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CHAPTER ONE INTRODUCTION 

Over the past fifteen years, nine ditter-ent studies have been undertaken to 

review Yukon energy requirements. With the exception of two recently completed pro­

jects, these studies have been concer-nect soley with pr-ojecting electrical energy 

requirements for the general purpose of assisting the electrical utilities and 

government in financial planning related to electricity supply. A specific concern 

of these studies was to forecast the need for construction of Yukon hydro electric 

facilities. 

Znergy forecasting in the past, both in the Yukon and elsewhere, has almost 

entirely depended upon historic trends of enet'gy use being identified and projected 

into the future. Application of this approach in the Yukon has caused considerable 

difficulty because of narrowly based and histol:'ic "boom-and-bust" nature of the 

Yukon's economy with the booms unpredictable and controlled by external factors such 

as the world price of metals and economic conditions in southel'!l Canada and the 

United States. 

During the past decade, the unprecedented inct'ease in the price of non-re­

newable refined petroleum products has added an entirely new dimension to enel:'gy 

fo!"ecasting. Further, changing social values are forcing a careful review of energy 

sources and pl:'eviously unincluded •costs• are now recognized as an integral part of 

the decision making process (eg. social and environmental "costs"). 

The result is a major change in the energy pl:'ice regime. Conditions now exist 

which suggest that investment in technology to improve the efficiency of the present 

use or' energy is more appl:'opriate than investment in technology to sirnply pt'oduce 

more energy. 

Historically a reasonable correlation could be made between increased economic 

activity and increased energy use. This cor-t'elation may no longer be valid. Now and 

in the ruture, economic gr-owth will unlikely be paralleled by an equivalent t"ate of 



energy growth. 

The impact on energy forecasting is significant. Forecasts that simply 

projected historic trends are no longer adequate. At the same time however, the 

necessity of understanding our present and future energy situation is increasingly 

important: it is only through developing this understanding that decoupling the 

economic growth/energy growth link can be accomplished in a way that maximizes 

benefits to society. 

Energy forecasting is a heavily debated and rapidly evolving topic. While 

some will shrug shoulders and state that the only thing for sure about an energy 

forecast is that it is wrong, it is my belief that there remains significant value 1n 

proJecting future energy conditions. However, that value does not necessarily lie in 

developing an exact prediction but rather in identifying, testing and evaluating the 

technical and economic conditions necessary for achieving a particular energy related 

goal. 

This study was initiated by The Energy Work Group of The Yukon River Basin 

Study and completed under the auspices of The Energy Branch of The Yukon Territorial 

Government. The purpose of the study was to review and assess all existing Yukon 

energy demand studies. The following specific topics were identified for inclusion 

in the review of the demand studies: 

l. the accuracy and completeness of base data 

2. methodologies and assumptions 

3. weaknesses and strengths 

4. potential impact of conservation 

s. unique problems in forecasting Yukon energy requirements 

6. gaps in coverage with respect to the Yukon River Basin 

1. recommendations on the need for further analytical work on forecasting energy 
requirements. 

The only common link between all nine Demand Studies is that each includes a 

projection of future electricity uses. Only two studies, those of Hildebrandt-Young 

(1982) and Hodge and Ehrlich (1983) consider a variety or energy forms. Each study 

is dependent on widely varying methodological approaches and assumptions. As a 

result, a detailed comparison would be extremely complex. 

Instead, in the main text of this report I have chosen to highlight only major 

points ot comparison. A complete outline of each demand study is presented in the 

Appendix. aeview of this Appendix will allow the reader to check and compare all 

detailed methods and assumptions. 
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Following this introduction, problems related to the existing available base­

line energy data are discussed in Chapter Two. In Chapter Three some of the major 

mechodological approaches and assumptions are reviewed. Gaps in coverage w1th 

respect to the Yukon R1ver Basin are br1efly outlined in Chapter Four and in Chapter 

Five, difficulties in projecting Yukon Energy requirements are outlined. A short 

comment is offered on the ~ole of Yukon energy use projections in Chapter S1x. 

Recommendations for additional work are given in Chapter Seven and the study is 

summarized in Chapter Eight. 
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PROBLEMS RELATED TO 
BASELINE ENERGY DATA 

Accurate historic data describing electricity use are publicly available from 

the utilities. All of the demand studies utilized this source. However, detailed 

statistics describing other forms of energy are not easily available. 

The changing energy price regime has meant that forecasting energy use 

(electricity and other rorma) must now include consideration of interfuel substi-

tutions, the impact of conservation measures and increased efficiencies of many 

energy using devices. Evaluation of these factors is only possible through consid• 

eration of all forms of energy. 

Further, total territorial figures for annual use of the various forms of 

energy are of' limited value unless coupled with des.cription of how that energy is 

used. Without an understanding of energy end use it is impossible to accurately 

estimate whether or not and to what degree more efficient energy use is possible. 

Lack of a detailed database describing end use of all energy forms is the 

single greatest difficulty that must be overcome in projecting Yukon energy use. 

Some end use data are available through Federal Government Publications such as 

Statistics Canada's Quarterly Report or Energy Supply-Demand in Canada (Catalogue 

57-003) and Lalonde et al., 1981. However, territorial statistics are so small rela-

tive to other parts of Canada that Yukon and NWT data are often grouped ~ogether, 

sometimes both with a.c. 

An added complication characterizes some Yukon subsectors which include only a 

few and sometimes only one commercial establishment. In these cases, confidentiality 

of information can become a serious restriction. 

or the nine studies, only the work of Hodge and Ehrlich (1983) attempted to 

work with a comprehensive data base. A detailed set of baseline data were developed 

that likely represent a reasonable overall picture of existing energy end uses or all 
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available energy forms. However, individual numbers may be 1n error as estimates 

based on secondary sources were often necessary. 

Hildebrandt-Young (l98lb) included projections of natural gas and petroleum 

products based on per capita use figures of the different forms of energy. Baseline 

data consisted of territorial totals for each energy form. Petroleum products were 

disaggregated which in itself allowed an end use categorization. However projections 

based on simple per capita use are vulnerable to the mixing of a variety of end uses. 

The ideal data base would include energy statistics categorized by sector and 

subsector (see Appendix Table A-32), end use (see Appendix Table A-33) and form (see 

Appendix Table A-34). Petroleum products should be disaggregated as used by 

Hildebrandt-Young, l98lb (see Appendix Table A-22). Further, major differences 1n 

the Energy regime exist between communities in the Yukon. A detailed community or 

regional brea.Jc down of energy conditions has never been established 1n the Yukon and 

should be an integral part of available base line data. 

No system of record keeping presently exists to allow regular compilation of 

this detail of baseline data. However, without it, any type of comprehensive energy 

use proJection is severely limited. Development of this baseline data gathering 

system is highly reco~.mended and should be initiated as soon as possible. 

Energy statistics are currently being gathered and synthesized by a variety of 

groups including the electrical utilities (Northern Canada Power CoDll!lission, Yukon 

Electrical Co. Ltd.), petroleum product supply companies (White Pass and Yukon 

Corporation Ltd., Gulf Canada Pt"oducts, Murdoch's Fuel Set"vice Ltd., ICG Canadian 

Propane Ltd.), both the Federal and Territorial governments through tax records and 

census data., and public interest groups (Yukon Conservation Society). Each of the 

gt"oups should be involved in discussing and designing an Energy Statistics Data Bank 

most appropriate for understanding and projecting Yukon needs. To that end, it is 

recommended that a Joint Task Force be created to address this topic. 
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CHAPTER THREE METHODOLOGIES AND ASSUMPTIONS 

Introduction 

A complete description ot the methodologies and assumptions utilized by each 

or the nine studies is given in the Appendix. 

The studies can be broadly grouped into two categories: those that deal only 

with electricity and those that consider all rorma or presently available energy. 

Only Hildebrandt-Young (198lb) and Hodge and Ehrlich (1983) tall into the latter 

category. 

It i8 only possible to compare all nine 3tudies in terms or their projected 

use or electricity. A detailed plot showing these projections is given in Figure 1. 

A grouping or the projections i8 shown on Figure 2 and a description of the cate­

gories is given below in Table l. 

The different categories identified on Figure 2 reflect more than anything, a 

change in attitude over time towards industrial development in the Yukon. This topic 

is discussed in detail in the next section. 

However a second observation is also worth noting: The more recent studies 

completed by Hildebrandt-Young (1981) and Hodge and Ehrlich (1983), come to a rela­

tively similar conclusion regarding projected electricity requirements, for quite 

different reasons. Hildebrandt-Young postulate significantly reduced economic activ­

ity coupled with a drop in energy use. Hodge and Ehrlich allow for a low to moderate · 

economic growth but conclude that electrical energy use will grow at a reduced rate 

because of conservation and more efficient use. Both studies allow for substitution 

of natural gas but the subst1tut1on assigned by Hildebrandt-Young 1s greater. 
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Table l 

GJ:'OUO A. 

Grouo B. 

Grouo c. 

9 

Description of the groupings or electrical energy projections 
shown on Figure 2 

Projections completed genel:'ally in the late sixties or early seventies 

that assumed massive industrialization. 

- CBA Engineering Ltd. (1968) 

- USA-Canada (1970) 

- Foster Research (1979) High Case 

Projections completed generally in the mid-seventies that assumed a 

l:'ange of industrialization but at levels below those projected 1n the 

earlier studies 

- Sigma Resoul:'ce Consultants Ltd. (1975) 

- Foster Research (1979) Base Case 

PJ:'ojections completed generally in the last two years that pl:'ojected a 

maximum of a low growth o! electrical energy use for one of t~o 

reasons: 

l. A severe slow down of industrial activity combined with some ener-

gy conservation and substitution of natural gas for electricity 

- Hildebrandt-Young (198la and b) 

- Foster Research (1979) Low Case 

2. A low to moderate growth of industrial activity combined with more 

extensive introduction of conservation measures and a minor amount 

of substitution of natural gas for electricity 

- Hodge and Ehrlich (1983) 
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Assumptions Regarding the Yukon's Economic Development 

The groupings described above in Table l and shown on Figure 2 illustrate more 

than anything how attitudes towards industrial activity have changerl over the past 

fifteen years. In the late sixties, the possibility of twenty mines, a pulp mill, a 

lead-zinc smelter, and an iron pellitizing operation all producing by the mid 1980's 

was foreseen as a real possibility (CBA Engineering, 1968). By the mid l970's 

projections of mining activity had been significantly reduced. However, a number of 

other possibilities including an aluminum smelter, railway extension and electri­

fication, construction and electrif1cac1on of the Alaska Highway Natural Gas Pipeline 

and electr1city exports to Alaska, B.C., and the NWT were being considered although 

mostly described as low probability (Sigma Resources, 1975). Also during the mid to 

late 1970's energy conservation was first suggested as a factor to be evaluated. 

1'ow in the 1980's the world demand for metals is such ~hat growth in the 

Yukon's mining sector is expected to be low to moderate at best and other major uses 

of electricity are all but discounted. Further, the price structure of energy has 

changed so much that in many cases either energy conservation or interfuel substi­

tution (eg. natural gas 1f available) appear to be economic options tq?,.i;:.would reduce 

electricity consumption. (Hildebrandt-Young 198la and b, 1982 and Hodg~ and ~hrlich, 

1983). 

The above discussion of economic development patterns combined ~1th energy 

price structure changes that make energy conservation and interfuel substitutions 

economic alternatives lead to an important conclusion relat:!. ve to pro Jee ting Yukon 

energy use: it is no longer appropriate co project energy use by simp],y adding dis­

crete quantities of energy based on historic requirements of industrial projects. 

POPULATION ASSUMPTIONS 

The population projections used by Foster Research (1979), Hildebrandt-Young 

(198lb, 1982) and Hodge and Ehrlich (1983) are plotted on Figure 3. With the excep­

tion of the Hildebrant-Young (1982) p~ojections ~hich were independently developed, 

:he projections shown on Figure 3 are tied to YTG's Economic Model. Earlier Demand 

Studies did either not tie their projections directly to population (USA-Canada, 

4970), or did not explicitly express their population estimates (CSA Engineering, 

1968). 
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Population projections are used in different ways by different workers. 

Hildebrandt-Young (1982) used per capita consumption of all energy forms as the basis 

for their projections thus creating a direct link with the population projections. 

In developing the residential energy use proJection, Hodge and Ehrlich (1983) 

related population to the number ot households via a persona-per-household assumi>­

tion. Thia asaW11ption the1 changed with tl.me baaed on another assumption that a 

reduction in persona-per-household would occur over t1llle. Households were eate-

gorized aa single family detached, single tl.l!l.1.11 attached, apartments and mobile 

homea. The proportion of each was alao changed over time baaed on the assumption 

that there would be a reduction 1n the proportion of single fam1l1 detached units 

(more people in the future would live in duplexes and apartaenta). However under­

lying this sequence of assumptions remains the population proJeet1on. 

In comparing proJections, the assumed population levels must be clearly under­

stood particularly if per capita energy use is being used as the basts of projec-

tions. 

