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SECTION I
INTRODUCTION

1.1 BACKGROUND AND PURPOSE

The Yukon relies heavily on conventional energy supply in all sectors--residen-
tial, commercial, industrial and transportation--and is subject to some of the
highest energy costs in North America. While total Yukan energy consumption
is small compared with‘other parts of North America, per capita use is very
high., Moreover, approximately $100 million is spent annually on imported
refined petroleum products and debt payments for electrical generation facili-
ties. These expenditures represent the largest single leakage in the Yukon
economy--triple the cost of imported foods--and the largest single impediment

to a more self reliant Yukon economy.

During the past five years, a number of Yukon energy studies have addressed
Yukon energy options and have recommended the development of a Yukon energy
strategy which will contribute to Yukon goals of increased energy self-
reliance and economic development. This discussion paper represents the first
step towards the development of such a Yukon energy policy and corresponding

program initiatives.

More specifically, it focusses on the identification and assessment of energy
conservation and alternative energy opportunities that are significant in the

sense of offering a potential to:

-« reduce overall Yukon energy use, or

. reduce use of energy derived from imported petroleum products,
and also to:
. contribute to economic development

The time frame of interest is the next five years.
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1.2 SCOPE

The scope of this discussion paper is restricted to the identification and
assessment of specific energy conservation and alternative energy options for

the Yukon, together with a preliminary outline of possible program initiatives.

Once these initial tasks have been completed and fully discussed, the precise
scope and specific objectives of subsequent work can be more specifically
defined. However, at this time, it 1is envisioned that the objectives of

subsequent work would be:

« To produce a draft set of recommendations for energy/economic development

programs for consideration by the Government of the Yukon

« To carry out a consultation process to help define energy options and test

potential implementation strategies

. To produce a final set of recommended energy/ecconomic development programs.
1.3 PRESENTATION

Following the Introduction, the balance of the report is divided into six
sections. Section 2 presents a brief overview of the Yukon's economic base
together with demographic data related to population trends and distribution,
as well as labour force characteristics. Section 3 presents a review of Yukon
energy demand by sector and end-use and identifies preliminary priorities.
Section 4 provides a review of Yukon energy supply options, and assesses, in a
preliminary fashion, the extent to which alternative energy resources could
assume a greater role in the Yukon energy economy. Building on the results of
the energy demand and supply analysis developed in Sections 3 and 4, Sections
5 and 6 identify and assess specific Yukon energy management opportunities.
Section 5 places particular emphasis on the technical and financial feasi-
bility of each major energy management opportunity while Section 6 provides a
broader public accounting perspective, with particular emphasis on social,

environmental and territorial economic impacts. Finally, in Section 7,
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potential program alternatives are briefly outlined and subsequent activities

are identified.
1.4 DATA AVAILABILITY

Any energy study is limited by the unavailability of much relevant data and
the poor quality of much of the data that are available, particularly on

end-uses. In the case of the Yukon:

« Many key pieces of data are aggregated for the two territories rather than

being presented separately

- In national terms, territorial energy use is small and has not been given

great attention

« Compared with most other parts of the country, the share of non-market
energy use (principally wood) which may not appear in the statistics is

particularly high.

Attempts have been made to cope with all of these problems, but some caution
has to be exercised in the absence of detailed energy data on particular

communities and particular end-uses.
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SECTION 2
THE YUKON ECONOMY

2.1 INTRODUCTION

The Yukon's economy is narrowly based and is largely reliant on the govern-
ment, mining and tourism sectors. Prior to the closure of the Cyprus Anvil
mine in 1982, mining and government were roughly of equal importance, each
accounting for between 30 and 40% of the Yukon economy, while tourism, at that
time, represented about 7%. More recently, mining activity has fallen sharply
while tourism has continued to grow and now ranks as the Yukon's sécond

largest industry, behind government.

As recently as 1981, when metal prices were high (gold averaged nearly U.S.
$460/0z., $100 above its value today), mining accounted for $235 million of
output. By 1985, however, the value of Yukon mineral production had dropped
to about $57 million, largely the result of declining world metal prices. The
outlook for the next decade depends on two partially independent factors: the
success of the reopened Cyprus-Anvil mine, with its new management (Curragh
Resources) and more efficient plant, and internaticnal metal prices. Under
optimistic scenarios the value of production could exceed earlier levels,
while under worst-case scenariocs it could drop below current levels. The most
likely prospects, which allow for renewed operations at the Curragh Resources
mine but only modest growth in world markets (and little inflation, which cuts
gold prices), suggest that the value of mineral output will move slowly back
toward the levels of the past, but probably not reach them prior to the end of
the decade.

Government expenditures have been the most stable part of the Yukon economy.
They are not only a large share of the total, but they have grown regularly
year by year. Out of every $10 spent by government, $5 have come from the
territorial government, $4.50 from the federal, and 50¢ from municipal
governments. While government expenditures will not grow so strongly in the
next decade as in the last, government activities should nevertheless continue

to provide strong support for the Yukon economy.
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As an economic sector, tourism is more volatile than government but less so
than mining. Accounting for about $50 million a Few.years ago, tourism now
exceeds $75 million annually. While slower growth in incomes may reduce
growth below optimistic projections, the increased emphasis being accorded to
tourism and renewable resource activities as well as international events
which may shift vacation travel to North American locations, are expected to
benefit tourism in the Yukon. The likelihood, therefore, is that the tourism
sector of the Yukon economy will grow both absolutely and relative to other

sectors.

