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This research project demonstrates how a technologically-detailed simulation 

model (Canadian Integrated Modelling System) can be used to provide parameter 

estirnates for a more general, but pedagogically usehl, regional sustainability computer 

model (Georgia Basin QUEST). QUEST is a computer garne in which the user 

undertakes various actions in an attempt to sustainably develop the Georgia Basin region 

of British Columbia. An external review cornmittee suggested the QUEST enhance its 

ability to represent economic feedbacks and technological evolution. 

In response, scenarios were developed in CIMS to reflect the world view, action, 

and policy choices available to the QUEST user. CIMS is a technologically explicit and 

behaviourally realistic simulation model which is considerably more complex than the 

QUEST energy model in terms of its representation of individual technologies, economic 

feedbacks and energy consumption forecasts. The CIMS scenarios included an 

information campaign, a $75 tax per tonne of carbon dioxide equivalent emissions 

(COze), a $225 tax per tonne of COze and a regulation requiring that the lowest-CO2 

ernitting technology be utilized for al1 energy services. Each of these policy types were 

modelled under two different World Views (sets of assumptions) regarding how 

consumers respond to the financial and non-financial attributes of technologies. The 

outputs of CIMS (fuel consumption, CO2 emissions, costs and market penetration rates of 

technologies) were converted to coefficients per unit of growth and summarized in 

matrices which are accessed by QUEST as it calculates its own scenario outputs. Thus, 

micro-economic feedbacks were incorporated into QUEST improving its economic 

realism. Linking the detail and complexity of CIMS with the visual appeal and game-like 

nature of QUEST creates a powemil communications tool with the ability to educate the 

public and assist policy makers regarding sustainable futures for the Georgia Basin. 
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1. Introduction 

Regional sustainability depends upon an energy system that is cost-effective and 

rninirnizes negative social and environmental impacts. Yet government policies designed 

to influence energy demand and supply often encounter resistance from broad segments 

of the general public. Increasingly, computer models are being used in public 

consultation processes to aid laypeople in understanding the complex scientific, economic 

and social interactions that influence the ability of regions to sustain hedthy economies, 

comrnunities and natural environments.' In order to be effective in influencing and 

communicating to the public, the computer models must strike a balance between being 

understandable and transparent to the layperson, while still containing sufficient detail 

and realisrn to gain credibility. The objective of this study is to show how a detailed 

micro-econornic, technology simulation model can provide parameter values to improve 

the realism of a more general, but pedagogically valuable, model while maintaining its 

public appeal. Combining the strengths of both modeiling approaches yields a 

provocative communications tool that empowers the public constituency with a 

cornprehensive understanding of the energy system, the policy tools that influence it and 

its role in developing a sustainable region. 

QUEST is a garne-like computer mode1 designed by the Sustainable Development 

Research Institute (SDRI) at the University of British Columbia to engage the general 

public in exploring the wide-range of potential futures in the Georgia Basin region of 

British Columbia (Figure 1.1) and the policy alternatives available to achieve them. 

QUEST can be classified as an integrated assessment model. Integrated assessment has 

been described as "an interdisciplinary process of combining, interpreting and 

comrnunicating knowledge from diverse scientific disciplines. The aim is to descnbe the 

entire cause-effect chain of a problem so that it can be evaluated from a synoptic 

Examples of the use of Integrated Assessment models for engaging the public in thinking about 
alternative forms of development include the Urban Lifestyles, Sustainability, and Integrated 
Environmental Assessment project (ULYSSES), the Climate, Energy and Alpine Regions project (CLEAR) 
and the Integrated Visions for Sustainable Europe project (VISIONS) (Robinson and Herbert, 2000). 
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perspective" (van AsseIt et al., 1996; Dowlatabadi, 1995). QUEST seeks to address the 

problem of how the Georgia Basin cm develop into a sustainable region. Sustainable 

development is commonly defined as "a form of developrnent that meets the needs of the 

present without compromising the ability of future generations to meet their owr! needs" 

(WCED, 1987). To describe the entire cause-effect chah of the factors that influence 

sustainable development, QUEST rnodels al1 sectors of the economy and their economic, 

social and environmental impacts. The user-interface is designed like a video game. The 

use of interactive newspaper headlines, and coloufil charts and maps to display scenario 

outputs creates a very appealing tool for public consultation. A challenge for the QUEST 

mode1 is to achieve realism and credibility when representing the complex web of 

interactions among such a wide range of econornic sectors and the social and ecological 

s ystems with which they interact. This is particularly difficult when dealing with the 

impacts of energy supply and consumption, as energy is integral to nearly al1 sectors of 

the economy. 

Figure 1-1. Georgia Basin Study Area. 

G E O R G l A  B A S I N  S T U D Y  A R E A  

Abbcpford 
----- 

USA.  



In response to an external evaluation of a previous version of QUEST (QUEST 

1 .O), S D N  highlighted improving the ability of QUEST 2.0 to represent economic 

feedbacks as a key objective during a recent re-design endeavour. A key economic 

feedback is the relationship between energy prices, policy costs and sustainability. The 

previous energy component of QUEST 1.0 lacked sufficient detail in four key areas 

which will be enhanced in QUEST 2.0 through this project. The areas are: 

1) technological evolution; 

2) the economic responses of firms and consumers to changes in energy costs 

and technology options; 

3) the differential impacts of alternative policy types; and 

4) the indirect impacts of changes in the energy system on the broader economy. 

Representing these four factors is a challenge for a wide variety of energy and 

economic models. Several approaches in energy modelling have been developed to 

attempt to address some of these weaknesses. As energy modelling has advanced, the 

focus has been on two dimensions: 1) increasing technological explicitness and 2) 

enhancing behavioural realism. Figure 1.2 compares a variety of types of energy models 

with respect to their ability to represent individud energy-using technologies and how 

consumers respond to the attributes of these technologies in the market place. 

The energy submodel in QUEST 1.0 is a simple time trend model. It does not 

contain information on individual technologies nor simulate how consumers respond to 

the costs of energy services when purchasing energy-using technoIogies. Instead, 

exogenous assumptions are made by the QUEST user about the rates of energy efficiency 

change under different scenarios in order to forecast future energy consumption. Clearly, 

this simple type of energy model is not sufficient to address the desire to include 

economic feedbacks and technologica1 detail in QUEST 2.0. 



Figure 1-2. Cornparison of model types used to analyze energy demand with respect 
to ability to portray energy end-uses and consumer behaviour. 

End Use Detail 

l-. lncreasing Technological Explicitness - 
- TÏme Trend 

e.g. QUEST 1 .O Energy Submodel 

- Simple Output 
Ratio Models 

- Aggregate Econometric 
Models (Top Down) 

- Linear Programming 
Models 

- First Generation 
Technology Models 
(Bottom Up) 

- Disaggregated, Dynamic 
Econometric Models 

- Second Generation 
Technology 
Simulation Models 

e.g. ClMS 

*Figure derived fiom Nyboer, 1997. 

In order to irnprove the energy component in QUEST 2.0, the QUEST research 

team has several options. The team could develop a more advanced energy component 

within QUEST by improving dong each of the two dimensions in Figure 1.2. 

Alternatively, QUEST could either hardlink or softlink to a more detailed energy- 

economy model, which would then provide energy forecasts for the QUEST scenarios. 

Hardlinking involves physically connecting two or more models. Softlinking involves 

generating outputs from one model to serve as inputs to another mode1 without physically 

connecting the two. Developing a QUEST energy-economy energy mode1 is impractical 

given the time and resources required to develop and maintain a technology database 

alone. Hardlinking, while feasible, was quickly detennined to be too computationally 

taxing. Al1 of QUEST's calculations must occur in less than 30 seconds in order to 

maintain the user's interest and most advanced energy-economy models take much longer 



to mn. Softlinking was therefore detennined to be the preferred route by which to 

improve the QUEST 2.0 approach to energy-economy modelling. 

The full spectrum of energy model types shown in Figure. 1.2 was explored in 

order to select the best model to softlink with QUEST. Aggregate econornetric models, 

commonly h o w n  as top-down models, forecast energy consumption based on 

statistically-denved relationships between energy consumption, economic activity and 

fuel prices from historical data. This approach is behaviourally realistic in that it 

incorporates data on how consumers actually behaved in the marketplace of the past. 

However, detailed technological information is usually not included and the use of 

historical data limits the ability of these models to explore the potential for emerging 

technologies to alter energy consumption patterns from those seen in the past. The intent 

with QUEST is to explore al1 potential futures and thus this constraint to past 

technologies in top-down models is too constrictive. 

In contrast to the top-down approach, bottom-up models (linear progamming, 

first generation technology models) are technologically detailed. Bottom-up models 

incorporate information on the fuel consumption, energy efficiency and costs of 

individual technologies that provide energy services. The adoption of these technologies 

into the market is then simulated, typically by rninimizing the cost of achieving the 

desired services. Because emerging technologies can be included, bottom-up models 

provide a better representation of future possibilities for changing energy consumption 

patterns. Unfortunately, bottom-up models are often criticized for focussing exclusively 

on the financial charactenstics of technologies and ignoring other attributes that are 

known to influence consumer behaviour (e-g. product preferences, perceived risk). By 

highlighting what is technologically possible and overlooking consumer resistance to 

adopting the cheapest technology possible for providing a given energy service, bottom- 

up models tend to conclude that it is cheap or even profitable to reduce energy 

consumption. To be credible, QUEST must provide a portrayal of consumer purchasing 

behaviour that "rings mie" with its users. The lack of behavioural realism in bottom-up 

models precludes their use for this application. 



To overcome these challenges, the trend in energy modelling has been to develop 

hybrid approaches that combine the technological detail of bottom-up models with the 

behavioural realism of top-down modets. Econometric models have moved towards 

greater disaggregation in representing the end-uses of technologies. Second generation 

technology simulation models have improved ways of simulating consumer behaviour 

with detailed technology databases. A hybrid model has the potential to enhance 

significantly QUEST's energy submodel through softlinking. 

The Canadian Integrated Modelling System (CIMS) is a hybrid model that covers 

each province of Canada. Its submodels for British Columbia encompass the Georgia 

Basin. CIMS is composed of a set of integrated energy and economic simulation models 

developed by the Energy and Materials Research Group (EMRG) at Simon Fraser 

University. The energy component of CIMS is a second-generation technology 

simulation model. CIMS can contribute to enhancing al1 four of the aforementioned key 

areas for improvement. 

CIMS c m  provide a detailed picture of technology evolution in response to 

various economic conditions. ClMS tracks stocks of individual technologies, their costs, 

their energy consumption and their associated emissions over time as they enter the 

market place. CIMS is behaviourally realistic in reflecting the process by which these 

technologies are adopted because it simulates the responses of consumers and firms to 

changes in both financial and non-financial attributes of technologies. B y portraying how 

consumers actually behave, CIMS provides more credible forecasts of the likeiy response 

to various policies designed to alter energy consumption. Additionally, CIMS models the 

energy supply and demand sectors in an integrated manner, allowing fuel pnce feedbacks 

to occur. As a result, CIMS provides information on both the fuel switching and 

increased energy efficiency responses of consumers to changes in energy costs. A variety 

of policies can be simulated explicitly in CF4S allowing the QUEST user to differentiate 

between the effectiveness and costs of various policy alternatives. Finally, CIMS 

contains an optional macro-economic model which is available to simulate the indirect 

effects of the micro-economic responses of firms and consumers on the broader economy. 



When activated, this feaîure of CWS provides information on feedbacks on the level of 

overall econornic activity and changes in the structure of the economy. 

Given that CIMS can provide both a qualitative description of technology futures 

and a credible portrayal of demand and supply-side responses. to policies designed to 

influence energy consurnption, softlinking QUEST and CIMS was selected for enhancing 

QUEST 2.0's energy-economic scenarios. The softlinking approach combines the detail 

and complexity available from ClMS with the visual appeal and communicative strengths 

of QUEST. 

1.1 Research Objectives 

The purpose of this project is to utilize CIMS to enhance the realism of the 

QUEST 2.0 energy submodel such that it presents a comprehensive representation of the 

ecological, technological, economic and social impacts of policies designed to infltience 

the evolution of the energy system. The specific research objectives are the following: 

1) To endogenize micro-econornic feedbacks to different energy policies in QUEST. 

2) To increase the interest of the QUEST scenarios for users by incorporating 

detailed information on the technologies adopted under different economic 

conditions- 

3) To differentiate between the impacts of different policy types in terms of fuel 

consurnption, emissions, technologies, and particularly costs and who pays them. 

4) To incorporate energy supply systems into QUEST 2.0. 

Although not directly accomplished by this project, a theme throughout is how 

this research can be extended to macro-economic feedbacks in subsequent revisions of the 

QUEST model. 

This report explains how CIMS was used to inform p w e t e r  estimates and 

provide outputs for QUEST 2.0. Section 2 provides backgrouiid on key energy issues that 
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QUEST must cornrnunicate. Section 3 assesses each stage of the QUEST game to 

highlight specific areas for improving its representation of energy-economy issues. 

Section 4 outlines the general methodological approach and describes how CIMS 

hinctions. Section 5 presents the data inputs. The results of the soNinking exercise are 

reported and discussed in Section 6 followed by conclusions and suggestions for future 

research in Section 7. 



2. Background 

In attempting to realistically and thoroughly address al1 of the factors that 

influence the sustainability of the Georgia Basin region, there is a hazard of 

overwhelming the QUEST user with too much detail. The first step in re-designing the 

energy mode1 for QUEST 2.0 was therefore to target the key issues which are critical to 

understanding the role of the energy system in achieving sustainability. In essence there 

are four key questions regarding the energy system that QUEST should answer for the 

user, 

1) Why is the cunent energy system unsustainable? 

2) What policy tools can be employed to move towards a more sustainable energy 

system? 

3) What feedbacks may influence the evolution of the energy-economy system? 

4) How does uncertainty affect Our ability to assess energy futures? 

The QUEST 2.0 energy-economy mode1 must address these questions using the 

most up-to-date, and credible scientific information available: 

2.1 Why is the current energy system unsustainable? 

Most scientists concur that the energy consumption patterns of industridized 

countries are unsustainable because they are dependent on the combustion of a finite 

supply of fossiI fuels that release greenhouse gases (GHGs) and contribute to global 

wannïng (IPCC, 1996). Greenhouse gases, such as carbon dioxide, methane and nitrous 

oxide, occur naturaily in the atmosphere, trapping heat from the Sun and maintaining 

global temperatures in a range suitable for human existence. However, "human activities 

(primarily the buming of fossil fuels and changes in land use and land cover) arc 

increasing the atmosphenc concentrations of greenhouse gases, which alter radiative 

balances and tend to warm the atrnosphere" (PCC, 1997). Based on a range of scenarios, 

the PCC projects that in the absence of climate policies, the mean annual global surface 
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temperature will increase by 1.4-5.8" C and that globally averaged sea levels will rise by 

0.09 to 0.88m relative to 1990 by 2100 (PCC, 2000). 

According to the Canada Country Study on ctimate change impacts and adaptation 

(EC, 1997), the potential consequences of accelerated climate change in British Columbia 

include physical impacts (increased frequency of flooding, more landslides, rising sea 

levels, glacier reduction and disappearance) and impacts on natural ecosystems (increased 

fish and waterfowl die back, forest transformations due to fire, pests and disease, 

extinction of rare species and migratory bird impacts). Economic and lifestyle impacts 

are also predicted, such as loss of coastal infrastructure, fisheries declines, energy 

disruptions and human health risks (EC, 1997). 

ClearIy the negative by-products of the current energy- system have unsustainable 

impacts. QUEST must have the ability to forecast the levels of greenhouse gas emissions 

that result from energy consumption in order to indicate whether the scenario is 

sustainable from a climate change perspective. 

2.2 Policy tools and their impacts 

Given the potentially devastating costs of global warming, international efforts are 

undenvay to develop policies to limit emissions of greenhouse gases. In 1997, the K ~ o t o  

Protocol to the United Nations Frarnework Convention on Climate Change was 

negotiated and Canada committed to reduce greenhouse gas emissions to 6% below 1990 

levels between the years 2008 and 2012. Although the exact nature of the international 

policy package and Canada's domestic strategy to decrease greenhouse gas emissions 

remain unknown, there are three basic classes of policy mechanisms that may be 

employed. These are market-based instruments, information / moral suasions campaigns, 

and regulatory measures. Because these policy tools have different levels of cost- 

effectiveness, political acceptability, and allocate the costs and benefits differently among 

distinct segments of society, there has been lively debate over which of these mechanisms 

is appropriate. 



Market-based Mechanisms 

Market-based policies alter the prices of f'uels and / or technologies such that 

ernissions-intensive goods and services have higher market prices and / or lower profits to 

the producer. This sends a price signal through the market that encourages direct 

responses by consumers and producers to switch away from polluting energy sources, 

invest in energy efficient technologies, or change their consumption / production rnix. 

Market-based instruments are often preferred by industry because they are cost-effective, 

meaning that they achieve a targeted level of ernissions reductions at a minimal overall 

cost. Carbon taxes, where charges are added to each fossil fuel in proportion to their 

carbon content (and thus emissions of COz), are one example of a market-based 

instrument. The magnitude of the price increase required to achieve a specific target level 

of greenhouse gas ernissions is estimated by govemment and the tax level is set 

accordingly. Polluters who can reduce their emissions for a lower cost than paying the 

tax will do so. Polluters for whom it is more expensive to abate will prefer to pay the tax. 

In this manner, carbon taxes implicitly equalize the marginal costs of abatement among 

polluters (Baranzani et al., 2000). 

In the Georgia Basin, any form of additional taxation tends to be politically 

unfavourable; thus tradable emissions permits are increasingly proposed as a market- 

based alternative to carbon taxes. In a tradable permit system, the administrative body 

wilI initially issue a set number of GHG emissions pennits, which firms and households 

can then trade amongst themselves in a cornpetitive market. This option is less likely to 

encounter resistance primarily because it allows firms to purchase emissions perrnits at 

known prices in advance of major projects, an approach similar to comrnodity hedging 

instruments that are a farniliar tool in industry. Carbon taxes and tradable permit systems 

may differ in ternis of their effectiveness in lirniting absolute emission levels. Under a 

carbon tax scheme, there is not a firm upper limit on the total quantity of emissions 

allowed; consumers c m  emit as many GHG's as they are willing to pay for. In contrat, 

the tradable permit system is more likely to achieve a specified emissions target because 

it caps the overall level of emissions. 



Other market-based instruments include feebates (which assess fees on inefficient 

technologies while providing rebates for purchases of high fuel efficiency or low GHG 

emission technologies) and subsidies to encourage investment in energy efficient 

technologies. The BC Climate Change Business Plan States that "BC favours a market- 

based approach to GHG reduction that ensures cost-effective emission reductions and 

continued cornpetitiveness in world marketsm(MELP, 2000). Therefore, it is important 

that QUEST have the capability to mode1 explicitly the impacts of this policy type. 

Information 

Information or moral suasion campaigns are another policy tool commonly 

employed by govemments and other agencies to discourage consumer behaviour that is 

not in the public interest (e.g. dmnk driving and smoking). This type of policy is also 

applied in the energy sector. For example, in the industrial sector, the Industrial Energy 

Innovators Initiative is a voluntary, company-based program, which encourages 

companies to become more energy efficient W C ,  2001). Cornpanies can publicly report 

their voIuntary efforts to reduce GHG emissions via the Voluntary Challenge and 

Registry (VCR Inc, 2000.). Information and moral suasion campaigns are politicaily 

popular because consumer and industry response is voluntary; however, the willingness 

of frrrns to adopt technologies and practices which decrease emissions may be limited to 

actions which have a net financial benefit or at least a low cost. Thus, the effectiveness of 

information campaigns for meeting strict emissions reductions is questionable. 

Regulation 

Regulatory policies impose limits on the use of technologies or fuels in order to 

reduce GHG emissions. For example, Canada's Energy Eficiency Act reguiates the 

minimum energy performance levels for energy-using products and enables energy 

labelling of specific products (NRCan, 1999). Minimum levels of energy efficiency are 

specified for household appliances, water heaters, heating and air conditioning systems, 

and various lighting products and motors. Regulations regarding use of High Occupancy 

Vehicle lanes on highways encourage carpooling and subsequently reduce fuel 
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provide energy cost savings, they may increase their competitiveness and stimulate 

growth in overall economic activi ty. 

Technology Evolution 

In addition to econornic feedback effects, it is also important for the QUEST user 

to be aware of the potentiai impact of emerging technologies on the ability to achieve 

regional sustainability. Energy-efficient or low emission technologies, such as electtic 

hybnd vehicles, have the potential to decrease overall energy consumption and GHG 

emissions while providing the sarne energy services as more emission-intensive vehicles 

types. Alternative fuel technologies, like hydrogen fuel cells, could revoluûonize energy 

use in the residential, commercial and transportation sector. Technologies are even being 

developed to retrieve GHG emissions from fuels pnor to combustion and to sequester 

them such that they are not released to the atmosphere. The rate at which technological 

innovations that decrease the GHG emissions associated with energy services are 

developed is a critical factor in determining the overall ability of the region to meet 

energy service demands in a sustainable manner. 

2.3 Uncertainty in ln fegrated Assessrnent 

In attempting to represent the entire realm of interacting factors that influence 

sustainability, QUEST necessarily makes broad assumptions about processes and 

relationships both within and between ecological, economic and social systems. The 

interplay of so many factors encompasses a great deal of uncertainty when attempting to 

simulate the future of the energy systern alone. Even if it were possible to validate the 

energy submodel in isolation, this would not ensure the reliability of its interactions with 

other QUEST submodels. QUEST must acknowledge the existence of uncertainty 

without invalidating the entire approach. 



In energy models, there is often uncertainty with regards to three prirnary factors 

that determine energy consumption: 

the level of economic activity, 

price-related factors and 

price-independent factors. 

Uncertainty in forecasts of overall Ievels of economic activity has the largest impact on 

the levei of energy services and therefore on the energy requirements and GHG emissions 

of a scenario. Uncertainty regarding how easily firms and consumers substitute different 

fuels for one another and / or substitute capital for energy (by purchasing more expensive, 

fuel-efficient technology stocks) in response to relative pnce changes also has important 

consequences. Manne and Richels (1994) found that the degree of substitutability 

between capital and energy was the second most important detenninant of CO2 emissions 

and the cost of reducing them, after economic activity levels. Trends that influence the 

demand for energy can also be a function of time rather than relative prices. Uncertainty 

also exists with respect to the direction and magnitude of such trends. The approach used 

in QUEST to address the existence of uncertainty is to allow the user to explore a variety 

of scenarios based on different modelling assumptions or perspectives. 

The following section reviews QUEST 1.0's ability to address the three critical 

uncertainties in energy modelling. Alternatives and recommendations for improving 

QUEST 2.0, either through softlinking with CIMS or other mechanisms, are discussed. 

Many of these recomrnendations are implemented directly by this research project and 

require some basic modifications to the QUEST 2.0 interface which are outlined in 

Section 3. Other suggestions put forth in this section, particularly those selated to macro- 

economic feedbacks, are presented only as possible directions for future research. 



3. Methodology: Modifying QUEST 

The four stages of the QUEST game provide a conceptual framework for 

understanding the modelling me~hanisms.~ Figure 3.1 shows the 4 stages of the QUEST 

game. In Stages 1 and 2, the user makes decisions that deterrnine key mode1 inputs. In 

the Invent-a-Future stage, the user specifies (1) the growth scenario they would like to 

explore and (2) key mode1 inputs that influence the reaction of the model to the user's 

selection of actions in the subsequent Choose Policies stage. During the Choose Policies 

stage, the user selects various actions that they would like to see implemented and 

chooses the policy types that they would use to instigate the actions. In Stages 3 and 4, 

the QUEST mode1 calculates and displays various outputs of interest to the user. In the 

View Conseqzrences stage, the user examines the impact of their policies over a decade by 

observing trends in various indicators. The user then repeats the selection and review of 

policy choices each subsequent decade, over a 40 year period. Finally, the user examines 

the cumulative impact of the policy actions over the full forty-year scenario in the Review 

Scenario stage. 

Stage 1 : Invent-a-future 

Set Economic and Population Growth Forecast 

In the Goals and Targets section of the Invent-a-Future stage, the QUEST user 

selects the population trend3 and economic growth trend that they would like to explore 

For additional reading on the QUEST mode1 see the publication "Lower Fraser Basin QUEST Mode1 
Structure" (ESTISDRI, 2001). In order to give the user the feeling of playing a video game, there are many 
"bells and whistles" added to the basic QUEST model. Only those details relevant to the functioning of the 
model are discussed in this section. 

' The migration rate is adjusted in the demographic submodel to achieve the desired population level. Birth 
and death rates are assumed constant. 
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Figure 3-1. Stages of the QUEST garne. 
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from among the wide range of possibilities pr~vided.~ There are no feedbacks (negative 

or positive) on the level of population or economic gmwth in the QU'EST scenario in 

response to the user's subsequent policy selections. In the real world, the implementation 

of policies to influence the cost of energy services rnay feedback on both the population 

in the Georgia Basin and overall economic activity. An example is the migration of 

people and businesses to regions with lower taxes. While these feedbacks are important, 

the QUEST research t e m  wants the user to face the consequences of a set Ievel of 

population and economic activity and thus feedbacks on these variables are not 

incorporated in QUEST 2.0. Allowing the QUEST user to explore a variety of economic 

activity levels enables them to determine the impact of uncertainty in this critical variable 

for energy forecasting. 

Along with a growth scenario, most energy models require fuel price forecasts to 

realistically forecast the level of energy demand and to determine the energy costs 

associated with meeting the demand for energy services. Fuel price forecasts are notably 

missing from the Invent-a-Future stage of QUEST 1.0. This precludes rnodelling the 

micro-economic responses of individuals and firms to changes in the relative costs of 

different fuels under market-based policies. In QUEST 2.0, fuel prices will be 

incorporated in order to represent (1) the impacts of market-based policies on the relative 

prices of fuels and (2) the fuel-switching and energy-efficiency purchasing responses of 

consumers to changes in the costs of energy services. 