Assumptions Regarding the Impact or Conservation 

The first study i:o consider the impacts of conservation wt!J Poster Reisearch, 
,f: 

1979. In their Low Caae they reduced reaidentia.l and co111111ercial '~nergy uae by 5~ tor 

the 19918 electricity use projection to allow for effects Of conaerrvat1on. 

Hildebrandt-Young (l98lb) included two conservation scenarlos (one with and 

one without interfuel substitution). A detailed list of the energy forms affected ts 

given in Table A-26. The approach taken by Hildebrandt-Young was to reduce per 

capita consumption of a given energy form (say road gasoline) by some percentage (50% 

for road gasoline) by the year 1990. These percentage reductions in per capita 

consumption were based on their best Judgement. In addition a 46% reduction in the 

residential electrical heating load and a 40% reduction in the commercial electrical 

heating load was applied to 1990 projections. Conservation was not included in their 

198la and 1982 electricity forecasts. 

The approach used by Hodge and Ehrlich (1983) differed significantly from that 

of Hildebrandt-Young (1982). Baaed on discussions among energy researchers from 

a.cross Canada energy targets were set for each energy end use being considered. 

Details or all of those assumptions are given in the Appendix. A few examples will 

serve to illustrate. 
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In the residential sector the operating performance of existing energy effi­

cient housing constructed by the Saskatchewan Research Council provided the basis for 

establishing energy use targets for each of the "heating and cooling" (including hot 

water heating) and "electricity specific" (appliances and lighting) end uses. All 

new houses built after 1990 were assumed to achieve this target. Assumption was also 

made regarding the impact of retrofitting old houses (for example a 50% improvement 

in the performance of pre 1978 built houses was assumed for the year 2000). As the 

proportion of newer energy efficient housing grew the overall residential sector 

moved closer to the energy target. 

In the Industrial Sector the growth of energy use of each subsector was 

related to projected economic growth (estimated using a &ong lerm 1imulation ~odel 

generated by Statistics Canada for the Federal Cabinet). The Base Case relationship 

between energy use and economic activity was modified for projected years by a factor 

based on energy use targets developed by the Canadian Industrial Energy Conservation 

Task Forces, a joint Federal Government-Industry undertaking. 

In the Transportation Sector energy use targets reflecting energy conservation 

were al.:so established. These targets and t:heil' origin varied from subsector to sub­

sector. Most were handled in a manner similar to the Indust!"ial Sector. Automobile 

transport was an exception with industry projections of improvements in automobile 

fuel consumption used as the target. For:' example, by the year 1990 automobiles were 

assumed to average 10 litres per 100 kilometr:'es (28 miles per gallon), by the year 

2000, 5 litres per 100 kilometres (53 miles per gallon) and by 2025, 3 lit!"es per 100 

kilometres (90 miles per gallon). These figures were tied to assumptions on the 

number of vehicles per household and distances driven per vehicle to calculate future 

energy requirements in the automobile subsector. 

While the energy targets assumed achievable by Hodge and Eh!"lich (1983) may be 

justifiably questioned and modified by other workers, this method of attempting to 

deal directly with achievable improvements in the mechanical operation of known 

energy end uses based on an individual industry's own projections of achievable 

improvements (eg. residential heating reductions possible through improvements to 

house thermal performance) is the only sure way of making reasonable and accurate 

estimates of the potential impacts of conservation. The economics of each end use in 

turn can be considered and conservation measures introduced as appropriate. 

Assumptions Regarding Interfuel Substitutions 

Only the studies of Hildebrandt-Young (1981a, b, 1982) and Hodge and Ehrlich 
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(1983), considered the impacts of interfuel substitutions. 

Hildebrandt-Young assumed the availability of natural gas. In their 198lb 

report a scenario was developed in which natural gas was substituted by 1991 for: 

1. space heat for all households presently using electrical space heat 

(1000 of 7000 lltlitS) 

2. 85% of heating and stove oil use 

3. 85% Of electric hot water heating 

4. 75% Of diesel use by highway transport 

" 100% of diesel use by r'ail transport .;• 

As apparent from the above approach used by Hildebrandt-Young, to deal with 

interfuel substitutions it is again necessary to define the end uses of energy. This 

fact is emphasized in the work by Hodge and Ehrlich (1983) whose approach to all 

energy supply decisions involved the following steps: 

l. project the energy J:"equil'ements of' a particular end use in theJ:"mal 

units (eg J:"esidential space heating) 

2. choose the appropl:'iate supply option based on 

a. appropriateness of supply option (e.g. liquid fuel fol:" tJ:"anspor-

tat ion) 

b. availability 

c. cost to the consumer 

ct. quality of energy requirement (quality is a theJ:"modynamic property 

relating to the amount of "useful wol:'l<" that can be done) 

e. pl:'oximity of source to use 

f. where technically and economically feasible, shif~ ~o renewable 

eneJ:"gy forms 

g. where technically and economically feasible shift to Yukon produced 

eneJ:"gy fol'ms 

As a result, the woJ:"ic of Hodge and Ehrlich includes a complete J:"eview of all 

interfuel substitution possibilities. Revision of some of their decision controling 

assumptions (eg projected energy prices) may J:"esult in different conclusions being 

reached but the approach to intel'fuel substitutions is compJ:"ehensive and complete. 

Again it must be emphasized that this approach is only possible by dealing with a 

detailed description of enel'gy end uses. 
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Assumptions Regarding Improved .Fuel Use Efficiencies 

A final major group of assumptions involves the projected improvements in fuel 

use efficiencies. It must be understood that the most fundamental concern is the 

amount of the energy that actually achieves its intended end use. For example a 

householder is primarily concerned with the amount of heat that is generated inside 

his house, not the amount of heat that is stored in his wood pile or his oil taruc. 

The difference between the two is controlled by the efficiency of whatever heating 

device is being used. In the past decade significant effort has gone into improving 

the efficiency of various energy using devices. Examples include electrical appli­

ances, wood stoves, furnaces of all types, automobiles, airplane engines {and 

bodies), and mine milling equipment. Further, even when the efficiency of an indi­

vidual component cannot be improved, the overall system efficiency can often be 

dramatically improved by utilizing the reject energy that was previously wasted. 

Again, only Hildebrandt-Young (l98lb) and Hodge and Ehrlich {1983) considered 

fuel use efficiencies in their proJec'tions and only Hodge and Ehrlich 0983) allowed 

those efficiencies to improve with time. The efficiencies used by Hildebrandt-Young 

for calculating their interfuel substitutions are given in Table A-26. Their lOOS 

efficiency assumptions for rail diesel, rail natural gas, diesel electric and natural 

gas electric are incorrect assumptions. For example, the maximum attainable effi­

ciency for thermal electric generation with diesel is about 35S. 

A discussion of the changes in fuel use efficiencies used by Hodge and Ehrlich 

(1983) is given on p A-44. Por example, generation Of heat from fossil fuels was 

projected to increase in efficiency from a Base Case (1978) figure of 60% to 80S by 

2000 and 9-0% by 2-025. 

A significant amount of research and development effort in Canada and 

elsewhere is now going into improving the efficiency of energy use. Much of this 

work is being undertaken by industry and significant gains have already been made. A 

good example is the mining industry. At the Polaris Mining Project on Little 

Cornwallis Island, NWT (Cominco Ltd.) the diesel power plant has been designed as a 

Total Energy System achieving 93% efficiency through effective utilization of waste 

heat (see discussion in Hodge and Ehrlich, 1983, p 71). Future energy use 

projections must allow for these improvements. 
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SW11111ary 

Many other assumptions underlie each demand study. Studies completed in the 

period 1968~1975 tended to be less complicated and mainly based on requirements of 

potential industrial (mainly mining) proJects. More recent studies have 

significantly more sophisticated. In each case, energy demand projections 

carefully evaluated on the basis of the strength of underlying asswnptions. 

become 

must be 
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GAPS IN COVERAGE WITH RESPECT 
TO THE YUXON RIVER BASIN 

All the reports reviewed in this study include only the Yukon portion of the 

Yukon River Baain. The a.c. portion, particularly Atlin, lies in a completely 

different energy regime. 

Further, with the exception of electricity projections, energy projections are 

made for the Yukon as a whole. In fact wide variations in energy regime exist from 

community to community. These variations are not identified in any energy study 

completed to date. A comprehensive community review of all energy use is highly 

recol!llllended. 
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DIFFICULTIES IN PROJECTING 
YUKON EN!ROY REQUIREMENTS 

The following factors give rise to difficulties in 'preparing exact predictions 

of the Yukon energy requirements. 

l. The narrowly based economy of the Yukon with its dependence on mining, 

results in vulnerability to externally controlled factors. This can give 

rise to erratic short term fluctuations in economic conditions and 

related energy use. 

2. There 1s no complete compilation of base line energy statistics cate­

gorized by subsector, end use, form and community. 

3. The energy price regime in the Yukon as well as the energy end use 

requirements differ significantly from southern Canada. Unfortunately 

the economic and technical analyses necessary to test the feasibility of 

conservation measures have not been completed for the Yukon and it is 

often necessary to draw subjectively on southern Canada experience. 

In the following paragraphs each of the above points is briefly discussed. 

Energy Projecting in the Yukon's !iari:-owly E!ased Economy 

The vulnerability of mining to variations in world metal prices will 

inevitably result in future short term fluctuations in the Yukon's mining activity. 

In a more broadly based economy, change in a single industry would have a much 

smaller relative impact on overall energy requirements than in the Yukon where mining 

energy use amounts to 78% of the total used by the industrial sector (Hodge and 

Ehrlich, 1983, p. 69). Also in a more broadly based economy, energy use can moi:-e 

reasonably be projected to follow a smoother less erratic path. 
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In the Yukon, the narrowly based economy appears likely to persist. Changes in 

social and technological conditions now unforeseen demand that the possibility of 

large energy requirements not be discarded. However, the most prudent approach to 

energy planning at the present time is to expect a low growth in energy use (as a 

maximum). Also, short term fluctuations must be expected that in some cases see 

energy use below present levels. Given such an approach, ·energy use projecting no 

longer becomes an exercise in speculating when an economic "boom" might occur that 

results in a massive energy requirement. Rather, energy use projecting would 

concentrate on the much more achievable task of understanding and projecting energy 

use of the Yukon's existing economic sectors. In addition, it is important that 

detailed analysis be undertaken to develop an understanding of the relationship 

between fluctuations in economic activity and energy use. The present economic 

downswing provides an ideal opportunity to closely exam this sensitivity. 

aase Line Energy Statistics 

Very few places in the world have a well developed and compl.ete energy data 

base. Here in the Yukon the size and simplicity of our economy and energy systems 

make this task far less formidable than in the southern industrialized provinces. 

F.owever the task 1S complicated by the fact that some subsect:ors include only a few 

and sometimes only one, commercial establishment. In these cases, confidentiality of 

information becomes a serious restriction. 

Snergy statistics are currently being gathered and synthesized by a variety of 

groups including the electrical utilities, petroleum product supply companies and 

govern.~ent. No coordination presently exists. 

To provide an adequate base line for comprehensive energy use projections, 

statistics must be compiled that document energy end use over ~ime by 

a.. fot"m 

b. subsector 

c. community or geographic location 

d. quality (a measure of the amount of "useful work" that can be obtained 

from the energy form under consideration). 

Use of Southern Economic Analyses 

Subjective dependence on economic analyses completed in the south needn't lead 

to severe errors if the southern analyses are properly understood. In time this 

deficiency will be ovet"come. 
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THE ROLE OF YUKON ENERGY 
USE PROJECTIONS 

Energy use projections are too often thought of and depended upon as predic­

tions of the future. Such an attitude masks the true usefulness· of such proJectioms. 

Rather, it is more reasonable to consider projections as exercises in modeling 

future cond1tions. Such models should be used to ident1fy, test and evaluate the 

s1gn1ficance of a variety of conditions that could occur 1n the future. Used 1n this 

way, energy use modelling can be a powerful tool in policy decision making. However, 

the power lies in understanding the a1SW11Ption1 bu1lt into such models. 

It is essential that such modeling be computerized to allow for continuous 

review and updating of assumptions and results. Further, the development of such 

"Yukon Energy Model" should be closely linked with the Yukon Economic Model. 

·--~----M ----~--.~~-. :""•'"!''-.': •".- r ... :-;-- •" .·:·· 



CHAPTER SEVEN RECOMMENDATIONS FOR 
ADDITIONAL WORK 

l. Sensitivity Analysis of the Present Decrease in Energy Use 

Data describing th• decrease in energy use during 1982 and 1983 should be 

closely scrutinized and a careful evaluation made of the sensitivity of the 

energ<J regime to changing economic conditions. 

2. Energy Statistips Datt BaWS and Related Task Poree 

A comprehensive Yukon Energy Statistics Data Bank should be established. 

Statistics should be compiled that document energy end use, over time by 

subsector, form, and community. 

3. -Jo-int Task Force 

No coordination presently exists between the various groups currently 

compiling energy use stat1Stics. To overcome this deficiency it is reconmumded 

that a Joint Task Force be created to address the topic of how coordination can 

be best achieved and to identify each group's requirements for an Energy 

Statistics Data Bank. 

