over the past two decades, telecommunication costs have declined
on average by 11% per year (Communications Canada, 1992a). These declining costs have
contributed both to the trends to shorter product life and to the general disregard for raw
material input availability. They encourage a “throw away” attitude to product utilization.

As the trend in cost reduction is not expected to abate, waste generation potential by the C&IT
industry and by consumer end-products can be expected to increase. Adjusting product prices
to reflect potential environmental externalities, to encourage recycling and to discourage early
abandonment of a product, is one potential means for promoting environmental sustamablhty
while posing little threat to overall economic prosperity.
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The expanding role of information infrastructure is expected to contribute to increased prosperity
through higher productivity, improved working conditions and a greater range of available
" services. Social sustainability will be improved through providing wider access to these services
to a wider range of social groups, thus empowering many of them with the information and the
technology for improving their own well-being.

There are, however, a number of critical tensions which have yet to be resolved. From an
overall prosperity perspective, a key policy question is how quickly the C&IT industry should
be deregulated. Rapid deregulation might improve industry efficiency and the type of services,
although it might undermine social sustainability through threatening universal access. Further,
accelerating the use of products with short life cycles increases total material throughput in
society, thereby threatening environmental sustainability. On the other hand, persistent -
regulation and restriction of activity could dampen R&D effort, discourage foreign investment,
and increase attempts to ‘bypass’ common carriers. '*

From a social sustainability perspective, a significant tension involves job quality. Although new
technologies and decentralized work modes will improve job opportunities, there is a growing
concern that it will also lead to increased worker exploitation and a relaxation of health and
safety standards in the home workplace. Training and education are key components of ensuring
equitable treatment of workers.

From an environmental sustainability perspective, an area which is not being adequately
addressed by most industry and government initiatives is that of the raw material requirements
and waste generation within the C&IT industry. The assumption is generally that the industry
can take credit for substantial waste reduction elsewhere, through improving overall productivity
in the economy. What is being implicitly ignored, however, is that many of the industry’s
characteristics give it a natural proclivity for unsustainable practices. The three key areas of
concern are: (i) the short product life and rapid obsolescence characteristic of rapid technological
change; (ii) the use of rare non-renewable natural elements within the computer industry; and,
(iii) rapid decreases in product prices and production costs which discourage recycling or
material reclamation.

18 Bypass could occur through the introduction of private networks (although this is currently restricted to some
degree because of restrictions on terrestrial rights of way and on satellite use) or through cross-border bypass.

The latter might involve, for example, bypassing Canadian carriers by using deregulated systems in the United
States.
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At present there may be no obvious cause for alarm but, given the growth prospects of the
industry, these concerns will become of greater significance and could, over the long term,
undermine the sustainability of the industry. Addressing this challenge will require a greater
concerted effort: (i) to enhance the availability of upgrade paths for all equipment; (ii) to reclaim
or substitute the non-renewable materials; and, (iii) to provide explicit economic incentives to
encourage recycling of equipment which can not be upgraded.
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FIGURE 5
VISION 2000 - THE TARGET ENVIRONMENT

The Economic and Social Context
in the Year 2000

¢ The quest for global competitive advantage will be
the prime driver for private corporations in all
industry sectors as well as for government economic
policy makers.

¢ Knowledge-based innovation will be the key to the
competitive advantage of companies and nations.

¢ Effective communications, in multi-media form, will
play a strong role in the operating success of an
enterprise.

-+ Product life cycles will continue to shorten. Time
will be the strategic resource. Speed to market will
determine competitive advantage.

¢  Hierarchies will be flattened and organizations
restructured to facilitate innovation and market
responsiveness. Networks will become prominent
organizational structures.

¢ New skills will be required to generate
knowledge-based innovation and to manage the
transformed organizational structures of the 21st
Century.

®  There will be a skills shortage as our average
population gets older. The education system will be
overhauled. Training will become a top corporate
priority. Immigrants, women, the handicapped and
the young will increasingly be drawn into the work
force to fill the skills shortage.

* The aging population will also create a crisis in
health care. Preventive medicine and in-home care
will be major health care priorities.