Select World View 

In the second part of Stage 1, the QU'EST user specifies their world view settings 

(Fig. 3.1). A world view is a belief regarding the structure of reality and an 

accompan ying vision of the relationship between people and environment (van Asselt et 

al., 1996). The individuals who play QUEST may hold fundamentally different views 

regarding how the wodd works that influence how they believe change can be 

4 QUEST assumes that population and economic growth are not linked and allows the user to explore 
whichever combinations they prefer. 
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accomplished. In order to explore these different beliefs and to acknowledge uncertainty, 

QUEST provides multiple model routes for the user to explore. A mode1 route is "a chain 

of perspective-dependent interpretations of the crucial uncertainties in an integrated 

assessment model" (van Asselt et al., 1996). A perspective is defined by an individual's 

world view and management style. Management style refers to the policÿ types that the 

individual prefers or believes are effective. The availâbility of several world views forces 

the user to question their confidence that their own perspective is correct and to consider 

the potential consequences of being wrongS5 The ability to portray different beliefs 

regarding the three aforementioned cntical uncertainties in energy rnodelling must be 

maintained in QUEST 2.0. 

In this stage, the user specifies their world view beliefs regarding three key 

uncertainties: 

1) Level of Ecological resilience -how fragile are our ecosystems? 

2) Rate of Technological innovation -how rapiàly will new technologies be developed? 

3) Degree of Social adaptability -how willing are individuals to change their 

behaviour? 

Each world view choice is represented by a slider, which the user sets at low, 

medium or high in accordance with their answers to these three questions. In QUEST 

1.0, the user's settings for each world view slider determine the numerical ranges of a set 

of model variables that specify the allowable rate of change in response to actions in the 

Choose Policies stage (Fig. 3.2). Thus, the user's value-based assurnptions are transIated 

into nurneric parameters, which provide a consistent representation within the model of 

how the user believes the world functions (ESTISDRI, 2001). For example, if the user 

believes that the rate of technological innovation will be low and later implements a 

policy to increase fuel efficiency, the increase in fuel efficiency will be much smaller than 

if they had selected the world view belief of rapid technological innovation. Using this 

approach, the world view settings simply scale model parameters up or down in a linear 

While this approach is useful for highlighting that there is uncertainty regarding which is the "correct** 
world view, it should be pointed out that the model's representation of each individual world view is highly 
subjective and masks a great deal of uncertainty. 
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manner with no explicit relationship to processes functioning in the real worId to 

stimulate such changes. 

In QUEST 2.0, the world view approach will be enhanced such that (1) each 

world view sIider reflects a real world process (how the worid works) and (2) different 

beliefs regarding these processes can be defined and simulated. Translating conceptual 

ideas, such as the world views, into quantitative mode1 parameters inevitably involves 

subjective decisions on the part of the modeller. 1 will outline my definition of the 

Technological Innovation and Social Adaptation sliders to clarify how 1 conducted this 

process. 6 

Figure 3-2. Effect of World View Sliders on the parameter values associated with 
Action slider settings. 
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Action Slider Setting 

In subjectively defining the Social Adaptation and Technological Innovation 

sliders 1 rnust first acknowledge that there is a degree of overlap between these concepts. 

Technological innovation does not occur in isolation from society. A highly adaptable 

society may be more willing to change its purchasing behaviour and take risks on 

innovative and unproven technologies. This could stimulate learning and additional 

technological developments. Such a society may be more willing to fund research and 

The Ecological Resilience world view slider is not discussed further because it deals with the magnitude 
of the ecological consequences that occur as a result of energy consumption and related GHG emissions. 
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development. Likewise, technological breakthroughs can facilitate behavioural changes 

in society. For instance, new communications technologies (fax machines, internet) make 

it easier for people to work at home. 

While acknowledging the synergies between Technological Innovation and Social 

Adaptation, it is necessary to isolate them in order to represent them distinctly in numenc 

terms in the model. As discussed previously, energy modellers often think of economic 

activity levels, relative prices, and price-independent trends, as the three determïnants of 

future energy demand. Following discussions with the QUEST modelling team, it was 

decided to define the Social Adaptation slider as representing different views regarding 

how consumers respond to energy costs and to define the Technological Innovation slider 

as representing different views regarding rates of price-independent technological 

evolution. This approach reflects cornmon distinctions in energy modelling and thus 

allows quantitative parameters to be determined from the literature or other models. Each 

world view slider and supporting literature for its settings in QUEST 2.0 are reviewed 

below. 

Social Adaptation 

World views regarding social adaptability affect energy consumption on several 

levels. Firstly, how consumers weigh future benefits against current costs has important 

implications for energy consumption. For instance, do consumers prefer to avoid 

imrnediate costs even if it means that they relinquish the potential for future benefits? If 

so, then consumers are less likely to purchase energy efficient technologies or alternative 

fuel technologies, which have higher upfront costs but provide energy cost savings in the 

future. Social adaptability may also relate to consurners' willingness to alter their 

preferences for specific technology attributes. For instance, if consumers were highly 

adaptive to the threat of climate change, and thus willing to live in apartments, rather than 

large stand-alone houses, the demand for energy for space heating would decline. Social 

adaptability may also be reflected in how cities and regions are allowed to develop. For 

exarnple, rnixed-use neighbourhoods where people can live, work and shop within 



walking distance decrease the demand for vehicle travel. QUEST users c m  already 

directly control urban planning decisions and some key user preferences (see Table 3.1) 

that relate to energy consumption; therefore, 1 have developed the Social Adaptation 

slider to represent different perspectives regarding the process b y w hic h consumers 

respond to costs when purchasing energy-using technologies. 

Uncertainty regarding how consumers make technology-acquisition decisions is 

critical to a centrai debate in the current energy-economic literatwe. The debate centers 

on whether there is an "energy efficiency" gap between actuai levels of energy use and 

the optimal level of energy use (Jaffe & Stavins, 1994). The definition of what is optimal 

energy use depends on which perspective one takes. Economically optimal energy use 

would rnaxirnize the value of goods and services consumed by society over time. To the 

extent that negative environmental extemalities compromise that value, they would be 

considered suboptimal. While the economically optimum level of energy use is a concem 

for public policy, from a strict financial cost point of view, the optimum level of energy 

use minimizes the financial costs that consumers face in achieving their desired level of 

energy services. 

There is evidence of technologies where the energy cost savings exceed the initial 

investment costs (Koomey & Sanstad, 1994). This suggests that it is financially 

profitable to undertake energy efficiency investrnents that may also yield societal 

benefits, such as reduced risk of climate change. This possibility has obvious apped. Yet 

despite their apparent profitability, many of these technologies have shown only gradua1 

market penetration or none at d l .  If these investments are so cost-effective, why do 

consumers not undertake them as a matter of economic self-interest? 

Empirical research shows that consumers utilize high implicit discount rates when 

purchasing energy-efficient equipment. (Hausman, 1979; Ruderman et. al., 1987; see 

Jaffe & Stavins, 1994) Consumers who exhibit high discount rates weight present 

consumption with more importance than future consumption and are therefore biased 

against purchasing energy efficient technologies, which are typically initially more 



expensive than inefficient alternatives. Such consumers prefer to Save money 

immediately on the upfront capital costs of the technology, rather than wait to Save 

money by spending less on energy bills in the future. The magnitude of the "energy-gap" 

is determined by the extent to which the revealed discount rates implicit in consumer 

purchases diverge from other information about their time preferences that suggest much 

lower discount rates. In other words, discount rates that are too high prevent consumers 

from minirnizing their financial costs over time and thus prevent consumers from 

reaching the financiall y efficient level of energy use. 

Do consumers discount energy-using technologies correctly? While there are 

many nuances to the debate, two opposing perspectives, which 1 will cal1 the Economic 

Efficiency world view and the Average Consumer world view, are outlined here to 

highlight the differences in the underlying beliefs. These two perspectives are later 

modelled in CIMS and serve as differrnt settings for the Social Adaptation world view 

slider in QUEST 2.0. 

Economic Efficiency World View 

On one side of the issue, researchers argue that market barriers and / or market 

failures cause consumers to utilize discount rates that are too high and hinder th2m from 

purchasing the economically efficient level of energy efficient technologies. Market 

barriers may include: lack of information regarding the cost saving attributes of the 

technology, transaction costs (gathering, assessing and applying information on the 

characteristics and performance of energy-using equiprnent) and lack of access to capital. 

Additionally, energy-efficient technologies may not be purchased at the economically 

optimal level if the individual who must purchase the technology is not the person who 

will benefit from the energy cost savings (Jaffe & Stavins, 1994; Howarth & Andersson, 

Sanstad & Howarth, 1994) (e.g. a renter would Save on their electncity bill while the 

building owner would pay the extra cost of a more energy-efficient refiigerator). De 

Canio (1998) suggests that organizational and institutional factors (size of firrn, type of 

' As a result, the Social Adaptation world view slider in QUEST 2.0 has two rather than three settings. 
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institution, type of facility, equipment provider) also act as barriers and influence the 

decision-making of fims almost as strongly as economic forces. Proponents of this 

world view believe that if such barriers were removed, consumers wouid utilize a Iower 

discount rate, purchase more energy-efficient technologies and minirnize their financial 

costs over time. 1 define this as equivaient to a more highly adaptable society. 

Average Consumer World View 

In contrat to the Economic Efficiency perspective, many economists are doubtful 

that there is a large abundance of unexploited opportunity for economic benefits through 

energy efficient technologies (Sutherland, 1994; Nichols, 1994). They argue that the high 

discount rates used by consumers are consistent with the red costs and risks they face 

rather than the result of market barriers. These costs may include transaction costs, risks 

of technology failure, loss of preferred technology attributes, and loss of option value 

(Nichols, 1994). The transaction costs involved with purchasing energy-efficient 

technologies may be higher as consumers must search out information related to energy- 

efficiency, availability and how the technology fits within their home or lifestyle. 

Proponents also argue that one should consider not just the capital cost, but also the 

"expected" cost given the probability that the technology will fail. Given that the most 

energy-efficient technologies are usually new to the market, consumers are unfamiliar 

with their performance and may expect a higher failure rate, increasing the perceived cost 

of the technology. Consumers may also perceive differences in the quality of service 

provided by the technology. They may, for exarnple, find that electric-hybrid vehicles 

lack the horsepower of gas-powered vehicles or that compact fluorescent lighting has a 

different hue than incandescent lights. Finally, there is evidence that cornpetitive markets 

require a higher rate of retum for capital-intensive investments than for energy-intensive 

technologies because capital-intensive investments represent irreversible, sunk costs 

which decrease the flexibility of the consumer or firm to respond to changing conditions 

in the future (loss of option value) (Metcalf, 1994). 

These costs are more difficult to quantify than the measurable financial costs 

(capital costs, energy expenditures and operating and maintenance) typically accounted 
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for in the simple financial calculations that often support claims regarding the cost- 

effectiveness of energy-efficient technologies. Proponents of this world view believe that 

high discount rates are justifiable when they account for the real uncertainty that 

consumers face. 1 equate this belief with the low setting of the Social Adaptability world 

view slider as such consumers are less likely to change their purchasing behaviour. 

One's perspective regarding how consumers respond to costs when making 

technology purchases has a drastic impact on the model's portrayal of the evolution of 

technology stocks and thus on fuel consumption and levels of greenhouse gas emissions. 

In energy models, the responsiveness of firms and consumers to relative costs is 

embodied in the explicit or implicit values that the mode1 adopts for the ease of 

substitutability between capital (technology stocks) and different forms of energy over 

time. These vaIues are called the long-mn capital for energy elasticity of substitution (K 

for E elasticity) and inter-fuel elasticity of substitution respectively. The term elasticity 

of substitution refers to how much a change in the relative prices of inputs changes their 

relative demands. Different modelling approaches utilize significantly different estimates 

for these parameters (Bataille, 1998). 

In bottom-up models, the implicit value of K for E elasticity of substitution is 

typically high (strong substitutability). In other words, a small increase in the relative 

pnce of energy wiII stimulate a larger increase in the demand for technology stocks with 

greater energy efficiency. This implies that it is relatively cheap to reduce energy 

consumption and its negative environmental impacts. This is expected, as bottom-up 

models emphasize what is technologically possible. 

In top-down models, the K for E elasticity of substitution is usually lower (mild 

substitutability) indicating that it is more expensive to reduce GHG ernissions. Top- 

down models refl ect the tendency of consumers to respond more to perceived costs 

(including transaction costs, real and perceived risks and preferences) than simply 

financial costs. Thus, top-down models reflect the resistance of the market to switching 

to the least expensive technology or fuel for achieving a given energy service. However, 



top-down models are unable to detect emerging technologies and changing preferences 

and, therefore, their estimates of elasticities of substitution are conservative. 

Bataille (1998) utilized the hybrid CIMS Energy Demand Mode1 to estimate long- 

run capital for energy elasticity of substitution and inter-fuel elastcity of substitution 

values. He concluded that the aggregate Canaciian capital for energy elasticity value was 

0.24, falling roughly between estimates from top-down and bottom-up sources. BataiIIe 

reached other important conclusions that strongly support the use of hybrid models for 

estimating the costs of GHG reduction actions and for infonning policy development. To 

summarize, Bataille found that: 

K for E elasticities Vary widely for different sectors of the economy; 

K for E elasticities Vary by province; 

Inter-fuel elasticities exceed those for capital and energy by two to three 

times; and 

K for E elasticities are sensitive to the discount rate applied by 

purc hasers. 

These results suggest that the use of a single aggregate parameter for K for E 

elasticities is inappropriate given the heterogeneous abilities of different sectors to 

substitute between energy forms or away from energy to technological stocks with 

increased fuel efficiency. Disaggregated analysis is best able to reflect this varying 

flexi bility. Given that inter-fuel substitution elasticities exceed capital for energy 

elasticities by two to three times, fuel switching is a more likely response to changes in 

energy pnce than increased purchases of energy efficient technologies. The ability to 

integrate the supply and demand sectors is thus increasingly important in order to 

incorporate fuel pnce feedbacks. Finally, the sensitivity of K for E elasticities to the 

discount rates applied by purchasers indicates that different world views regarding the 

appropriate discount rate influence one's belief about the substitutability of different 

energy forms and technology stocks. Based on the pulp and paper sector, Bataille's 

results show that higher discount rates result in lower K for E elasticities while lower 

discount rates result in higher K for E elasticities (increased substitutability). 



Technological innovation 

In my interpretation, the Technologicai Innovation world view slider represents 

the user's beliefs about trends in technological evolution that occuï- regardless of price 

effects. Price-independent technological evolution refers to broad trends in technology 

evolution that are a function of time rather than direct price effects. The evolution of 

technology towards higher or lower energy intensity is a function of numerous factors 

that are not easily distinguished. If these factors act consistently over time, they c m  have 

a significant impact on the future demand for energy and should be incorporated into the 

QUEST 2.0 energy model. 

Energy modellers utilize the term "autonomous energy efficiency index" (AEEZ) 

to describe the effect of technological evolution (with prices held constant) on the 

dernand for energy. AEEI measures the price-independent determinants of energy use 

and is generally interpreted as measuring the trend in technologicd energy efficiency. 

Again, different types of energy models produce varying estimates of the value of the 

AEEI parameters. Top-down models employ a time-trend variable to account for the 

price independent technological changes that affect energy demand. Top-down models 

produce lower estimates of AEEI than bottom-up models if the parameter is estimated 

from a period of relatively low public and research concem for energy scarcity, meaning 

that the technological innovation was not focussed on energy. Bottom-up models 

incorporate detailed information on al1 potential energy-using technologies and simulate 

their penetration into the market over time. Demand for additional technology stocks is a 

function of retirement of old technology stocks and increases in economic activity. 

Technologies compete for new market share based on their annualized life-cycle costs. 

Bottom-up rnodels can yield high estimates of AEEI if they include emerging 

technologies. Hybnd models combine the technological detail of bottom-up models with 

adjustments for behavioural realisrn. They thus combine features of both approaches and 

should tend to yield AEEI estimates that fall between those from top-down and bottom-up 

models (Luciuk, 1999). 



Despite uncertainty regarding the rate of price-independent technological 

evolution, estimates of AEEI from these three mode1 types provide an indication of the 

range and generd magnitude of the effect of price-independent factors on the evolution of 

technology stocks, and thus energy demand over time. Each Technological Innovation 

world view setting in QUEST 2.0 will be represented by an appropriate AEEI values from 

arnong the range in the literanire 

To review, at the end of Stage 1: Invent-a-Fuhzre, users have set the level of 

economic activity they wish to exp!ore. They have also expressed their world views 

regarding how consumers make technology acquisition decisions and how price- 

independent trends will impact energy demand. This allows the rnodeller to customize 

the quantitative functions of QUEST to reflect how users believe the world works. In 

Stage 2: Choose Policies, the World View settings act either to enhance or detract from 

the effectiveness of users' choices (see Figure 3.2). 

Stage 2: Choose Policies 

In the Choose Policies stage of the QUEST garne, users (1) implement actions that 

they believe contribute to a desirable future in the region and (2) specify the policy type 

they would use to achieve the action for one decade at a time (Fig. 3.1). The following 

definitions are applied: 

1 .  Action: change in equipment acquisition, equipment use rates, lifestyle choices, or 

resource management that changes the consequences of the scenario from what 

they otherwise would be. 

2. Policy: effort by government to realize an action (outcorne). 



3. Measure: The application of a policy for the purpose of achieving one or more 

actions (Policy + Action = Measure). In the real world measures can have varying 

degrees of success in achieving the desired outcome. 

Action Sliders 

Potential actions are represented by sliders in QUEST that the user cm move to 

one of three settings. The centre position is the default and maintains the existing 

"business-as-usual" trend in the associated indicator. Moving the slider away from the 

centre position increases or decreases the numerical value of a related model parameter, 

providing a direct input to the submodel's calculations. The range of the numerical 

values is constrained as descnbed above by the user's world view settings; however, al1 

values are based on academic literature, input from more complex sector-specific models 

or expert opinion if no empirical or model data is available. A total of 31 action sliders 

are available to the QUEST user including urban planning, technological, lifestyle and 

environmental protection decisions (EST/SDRI, 2001). For exarnple, the user may 

determine that a desirable action in the transportation sector is that average vehicle 

occupancy should increase over the next decade. If the user specified that Social 

Adaptation was high, this would increase average vehicle occupancy from 1 occupant to 

1.5 occupants over the next decade. If the user specified Social Adaptation was low, 

average vehicle occupancy would only increase to 1.25 occupants. Table 3.1 shows the 

energy-related action sliders in QUEST 1 .O. 

For the three primary sectors, transportation, residential and industry, the focus of 

the actions that directly impact the calculations of the Energy Use subrnodel (shown in 

bold text) is on energy efficiency. While energy efficiency is an important mechanism by 

which to achieve the objective of lowering greenhouse gas emissions and local air 

pollutants8 to sustainable levels, it is not an end in itself. It is possible to have a futurc 

' Greenhouse gas emissions include carbon dioxide (CO2), methane (CH& nitrous oxide (N20), sulphur 
hexafluoride, perfiuorocarbons and hydrofluorocarbons (EC, 1999). This report covers COz, C a  and N20. 
Local air pollutants include nitrous oxides, sulphur dioxide, ground level ozone, fine particulates, volatile 
organic compounds and mercury. They are controlled by the same slider but are modelled in the Air 
Quality submodel of QUEST. 
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with very low levels of energy efficiency yet with greatiy reduced emissions through fuel 

switching to cleaner fuels or through technologies that recapture these emissions from the 

atmosphere. In QUEST 2.0, these action sliders will be altered to focus on GHG and air- 

polluting emissions, rather than energy efficiency, as they are more appropriate indicators 

of the sustainability of the energy system. 

Table 3-1. Action sliders in QUEST 1.0 prior to re-design. 

1 Trpnsportation Actions 1 Residential Actions 1 Industry Actions 1 
Transportation priori ties 

1 Fuel effciency 1 Fuel mix 1 R&D spending I 
Vehicle occupancy 

Housing densit y 

1 Agriculture AC tions9 1 LIfestyle Actions 1 Labour Actions 1 

Energy efficiency 

Energy efficiency 

Ernissions levels 

Pollution control 

L 

Structural change 

1 Agricultural intensity 1 Energy & Water Use 1 i 

1 1 

I 1 Shopping 1 Cornmerciai Actions 1 

Agricultural rnethods 

1 1 Waste Generation 1 Energy Efficient y 1 
*Actions in bold font influence a direct input into the Energy Use Model's calcuIations. Other actions are 
indirectly incorporated through growth factors developed in other submodels (see Section 3.2). 

Diet 

Two sliders in Table 3.1 specify actions that may be contrary to the user's 

decisions elsewhere in the model. The fuel mix slider in the residential sector allows the 

user to determine the mix of electricity and natural gas used in household end-uses. The 

user's selected action for this slider could be contrary to their decision for the emissions 

actions slider recornrnended above depending on whether the fuel mix used to create 

electricity releases more or less emissions than direct combustion of natural gas in 

residential end-uses. In QUEST 2.0, the mix of electricity and natural gas consumption in 

the residential sector is reported during the View Consequences stage as a consequence of 

Workweek length 

CIMS does not model the agricultural sector individually. Emissions from this sector are incorporated in 
the transportation and chemicaf models (i.e. fertilizer manufacturing). 
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the user's action selections in the rest of the model rather than an outcome that they can 

directIy control. 

Similarly, the structural change slider is used to allocate the total gross domestic 

product (GDP) of the Georgia Basin between service sectors and industrial sectors 

repardless of the user's actions elsewhere in the model which impact upon the relative rate 

of economic growth in these sectors. For example, if the user implements extensive 

measures to control ernissions, industrial sectors may be impacted more than the service 

sectors because they are relatively more fossil-fuel intensive. The industrial sector would 

therefore be expected to shrink relative to the service sector; however, the user could set 

the structural change slider to increase the relative size of the industnal sector. This 

would require a subsidy frorn the government that is not accounted for in the QUEST 1.0 

model, allowing the user to implement "costless" actions in the model. Ideally, this 

internally inconsistent approach would be replaced with endogenously determined 

outcomes for structural change in QUEST 2.0. 

Although indirect impacts such as structural change are beyond the scope of this 

softlinking exercise, 1 will briefly highlight how CIMS could be utilized for this purpose. 

CIMS provides the option to model macro-econornic feedbacks on the demand levels for 

energy services in response to changes in the costs of providing those services. Firstly, 

CKMS calculates changes in the costs of key energy services. If the cost of providing an 

energy service has increased by more than a set threshold, the demand for that energy 

service in the subsequent 5-year simulation penod will be decreased frorn the initial 

forecasted demand for the service. The magnitude of the decrease can either be specified 

directly by the user or based on energy service demand elasticity values from the 

literature. Elasticity values specify the percentage change in demand for energy service 

that occurs in response to a percentage increase in the cost of that energy service. This 

feature of CIMS alIows the model to simulate structural change in the economy as 

different sectors will face different costs and exhibit varying responses. In future 

research, the structural change responses of CIMS to different policies could be used to 

inform the structural change slider of QUEST. For the purposes of this research project, 



the macro-economic feedback in CXMS was disabled. This is consistent with the lack of 

feedbacks on both population and GDP growth in QUEST (see Stage 1). 

In QUEST 1.0, the available actions (Table 3.1) did not provide the user with the 

ability to undertake actions that affect the supply sectors that provide energy (electricity 

production, natural gas extraction and processing, petroleum extraction and refining). 

These sectors account for roughly 8% of the total ernissions in BC (EC, 1999) and future 

electricity production may or may not be emission intensive (hydro versus natural gas). 

Therefore, it is important to include actions directed at these sectors in QUEST 2.0. 

Furtherrnore, the demand and supply sectors will be modelled in an integrated fashion to 

reflect common economic feedbacks. If demand for electricity nses, the supply sector 

may respond by adding new production facilities. This may cause the cost of producing 

electricity to increase and this cost increase will be passed on to consumers. Consumers 

may react to higher costs by decreasing their demand for electricity. Similarly, policies 

which influence the cost of production for supply sectors will eventually impact 

consumers who demand their products. The CIMS iteration between the supply and 

demand sectors was activated in order to create a realistic depiction of technology 

evolution in response to changing fuel prices. 

Table 3.2 shows a set of action sliders that will provide an enhanced 

representation of the energy sector in QUEST 2.0. The sliders focus on ernissions rather 

than efficiency and include energy supply sector actions. 



Table 3-2. Recommended action sliders for revised QUEST 2.0. 

1 Transportation priorities Housing density I 1 Emissions Levels I 
Tmportation Actions 

1 Vehicle occupancy 1 Emissions Levels 1 R&D spending I 

Résidentid Actioiis Industry Actions 

Emissions Levels 

1 Litestyle Actions 1 Labour Actions 1 Energy Supply Actions 1 
1 Diet 1 Workweek length 1 Emissions Levels I 

Energy & Water Use 

*Actions in bold font influence a direct input into the Energy Use Model's calculations. Other actions are 
indirectly incorporated through growth factors developed in other submodels (see Section 3.2). 

Shopping 

Waste Generation 

Policy Type Selection 

Commercial Actions 

Emissions Levels 

As defined in Section 2.2, three policy types are available in QU'EST to encourage 

actions: market-based, information or regulatory instruments. In QUEST 1.0, the action 

selected by the user is fully achieved regardless of the policy type selected." In other 

words, al1 policies are assumed to be equally effective (100%) at achieving the desired 

outcome. In the real world, policies have different levels of success in achieving 

outeomes as well as different costs for different sectors. Since an objective of the re- 

design of QUEST is to incorporate more detailed micro-economic cost estimates for the 

actions taken by the user, as well as more detailed information on technological 

evolution, it is important to explicitly represent the different impacts of the policy types 

available to the user. At the conclusion of the Choose Policies stage, the user has 

specified al1 of the inputs that QUEST requires to determine the level of energy 

consumption and corresponding GHG emissions for this decade of their scenario. 