4. Yukon Energy Model 

A comprehensive and computerized Yukon Energy Model should be de•1eloped. 

This model should be integrated with the Yukon Economic Model and have the 

capability of dealing with all energy sources and forms. 

5. Conservation, Interfuel Substitution, Improved Efficiencies 

Work should be undertaken to review and test assumptions made in previously 

completed Energy Demand Studies regarding the impact of conservation, interfuel 

substitution, and fuel use efficiencies. Technical and economic analyses rele-

vant to Yukon conditions should be undertaken where necessa~y. 
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CHAPTER EIGHT SUMMAR? 

Saaeline Energy Data 

No system of record keeping presently exists that allows regular compilation 

of the baseline data required for comprehensive energy use projections. The ideal 

data base would include energy statistics categorized by 

1. sector and subsector 

2. end use 

3. f'O!'m 

4. community O!' region 

Development of this baseline data gathering system is highly recommended and 

should be initiated as soon as possible. 

Methodologies and Assumptions 

The most fundamental aspect of projecting energy use relates to the expected 

rate of growth of Yukon economic activity. Large industrial growth in the Yukon 

appears unlikely and it is no longer appropriate to forecast energy requirements by 

simply adding discrete quantities ot energy based on historic requirements of indus­

trial projects. 

In comparing projections, the assumed population levels must be clearly under­

stood particularly if per capita energy use is the basis of projections. 

The use of energy targets based on each individual industry's projections of 

achievable improvements in energy use, provides the most sure way of ma.king reason-
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able and accurate estimates of the potential impacts of conservation. 

An assessment of the potential for 1nterfuel substitutions also requires a 

detailed end use analysis. 

A significant amount of research and development effort in Canada is now going 

into improving the efficiency of energy use. Future energy use projections must 

allow for these improvements. 

Gaps in Coverage with Respect to the Yukon River Basin 

None of the existing demand studies include the B.C. portion o.f the Yukon 

Rivero Basin and with the exception of electricity projections no comprehensive com­

munity analysis has been completed to identit'y reg:Lonal variations in the enel'.'gy 

regime. Such a l'.'eview is highly recommended. 

Difficulties in Projecting Yukon Enel'.'gy Requirements 

The lack of a comprehensive data base, el'.'ratic shol'.'t tel'.'m economic fluctua­

tions and the lack ot northern specific economic and technical analyses necessal'.'y to 

test the feasibility ot measures to impl'.'ove energy use all lead to difficulties in 

pl'.'ojecting Yukon enel'.'gy requirements. However these problems are not unique to the 

Yukon and needn't stand in the way of completing useful energy use projections. 

The Role of Yukon Energy Use Projections 

Enel'.'gy use pl'.'oject:!.ons should not be used simply as pl'.'edictions of the future. 

Rathel'.' they should be considered as enel'.'gy models and used to identify, test and 

evaluate the significance of val'.'iety of condition that could occur in the future. 

Such an appl'.'oach is only possible with a Yukon Enel'.'gy Model that is computerized and 

continuously updated. The Yukon Energy Model should be closely integrated with the 

Yukon Economic Model. 



24 

Recomme·nda t1ons for- Addi ti.anal 11Vork 

l. An analysis of Che present decrease in energy use should be undertaken to estab­

lish the sensitivity of the energy regime to changing economic conditions. 

2. A comprehensive Yukon Energy Statistics Data Eank should be established that 

doclli~ents energy end use over time by subsector, form, community and quality. 

3. A Joint Task Force involving all interested groups should be established to 

establish how best to coordinate efforts and to identify each group's require­

ments. 

4. A comprehensive and computerized Yukon Snergy tfodel should be developed. 

5. A technical and economic review should be undertaken to establish Yukon specific 

possibilities for' reducing energy use through conservation, intel:'fuel substi­

tution and improved fuel use ef'ficienc1es. 
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1. INGLEDOW & ASSOCIATES LTD., 1968 

HYDRO ELECTRIC RESOURCE SURVEY OF THE 
CENTRAL YUKON TERRITORY 

TERMS OF REFERENCE 

To conduct a sur-vey of power- sites and power demands in the por-tion of the 

Yukon Ter-r-itor-y lying within a cir-cle centr-ed on the Town of Car-macks and having a 

r-adius of 175 miles, but excluding any sites located on the main stem of the Yukon 

Rivet'. 

The sur-vey consisted of: 

a. A t'eview of the futur-e powet' demands in the sur-vey area over the ten year-

per-1od 1968 to 1977. 

b. An analysis of all !'elevant hydr-ological, meteor-ological, topogr-aphical 

and geological data which is available 

b. A field r-econnaissance of the sur-vey area 

The survey r-eport includes power site descr-iptions, an estimate of the hydro-

electric power potential of each site, an estimate of the hydroelectric power needs 

of the survey area, an outline of the best method of hydro-electric power development 

with or without transmission lines and estimates of development costs. 

GENERAL APPROACH TO DEMAND PROJECTION 

Future electrical power demands were forecast using a "known• load growth 

obtained !'rom the Nor-thern Canada Power Commission and "possible" load growth esti-

mated by adding the power requirements of industrial projects considered likely to 

pt"oceed. Both a "low" and "high" load growth outlook were evaluated. Grid connected 

requirements wet"e emphasized. 

DETAILED ASSUMPTIONS, PROJECTIONS AND RESULTS 

Table A-1 lists the system additions used by Ingledow and Associates (1968) to 

develop their demand projection. 
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Table A-l System additions used by Ingledow and Associates to 
develop their electricity demand proJection. 

l. ProJected Maximum System Demand Required by 1977 
(excluding Mayo, Dawson and minor isolated systems) 

Demand 
(megawatts) 

Consumption Load Factor 
(Gigawatt hours) (Tera Joules) ( J) 

A. LOW LOAD GROWTH 

- NCPC Projection for 
Whitehorse Areas 
(excluding Porter 
and Mcintyre Creek 18.0 89 320 56 
Hydro Plants) 

- Anvil Mines 8.5 54 194 72 
(startup 1969) 

- Pulp Mill 15.0 99 356 75 
(startup 1972) 

1ir.'$' -m --s11 -55 Total Low Load growth 

a. ADDITIO!AL ACIIVITIES IN HIGH LOAD GROWTH 

- Kerr-Addison Mines 
(startup 1974) 

- Anvil Smelter 
(startup 1975) 
Total High Load Growth 

2. Mayo and Dawson 
Requirements by 1977 
(NCPC Projections) 

5.0 

80.0 

i'!&'":1' 

4.4 

31 112 7l 

526 1894 15 

799 ~6 ~ 

33.3 120 86 

Because the 1977 Demand projection listed above does not include the whole Yukon it 
is not plotted on Figure l. 
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2. CBA ENGINEERING, 1968 

YUKON POWER SURVEY 

TERMS OF REFERENCE 

To review all previous work on electrical power in the Yukon and delineate 

guidelines on future work. Hydro and ther"!11al generation with gas, oil, coal and 

nuclear are to be included as well as a review of transmission line costs. 

-
GENERAL APPROACH TO DEMAND PROJECTION 

Mining developments provide the primary basis for estimating !"uture loads. 

However, the Yukon was split into fifteen separate geographic areas and for each area 

an estimate was made of the growth in electrical demand expected for the industrial, 

residential, commercial, and community services (including street lighting) cate-

gories. Population increases were estimated based on the industrial growth. 

DETAILED ASSUMPTIONS AND PROJECTIONS 

Load demands assumed for mining and milling operations are shown in Table A-2 

and those assumed for the residential, commercial and community services categories 

for different population sizes are listed in Table A-3. A four percent load growth 

?er year per residential customer was assumed. 

Table A-2. Mining Load Demands assumed by CBA Engineering, 
1968 for different mine capacities. 

Total Tot;al 
Open Pit Underground 

200 tons per day 800 - 1200 KW 1200 - 2000 KW 

500 tons per day 1200 2000 KW 2000 - 3000 KW 

2500 tons per day 3000 - 3500 KW 3600 - 4500 KW 

5000 cons per day 4500 6000 KW 6000 7500 KW 

Ave ra.se Load Factor 
8"'~ - 95% 80% - 90% -'" 
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Table A-3. Residential, Co!lUllevcial and Community Sevvices 
Load Demands used by CEA Engineering Ltd., 
1968 fov diffevent population ranges 

Increased Allowance 

Population Demand Pot> Co!lUllercial For Community 
Range KVA/Residence Area Services, 

Street Lighting 

50-100 2.0 15% 10% 

100-500 1.8 15% 10% 

500-1000 1.6 17% 8% 

1000-5000 1. 5 20% 7.5% 

Over. 5000 l.5 253 5% 

Table A-4 lists the industrial pvojects forecast to be in place by 1980 and 

1990 as well as the associated industrial and t'esidential load demands calculated 

using the above assumptions. The results are plotted on Figure l aa ,n. 
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Tabls A-4. Projected industrial developments with the associated residential/commer­
cial loads calculated by CBA Engineering, 1968. 

Area and development 
ctescr1pt1on 

1968 
Capacity 

in MW 

Beaver Creek Area 

500 tpd nickel-
copper mine .31 

Burwash Landin~ Area 

Quill Creek nickel 
mine .50 

Haines Junction Area 

Copper or asbestos 
mine .40 

Whitehorse-Carcross-Ta5ish 

New Imperial 
(Whitehorse Copper), 
Arctic (Gold), and 
Yenus (Gold) mines 13.6 

Teslin Area 

molybdenum mines in 
the Walt Lake area 

Rancheria At' ea 

sil 'ter-lead-gold 
mine and camp 

Watson Lake Area 

Sawmill and timber 
preservation 
treatment plant 
(3MW) and a 
lead-zinc mine (5MW) 

Frances Lake Area 

s::.lver-lead-zinc or 
copper mine 

Canada Tun5sten ljWT 

tungsten mine and camp 

Ross Rivet' Area 

silver-lead, barite or 
copper mine 

Vangorda Creek Area 

Anvil Mine (12MW), other 
mines (12MW) smelter 
(68MW), population and 
supporting industries 
(20MWJ 

Carmacks Al'.'ea 

Coal mine for thermal 
generating plant (lOMW), 
pulp mill (20-25MW), 
several mines and a 
population of 5000 

.45 

l. 7 

1. 5 

• 2 

by 1983 .40 

Projected Capacity requirements in MW 

1980 Possible for 1990 

Residential/ Industry Total Residential/ Industry Total 
Commercial Commercial 

2 3 5 

2 5 7 

l 4 5 

24.) 7,7 32 

3,5 25 28.5 

5 5 

2 8 10 

l 6 7 

3 3 

5 5 

20 92 112 

3 37 40 12 52 



Area and development 
deacr1pt1on 

Mayo Area 

increased mining 
activity 

Dawson Area 

gold mine C5MW), 
population and 
support industries 
(3 .5MW) 

Clinton Creek Area 

Asbestos mine (25MW), 
population and support 
industries (6.8MW), 

1968 
Capacity 

:!.n MW 

5.1 

.75 

iron pellitizing operation 
after 1980 (80MW) 

Old Crow Area 

no development 

Snake River Area 

Crest iron m!ne 
and camp 

MacMillan Pass Area 

zinc mine 

Totals 30.5 
(1968) 
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Projected Capacity requirements :!.n MW 
__________________ ,... _____________________________________ _ 

1980 Possible :!.n 1990 

Residential/ Industry Total Residential/ Industry Total 
Commercial Commercial 

3 

7 

75.3 

12 15 

5 8.5 

25 32 

15 15 

254.7 330 
(1980) 

75.3 

80 112 

140 140 

486.7 562 
(1990) 
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3, UNITED STATES - CANADA, 1970 

UPPER YUKON RIVER POWER MARKET POTENTIAL 

TERMS OF REFERENCE 

To review the characteristics of available power developments, the prospective 

markets for electrical energy and the contribution such projects could make to the 

development of the economy of the region adjacent to the Upper Yukon River Basin. 

Developments along the course of the Upper Yukon lUver were considered as well as the 

diversion of a portion of the river flow through the Coast Mountains to tidewater in 

Southeast Alaska or in Northwest British Columbia. 

GENERAL APPROACH TO LOAD GROWTH ESTIMATES 

Load growth estimates were made for the following regions: 

l. Alaska 

2. Yukon 

3. British Columbia 

4. Alberta 

5. Pacific Uol:"thwest 

6. Combined Yukon and Br-it:l.sh Columbia 

In each l:'egion specific :I.ndustl:'1al developments were considel:'ed and their 

total requiremenc used as the regional estimate. A time pel:'iod of 1970 to 1990 was 

considered. 

DETAILED ASSUMPTIONS, PROJECT!OUS AND RESULTS 

Table A-5 lists the assumed industl:'ial developments and their associated ;ieak 

load requil:'ements. Project numbers are keyed to the map in Figure A-1. Results ar-e 

plotted on Figure l as #l and #2. 
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Table A-5. Industrial developments and associated peak loads assumed by United 
States - Canada, 1970. 