¢ The average family’s two most important
possessions -- cars and homes -- will become
information and communications intensive products
in order to support new lifestyles in work and
leisure and help manage the natural environment
more effectively. The entertainment industry will
continue to flourish.

The Communications Industry
in the Year 2000

¢ By the year 2000, the communications industry will
be the mainstay of economic and social
infrastructure in advanced societies.

e C&IT will be the biggest industry in the world,
with growth rates expressed in multiples of the
economy as a whole.

*  The structure of the industry will be very different.
There will be convergence of computer.companies,
carriers, cable operators, broadcasters, educators,
publishers, entertainment and consumer electronics.
There will be competition and collaboration
between formerly distinct businesses.

*  Mobile communications will be a major growth
area. By the year 2000, 35% -- 50% of voice and
data traffic will originate from mobile terminals

RE).

¢  Technology advances and convergence between
carriers, cable, satellites and private networks will
drive the integration of voice, text and data with
image, high quality sound and video. Broadband |
ISDN services will be readily available by the year
2000.

¢  Greater intelligence in networks and terminals will
permit the customization of service on an individual
basis and give consumers greater control over the
communications environment.

*  Advanced personal communications.systems will
feature easy-to-use system interfaces (voice
recognition and synthesis, touch input), natural
language processing, and expert systems to seek out
information.

* A personal numbering plan will be in place.

*  Through a combination of these features, it will be
possible to communicate directly with any person or
information source, at any time, from any place.

Source: Don MacLean, MacLean & Associates in Vision 2000 (1992).
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The previous two parts of this paper treated physical infrastructure and information infrastructure
separately. Are there linkages between these two forms of infrastructure and, if so, what are
they? This question forms the basis of many controversial and important debates in
infrastructure planning. There is little doubt that if we have more people travelling or more
- goods being transported, we will likely need more physical transportation infrastructure.
Similarly, it is tautological that the level of information infrastructure required will be
proportional to the amount of services delivered. What is not clear, however, is whether
information infrastructure and physical infrastructure are substitutes, or whether increases in one
will lead eventually to increases in the other.

Role in Achieving Sustainability

The issue of linkages is particularly important from an environmental sustainability perspective.
Information infrastructure, as noted previously, has often been assumed to be environmentally
sound primarily because it removes pressures on physical infrastructure (as a substitute) or it
allows more efficient operation of the physical infrastructure through introducing complex
communications systems into the management of the physical infrastructure.

The formal empirical literature provides little guidance; information technology changes so
rapidly that it is virtually impossible to measure the productivity of these systems in a consistent
fashion over even a short period of time. For example, computers and communication systems
have progressed so much over the past decade, that it is difficult to compare the technologies
over this time frame.' It is just as difficult to detect whether, for example, people are using
more or fewer communications services as a substitute for airline travel:

In many individual instances, however, we know them to be substitutes: business can be done
over the phone or using videocom instead of in person; messages can be delivered electronically
by facsimile instead of by hand courier. But we also know that, historically, the two types of
infrastructure have developed in tandem. The origin of Canada’s telecommunications network
was founded by its two national railways; telegraph poles, railways and roads share similar
development histories in most countries. Further, increased communications expands the desire
and need for more transportation. Good global communication services now induce us to travel
the globe, meeting clients or visiting holidays spots that formally did not enter into our sphere
of experience. Globalization of trade through improved telecommunications, for example, has

19 Examples of this are most pronounced in the literature dealing with patents. A chronic measurement
problem that has persisted in the literature is determining what type of productivity increase should be attributed
to any given type of technological improvement, when the technology does not ‘stand still* long enough to provide
a reliable benchmark (Kuznets, 1962; Rosenberg, 1974; Griliches, 1984).
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increased the amount of physical trade in goods (Sussman and Lent, 1991). This increased trade
places additional demands on physical infrastructure and on the environmental impacts associated
with such infrastructure. In short, there might be some substitution between information and
physical infrastructure for specific tasks, but, over the longer term, the two are likely to continue
to grow in tandem, although probably at a different pace. '

A key motivation to understanding the linkage between physical and information infrastructure
relates to their final comparative impacts on sustainability. Important aspects of sustainability
involve resource conservation and the reduction of environmental impacts generated by waste.
- Substitution of new information technologies and infrastructure for physical transportation
infrastructure may appear to be sustainable in some respects: transportation uses more energy
resources than communication; cars use more tons of steel than computers; new fibre optic
cables use abundant material inputs (quartz) as opposed to less abundant materials used for
highway construction (asphalt). It is fair to say, however, that to date little thought has been
given to the environmental implications of such linkages and R&D has not been oriented to
addressing these problems.