1 O Although it does not impact the model's calculations, the choice of policy types can stimulate discussion 
when the game is used in a group setting. The user's choices of policies throughout the scenario is tabulated 
and compared to the style of governance that the user States that they prefer in the Invent-a-Future stage. 
This provides a "cognitive dissonance meter" measuring the distinction between how the user believes they 
would govem and how they actually impiement actions. 
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Stage 3: View Consequences 

Once the user has specified their actions for the decade, QUEST runs a series of 

integrated submodels customized to reflect the user's scenario inputs. The consequences 

(outputs) are then presented in a virtual newspaper containing headlines, graphs and maps 

that convey the significant impacts of the user's choices. The user then iterates through 

the process of selecting actions and viewing consequences for three additional decades. 

A detailed look at the QUEST Energy and Economic submodels is required in 

order to evaluate the methods used to calculate outputs related to energy and the economy 

and also to clarify precisely where CIMS can provide parameters to enhance QUEST. 

The Energy and Economic submodels are encompassed within the broader QUEST 

modelling frarnework. QUEST 1 .O model includes 15 different submodels (Fig. 3.3). 

The submodels function in a linear sequence; however, the submodels are highly 

interconnected both directIy and indirectly (EST/SDRI, 2001). Direct interaction is when 

a parameter calculated in one submodel is used in another submodel's calculations. 

Indirect interaction occurs when the initiating submodel passes data to an intermediate 

model which subsequently affects another submodel directly. Each submodel requires 

input parameters from those above it in the hierarchy for its calculations. 

QUEST Energy Use Submodel 

The Energy submodel is near the bottom of Figure 3.3 indicating that it receives 

inputs from many other subrnodels. The Energy submodel calculates the energy 

consumption resulting from the actions implemented in the submodels above it. The 

outputs of the submodel are displayed in the View Consequences stage and include: 

Total energy use by sector (industry, transportation, commercial & 

residen tial) 

Total energy use by fuel type (coal, petroleum, biomass, natural gas, & 

electricity) 

Total energy use (economy-widej 



Figure 3-3. QUEST Submodel dependency stmcture. 

and Emissions 

Determines growth in 
each submodel for 

next decade 

*Denved from QUEST mode! documentation (EST/SDRI, 200 1). 

In QUEST 1.0, energy use is calcuiated based on the energy consumption in the 

previous decade multiplied by adjustment factors for economic growth, population 

growth, direct action slider settings and indirect adjustments resulting from actions in 



other submodels above energy use in the modelling hierarchy. The equations are as 

follows: 

Eq'n 2: Transportation 

Eq'n 3: Residential 

Eq' n 4: Commercial 

Eq'n 5: Total Energy Use 

where: 
- - Energy use (GJ) 
- - Industrial subsectors (1 = mining, 2 = manufacturing, 3 = 

constmction7 4 = government, 5 = forestry, or 6 = agriculture) 



F 
t 
G GDP 
G POP 

Sld iEE 
Sld TFE 
Sld HEE 
Sld HFM 

Major economic sector (indusûial, residential, transportation, or 
commercial) 
fuel type (coal, petroleum, biomass, natural gas, or electricity) 
decade 
GDP by industrial sector, from Economic submodel 
Population growth factor = pop . / pop .-1, from Dernographics 
submodel 
Transportation growth factor = km, / km .-I, from Transportation 
submodel 
Housing footprint growth factor1 ' 
Industrial Energy Efficiency slider setting 
Transportation Energy Efficiency slider setting 
Household Energy Efficiency slider setting 
Household Fuel Mix slider setting 

The numerical value of each slider parameter (Sld) is dependent on the user's 

world view settings (which constrains the range of the value) and which of the three 

settings the user selected on that pacticular action slider in the Choose Policies stage. 

Over the four decades of policy choices, the user cm move each of the four energy 

related policy sliders (Sld) to nine possible levels (baseline plus four decades in either 

direction, see Fig. 3.2). Each setting corresponds to a different multiplier value used in 

the calculation of energy dernand. In QUEST 1.0 the numerical values of the Slider 

parameters are the same for a given world view and action setting, regardless of the 

policy type selected. These mukipliers represent exogenous assumptions about changes 

in energy demand over time (time trend model). 

In QUEST 2.0, these exogenously determined slider values are replaced with 

values endogenously calculated in ClMS based on its micro-econornic responses. 

Because policy types can be modelled explicitly in CIMS, softlinking allows the 

parameter values associated with different action slider settings to Vary in accordance 

with the policy type selected by the user. The QUEST user is therefore able to 

" This growth factor refers to the cumulative impact of  a number of household consumption-related sliders 
in the model (shopping, proximity of food production, etc). This growth factor is intended to modifi the 
energy consumption of the Residential sector to reflect changes in the embodied energy of  many household 
products caused by the user's decisions. For instance, if the user decides that more food will be produced 
locally, less energy is required to transport it and this decrease is atmbuted to the residentiaI sector. 
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differentiate between the outcornes of various policy types. 

QUEST Economic Input-Output Submodel 

The QUEST Econornic Input-Output submodel calculates the change in sectoral 

GDP as a result of the user's choices. Because the GHG emissions and macro-economic 

indicators listed in Figure 3.1 are denved based on sectoral GDP, the Econornic Input- 

Output submodel must run before these outputs can be calculated. 1 discuss these outputs 

following a description of the Economic Input-Output submodel. 

As highlighted by its unique position in Fig. 3.3, the Economic Input-Output 

submodel in QUEST is a highly interconnected submodel that provides direct inputs to 

many submodels and indirectly affects al1 submodels via the various interactions. 

QUEST utilizes an input-output mode1 to link sectors of the economy. The linkages are 

coefficients based on detailed study of the economy in the base year. A key weakness of 

this approach is that these coefficients remain static over time. Essentially, the input- 

output submodel in QUEST scales the demand level for comrnodities up or down 

depending on the user's inputs but then allocates demand for that commodity among the 

sectors that produce the commodity according to the proportion of total final demand 

provided by each sector in the base year. As a result, this method does not capture 

structural evolution of the economy. 

The interaction between the Economic Input-Output submodel and the Energy 

submodel is depicted in Figure 3.4. The basis of the Econornic Input-Output subrnodei is 

the 1990 provincial final demand matrix of commodities by economic sector (EST/SDRI, 

2001). Each decade, the final demand measures in this table are scaled by specific Final 

Demand Multipliers to yield a user-modified final demand matrix for the following 

decade. There are three sources of Final Demand Multipliers. The population and 

economic growth multipliers are constants specified by the user's growth scenario 



selection in the Invent-a-Furure stage.I2 Other Final Demand Multipliers are the result of 

calculations within specific submodels. For instance, the transportation submodel 

calculates a fuel demand per capita multiplier based on inputs to the transportation 

submodel. Finally, Final Demand Multipliers may be directly related to an action slider 

setting. The last two categories of Final Demand Multipliers are re-calculated each 

decade based on the user's choices in the Choose Policies stage. 

Figure 3-4. Relationship between the Economic Input-Output submodel and other 
QUEST submodels. 

Final Dernand 

v 
Econornic I/O 

Submodel 
(0 

Other Submdels 
(t + 10) 

i.e. Energy 

A 

Growth Rate 

The Economic Input-Output submodel scales the provincial final demand for 

commodities into the equivalent value of gross domestic product (GDP) for the Georgia 

Basin (GB) through a series of conversion calculations shown in Figure 3.5. Following 

modification of the coefficients in the provincial final demand matrix by the Final 

Demand Multipliers (Step 1), the coefficients are then multiplied by the 'Dy mavix (Step 

" The population growth multiplier is the ratio of total population in the second decade divided by total 
population in the first decade. The cconomic growth multiplier is the ratio of GDP in the second decade (as 
determined by converting the user-modified Final Demand Matrix) divided by GDP in the first decade. 

39 



2). The D matrix coefficients specify the percentage of total commodity output that 

comes from each economic sector in input-output tables. For example, 99.99% of the 

total amount of grain produced is from the agricultural sector and 0.01% is frorn the 

manufacturing sector. The D matrix is derived from information provided in the 

provincial Make matrix for the base year and the allocation of final demand to different 

sectors is static throughout the forty year QUEST scenario. Multiplication of the Final 

Demand Matrix by the D' matrix allocates the final demand for comrnodities among 

sectors of the economy according to these base year ratios. 

Several calculations occur in Step 3 of Figure 3.5. Firstly, multiplication of 

domestic final demand by sector by the @-A)-' matnx determines the total output (TO) 

from each sector required to meet domestic final demand (DFD). The (LA) -' matrix 

contains the direct as well as indirect requirements of each industry needed to produce 

one dollar's worth of output. The remainder of the conversion calculations in Step 3 are 

based on ratios developed from the 1990 base year data and are necessary to convert total 

output into GDP. The employrnent ratio is simply the ratio of employment in the Georgia 

Basin to employrnent in the province in 1990. This scales the provincial data down to the 

level of the Georgia Basin. In Step 3c, the total output for each sector in the Georgia 

Basin is multiplied by the ratio of total output for total final demand over total output for 

domestic final demand. Total Final Demand differs from Domestic final demand in that 

it includes the demand for exports. Therefore, Step 3c increases the arnount of output 

required from the economic sectors in the Georgia Basin in order to meet exports as well 

as domestic needs. In Step 4, total output is converted to GDP based on the 1990 ratio 

yielding the desired GDP by sector at the level of the Georgia Basin. In Step 5, the user's 

setting for the structural change slider is used to re-allocate GDP among industrial and 

service sectors. Again, endogenization of this step to reflect the expected impacts of the 

user's other actions in the model is desirable in future model refinements. 



Figure 3-5. Series of Conversion Calculations to seale provincial demand for 
commodities to the level of the Georgia Basin and convert-to GDP by sector. 

Demand 
Multipliers 

Provincial Finai 
Demand Matrix 

(Cornrnodity * Sector) 
0 

* D matrix 
* (1-A)-I rnatrix 3a 
*Employment ratio 3b 
*TO for TFD / TO 3c 
for DFD 

1 

r 

Once GDP by sector is deterrnined for the upcoming decade, GDP Sector Growth 

Factors (SGF) are calculated for each major economic sector (and industrial sub sector) in 

Step 6 as follows: 

Modified Final 
Demand Mamx 

(Commodity * Sector) 
( t +  10) 

Second iteration 
5 Georgia Basin GDP 

B y Sector 

6 

w here : 

G GDP (s) = growth rate of sector GDP 
S = Major economic sector (industriai, residential, transportation, or 

commercial) 
t = decade 

First iteration Georgia Georgia Basin Total 
Basin GDP Output for Provincial 
By Sector Total Final Dernand 

7 

In the finai step, the Economic Input-Output submodel passes the sector GDP 

growth factors to the other submodels to serve as inputs to the calculations of individual 
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* Structural Change * GDP / TO 
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Sector Growth Factor 
- - 

Domestic Final 
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(Dn> * Sector) 
( t +  10) 

GDP (t + 10) IGDP ( t ) 

7 
Submodel Calculations (e.g.) 

E S(~+,, = Es(t) * SGF * Sld 



submodels' outputs for the next decade (see Equations 1-4 above). Once GDP for each 

Georgia Basin sector (GDPJ has been determined for a decade, QUEST 1 .O calculates 

GHG and air pollutant emissions and various rnacro-economic indicators of the health of 

the economy. 

Emissions 

QUEST reports on emissions of greenhouse gases (C02, CI&, N20 and CFC's) 

and several sources of local air pollution (CO, NO,, SO,, and VOCs) by economic sector 

each decade. Al1 emissions are based on the following equation: 

emission(tonnes) 
Eq'n 7: Ernission(tonnes) = GDP * 

t 
GDp1990 

* sld ZPC 

w here: 

GDP, = Total GDP for Georgia Basin in decade 't' 

S10 ~ p c  = Industrial Pollution control slider setting 

This approach constrains ernissions to rise at the same rate as GDP, countered by 

a user-specified adjustment for the Industrial Pollution control slider. Again, the 

numerical value of the Industrial PolIution control slider is the sarne for a given World 

View and action setting, regardless of the policy type selected. In reality, the ratio of 

ernissions to growth in output changes over time, in response to efficiency improvements 

and fuel switching. Also, emissions of greenhouse gases such as CO2, C b ,  and N20 are 

proportional to the arnount of fuel cornbusted and calculations for these gases would be 

more accurate if linked to the fuel consumption reported by the Energy Submodel. In 

QUEST 2.0, GHG emissions will be calculated by multiplying the amount of each fuel 

consumed (GJ) by the appropriate GHG emissions factor (tonnes GHG / GJ fuel). 



Macro-economic lndicators 

Based on the GDF(,,, QUEST also reports on 5 indicators of the strength of the 

broader economy: jobs, total wages, total output, net exports, and average income. The 

formulas are: 

labor - income 
Eq'n 9: Wages = 1990 

GDPs(t) * 
GDp1990 

TotalOutput 

Eq'n 10: TutalOutput 
GB( 1990) 

GB ' ( t )  * 
GDPi990 

Eq'n 1 1: NetExpons = TotalOutputGB - TotalOutputforDFD 
S(t)  

Wages 
Eq' n 12: Averagelncome = s (0 

Jobs s (0 

where: 

SM LP - - Labour Productivity slider setting 
SM SC - Structural Change slider setting 
Total Output GB - - Total output from Georgia Basin including output for 

exports 
Total Output for DFD = Total output for domestic final demand 

The QUEST economic mode1 was not developed in a general equilibrium 

frarnework and thus does not achieve closure between investment, production, 

consumption and the govemment's budgetary flow. Therefore, there is no endogenous 

alteration of the economy's structure. The coefficients in the D and (GA)-' matrices are 



fixed at base year levels as are the various other ratios used to allocate demand to sectors 

of the Georgia Basin (see Fig. 3.5). Additionally, the user directly controls the allocation 

of GDP between industrial and service sectors. As a result, there is no endogenous 

recognition and equilibration of the links between the above rnacro-economic indicators 

and the consequences of the user's actions on the availability of capital and energy. 

Introducing endogenized structural change in QUEST would allow the calculations of the 

macro-economic indicators in Equations 8 through 12 to reflect the limited availabiIity of 

capital, energy and labour, but that is not an objective for this study. 

costs 

In QUEST 1.0, the energy and econornic submodel outputs did not include 

estimates of the financial costs of greenhouse gas reduction actions. Estimates of the 

costs of actions should be provided in the View Consequences stage of QUEST 2.0 for 

two key purposes. Firstly, estimates of the costs of actions are certain to interest QUEST 

users. A Iirnited pool of capital is available with whkh to accomplish the many desires of 

society and explicitl y portraying the costs of the user's energ y-related actions rnakes the 

required tradeoffs more apparent. Secondly, changes in the costs of energy services can 

impact various sectors of the economy differently leading to structural change in the 

economy. Therefore, estimates of the costs of actions for particular sectors serve as a 

logical starting point for endogenizing the effects of the structural change slider. 

While it sounds like a relatively simple matter to tabulate the costs of an action, 

there is a range of opinions regarding what constitutes the appropriate estimate of costs. 1 

will define three different methods for calculating costs and outline how each could be 

applied to QUEST 2.0. The three types of cost estimates are techno-economic costs, 

perceived private costs and expected resource costs. 

Typically there are several technologies that have the ability to provide a 

particular energy service. Policies may be aimed at influencing consumers to switch from 

one technology to another. Techno-economic costs estimate the benefits or costs of an 



action by detennining the net financial flows of the energy savings minus the equipment 

investment costs. This approach considers differences in the capital costs, operatinp, 

maintenance and energy costs between the technology mix existing pnor to the action and 

afterwards and tends to yield relatively optirnistic results regarding the net benefits of 

investments in energy efficiency. Proponents of the Economic Efficiency world view 

often utilize this type of cost estimate when arguing for the econornic benefits of 

investing in energy efficient technologies. In seeking to portray the economic costs of the 

user's actions, QUEST may wish to utilize techno-economic costs because they represent 

the minimum cost estimates for the strict technological requirements of the scenario. 

They can be calculated with a relatively high degree of certainty as dl of the components 

are tangible and are more easily supported by engineering evidence and market data. 

However, dthough two technologies provide the same energy service, there may 

be differences in the quality of service, the associated risk of technology failure or 

unreliability, and the time required to obtain information regarding the technology. 

Furthemore, consumers have heterogeneous tastes and are not al1 Iikely to prefer the 

sarne technology attributes. When consumers have preferences for particular technology 

attributes, they rnay be willing to pay a premium, in excess of the market price, to secure 

the additionai benefits that the particular technology provides. This premium is called 

consumers' surplus. When a policy limits the choice of technologies for consumers, the 

loss of consumers' surplus represents a perceived cost to consumers. For example, 

switching from a persona1 vehicle to public transit may entai1 loss of cornfort, privacy or 

feelings of independence or freedom. Proponents of the Average Consumer world view 

are likely to argue that changes in consurners' surplus and financial cost, rather than just 

changes in financial cost, is the appropriate measure of benefits to consumers (Sutherland, 

1996). Perceived private costs therefore include changes in consumers'surplus in 

addition to the techno-economic costs of the action. While techno-economic costs reflect 

fiscal net returns of an action, consumers' surplus reflects the perceived impact of the 

action on consumers. The magnitude of the perceived private costs is therefore useful as 

an indication of the level of public resistance that rnay be expected in response to policies 

designed to alter technology acquisition or use behaviour. 



Both techno-economic and perceived private costs, measure the direct costs of 

actions on consumers and firms. These direct costs stimulate second-order effects 

(indirect effects) on the broader economy including changes in the structure of the 

economy, overall economic activity levels and many of the macro-econornic indicators 

discussed in the previous section (e.g. levels of emplo yment, exports hmports and wages). 

Estimates of these indirect effects are typically obtained fiom macro-economic models, 

integrated models that include micro-economic and macro-econornic components. In 

order to determine these indirect costs, macro-economic models require estimates of the 

expected flows of capital that the action will stimulate. Techno-economic costs 

underestimate the actual expected flows of capital because they exclude red risks 

associated with new technologies (i-e. technology failure, unreliability). New 

technologies have a higher expectation of failure than proven technologies. Conversely, 

estimates of perceived private costs overestimate the expected flows of capital because 

they include intangible costs that are experienced by consumers but are not materialized 

as actual flows of money. A third cost estimate is therefore required. Expected resource 

costs are estimated as techno-economic costs plus the additional costs of premature 

technology replacement or repair weighted by probability of occurrence. The addition of 

expected resource cost estimates to QUEST enables future research to progress with 

endogenization of structural change and other macro-econornic feedbacks if desired. This 

may be accomplished within QUEST itself or through continued collaboration with CIMS 

or another mode1 with macro-economic modelling capabilities. 

Stage 4: Review Scenario 

At the end of four iterations between Stages 2 and 3, a surnmary of the entire 40- 

year scenario is displayed. The user then has the option of saving this scenario and 

replaying it with a different World Views or policy choices. 



As a review, Table 3.3 summanzes the improvements that will be made in 

QUEST 2.0. Softlinking with CIMS allows some of these goals to be achieved. Those 

beyond the scope of this project are indicated. 

Table 3-3. Summary of Enhancementsi for QUEST 2.0. 

A. Goals & Targets 

B. World Views 
Social Adaptation 

Maintain the deterrninistic approach, no feedbacks 
Incorporate Fuel Prices 

Define quantitatively based on the Average 

Technologcal Innovation 

emissions slider to indirectly control fuel mix. 
Replace user-controlled structural change with 

Consumer and Economic Efficiency World Views 
Define auantitativelv using AEEI 

Actions 

1 1 endogenous estimates* 1 

Re-name efficiency sliders to focus on ernissions 
Remove residential fuel-rnix slider. Allow the 

Policv 

1 1 and ex~ected resource costs of actions 1 

Add energy supply sectors in integrated system. 
Mode1 ~o l icv  twes and their outcornes ex~licitlv. 

Energ y 
Ernissions 
Economic 

1 Link the macro-economic indicators to the 1 

Link ene ru  consumption changes to policy type 
Link ernissions to fuel use rather than GDP 
Report the techno-econornic, perceived private 

1 1 consequences of user's actions rather than the 1 
1 structural change slider* 

*Represents a decision that is beyond the scope of this project but may be implemented by the 
QUEST modelling team in the future. 



4. Methodology: Simulations with CIMS 

4.1 Generalired Methodology 

A set of model runs were simulated in CIMS which reflect the energy policy 

choices available to the QUEST user and the two different Social Adaptation world view 

settings regarding how consumers respond to financial costs of technologies (see Section 

3). The energy consumption, COz equivalent emissions, and costs associated with these 

ClMS runs were converted to coefficients per unit of economic growth and summarized 

in a series of matrices. The coefficients in these matrices serve as parameter inputs for a 

spreadsheet model within QUEST that calculates the energy consumption, GHG 

emissions and costs of the user's scenarios. Parameter estimates for the Technological 

Innovation world view settings were defined based on the energy-econornic literature and 

act as multipliers on the results frorn CIMS. The market penetration rates of technologies 

are reported for the scenarios modelled in CIMS to provide the desired information on 

technological evolution (Appendix E). 

4.2 Energy-Economic Modelling in CIMS 

Figure 4.1 shows the three primas- components of CIMS. CIMS begins with an 

exogenous macro-economic scenario forecast that determines an initial fuel pnce forecast 

and specifies the demand for energy services over the scenario period. The Energy 

Demand Model determines the energy required to meet a forecasted demand for energy 

services in the residential, commercial, transportation and industrial sectors. Energy 

services are technological applications that consumers desire which require energy (e.g., 

vehicle kilometres of travel, lighting, space heating). The Energy Suppiy and Conversion 

Model determines which technologies will be used by the supply sectors to provide the 

energy required. The link between the Energy Demand Model and the Energy Supply 

and Conversion Model represents the relationship between the quantity of energy demand 

from the energy-dernanding sectors, the cost of production for the supply and conversion 

sectors and the subsequent impact on the market price of energy. CIMS iterates between 
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the Energy Demand and Supply components until price-equilibrium is achieved. The 

macro-economic feedback loop then represents the feedback effect of changes in the costs 

of energy services on the demand for these services and thus on the structure of the 

economy and overall economic growth. 

Figure 4-1. Canadian Integrated Moàelling System. 

Growth rates 1 Initial - - - - - - - - 

Fuel pnces 
ExportdImports 

Macro-Economic 
Scenario Inputs 



Macro-Economic Scenario Inputs 

An exogenous forecast of the anticipated demand for energy services (preferably 

in physical units13) is required to initiate a simulation in CIMS. Forecasts of the demand 

for energy services are typically based on a macro-econornic scenario including forecasts 

of population growth, industrial throughput and economic growth. Examples of driving 

variables used to forecast demand for energy services include area of floor space for the 

commercial sector, housing starts for the residentiai sector, and changes in throughput in 

the mining sector. From these variables it is possible to determine the demand for key 

energy services, such as lighting, heating or vehicle kilometres of travel. The growth of 

the four primary economic sectors (residential, commercial, industnal, transportation) 

relative to one another and the relative growth between industrial subsectors forrn the 

structural change assumption on which the simulation is based. Fuel price forecasts for 

the period of the scenario are also required as an input for the initial simulation of the 

Energy Demand Model. The Energy Supply and Conversion ModeI requires an estimate 

of the expected exports and imports of energy. 

CIMS Energy Demand Model Structure 

The Energy Demand Model of CIMS includes stand-alone models for the 

residential, commercial, industrial and transportation sectors.I4 The industrial sector is 

very detailed including 9 different subsectors. Energy Demand models exist for each 

province in Canada; therefore, results are available at the provincial and national levels. 

QUEST focuses on the Georgia Basin region of British Columbia; thus, only the CIMS 

models for this province were utilized. 

Flow models are used to depict the structure and flows of energy for each industry 

l3  It is sometimes necessary to derive physical units from econornic measures of growth such as GDP or 
Gross Output. 
l4 The residential, commercial and industrial modules were previously operated in isolation as the Intra- 
Sectoral Technology Use Mode1 (ISTUM). They have since been integrated into the CIMS framework. 
The transportation module is a new addition. For additional information on the modelling approach see 
Nyboer (1997). 
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represented by a demand model (Fig. 4.2 & Appendix A). The primary node of the flow 

model represents the key driving variable for overall energy service demand (e-g. demand 

for rnanufactured chernicais, houses or tonnes of mined ore). In order to meet this 

primary demand, demand is allocated to secondary nodes that represent services or 

products upon which the pnmary node depends. For example, the demand for 

manufactured c hemicals is spli t among secondary nodes for chlor-alkali, sodium chlorate, 

hydrogen peroxide, amrnonia / methanol and polymers in proportion to the amount of 

output required to meet demand in each of these categories. The level of output required 

at each node determines the amount of energy services, such as evaporation, electrolysis 

and cracking, which must be generated. The demand for these services is allocated down 

to individual technologies (e.g. evaporators, electrolysis cells) that are able to provide 

them. The base year allocation of energy demand from primary nodes down to specific 

technoiogies is based on real-world energy consumption data and knowledge of the 

technotogy mix used by the industry. Throughout the scenario period, the allocation 

ratios change over time in response to changes in the economy. For most primary and 

some secondary nodes changes to the allocation ratios over the scenario period are pre- 

deterrnined based on the macro-economic forecast of structural and substmctural change 

provided (or feedback from the macro feedback loop if it is activated). For most 

secondary and tertiary nodes, the model endogenously determines allocation ratios as a 

function of technology lifecycle cost. This process is described in the following section. 