Other industries lag well behind the top three, with construction havering
around $20 million, the value of forest products at about $4 million, and the

value of furs at about $1 million annually.
2.2 YUKON POPULATION: TRENDS AND DISTRIBUTION BY COMMUNITY

Available data indicate that Yukon population levels are continuing to recover
from the negative impacts of mine closures experienced in the early 1980s. In
fact, 1985 population levels are now approximately equal to those of 1981.
Table 2.1 presents a list of Yukon communities and populations as reported by
three sources--Yukon Statistical Review, Statistics Canada 1981 Census and
RCDP Yukon Overview Study.

As illustrated in Table 2.1 the number of recognized communities and estimates
of the actual number of residents vary by source, in accordance with their
differing criteria and approaches to estimation. Discrepancies aside, the
25-year overall population trend, as recorded by Statistics Canada has been
one of steady but modest growth. With the reopening of the Curragh Resources

mine, this trend is expected to continue.
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As with population estimates, some variation exists with respect to the number
of recognized communities within the Yukon and their population. Although
discrepancies in data exist, once again the overall trend is clear and rela-
tively consistent: Whitehorse, the territorial capital, accounts for the
largest portion of Yukon population (approximately 65 to 70%) and the two
communities of Watson Lake and Dawson City account for an additional 6 to 12%
of total Yukon population. Thus, over the 1981/85 period, these 3 communities
collectively have accounted for between 70 and 80 percent of the Yukon's
population and are expected to continue to account for the vast majority of
the ‘Yukon's population. As shown in Table 2.1, Faro has experiehced a
dramatic population decline during the past few years; this decline is a
direct result of the mine closure and is expected to turn around with the

regpening of the mine.

Some communities such as Destruction Bay, Johnson Crossing, and Stewart
Crossing, serve primarily as service centres. They have small but relatively
stable populations with employment opportunities related primarily to highway

maintenance and the operation of tourist facilities. ‘

People of Indian ancestry make up approximately 25% of the Yukon's popula-
tion*; the majority of Indian people live outside Whitehorse in the smaller,
more isolated communities. Indian employment consists of both subsistence and

wage economy activities.

Exhibit 1 provides a map showing the location of Yukon communities.

* Council of Yukon Indians, Lands Claim Office estimates Yukon Indian popula-
tion to be about 6,000. \
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2,3  YUKON LABOUR FORCE

The Yukon population is a young and active one, with a low dependency ratio
and nearly 50% of the total population included in the labour force. As a
result of the poor economic conditions in the early 1980s, full-time employ-
ment fell from near 11,000 to below 9,000, and the unemployment rate grew to
15% or higher. Participation rates in the labour force are expected to remain
high. The possibility exists that more of the labour force will become
part-time workers, particularly as the tourism sector grows in importance.
Yukon wage rates remain about 20% above the national average, which is roughly

parallel with the higher cost of living in the Territory.

While the above statistics are technically correct, they are somewhat mis-
leading in that they mask the disparaties between native and non-native
residents. In fact, a further look at the Yukon population sHows three
categories of residents, each having a different relationship to the Yukon

labour force. As presented by Stabler in his submission to the Royal Commis-

sion on the Economic Union and Development Prospects for Canada, these three

categories are:

. Long-term non-native residents
. Transient non-native residents

. Native (Indian) residents.

Long-term non-native residents are those persons who prefer, and have made a

definite commitment to, living in the Yukon. As Stabler states,

.. .they are small-business people, professionals and long-time
territorial government employees or, perhaps less likely,
federal government employees...Quite a few of the long-term
residents have moved back and forth between the public and
private sectors...Most are actively interested in territorial
politics. Employment is less of a problem for long-term
residents than for natives or transient non-npative residents,
even during recessions. Their knowledge of the economics and
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politics of the (territory) and the skills and contacts

acquired in the northern setting are unique and valuable assets

which are attractive to potential employers.*
Transient non-native residents are those persons whose stay may extend from a
few months to a few years, but whose long-term commitment is elsewhere.

Stabler describes this group, as,

.+.they are more likely to be employees aof mining or oil
companies or junior to middle-level civil servants in either
the territorial or federal governments. A few are branch
managers of national corporations. Few buy their own homes or
invest in territorial businesses. They are likely less
interested in territorial politics. When they receive a
competitive offer from "outside," or lose their jobs, they
leave and probably never return., Many simply quit their jobs
after a time and return to the South to search for another job.
No one really knows what percent of the non-natives are
long-term northerners but it may be in the neighbourhood of 20
percent of the non-native territorial populations, more in
Yukon, fewer in N.W.T.*

In contrast to non-native residents, the Yukon's Indian population has a much
lower labour force participation rate (60% vs 82% for non-natives in 1981),
higher unemployment rates, and average incomes that are only about 60% of

those for non-natives.