Taking Advantage of Complementarities

The major opportunities associated with improved information infrastructure will involve taking
advantage of its identifiable complementarities with other forms of physical infrastructure. Some
of these include:

intelligent transportation systems;
expanded reliance on tele-commuting;
energy management systems; and,
sustainable communities.

Transportation Systems: An example of a potential complementarity between transportation
systems and information infrastructure involves the development of Intelligent Vehicle Highway
Systems (IVHS). The basic idea of IVHS is that all vehicles on a given highway are placed
under the control of a central computer-based system to improve both the safety and efficiency
of traffic flow. An example of the development of an IVHS is currently underway in Calgary
as a Vision 2000 demonstration project (Communications Canada, 1992a). The Mobile Vehicle
Management System involves four companies which are pooling resources to research, develop
and demonstrate vehicle location technology and software using cellular radio overlay
techniques.

Energy Management Systems: Communication systems also can play an important role in many
schemes intended for improving energy efficiency. The use of C&IT industry technological
advances will allow improved energy management in new “SMART” houses, which have built
in monitoring systems in every room to detect normal use patterns of the household and to
manage energy use dynamically. Radio-controlled systems for controlling household power
consumption have been in use for almost a decade by electrical utilities. They have been
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particularly successful at reducing peak load demands and have thus increased overall energy
efficiency and deferred the need to add hydroelectric or thermal capacity.

Tele-commuting, Infrastructure and Energy: A significant complementarity exists through the
increased opportunities from tele-commuting. In addition to the potential benefits to workers,
discussed earlier, it improves economic efficiency through higher utilization of existing physical
infrastructure. Corporate costs generally decrease because tele-commuting allows corporations
to use their existing physical investments at a higher capacity: downtown offices are less opulent
because workers may-spend less time there or, in many cases, will share those offices with
~ co-workers. Physical infrastructure, therefore, is used more efficiently.

Examples of direct improvements from tele-commuting are numerous. One of the earlier studies
(Hirst, 1973) illustrated that the relative energy consumption advantage of telecommuting over
commuting -- representing the ratio of commuting energy consumption to telecommuting
consumption -- was at least 29:1 when the private automobile is used, 11:1 when normally
loaded mass transit is used, and 2:1 for 100% utilized mass transit. Hirst estimated that, in
1975, the United States import requirements for gasoline would have been ehmmated had 12%
of urban commuters switched to tele-commuting.

Sustainable Communities and Waste Reduction: A key concept in sustainable communities is
integrating economic viability, social equity, and ecological health into all aspects of a
community’s activities (British Columbia Round Table, 1992b). The role of infrastructure in
such a community would involve a greater integration of different components of both physical
and information infrastructure. Communications are used to improve energy and transport
efficiency and to decrease their environmental impacts. Information technology is used to
monitor waste in a manner which allows one person’s garbage to become someone else’s input
to a production process. Integrating information infrastructure into waste management systems,
then, provides a coordination function that can reduce a community’s net wastes. Materials
management of this nature is already becoming an important component of recycling efforts.
For example, standards being developed for the plastics industry envision using electronic bar
codes (or similar markings) which will allow computer-assisted sorting of waste products. Such
activities underline some of the potential complementarities which exist between environmental
utilities and information infrastructure.