4.3 Modelling Sequence of the C/MS Energy Demand Mode/ 

The CIMS Energy Demand model simulates the evolution of technology stocks in 

five-year increments for the simulation period. There are five basic steps to this 

simulation: input growth scenario, retirement, retrofit, acquire new technology stocks, and 

calculate fuel use, emissions and cost outputs. Each of these steps is described in more 

detail below. 



Figure 4-2. Energy Flow Mode1 of the Chemical Products Industry. 

S o d i m  Chlorate Y + 
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Input Growth Scenario 

A forecast of growth in demand for energy services is provided to the Energy 

Dernand model. Individual technologies are explicitly represented in the Energy Demand 

module in terms of the quantity of energy service they can provide and their fuel 

requirements per unit of service output. Other technology attributes represented in the 

model include capital costs, operating and maintenance costs, lifespan, efficiency and 

emissions. The Energy Demand model detennines the stock of each technology required 

to meet demand for energy services via a technology competition process. 

Retirement 

In each future simulation period, a portion of the base-year technology stock is 

retired as a function of age.I5 If the remaining technology stocks are insufficient to meet 

the demand for energy services, investment occurs to acquire additional technology 

stocks to rneet the unsatisfied demand for energy services. 

Retrof it 

Following retirement, retrofit possibilities compete to upgrade the remaining 

technology stocks if the retrofit function is activated. This competition is controlled by 

the sarne parameters described in the following sections but excludes the capital costs of 

the existing technology stocks as these are sunk costs paid when the technology was 

initial1 y purchased. 

Technology Acquisition 

Prospective technologies compete for a share of new investment prirnarïly on the 

basis of their annualized life-cycle cost (LCC) for providing the desired energy service; 

however, CIMS is also behaviourally realistic and inchdes parameters to represent non- 

'' Following normal retirement, if excess stock exists beyond what is required to meet forecasted growth in 
demand for energy services, an additional portion of stock is pennanently retired. 
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financial factors known to influence consumers' purchasing decisions. The procedure by 

which the model acquires new technology stocks is set up to refiect as realistically as 

possible al1 of the decision-rnaking criteria used by consumers. The annualized LCC 

estimates in CIMS are thus based on perceived private costs. CIMS relies on extensive 

industry consultation and market research to estimate consumer preferences. For existing 

technologies, data on actual consumer behaviour often exists and is referred to as 

'revealed preference data'. For emerging technologies, firrns and consumers must be 

surveyed to determine their likely preferences - referred to as 'stated preferences'. 

Because individuals' preferences differ, the technclogy cornpetition is simulated 

probabilistically with financial costs as one of several factors that determine market share. 

Five key model parameters influence how CIMS ailocates new market share 

arnong competing technologies: (1) discount rates, (2) declining capital costs, (3) 

intangible cost adjustments, (4) cost variance, and (5) maximum / minimum market share 

constraint parameters. CIMS is typically operated in a deterministic manner (using the 

best-guess estimates for the values of these parameters to generate the most realistic 

forecasts of energy use possible) but the numerical values of these parameters can be 

varied to reflect different perspectives regarding how consumers make technology 

acquisition decisions. This aIlows CIMS to be used as an "if-then" tool to test different 

parameter values, especially where these values are highly uncertain as in the case of the 

world views. The function of each parameter is described here. 

Discount Rates 

Discounting is a technique that alows costs and benefits occurring at different 

points in time to be compared in terms of their present value. Because CIMS compares 

costs occurring at different points in time (i.e. life cycle costs), discount rates are applied 

in order to compare costs at a single point in time. The magnitude of the discount rate 

determines the relative preference that an individual shows for consumption in the present 

as opposed to consumption in the future. A high discount rate implies that the consumer 

prefers technologies with a lower initial capital cost to those that promise future financial 

savings due to energy efficiency. The most energy efficient technologies tend to have 
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relative1 y higher capital costs; therefore, high discount rates "penalize" the future benefits 

promised by these technologies to account for the greater risk of technological failure, 

higher transaction costs, and loss of option value associated with new and unproven 

technologies. Because the CIMS cornpetition is based on perceived private costs, high 

discount rates (20-50%) are used in order to represent these factors in consumer decision- 

making. The technology-specific discount rates are determined by surveying firms for 

the criteria they use when making investment decisions (Nyboer, 1997). 

Declining Capital Costs 

Emerging technologies often have high capital costs that decline over time due to 

economies of scale as production increases and induced leaniing. Asymptotic functions 

in CIMS cause the capital cost of new technologies to decline over time as a function of 

increasing market share. This influences the capital cost portion of the LCC calculation 

and increases the competitiveness of technologies as they become more cornmon in the 

marketplace. 

Intangible Cost Adjustments 

When making purchases, consumers often exhibit preferences for certain 

technology attributes (qualities) that are unrelated to solely financiai considerations. In 

CMS,  additional capital costs are added to technologies that lack prefemed attributes in 

order to reflect the perceived costs that consumers associate with their use. The value of 

the intangible costs can be adjusted over tirne to reflect changing preferences arnong 

consurners. For exarnple, consumer preference for persona1 vehicles may decline as road 

congestion increases. 

Cost Variability and Market Share Allocation 

The annudized LCC values represent a point estimate of average perceived 

pnvate cost; however, individual consumers face different costs due to variability in fuel 

prices, distribution and installation costs, available information and personal preferences. 



Due to this cost variability in the real world a single technology rarely gains 100% of 

new market share. For this reason, the allocation of market share to technologies in the 

CIMS Energy Demand Mode1 is probabilistic. The portion of the new market share that 

the "winning" technology receives is dependent on the size of the cost difference between 

it and the next preferred technology (Fig. 4.3). A logistic curve is used to represent how 

the variability in LCC affects the allocation of market share. 

The user can adjust the cost variance parameter to change the slope of the logistic 

curve using an inverse power function. To derive the market share of a technology from 

the inverse power function in CIMS the equation is: 

w here: 

MSk = market share of technology k 
LCCk = annual life cycle cost of technology k 
n = cost variance pararneter 
v = total number of technologies in a competition node. 

When the value of a technology's cost variance parameter (n) is increased 

(variance is lower), the slope of the logistic curve is steeper and the cheapest technology 

gains a larger portion of market share. Decreasing the value of the cost variance 

pararneter (increasing variance) decreases the slope of the logistic curve and the cheapest 

technology gains relatively less market share. Changing the value of the cost variance 

parameter is useful for reflecting how the relative perceived costs of technologies that 

perfonn the same energy service impact the market penetration of technologies. 



Figure 4-3. Market Share AUocation in CIMS. 

At LCC*, LccA= LCC 

LCCA< LCC , LCC* LCC? LCC 

Relative Life Cycle Cost (LCC) 

Maximum and Minimum Market Share 

Occasionally in CIMS, the market penetration levels of specific technologies are 

constrained by specifying maximum and minimum market shares. These constraints can 

represent the existence of government regulations which limit technology use, or a lack of 

availability of the technology or fuel sources in different locations (e.g. access to natural 

gas is restricted to the extension of the grid). Different regulatory policies can be 

simulated using this feature of CIMS. 

In CIMS, these five parameters determine the results of the technology 

cornpetition and thus the pattern of technology evolution throughout the simulation 

penod. Varying these parameter values in an internally consistent manner can simulate 

different world views regarding how consumers respond to financial costs. 



Outputs of the Energy Demand Model 

After each five-year simulation period of the Energy Demand Model, these 

outputs are calculated: 

Energy consurnption by fuel type 

GHG Emissions (CO2, C a  and N20) 

Costs 

Technology stocks 

The demand for each fuel type (electricity, natural gas, oil and coal) serves as an input to 

the Energy Supply and Conversion Models. 

Energy consumption by fuel type is calculated for each technology by multiplying 

the total stock of the technology by the energy required per unit of stock output (GJ / unit 

stock output). Energy consumption per unit stock is available in the CIMS technology 

database and is based on the fuel type required and the efficiency of the technology. 

Energy consurnption by fuel type is then summed across al1 technologies. 

Emissions of COz, C& and N20 are calculated for each technology by 

multiplying the energy consumption by fuel type for the technology by the corresponding 

ernission coefficient of each fuel (tonnes emissions / GJ). l6 C h  and N20 ernissions are 

converted into COz equivalents based on their relative greenhouse gas warrning 

potentials. Total CO2 equivalent emissions are then summed across dl  technologie^.'^ 

- .  . 

l6 For this project, CIMS was also set up to calculate emissions of nitrous oxides (NOA. Unlike CO2 
emissions, NO, emissions are not proportional to the volume of fuel combusted but depend heavily on the 
operating conditions (e-g. temperature) of the technology. Therefore, the NO, emissions estimates were 
deemed unreliable and are not reported here. Researchers are currently enhancing the abiIity of CIMS to 
mode1 NO, and other criteria air contarninants. 
l7 CO2 equivalent emissions are detennined by converting the global warming potentials of C& and N20 
into the equivalent arnounts of CO2. CH, and N20 have global warrning potentials of 2 1 and 3 10 tirnes that 
of CO2 respectively (EC, 1999). 
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In some instances, greenhouse gas emissions are not released from fuel 

combustion but rather result from a chemicai reaction within the indÿstnal process. 

These emissions are called process emissions. For example, CO2 is released during the 

smelting of duminium due to the reduction of A1203 and the oxidation of carbon anodes. 

As a result of this chernical reaction, approximately 1.6 tonnes of COz are released for 

every tonne of aluminium without any associated fuel combustion (Nyboer & D'Abate, 

2000). CIMS accounts for process emissions. 

In CIMS, costs can be reported as the total cost of the scenario or the incremental 

cost of implementing a policy option above the costs of the business-as-usual @AU) 

scenario. As discussed in Section 2, researchers hold different views regardmg what 

constitutes the appropriate measure of policy costs. ClMS tabulates techno-econornic, 

perceived private and expected resource cost estirnates so that the QUEST user cm 

determine for themselves which definition of costs they prefer. The three costing 

rnethodologies are described in the following sections. 

Techno-Economic Costs 

The techno-econornic costs of the scenario are the sum of the capital costs, 

operating and maintenance costs and energy costs (excluding taxes) of al1 of the 

technology stocks. Energy costs are based on the amount of energy consumed per unit 

output by the technology multiplied by a fuel price forecast (or the modified fuel prices 

determined by the Energy Supply and Conversion Model). Because taxes are transfers 

between govemment and consumers, they are not included in the techno-econornic costs. 

A social discount rate is used to discount techno-econornic costs to the base year. 

In CIMS, techno-economic costs include a dentand correction to account for any 

loss of revenue experienced by the electricity sector in scenarios where the demand for 

electricity declines as the result of implementing a policy option. Unless lost revenue 

from sales decline is accounted for, the Electncity sector would otherwise show a 

financial benefit. The demand correction for the electricity sector is estimated by 



multiplying the difference in the amounts of electricity generation between the policy and 

the BAU by the average cost of electricity production in the BAU scenario. 

Perceived Private Costs 

Under certain conditions, CIMS cm also be utilized to approximate perceived 

pnvate costs. Perceived private costs include dl techno-economic costs plus the 

additional costs of risk, transaction costs and loss of option value. Taxes are included in 

perceived private costs while infrastructure and administration costs are excl~ded. '~ The 

CIMS method of estirnating perceived private costs requires the development of a cost 

curve. A cost curve is a plot of the emissions reduction achieved with a policy (relative to 

the BAU) against the perceived pnvate cost per unit ernission reduction (Fig. 4.4). Cost 

curves are created by conducting multiple CIMS runs at different tax levels for CO2 

emissions and determining the emissions reductions achieved at each iax level. If one 

assumes that consumers purchase energy efficient technologies and implement fuel 

switching up until the point where they perceive it to be less costly to simply pay the tax, 

the area under the cost curve then approximates the perceived private costs of the policy. 

Figure 4-4. Example of Cost Curve Methodology for Determining Perceived Private 
costs. 

u 
\ 

e? Private Cost 
Y 

8 
U 

CO2 Emission reductions (tonnes) 

18 The taxes paid by the electricity sector are assumed to be passed on to the demand sectors and are added 
to the estimates of perceived private costs. 
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Expected Resource Costs 

Techno-economic and perceived pnvate costs represent two extremes of the 

spectrum of costs. Many proponents of techno-economic costs would be willing to accept 

that there are real risks associated with new technologies that create a real expectation of 

additional costs. Expected resource costs therefore include the techno-econornic costs 

plus the "expected" costs associated with the probability of technology failure and loss of 

option value. It is extremely dificult to determine what is a "real" resource cost. In past 

research. a crude rule-of-thurnb assumption has been made that 75% of the difference 

between the total perceived private welfare costs and the total techno-economic costs 

represents expected resource costs. This portion of the difference between the perceived 

pnvate costs and the techno-econornic is added to techno-econornic costs to yield a rough 

estimate of the expected resource costs. Expected resource costs may also include 

govemment resource costs such as infrastructure, personnel and communications. 

Al1 of the outputs descnbed in this section can be displayed in the View 

Consequences stage of QUEST. In CIMS, these Energy Demand Model outputs are not 

considered final until convergence is achieved between the Energy Demand Model and 

the Energy Supply and Conversion Model because changes in demand levels or the cost 

of production in the supply sectors may cause fuel prices to change from the original fuel 

price forecast. 

4.4 lteration with the Energy Supply and Con version Models 

CIMS simulates the process by which market equilibrium is reached through an 

iterative modelling sequence. The Energy Demand Model first calculates demand levels 

for fossil fuels and electricity based on the initiai fuel pnce forecast. Then, the response 

of the supply sectors to this level of demand is simulated.lg The supply sector adds or 

removes technology stocks in order to generate sufficient supply. As the supply sector 

'' Dernand for exportdimports of fossil fuels and electricity can be specified as an exogenous input. 
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alters its technology mix and output level, its cost of production may change resulting in 

adjustmnts to the initial fuel price f o r e c a ~ t . ~ ~  

The user sets a threshold for the amount of electncity or fossil fuel pnce change 

that cm occur in a 5 year simulation period before the Energy Demmd Model must be re- 

run with the altered prices. This threshold is typically set at a default value of 5%. In 

other words, CIMS assumes that a 5% change in electricity and fossil fuel prices is 

"tolerated" by the Energy Demand Model with no changes to the technology or fuel mix 

determined in the first iteration. If any fuel pike change exceeds this threshold, the 

Energy Demand Model re-runs automatically for the same simulation period using the 

adjusted fuel pnces. The iteration procedure continues until al1 fuel prices have 

converged below the pre-set threshold. The "converged" electricity and fossil fuel prices 

are used by the Energy Demand Model in the next 5-year simulation period, replacing the 

initial fuel price forecast. Once the Energy Supply and Convergence Model and the 

Energy Demand Model have achieved convergence, the final outputs are reported for the 

five-year simulation period. 

The ability of CIMS to mode1 the economy as an integrated unit provides a 

powerful and realistic policy exploration tool. It allows the development of policy- 

specific parameter values for the QUEST Energy submodel that incorporate rnicro- 

economic feedbacks to changes in fuel costs. 

" In this version of CIMS. changes in the cost of natural gas, oil and coal production do not affect the price 
of these commodities. This is due to the complexity of simultaneously adjusting prices for both resource 
availability and the cost of production. The supply curves are based on national demand levels including 
exports. The prices of these fossil fuels are found endogenously in a national market. 
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5. Data Inputs for Softlinking 

5.1 Simu/ating Social Adaptation in CIMS 

Key parameter vaiues were varied in CIMS to allow the mode1 to simulate 

Econornic Efficiency and Average Consumer settings regarding how consumers respond 

to costs for the Social Adaptation world view slider in QUEST. For the Average 

Consumer setting, discounts rates were set at 35% and 50% in the industnal sector for 

process and auxiliary technologies respectively. Discount rates of 20%-35% were used in 

the residential and commercial sectors. The cost variances were set such that the lowest 

LCC technology gains 80% of new market share when its LCC is 10% lower than the 

next most expensive technology. These discount rates and cost variance parameters are 

based on market reports and interviews with industry and sector experts (Nyboer, 1997). 

For the Econornic Efficiency setting, the criteria for technology acquisition 

decisions were set to reflect decisions based almost exclusively on pure financial costs. 

Discount rates for al1 technologies were reduced to 10%. The. cost variance parameter 

was increased such that the technology with the lowest lifecycle cost wins over 90% of 

new market share given a 10% difference in cost between it and the next most expensive 
2 1 technology. Baseline mns (also calilled business-as-usual, BAU) were conducted for 

each world view setting with no policies being applied. 

5.2 Simulating Technological lnnova tion 

In order to determine rates of price-independent technological evolution, a 

literature search was conducted to identify estimates for the autonomous energy 

efficiency index. Results from top-down modelled revealed AEEI values ranging from O- 

1 .O (Manne & Richels, 1994), 0.34 (Hogan & Jorgenson, 1992) to 0.3 (Grubler & 

Nakicenovic, 1997). Bottom-up values for AEEI were 1.5-3.0 (Williams, 1990) and 0.76 

21 Additionally in the Economic Efficiency world. the retrofit option in CIMS was activated for the 
residential and commercial sectors to allow the mode1 an even greater ability to respond to changes in the 
costs of  fuels. This was a subjective decision meant to reflect the life-cycIe cost approach attitude of the 
Economically Efficient consumer. 



(Nystrom, 1997). An estirnate from the Canadian Integrated Modeliing System (CIMS), 

a hybnd model, for the aggregate Canadian economy was 0.7, although sector-specific 

estimates varied widel y (Luciuk, 1999). 

For each setting of the Technological Innovation World View slider, an 

appropriate estimate of the percentage change of energy use over time (with the price of 

energy and other inputs held constant) is applied as a multiplier in the energy demand and 

ernissions calculations as a crude representation of the impact of technological innovation 

on the demand for energy. The low settings of the Technological Innovation world view 

slider is associated with a multiplier of -998 (low degree of autonomous energy efficiency 

improvements) on the energy, and emissions calculations in the QUEST 2.0 Energy 

submodel spreadsheet. The medium and high settings of these world view sliders are 

represented by multipliers which reduce energy consumption and emissions by 0.69% and 

2.5% respectively from the values calculated using the coefficients in Section 6.10. 

5.3 Simufathg Policies in CIMS 

Four policy options were modelled against each world view baseline. In order to 

model policies explicitly in CIMS, the QUEST policy types had to be clearly defïned in 

terms of their type and aggressiveness. The policies modelled in CIMS are examples of 

the three basic policy types described in Section 2.2. Table 5.1 surnmarizes the policy 

Table 5-1. Policy Options Modelled in CIMS. 

1 ~ol icy  option / Average Consumer Economic Efficiency 

1 Regulation 1 Least-COz technology 1 Least-CO2 technology I 

Business-as-Usual 

Info Campaign 

Low Tax 

High Tax 

No change from BAU 

$40 /tonne price of CO2 

$75ltonne COz 

$225/tonne CO;! 

No change from BAU 

$40 /tonne pnce of CO;! 

$75/tonne COz 

$225/tonne CO2 



The market-based mechanism is a carbon tax. The tax is implemented beginning 

in the year 2001 and continues until 3030. Two levels of aggressiveness were simulated. 

The Low Tax policy option is a $75 f tonne tax on CO2 equivalent emissions. The High 

Tax policy option is a $225 / tonne tax on CO2 equivalent emissions. The information 

carnpaign was subjectively defined as policy that yields a $40 1 tonne implicit pnce on 

carbon emissions. The regulatory policy is a strict government rule that the technology 

that omits the least CO2 be adopted at each competition node. 

Some sector-specific modifications were necessary to make the Regulatory policy 

option more realistic. For instance, some industrial technologies do not generate direct 

CO2 emissions but depend on stearn from boilers or cogenerators that do generate COz 

emissions. In such cases, the regulation was set to force adoption of the technology with 

the lowest stearn requirement. In the commercial sector, the regulatory policy option was 

modified to account for the large percentage of electricity consuming technologies. In 

CIMS, the winner-take-al1 functîon for lowest CO2 on competition nodes at which al1 

technologies consume electricity will allocate equal market shares to each technology, 

regardless of its electric efficiency. This results in large increases in electricity 

consumption, which is obviously not the objective of the regulation. Therefore, minimum 

market shares of 25% were set for the most efficient refrigerators, plug loads, and for 

solar water heating applications (based on natural gas). The competition was hard-wired 

such that no natural gas technologies were allowed to compete for heating, ventilation, 

and air conditioning services based on the assumption that on average in British 

Columbia electricity has lower emissions than natural gas due to the high percentage of 

hydro-electric reso~rces.'~ Also, a genenc shell type was modelled for al1 HVAC 

systems and one efficîency level each is modelled for natural gas and electricity HVAC 

systems. As a result, there is considerable untapped potential in the commercial sector for 

reductions in electricity and natural gas demand through building shell improvements that 

decrease the demand for space heating and through increased technological efficiency. 

" Future modelling should explore the different suategy required if incremental investrnent in electricity 
generation uses natural gas. 
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In the transportation sector, the regulatory policy option mandates that hydrogen 

fuel ce11 vehicles replace gasoline powered vehicles at the rate of vehicle retirement (15 

year lifespan) starting in the year 2005, such that by the year the 2020 hydrogen fuel cell 

vehicles win 100% of new market share for personal vehicles. The winner-take-al1 for 

lowest CO2 function is not used for the transportation sector as this method allocates 

market share equally between electric and hiel ce11 vehicles. In reality, it is likely that 

society will select one or the other of the two technologies due to the large infrastructure 

investrnents required for this type of fuel switching. For the purposes of this 

demonstration, the fuel ce11 future was selected. 

The transportation model is very sensitive to the capital costs of vehicles and their 

fuel consumption. The capital costs for al1 vehicle types except the electric hybrid and 

the fuel ce11 are from Murphy (2000). These costs represent categories of vehicles. The 

electric hybrid cost is set at the current subsidized cost that is perceived by customers in 

the market (Table 5.2). The actual cost of producing electric hybrid vehicles is roughly 

$50,000 at present. The transportation model will therefore slightly underestimate the hi11 

costs to society because it excludes the subsidy. The intangible cost factors applied in the 

model are a percentage of the capital costs of the technologies (Murphy, 2000). 

Table 5-2. Transportation model assumptions. 

Declining capital cost functions were applied to new vehicles such that capital 

Low Efficiency, Gas 0.0052 
High Eff iciency, Propane 0.0022 
High Eff iciency, 'Diesel 0.0032 
Electric 0.001 3 

1 Electric Hybrid 0.00263 
Fuel Cell 0.0035 

costs decline as a function of market share. The declining capital cost values shown in 

24,517 -1 5 1 .O0 
26,111 80 0.96 
25,821 39 1 .O0 
54,607 63 0.60 
30,900 26 0.57 

125,679 O 0.24 

-343,238 
2,030,391 
1,032,840 
2,096,909 

475,551 
30,163 



Table 5.2 show the percentage of the original capital cost that is used in the LCC 

calculation when the technology has achieved 50% of new market share. This is the 

lowest capital cost achievable in the model as the DCC function is set here to asymptote 

at 50% of market share. The capital cost of the fuel ce11 vehicles was set such that with 

the full effect of the declining capital cost function, the capital cost applied in the model 

would be $7,000 greater than the Ultra Efficient gasoline vehicle. This is based on 

estimates provided to the Transportation Issue Table of the National Climate Change 

Process (LEL, 1999). Because fuel ce11 vehicles only penetrate in the ReguIatory policy 

option in which technology costs do not influence market penetration, the intangible cost 

parameter has no effect and was eliminated to make cost calcuIations more 

straightforward. 

5.4 Macro-Economic Scenario lnputs 

Both world view baselines and al1 policy options are based on the same forecast of 

energy service demand and fuel prices. For each scenario, the energy service demands 

are fixed at these levels; however, the technologies and energy required to provide these 

services Vary according to the decision-making criteria specified by the QUEST user and 

the policy option applied. The CIMS runs were conducted based on the energy service 

growth forecast in physical units shown for British Columbia in Table 5.3. These 

physical measures were derïved by EMRG from a set of macro-econornic assumptions in 

Canada's Emissions Outlook: An Update (AMG, 1999, see Table 5.4).23 CIMS generally 

uses physical measures of growth because they are more closely Iinked to changes in 

energy services. However, because macro-econornic forecasters often provide econornic 

growth in terrns of value, the CIMS user must convert the value units into units of 

physical service. Sometimes this works well, but in other cases substnictural changes and 

changes in product quality can result in the physical and value measures changing at 

different rates. The user must be careful to anticipate such possibilities. 

Note that GDP is presented net of inflation. 
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Table 5-3. Physical Growth Forecast of Energy Service Demand for British 
Columbia. 

Chemical Products 
Coal Mining 
Industrial Minerals 
Metals 
Mining 
Pulp & Paper 
Other Manufacturing 
Commercial 
Residential 
Transportation 
Iiimricity Supply 

10% tonnes 
1 0 %  tonnes 
t 0% tonnes 
tW6 tonnes 
10% tonnes 
10% tonnes 
SDP ($1 986 billions) 
10% m2 floor space 
10% households 
1 W9 (km travelled) 
'J 

Table 5-4. Macro-econornic assumptions associated with physical growth forecast 
for British Columbia. 

IGDP $1986 billions 1 1 
Commercial & Public Admin 
Total lndustrial 

Pulp & Paper 
Chemicaf 
lron & Steel 
Smelting & Refining 
Mining 
Other Manufacturing 

l 

Total Economy 
lndustrial Gross  Output $1 986 billions 

Construction 
Forestry 
Cernent 
Petroleurn Refining 
Total Industrial G.O. 
Population '000,000 
lndividuals 

70.0 77.3 96.9 1 16.8 136.6 

*The macroeconornic forecast provided only extended from 1995 to 2020 therefore the values for 2030 are 
extrapolated. 

Forecasted British Columbia fuel prices from the CEOU (AMG, 1999) are listed 

in Table 5.5. Electricity price is subsequently determined endogenously by CIMS 



depending on the level of demand from the energy demand sectors and changes to the 

cost of production (see Section 4.4). 

Table 5-5. Fuel price forecast in $/GJ for British Columbia. 