There are numerous explanations for these differences. Most, however, point

to factors such as:

. the relatively low level of formal education achieved by Indian
residents (in 1981 only 3% of Indians had attended university vs 28%

of Yukon non-natives)

. social and cultural differences which further restrict Indian mobili-
ty, including their continued desire to pursue traditional or subsis-

tence activities.

© * M,S, Whittington (ed.) The North, 1985.
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Although further analysis of the disparities between Indian and non-native
Yukon residents is possible, it is sufficient for the purposes of this paper
to note ‘that these disparaties do exist, and will obviously warrant special
consideration within future economic development plans as measures which
generally benefit the Yukon economy can not be automatically assumed to extend

to Indian residents.
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SECTION 3
YUKON ENERGY DEMAND

3.1 INTRODUCTION

This section presents a compilation and review of Yukon energy demand and is

presented in 3 subsections:

. Overview of Yukon energy demand
o Discussion aof enerqgy use by sector and end-use

.  Summary

Further to the general data quality and availability concerns ocutlined in the
Introductory Section, the Study Team was also confronted with a second,
related problem; namely, the selection of a period for which data were not
only available but also reasgnably representative of conditions expected to
prevail in the Yukon during the next five years. 1In recent years, the Yukon
has experienced a widespread decline of mining activities and related popula-
tion decline. Given the relative small size of the Yukon economy and the
large economic (and energy) impact of mining activities, it is not surprising
that, in this period, Yukon energy use has also declined. However, with the
current renewal of mining activities as well as the recovery of population to
1981/82 levels, energy use data for 1983 and 1984, when the Yukon economy was
most affected by mine closures, were not considered to be representative. As
1985 Statistics Canada data are not yet available, 1982, a period when the
Yukon economy was slowing down from mine closures but had not yet experienced
their full impact, represents the closest representation of the current (1986)
and forecast Yukon economy. However, the Study Team recognizes that this
period also poses problems, particularly with respect to accurately represen-
ting the degree to which conservation and fuel substitution activities have
affected the Yukon energy economy. In consideration of these various con-
straints, 1982 has been used as the base year for the energy demand estimates
contained in Section 3.2, while in subsequent subsections, relevant data from
later years and those indicative of Yukon trends are cited, when available.
These data.will be particularly important to the development of implementation

plans in later stages of the study.
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3.2 UVERVIEW OF YUKON ENERGY DEMAND

Total annual (1982) energy demand in the Yukon was approximately 8,000
terajoules (TJ). Table 3.1 presents a breakdown of Yukon energy use by sector
and end-use. Appendix A provides a detailed breakdown of Yukon energy demand,

together with notes on the estimation method employed.

Table 3.2 provides a breakdown of Yukon energy use by end-use and energy

sgurce.
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TABLE 3.1
ENERGY USE IN YUKON BY SECTOR AND END-USE
(1982)
PERCENTAGE
Usage Usage Sector
Within Within Total -Within

Sector End Use Energy Use (TJ) Sector Territory Territory
Residential Space/Water 1,250 90 15.9

Heating

Electricity - 130 10 1.6

Specific

Subtotal: : 1,380 17.3%
Commercial Space/Water 1,240 83 15.4

Heating

Electricity - 250 17 3.0

Specific

Subtotal: 1,490 ' 18.6%
Institutional Space/Water 860 90 10.9

Heating

Electricity - S0 10 1.1

Specific

Subtotal: 950 11.9%
Industry Heating -** 270 23 2.5

all temp.

Electricity - 150 16 1.7

Specific

Liquid Fuels 510 61 6.5

Subtotal: 930 11.6%
Transporta- Liquid Fuels 3,250 100 41.3 40.6%
tion
Total for - 8,000 - - 100%
Territory
Source: Estimation by Marbek; see Appendix A

*%Note:

No process heat in period due to mine closures.

M
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TABLE 3.2
SUMMARY OF YUKON ENERGY USE (1982)
- BY SECTOR, END-USE AND ENERGY SOURCE

ENERGY SOURCES(TJ)

Sector/ Total
End-use Natural Biomass End- Total
Coal Gas RPPs Electricity Solids Propane Use Sector
Residential '
H&C -— - 714 290 220 26 1250
ES -— -— el 125 -— -— 130
T 1380
Commercial*
H&C - --- 1198 -— 12 30 1240
ES -— -— _— 240 -— 10 250
1490
Institutional
H&C - -— 834 18 8 -— B&0
ES -— -— —— 90 -— - 90
- 950
Industrial
H&C -— - 200 -— -— 70 270
100°c-260°C --- —— - -—- - —— -
PH>260°C - -_— -— -— -
ES -— -— -— 130 -— 20 150
LF -— -—- 510 -— -—- -— o210
930
Transportation :
LF - --=- 3250 - -— --- 3250
ES -— -— -— — T me- — 3250
Totals: -— --- 6706 893 240 156 8000
H&C 3620
ES 620

LF 3760
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DISCUSSION OF ENERGY USE BY SECTOR AND END-USE

In the following sections, information aon energy use in each sector is

provided. Specifically, this section emphasizes those data that will be

particularly useful in the subsequent identification of Yukon energy manage-

ment opportunities.