Project Date Peak Load Requirement 
Introducect in Megawatts 

Minimum Maximum 

l. Copper mine north 
of Dawson 1980 5 10 

2. Snake River Iron Mine 1985 150 200 

3. MacMillan Pass lead/zinc 1975 4 6 

4. lead/zinc 1975 6 8 

5. smelter 1980 70 70 

6. coppet' /molybdenum' 1978 40 80 

7. nickel, coppet' 1974 2 2 

8. golct, silver, zinc 1970 2 2 

9. Pulp Mill 1985 10 20 

10. Whitehorse System 1985 45 

Total 340 615 
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Figure A-1 Yukon forecast additional 
peak loads 1970-1985 after 
United States-Canada, 1970 
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4. SIGMA RESOURCES LTD. 1975 

THE DEVELOPMENT OP POWER IN THE YUKON 

TERMS OF REFERENCE 

The main obJectives of the study were to prepare: 

l. a description of the existing generating plants and 

facilittes for reference purposes; 

transmission 

2. an inventory of all the potentially attractive hydro power sites, based 

on a field survey and previous studies, with consideration of alternative 

power sources; 

3. an analysis of the growth of the demand tor power with proJeetions of the 

demand to 1990; 

4. a comparison of the more promising power developments on the basts of 

cost, and the environmental and social effects; 

5, a preliminary system plan, and selection of the leading schemes; 

6. a systematic presentation of the criteria and methodology for evaluation 

of future power schemes, with particular emphasis on a decision making 

approach that ta.Ices account of the direct costs of power projects, the 

values of alternative uses of land and water resources, and the 

environmental and social costs. 

GENERAL APPROACH TO DEMAND PROJECTIONS 

The interconnected and isolated systems were considered separately. Two major 

cases were evaluated, one with a 100 MW smelter and one without. For each case, 

estimates were made of power requirements of the residential/commercial sector 

(exclusive of space heating) based on projected population growth and average 

per-capita consumption figures; electrical space heating; and proJected mining loads. 
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DETAILED ASSUMPTIONS, PROJECTIONS AND RESULTS 

Residential/Commercial 

For each case a population growth and per' capita usage (combined 

residential/commercial but exclusive of space heating) were assumed. The population 

estimates are listed in Table A-6. Per capita (residential/commercial) consumption 

in 1972 was 5300 kwh. This figure was assumed to increase to 7000 kwh per capita by 

1980 and stablize at this figure through 1990. This implies that from 1980-1990, 

conservation measures on existing uses will offset the effects of proliferating 

electrical appliances. 

Space Heat 

In each case a perocentage of new construction in the residential/commercia.l 

sector that utilized electricity for space heat was assumed. 

each case is given in Table A-6. The prevalent chinking was 

The assumption used for 

that more and more 

custome!"s with time would be utilizing electricity for space heat. 

Mining Loads 

In each case a paroticular growth rate of new mining development was assumed. 

These rates are listed below in Table A-6. 

Lead-Zinc Smelter 

All f'o!"ecasts we!"e estimated with (Case l) and without (Case 2) the smelter'. 

A 75 MW a•1e!"age and a 100 MW peak demand were assumed for the smelter. 
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Table A-6. Detailed assumptions used by Sigma Resources (1975) 

1990 Population Space Heat Mining Projected Loads (MW) 

1980 1990 
Avg Peak Ave; Peak 

Case l NO SMELTER LOAD 

A. Standard 
21,000 T5S of' new con- l new mine every 

struction elec- 5 yea.rs (2500-
trically located 10,000 TPD) 39 77 74 143 

a. Low Popuiation 
18 ,500 same as A same as A 36 69 65 123 

c. Low Popula t1on/ 
low space heat 75% of' new con- same as A 36 69 59 106 
18,500 struct1on elec-

trically heated 
1975-80; no in-
crease 1980-90 

D. High Population 
24,500 same as A same as A 42 85 81 163 

E. High Population, 
high mining same as A 2 new mines 
24,500 every 5 years 

(2500-10,000 TPD) 50 96 109 202 

Case 2 WITH LEAD-ZINC SMELTER 

All assumptions exactly the same as CASE l but 75 MW average 
100 MW peak smelter load added 

A. Standard 39 77 149 243 
s. (Low Population case not possible) 
c. No electrical space heat a.!'ter 1980 39 77 138 218 
D. High population 42 85 156 263 
E:. High population, high mining 50 96 184 302 

Other Industrial Loads 

Three other types of' industrial loads were considered: 

- pulp mill in the Watson Lake area (l5MW f'or 500 TPD) 

- White Pa.as railway electrification (5 - 15 MW) 

- power intensive industry such as uranium enrichment in aluminum smelting 

(300MW f'or aluminum smelter) 

Either of the first two loads could be handled within the load forecast pro­

jected f'or the other industrial developments and therefore were not considered sep-

arately. An aluminum smelter was not included in the projections a.a too specula-

tive. 

RESULTS 

Results are plotted on Figure l in the main text as #4 through #12. 
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5. FOSTER RESEARCH, 1979 

FORECAST ELECTRIC EN!I!GY REQUIREMENTS 
IN THE YUKON T!l'!RITORY 1979-1998 

TERMS OF REFERENCE 

To provide a long-range foreeaat of the electrical energy requirements for the 

Yu.Icon with particular empA&ais on the NCPC System. An annual projection was required 

for 1979-1983 and five year projections thereafter to 1998. 

GENERAL APPROACH TO DEMAND PROJECTIONS 

A Base Case industrial activity and energy use forecaat was developed pr1mar-

1ly dependent on m1ning activity although constritction, oil and gaa, forest products, 

tourism and government expenditures were also considered. The associated residential 

enei-gy requirement was forecast through use of a populat1on forecast (Yu.Icon Economic 

Model) and assumptions on number of persons per household and per household conaump­

tion (based mainly on h1stoi-1e data). Commercial energy uae was estimated by assum-

ing a simple lineal' relat1onahip (based on histoi-1e data alao) between rea1dent1al 

and 00111111ercial requirements. No oona1derat1on was given to supply options. 

Following development ot the Base Case, Low and High Caaes were also developed 

based mainly on maximum and minimum mining activity. O~her factors considered 

included conservation, inter-fuel substitution, use of solar heat and the heat pump, 

and other industrial activities such as smelters, pipelines, rail shut down, rail 

electrification, and electricity export to Tungsten, NWT, Cassiar, B.c., Atlin, B.C., 

and Skagway, Alaska. 

DETAILED ASSUMPTIONS AND PROJECTIONS 

Introduction 

The End Use categories and System characteristics considered by Foster Re-

seai-oh are given below in Table A-7. 
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End Use categories and System 
Characteristics considered by 
Foster Research (1979) 

1. Residential 
2. Commer-clal (gene!:'al sef:'vice) 
3. Industr-ial 
4. Street Lighting 
5, System Losses 
6. Total Annual use 
7. Peak Load 
8. Load Facto!:' 

In developing their forecasts, Foster Research categorized the eighteen load 

centres into five "Primary Systems", four in which power' is generated by NCPC and one 

in which power is both generated and distl:"ibuted by n:co. 

listed below in Table A-8. 

This categorization is 

Table A-8 Primary System load centre Categorization used by Foster Research (1979) 

Primar-y System 1: 

Primary System 2: 

Primary System 3: 

Primary System 4: 

Primary System 5: 

Aishihik/Whitehorse/Faro 

~ Whitehol:'se 
- Carmacks 
- Haines Junction 
- Ross River 
- Fa!:'o 

Mayo 

- Keno C:l.ty 
- Mayo 
- Elsa 

Dawson 

Johnson's Crossing 

Other 

- Tesl1.n 

(NCPC) 

(NCPC) 

(NCPC) 

(NCPC) 

(YECO) 

- Destruction Bay (including Burwash Landing) 
- Beaver Creek 
- Old Crow 
- Stewart Crossing 
- Pelly Crossing 
- Swift River 
- Watson Lake (Watson Lake, airport, Upper Liard, 

and Lower Post) 

For each of the above systems as well as the total Yukon, 1975-1978 historic 

data describing annual energy use (net gener-ation), peak demand and load factor' were 

compiled and reviewed to identify growth rates. 
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A "Base Case" forecast "'as then developed for each of the item:s listed in 

Table A-7. Each of these is discussed in tul:'n in the following pal:'agraphs. 

Residential 

'The Yukon Economic Model was used to generate a population fol:'ecast based on 

the input listed in Table A-9. 

Table A-9 Input used by the Yukon Economic Model to generate a population forecast 
for Foster Research (1979) 

Mining 

l. Cyprus Anvil Mill expansion on stre$.lll by 1983 
2. Venus Gold Mine (Carcl:'oss) on stream by 1982 
3. MacPass Tom Deposit on stream by 1985 
4. MacPass Summit Lake Deposit on stream by 1995 
5. MacPass MacTung Deposit on stream bY 1987 
6. Whitehorse Copper closed by the end of 1983 
7. United Keno Hill Mine at Elsa closed bY the end of 1987 

Construction 

8. Alaska Highway Natural Gas Pipeline started construction in 1982 and on stream 
by 1985 

9. Major hydro dam construction starting in 1983 and on stream in 1990 
10. Continuing construction of the Shakwak Highway Improvement Project through 

1989 

Land Claims 

11. Land claims settled 

Other Factors 

of 

12. 10% growth rate in Federal Government expenditures 
13. 10% growth rate in YTG expenditures after 1984. Much higher rate 1978-1984 
14. 16% growth rate in tourism expenditures 1978-1983, 10% thereafter 
15. 14.53 annual growth in mining shipments 
16. Average size of all in-migrant workel:'s is 2.1 but only 1.5 for mainly 

construction oriented projects 

The resulting population forecast (see Figure 3) was converted to a forecast 

electl'ical energy customers thI'Ough an assumption of persons-per-electr1c-ener-

gy-customer. This figure was 3.72 1n 1975 and 3.28 for- 1977 and 1978. Foster 

Research !'educed the figure to 3.0 by 1983 and held it constant ther-eafter. The 

result was an increase in residential customers from 7,071 1n 1978 to 13,460 in 1998. 

Historic data on ~esidential usage per customel' were compiled for each of the 

primary system components listed in Table A-8. As no trends were apparent the 

1975-1978 averages wer-e used for developing the forecasts. These averages are listed 

below 1n Table A-10. 
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Table A~lO Annual Residential useage per Customer used by Foster Research (1979) and 
based on 1975-1978 historic averages. 

Annual Usage 

Aishihik/Whitehorse Faro System 

Wh1tehor-se 
Ca!"macks 
Haines Junction 
Ross Rive!" 
Faro 
Total System 

Mayo System 

Keno City 
Mayo 
Elsa 
Total System 

J'ohnson' s Crossing 

Other (YECOJ 

Total Yukon 

MWH 

13.5 
8.1 
8.4 
7.6 

13.6 
13.2 

3.5 
1L3 
15.0 
11.4 

6.8 

3.6 

7.2 

l.2 .2 

Note: Figures represent historical averages 1975-1978 and 
constants through 1998 for Foster Research 1 .s Sase Ca.se. 

Coltl!llerc:l.al 

were 

GJ 

48. 6 
29.2 
30.2 
27 .4 
49.0 
47.6 

12.6 
40.7 
54.0 
41.0 

24.5 

13.0 

26.0 

44.0 

pMjected as 

Historic data describing commercial useage were compiled for each of the 

primary system load centres listed in Table A-8. As no trends were apparent f~om the 

1975-1978 data, an ave~age figure was calculated and compared to the residential 

useage for the same component to obtain a ratio of commercial to residential energy 

use. These ratios are listed below in Table A-12. The Commercial Forecast was 

developed by combining the Residential Forecast with these rat:l.os. 
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Table A-l2 Ratios of Commercial to Residential Electrical Requirements used by 
Foster Research (1979) to generate the Baae Caae Forecast. 

Aishihik/Whitehorse Faro System 

Whitehorse 
Carma.eks 
Haines Junction 
Roas River 
Faro 
Total 

Mayo SYStem 

~ 

Keno City 
Mayo 
Elsa 
Total 

Johnson's C!."ossipg 

Other' ('!ECO) 

Total Yukon 

,79 
.94 
.96 
.81 
.95 
.80 

.54 
l.04 
l.00 
l.04 

l.04 

1.19 

l.39 

o.86 

Note: Figures rep!."esent historical averages 1975-1978 and for Foster Research's Base 
Case were projected as constants through 1998. 

Industrial 

Table A-13 lists the Industt"ial subsectors eonside!."ed by Foste!" Research. 

Table A-13 Industrial subseetors considered 
by Foster Research 

a. Mining 
b. 011 and Gas 
c. Forest Products 
d. Construction 
e. Transportation 

Foster Research undertook an extensive review of the Canadian and world mining 

industry. Based on that review, the mining developments listed in Table A-9 we!."e 

included in the Base Case. These developments with their associated energy require­

ments are listed below in Table A-14. 
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Table A-14 Foster Research's Base Case Mining Industry Developments and associated 
electrical requirements. 