Summary

While there are many potential complementarities, a key challenge for decision-makers is not
to fall into a trap that regards improved information infrastructure as a panacea. Although there
are clear prosperity benefits, expansion of information infrastructure does have potentially
adverse implications for both environmental and social sustainability -- either directly or through
linkages to other types of infrastructure. Some argue that society in many ways has become
mesmerized by the information revolution and that we are in effect caught up in a situation in
which we believe that the social changes which are occurring are both desirable and inevitable
(Babe, 1990). In fact, there are negative attributes to this information revolution. We do have
opportunities to try to mitigate or prevent these impacts through developing sensible policies.
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The main policy challenge will be to take advantage of beneficial linkages between information
and physical infrastructure, and to minimize the instances where expansions in information
infrastructure lead to a proliferation of environmentally unsound physical infrastructure. The
following chapter explores some of the major themes of planning infrastructure for sustainability
and prosperity. '
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Past management of and investments in infrastructure have generally been characterized by
centralized decision-making, funding from a generalized tax base, and limited incorporation of
environmental costs. Continued dependence on these precepts is unlikely to lead to
environmental sustainability. Furthermore, it may not support overall economic prosperity nor,
in some instances, even be the most appropriate approach for the financial well-being of private
- sector players. The task before policy-makers, then, is to adjust the infrastructure planning
framework to take into account changing needs and circumstances. In so doing, full advantage
should be taken of potential complementarities that exist between environmental and social
sustainability and economic prosperity, and conflicts should be avoided or mitigated.

The discussion in previous sections suggested specific areas where complementarities and
tensions may exist. In this section, we take a step back from specific components of
infrastructure to identify common themes and explore their implications for infrastructure
planning and management. :

Seven different themes are discussed. The first three fall into the general category of pricing;
the last four cover decision-making and research and development. '

Doing More for Less

"Doing more for less" captures changes that lead to better use of resources; it encompasses
measures that allow the same (or better) service to be provided for less input of labour, capital,
equipment or environmental resources. Energy efficiency and conservation initiatives such as
demand side management activities, fall into this category as do recyclmg initiatives in waste
managements and tele-commuting.

"Doing more for less" offers opportunities that con contribute to both prosperity and
environmental sustainability. In the energy example, various reports document the existence of
projects that can reduce energy requirements and save money (i.e., reduce costs). From an
environmental perspective, conservation reduces depletion of non-renewable resources and
eliminates waste emissions that are linked to resource use.?

Getting Economic Signals Right

"Getting economic signals right" requires that infrastructure users face appropriate prices --
prices that correctly reflect the resource cost to society of that infrastructure (or the service it

20 Although "doing more with less" generally represents a complementarity between prosperity and sustainability,
certain industries may experience slower growth as a result of dampened demand.” In the energy example,
significant energy conservation would reduce the demand for petroleum, natural gas, etc., with obvious effects
on those energy-producing industries.
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provides). Water services, as noted above, are provided at a price wel} below the value of the
resource and service; and electricity rates historically have been baged on average costs of
existing generating capacity rather than the cost of new sources df power. Underpricing
infrastructure services resuits in overuse (over-consumption) instead of conservation.

"Getting economic signals right" is consistent with a broad interpretation of prosperity that
encompasses economic well-being at a societal level. The right signals encourage the most
efficient mix of resource use and generate aggregate economic benefits. However, adjustments
in prices -- moving away from average to marginal cost pricing or from general tax base
" financing -- could affect the competitiveness of individual players. Full pricing of road services,
for example, could have significant impacts on the cost structure of companies in the trucking
industry. On the other hand, it may also encourage a greater role for rail and intermodal
transportation resulting in reduced urban traffic congestion, energy conservation, lower
transportation atmospheric emissions, and a lower rate of consumption of farmland for road
infrastructure.

In short, * getting economic signals right" is complementary to both environmental sustainability
and a broad interpretation of prosperity, but could conflict with a narrower definition of
“competitiveness" of individual economic players.

Incorporating Environmental Costs

One of the main principles of sustainable development is full cost accounting -- incorporating
all economic, social and environmental costs into the price of a good or service. If
operationalized, full cost accounting would likely have profound effects on current prices. First,
it would raise the cost of most items; secondly, prices changes would vary, leading to'a
realignment of relative prices.

For example, full cost accounting would increase the price of most energy types; however,
prices of coal and petroleum products could increase more steeply than (say) hydro-generated
electric power. From an environmental perspective, the signals would encourage energy
consumers to move towards more environmentally benign sources, with concomitant
environmental improvements. Incorporating environmental costs would also encourage research
and development in clean energies and new "green" export products and services.