INatural Gas lndustry 1.9 1.6 1.7 1.7 1.71 

5.5 Consistency of Modelling Scope and Timing 

I 

Because the scope of this project is the Georgia Basin region, the CIMS results 

now generated at the provincial level had to be converted to coefficients per unit of GDP. 

The results are then scaled to the level of the Georgia Basin by multiplying these 

coefficients by Georgia Basin GDP in QU'EST'S caiculation of outputs (see Section 3). 

The provincial CIMS also includes some sectors of British Columbia's economy that do 

not have a significant presence in the Georgia Basin. Table 5.6 compares the sectors 

available in CIMS with those found in the Georgia Basin. Only energy demand sectors 

that have a significant presence in the Georgia Basin are included in the calculations of 

Residential 4.9 5.6 5.8 5.8 5.8 
Commercial 4.7 5.3 5.5 5.5 5.5 
Transportation 15.0 15.6 15.3 15.2 15.2 

Electricity lndustry 10.5 10.5 10.5 10.1 10.1 
Residential 19.5 19.5 19.5 18.8 18.8 
Commercial 14.1 14.1 1 4.2 13.9 13.9 

Dist OiI lndustry 10.3 1 1 -3 10.9 10.8 10.8 
Residential 10.1 10.0 9.6 9.6 9.6 
Commercial 10.1 9.4 9.0 9.0 9.0 

Liquid Petroleum Gas Commercial 11.2 11.0 10.5 10.4 10.4 
Petroleum Coke lndustry 2.5 2.5 2.4 2.3 2.3 
LS & HS Residual lndustry 3.6 3.7 3.3 3.3 3.3 
Coke & Coal Industry 2.5 2.5 2.4 2.3 2.3 
Methanol Transportation 33.8 35.4 34.5 34.3 34.3 
Ethanol Transportation 25.6 26.8 26.1 25.9 25.9 
Diesel Transportation 13.7 14.5 14.1 14.0 14.0 
Gasoline Transportation 17.1 17.8 17.4 17.3 17.3 
Propane Transportation 11.2 11.0 10.5 10.4 10.4 
Hvdroaen Transportation 52.8 55.2 53.8 53.5 53.51 



outputs used to derive the c~eff ic ients .~~ The Industrial category in Section 6 therefore 

includes chernical products, other manufacturing, industrial minerals and pulp and paper. 

A fuller description of the CIMS industrial subsector models is available from the flow 

models in Appendix A. 

1 Transportation X 1 

Table 5-6. Comparison of CIhlS sectors with Georgia Basin. 

CIMS Deménd Sectors 

Residen tial 
Commercial 

1 Coal Mining 1 1 

Georgia Basin Demsnd Sectors 

X 
X 

Industrial 
Chernical Products 

X 
X 

/ Non-Metal Mining 1 

Industrial Minerals 
Iron & Steel 

X 

1 Petroleum Refinine 

Other Manuiacturïng 
Paper 

Supply Modeis 
Electrici ty 
Natural Gas Extraction 

The provincial scale of the current CIMS data affects the treatment of electricity. 

Most electricity generation is located outside of the Georgia Basin region. Because 

demand for electricity, and thus electricity pnce, are determined at the provincial level, 

this sector was treated differently than the demand sectors. In order to mode1 electricity 

demand at the provincial level, CIMS was run including al1 of the sectors in British 

Columbia. Thus, electricity pnce changes from the Energy Supply and Conversion 

Mode1 are generated based on total provincial demand. The electricity results presented 

in Section 6 therefore include electricity demand from sectors outside of the Georgia 

Basin but were adjusted aftenvard to reflect the share of electricity demand that comes 

only from the Georgia Basin. Petroleum refining and natural gas extraction are primarily 

X 
X 

Georgia Basin 
X 

24 Some coal mining is present on Vancouver Island however its energy consumption was not large enough 
to merit inclusion. 
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located outside the Georgia Basin and emissions from these supply sectors are excluded 

from this andysis. 

Scenarios in CIMS and QUEST aiso cover slightly different time periods. 

QUEST scenarios extend tu 2040 while CIMS scenarios run from 1995 to 2030. CIMS 

results must be extrapolated to provide results to QUEST for 2040. 

Other discrepancies between the two models arise because the softlinking 

approach places practical limits on the number of QUEST choices that can be explicitly 

represented in CIMS. QUEST provides the user with an immense amount and frequency 

of choices. For instance, QUEST allows the user to maintain the BAU, increase or 

decrease each action slider every decade and also to alter the policy type every decade. 

Additionally, the QUEST user can apply policies to some sectors and not others. This 

results in a large number of possible parameter combinations and it would be onerous to 

model each one in CIMS. The following simplifications were made in CIMS for this 

research: (1) only one policy type was applied over the scenario penod (2) one leveI of 

aggressiveness was applied over the entire scenarioz5 and (3)  policies were applied to al1 

sectors of the economy, which was modelled as an integrated system. 

5.6 Calculafion of Coefficients 

The variety of choices in QU'EST includes different growth and structural change 

scenarios. The CIMS runs were al1 based on a single growth and structural change 

scenario (Table 5.3). In order for the results demonstrated in this paper to be extrapolated 

to the full range of scenarios available in QUEST, coefficients of CIMS outputs per unit 

of econornic growth were developed for each world view baseline and policy option using 

- - -  

Zj The QUEST rnodelling option to increase emissions was not simulated in CIMS. QUEST is re- 
stnictunng their action to sliders to reflect real trade-offs that consumers make. For example, while an 
individual is unlikely to decide to increase GHG emissions, they may decide that they would prefer a larger 
vehicle with increased storage space and safety over a very fuel-efficient vehicle. When these action sliders 
are fully defined, CIMS wiIl be able to model these choices explicitly. In the meantirne, the user has the 
choice to rnaintain the BAU or decrease emissions only. 
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the economic measures of growth in Table 5.4 as the denominator (Fig. 5.1). In QUEST, 

the calculation of fuel consumption and the rnechanism for modelling structural change 

are linked to changes in GDP (see Fig. 3.5). Therefore, coefficients of CIMS output per 

unit GDP allow the QUEST user's other structural change and economic growth scenario 

choices to adjust energy consumption, GHG emissions and costs accordingly. The CIMS 

coefficient values encompass the world view, action and policy type, selected by the user 

in a single value. They also reflect the micro-econornic feedbacks in the CIMS model. 

The coefficients are summarized in a senes of matrices (by world view / policy type / 

sector / and decade) and embedded in the Energy submodel within QUEST. The Energy 

submodel is a simple spreadsheet model. Once the user has selected a model route 

(Wodd View, Georgia Basin growth scenario and various actions), the spreadsheet 

accesses the corresponding matrix and inserts the correct coefficient into the equation for 

fuel use, emissions or costs. For example, the fuel consumption coefficient replaces the 

last two terms of Equations 1 through 4 in Section 3. 

The macro-econornic forecast in Table 5.4 does not specifically provide GDP for 

each of the sectors in the Georgia Basin. Table 5.7 outlines which measure in Table 5.4 

was used as the denorninator (growth measure) in the coefficients for each sector in 

QUEST. Care rnust be taken in QUEST to multiply these coefficients by the sarne 

measure of growth as the denominator. 

Table 5-7. Cornparison of CIMS sectors with Georgia Basin, 

1 QUEST Sectors Coefficient Denominator 

1 Chemical Products 
I 

1 Chemical GDP 

Residen tial 
Commercial 
Transportation 
Industrial 

1 Industrial Minerals 1 Cement GDP 1 

Total Economy GDP 
Commercial & Public Admin GDF 
Industrial GDP 

1 Other Manufactunng 1 Other Manufacturing GDP 
Pulp & Paper 
Electricity 

Pulp & Paper GDP 
Total Economy GDP 



Figure 5-1. Softlinking Data Inputs to QUEST Energy Submodel. 
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Because no GDP values were provided specifically for the electricity and 

residential sectors, the total economy GDP was used as the denominator. Since the 

demand for electricity generation is a function of the energy services required by dl of 

the demand sectors this is a reasonable assumption. To denve GDP for the industrial 

subsectors from Table 5.4, each sector's percentage of total industrial gross output was 

multiplied by Total Industrial GD P.^^ For the transportation sector, the industrial GDP 

was more cIosely correlated with the physical increase in VKT modelled in CIMS; 

therefore, this value was used as the denominator. Altematively, the assumption could be 

made that growth in physical output is equivalent to growth in GDP and QUEST could 

simply utilize the coefficients based on physical units in the denominator in its equations 

for calculation energy consumption. Coefficients based on economic growth are 

presented in Appendix F-G. 

26~deally, each industrial sector's percentage of GDP would be utüized instead of Gross Output but these 
data were not available. Gross Output is the sum of al1 goods and services produced by a sector in a year. 
It does not elirninate intemediate goods or by-products and thus there may be some double-counting. GDP 
is the value of the goods and services and elirninates the possibility of double-counting. 
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6. Results and Discussion 

This chapter presents a cornparison of the ernissions, fuel consumption, market 

penetration of technologies and costs of the different policy options for each sector by the 

year 2030. The year 2030 was selected because it is the final year of the CIMS 

simulations and represents the full extent of the actions available to the user." The 

results are shown for the province of BC but include only the sectors present in the 

Georgia Basin. In Section 6.10, these results are converted to coefficients that are used to 

scale the results to the Georgia Basin region. 

6.1 lntegrated Results for Total Economy 

The CO2 emissions for the total economy follow the predicted pattern with 

emissions from the Average Consumer world exceeding those of the Econornic 

Efficiency world for al1 policy options (Fig. 6 . 1 ) ~ ~ ~  Ernissions in each world decline as 

the cost of ernitting COZ increases. The Regulatory policy option achieves the largest 

reductions, cutting CO2 emissions by more than 50%. 

Table 6.1 shows the consumption of major fuels in the economy under each policy 

option. Reduced consumption of fossil füeis (refined petroleum products (RPP) and 

natural gas) is responsible for the emissions reductions in Figure 6.1. Electricity 

consumption increases as the cost of CO2 ernissions increases because the electricity 

generation sector is also shifting towards energy sources with very low levels of 

greenhouse gas ernissions, primarily hydroelectric. In the Regulatory scenario, which 

requires that the least-COz technology be utilized, electricity consumption increases by 

53% and 114% in the Average Consumer and Economic Efficiency worlds respectively. 

27 Results will be presented to 2040 in QU'EST; however, these must be extrapolated in the QUEST Energy 
Subrnodel from the results presented here as CIMS simulations extend only to 2030. Results for 2000, 
2010 and 2020 are shown in the appendices. 
28 Al1 emissions are presented as CO2 quivalents including CH< and NzO ernissions. Emissions in the 
Regulatory policy option are equal for the Average Consumer and Economic Eficiency worlds because 
regulatory compliance is assurned. 
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Figure 6-1. Comparison of annual CO2 emissions from the Total Economy under 
different policy options in 203û. 

1 O Economic Efficiency 1 
$0,000 -, i 

I BAU lnfo Low Tax High Tax Regulation 

Table 6-1. Comparison of Total End-Use Energy Consumption of Major Fuels (PJ) 
in 2030 under different policy options in 2030. 

Table 6.2 shows the contribution of each primary sector of the economy to overall 

emissions in the Georgia Basin. The transportation sector is responsible for over half of 

total greenhouse gas ernissions in each policy option and composes an increasing 

percentage of total emissions as tax levels on COz are increased, which means that 

reductions are more cost-effective in other sectors. 



Table 6-2. Contribution of each primary sector to Total Economy CO2 emissions in 
2030, 

Commercial 5.9% 5.9% 5.6% 4.5% 7.5% 7.1% 6.5% 3.0% 1.5% 
lndustry 18.1% 17.7% 17.8% 16.1% 18.0% 18.4% 19.0% 17.2% 12.9% 
Residential 9.1% 8.5% 7.8% 6.0% 11.4% 10.6% 9.0% 4.8% 6.7% 
Transportat ion 58.9% 59.9% 60.8% 66.5% 60.0% 60.6% 62.0% 73.8% 76.7% 
Electricity 8.0% 8.0% 8.0% 6.9% 3.2% 3.4% 3.4% 1.3% 2.2% 
Total 100.0% 100.0% 100.0% 100.0% 100.00/0 1 00.0% 100.0% 100.0% 100.0%~ 

The percentage of total emission reductions achieved by each sector is shown in 

Table 6.3 for each policy option. The sources of the emissions reductions are dependent 

on the Social Adaptation world view setting and the specific policy option selected. The 

following sections take a closer look at the GHG emissions and fuel consumption in each 

sector of the economy. 

Table 6-3. Contribution of each primary sector to Total Economy emission 
reductions. 

*Regdatory reductions are calculated relative to Average Consumer BAU here. 

lndustry 
Residential 
Transportation 
Electricity 
Total 

6.2 Transportation Sector 

The transportation sector pIays a pivotal role in reducing overaII CO2 emissions 

(Table 6.3) although its relative share of emission reductions declines as the CO2 tax 

increases. Transportation sector emissions follow a predictable pattern and are consistent 

with what one expects given the assumptions for the world views (Fig. 6.2). The Average 

Consumer world emissions are greater than in the Economic Efficiency world for al1 

policy options. Under both worId views, the transportation CO2 emissions decrease as the 

26.5% 
20.2% 
39.3% 
7.3% 

100.0% 

22.4% 
25.9% 
33.7% 
8.6% 

100.0% 

27.7% 
24.3% 
21 -6% 
13.6% 

1 00.0% 

8.1 % 
31.3% 
43.1 % 
-1.9% 

100.0% 

5.7% 
38.9% 
35.5% 
0.0% 

100.0% 

20.4% 
30.1% 
20.6% 
8.4% 

1 00.0% 

21.9% 
10.9% 
45.8% 
12.3% 

100.0% 



tax on CO2 emissions is increased. Table 6.4 shows that the emission reductions achieved 

in the market-based policy options are due to improvements in the fuel efficiency of 

gasoline vehicles as no fuel switching is apparent. Gasoline remains the predominant fuel 

type in al1 of these policy options. In the Regdatory policy option, drastic CO2 ernission 

reductions of 45% and 42% from the Average Consumer and Economic Efficiency 

baselines respectively are achieved through switching to hydrogen fuel ce11 vehicles. 

Figure 6-2. Comparison of CO2 emissions from the Transportation sector under 
different poiicy options in 2030. 

BAU lnfo Low Tax High Tax Regulation 

Table 6-4. Fuel consumption (PJ) in the Transportation sector under different 
policy options in 2030. 
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540.3 
99.6% 

1.1 
0.2% 

1.1 
0.2% 
542.4 

100.0% 

466.8 
99.7% 

0.4 
0.1% 

1.1 
0.2% 
468.3 

100.0% 

513.7 
99.7% 

0.4 
0.1% 

1.1 
0.2% 
515.2 

100.0% 

522.4 
99.6% 

0.8 
0.2% 

1.1 
0.2% 
524.3 

100.0% 

518.7 
99.6% 

0.9 
0.2% 

1.1 
0.2% 
520.6 

100.0% 

506.2 
99.6% 

1 .O 
0.2% 

1.1 
0.2% 
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O -4 
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These transportation sector results are based on a version of the CIMS 

transportation model that relies heavily on exogenous assumptions regarding mode splits 

and technology shares." The technology competitions occurring endogenously in the 

model are purchases of new cars and trucks (Murphy, 2000). The percentage of total 

kilometres traveled by alternative modes (buses, cycling, walking, personal vehicles, 

freight, airplane or marine), and the allocation of new market share arnong other 

technologies at each cornpetition node over time are set exogenously. The magnitude of 

gasoline consumption in the Regulatory policy option (294 GJ), where gasoline-fuelled 

cars and trucks are elirninated from the market, is indicative of the proportion of CO2 

ernissions which are essentially unresponsive to policy-induced pnce change in the 

transportation model (pnmarily from freight, air, rail and marine). This portion 

represents 54.4% and 57.2% of the total gasoline consurnption of the Average Consumer 

and Economic Efficiency baselines respectively. The transportation sector results for the 

non-regulatory policy options therefore underestimate the full technical potential of the 

sector for ernissions reductions. 

In contrat, the Regulatory policy option may overestimate the potential emission 

reductions of switching to hydrogen fie1 ce11 vehicles because it does not account for COz 

ernissions potentially associated with the production of hydrogen fuel. The amount of 

CO2 emitted during production is dependent on the hydrogen source. Hydrogen can 

currently be derived from gasoline, methanol, natural gas or electrolysis, in some cases on 

board the vehicle and in others in production plants. The associated greenhouse gas 

ernissions are highly dependent on the fuel source and method of conversion ( Jensen & 

Ross, 2000). 

29 The transportation sector has since been revised to endogenously model mode switching (persona1 
vehicles, transit, biking and walking), choices between High Occupancy vehicles and Single Occupancy 
vehicles and to separate the freight cornponent of transportation from the personal transportation sector. 
See working paper " Costing Greenhouse Gas Abatement in Canadian Transportation: Probing the 
Uncertainties" (Murphy & Jaccard, 2001). 
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The market penetration of various vehicle categories in Table 6.5 further explains 

the CO2 emission results. In the Info policy option of the Average Consumer world Zow 

efficiency gasoline vehicles lose market share to electric hybrid vehicles. As the cost of 

CO2 emissions is increased further in the Low Tax and High Tax policy options, an ultra 

efficient gasoline vehicle also gains increased market share at the expense of traditional 

low efficient y vehicles. 

Table 6-5. Allocation of new market share among persona1 transportation 
technologies under different policy options in 2030 (% new market share). 

Uesd Hi@ 1 1 ' 1 O O! 0 O O 
O i  O O oi 0 O O ----- ~ ' d r i c  --I 

Elec Hytrid O oi O 0- O 

Under the Economic Efficiency world view, the ultra efficient gasoline vehicle 

dominates the market, receiving 95% of new market share under the High Tax policy 

option. The exclusion of the electric hybrid from the Economic Efficiency world is 

explained by detailed cornparison of the fuel efficiency, costs and declining capital costs 

parameters assumed for electric hybnd and ultra efficient cars (Table 5.2). 

In the Average Consumer world, electric hybrids initially have slightly lower 

capital costs (approx. $22,192) than the ultra efficient class of vehicles (above $23,098). 

Incorporating energy costs (at a $40 cost for CO2) into the LCC cdculation does not alter 

their relative costs. As the tax on CO2 increases to $75 / tonne COz, energy costs gain 



increasing importance in the LCC cdculation and the ultra efficiency gas vehicle class 

(which is more fuel efficient on average than the hybnd) gains market share. In the 

Econornic Efficiency world, the fuel cost savings associated with the ultra efficient 

gasoline vehicle weigh even more heavily in the LCC algorithm due to the low discount 

rate and thus it gains market share at the exclusion of the electric hybnd. 

In C m ,  modelling a regulatory future based on electric vehicles would result in 

the same ernission estimates as Figure 6.2. The indirect emissions associated with 

increased electricity generation for electric vehicles must be weighed against the COz 

emissions associated with hydrogen production for fuel cells before deterrnining which 

strategy is more appropriate to a sustainable future in the Georgia Basin. A key question 

is whether growtfi in demand for electricity will be met with natural gas-fired generation 

or if some of the province's renewable potential will dominate - large hydro, small hydro, 

biomass. 

6.3 Total Industrial Sector 

The aggregate industrial CO2 emissions follow the predicted pattern with the 

Econornic Efficiency world showing lower emissions than the Average Consumer world 

and emissions in both worlds declining as the tax on CO2 ernissions increases (Fig. 6.3). 

The Info and Low Tax policy options yield modest emissions reductions compared to the 

High Tax and Regulatory policy options. The industriai sector is able to generate 

emissions reductions of approximately 26% under the High Taxes and up to 70% under 

the Regulatory policy option. 

Table 6.6 shows the contribution of each Georgia Basin industry subsector to 

aggregate industrial sector emissions. Other Manufacturing subsector is responsible for 

the largest percentage of total COî emissions in the baseline, Info and Low Tax scenarios. 

Under the Hi@ Tax policy options, the Pulp and Paper subsector composes the largest 

percentage. Both the Chernicals and Industrial Minerals subsectors compose a much 

larger proportion of the total emissions in the Regulatory option compared to the market- 
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based options indicating that the technological potential of these sectors for reducing 

ernissions is relatively srnail compared to Pulp and Paper and Other Manufactüring. 

Figure 6-3. Comparison of CO2 ernissions from the Aggregate Industrial sector 
under different policy options in 2030. 

I BAU lnfo Low Tax High Tax Regulation 

Table 6-6. Contribution of each primary sector to Aggregate Industrial CO2 
ernissions in 2030. 

*Regdatory percentages are calculated relative to the Average Consumer BAU. 

The relative contribution of each subsector to total industrial emission reductions 

is shown in Table 6.7. In the Average Consumer world, Other Manufactunng is 

consistently responsible for over 60% of the reductions. In the Economic Efficiency 

world, Pulp and Paper is responsible for approximately 60% of emission reductions in the 

Info and Low Tax policy options but drops to 17.7% in the High Tax policy option where 

Other Manufacturing yields 80% of total reductions. 
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Table 6-7. Contribution of each industrial subsector to Aggregate Industrial 
emission reductions. 

*Regdatory percentages are calculated relative to the Average Consumer BAU. 

Other Manufacturing 

Table 6.6 shows that Other Manufacturing produces the largest proportion of 

greenhouse gas emissions from among the industnal subsectors located in the Georgia 

Basin for al1 policy options except the High Tax and Regulatory scenarios. In the 

Average Consumer world, this sector is responsible for the majority of the emissions 

reductions as tax levels are increased (Table 6.7). In the Economic Efficiency world, 

Other Manufacturing tends to contribute less to overall emission reductions with the 

exception of the High Tax scenario where it is responsible for 80% of total industnal 

sec tor reductions. 

Figure 6.4 shows the emissions associated with this sector under the various 

policy options. The Econornic Efficiency World has Iower overall emissions than the 

Average World for al1 policy options (Fig. 6.4). CO2 emissions decrease under both 

world views as the tax on CO2 increases but the declines are moderate for the Info and 

Low Tax policy options. Substantial emissions reductions are only achieved under the 

High Tax and Regulation policy options. 

The High Tax policy options show large CO2 reductions because of strong fuel 

switching from natural gas to electricity (Table 6.8). Electricity doubles and nearly 

triples its market share in the Average Consumer and Econornic Efficiency High Tax 

policy options respectively. This drastic increase occurs because at a cost of $225 / tonne 

COz emissions it becomes econornic to use electricity for direct process heating 
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applications (Appendix E). New building shelis, with HVAC systems heated by only 

electricity atso increase market share (Appendix E). In the Regulatory policy option, 

these electricity-based technologies penetrate to an even greater extent. 

Figure 6-4. Cornparison of CO2 emissions from the Other Manufacturing sector 
under different policy options in 2030. 

I BAU lnfo Low Tax High Tax Regulation 

Table 6-8. Fuel consumption (P5) in the Other Manufacturing subsector under 
different policy options in 2030. 
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Pulp and Paper 

The Pulp and Paper subsector is the second largest industriai producer of 

greenhouse gas emissions in the Georgia Basin, constituting approxirnately 30% of the 

industnal sector emissions (Table 6.6). In the Average Consumer world, this sector 

provides only a minimal contribution to emission reductions (Table 6.7). In the Info and 

Low Tax scenarios of the Economic Efficiency world, the Pulp and Paper subsector 

provides over 59% of industrial sector emission reductions indicating that it is a cost- 

effective source of emission reductions relative to other sectors. 

CO2 emissions from the Pulp and Paper subsector follow a counterintuitive pattern 

(Fig. 6.5) in that the COz emissions in the Economic Efficiency world are actually greater 

than those of the Average Consumer world for the BAU, Info and Low Tax policy 

options. Under the assumptions of the Economic Efficiency world, one expects a greater 

market penetration of fuel-efficient or alternative fuel technologies and thus lower 

emissions (see Section 3). 

Figure 6-5. Cornparison of CO2 emissions from the Pulp and Paper sector under 
different policy options in 2030. 
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The energy consumption by fuel type for the different policy options (Table 6.9) 

explains this pattern of emission reductions. Emissions are greater in the Economic 

Efficiency world when the consumption of natural gas exceeds that in the Average 

Consumer world policy options (e-g. BAU, Info, Low Tax). Combustion of naturd gas 

directly releases 0.487 tonnes of CO2 / GJ whereas the end-uses of electricity create no 

direct emissions. Of course, the increased demand for electricity may result in indirect 

ernissions through increased fuel use in the electricity supply sectors, but we currently do 

not attribute indirect ernissions to the demand sectors. Indirect emissions are repoaed in 

Section 6.6. The trend towards increased use of electricity at higher levels of COz taxes 

and in the Regulatory policy option (Table 6.9) thus yields the direct emission reductions 

observed in Figure 6.5. Lower natural gas consumption due to fuel switching to 

electricity and biomass in the Economic Efficiency world under the High Tax policy 

option results in lower emissions than the same policy option in the Average Consumer 

world. Under the Regulatory policy option, fuel switching to biomass (particularly for 

hog fuel boilers and cogenerators, see Appendix E) from natural gas yields large emission 

reductions. 

Table 6-9. Fuel consumption (PJ) in the Pulp and Paper sector under different 
policy options in 2030. 
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lndustrial Minerals 

The Industrial Minerals sector is typically responsible for approximately 20% of 

the aggregate industrial sector CO2 emissions with the exception of the Regulatory policy 

where it jumps to 48% (Table 6.6). In this sector, COz emissions are lower in the 

Economic Efficiency world than in the Average Consumer world in d l  cases (Fig. 6.6). 