Mine Metal Date Onstream Electrical Energy 
(shut down) 

Load 
Annual l'eak Factor 

(GWH) (TJ) (MW) (%) 

Cyprus Anvil lead, zinc 1969 106 382 16.1 75 
Cyprus Anvil 

expansion 1983 77 277 ll. 7 75 
Elsa silver 1914 27.5 99 4.6 68 

(1988) 
Venus gold 1982 5,3 19 1.0 60 
Whitehorse 

Copper copper, silveC" 1967 31L5 1.24 5.6 70 
(1984) 

Tom Deposit lead, zinc 1985 65.7 237 10.4 72 
Howard's Pass lead, zinc 1995 65. 7 237 10.4 72 
Mac Tung tungsten 1987 23.5 85 3.8 70 

Oil and Gas 

Foster Research reviewed the possibility of electrical energy C"equirements for 

the Pointed Mountain gas processing plant (Amoco Canada PetC"oleum Company Ltd), 

Kotaneelee gas plant (Columbia Gas Development ot Canada Ltd.) and potential plants 

in the Eagle !'lains area (Aquitaine Company of Canada Ltd.). They concluded that no 

firm electrical energy C"equirements could be anticipated. 

Foresi: PC"oducts 

Expansion o.f the sawmill facilities in Watson Lake was fot'ecast to cause an 

i.nct'ease in annual energy use of 6 GWH duC"ing 1978 to 1981 with an associated 

increase in peak demand of 1.1 MW. 

Construction 

Anticipated construction projects include the Alaska Highway Natural Gas ?ipe-

line (1982-1985), a majol:' hydro project (1983-1990) and continuing construction or 

the Shakwak Highway Improvement (1978-1989). Impacts ot these projects on energy re-

quiC"ements have been built into the residential and commet'cial forecasts. 
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Transportation 

No major projects were built into the Base Case. 

Str'eet Lighting 

Histor'ic data describing street lighting requirements were compiled for each 

of the primary system load centres listed in Table A-8. As with the Commercial data, 

no trends were appal:'ent from the 1975-1978 data and an average figure was calculated 

and compared to the residential useage to obtain a ratio of commercial to residential 

energy use. These ratios are listed below in Table A-15. The Street Lighting 

Forecast was developed by combining the Residential Forecast with these ratios. 

Table A-15 Ratios of Street Lighting to Residential Electrical Requirements used by 
Foster Research (1979) to generate the Base Case Forecast. 

Aishihik/Whitehorse Faro System 

Whitehot'se 
Carmacks 
Haines Junction 
Ross River 
Fal:'O 
To cal 

Mayo System 

Dawson 

Keno C:tty 
Mayo 
Elsa 
Total 

Johnson's Ct'ossing 

Cthet' (YECO) 

Total Yukon 

Ratio (%) 

2.9 
6.3 
7,7 
4.6 
L3 
2.9 

18 '3 
l. 7 

2.6 

4.6 

Note: Figut'es t'ept'esent histot'ic averages 1975-1978 and fot' Foste~ Research's Base 
Case were projected as constants through 1998. 

System Losses 

Historic data describing system losses wet'e compiled for each of the pt'imary 

system load centres listed in Table A-8. Fot' the AiShih.ik/Whitehot'se/Fat'o System an 

____________ , ___ ·-- . 
•.. ·-- ·~ - ---"··- ' ~--~_-... -
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increase of approximately 10 to 11% in losses was estimated as the system expands to 

service new and more remote mines. For the remaining components historic averages 

were used in the forecasts. These are listed below in Table A-16. 

Table A-16 Historic averages of system losses compiled by Foster Research (1979) as 
a percentage of Net Generation 

Aishihik/Whitehorse Faro System 

Whitehorse 
Carmacks 
Haines junction 
Ross River 
Faro 
System extension (1988-1998) 
Total 

Mayo System 

Dawson 

Keno City 
Mayo 
Elsa 
Total 

johnson's Crossing 

Other (YECO) 

Total Yukon 

losses ( % ) 

7,9 
11. 4 
17.9 
19.0 
12.6 
12.6 

10.0-10.8 

12.1 
4.8 
4.8 
4.8 

9.1 

23.l 

9.8 

9.s-10.1 

Load Factors and Peak Demand 

Historic data describing load factors and peak demand for the period 1975-1978 

were compiled. An aver-age load factor- for the combined residential/commer-cial plus 

street lighting sectors was calculated for- 1978 for each of the five systems and for 

the individual load centres. This figure was combined with projections of the indus-

trial load factors to develop weight averaged load factors for each system. These 

projected load factors were combined with forecasts of net generation or calculate 

peak demand. 
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RESULTS 

Base Case Forecast 

The resulting Base Case forecast ia shown on Figure l as 113. Annual 

electricity use increases tt"Om 336.6 GWH (1212 TJ) in 1978 to 730.4 GWH (2629 TJ) in 

1998. Load tactors for the total Yukon vary tt'Om 62.3 to 63.81 with various 

individual mine start upa and shutdowns causing yearly variations. Peak Demand 

increases over the forecast period from 63.5 MW in 1978 to 130.8 M'W by 1998 • 

The High and Low Caaea Developed by Foster 
Rimtarch (1979) 

Foste_r Research evaluated the following factors that might cause tuture 

variation in from their Base Case: 

l. the intel!'rel.ated effects on electrical energy requirements or price 

trends, conservation and into fuel substitution 

2. the probability and potential effects or utilization ot solar heat and 

the heat p1.1111.p 

3. more or tewer mine developments 

4. the probability and effects or a lead/zinc smelter and an alwninum 

smelter 

5. pipeline construction and electrification 

6. shutdown, extension and electrification or White Pass and Yukon Railway 

1. electricity export to Alaska, s.c. and N.W.T. 

The above factol!'s were u.aed to develop High and Low Cases. The assumptions 

underlying each or these cases are discussed in the following sections. 

The Foster Research High Case 

In addition to the electrical energy requirements of the Base Case a number of 

developments were included to develop the High Case Forecast. These developments are 

listed below in Table A-17. 
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Table A-17 Additional Developments included in Foster Research's High Case 

Development Date Onstream 
(shut down) 

Electrical Energy 

"~ 

Jason Deposit, Tom Expansion 
(lead,zinc,silver) 

Howards Pass Expansion 
(lead,zinc,silver) 

Minto (copper) 
Soverign Metals (barite) 

Smelter 

lead zinc smelter 

Pipelines 

partial natural gas pipeline 
electrification 

Eleccr1citz Exports 

Canada, Tungsten NWT 
Cassiat', B.C. 
Skagway, Alaska 

Total 

1993 
1998 

1988 
1988 

1988 

1993 

1993 
1993 
1993 

Annual 
(GWH) (TJ) 

37.0 
17. 5 

827 

660 

26 

2509 

177 
177 

133 
63 

2977 

2376 

94 
194 

_Ji 

9032 

Peak 
(MW) 

7"8 
7.8 

6.0 
4.0 

122 

84 

4.4 
8.o 

-1..:J. 
382 

Results of the High Case are shown plotted on Figure l as #15. 

The Foster Research Low Case 

Load 
Factor 

( %) 

72 
72 

70 
50 

77,5 

90 

67 
77 

ll 
75 

Several electrical energy requirements included in the Base Case we!'e removed 

for' the low case. Mining activity was ?:'educed to the Cyprus Anvil Mine at F'ar'o which 

was closed after 1988 and the United Keno Hill Mine at Elsa which was closed ar'ter 

1983. In addition, conservation and interfuel substitution resulted in a 5% reduc-

tion in 1998 in the residential and commercial sectors energy requirements. The Low 

Case is plotted on Figure l as #14. 
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6. HILDEBRANDT-YOUNG 198la 

MARKET FORECAST, ELECTRICAL ENERGY REQUIREMENTS 
IN THE YUKON TERRITORY 1980/81 - 2000/2001 

TERMS OF REFERENCE 

To provide a twenty year forecast of electrical energy requirements in the 

Yukon. 

GENERAL APPROACH TO ELECTRICITY DEMAND PROJECTIONS 

Hildebrandt-Young initially develop a "Base Case" which is intended as an 

indication of future demand assuming no significant changes in the Yukon economy. It 

represents a static growth outlook and is not suggested as a probable forecast. The 

Base case assumes no significant changes in Territorial population, no significant 

changes in per capita domestic electrical consumption, no significant change in com­

mercial consumption, no significant change in government consumption of electrici~y, 

no change in mining/industrial activity and no new loads. 

Two additional cases are then developed, a Low Case considered most probable, 

and a High Case. Each of these cases is developed by modifying the following 

factors: 

l. mining activity 

2. pipeline construction 

3. interruel substitution (natural gas for electricity) 

DETAILED ASSUMPTIONS, PROJECTIONS AND RESULTS 

Introduction 

The End Use Categories and system characteristics considered by Hildebrandt-

Young are given below in Table A-18. The items are essentially the same as those 

considered by Foster Research and listed in Table A-7 (p A-14), 

--~·----~---- ·----- .,~" 
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Table A-18 End Use Categories and System 
Characteristics Considered by 
Hildebrandt-Young (198la) 

l. Domestic 
2. Commercial 
3. Industrial 
4. Street Lighting 
5. Total Load 
6. Total Generation 

(including losses) 
7. l?eak Load 
8. Load Fae tor 

Individual forecasts were developed for the load centres listed in Table A-19. 

Table A-19 Load Centres Considered by Hildebrandt-Young & Associates Ltd. (198la) 

1. Aishihik/Whitehorse/Faro System 
2. Faro and Anvil Mine 
3, Haines Junction 
4. Ross River 
;. Whitehorse 
6. Carmacks 
7. Johnson's Crossing 
8. Mayo System 
9. Elsa and Keno Mines 

10. Keno City 
11. Mayo Townsite 
12. Total !ECO-owned, non-integrated diesel systems: Beaver 

Creek, Destruction Say, Old Crow, l?elly Crossing, Stewart 
Crossing, Swift River, Teslin, Watson Lake 

13. Beaver Creek 
14. Destruction Say 
15. Old Crow 
16. Pelly Crossing 
17. Stewart Crossing 
18. Swift River 
19. Teslin 
20. Watson Lake 
21. Dawson 
22. Total Yukon 

Base Case 

The Base Case was calcu.lated with two simple adjustments to the 1979/1980 

historic data. Firstly, the domestic, commercial and street lighting loads we!"e 

adjusted upward by 2.5z per annum for 1980/81 and 1981/82. These estimates were then 

held constant to 2000/2001. Secondly the industrial load was adjusted in both 

1981/82 and 1982/83 fol" expansion of the Cyprus-Anvil ope!:'ation at Faro. No other 

changes were made and the total forecast was held constant to 2000/2001. The Base 

Case is plotted on Figure 1 as #17. 
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Low Caae Scenario 

The Low Caae Scenario was conaidered by Hildebrandt-Young a.a the moat probable 

scenario. It was calculated by modifying the Base Case for a decline in mining and 

"exploration activity, construction of a local natural gaa pipeline, and aubatitution 

of natural gas for hot water heating and apace heating. All changes were projected 

to occur on the A1shihik/Whitehorse/Faro system and all other load centrea were held 

constant. Detailed assumptions are listed below 1n Table A•20. The scenario 

forecast was held constant beyond 1988/89 and is ahown plotted on Figure l as 116. 

Table A-20 Assumptions used by Hildebrandt-Young (l98la) to calculate the Low Case 
Scenario from the Base Case 

ITEM DATE 

Stage l Cyprus Anvil expansion 1981/82 

Stage 2 Cyprus Anvil expansion 1982/83 

Whitehorse Copper terminates 1983/84 
(includes mine and domestic loss) 

Decline 1n exploration and tourism 1984/85 
(5: of total system sales) 

Construction o\ local natural gaa 
pipeline 1984/85 

cs: of total system sales) 

End of local pipeline construction 1985/86 
(half of previous years increase) 

Natural gas substitution tor 50:1: 1985/86 
of electric heat and hot water 
load 

Natural gas subatitute for an 1986/87 
additional 2oi of (original) 
electric heat and hot water 
load 

Natural gas substitution for an 1987/88 
additional 15~ of (original) 
electric heat and hot water 
load 

Natural gas substitute for an 1988/89 
additional 5: of (original) 
electricity heat and hot water 
load 

IMP ACT ON ANNUAL 
ELECTRICITY tJSE 

MWR TJ 

+26,854 

+27,500 

-35,500 

+14,907 

- 7,454 

-29,000 

-11,600 

- 8,100 

- 2,900 

+ 96.7 

+ 99.0 

-127.8 

- 53.7 

+ 53.7 

- 26.8 

-104.4 

- 41.8 

- 3l.3 

- 10.4 

High Case Scenario 

The High Case Scenario was calculated by modifying the Base Case for all the 

activity changes in the Low Case Scenario (Table A-20) as well as increased mining 
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activity and construction of the Alaska Highway Natural Gas pipeline. As with the 

Low Case, all changes were projected to occur on the Aishihik/Whitehorse/Faro system 

and all other load centres were held constant. Detailed assumptions in addition to 

those listed in Table A-20 are given in Table A-21. The High Case Scenario is 

plotted on Figure l as #18. 