However, full cost accounting is likely to raise significant tensions with prosperity imperatives.
If the move to full cost accounting in the energy field encompasses direct and embedded energy
exports,? higher prices for traditional energy sources could affect the cost-competitiveness of
Canada’s energy sector and other major (energy-intensive) exports.

Decentralized Decision-Making

1 Embedded energy exports refers to the exports of goods and services that have a high energy content.

Role of Infrastructure Page 56

;-'é.a'-l'g

bes

a-:.:;zj v_:g_f.dl



In both the energy (electricity) and transportation sectors, the value of centralized decision-
making has been questioned. Doubts include the inability of centralized systems to take into
account local needs, circumstances and environmental sensitivities in infrastructure investment,
operating, or pricing decisions. Advocates of decentralized systems also place trust in “the
discipline of the market" to ensure efficient allocation of resources. Some recent changes, such
as the devolution of airport management and methods for setting runway charges, suggest that
the decentralization approach is being adopted.

On the other hand, centralized decision-making can play an important role in infrastructure
" planning and management. For example, centralized systems can:

® set technological and pricing standards for road pricing, thereby facﬂltatmg its
implementation;

® coordinate planning and delivery of land use and physical infrastructure in major
metropolitan areas that cover a number of individual municipal jurisdictions;

¢ develop national environmental standards for various types of transportation vehicles,
energy efficiency, etc. ‘

The theme for sustainability, then, is not an uncompromised shift to decentralized decision-
making, but a sensitivity to the appropriateness of the level -- or mix of levels -- of decision-
making for different situations and issues.

The Role of the Private Sector

Although critical to economic, environmental and social needs of society, the challenges to
maintaining and upgrading infrastructure for sustainability and prosperity are significant. These
challenges are highlighted by our traditional approach to the provision of infrastructure --
namely, through the public sector -- and the financing of those investments -- namely, through
debt financing by governments. In the current context of constrained fiscal resources and keen
competition for scarce.public funds (for environmental protection, social programs public debt
charges, etc.) infrastructure requirements may seem overwhelming. -
In the energy and environmental utilities sectors, private sector participation has been forwarded
as one possible approach to mitigating these constraints. Europe and the United States have a
history of private sector participation (in terms of expertise and resources) to address public
sector needs, especially in the area of water and wastewater services. Private sector
participation in Canada is still relatively limited, although examples and new efforts are
evolving. One of the themes for infrastructure planning, then, is to more fully explore
public/private cooperation to reap the benefits of private sector involvement, namely: reduced
costs, rapid project completion, guaranteed performance and preservation of jobs (Hyde, 1992).
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A corollary issue -- the level of regulation -- exists for information infrastructure. In this case
the pace of deregulation could affect industry efficiency and the type of services available;
however, deregulation may also undermine social sustainability by threatening universal access
to information infrastructure.

Public Involvement in Decision-Making

Another common theme in much of the work of the provincial and national Round Tables has
been public involvement. From a sustainability perspective, public involvement provides a
" mechanism through which local social concerns can be voiced and opportunities for creative
solutions exploited. Public involvement does, however, impose costs: direct costs of
consultation as well as the expenses of the "infrastructure" of public involvement and
empowerment -- the development of an information and knowledge base for all participants.

Public involvement through such processes (e.g., the federal Environmental Impact Assessment,
Ontario’s Environmental Assessment Act) also imposes indirect costs related to delays in
planning and delivery decisions. Costs of delay not only result from actual use time and
resources, but also from ad hoc, “crisis" management measures necessary to meet interim needs.
Examples currently exist in both public transportation and waste management in the Greater
Toronto area.

The economic impact of more extensive public involvement in consultation and decision-making
is not clear. In some respects, public involvement could yield better decisions through more
comprehensive "vetting" of impacts and solutions, and by the act of collecting important data
on possible impacts. Better decisions could thereby generate long-lasting economic benefits.
Yet the extent to which these benefits would outweigh short-term costs, and the overall impact
on prosperity, is not clear and mechanisms to minimize the costs of public involvement and
review processes must be continually explored.