3.3.1

Residential Sector

The residential sector accounts for over 17% of Yukon energy demand
~--somewhat below the 21% share the sector takes in Canada as a whole.
However, in the smaller communities of the Yukon, the residential
sector typically accounts for 60% or more of the total community

energy consumption.*

Within the residential sector, approximately 80% of energy demand is
for space heating, 10% is for domestic hot water (DHW) and 10% is for

electricity-specific applications.**

Estimates of average annual fuel and electricity use per household
range between 3,400 and 4,400 litres of fuel oil (130 to 170 GJ) for
space heating; 388 to 510 litres (15-20 GJ) for DHW, and 4100 to 5560
kWh (15 to 20 GJ) for electricity-specific end-uses.

The Yukon's (1982) residential sector consisted of about 7600 units
and was dominated by single detached units (59%). The remaining units
were divided among single family attached (13%), apartments (16%) and
mobile homes (14%). Approximately 45% of all Yukon residential
dwellings are rental units. However, in most cases tenants are

responsible for fuel and electricity costs.*

*

Acres et al, Yukon Overview Study, 1984

Electricity-specific end-uses are those for which there is no adequate or
convenient alternative. Lighting and appliances are the principal exam-
ples. Depending on alternatives, cooking may or may not be truly elec-
tricity-specific, but inasmuch as available data for the Yukon do not
identify cooking, electric ranges are treated as electricity-specific.
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Table 3.3 shows the approximate distribution of Yukon residential
units, by period of construction. The number of abandoned or demo-
lished units in the period is not known. Based on the data in Table
3.3 plus the number of reported pre-1960 residences (1,790) and the
relatively short lifespan of many northern buildings (particularly

older ones), this number is estimated to be about 500.

TABLE 3.3
YUKON RESIDENTIAL UNITS
- PERIOD OF CONSTRUCTION -

Period of Construction Number
Pre 1920 . 150
1921 - 1945 355
1946 - 1960 1,285
1961 - 1970 1,885
1971 - 1975 1,835
1976 - 1979 1,705
1980 300%
1981 171
1982 109
1983 : 117
1984 112
1985(Sept) 128

Total: 8,152

* Approximate - Statistics Canada Data conflict (340 vs 268)

Sources:

Statistics Canada Census (1981) (to 1981)
Statistics Canada, Catalogue No. 64-001 (1981 - 1985)
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~Table 3.4 (below) shows the distribution of principal space and .water
heating fuels by community size, as reported in the mast recently
available census data (1981). As shown in Table 3.4, in 1981 fuel oil
was the principal energy source (64%) for space heating in the Yukon,
while electricity provided 73% of domestic water heating demand.
(Water heating is not an electricity-specific use.) Even in smaller
communities, nearly half of water heating was by electricity. As
before, these data are strongly influenced by conditions in the larger
and/or resource based communities. In the smaller communities, wood
was the dominant scurce of space heating and a major source of water
heating. Although more recent statistics are not available, the
trends in energy supply presented in the follewing section 4, suggest
that since the date of the last census, wood use for space heating has
increased, while fuel o0il use has declined accordingly. It may be
assumed, haowever, that the distribution of water heating fuels has not

changed significantly from that shown in Table 3.4.

TABLE 3.4
YUKON RESIDENTIAL SECTOR
PRINCIPAL SPACE AND WATER HEATING FUELS (1981)

Communities <250 Communities >250 All Communities

Fuel Space Water Space Water Space  Water

Heat Heat Heat Heat Heat Heat

e % : % % % %
0il 36 - 5 70 15 64 14
Propane 2 9 2 3 2 4
Electricity 6 47 19 78 17 73
Wood 56 39 10 4 18 9
TOTAL

RESIDENCES: 1,240 6,345 7,585

Source: Statistics Canada (1981) Census Data
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Commercial Sector

The Yukon's commercial sector consists primarily of three subsectors:
stores and shops, hotel/motel/restaurants and non-government offices.
The commercial sector accounts for more than 18% of the Yukon's total
energy demand and is concentrated in three communities--Whitehorse,
Watson Lake and Dawson. In many of the remaining communities, the
commercial sector is very small or, in some cases, virtually non-

existent.*

Stores and shops represent the largest commercial subsector and
account for about 57% of sector energy use. Hotels/motels/restaurants
are the next largest commercial subsector, accounting for approxi-
mately 26% of sector energy use. The Yukon Department of Tourism
reports (1984) that there are 84 hotel/motel/lodges in the Yukon
containing 1990 units. Eighty percent of these accommodation estab-
lishments operate year-round. In addition, there are 27 commercial
and 50 government-operated summer campgrounds. Approximately 125
cafés, lounges and dining rooms operate in association with these
accommodation facilities and about 25 operate independently. The
balance of commercial sector energy use is accounted for in non-

government offices.

Throughout the commercial sector, the dominant energy end-use is space
and water heating (83%), followed by electricity-specific (17%).
The commercial sector continues to derive over 90% of its space heat
demand from fuel o0il with the balance being provided by wood and
propane. Some supplementary wood heating systems have been installed
in commercial buildings and approval has recently been given by the
City of Whitehorse for the construction of a small, wood chip fired
district heating system to serve approximately half a‘dozen com-
mercial/institutional buildings in downtaown Whitehorse. Propane is

used in tourist facilities along the Alaska Highway.