Table A-21 Assumptions in Addition to the Low Case Assumptions used by Hildebrandt­
Young (198la) to calculate the High Case Scenario 

ITEM 

Marbacio Resources Ltd Mine 
on stream 

Construction of Alaska Highway 
Natural Gas Pipeline begins -7% 
increase in electricity sales 
estlmated 

Kathleen Lakes (Prism Resources) 
on stream 

Continued Pipeline Construction 
( 7% increase) 

Mactung on stream 

End of pipeline construction 

Tom Deposit comes on stream 

Howard's Pass comes on stream 

DATE 

MWH 

1982/83 + 8,400 

1983/84 +25,173 

1984/85 +27,500 

1984/85 +25,173 

1985/86 +58,700 

1985/86 -12,587 

1987/88 +95,000 

1990/91 +82,000 

Load Facco~ and Peak Loads 

IMPACT ON ANNUAL 
ELEC'tRICITY USE 

TJ' 

+ 30.2 

+ 90.6 

+ 99,0 

+ 90.6 

+211. 3 

- 45,3 

+342.0 

+295.2 

Hildebrandt-Young forecast peak loads by using a constant load factor calcu­

lated from the 1980/81 histor-ical data. This calculation was done for each of the 

load centers listed in Table A-19G 
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7. HILDEBRANDT-YOUNG l98lb 

PROJECTED YUKON ENERGY REQUIREMENTS 
1980 - 1991 

l. To review past and present energy consU111pt1on patterns in the Yu.icon 

2. To suggest probable patterns of economic development and related patterns 

of energy consUlllption under a range of energy price possibilities. 

GENERAL APPROACH TO DEMAND PROJECTIONS 

The energy forms considered by Hildebrandt-Young (l98lb) are listed below in 

Table A-22. 

Table A-22 Energy Forms Considered by 
Hildebrandt-Young (l98lbl 

Gasoline: road grade 
aviation 

Aviation turbo fuel 
L.P.G. (Liquified Petroleum Ga.al 
Diesel 011: road 

rail 
diesel generation 

of electricity 
heating 

Electricity (hydraulic) 
Natural Gas 

A 1990 forecast of Yu!con energy use was developed by projecting independently 

each energy form. Six cases of energy use were forecast (Table A-23). The Low and 

High Economic Growth projections was defined by variations in mine development 

activity. 
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Table A-23 Energy Use Cases developed by Hildebrandt~Young (198lb) 

A. Low Economic Gl'Owth 

I no conservation, no interfuel substitution 
II conservation, no intertuel substitution 

III conservation, intertuel substitution 

B. High Economic Growth 

I no conservation, no interfuel substitution 
II conservation, no interfuel substitution 

III conservation, interfuel substitution 

In addition to the above forecasts of energy use, Hildebrandt-Young (198lb) developed 

three scenarios at per capita energy costs based on low, medium and high projected 

prices of crude oil, liquid hydrocarbon fuels, electricity and natural gas. A 

discussion of energy prices is beyond the scope of this report. 

DETAILED ASSUMPTIONS AND PROJECTIONS 

Tables A-24 and A-25 list the changes in the Yukon's mining industry that were 

used to define the Low and High Economic Growth cases respectively. Also listed are 

the associated changes in electrical energy consumption and the Yukon population. 

Table A-24 Changes in the Yukon's Mining Activity, Pooulation and Electrical 
Consumption Used by Hildebrandt-Young (198lb) to Define their Low 
Economic Growth Case. 

Year Activity Change :!.n Population 
electt"ic consumption 

(MWH) 

1980/81 24,138 

1981/82 expansion at Cyprus An'ril + 26,854 24,138 

1982/83 expansion at Cyprus Anvil + 27,500 24,138 

1983/84 closure of Whitehorse Copper - 35,500 23,508 

1990/91 closure of Cyprus Anvil -170,000 21,348 

closure of United Keno Hill 

Mines at Elsa and Carc~oss - 38,400 20,148 
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Table A-25 Changes in the Yukon's Mining Activity, Population and 
Consumption used by Hildebra.~dt-Young (198lb) to Define 
Economic Growth Case. 

Electricity 
Their High 

Year Activity Change in Population 
electrical consumption 

(MWH) 

1980/81 24,138 
1981/82 expansion at Cyprus Anvil + 26,854 24,488 
1982/83 expansion at Cyprus Anvil + 27,500 25,053 

start up, Marbaro Resources + 8,400 
1983/84 closure of Whitehorse Copper - 35,500 25,386 
1984/85 start up, Prism Resources + 8,000 26,495 
1985/86 start up MacTung + 58,700 27 ,350 
1986/87 27,747 
1987/88 start up Tom Deposit + 95,000 29,409 
1988/89 29,835 
1989/90 30,260 
1990/91 start uo Howard's Pass + 82,000 

closure.United Keno Hill - 38,400 30,706 
Mines at Elsa and Carcross 

For each of the Low and High Economic Growth projections, three cases were developed 

(Table A-23) depending on conservation and interfuel substitution. 

assumptions, underlying these cases are listed in Table A-26. 

Table A-26 Detailed Assumptions Used by Hildebrandt-Young (198lb) 

LOW ECONOMIC GROWTH 

I NO CONSERVATION, NO INTERFUEL SUBSTITUTION 

The detailed 

l. 1980 per capita energy use projected as constant to 1990 ror all energy 
rorms. 

2. diesel generated electricity declines by 1990 to 10% of total electricity 

3. changes as listed in Table A-24. 

II CONSERVATION, NO INTER.FUEL SUBSTITUTION 

1. per capita consumption of road gasoline declines by 1990 to 503 of 1980 
use 

2. per capita consumption of aviation gasoline declines to historic low by 
1990 

3. per capita consumption of aviation turbo fuel declines by 1990 by 22.53 

4. per capita consumption of L.P.G. declines to historic low by 1990 

5, per capita consumption of Diesel fuel is as follows for 1990: 

6. 

a. road: constant per capita consumption 
b. rail: constant per capita consumption 
c. electrical generation: 10% of electricity generated 
d. heating: per capita consumption declines to the lowest technically 

feasible. 

electricity consumption :s modified as listed in Table A-24. In 
addition, conservation measures are assumed to result in a 46% reduction 
in the 1980 residential electrical heating load and a 403 reduction in 
the 1980 commercial heating load. 
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III CONSERVATION AND INTERPUEL SUBSTITUTION 

In addition to the assumptions listed in Case II above, natural gas 
was assumed to replace the following items: 

1. 77.5% of L.P.G.'s 
2. 77.5% of road diesel 
3. 100% of rail diesel 
4. 100% of diesel used for electrical generation 
5. 85% of heating oil (diesel) 

These substitutions were based on the following thermal content of 
fuels and energy use efficiencies: 

fuel eft1ciency(S) 

L.P.G. 75 

natural gas for space heat 75 

road diesel 75 

road natural gas 75 

rail diesel 100 

rail natural gas 100 

diesel electric 100 

natural gaa electric 100 

heating oil 65 

electric hot water heat 100 

natural gas hot water heat 70 

thermal gontent 

ll0,000 BTU/gal 

io 6 BTU/mer 

186,000 BUT/gal 

106 BTU/mer 

186,000 BTU/gal 

106 BTU/mcf 

186,ooo BTU//gal 

io6 BTU/mcf 

167,000 BTU/gal 

3413 BTU/kW.h 

106 BTU/mer 

HIGH ECONOMIC GROWTH 

I NO CONSERVATION, NO INTERPUEL SUBSTITUTION 

l. 1980 per capita energy use projected as constant to 1990 for all energy 
forms. 

2. changes aa liated in Table A-25. 

II CONSERVATION, NO INTERPUEL SUBSTITUTION 

Same assumptions as listed for Case II Low Economic Growth except changes to 
electrical consumption and population follow those listed in Table A-25. 

III CONSERVATION AND !NTERPUEL SUBSTITUTION 

RESULTS 

Same assumptions as listed for Case III Low Economic Growth except changes to 
electrical consumption and population follow those listed in Table A-25. 

The six resulting 1990 forecasts are listed in Table A-27 in both natural 

units and heat equivalent units. Pigures have been rounded from those contained in 

the Hildebrandt-Young (1981b) report. 
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Table A-27 Energy Uae Forecasts developed by H1ldebrandt-Young (l98lb) 

Petroleum P£2ducts 

road gasol1ne 
av1at1on gasol1ne 
av1at1on turbo fuel 

1980 

(TJ)* 

2182 
206 
335 

liqu1d petroleum gases 64 
d1esel ruel: 

- ra1l 32 
road 2686 

- heating 2053 
- electrical 

generat1on ...ill. 
Total Petroleum 

Products 8215 

Hzdro Electric1tz 
Total 1176 

Natural Oas 
Total 

Wood 
---irota.l 266 

Coal 
---irota.l 454 

TOTAL YUKON l15UI 

Poou~ation 24138 

*Note ce: Un£ts 

1990 FORECASTS* 

tow ECONOMIC GROWTH 
I II III 

HIGH ECONOMIC GROWTH 
I II !II 

1755 879 879 2675 1340 1340 
172 92 92 262 140 140 
280 217 217 427 331 331 

51 45 10 87 68 15 

25 25 38 38 
2008 2008 453 3061 3061 691 
l7ll 886 135 2607 1350 205 

..l£i ..l£i - _llQ. ...lQ! -
6212 4350 1786 9907 6636 2722 

525 354 222 1888 1843 1673 

2857 4372 

- no projections made -

- no proJections made -

en? ~m:i ~sr;; UT~; SQH B7!7 

20148 30706 

The above table 1s expressed in terajoules (TJ). The heat equivalent un1t 
variety ot natural un1ts. The tollow1ng conversion factors apply: 

Fuel Tzpe Natural Un1t Conversion Factor 
terajoulea 

road gasoline megalitres 34.656 
aviation gasoline megalitrea 33,518 
aviation turbo fuel megal1tres 35.934 
liquified petroleum gases megalitres 27.177 
diesel fuel megalitres 38.675 
electricity gigawatt hou!'s 3.600 
natural gas g1gal1tres 37.229 
wood cords x 1000 17.733 
coal tonnes x 1000 22.700 

-·-------·-- ·- -·----
-------.~.~-~.·. . .. ·-----~-··~··. 

Of a· 
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8. HILDEBRANDT-YOUNG 1982 

UPDATE: MARKET FORECAST, ELECTRICAL ENERGY 
REQUIREMENTS IN YUKON 1981/1982 - 2001/2002 

To provide a twenty year forecast ot electricity use in the NCPC portion of 

the Yukon electrical system. 

GENERAL APPROACH TO DEMAND PROJECTIONS 

A review of 1977178 to 1980/81 historical data waa initially undertaken to 

identify any trends in electricity use for domestic and com111erc1al customers. Con-

clusions .drawn trom this review were then combined with various 1ndustr1al 

development possibilities to generate three electrical energy forecasts: Low, Base 

and High caaes. The aase Case was 1dent1fied aa the most likely to occur. Only the 

NCPC system was dealt with 1n this report and total Yukon figures were not generated. 

DETAILED ASSUMPTIONS A.NO PROJECTIONS 

Introduction 

The End Use Categories and System Characteristics used in the report are the 

same as those listed in Table A-18 (p A 24). 

Individual forecasts were developed tor the load centres listed below in Table 

A-28. This list includes all the NCPC supplied centres and excludes those supplied 

by YECO. 
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Table A-28 Load Centres Cons1dered by 
Rlldebrandt-Young, 1982 

l. A1sh1h1k/Whitehorse/Faro System 
2. Faro and Anvil Mine 
3. Haines Junction 
4. Ross River 
5. Whitehorse 

(including Tagish and Carcross) 
6. Carmacks 
7. Johnson's Crossing 
8. Mayo System 
9, Elsa a.nd Keno Mine 

10. Keno City 
ll. Mayo Townsite 
12. Dawson C1ty 
13. Total Yukon NCPC generated 

For each of the load centres listed 1n Table A-28, a ttcommuun1ty Intormat1on 

Profile" was also developed w1th a compilat1on of 1917/78 to 1980/81 histor1c data on 

population, domestic consumpt1on per connect1on (government, non government, 

comb1ned), commercial consumption per capita (government, non government, combined) 

and Total community consumption (excluding industrial). 

The hUtoric data were uaed to 1dentify tren.ds in domestic and co111111ereial use. 

For domestic customers, an ove:-all reduction per connect1on occurred but appeared to 

be levelling off in the last two yea.rs. No trends were 1dent1.f'ied 1n the cownercia.l 

sector. 

The domestic and commercial forecasts were tied directly to a population 

forecast. In both sectors a constant per capita use based on the 198-0/81 figure was 

projected throughout the forecast period. 

H1ldebrandt-Young developed a population forecast for each sc.enario (low, 

base, high) dependent on mining developments, hydro construction and pipeline con­

struction. Their population forecasts are shown on Figure 3. 

Base Case Scenario 

Domestic and commercial electrical use was forecast using the Base Case 

population forecast and per capita domestic and commercial use calculated ro~ 

1980/81. 