Research and Development

The role of research and development has been raised throughout the previous three sections.
R&D could hold the answer to many environmental problems. The Ontario Round Table, for
example, indicates that the promise of export opportunities for environmentally friendly
transportation equipment sector is bright; as are opportunities for clean coal technologies and
environmental monitoring techniques. Indeed, environmental R&D may embody the strongest
complementarity between prosperity and sustainability.

However, as indicated in the discussion on energy, the potential role of R&D does raise policy
questions related to the appropriateness of Canada’s current R&D resources and endeavours.
Many of these questions are generic to R&D management. Others are more specific to
environmental technologies and long-term environmental and social sustainability. For example,
what are appropriate linkages between the environmental protection industry .and research
activities in universities and institutions, and how can those linkages be enhanced? As noted
elsewhere in this report, there also remain questions about the allocation of research funds to
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sustainability versus production issues, such social aspects of developments in information
infrastructure, alternative energy sources and other "clean technologies".
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Traditionally, a strong physical infrastructure was seen as a determining factor in the economic
efficiency and international competitiveness of a nation. As we enter the information age,
development of an information infrastructure becomes equally important to Canada’s
participation in a knowledge-based, global economy. Within the economic paradigm,
- infrastructure issues revolve around the deficit in the physical infrastructure stock in the country
and nurturing an appropriate and adequate information infrastructure.

Notwithstanding these issues, the characterization of infrastructure as a servant of economic
prosperity is quickly becoming an historical artifact. Concerns for the global community and
for future generations have added the new motivation of sustainability; the role of infrastructure
is changing from one of a factor of efficient production to one of a factor of sustainable
production. This shift adds important environmental and social dimensions.

What do these new dimensions mean for infrastructure design and investment? Implications
permeate society. At the municipal level, environmental concerns are manifested in demands
for significant new forms and levels of (for example) water and wastewater treatment, solid
waste management, and air pollution control and monitoring infrastructure. Environmental
concerns also call into question transportation systems and urban structures, and the dominant
role of energy from non-renewable sources in Canada’s economy. Development of an
information infrastructure brings with it social concerns related to access, worker freedom and
exploitation and censorship as well as environmental concerns stemming from short product
lives, raw material inputs and declining production costs.

Yet infrastructure planners will, increasingly, have to grapple with these multiple objectives.
This paper addresses the challenge by exploring the linkages between infrastructure, prosperity
and sustainability and, in particular, complementarities and tensions between infrastructure
requirements for prosperity and for sustainability.

Drawing on examples from both physical and information infrastructure, it is apparent that
complementarities do exist. For example, tele-working offers opportunities to create a
personalized work environment and schedule that can increase freedom and enhances quality of
life; enhanced energy efficiency both in the generation of electricity and end use of different
fuels (e.g., in buildings and transportation systems) can both reduce costs of production and
environmental pressures; and growth of the environmental protection industry offers new
employment and income opportunities.

However, the challenges to joint planning for prosperity and sustainability are real. For
example, although tele-working may enhance quality of life for some, there is a danger that
workplace health and safety standards may be compromised and workers exploited; in the area
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of physical infrastructure, pricing issues could alter cost structures with implications for
competitiveness.

These complementarities and tensions are not unique to infrastructure. Many themes for
planning for sustainability, including:

"doing more for less";

"getting economic signals right";
incorporating environmental costs;
decentralized decision-making;
the role of the private sector;
public involvement; and

research and development.

cut across sectors and provide an opportunity for infrastructure planners to both contribute to
and learn from other "architects of sustainability"”.

However, infrastructure embodies additional dimensions of sustainability compared to-some other

sectors. Canada’s stock of physical infrastructure is aging; replacement and maintenance

investments are estimated at some $20 billion. At the same time, questions regarding the
appropriate form Canada’s information infrastructure remain and our understanding of the
synergy between physical and information infrastructure is poor. In many respects,
infrastructure planners are faced with an embarrassment of choices and issues. But
infrastructure planners also face the significant challenge of finding the "right" path among these
choices and issues. This paper has described some of those choices as a first step in defining
that path by identifying potential complementarities and tensions between the two objectives.
Identifying these linkages provides a basis by which planners can take advantage of
complementarities and minimize instances where they can potentially conflict. However, much
more consideration and research is needed to build guidelines for a sustainable infrastructure
strategy.
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