*  Acres et al, Yukon QOverview Study

=
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The combined commercial and institutional sectors (see below) play a
much greater role in the Yukon energy economy than they do in mast
parts of Canada--30% of total energy use compared with an average of
13%.

Institutional Sector

The Yukon's institutional sector consists of federal, territoral and
municipal government facilities such as offices, schools, hospitals,
recreation centres and transportation - terminals and maintenance
buildings. Overall, the institutional sector accounts for approxi-
mately 12% of total Yukon energy use. As for other sectors, institu-
tional energy use is concentrated in Whitehorse and is used to meet

space and water heating (90%) and electricity-specific (10%) end-uses.

The operation of school facilities accounts for an average of 15% of
institutional energy use but in many of the smaller communities,
schools account for a significant portion of the total community

energy consumption.

Fuel o0il is the principal source of space heat within this sector.
Some electric space heating occurs in Whitehorse, and two school

facilities (Pelly Crossing and 0l1d Crow) are heated by wood.

Industrial Sector

The Yukon's industrial sector is very narrowly based and is dominated
by mining activities., The 930 TJ or roughly 11% share of energy
demand for this sector shown in Table 3.1 is significantly lower than
in historical periods. This reflects the dramatic curtailment of

mining activity that was occurring in 1982.

With the reopening of the Curragh Resources mine at Faro, the demand
for power and heat will increase significantly. O0fficials of the mine
expect. that energy consumption by the mine-mill complex will stabilize
at between 90 and 100% of historical levels. With mine operation at
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the mining sector energy demand would total

perhaps 1700 TJ, distributed by quality roughly as follows:

heating and cooling

electricity-specific

liquid fuels

680 TJ
560
460
1700 13

'Other subsectors within the Yukon's industrial sector include:

o Agriculture:

. Forestry:

-« Fishing, Hunting,
Trapping

There are approximately 30 full-time and
75 part-time farmers in the Yukon with
an estimated 1660 ha (4100 acres) in
production.* Energy demand is primarily
for liquid fuels for on-site equipment
(5 TJ)*=

The Yukon forest industry produces
lumber, cordwood and round timber. In
1983/84 there were approximately 20 full
and part-time sawmill operators.*
Energy demand is primarily for liquid
fuels for on-site equipment operation
(83 TJ)**

The Yukon Department of Renewable
Resources reports: 750 registered Yukon
trappers; a small level of commercial
salmon fishing in the Yukon River system
(as well as sport fishing); and, about
20 big game outfitters. Energy demand

Department of Renewable Resources - Discussion Paper, 1985.

#* - Egtimates only; based on previous subsector breakdowns reported in
A Soft Energy Path for the NWT and Yukon, 1983.
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. Food Processing:

« Chemicals:

« Construction:

» Other Manufacturing:
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is primarily for liquid fuels for the
operation of outboard motors, snowmo-
biles, and all-terrain vehicles (46 TJ)**

Food processing in the Yukon is limited
to the operation of a few bakeries and
bottling plants. Energy demand is

primarily electricity-specific (4 TJ)**,

The chemical industry is limited to the

. CIL plant in Faro, which supplies

reagents to the Cyprus Anvil mines.
This plant ceased operation with the
closure of the Cyprus Anvil mines in
1982.

The construction industry employed 8.1%
of the Yukon work force in 1985. Apart
from mining, it is the only industrial
subsector with significant energy
consumption (320 TJ)**, Energy demand
is approximately 25% for heating and 75%

for liquid fuels.,

Very little manufacturing occurs in the
Yukon. That which does exist includes
jewellery, wood products, furniture,
metal culverts, iron works and welders,
sheet metal, concrete products, printing
and publishing and native crafts. Total
estimated energy demand for this
subsector of 4 TJ** is divided among
space heating (50%), liquid fuels (25%)
and electricity-specific (25%).

** Egtimates only: A Soft Energy Path for the NWT and Yukon, 1983.
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Transportation Sector

The Yukon's transportation sector accounts for approximately 3250 TJ
(1982), about 41% of total territorial energy demand. By comparison,
across Canada, transportation accounts for only 28% of energy demand
(and among other nations Canadian is notably high in transportation).
This high level of transportation demand of course reflects the geogra-

phic and demographic conditions of the Yukon,

The demand for liquid fuels within the transportation sector is
dominated by two subsectors, automobiles and trucks, which together
account for nearly 85% of total sectoral energy demand (78% in

Canada). Liquid fuels for aircraft account for approximately 11% of

‘gector demand (8% in Canada). The residual demand (4%) is accounted

for by buses, snowmobiles and motor cycles. No trains are currently

operating.

Table 3.5(A) and Table 3.5(B) present data on road motor vehicles
registered in the Yukon for the periods 1978 to 1983/84 and for 1985,
respectively, Table 3.5(b) provides a further breakdown of registered
vehicles (1985) by size and (assumed) fuel type.