The industrial forecast was based on the assumed activities listed in Table 

A-29. 
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Table A-29 H1ldeb!'andt-Young (1982) assumed Base Case Indust!'ial Activities 

ITEM 

reduction in Whitehorse Copper 
activity 

new rotary drill at Cyprus Anvil 

reduction in United Keno Hill 
Mine at Elsa 

mill expansion at Cypl:'us Anvil 

Closu!'e of Whiteho!'se Coppe!' 
at end of 1983 (9 months ope!'ation) 

Cyp!'us Anvil Expansion 

Closure of Whitehorse Copper 

Reopen of Venus Mine 

Closure of Elsa Mine 

Open Kathleen Lakes Silver Mine 

MacMillan Pass Mines 
Mac Tung 
Tom 
Jason 
Howard's Pass 

(New Hydro Electr-ic facility ouiltl 

Venus Mine closes 

Kathleen Lakes Mine Closes 

DATE 

1982/83 

1982/83 

1982183 

1983/84 

1983/84 

1984/85 

1984/85 

1991/92 

1991/92 

1991/92 

1998/99 

Total 

2001102 

2001/02 

IMPACT ON ANNUAL 
ELECTRICITY USE 

MWH TJ 

2,352 8.4 

+ 21,000 + 75.6 

1,836 6.6 

+ 12,000 + 43.2 

9,014 32.s 

+ 48,000 + 178.8 

- 27,043 97.4 

+ 8,400 + 30.2 

- 22,915 82.5 

+ 27,500 99.0 

+ 58,700 + 211.3 
+ 95,000 + 342.0 
+ 95,000 + 342.0 
+ 821000 
+3J0,700 

+ 295.2 
+u§o.5 

8,400 30.2 

- 27 ,500 99,0 

Low Case Scenario 

Domestic and commercial electrical use was forecast using the Low Case 

population fo!'ecast and pet' capita domestic and coll!lllercial use calculated in 1980/81. 

The indust!'ia.l forecast was based on the assumed activities listed below in 

Table A-30. 
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Table A·30 Hildebrandt-Young (1982) assumed Low Case Industrial Activities 

ITEM 

reduction in Whitehorse Copper 
activity 

new rotary drill at Cyprus Anvil 

reduction in United Keno Hill 
Mine at Elsa 

mill expansion at Cyprus Anvil 

Closure of Whitehorse Copper 

Cyprus Anvil Expansion 

Closure of United Keno Hill 
Mine at Elsa 

DATE 

1982/83 

1982/83 

1982/83 

1983/84 

1983/84 

1984/85 

1991192 

IMPACT ON ANNUAL 
ELECTRICITY USE 

MWH TJ 

2,352 8.4 

+ 21, 000 + 75.6 

l,836 6.6 

+ 12,000 + 43.2 

- 36,057 - 129 .o 
+ 48,000 + 172.8 

- 22,915 82.5 

High Case Scenario 

Domestic electrical use was forecast using the High Case population forecast 

and per capita domestic use calculated for 1980/81. This f1gu!'e was then reduced to 

allow for conversion to natur-al gas fr-om electricity a substitution made possible by 

construction of the Alaska Highway Natur-al Gas Pipeline. Table lists the assw:ied 

r-eductions. 

Table A-31 Hildebrandt-Young, 1982, assumed reductions in domestic electr-ic1ty use 
resulting from natural gas substitution High Case Scenar-io 

Year 

1988/89 
1989/90 
1990/91 
1991192 

~ of domestic use 

50 
20 

5 
5 

fteduction 

MWH 

24,000 
9,760 
2,400 
2,400 

TJ 

86.4 
35.1 
8.6 
8.6 

Commer-cial electrical use was forecast using the High Case population estimate 

and per capita commercial cise calculated for- 1980/81. 

The High Case industrial activities were assumed to be the same as those 

listed 1n Table A-29 for the Base Case but intr-oduction of new mines was advanced two 

year-s and in addition, construction of the Alaska Highway Natural Gas Pipeline was 

assumed to begin in 1983/84 and be completed by 1987/88. 



A 36 

RESULTS 

Because Hildebrandt-Young (1982) dealt only with the NCPC system, results are 

not plotted on Figure 1. However, to obtain a comparison, the Hildebrandt-Young 

(1981) forecasts for the YECO non integrated system were added to the Hildebrandt­

Young (1982) forecasts for the NCPC system. This total Yukon forecast is shown 

plotted on Figure A-2. Comparable data from Foster Research (1979), H1ldebrandt­

Young (198la and b) and Hodge and Ehrlich (1983) have been added for comparison. 
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9. HODGE AND EHRLICH, 1983 

NORTHERN ENERGY 

TERMS OP REFERENCE 

l. To demonstrate a cohesive and complete method for analyzing energy use. 

2. To test the feasibility of a more efficient energy future, consistent with 

an expanded economy, that is in itself limited in growth and characterized 

by an emphasis on renewable, decentralized and small scale energy sources. 

3. To test the feasibility of an energy future that is more dependent on Yukon 

(or NWT) produced energy. 

GENERAL APPROACH TO DEMAND PROJECTIONS 

The method used 1n this study does not lead to an energy forecast in the 

traditional sense. The proJections developed are not an attempt to predict the 

future but rather are intended to illustrate that given certain conditions, a certain 

energy picture will result. The technique is sometimes called "baclccasting" and is 

essentially a goal oriented feasibility study. 

The study considers a long term time period: 1978-2025. A simplified 

schematic of the study methodology is shown in Figure A-3. A ~ong !erm 1imulation 

~odel (LTSM) developed by the Federal Government was used to provide economic growth 

projections. 
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A. ESTABLISH STUDY FRAMEWORK 

1. Long 'I'erm Simulation Model (LTSM) 

2. Economic Gi-owth Scenarios 
a. Business as Usual (BU) 
b. Consumer Saturation (CS) 

1 
B. DETERMINE BASE CASE DATA 

a. Residential: housing mix and characteristics 
b. Commercial: floor areas and characteristics 
c. Industrial and Transportation: economic activity 
ct. Energy requirements all sectors, 

Supply Sector 
including Energy 

e. Population 
f'. Private automobile characteristics 

l 
c. ESTABLISH POPULATION PROJECTIONS 

l 
D. ESTABLISH ENERGY PRICE ESTIMATES 2000' 2025 

l 
E. ESTIMATE IMPACTS OP CONSERVATION AND 

CHANGES IN ENERGY EFFICIENCIES, 2000' 2025 

l 
F. PROJECT ENERGY REQUIREMENTS FOR 2000 AND 2025 

a. Residential 
.-- b • Commerc::ial 

l c. Industrial 
I ct. Transportation 

l ~ 
·~ 

G. UNDERTAKE SUPPLY ANALYSIS 
a. Inventory - b. Assumed penetration rates of alternative suppUes -
c. National matching or imports and exports 

Figure A-3 Simplified schematic of method used by Hodge and Ehrlich, 1983. 

Two growth scenarios were developed: Business-as-usual and Consumer 

Saturation. Both scenarios maintain growth rates or output, disposable income and 

technological development of' about 4% per annum. In the Business-as-usual scenario, 

labour hours per year are held constant over time and added disposable income is 

spent mainly on services. In the Consumer Saturation Scenario, gains from technology 

are taken in the form of' increased leisure time rather than increased expenditure on 

services. Thus in the Consumer Saturation scenario, labour hours per year are 

gradually reduced so that disposable income grows more slowly and projected output 

does not grow so rapidly as in the Business-as-usual scenario. 
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A detailed Base Case economic activity and energy demand analysis was 

completed first. Each of the residential, commercial, industr-ial, tr-ansportation and 

ener:-gy supply sectors was consider:-ed separately. Sectors were disaggregated into 

subsectors consistent with categories defined in Statistics Canada's Standard 

Industrial Classification (1970) and listed in Table A-32. 

RESIDENTIAL SECTOR 

Single Family Detached (SFD) 

Single Family Attached (SFA) 

Apartments 

Mobile Homes 

TRANSPORTATION SECTOR 

Air 

Water 

Rail 

Auto 

Truck 

Bus 

Table A-32 
Listing of Subsectors used by 

Hodge and Ehrlich, 1983 

COMMERCIAL SECTOR 

Off ices 

Schools/Universities 

Hospitals 

Stores/Shops 

Hotels/Motels/Restaurants 

Government (Street Lighting) 

ENERGY SUPPLY SECTOR 

Mineral Fuels 

Petroleum and Biomass 
Refining 

Pipeline Transport 

Utilities 

INDUSTRIAL SECTOR 

Agriculture 

Fores troy 

Fishing, Hunting, 
Trapping 

Iron Mines 

Other' Mining 

Food Pt'Ocessing 

Pulp and Paper 

Iron and Steel 

Smelting and Refining 

Cement 

Chemicals 

Other- Manufactur'ing 

Construction 

Subsector activity levels and related energy requirements were pr-ejected 

independently before being aggr'egated and synthesized to give sectoral and 

territorial energy requirements for the years 2000 and 2025. A key element in making 

these projections is the assumed degree of technically and economically feasible 

levels of energy conservation and impr-oved ener-gy use efficiencies. 

For the energy analysis, the two scenarios were treated somewhat differently. 

In the Business-as-usual scenario, an economic fix appr'oach was used. Nothing was 

incorporated that was not cost effective at a 71 discount rate and no lifestyle 

changes were permitted from conditions existing in 1978. For the Consumer Saturation 

scenario, the cost effectiveness criterion was slightly ~elaxed and modest lifestyle 

changes were allowed. 
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Following the demand analysis a supply analysis was undertaken. Refet'ence 

energy prices were estimated, the availability of a range of energy forms confirmed, 

and the various energy forms matched to appt'opriate end uses. Matching criteria 

included conaideration of scale, proximity of source to uae, and enet'gy quality. 

Energy quality is a measure of the amount of "useful wot'k" that can be obtained ft'om 

the energy form undel:' consideJ:"ation. 

The t'esult of the energy supply and demand analysis is the identification of 

either an energy excess available for export Ot' an energy deficiency that must be 

matched by imports. 

The study t'esults in three different sets of data: 

1. Base Case and projected energy end uses (Table A-33) categorized by sector 

(Table A-32) and form (Table A-34). 

2. Pt'imary energy sources (Table A-35) and secondary energy forms (Table A-34) 

identified as either Yukon produced or imported. 

3. Subsector and Sector (Table A-32) Base Case and pt'ojected energy categorized 

by end use (Table A-33) 

All data are presented in heat equivalent metric units. 

·Table A-33 End Use Categor-ias used by Hodge and Ehrlich (1983) 

category 

heating and cooling 

industrial process heat 

liquid fuels 

electr-icity specific 

desct'iption 

space heating, hot water 
heating, air conditioning, 
process heat below iooac. 

process heat 100-260°c. 
pt'ocess heat >26G°C. 

transportation fuels 

electric appliances 
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Table A-34 Energy Fot'lll8 us•d by 
Hodge and Ehrlich, 1983 

coal 
na.tural gas 
refined petroleum products 
electricity 
biomass solids (eg cord wood) 
biomass fluids (eg alcohols) 
active solar 

Table A-35 Primary En•rgy Sources 
considered by 
Hodge and Ehrlich, 1983 

coal and peat 
natural gas 
crude oil 
hydro electricity 
solar 
photovoltaics (electricity) 
wind (electricity) 
biomaas 

DETAILED ASSUMPTIONS AND PROJECTIONS 

Population 

The population eor the year 2000 was taken from the Yukon Territorial Govern­

ment's Best estimate in the Yukon Economic Impact Simulation Model (1980). The 

projection assumes construction oe the Alaska Highway Natural Gas pipeline with peak 

construction occurring prior to 1990. The estimate for 2000 was projected to 2025 

using LTSM growth rates (See Figure 3). 
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Energy Demand Analysis 

Residential 

Number of Households 

Population projections were translated into households on the basis of a 

figure of people per household. The Base Case figure of 3. 5 was reduced to 3. 2 for 

2000 and 3.0 for 2025 based on a rate of change consistent with expected changes in 

the rest or Canada. 

Housing M:tx 

Houses were categor:tzed as s:tngle-familY detached, single family attached, 

apartments and mobile homes. A decrease in the pt'Oportion of single family detached 

units (8%) and an increase in apartments (4%) and single family attached units (5%) 

was projected for the year 2000. A further decrease of 4% in single family detached 

units along with modest increases in the other categories was projected for 2025. 

Housing Age 

Housing units were divided into three age groups which identified 

units (pre 1978), units built during the transition stage (1978-1990), 

existing 

and units 

constructed after 1990 when energy efficient construction was assumed to be standard. 

Residential Energy Targets 

Residential energy ;n·ojections were based on the r"equ1rements for the single 

family detached unit. For heating and cooling, the single family attached unit wa3 

assumed to use 56% of the detached unit, apartments 54%, and mobile homes 93%. 

Electricity specific requirements varied only slightly such that apartment unita used 

5% less than other units. 
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Table A-36 lists the energy targets of the single family detached house used 

as a basis for the residential energy calculations. 