The relatively large decline in emissions between the Average Consumer BAU and the 

Info policy option is due to a strong decline in coal and petroleum coke consurnption 

from 56.5% to 12.3% of total energy consumption (Table 6.10). These high carbon 

content fuels are replaced with natural gas, which has a lower COt coefficient. Due to 

this large drop in emissions in the Info scenario, the Industrial Minerals sector is 

responsible for 26.5% of aggregate industrial emissions reductions for this policy option 

in the Average Consumer World (Table 6.7). 

Figure 6-6. Cornparison of CO2 emissions €rom the Industrial Minerals sector 
under different policy options in 2030. 

lndustrial Minerals CO2 Emissions 1 ~verage Consumer 1 
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The Economic Efficiency world has consistently lower COz emissions because 

consumption of coal and petroleum coke is nea. zero in the Economic Efficiency BAU 

and is eliminated in the remainder of its policy options. Although natural gas 

consumption decreases slightly from 11.86 PJ in the Economic Efficiency Info policy 



option to 11.58 PJ in the High Tax policy option, the emissions declines in Figure 6.6 are 

primarily due to specific energy efficiency improvements (Appendix E). For instance, 

fuel-efficient natural gas lime kilns with preheating increase from 63% of new market 

share in the Economic Efficiency BAU to 83% under the High Tax policy option. 

Ekonomic opportunities for CO2 emission reductions appear to be lirnited once natural 

gas consumption approaches 80% of total fuel consumption as evidenced by the minimal 

declines in CO2 emissions gained with taxes over $40 / tonne CO2. 

Unlike the Other Manufacturing and Puip and Paper, the Industrial Minerais 

subsector does not show a large technological potential to reduce its emissions in the 

Regulatory policy option. The ability of the Industrial Minerals sector to reduce 

emissions is constrained because production of cernent, a key product, results in process 

ernissions in direct proportion to output (CIEEDAC, 2000). CO2 emissions from fuel 

combustion decline moderately due to a drop in natural gas consumption and a 

corresponding increase in waste fuel, which has a CO2 emissions coefficient of zero. 

Table 5 in Appendix E shows that burners fueled by hazardous waste and residue derived 

fuels each gain 50% of new market share. One should also note that there is an 

availability limit on these fuels. 

Table 6-10. Fuel consumption 0 in the Industrial Minerals sector under different 
policy options in 2030. 
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Chemical Products 

The Chemical Products subsector produces less than 8% of industrial emissions 

under the majority of policy options. Only under the Regulatory option is it responsible 

for a substantial portion of industrial aggregate emissions (Table 6.6). The emissions 

from the Chernicals subsector follow the expected pattern but the emissions reductions 

are very small (Fig. 6.7). 

Figure 6-7. Cornparison of CO2 emissions €rom the Chemical Products sector under 
different policy options in 2030. 
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No drarnatic changes in fuel consumption occur under any of the policy options 

(Table 6.11). The split between electricity and natural gas is nearly even in both World 

Views with the Average Consumer World biased slightly towards elechicity and the 

Econornic Efficiency World slightly towards natural gas. Emission reductions are 

achieved in the Average Consumer world through declines in the consumption of oil and 

coal in conjunction with energy efficienc y improvements. Despite greater consumption 

of natural gas, the COz emissions in the Economic Efficiency world BAU, Info and Low 

Tax policy options are lower than the Average Consumer world because oil and coal 

consumption are eliminated. 
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Appendix E shows the new market penetration of high efficiency technologies in 

the Chernical Products sectcr. In al1 cases, as the tax on COz emissions increases, 

penetration of high efficiency technologies is greater. The Economic Efficiency World 

shows greater market penetration by energy efficient technologies than the Average 

Consumer World. In particular, improvements in electrolysis, evaporators and boilers 

contribute to declining emissions. 

Table 6-11. Fuel consumption (PJ) in the Chernical Products sector under different 
policy options in 2030. 

6.4 Residential Sector 

Arnong the energy demand sectors, the residential sector is responsible for 6-11% 

of total economy emissions under various policy options (Table 6.2). Despite its small 

contribution to overall emissions, the residential sector is responsible for between 20-39% 

of total emissions reductions in the majority of the policy options (Table 6.3). In the 

Regulatory policy option, its only contributes 11% of total reductions. 
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Figure 6.8 shows that Residential sector emissions follow the sarne 

countenntuitive pattern as the Pulp and Paper subsector in that emissions from the 

Economic Eficiency world are higher than those from the Average Consumer world for 

the BAU, Info and Low Tax policy options. Again, where the Economic Efficiency 
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world CO2 ernissions are higher, natural gas is the predominant fuel, constituting over 

two-thirds of energy consumption in the Economic Efîiciency world as opposed to 

roughly half of the energy consumed in the Average Consumer world. Under the Hi& 

Tax scenario, the Average Consumer World ernissions exceed the Economic Efficiency 

world as expected because natural gas consumption is greater. 

The Regulatory policy option is the most effective for lowering COt emissions. 

The Regulatory ernissions are 58% and 55% lower than the Average Consumer and 

Economic Efficiency baseline emissions respectively. This occurs because of fuel 

switching towards electricity and wood. Wood is assigned a COz coefficient of zero 

because growing trees is assumed to recapture from the atmosphere al1 of the COZ emitted 

from combustion of wood (Environment Canada, 1998). Indirect CO2 emissions 

associated with the increased demand for electricity from the residential sector are 

reported in Section 6.6. 

Figure 6-8. Cornparison of annuai CO2 emissions from the Residential sector under 
different policy options in 2030. 
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Table 6-12. Fuel consumption (PJ) in the Residential Sector under different poiicy 
options in 2030. 

hprovements in energy efficiency also contribute to the decline in Residential 

emissions as the COz tax rate is increased. The percentages of new market share gained 

by various technologies in the residential sector are shown in Appendix E. In the 

Economic Efficiency world, there is typically greater penetration of more fuel-efficient 

technologies, such as improved sheils for apartments and row housing, and high 

efficiency natural gas for space heating in new homes. The retrofit option in the 

Economic Efficiency world resulted in a substantial amount of conversion to high 

efficiency naturd gas space heating systems in existing houses. 
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6.5 Commercial Sector 

The Commercial sector is responsible for less than 7% of total CO2 emissions 

(Table 6.2). In the Average Consumer world, it contributes only a small percentage to 

total emissions reductions; however, in the Economic Efficiency world, this sector is 

responsible for roughly 20% of total emissions reductions (Table 6.3). The Commercial 

emissions (Fig. 6.9) foIlow the same counterintuitive pattern as the Residential and Pulp 

and Paper sectors in that: 

Greater consumption of natural gas in the Economic Eficiency World 

than in the Average Consumer World leads to higher COa emissions 

under the BAU, Info, and Low Tax scenarios (Table 6.13). 
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Commercial CO2 emissions decrease due to fuel switching to electricity 

and increased energy efficiency as the CO2 tax rate increases. 

Greater consumption of natural gas in the Average Consumer world than 

in the Economic Efficiency world under the High Tax policy option 

results in higher CO2 emissions. 

The lowest CO2 ernissions are achieved with the Regulatory policy option 

due to fuel switching to electricity. 

Figure 6-9. Comparison of annual CO2 emissions from the Commercial sector 
under difTerent policy options in 2030. 
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Appendix E shows the percentage of new market investment won by various 

technologies in the commercial sector under the scenarios in the year 2030. For most 

space heating applications there is a trend towards electric heaters as the tax on CO2 is 

increased. B y forcing the penetration of energy efficient electric technologies and solar 

heating (see Section 5.3), the regulation run achieves large emission reduction with a 

relatively small increase in electricity consumption. 



The Residential and Commercial sector results highlight the importance of 

considenng fuel-switching responses to changes in relative fuel costs when designing 

policies to reduce GHG ernissions. Regulatory approaches that focus solely on promoting 

technologies with the lowest COL per unit output are not ideal for demand sectors due to 

the tendency to increase demand for electricity. In its current configuration, the wimer- 

take-al1 function for lowest-CO2 technologies in CIMS attributes equal market shares to 

al1 electrical technologies regardless of their electrical efficiency because these 

technologies al1 share the same low CO2 coefficients. Although efforts were made to 

account for this by specifying minimum market shares for the highest efficiency electrical 

technologies, electricity consurnption is higher in the Regulatory scenarios than the High 

Tax options, particularly for the Residential sector. In this modelling framework, 

responsibility for the resulting indirect ernissions falls upon the electricity generation 

sector rather than the sector from which the electricity demand originated. In the future, 

adjusting the winner-take-al1 function to minimize both the electrical consumption and 

CO2 emissions per unit of output of the technology mix would provide a better 

representation of the ernission reductions possible through strict regulatory measures. 

Cogeneration technologies, which meet both commercial space heating and electricity 

generation needs, would penetrate in such scenarios and yield reductions in economy- 

wide ernissions and electricity consumption. 

Table 6-13. Fuel consumption (PJ) in the Commercial sector under different policy 
options in 2030. 
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85.6 
54.1% 

71.4 
45.1% 

0.4 
0.2% 

0.8 
0.5% 
158.2 

100.0% 

82.9 
51.9% 

75.9 
47.4% 

O -4 
0.2% 

0.8 
0.5% 
160.0 

100.0% 

69.2 
41.6% 

96.1 
57.7% 

0.4 
0.2% 

0.8 
0.5% 
166.5 

100.0% 

98.3 
65.5% 

50.6 
33.7% 

0.4 
0.3% 

0.8 
0.5% 
150.0 

100.0% 

74.8 
46.0% 

86.7 
53.3% 

0.4 
0.2% 

0.8 
0.5% 
162.6 

100.0% 

81.0 
51 -1% 

76.2 
48.1% 

0.4 
0.2% 

0.8 
0.5% 
158.3 

100.0% 

111.3 
79.5% 

27.5 
19.7% 

0.4 
0.3% 

0.8 
0.6% 
140.0 

100.0% 



6.6 Electricity Sector 

Many of the energy demand sectors achieve substantial emission reductions 

through fuel switching to electricity and away from carbon-intensive fuels. A primary 

benefit of utilizing the integrated CIMS supply and demand modeis is the ability to mode1 

the impacts of this increased demand for electricity on the electricity supply sector and its 

subsequent CO2 emissions. Figure 6.10 compares the total eiectricity generated in order 

to meet the needs of the demand sectors under various policy options. As the cost of COZ 

ernissions is increased, fuel switching to electncity greatly increases the arnount of 

electricity that the supply sector must generate. Under the Regulatory policy option, 

electricity generation increases by 47% and 94% from the Average Consumer and 

Economic Efficiency baselines respectively. The Economic Efficiency world demands 

less electricity overall than the Average Consumer world for two reasons. Firstly, the 

Residential, Commercial, and Pulp and Paper sectors improve their econornic efficiency 

by switching to more use of natural gas. This lowers the overall demand for electricity. 

Secondly, increased penetration of high efficiency electricity-consurning technoiogies in 

the Economic Efficiency world provides the same services while using less electricity. 

Figure 6-10. Electricity Generation (PJ) under different policy options in 2030. 
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By requiring increased production of electricity from the electricity supply sector, 

each demand sector is indirectly responsible for a portion of any increased emissions 

frorn the electricity generation sector. Table 6.14 shows how electricity demand changes 

in each demand sectors as the cost of CO2 emissions changes. For many sectors, 

electricity demand remains relative1 y constant (e.g., Transportation, Industrial Minerais, 

Pulp and Paper, and Chemicals). Significant increases in electricity demand occur in the 

Other Manufacturing, Residential and Commercial sectors. Table 6.15 shows the 

magnitude of changes in electricity demand in these three sectors and calculates their 

percentage contribution to total increased demand for electricity. 

Table 6-14. Electricity Demand (PJ) from Demand Sectors under various policy 
options. 'O 

Transportation 
lndustry 
0th. Man 
Pulp & Paper 
Ind. Min. 
Chemicals 
Residential 
Commercial 
Total 

Table 6-15. Change in Electricity Consumption relative to Baseline (PJ) and 
percentage contribution to total change in electricity dernand. 

e Consumer 

'O Discrepancies between levels of electricity generated and that demanded are due to exogenous estimation 
of the electricity required for the natural gas, coal mining and petroleum refining sectors. 
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0.1 0.8 30.0 
1.5% 4.0% 37.0% 

6.9 12.9 31.6 
71.9% 68.0% 38.9% 

2.7 5.4 18.0 
27.7% 28.3% 22.2% 

9.8 19.0 79.6 
101.1% 100.3% 98.1% 

9.7 19.0 81.1 

;-GL~~nomi~~Efl)hfic~~Lc: 
" ?,: L,;) ;<., * >> T: ;-g<&:, . .' ,. ;+*: 

~ ~ ~ l ~ f o i ? . ~ - c l ~ ~ ; f . x E z y - H ; ; ~ ~ ~  
-0.1 -0.1 42.4 

-0.4% -0.4% 37.4% 
5.0 13.8 25.3 

42.8% 52.6% 22.3% 
5.6 11.7 42.1 

47.3% 44.7% 37.1 % 
10.5 25.4 109.9 

89.7% 96.9% 96.8% 
11.7 26.2 113.5 



Table 6.15 provides a rough indication of the indirect emissions for which these 

three demand sectors may be considered responsible. Indirect emissions are estimated for 

these sectors by multiplying the net change in electricity demand (PJ) by the average 

ernissions per PJ of electricity generation from each policy option. The emissions 

coefficients and indirect ernissions attributed to these sectors are reported in Table 6.16. 

Table 6-16. Indirect emissions attributed to the Other Manufacturing, Residential 
and Commercial sectors based on average emissions per PJ of electricity. 

In both worlds, the average ernissions of the electricity supply sector per PJ of 

electricity produced decline as the tax on COî causes the supply sector itself to switch to 

less carbon-intense fuels, in particular hydro-electricity and renewable energy sources 

(Table 6.17). The average emissions per PJ of eIectricity are much lower in the 

Economic Efficiency world than in the Average Consumer world. This yields smaller 

indirect emissions for the Economic Effîciency demand sectors. The indirect emissions 

increase as the tax level of CO2 increases because these demand sectors relied heavil y on 

switching to electricity to reduce their direct emissions and associated costs. 

Not surprisingly, the direct COt emissions from the electricity supply sector show 

a drastic contrast between the Average Consumer and the Economic Efficiency worlds. 

For al1 policy options, the Economic Efficiency world shows substantially lower CO2 

ernissions (Fig. 6.1 1) as a combined result of lower demand and fuel switching. CO2 

emissions are lower in the Economic Efficiency world because reduced demand for 

electricity due to efficiency improvements in the demand sectors allows for large 

97 



reductions in fossil fuel consumption by the electricity generation sector (Table 6.17). 

Natural gas consumption is roughly one-third of levels in the Average Consumer World 

and refined petroleum products are eliminated fkom the fuel mix. In both the Average 

Consumer and Economic Efficiency worlds, emissions decline as the cost of CO2 

increases due to fuel switching away from natural gas to hydro-electricity, wind 

generation and geothermal heat pumps (Table 7, App. E). The Average Consumer world 

meets a small portion new demand with combined cycle natural gas turbines but its 

market share declines as the tax rate increases. 

Figure 6-11. Cornparison of annual CO2 emissions from the Electricity Supply 
sector under different policy options in 2030. 

Electricity CO2 Emissions 
O Economic Efficiency 

BAU lnfo Low Tax High Tax Regulation 

The Regulatory policy option is particularly interesting in this sector as it shows 

the lowest overall CO2 emissions despite having the highest electricity generation level 

among al1 other policy options. Using the winner-take-al1 function for the lowest CO2 

electricity generation technologies forces the sector to produce electricity using more 

hydro, wind, biomass and geothermai heat pumps, al1 of which have CO2 ernission 

coefficients of zero. For the Regulatory policy option, the majority of electricity is 

generated from hydro resources; however, biomass increases by a factor of four and wind 

generation by a factor of five, as well. 



Emissions under the Economic Efficiency Egh Tax policy option are almost 

identical to the Regulatory policy option yet the demand for electricity is substantially 

lower (Fig. 6.11). This indicates that the High Tax policy option is likely more cost- 

effective than the Regulatory option. The Regulatory policy option while appealing from 

an emissions viewpoint may require the addition of more supply technologies, likely 

large-scale dams or natural gas turbines. The potential economic impacts on fisheries, 

land use and ernissions are not accounted for in this study and could be substantial. 

Table 6-17. Fuel consumption (PJ) in the Electricity Supply sector under different 
policy options in 2030. 

The wide-scale fuel switching to electricity, particularly under the High Tax 

policy option, indicates that it is often less costly for the electricity sector to reduce its 

ernissions than it is for the dernand sectors to invest in energy efficient technologies to 

achieve similar reductions. The next section addresses the critical issue of costs, and who 

pays them, in more detail. 

Nat Gas 

RPP 

Wood 

Wind 

Energ y 
Consumed 

6.7 Techno-Economic Costs 

The policy costs reported are incremental to the costs that would have been 

incurred in the baselines for each world view including d l  expenditures / benefits. Table 

65.1% 
109.6 
34.8% 
0.1 3 

0.04% 
0.05 

0.02% 
0.05 

0.02% 
315.0 

100.0% 

67.4% 
104.9 
32.5% 
0.06 

0.02% 
0.03 

0.01% 
0.05 

0.01% 
322.8 

100.0% 

69.2% 
101.8 
30.8% 
0.03 

0.01% 
0.03 

0.01% 
0.05 

0.01% 
330.5 

1 00.0% 

79.1% 
78.6 

20.9% 
0.00 

0.00% 
0.03 

0.01% 
0.07 

0.02% 
376.5 

100.0% 

80.0% 
40.5 

20.0% 
0.00 

0.00% 
0.00 

0.00% 
0.00 

0.00% 
202.1 

100.0% 

80.6% 
41 -4 

19.4% 
0.00 

0.00% 
0.00 

0.00% 
0.01 

0.00% 
214.1 

100.OOh 

82.2% 
40.5 

17.8% 
0.00 

0.00% 
0.00 

0.00% 
0.01 

0.00% 
227.6 

1 00.0% 

95.7% 
12.6 
4.3% 
0.00 

0.00% 
0.01 

0.00% 
0.03 

0.Oloh 
293.8 

100.0% 

96.6% 
12.9 
3.3% 
0.00 

0.00% 
0.04 

0.01% 
0.13 

0.03% 
385.5 

100.0% 



6.18 shows the net techno-economic costs incurred by each sector for the various policy 

options from 2000-2030. 

Table 6-18. Net financial impact of policy options ($1995 millions). 

lndustry 
Chernicals 
Industrial Minerals 
Other Manufacturing 
Pulp & Paper 
Residential 
Commercial 
Transportation 
r 

Total 
l ~ l e c  w/out Revenue gain 
l ~ l e c  w/ Revenue aain 

For both world views, the Information and Low Tax policies result in financial 

savings to the economy as a whole ranging from $952 million to $2.6 billion. The High 

Tax policy option results in financial costs of $723 million and $1.3 billion for the 

Average Consumer and Economic Efficiency world views respectively. A rough 

calculation based on provincial GDP in 1999 of 1.2 billion reveals that these costs are 

approximately .02--03% of annual provincial GDP. The Regulatory scenario has a much 

higher cost of $64.9 billion, primarily due to the high costs incurred by the transportation 

sector in switching to hydrogen fuel ce11 vehicles. This represents approximately 1.8% of 

annual provincial GDP if spread evenly over the thirty year period. 

Different sectors of the economy face very different financial consequences. The 

residential and commercial sectors experience substantial net increases in financial costs 

ranging from $126 million to $4.0 billion. The industrial sector experiences net financial 

benefits when the cost of COz is Iower but a net cost under the High Tax and Regulatory 

scenarios. In contrast, the transportation sector experiences large financial savings 

ranging from $1.9 billion to $7.4 billion in response to the market-based policy options. 

These large transportation savings counter the costs in the other sectors and have a 



dominant influence on the net effect to the total economy. The electricity sector results 

are not included in the total because dl costs are assurned to be passed on to the demand 

sectors. The magnitude of costs experienced by the electricity supply sector is therefore 

indicative of the degree of electricity price increase experienced by the demand sectors. 

In the Average Consumer world, the electricity supply sector experiences net 

financial costs ranging from $803 million to $3.9 billion under various policy options. 

The increased total costs are due to increased capital expenditures on energy efficiency 

and fuel switching and occur despite substantial savings on energy costs (Appendix D). 

Despite lower levels of generation, the Economic Efficiency world faces even greater 

increases in capital expenditure for electricity generation because of higher investment in 

more expensive renewable technologies, particularly under the High Tax policy option. 

The rising costs expenenced by the electricity sector are offset to a degree by the 

increasing revenues resulting from higher demand for electricity (Table 6.18). The 

Economic Efficiency world is unable to offset its costs to the same extent as the Average 

Consumer world because of lower overall demand. 

Both increased cost of production and direct CO2 taxation costs faced by the 

electricity sector are passed on to the demand sectors in the price of electricity; however, 

it is assumed that revenue gains are not passed on. Table 6.19 shows how electricity 

prices rise both with and without the tax component. When making technology 

acquisition decisions, the demand sectors perceive electricity price to include both 

factors. However, electricity taxes are not included in the estimates of techno-econornic 

energy costs for the demand sectors because they are considered transfers. The impact 

of rising electricity prices has a significant impact on the techno-economic costs 

experienced by the demand sectors. 



Table 6-19. Electricity prices under various poiicy options ($/GJ). 

kost excludina tax 1 10.1 10.2 10.3 11 -21 9-4 9-6 10-3 12.31 13-71 

In the residential and commercial sectors, despite increased investment in energy 

efficient technologies relative to the baselines, expenditures on energy arc also higher due 

to the rising cost of electricity (see Appendix D). Both sectors relied heavily on fuel 

switching to electricity to reduce their direct emissions. Despite the increasing cost of 

electricity, the residential and commercial sectors found it economically efficient to 

switch to electricity rather than other technological options. 

The industrial sector experiences a net financial benefit when the cost of CO2 

ernissions is low but a net cost under the High Tax and Regulatory options. Financial 

benefits accrued when the additional capital expenditures on energy efficient technologies 

are more than cornpensated by the energy savings achieved (see Appendix D). In the 

Average Consumer world, al1 industnal subsectors experience energy savings of 

sufficient magnitude to compensate for increased capital expenditure in the Info and Low 

Tax policy options. Under the High Tax and Regulatory policy options, energy costs in 

the Other Manufacruring subsector rise by $856 million and $5.5 billion relative to 

baseline Ievels due to high levels of electricity consumption (Appendix D). This is 

expected as the Other Manufacturing sector is responsible for over 60% of emission 

reductions in the industrial sector. As a result, the aggregate industnal sector to show a 

net financial cost for these policy options. In the Econornic Efficiency world, d l  

industrial subsectors expenence costs under the High Tax option; however, Other 

Manufacturing and Pulp and Paper experience the largest increases and together pay 95% 

of total costs to industry. 

The transportation sector is unique in that it is the only sector in which capital 

expenditures decline in addition to declining energy expenditures for the market-based 

policies. While lower capital costs may appear at odds with the greater penetration of 



high efficiency vehicles, it is in fact a function of the modelling assumptions. Ultra 

efficient and electric hybrid vehicles are classified into categories of vehicles that are 

more likely to inctude smaller vehicles, like a GE0 Metro. These small vehicles are 

typically in a lower pnce bracket than larger vehicles, such as suburban utility vehicles. 

As a result, capital expenditures decline relative to the reference scenario. Under the 

Regulatory policy option, the transportation sector experiences a very large net cost as 

consumers are forced to adopt hydrogen fuel ce11 vehicles which are assumed to be 

relative1 y expensive in CIMS. Additionall y, energy costs increase under the Regulatory 

scenario because hydrogen fuel is roughly three times more expensive than gasoline. 

Over time, the techno-economic cost of fuel ce11 vehicles would Iikely drop with 

increasing cornrnercialization and technological developments. 

The transportation results highlight the importance of considering consumer 

preferences when deterrnining the costs of a policy. The techno-economic cost estimates 

for the transportation suggest that, with a relatively small tax signal, the sector can 

achieve significant greenhouse gas ernissions while accruing financial beneftis so large 

that they compensate the financial costs of al1 other sectors combined. This result should 

be interpreted with caution. Smdler and more fuel efficient vehicles are available on the 

market today yet many consumers routinely pay a premium for large, inefficient vehicles. 

ClearIy, consumers have preferences for the attnbutes of these technologies and they are 

willing to pay for them. Perceived pnvate costs measure the cost that consumers 

experience when they must sacrifice their preferences due to policy implementation. In 

Table 6.2, the transportation was noted as composing an ever-increasing percentage of 

total emissions as the cost of CO2 emissions increased. Assurning that the estimates of 

intangible costs for transportation technologies are appropriate (Table 5.2), this indicates 

that when perceived costs are considered, sectors other than transportation provide CO2 

reductions more cost-effectively. 

6.8 Perceived Private Costs 

TabIe 6.20 shows the perceived private costs calculated using the cost curve 

methodology (including the net change in electricity costs faced by the demand sectors). 
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Because the cost curve methodology requires multiplication by the tax rate, no estimates 

of perceived private costs could be provided for the Regulatory policy option. 

Unlike the financial cost estimates, the perceived private cost results suggest that 

it is quite costly to reduce COz ernissions. The perceived cost estimates range from $1.4 

billion to $23 billion dollars. Costs for the transportation sector are underestimated here 

because cost changes from the Petroleum Refining sector were not endogenized in the 

version of CIMS ~tilized.~' Continued effort goes into developing perceived pnvate cost 

estimates that accurately reflect the preferences of consumers for various technology 

attributes. The estimates in Table 6.20 should be viewed only as indicative of the general 

magnitude of these intangible costs. 

Table 6-20. Perceived Private Costs of Market-based Policy Options €rom 1995 to 
2030 ($1995 millions). 