Appendix B provides data on aircraft movement during the period 1579
to 1985.
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3.4 SUMMARY

The data presented in the preceding subsections serve to identify the major

patterns of energy use within the Yukon economy:

. In the base year (1982), liquid fuels for transportation, together with
space and water heating in the residential, commercial and institutional
sectors ddminated Yukon energy use, accounting for over 80% of the
territory's total. Even with the present renewal of mining activities,
the above .two end-uses will continue to dominate energy use in the Yukon.
These two end-usees, therefore, warrant major consideration in the

development of Yukon least cost energy strategy.

. A third important area of Yukon energy use, also identified in the
preceding data, is electricity-specific end-uses. Although in the base
year (1982) electricity-specific end-uses represented less than 10% of

total demand, several factors increase the importance of this area:

~ many Yukon communities depend on diesel generated electricity sources

which have low conversion efficiencies and high RPP dependence;

- over one-third of total territorial electrical use in 1982 (about 15%
when the mines are in full production) was taken by non-electricity-

specific end-uses such as water and space heating;

- with the renewal of mining activity, related electricity-specific
demand is expected to nearly double from 1982 levels.

There exists a wide range of proven and cost-effective energy conservation
technologies and measures applicable to the end-uses identified in this
gsection. For the most part, these technologies and measures are both widely
known and are best discussed not only by sector and end-use but also in
conjunction with alternative energy supply options. Consequently, no further
elaboration is provided at this point. Rather, specific measures are identi-
fied and assessed within Section 5, Identification and Assessment of Energy

Management Opportunities.




§ Marbek

Page 22

SECTION 4
YUKON ALTERNATIVE ENERGY SUPPLY OPTIONS

4.1 INTRODUCTION

This section provides an overview of Yukon energy supply optiohs and assesses
in a preliminary fashion, the extent to which alternative energy resources
could assume a greater role in the Yukon economy. Accordingly, following the
presentation of Yukon energy supply and price data, the balance of this
secfion is dedicated to further refining the potential role of alternative

resources through a review of the following:

« Technology Assessment: What is the status of the technologies required to
harvest, prepare and convert the identified alternative energy resources

into an energy form compatible with Yukon energy requiremehts.

. Community-specific Considerations: What is the size and quality of each
resource which is within practical harvesting and transporting distance of
actual Yukon communities and to which end-uses could the energy source be

applied.

Further assessment related to social, economic and environmental considera-

tions is addressed in subsequent sections.
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4.2 OVERVIEW OF YUKON ENERGY SUPPLY AND PRICES

This subsection provides an overview of both nonrenewable and renewable Yukon
energy resources together with comparative energy prices. Consistent with the
scope of this study, all data and/or resource assessments are derived from

secondary sources, as listed in the attached bibliography.

4.,2.1 Nonrenewable Resources

. Refined Petroleum Products (RPPs): No petroleum refining occurs in
the Yukon; rather supplies are imported by truck and via a small-

diameter pipeline from Skagway, Alaska, to Whitehorse.

In the base year (1982) approximately 185 million litres of RPPs
were consumed in the Yukon. About 85 million litres were used for
transportation and the operation of on-site mobile industrial
equipment; about 75 million litres were used for space and water
heating and about 25 million litres were used for diesel generation

of electricity.

In the following year (1983) RPP consumption in the Yukon declined
by about 20% to approximately 145 million litres and appears to
have stabilized at this lower consumption range. It is believed
that the bulk of this drop in RPP consumpfion was the result of

three factors:

- Reduced electrical demand on the Whitehorse grid meant that the
operation of stand-by diesel generators was very dramatically
curtailed with consequent savings of nearly 20 million litres of
fuel., (Statistics Canada records show total Yukon diesel
electrical generation to be about 76.6 GW.h and 21.8 GW.h in
1982 and 1983 respectively.) This situation may, of course,

change with the reopening of the Faro mine.

- The use of cord wood for heating (assumed to be primarily

residential) appears to have more than doubled in 1983 over that
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of 1982 (89,300 m> vs. 41,200 m°) on the basis of available

data.*

- The Yukon experienced an out-migration of residents during the
1982/83 period.

Further data are provided in Appendix C.

Propane: In the base year (1982), approximately 6 million litres
of propane were used in the Yukon. Sales data for subsequent years
show that annual volumes of propane use declined by about 20% in
1983 but by 1985 had returned to approximately 5.5 million litres.
Propane use is largest in placer mining operations followed by
mining exploration camps and tourist facilities. In these off-grid
settings, propane is widely used for heating as well as typically
electricity-specific applications such as cooking, refrigeration
and lighting. These users account for approximately 80% of propane
consumption; the remaining 20% of propane use is for heating and

cooking in the residential sector.

Coal: Although coal has been used extensively in the past, it is
not currently in use. O0Of the several known sites, the Tantalus
Butte Mine near Carmacks is the most significant. This site
formerly supplied some 20,000 tonnes annually to the Cyprus Anvil
mine at Faro for process heat. However, coal production at this

site ceased with the closing of the Cyprus Anvil mine.