Table A-36 Projected and Base Case Yukon energy requirements for GJ/annum for a 
single family detached unit (Hodge and Ehrlich, 1983) 

Base Case 2000 2025 
Pre 78 78-90 90+ Pre 78 78-90 90+ 

Heating & Cooling* l.22.4 64.l 53,3 20.6 47.2 42.2 20.0 

Electric Specific ..J!.:..1 ....1§.:.2. ~ _!.£.:.1 ..ll.:.!!. 12.5 .....2.:..:!. 
Total. 141.l 80.6 67.7 3L3 6L6 54,7 29.4 

* includes domestic hot water 

Assumed Fuel Use Efficiencies 

In addition to conservation measures leading to the energy targets listed 

above, greater fuel use efficiencies were a:ssumed to further' reduce enet'gy requir-e-

ment:s. Generation of heat from fossil fuel wa:s projected to increase in efficiency 

from a Base Case figure of 60% to 80% by 2000 and 90% by 20250 Generation of heat 

from wood was projected to increa:se from a Base Ca:se figure of 55% to 62% by 2000 and 

70% by 2025. Generation of heat from biomass fluids was projected to increase from 

60% efficiency in 2000 to 70% 1n 20250 

Commercial Sector 

Subsector Growth Rates 

Growth rat:es were applied to subsector floor areaso The two subsectors 

"Hospitals" and "Schools and Universitie:s" wet'e projected to expand with population 

growth rateso The "Government" subsector was assumed to grow according to the annual 

gro:ss territorial product growth rates of 2.5%/annum in the Business-as-usual 

scenario lo4%/annum in the Consumer Saturation scenario. The remaining subsectors, 

Stores/Shops, Offices, and Hotel/Motel/Restaurants were projected to grow accot'ding 

to the ovet'all "Commercial" sector growth rate given by the LTSM. 
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Building Age 

Commercial buildings were divided into three age groups: pre 1978, 1978-2000 

and those constructed after 2000. 

Commercial Energy Targets 

An energy target of 100 kW.him was set for all buildings const!"ucted after 

2000. The net effects of conse!"vation on older buildings were set at 50% reduction 

in energy consumption per unit area by 2000 and 70% by 2025. These improvements in 

energy use were int!"oduced at a !"ate in each subsector that depended on the charac-

tel"istics of that subsector. 

Over time, the heating requil"ement of commercial buildings was projected to 

greatly reduce because of improved thermal performance while the use of electrical 

appliances was projected to increase. 

Industrial Sector 

Energy use in 2000 and 2025 was projected by relating energy use to economic 

activity and modifying this relationship by a factor which represents the effects of 

conservation and energy use efficiency. This approach is expressed by the following 

formula which was applied to each subsector for each year being projected. 

E 
2025 

where 

E 

A 

F 

A 
2025 

E 1978 
x r'f9'7li 

total consumption of energy 

x F 

economic activity in constant '$ 1980 

factor which represents the change 1n energy effici­
ency with time between the two years in question. 

Subscripts refer to the years being considered. 

Table A-37 below lists the conservation factors "F". 
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Table A-37 Assumed industrial conservation factors used by Hodge and Ehrlich, 1983. 

Conservation Factor "F" 

Subsector 1978 1990 2000 2025 

Agriculture 1.0 .80 .10 .so 
Forestry 1.0 .12 .ss .21 

Fishing, Hunting, Trapping 1.0 .80 .10 .so 
Mineral Fuels 1.0 .86 .75 .46 

Mining 1.0 .16 .64 ,39 

Food Processing 1.0 ,79 .65 .40 

Petroleum Refining 1.0 .11 ,51 ,35 

Chemicals 1.0 .11 .51 .35 

Other Manu.facturing 1.0 .16 .60 .36 

Construction 1.0 .18 .64 .39 

Projections of economic activity varied 1n method with each subsectol". 

are discussed below. All growth rates are in constant $ 1980. 

Agriculture 

These 

Projections of economic activity were assigned arbitrarily assuming a fourfold 

increase by 2000 and a sixteenfold increase by 2025. 

Forestry 

Economic activity was allowed to grow from a Base Case of $6.6 million to a 

ceiling of $10 million by 1990. 

Fishing Hunting and Trapping 

Growth rates were assumed to follow those developed by the Long Term 

Simulation Model (LTSM): 1.2-1.4 times increase by 2000 and 1.6-1.7 times by 2025 for 

the Consumer Saturation and Business-as-usual scenarios respectively. 
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Mining 

For the Bu.siness-a.a-u.sual scenario, mining activity was projected as three 

times greater by 2000 and tive times greater by 2025. In the ConsUJller Saturation 

scenario activity levels were assumed to be two times greater by 2000 and tour times 

greater by 2025. 

Food Processing 

Growth rates were assumed to tollow those given by the LTSM and resulted in 

double the economic activity by 2000 and tripling by 2025. 

Chemicals 

Growth rates were assumed to tollow those given by the LT!M: l.5-2.0 times by 

2000 and 2.5-3.0 times by 2025 tor the Consumer Saturation and Business-as-usual 

scenarios respectively. 

Other Manutacturing 

Growth rates were assumed to follow those given by the ~TSM: l.7-2.6 times 

increase by 2000 and 2.6-3.6 times increase by 2025 tor the Consumer Saturation and 

Business-as-usual scenarios respectively. 

Construction 

Growth rates were assumed to follow those given by the LTSM: l.8-2.4 times 

increase by 2000 and 2.1-3.3 times increase by 2025 tor the Consumer Saturation and 

Business-as-usual scenarios respectively. 



A 48 

Transoortat1on Sector 

ProJect1ons of energy use in the transportation sector were undertaken exactly 

as in the industrial sector. 

Table A-38 below lists the conservation factors "F'" that al:'e the equivalent to 

~hose for the industl:'ial sector given in Table A-37. 

Table A-38 Assumed tl:'ansportation sector conservation factors used by Hodge and 
Ehl:'lich (1983) 

Subsector Conservation Facto I:' nFn 

1978 1990 2000 2025 

Air LO .so .70 ,50 

Water 1.0 .80 ,775 .50 

Rail LO .90 .80 .10 

Auto LO .53 .28 .Hi 

Truck 1.0 .85 .65 .so 
aus LO .85 ,75 .60 

Projections of economic activity varied in method with each subsector. These 

are discussed below. 

Air 

Growth rates were assumed to follow those given by the LTSM resulting 1n an 

increase of 2.5-4.0 times by 2000 and 4.2-6.2 times by 2025 fol:' the Consumer 

Saturation and Business-as-usual scenarios respectively. 

Water 

A small amount of water transport was arbitral:'1ly ~eint~oduced from the yeal:' 

2025. 

--·--; .. ··-. ----.·-------...._.,--,--:-·:;~.--
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Rail 

Growth rates were assumed to follow those 

extension was proJected although an increase in 

projected for 2000 and 2.0-2.8 times by 2025 

Business-as-usual scenarios respectively. 

Auto 

given by 

activity 

for the 

LTSM. No major 

of 1.5-2.2 times 

Consumer Saturation 

rail 

was 

and 

Automobile use was related to population and fuel consumption was estimated 

using the energy targets listed below in Table A-39. 
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Table A-39 Assumptions used by Hodge and Ehrlich, 1983 for calculation of automobile 
fuel consumption 

Projected fuel use is based on population growth and growth in the number of 
households (obtained from the residential sector analysis) and the assumptions listed 
below. 

Year 

1978 

1990 

2000 

2025 

(Assumed 

Year 

1979 

1990 

2000 

2025 

A. Fuel Consumption 

l/lOOkm 
Assumed for 

Yukon 

20 

10 

5 

3 

Miles per Gallon 
Assumed for National 

Yukon Figure 

15 17 

28 31 

53 59 

90 100 

10% below the !'est of Canada because of more extreme climate). 

a. Number 

Vehicles/ 
Household 

2.6 

2.6 

2.3 

l.9 

of Vehicles per Household 

No. of Vehicles 
(Calculated) 

18,327 - actual registration 

25,000 

30,000 

50,000 

The number of vehicles per household is significantly higher than the rest of 
Canada. This characteristic was projected to continue and for the year 2025, the 
figure of l.9 vehicles/household is just over twice the national figure of ,9 
vehicles/household. 

c. Total Annual Distance Driven Per Vehicle 

Base Case levels were calculated using the fuel consumption assumptions out­
lined above and total fuel sales figures obtained from ERPU (1979). For pt'Ojections 
the following assumptions were made. 

a. BU Scenario: distance driven per vehicle stays constant over time. 
b. CS Scenario: distance driven per vehicle is 10 !'educed from Base Case 

levels in 2000 and 20% reduced in 2025. 

Truck 

Growth rates of the industt'y were assumed to follow the LTSM resulting in a 

2.1-2.9 times increase in activity by 2000 and a 3.1-4.5 times increase by 2025 for 

the Consumer Saturation and Business-as-usual scenarios t'espectively. 
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Projected economic activity was arbitrarily assigned assuming a 4.0-5.0 times 

increase by 2000 and a 6.o-8.0 times increase by 2025. 

Energy Supply Analysis 

Decision ma.king regarding supply options was based 

Reference Energy Prices developed for the years 2000 and 

primarily on a 

2025 combined 

exercise that matched the various energy fot'llla to appropriate end use. 

set 

with 

of 

an 

Matching 

criteria included consideration of scale, prox.1lllity of source to use and energy 

quality. Energy quality is the amount of •useful work" that can be obtained from the 

energy form under consideration. 

In the following paragraphs a sUllllllary is given of the projected use of each 

energy form. 

Non-Renewables 

Coal 

The small amount of coal used for industrial process heat in the Ease Case was 

phased out for all future scenarios and no additional uses of coal were projected. 

Natural Gas 

Natural gas was assumed to become available with the introduction of the 

Alaska Highway Natural Gas Pipeline. Natural gas consumption peaked in 2000 

Euainess-as-usual scenario in which it was projected to supply 

l. 38% of residential heating 

2. 52% of commercial heating 

3. 7% of industrial heating and cooling 
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Only uses adjacent to the pipeline route were considered and because of 

improved combustion efficiencies, greater levels of conservation, and penetration of 

renewable energy forms, natural gas use was projected to decrease after 2000. 

Refined Petroleum Products 

Use of refined pett'oleum p!'oducts was projected to drop off to 38%-75% of' 

p!'esent levels in 2000 and 73-18% of present levels in 2025 in the Consumer 

Saturation and Business-as-usual Scenat'ios respectively. 

Diesel Gene!'ated Electricity 

Use of Diesel generated electricity was projected to drop off from a Ease Case 

level of 12% of the Yukon's electricity to l.0-1.5% in 2000 and 0-1% in 2025 for the 

Consumer Saturation and Business-as-usual scenarios respectively. 

Renewables 

Elect~icity: Renewable 

The p~ojected penetration of ~enewable elect~ical ene~gy is given below in 

Table A-40. 

Table A-40 Projected penetration of electricity generated by various renewable forms 
for each scenario and year (Hodge and Ehrlich, 1983). 

% of Total Electricity Generated 
Source 

2000 2025 
Base Case BU CS BU CS 

hydro 88 95 84 87 79 
thermal generation 
with biomass fluids 2. 2 2 

wind 8 5 12 
photovoltaics --- __ s_ _5_ _8 _ 

( 1) (2) ( 3) ( 4) ( 5) 
Total: Renewable 88 98 99 99 100 

Electricity 
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Biomass Solids (Cord Wood or Chips) 

While the number of houses and commercial establishment dependent on wood were 

dramatically increased, the assumed improvements in the efficiency of wood burning 

units from a Base Case figure of 55% to 70% by 2025 limited the total use of wood to 

a maximum or double Base Case levels. 

Biomass Fluids (Methanol, ethenol or vegetable oils) 

Imported renewable biomass fluids were assumed to gradually replace refined 

petroleum products. The total combined use of biomass fluids and refined petroleum 

products was not projected to change greatly over time. 

Active Solar 

Active solar energy was projected to provide 1.5-2% of the total Yukon 

requirement by 2000 and 3-4% in 2025 for the Business-as-usual and 

Saturation Scenarios respectively. The main use was projected to be for 

temperature industrial process heat likely for remote mining operatJ.ons. 

cases, active solar sources were considered seasonal. 

RESULTS 

energy 

Consumer 

medium 

In all 

Results of the work completed by Hodge and Ehrlich, 1983 are given in Figures 

A-4 to A-11. The territorial totals are plotted on Figure 1 as #19 and #20. 
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after Hodge and Ehrlich, 1983. 
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Figure A-7 Yukon industt'iaJ. sector l;otal economic activity and 
enei-gy use projections: 1978-2025, after 

Hodge and Ehrlich, 1983 
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Figure A-8 Yukon transportation sector total economic activity 
and energy use projection: 1978-2025, after 

Hodge and Ehrlich, 1983. 
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Figure A-9 Projected changes :!.n the proportion of 
Yukon-produced and renewable energy: 1978-2025, 

after Hodge and Ehrlich, 1983. 
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Figure A-10 Yukon Secondary Energy Use. 
Business-as-Usual Scenario: 1978-2025, 

a.t'ter Hodge and Ehrlich, 1983 
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Figure A-11 Yukon Secondary Energy Use. 
Consumer Saturation Scenario: 1978-2025, 

after Hodge and Ehrlich, 1983. 
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