6.9 Expected Resource Costs 

Although it is difficult to determine reliable estimates of the additional costs faced 

by consumers due to risk, one can safely assume that this value falls somewhere between 

perceived private costs (which include both risk and preferences) and techno-economic 

costs (risk-free financial costs). The expected resource costs reported in Table 6.21 

Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chernicals 
Residential 
Commercial 
Transportation 
Total 

3 1 EMRG is working towards endogenization of cost of production increases for the Petroleum refining, 
Naturai gas extraction and Coal mining sectors. For the time being, supply curves are utilized to determine 
market price of fuels under different demand levels. 

494 
267 
39 
94 

674 
693 
114 

2,374 

897 
452 
63 

171 
1,350 
1,326 

290 
4,550 

2,549 
2,818 

1 32 
465 

5,209 
4,622 
1,880 

17,675 

295 550 1,988 
145 277 4,018 
12 22 66 
62 115 340 

301 776 7,081 
484 1,027 6,661 
1 46 439 3,148 

1,444 3,206 23,303 



include an illustrative risk adjustment of 75% of the difference between perceived private 

costs and techno-economic costs. The expected resource cost estimates range from .O1 - 

-5% of annual GDP assuming the costs are spread equally over the 30 year period based 

on a 1999 provincial GDP of 1.2 billion. 

Table 6-21. Incremental Expected Resource Costs of different policy options 
relative to respective World View baseline costs ($1995 millions). 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chemicals 

Residential 
Commercial 
Transportation 
Total 

6.10 Coefficients 

This section presents the fuel, CO2 and techno-economic cost coefficients which 

allow the extension of the results in Sections 6.1 through 6.7 to the wide range of 

economic growth scenarios available in QUEST. Table 6.22 surnrnarizes the coefficients 

of fuel consumption per unit of econornic output for the scenarios. Table 6.23 

surnmarizes the emissions coefficients per unit of output. It is possible to derive the CO2 

emissions directly from fuel combustion levels; however, CMS also accounts for some 

process emissions that are not incorporated into combustion emissions factors. The 

factors in Table 6.23 should be utilized to include both combustion-related and process 

emissions when detennining the total emissions for each scenario. Finally, Table 6.24 

shows the coefficients of techno-economic policy costs per unit of output. 



Table 6-22. Coefficients of Fuel Consurnption per unit economic output for different 
policy options in 2030. 

Chernicals 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Ind. Minerals 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 
Waste Fuels 
0th. Manufacturing 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood Hog Fuel 
Pulp & Paper 
Electricity (GB) 
Natural Gas 
RPP 
Wood/ Hag Fuel 
Commercial 
Electricity 
Natural Gas 
RPP 

Natural Gas 
RPP 
LPG 
~ o o d  
Transportation 
RPP 
Natural Gas 
Electricity 
Electricity (GB) 
Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 

0.3 0.1 O. 1 0.0 
3JlS1986 billion Ind Min GDP 

0.0 0.0 0.0 0.0 0.0 
GJlS1986 billion Ind Min GDP 

12.5 12.4 12.3 12.1 
àJ/$1986 billion 0th Man GDP 

12.3 12.1 12.0 11.8 88.0 
GJS1986 billion 0th Man GDP 

1.5 2.6 2 -6 2.8 
àJR1986 billion PLP GDP 

2.6 2.6 2.6 2.8 2.8 
GJS1986 billion PLP GDP 

10.3 10.3 10.2 10.0 
PJlS1986 billion Comm GDP 

0.1 o. 1 o. 1 0.1 
iJfS1986 billion Ind GDP 

18.7 18.1 18.0 17.6 
0.0 0.0 0.0 O .a 
0.0 0.0 0.0 o.a 

iJlS1986 billion Total GDP 
1 -5 1.6 1.7 2.2 
0.0 0.0 0.0 O .a 
0.8 0.8 0.7 0.6 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

10.8 11.0 11.1 12.1 26.0 
GJlS1986 billion Comm GDP 

1.1 1.1 1.2 1.4 
1.1 1 .O 1 .O 0.7 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

iJfS1986 billion Total GDP 
0.6 0.7 0.7 0.8 
0.8 0.7 0.6 0.4 
0.0 0.0 0.0 0.0 
0 .O 0.0 0.0 0 .O 

0.0 0.0 0.0 0.0 0.3 
GJlS1986 billion Ind GDP 

17.8 17.3 17.0 16.2 10.2 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

GJRl986 billion Total GDP 
1.2 1 -3 1.4 2.1 2.7 
0.0 0.0 0.0 0.0 0.0 
0.3 0.3 0.3 0.1 O. 1 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

1 .O 1 .O 1 .l 1 -5 
1.3 1 -2 1 .O 0.4 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

GJlS1986 billion Total GDP 
0.3 0.3 0 -4 0.5 
1 .O 0.9 0.8 0.3 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 



The coefficient tables are embedded in the QUEST 2.0 Energy submodel (Fig. 5.1). 

Once the user's mode1 route hm been specified (world view settings, actions and policy 

types), the corresponding coefficient is located in each of these tables. The coefficient is 

then multiplied by the Georgia Basin GDP value calculated by the QUEST Economic 

Input-Output submodel (Fig. 3.5) for the sector corresponding to that in the coefficient's 

denominator. The resulting energy, COÎ, costs and market penetration information are 

reported in the View Consequences stage of QUEST 2.0. Thus, the micro-economic 

feedbacks in CIMS mode1 are endogenized within the QUEST 2.0 Energy submodel. 

Table 6-23. Coefficients of CO2 emissions per unit economic output under different 
policy options in 2030. 

Chernicals 
Ind. Minerais 
0th. Manufact. 
Pulp & Paper 

Table 6-24. Coeffkients of techno-economic policy costs per unit of economic output 
under different policy options in 2030. 

Commercial 
Residential 
Transportation 
Electricity {GB) 

lndustry 
Chem icals 
lndustrial Minerals 
Other Manufacturii 

Chem GDP 
ind Min GDP 
0th Man GDP 
P&P GDP 

19 
Pulp & Paper 
Residential 
Commercial 

Comm GDP 
Total GDP 
lndustrial GDP 
Total GDP 

Chem GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 
Comm GDP 
Total GDP 

2,350 2,319 2,304 2,255 
33,798 30,763 30,166 29,744 

497 445 439 272 
756 742 732 681 

54 51 48 34 
45 40 36 24 

1,369 1,324 1,315 1,284 
39 37 36 28 

l ~ l e c  w/ Revenue gain l ~ o t a l  GDP 1 0.00 0.00 0.031 0.01 0.01 0.031 0.051 

2,271 2,247 2,233 2,182 
29,998 29,528 29,459 29,340 

441 439 436 199 
771 744 735 641 

65 59 52 6 
52 47 38 14 

1,302 1,267 1,242 
14 15 14 5 

Tra~sportation 
Elec w/out Revenue gain 

2,148 
23,306 

49 
162 

Industrial GDP 
Total GDP 

-0.07 -0.10 -0.21 
0.01 0.01 0.03 

-0.08 -0.13 -0.26 
0.01 0.01 0.04 

1.57 
0.05 



7. Summary and Future Research Recommendations 

7.1 Summary 

The primary research objective for this project was to endogenize micro-economic 

feedbacks in the QUEST 2.0 model. This was accomplished by modelling numerous 

scenarios in CIMS that reflect the world view, action and policy choices of the QUEST 

user. The results of these CIMS runs were converted to coefficients which endogenized 

micro-economîc feedbacks within the QUEST model when softlinked into QUEST'S 

Energy submodel. 

Additional research objectives were also accomplished including incorporation of 

the electricity supply sector, differentiation between the outcornes of market-based, 

information and regulatory policies and increasing the range of indicators available for 

the QUEST user to evaluate other aspects of the scenario. In particular, the addition of 

cost feedbacks is a first for QUEST and greatly enhances the user's ability to examine the 

econornic sustainability of various energy systems. The incorporation of more detailed 

information on the technologies used to achieve energy services in different scenarios 

allows QUEST to develop richer qualitative scenario descriptions which link the real- 

world technology choices of individuals to their ecological consequences. Finally, by 

portraying different world views regarding how consumers and firms respond to financial 

costs, this project highlights how uncertainty regarding technology decision making 

influences energy consumption. This encourages QUEST users to consider the 

implications of different world views on the appropriate policy mechanisms for 

encouraging sustainabili ty. 

While this softlinking approach worked well for accomplishing the research 

objectives, it does not account for constraints on the availability of fuel supplies such as 

wood waste, hazardous wastes or hydro sources. The QUEST interface will use text 

boxes to point out to the user scenarios where such constraints may exist. Also, the 

addition of new supply source may require tradeoffs with other QUEST submodels. For 



example, if the QUEST Energy submodel forecasts the need for additional hydro-electric 

dams this may affect the land use and fisheries submodels. The CIMS runs forecast the 

increased supply but do not currently comment on tradeoffs that may be required. 

This softlinking approach utilized discrete runs of CIMS and directly linked these 

mns to slider choices in CJMS. Another option would have been to create a 'response 

surface' by running CIMS over a set of prices for COz (or other changes) and then 

determining an algorithm that would reflect the response of CIMS to changing inputs. A 

suppIy constraint function could be added to such an algorithm. While this would 

provide a more elegant approach to CO2 and fuel consumption forecasting, it would not 

provide detailed information on the penetration rates of specific technologies which is a 

key benefit of the discrete modelling approach. Discrete runs also provide maximum 

flexibility to address key issues that the QUEST teain wants to highlight. For example, 

the market shares of hydrogen fuel ce11 vehicles can be exogenously constrained for a 

portion of the transportation service demand while endogenous cornpetition c m  occur for 

the remaining service demand, Softlinking the outputs of discrete mns allows for such 

combinations of QUEST slider settings to be represented explicitly. 

7.2 Future Research 

There are several areas in which the softlinking of CIMS and QUEST could be 

improved. Several of the policy choices available in QUEST involve changes in spatial 

patterns of development. Examples include addressing urban sprawl by nodal 

development in which certain areas serve as hubs of econornic activity and are linked by 

transportation infrastructure or intense densification of the Vancouver core. These 

choices have far-reaching implications for the types of transportation required, the ability 

to achieve the popuIation density necessary for public transit to be successful, the size and 

type of housing and the potential for alternative heating systems (e.g. district heating and 

combined heat and power). Attempts to plan spatial patterns of developrnent in order to 

minirnize the energy requirements of regions are comrnonly referred to as Community 

Energy Management. Clearly, these broad policy choices have important consequences 
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for forecasting energy consumption because they can alter the relationship between 

population, economic activity and the demand for energy services, especidly demand for 

transportation and space heating. Additional clarification from the QUEST land use, 

housing and transportation sectors regarding the impacts of such broad development 

pattern changes on the demand for energy services in the Georgia Basin would enable 

CIMS to more accurately portray the resulting energy consumption and ernissions. 

Additionaily, the climate change model of QUEST has recently been expanded to 

provide information on the impacts of climate change in the Georgia Basin. Many of the 

impacts have implications for the demand for energy services: For exarnple, increasing 

temperatures in the region could influence the demand for air conditioning. Altered 

precipitation levels will impact river flows and thus the availability of hydro-electricity in 

the province. Additional work is required to identify linkages between energy supply and 

demand and the impacts of climate change. 

QUEST is aIso expanding to incorporate global scenarios developed by the Tellus 

Institute (Gallopin et al., 1997). These global scenarios range from continuation of 

current trends to favourable social transformation to sustainable futures to undesirable 

social breakdown scenarios. The implications of the global scenario on the population, 

economy, ability to export and import energy, and fuel prices in the Georgia Basin are not 

well-defined at present but will have immense implications for the energy system. 

There are many other opportunities for softlinking CIMS and QUEST. C M S  is 

developing its ability to model criteria air contaminants. These would serve as a useful 

input to the air quality submodel of QUEST which models the interactions of these 

pollutants in the atrnosphere and their impacts on human health. CIMS is also expanding 

to incorporate matenals modelling into its framework. This would provide QUEST with 

the ability to explore policies aimed at reducing solid wastes, water use and various 

toxins. Additionally, utilizing the macro-econornic model of CIMS to generate structural 

change feedbacks for QUEST would be a useful next step for developing the ability of 

QUEST to represent the broader, indirect implications of measures to reduce GHGs. 



Appendix A: Flow Models 

The figures below illustrate the energy flow models for industries and sectors in CIMS 
(ISTUM). ISTUM is a simulation model that requires inputs based on technology- or 
process-specific data. The flow models focus on energy consumption and not materiai 
flow. Accordingly, the nodes in the ISTUM model are process stages in which energy 
consumption c m  be distinctly estimated. Sometimes the energy requirements in a low 
energy-consuming step in the process are included with the energy requirement of the 
next more energy intensive step. In other cases, the energy requirements are not 
significant enough to have any measurable impact on the accuracy of the final result and 
therefore are included elsewhere or left out of the analysis. 
The flow models were constructed based on the following procedure: 

Review and analyse the process / service flow models related to the industry / sector - 
What happens in the industry from the start point to the finished product? What are 
the set of services required to provide a m2 of livable or commercial space? 
Determine from the flow model where energy is used and what sorts of technologies 
are required to complete the process / provide the service. 
Evaluate the importance of the various processes / services and energy demands in 
terms of energy demand and unique process / service technologies. If energy demand 
is high and competition exists between technologies to provide the required service, 
the process / service should be represented as a node in ISTUM's energy flow model. 
Design and develop a flow model that captures the crucial energy and technology 
actions in that industry. 

There are three levels of nodes in the flow models: 
Prirnary node - usually the product (or service demanded), steel, metals, paper, 
cernent, houses, commercial space (m2) 
Secondary node - specific process or service requirements required to permit the 
production of intermediate products needed to produce the final product or service 
(smelting nodes, drying nodes in paper) 
Cornpetition node - points at which technologies compete to provide a specific action 
in the development of the intermediate or final product. 

The flow models show the full range of processes that can be modelled in CIMS. Other 
Manufacturing contains al1 industries otherwise not included in the sectors that have their 
own specific models. 

Auxiliary Nodes 

Most of the sectors / industries require auxiliary services like heating, stearn and 
pumping. Figure 1 provides a general schematic of the provision of these services. 



Figure 1. Energy Flow Mode1 of the A d a r y  Systems 
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Industrial Minerals 

This mode1 currently covers cernent and lime only. 

Figure 2: Energy Flow Mode1 of the Industrial Minerals 
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Figure 2: Energy Flow Mode1 of the Industrial Minerals Industry cont'd 
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Chernical Products 

Figure 3: Energy Fiow Mode1 of the Chemical Prducts 
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Figure 3: Energy Flow Mode1 of the Chemid Products Industry, Cont'd 
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Commercial 

Figure 4: Energy Flow Mode1 for the Commercial Sector 
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Figure 4. Energy Flow Mode1 for the Commercial Sector cont'd 
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Iron and Steel 

Figure 5: Energy Flow Mode1 of the Iron and Steel Industry 
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Figure 5: Energy Fiow Mode1 of the Iron and Steel Industry, cont'd 
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Metal Smelting 
The metal smelting mode1 includes on!y those metals that are present in the region. The 
British Columbia metai smelting modzl includes aluminium, copper, lead and zinc. 

Figure 6: Flow Mode1 of the Metal Smelting and Refining Industry 
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Figure 6: Flow Mode1 of the Metal Smelting and Refuiiag Industry cont'd. 
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Mining 
British Columbia has both Metal Underground and Metal Open Pit mining. 

Figure 7: Energy Flow Mode1 of the Mining Industry 
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Figure 7: Energy Flow Mode1 Mining Industry, cont'd 
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Other Manufacturing 
Al1 remaining industry not represented in one of the sector specific models detïned here 
are aggregated into one of seven basic sub-categories loosely based on the quantity and 
type of energy they demand, as well as the expected rate of growth. Each region contains 
processes 1-7 as defined in the flow model. 

Figure 8: Energy Flow Mode1 of the Other Manufacturing 
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Pulp and Paper 
The paper industry is highly variant from one region to another, but al1 models look the 
sarne, with various nodes tumed off as defined by products and processes specific to that 

Figure 9: Energy Flow Mode1 of the Pulp and Paper Industry 
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Figure 9: Energy Flow Mode1 of the Pulp and Paper Industry, cont'd 
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Petroleum Refining 
Ail production is tied to production of gasoline. If the market share ratio between 
gasoline and other RPPs change over time, the magnitude of the links from gasoline to the 
other nodes changes as well. The natural gas, once part of this model, has been turned off 
and in now modelled separately. 
Figure 10. Flow Mode1 of Petroleum Refining Industry 
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Figure 10. Flow Mode1 of Petroleum Refining Industry cont'd 
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Figure 11: Eaergy Flow Mode1 for the Residential Sector 
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Coal Mining 
Coal mining is a variation of the mining fiow model. 

Figure 12: Energy Flow Mode1 for the Coal Mining Imlustry 

F 

Legend 

C] - Service Cornpetition Node 

# - Node Nurnber 
(W - Cornpetition Node Number 

I 3 

Space Conditioning 

4 2 )  4 5(3) 

3 l(22) 

Disposai 

S pace 
Heating 

1 32 28 

Space 
COQ iing 

Sized-Reduced 
Product Coal Product 

29(20) 



Figure 12: Energy Flow Mode1 for the C o d  Mining Industry cont'd 
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Natural Gas 
This model was extracted from the petroIeum refining model and improved to reflect 
potential for reduction of ernissions 

Figure 13: Energy Flow M d e l  for the Natural Gas Extraction Industry 
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Figure 13. Energy Fiow Mode1 for the Natural Gas Extraction Industry cont'd 
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Figure 14. Flow Diagram of Transportation Industry 
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Figure 14. Flow Diagram of Transportation Industry cont'd 
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Appendix B: Energy Consumption. 

Table 1. Energy consumption (PJ) by hie1 type in the Average Consumer World, 
Business-as-Usual scenario. 

lndustry 
Eiectricity (GB) 
Natural Gas 
RPP 
Coal 
Wood, Hog Fuel 
Petroleum Coke 
Waste Fuels 
Total 
Electricity (BC) 
% Elec GB 
Commercial 
Electricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
Transportation 

Natural Gas 
Electricity rP Total 

Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 
RPP 
Total 
Electricity (GB) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
Wind 
N uclear 
Electricity Fuel Use 
~Electricity Generated 



Table 2. Energy consumption (PJ) by hie1 type in the Average Consumer World, 
Info Policy Option. 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke p:, Fuels 

, Electricity (BC) 
% Elec GB 
Comm / lnst 
Electricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
Transportation 
RPP 
Natural Gas 
Electricity 
Total 
Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 
RPP 
Total 
Electricity (GE) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
N uclear 
Electricity Fuel Use 

l~lectricity Generated 

*Note: GB indicates Georgia Basin industries. 
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Table 3. Energy consurnption (PJ) by fuel type in the Average Consumer World, 
Low Tax Policy Option. 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood, Hog Fuel 
Petroleurn Coke 
Waste Fuels 
Total 
Electricity (BC) 
% Elec GB 
Comm / lnst 
Electricity 
Natural Gas 
RPP 
LPG 

Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 

Total 
Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 

Total 
Electricity (GB) 
Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 
Electricitv Generated 

*Note: GB indicates Georgia Basin industries. 
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Table 4. Energy consumption (PJ) by fuel type in the Average Consumer World, 
High Tax Policy Option. 

lndustry 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke 
Waste Fuels 
Total 
Electricity (BC) 
% Elec GB 
Comm 1 lnst 
Electricity 
Natural Gas 
nPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
T ransportation 
RPP 
Natural Gas 
EIectricity 
Total 
Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 
RPP 
Total 
Electricity (GS) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 
Electricity Generated 

*Note: GB indicates Georgia Basin industries. 
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Table 6. Energy consumption (PJ) by fuel type in the Economic Effkiency World, 
Info Poiicy Option. 

~lectrici& (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke 
Waste FueIs 
Total 
Electricity (BC) 
O h  Elec GB 
Comm / lnst 
Electricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
Transportation 
RPP 
Naturaf Gas 
Electricity 
Total 
Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 
RPP 
Total 
Electricity (GB) 
'H ydro 
'Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 

1 Electricitv Generated 

"Note: GB indicates Georgia Basin industries. 
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Table 7. Energy consumption (PJ) by fuel type in the Economic ERiciency World, 
Low Tax Policy Option. 

Industry 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke 
Waste Fuels 
Total 
Electricity (BC) 
% Elec GB 
Comm / lnst 
Elect ricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
Transportation 
RPP 
Natural Gas 
Electricity 
Total 
Total EX-use Energy, Major Fuels 
Electricity 
NaturaI Gas 
RPP 
Total 
Electricity (GB) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 
Electricity Generated 

*Note: GB indicates Georgia Basin industries. 
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Table 8. Energy consumption (P J) by fuel type in the Economic Effkiency World, 
High Tax Policy Option. 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke 
Waste Fuets 
Total 
Electricity (BC) 
% Elec GB 
Comm / lnst 
Electricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 

Electricity 
Natural Gas 
RPP 
Total 
Electricity (GB) 
Hydro 
Coai 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 
Electricitv Generated 

*Note: GB indicates Georgia Basin industries. 
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Table 9. Energy consumption (PJ) by fuel type in the Regdatory Policy Option. 

Electricity (G B) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Petroleum Coke 
Waste Fuels 
Total 
Electricity (BC) 
% Elec GB 
Comm 1 lnst 
Electricity 
Natural Gas 
RPP 
LPG 
Total 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Total 
Transportation 
RPP 
Natural Gas 
Electricity 
Total 
Total End-Use Energy, Major Fuels 
Electricity 
Natural Gas 
RPP 
Total 
Electricity (GB) 
Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 
Electricity Fuel Use 
Electricitv Generated 

*Note: GB indicates Georgia Basin industries. 
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Appendix C: COn Equivalent Emissions 

Table 1. COz emissions (kilotonnes) in the Average Consumer World, Business-as- 
Usuai Scenario. 

Pulp & Paper 
~Other Manufacturing 
;Industrial MineraIs 
Chernicals 
Residentiat Sector 
Commercial Sector 
Transportation Sector 

Table 2. COz emissions (kilotonnes) in the Average Consumer World, Info Policy 
Option. 

Electricity Sector 
Total - All Sectors 

Pulp & Paper 
Other Manufacturing 
lndustrial Minerals 
Chernicals 
Residential Sector 
Commercial Sector 
Transportation Sector 

6,265 5,846 5,690 5,360 rn 

50,069 52,903 58,666 66,971 

Table 3. COt emissions (kilotonnes) in the Average Consumer World, ~ J O W  Tax 
Policy Option. 

~lectr ici t~ Sector 
1 otal- All Sectors 

Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chernicals 
Residential Sector 
Commercial Sector 
Transportation Sector 
Electricitv Sector 

6,447 5,842 5,493 5,120 
49.746 51.544 56,138 63,689 

Total - All Sectors 



Table 4. CO2 emissions (kilotonnes) in the Average Consumer World, High Tax 
Policy Option. 

Industry 
Pulp & Paper 
Other Manufacturing 
lndustrial Minerals 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sector 
Electricity Sector - .  - ,- 

Total - All Sectors 47,298 46,639 49,684 55,6951 

Table 5. CO2 emissions (kilotonnes) in the Economic Effkiency World, Business-as- 
UsuaI Scenario. 

lndustry 
Pulp & Paper 
Other Manufacturing 
lndustrial Minerais 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sector 
Electricity Sector 

r 

Total - All Sectors 

Table 6. CO2 emissions (kilotonnes) in the Economic Efficiency World, Info Policy 
Option. 

Pulp & Paper 
Other Manufacturing 
Industriai Minerals 
Chem icals 
Residential Sector 
Commercial Sector 
Transportation Sector 
~ l e c t r k i t ~  Sector 
'~ota l -  Al! Sectors 

3,859 3,035 2,424 2,019 
47,269 48,102 52,51 7 60,241 

? 



Table 7. CO2 emissions (kilotomes) in the Economic Efficiency Worïd, LOW Tax 
Policy Option. 

Pulp & Paper 
Other Manufacturing 
lndustrial Minerals 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sector 

Table 8. COz emissions (kilotonnes) in the Economic Efficiency World, High Tax 
Policy Option. 

Electricity Sector 
Total - All Sectors 

Pulp & Paper 
Other Manufacturing 

3,846 3,008 2,386 1,975 
46,783 46,943 50,772 57,766 

lndustrial Minerals 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sector 
Electricity Sector 
Total - All Sectors 

Table 9. CO2 emissions (kilotonnes) in the Regulatory Policy Option. 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chem icals 
Residential Sector 
Commercial Sector 
Transportation Sector 
Electricitv Sector 
Total - All Sectors 



Appendix D. Techno-Economic Policy Costs. 

Table 1. Techno-Economic Policy Costs by sector for the Average Consumer World, 

Table 2. Techno-Economic Policy Costs by sector for the Average Consumer World, 

Info Policy Option ($1995 millions) from 200-2030. 
SECTOR 

I 

Low Tax Policy Option ($1995 millions) from 2000-2030. 