As shown in the following Section 4.4, seven Yukon communities are
located in areas known to contain coal reserves. However, none of
these reserves is currently in production. The development of any
of these sites is generally dependent on the existence of a large
market such as a mine. Recent discussions with officials of the

Curragh Resources mine indicate that when the mine is reopened,

Acres et al, Yukon Overview Study
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coal will again be used for process heat. Their current plans call
for the development of coal reserves at Ross River. In the short
term approximately 20,000 tonnes of coal will again be required
annually for ore drying; however, the company is looking into a
pressure filtering system which would eliminate the use of heat

(and hence, coal) in dewatering the concentrate (ie, ore drying).

RCDP, Phase I activities have also included discussions on the
option of developing coal reserves near Whitehorse for space

heating applications in large Whitehorse buildings.

. Natural Gas: Natural gas is not currently available for use in the
Yukon. However, a previous study by Stone and Webster Canada Ltd.
(1983) concluded that, should the Alaska Highway Natural Gas
Pipeline be built, it would be economically and technically
feasible to supply natural gas to Whitehorse, Watson Lake and
Haines Junction. It would be expected that natural gas would
supply the bulk of the space and water heating load in the commer-
cial and institutional sectors and the bulk of the non-biomass
space heating load in the residential sector. Another, longer'term
option could include consideration of using CNG as a transportation
fuel. The report also concluded, that no other natural gas supply
configuration would be financially feasible without significant
government support. Interest in pipeline development is currently

at a low ebb and no development is foreseen within five years.

. Waste 0il: Some of the more significant sources of waste oil in-
clude: diesel elebtricity generators, Government of Yukon highway
garages and other truck/automobile maintenance facilities. In one
recent study*, annual supplies of 9,000 L of waste o0il were identi-
fied for the small community of Beaver Creek. Although aggregate

territorial waste o0il data are not available, it 1s assumed that

Acres et al Community Energy Plan, Beaver Creek, Y.T. 1985.




% Marbek

Page 26

other communities would also have potential access to sufficient
waste o0il supply for at least one or more local heating applica-
tions. Acres et al,* estimated that close to 1 million litres of
waste oil may be available annually. However, the portion of this

0il that may be cost-effectively recovered is unknown.

. Diesel Waste Heat: Based on a recent study by Acres et al*, usable
waste heat from diesel prime power plants operated by YECL and NCPC
is estimated to be about 85 TJ. Further detail is provided in
Table 4.4 (Section 4.4) and in Appendix C.

. Peat: No data available.

. Nuclear Power: AECL now have under development an advanced version
of the Slowpoke nuclear power generator which may be capable of
p:oducing both heat and electricity. The applicability of this
form of energy in the North is unknown and the Science Institute of

the NWT is currently examining the economics and safety of such a
reactor.

4.2.2 Renewable Resgurces

« Hydro-electricity: Current hydropower developmenté in the Yukon
have a capacity of 76.6 MW, including a recently installed fourth
turbine on the Whitehorse system. Several major hydro schemes
involving river diversions have been proposed for the Yukon but
they all depend upon distant export markeﬁs or significant new
industrial demand and are, therefore, beyond the scope of this

paper.

Appendix C provides hydro electricity generation data for the
period 1977-1985 as well as diesel generated electricity for the
same period together with a preliminary assessment of 12 small
hydro sites identified in the Yukon Overview Study. ‘

* Yukon Overview Study, (1984)
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¥Wood: Several previous studies have clearly established the
availability of a éubstantial wood resource within the Yukon.
Shaeffer et al (1983) estimated the Yukon's annual sustainable
timber harvest to be 2.2 million \ms/year. Assuming an average
heating value of 7.1 GJ/mB, this represents about 15.6 PJ/year,
many times the Yukon's current annual heat demand. Additional wood
resources are available from fire kills. The average annual fire
kill in the Yukon is estimated at about 140,000 ha. In short, the
Yukon's wood resource base is capable of satisfying a much greater

portion of energy demand than at present.

In the base year (1982), approximately 14,000 cords of wood were
used in the Yukon, primarily for residential space heating. Based
on available data (which undoubtedly are conservative due to
unrecorded, personal wood cutting), cordwood consumptidn in 1983
was more than twice that in 1982, However, current cordwood use
appears to be declining modestly from 1983 levels. Appendix C
provides a breakdown of Yukon forest production for the period 1970
to 1985.

Wind: Previous studies have shown that only two locations in S.W.
Yukon (Whitehorse and Burwash Landing/Destruction Bay) have

suitable wind regimes for consideration of power production options
(greater than 5 GJ/mz.yr). Under the federal CREDA program, wind
monitoring has been carried out at the Burwash Landing/Destuction
Bay site; the results showed the wind reqime to be inadequate for
cost-effective development at this time. Appendix C contains a map

showing mean annual wind energy density throughout the Yukon.

Solar: The seasonal nature of the Yukon's solar resource precludes
‘year-round applications. However, because of the long summer days,
daily solar radiation during the summer and much of the spring/fall
seasons is considered sufficient for seasonal applications, such as

pool heating or water heating at certain motels/resorts.
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. Geothermal:

the Yukon Overview Study, indicates that near-surface low tempera-

A recent study by Schaffer and Associates,

ture geothermal sources exist around Haines Junction,

and Mayo.
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cited in

Whitehorse

The most probable course of development would involve

the use of groundwater heat pumps for space heating applications;

in fact, such a system has been proposed under the RCDP program for

several Mayo buildings.