Total 
Cost 

SECTOR 

lndustry 
Pulp & Pape: 
Other Manufacturing 
Industrial Minerais 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sect 
Total - All Sectors 
Electricity Sector 

Table 3. Techno-Economic Policy Costs by sector for the Average Consumer Wortd, 
High Tax Policy Option ($1995 millions) from 2000-2030. .- 
SECTOR 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chemicals 
Residential Sector 
Commercial Sector 
Transportation Sect 
Total - All Sectors 
r~lectricitv Sector 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industriai Minerais 
Chernicals 
Residential Sector 
Commercial Sector 
Transportation Sect 
Total - All Sectors 
Electricitv Sector 

Demand 
Correction 

Breakdown of Cost 

-1 73.4 
-97.7 
-49.8 
-1 9.2 
-6.8 

640.9 
538.4 

-1,957.5 
-951.6 

31.7 

Demand ' 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-1,395 

Total 
Cost 

-284.5 
-1 93.0 
-51.9 
-24.1 
-1 5.6 

1 ,160.2 
703.9 

-2,889.8 
-1,310.2 

Total 
Cost 

81 6.4 
-65.0 
881 .O 
-21.2 
21.6 

3,968.1 
1,997.6 

-6,058.6 
723.5 

3.41 4.2 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-772 

Energy ' 

-1 98.6 
-1 09.9 
-58.7 
-1 9.9 
-1 0.1 
596.5 
221.1 

-1,144.7 
-525.8 
-33.2 

lnvestment 
21 -9 
14.1 
5.5 
1.1 
1.1 

44.5 
31 7.2 

-81 2.8 
-429.3 
832.4 

Breakdown of Cost 

OIM 
3.4 

-1 -9 
3.5 

-0.4 
2.2 
0.0 
0.1 
0-0 
3.5 
4.1 

lnvestment 
31.4 
19.0 
8.5 
1.8 
2.1 

79.0 
31 2.3 

-1,117.9 
-695.2 

82.91 1,535.1 

Demand 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-567 

Breakdown of Cost 

O/M 
6.1 

-1 -9 
5.1 

-0.6 
3.5 

-0.1 
O. 1 
0.0 
6.2 
7.0 

Energy 
743.2 
-97.2 
856.6 
-23.9 

7.7 
3,776.9 
1,708.8 

-3,871 -8 
2,357.1 

lnvestment 
59.4 
34.9 
14.9 
4.0 
5.6 

191 -9 
288.5 

-2,086.3 
-1,546.6 

Energy 
-322.1 
-21 0.1 
-65.5 
-25.2 
-21.2 

1,081 -2 
391 -4 

-1,771.8 
-621 -3 
-64.4 

OIM 
13.9 
-2.7 
9.5 

-1.2 
8.3' 

-0.6 
0.3 

-1 00.5 
-87.0 

4.438.1 18.61 -475.8 



Table 4. Techno-Economic Policy Costs by sector for the Economic Eff~ciency 
World, Info Poiic IÇECTOR 

1 Industry 
puip & Paper 
Other Manufacturing 
Industrial Minerals 
Chem icals 
Residential Sector 
Commercial Sector 

htion ($1995 millions) from 2000-2030, 

Table 5. Techno-Economic Poücy Costs by sector for the Economic Efficiency 

. . 
rotal 
Zost 

-1 49.4 
-66.5 
-50.4 
-6.4 
-26.1 
125.9 
-35.9 

-2,175.8 
-2,235.2 
700.9 

1 lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerais 
Chem icals 
Residential Sector 
Commercial Sector 
Trans~ortation Sec1 
Total - All Sectors 
r 

Electricity Sector 

Demand 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-9,964 

Breakdown of Cost 

Table 6. Techno-Economic Poticy Costs by sector for the Ecsnomic Efficiency 

ücy Option ($1995 millions) €rom 2000-2030. 

Energy ' 

-1 88.7 
-84.2 
-66.1 
-7.5 
-30.9 
35.4 
-1 3.0 

-1,493.1 
-1,659.4 

6.7 

Investment 
25.7 
14.4 
8.8 
1.7 
0.8 
90.9 
-22.8 
-682.7 
-588.9 
847.0 

rotal 
Cost 

55.9 
28.5 
31 -1 
-2.0 
-1 -7 

667.9 
450.5 

-3,712.4 
-2,538.1 
878.9 

O/M 
13.6 
3.3 
6.9 
-0.6 
4.1 
-0.4 
-0.1 
0.0 

1 3.1 
4.8 

World, High Tax Policy Option ($1995 millions) from 2000-2030. 
SECTOR 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chernicals 
Residential Sector 
Commercial Sector 
Transportation Sect 
I 

Total - All Sectors 
r 

Electricitv Sector 

Demand 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-1 0,474 

Breakdown of Cost 
lnvestment OIM Energy 

Total 
Cost 

2,706.1 
782.5 

1,775.9 
20.0 
127.6 

2,91 2.6 
3,035.7 
-7,355.3 
1,299.2 
4.705.1 

-3.1 
17.4 
-6.6 
-4.4 
-9.6 

329.7 
485.7 

-2,551.8 
-1,739.5 
-24.2 

35.3 
7.4 
21 -5 
3.0 
3.5 

338.9 
-35.3 

-1,160.5 
-821.6 
1,563.0 

23.7 
3.7 
16.2 
-0.7 
4.4 
-0.7 
0.1 
0.0 
23.0 
7.7 

Demand 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 

-1 1,077 

Breakdown of Cost 
lnvestment 

127.2 
55.5 
56.3 
6.7 
8.7 

2,237.0 
-1 32.7 

-2,256.4 
-24.9 

6.534.7 

OIM 
89.3 
35.5 
48.5 
-0.3 
5.7 
-1 -9 
-0.5 
0.0 
86.9 
28.3 

Energy 
2,489.6 
691.5 

1,671.1 
13.7 

1 13.2 
677.6 

3,168.9 
-5,098.9 
1,237.2 
-587.4 



Table 7. Techno-Economic Poiicy Costs by sector for the Regulatory Policy Option 
($1995 millions) from 2000-2030. 

ûemand 
Correction 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

SECTOR 

lndustry 
Pulp & Paper 
Other Manufacturing 
Industrial Minerals 
Chemicais 
Residential Sector 
Commercial Sector 
Transportation Sect 
Total - All Sectors 
Electricity Sector 

Total 
Cost 

6,707.2 
950.8 

5,603.0 
-64.7 
21 8.0 

7,737.5 
5,314.7 
45.1 25.8 
64,885.2 
6,239.8 

Breakdown of Cost 
Energy 

6,076.3 
509.6 

5,536.4 
-66.0 
96.3 

7,660.9 
6,532.1 
31,176.1 
51,445.5 
-1,641.1 

lnvestment 
447.9 
297.4 
42.1 
2.4 

106.0 
79.9 

-1,202.7 
14,050.2 
13,375.3 
7,839.5 

O/M 
183.0 
143.8 
24.5 
-1.1 
15.8 
-3.3 

-1 4.8 
-1 00.5 
64.4 
41.4 



Appendix E. Market penetration rates of technologies by 

sector under different policy options in 2030. 

Table 1. Allocation of new market share (% share of new stock) for the Residential 
Sector under different policy options in 2030. 

E lec 1 - llrqx0iEdsWls - - - -- - - N G ~  

,E lec 
m e r  ,Oil 

iE lec 
Existing Houses ! -- - - - - - .- 
Pre-1960 - 

-a-- -- iNG2 - 
lE lec . - - -- . -. . - - . .. . - -. --. .. . - .- .- . - . - . - . - - 

Pre-1960 Retrofit iNG2 --- -- 
'NG3 -- -- 
.E lec - -- - -- - . . -- -- - -- - ---- -- - - - 

1961 -1 999 OiI . - -. . -- - . . . . . -- . . -. -. . - . . .- . . - . . . - - - - . - - -- -- 
;NG2 

.- -- - C 

IE iec 

E iec 
New Houses 

E lec 
l i r r p O \ R d  ----- S Ml ----- NG2 

iNG2 F E Z . ~ ~  - 
LE lec (0-1) 

I I IE let 2 (FE =.I 

IAU 'lnfo L. TcxiH. Tcx BAU jlnfo IL. T c x  H. T a  
--. 

57 53 49: 59; 44' 30 --- 
35 23 24 241 2 1 - 3 7 :  40- C 

178 19 22' 37 O i 1 2 ,- L -- 



Numericai values foIlowing the codes for nahiral gas (NG) and electricity (Elec) indicate the 
efficiency level of the technology. More efficient technologies are indicated with higher 
numerical values. 

Table 2. Allocation of new market share (% share ( 
Sector under dif'ferent poiicy options in 2030. 

Building :Fuel ' A v e c ~ 3  u m  ---.----- -- 
Energy Servioe T y p e  iType BAUhfo !L. T&H. T a  
Coda'nggpreri t  Allty- ;N; 47; 48; 49; 52 

lElec 531 52! 511 48 
100:100i 100: 100 Ail types El= 

, E w S -  - - -  - - - 

IRUQ L& ~ i t i e r i t  E I ~ C  1 O O' O; O 

1 Elec 1 2 8  2 9  29i 31 I . .  . - - -- -. .. ... -- - - -A-- --, 
Msc NG 1 7 2  71 71: 68 I 1- 

IN; -1 77 71 65 38 -- 
Elec 23 29 35 62 

~f new stock) for the Commercial 

Effiaent u m  
BAU lnfo 'L. TcxH. T c x  R 



importation Table 3. AUocation of new market share (% share of new stock) for the Tr; 
Sector under different poiicy options in 2030. 

, iEconornlc Efficiency 
BAU hfo L. Tm .H. T a  Regh 

O! O O :  01 O 
74; 81 86; 95 O ----- 
25; 19 14: -- 4 O 

oi  O O--- O O 
O' O O O O 

- +  

01 O O O -- O-L---- 
- O O, O 0 --- O _- 

O i  O O O 100 

---: --..- - --: -.- 
75:  81 85 94 O 

A - p p L P -  251 19 15 6 O 
O' O - O' o. O 
01 O O--- O O 
O: O O ,  0 O 
O: O t  O O o. -"--- 

O :  O O O 100 

T edrndogy Eff idency 

Au& New 
Gos Ultra --- 
rn L m  

R ~ X - ~ H Q P -  
MG L--_--- _&!9i-- 
EhectrLc- -- 

'Elec%bid - A  - -- - 
Fuel CEll 

ri* Nsw- - - . . 

e Ultra 

Averq(eCansumer 
8AU hfo IL. T a  H. T a  

O -  0: O O 
39 32 29: 31 - 

20 16: 14 10 
O --- O oi  O - 
1 1 i 1 1 - -  
O O: O O - - -  - -  

47 54: 54 50 
, - - - -  

O O v O O 

, . - -  : 
51 32: 33 39 

Gcs L w  

R- Hi! 
g-€s €4 %@-- 
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, F d  al 
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Table 4. Technology penetration rates (% share of market) for the Chernical Products 
Sector under different policy options in 2030. 
Energy Technobgy 

Pr oces s 
Etechdys is dGas tic Qi1aine (Wcuy G d I )  -- - 

'Cns tic orlorine (U@~cgrP 
Gxs tic Chlaine ( M c n e  dl) 

I ,Evqxrdcrs II. Ail 1 8 11 13 211 5 '  13: 14 181 

'Averq)eConsumer + :~conomic ~fficiency 1 

Eleclrdys is S OdumQilade ( G a t e  dectrode di) 
.S OdumChiorde ( M d  Anode d l )  ____- 
S 0dumChiorde (Bipdcr rrerrtircne) 

Evqxxdas Evqndurs CI1 

- Evqxrdors Il, cOrrput~~ mird Gap C 
Evqxx-s 11 Law vqxr  recorrp(ew 1 

Serviœ BAU lnfo ' L.TCX: H - ~ a  BAU i lnfo; L . T ~  H.To<- 

87 83 80; 66 - 
1. 2 2; 4 

12 15 18' 31 

Rday  carrl~ess or s ize 4-6 I _ -  -1.2- 3 4 61 26; 30, 33 361 57 

11 64: 47 35 
1: 1; 1 2 

351 52, 64 87, 
93 92 91 89 

- _ _ _ _ _ . - _ _  1 1  1 2 
6 71 8, 9 

45 41 39 31 
41 38 37 31 

_ _ _ C - - - -  

7 10 11' 17 

Ndurd G a  a600 PSIG BOCE-_ _ -- 
Nd- @600PSIGw/hectrecchlery - - -- -- --. -- - ----- 
'~~@600PSIGw/regenerdivehaners -- 
MGcs@600PSIGw/hedrec&regenhrsners 

Auxilia y 

F - ! -  -CeriL @ ! n p S Y s t x V S D s i z e 1 - 3  
Cerit. p~npsystwNSDsize4-6 
Rotay prnpwNSDsize 1-3 - - -- -- - -- - 
Rotay pinpwNSDsize4-6 - 
Recipooding pirrp s ys t. wNS D s ize 1-3 . -- --- -- -- 
Rea'poodirigpirrpsyst. wNSDsize4-6 - - - - - 
BaAwadindinedfm F m  - - --_ - -  -- - -  -- 
R d d  fcn ---- 
Airf al f cn -- 
Vme aidflube mid fm 

Siqjedngr&pocdingoonpessa size l-3 O O - --- -- -- ---- O 
'S i g e  d i n g  recipocding W e s  s cr s ize 4-6 O O O 

G E ! s Y - c I ç B e i t - V e y o r ~  -- 35 36 36 

60; 57, 55 48 

- -  10' 11 12 14 
30: 32: 34 38 
501 43 41 36 
40 36 35 35 

4 9 1  9 11 

I 'ban crweya 1 O O 0 ,  01 o 1  O! O O 1 O 

I-pes-sceritrifug3i conp.essa s5e 1-3 1 0 O O 11 2 3 5 1 1 r - Z  -- -------- ----- -------- - 

A -  43 34 A --__ 24 
24 26 26 26 ------ 

21) 23 16 20 
9 15 19, 25 

8 72 15' 26 
- 22 29 35. 51 -- 

1 1  1 2 -- 
2 3 4 7 *- - 
O O 1 1 - 
7 2 -  2' 5 
O O O 1 - -- - - .- - - - -- - - - 
O O O ---- 0 
O O, O 0 
O O O' 1 

The auxiliary technologies listed for the Chernical Products, Industrial minerals and Other 
Manufacturing sectors include only the highest efficiency levels. As the market penetration 
rates of these technologies increase, the market penetration of standard efficiency equipment 
declines accordingl y. 

.--- 29 21 , - -  19. J O  
29 28; 27 25 * - -- -- 

22 22 21' 22 
21' 29 32 3 7  
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68 79, 86 96 - - , 

31 51 9 29 
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Table 6. Allocation of new market share (% share of new stock) for the Other 
Manufacturine Sector under different ~olicv ontions in 2030. 

' R o t y  oorrl~ess a size 1-3 I _ _  --- 
Rotay anpessa size4-6 

S irafe ci=h'ng R e d p o c d i n g  m e s  s a s ize 1-3 
S iwje ccting Rea'pocding -es s a s ize 4-6 

BeJt ocriveva 



Note that the Renewables' category ailocates the total new market share to renewables 
among the renewabIe technologies. Renewables constitute less than one percent of the 
market for new electricity in each policy option. 

Table 7. AUocation of new market share (96 share of market) for the Electricity 
Generation Sector under 
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Table 8, Allocation of new market share (% share of new stock 
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Appendix F: Fuel Coefficients based on growth in 

economic units. 

Table 1. Coefficients of fuel consumption per unit of economic output in the 
Average Consumer World, Business-as-Usual scenario. 

Electricity (GB) 
Natural Gas 

lndustrial Minerals loo--- 
Electricity (G B) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 
Waste Fuels 1- 
Eiectricity (GB) 
Natural Gas 
RPP 
Coal 

Electricity (GB) 
Natural Gas 

Electricity 
Natural Gas 
RPP 

Electricity 
Natural Gas 

IRPP 

Transportation 

Naturai Gas 

Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 

$1 986 million 
Chem GDP 

GJ 1 
$1 986 million 
ind Min GDP 

GJ 1 
$1 986 rn illion 
0th Man GDP 

GJ 1 
$1 986 million 

Pulp & Paper GDP 

GJ / 
$1 986 million 
Comm GDP 

GJ / 
$1 986 million 

Total GDP 

GJ 1 
$1986 million 
lndustrial GDP 

GJ 1 
$1 986 million 

Total GDP 



Table 2. Coeffkien of fuel consumption per unit of economic output in the 
Average Consumer World, Info Policy Option. 
SEaQR'li:sq*-: -a-Ay< 

*-t*::-z. i+&cP&. 

Chernicals F 
Electricity (GB) 
Vatural Gas 
3PP 
2oal 
ndustrial Minerals 
Electricity (GB) 
Vatural Gas 
3PP 
2oal 
>etroleum Coke 
Naste Fuels 
9th Manufacturing 
f lectricity (GB) 
Vatural Gas 
3PP 
Zoal 

Electricity (GB) 
Naturat Gas 

Commercial l"ob"e"- 
Electricity 
Natural Gas 
RPP 

Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Transportation 
RPP 
Natural Gas 
Electricity 
Electricity (GB) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ / 
$1 986 million 
0th Man GDP 

GJ / 
$1 985 million 

P&P GDP 

GJ / 
$1986 million 
Comm GDP 

GJ 1 
$1 986 million 

Total GDP 

GJ I 
$1 986 million 
Industrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 3. Coenicients of fuel consumption per unit of economic output in the 
Average Consumer World, Low Tax Poücy Option. 

S.ECT,O@~~%&ii;~~$gGiGi 
Chernicals F 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
lndustrial Minerals 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 
Waste Fuels 
0th Manufacturing 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Pulp & Paper 
Electricity (G B) 
Natural Gas 
RPP 

Commercial 
,Electricity 
Natural Gas 
RPP 
LPG 
Residential 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Transportation 
RPP 
Natural Gas 
Electricity 
Electricity (GB) 
H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ 1 
$1 986 million 
0th Man GDP 

GJ / 
$1986 million 

P&P GDP 

GJ / 
$1 986 million 
Comm GDP 

GJ / 
$1 986 million 

Total GDP 

GJ / 
$1 986 million 
lndustrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 4. Coeficients of fuel consumption per unit of economic output In the 
Average Consumer World, High Tax Policy Option. 

Electricity (GB) 
Natural Gas 

lndustrial Minerals + 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 

0th Manufacturing 
Electricity (GB) 
Natural Gas 
RPP 
Coal 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ / 
$1 986 million 
0th Man GDP 

Wood Hog Fuel 
Pulp & Paper GJ / 
Electricity (GB) 
Natural Gas 
RPP 

$1 986 million 
P&P GDP 

Wood/ Hog Fuel 
Commercial GJ / 
Electricity 
Natural Gas 
RPP 

$1 986 million 
Comm GDP 

LPG 
Residential GJ / 
Electricity 
Natural Gas 
RPP 
LPG 
Wood 
Transportation 
RPP 
Natural Gas 
Electricity 
Electricity (GB) 
Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$'1986 million 
Total GDP 

GJ / 
$1 986 million 
lndustrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 5. Coefficients of fuel consumption per unit of economic output in the 
Economic Eff~ciency World, Business-as-Usud Scenario. 

Electricity (GB) 
Natural Gas 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 
Waste Fuels 
0th Manufacturing 
Electricity (GS) 
Natural Gas 
RPP 
Coal 

Electricity (GB) 
Natural Gas 
RPP 

Commercial l"o""o"-- 
Electricity 
Naturat Gas 
RPP 

Electricity 
Natural Gas 
RPP 
LPG 

Transportation I""-- 

Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ / 
$1 986 million 
0th Man GDP 

GJ / 
$1 986 million 

P&P GDP 

GJ / 
$1 986 million 
Cornm GDP 

GJ / 
$1 986 million 

Total GDP 

GJ 1 
$1 986 million 
Industrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 6. Coefficients of fuel consumption per unit of economic output in the 
Economic E€fïciency World, M o  Policy Option. 

Electricity (GB) 
Natural Gas 
RPP 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 

- 

Electricity (GB) 
Natural Gas 
RPP 
Coal 

Electricity (GB) 
Natural Gas 
RPP 

Electricity 
Natural Gas 
RPP 
LPG 

Electricity 
Natural Gas 
RPP 
LPG 

INEra i  Gas 

H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
N uclear 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ i 
$1 986 million 
0 t h  Man GDP 

$1 986 million 
P&P GDP 

GJ / 
$1 986 million 
Comm GDP 

$1 986 million 
Total GDP 

GJ / 
$1 986 million 
Industrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 7. Coefficients of fuel consumption per unit of economic output in the 
Economic Effïciency World, Low Tax Policy Option. 
SE~.ORZS$~FZZ~G 
Chernicals F 
Electricity (GB) 
Natural Gas 
RPP 

Industrial Minerals w- 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleurn Coke 
Waste Fuels 
0th Manufacturing 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Pulp & Paper 
Electricity (GB) 
Natural Gas 
RPP 

Commercial P=-=- 
Electricity 
Natural Gas 
RPP 

Electricity 
Natural Gas 
RPP 
LPG 

1 ransportation + 
' ~ ~ d r o  
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

GJ / 
$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

GJ / 
$1 986 million 
0th Man GDP 

GJ / 
$1 985 million 

P&P GDP 

GJ / 
$1 986 million 
Cornm GDP 

GJ / 
$1 986 million 

Total GDP 

GJ / 
$1 986 miilion 
Industriai GDP 

GJ / 
$1 986 million 

Total GDP 



Table 8. Coenieients of fuel consumption per unit of economic output in the 
Economic Eficiency World, HighTax Poky Option. 

Electricity (GB) 
Natural Gas 

Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 
l ~ a s t e  Fuels 
0th Manufacturing 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Wood/ Hog Fuel 
Pulp & Paper 
~lk t r i c i ty  (GB) 
Natural Gas 
RPP 

Electricity 
Natural Gas 
RPP 

Electricity 
Natural Gas 
RPP 
LPG 

H ydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$1 986 million 
Chern GDP 

GJ / 
$1 986 million 
Ind Min GD? 

GJ / 
$1 986 million 
0th Man GDP 

GJ / 
$1 986 million 

P&P GDP 

GJ / 
$1 986 million 
Comrn GDP 

GJ / 
$1 986 million 

Total GDP 

GJ / 
$1 986 million 
Industrial GDP 

GJ / 
$1 986 million 

Total GDP 



Table 9. Coefficients of fuel consumption per unit of economic output in the 
Regdatory Policy Option. 

1 Chernicals GJ 1 
Electricity (G B) 
Natural Gas 
RPP 
Coal 
lndustrial Minenils 
Electricity (GB) 
Natural Gas 
RPP 
Coal 
Petroleum Coke 

$1 986 million 
Chem GDP 

GJ / 
$1 986 million 
Ind Min GDP 

Waste Fuels 
0th Manufacturing GJ / 
Electricity (GB) 
Natural Gas 
RPP 
Coal 

$1 986 million 
0th Man GDP 

Wood/ Hog Fuel 
Pulp & Paper GJ / 
Electricity (GB) 
Natural Gas 
RPP 

$1 986 million 
P&P GDP 

Wood/ Hog Fuel 
Commercial GJ / 
Electricity 
Natural Gas 
RPP 
LPG 
Residentiai 
Electricity 
Naturai Gas 
RPP 
LPG 
Wood 
Transportation 
RPP 
Natural Gas 

Hydro 
Coal 
Natural Gas 
RPP 
Wood 
W ind 
Nuclear 

$1 986 million 
Comm GDP 

GJ / 
$1 986 million 

Total GDP 

GJ / 
$1 986 million 
lndustrial GDP 

GJ / 
$1 986 million 

Total GDP 



Appendix G: Emissions Coefficients based on growth in 

Economic output. 

Table 1. Coefficients of COr emissions per unit of economic output in the Average 
Consumer World, Business-as-Usual Scenario. 

lndustry 
Chemicals Chem GDP 
Industrial Minerals Ind Min GDP 
Other Manufacturing 0th Man GDP 
Pulp & Paper P&P GDP 

Comm GDP 
Total GDP 

Table 2. Coefficients of CO2 emissions per unit of economic output in the Average 
Consumer World, Info Policy Option. 

lndustry 
Chernicals Chem GDP 
lndustrial Minerals lnd Min GDP 
Other Manufacturing 0th Man GDP 
Pulp & Paper P&P GD? 



Table 3. Coefficients of COz emissions per unit of economic output in the Average 
Consumer World, Low Tax Policy Option. 

lndustry 
Chemicals 
lndustrial Minerals 
Other Manufacturing 
Pulp & Paper 

Commercial 

Chern GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 

Comm GDP 
Total GDP 
lndustrial GDP 

Table 4. Coetïicients of CO2 emissions per unit of economic output in the Average 
Consumer World, High Tax Poiicy Option. 

lndustry 
Chemicals 
Industrial Minerals 
Other Manufacturing 
Pulp & Paper 

Commercial 
Residential 
Transportation 

Chem GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 

Cornm GDP 
Total GDP 
lndustrial GDP 

Table 5. Coefficients of CO2 emissions per unit of economic output in the Economic 
Efficiency World, Business-as-Usual Scenario. 

lndustry 
Chernicals 
Industrial Minerals 
Other Manufacturing 
Pulp & Paper 

Chem GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 

Comm GDP 
Total GDP 
lndustrial GDP 



Table 6. Coefficients of COz emissions per unit of economic output in the Economic 
Efficiency World, Info Policy Option. 

lndustry 
Chemicals 
lndustrial Minerals 
Other Manufacturing 
Pulp & Paper 

Chem GDP 
lnd Min GDP 
0th Man GDP 
P&P GDP 

Comm GDP 
Total GDP 
Industrial GDP 
Total GDP 

Table 7. Coefficients of CO2 emissions per unit of economic output in the Economic 
Effkiency World, Low Tax Policy Option. 

lndustry 
Chemicals 
lndustrial Minerals 
Other Manufacturing 
Pulp & Paper 

Chem GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 

Cornm GDP 
Total GDF 
Industrial GDP 
Total GDP 

TabIe 8. Coeîficients of COz emissions per unit of economic output in the Economic 
Eniciency World, High Tax Policy Option. 

Chernicals 
lndustrial Minerals 
Other Manufacturing 
Pulp & Paper 

Commercial 
Residential 
Transportation 

Chem GDP 
Ind Min GDP 
0th Man GDP 
P&P GDP 

Comrn GDP 
Total GDP 
lndustrial GDP 
Total GDP 



Table 9. Coefficients of CO2 emissions per unit of econornic output in the 
Regulatory Policy Option. 

lndustry 
Chemicals Chern GDP 
Industrial Minerals Ind Min GDP 
Other Manufacturing 0th Man GDP 
Pulp & Paper P&P GDP 

Commercial 
Residential 
Transportation 
Electricitv IGB) 

Comm GDP 
Total GDP 
lndustrial GDP 
Total GDP 
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