Warm ground water is currently used to

provide freeze protection for domestic water in Whitehorse and Mayo.

4.2.3 Comparative Yukon Energy Prices

Table 4.1 presents the range of Yukon energy prices (1986).

Prices

are presented for both the normal unit of sale (eg, litres, kWh, cord)

and in comparative terms ie, the cost per unit of energy ($/GJ).

Energy Type

Woad

Fuel 0il
Propane
Hydroelectric*

Diesel Electric*

TABLE 4.1

COMPARATIVE ENERGY PRICES (1986)

- YUKON -

Unit Price Range

$75-100/cord
44-554/L
39-484/L
6.5-23.1¢/kWh
17.4-44.24/kWh

Energy Price ($/GJ)

$ 4.41
$13.38
$15.00
$18.07
$48.37

- 5.88
14.22
18.75
- 64.21
-122.88

* Average customer price based on 1000 kWh. without subsidy
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TECHNOLOGY ASSESSMENT

This section presents an initial technical assessment of the conversion

technologies that could effectively utilize the alternative enefgy resources

identified above in Section 4.2, to meet the energy end-use requirements

presented in Section 3. Two factors are particularly addressed:

4.3.1

the development status and potential cost-effectiveness of the technology

the skill levels required for ongoing operation and maintenance

Coal
Coal-fired thermal electrical generating and process steam production
technology is fully proven and has been used widely throughout Canada

for decades. However, the technology is relatively sophisticated and

expensive and is therefore most appropriate for large scale, non- -

remote applications. With most Yukon non-remote electricity demand
being met by hydroelectricity, the most practical application of coal

in the Territory is for direct heating.

A range of technologies are available for heating with coal and are
proven for applications ranging in scale from residential to in-
dustrial., In fact, the Yukon Public Works Branch is currently
planning to install a fluidized-bed combustion boiler to provide heat
to the new Yukon College compus. One of the available fuel sources
for the system is a low sulfur anthracite coal deposit, located near
Whitehorse. Unfortunately this coal deposit has a relatively high
clay, and ash content. While suitable for use in a sophisticated
fuidized-bed boiler system, the clay and ash content of this coal
deposit make it unsuitable for use in smaller, less sophisticated

combustion systems.

Several practical considerations restrict the expanded use of coal,

particularly for small heat loads:

« for most small heat loads, coal is probably the least convenient
fuel to use among all of the alternatives available to the Yukon
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. although considerable resource deposits exist, development of
these deposits requires a very large assured market (ie, a
mine); even with the reopening of the Cyprus Anvil mine, only 1

site (Ross River) will be brought into production
« no residential distribution infrastructure presently exists

. while highly efficient large scale coal burning equipment is
available with the capability of eliminating most acid gas and
particulate emissions, equivalent small residential scale
equipment is not available. Widesbread use of coal for resi-
dential heating would cause increased pollution problems,
especially in valleys which experience prolonged temperature

inversions.

« for most non-industrial applications, coal is more expensive
than wood ($/GJ) and in many cases is only marginally competi-

tive with fuel oil prices

Natural Gas

The technologies for using natural gas for heat and power production
are fully proven at all scales of use. Technologies for using CNG as
a transportation fuel are similarly fully proven and commercially
available, although the cost of individual compresser units remains
very high and, where propane has been injected into natural gas
transmission lines, it must be removed before the gas can be used as a
transportation fuel. These technologies are, therefore, ready for
application should natural gas supplies become available to the Yukon

at some point in the future.

Waste 0il

Specially designed furnaces which can burn both waste oil and conven-
tional fuel oil are commercially available and are currently in use in

the United States and Europe. This technology, therefore warrants
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consideration for application in the Yukon. However waste o0il sources
need to be identified, collection, storage facilities and wuser
requirements need to be established and environmental concerns related
to the potential release of contaminants which may be contained in the
waste o0il (eg. lead, cadmium, unburned hydrocarbons) would require

detailed consideration.

The use of waste oil for space heating in the Highways Garage at
Beaver Creek has been investigated previously. In this case, 9000L.

of fuel oil could be replaced annually by local waste oil supplies.

‘The simple payback period for this application was estimated to be

2.75 years.

Diesel Waste Heat

Diesel Waste heat recovery technology is fully developed and has
already been employed in numergus northern applications. The economic
attractiveness of development is site-specific and is largely influen-
ced by the size and coincidence of heat supply and demand as well as

by the required distribution distance.

Peat

Peat is used for large scale process heat production, district heating
and electricity generation in Europe. This clean, efficient com-
bustion technology is well developed -for large scale applications but
is still under development for small scale applications. Appropriate
harvesting, dewatering and fuel transportation/preparation techniques

are not presently proven for application under Yukon conditions.

Consequently, peat technology is not considered to be ready for near

term Yukon application.

Hydro

Hydro technology is well developed and proven for northern and remote
applications, at all scales. System design, capacity etc. as well as
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economic attractiveness are completely site dependent. One important
consideration related to further hydro grid development in the Yukon
is the uncertainty related to the future need for high quality
electricity-specific applications such as 1lighting, cooking and
compressors. The future of Yukon mining activities remains tenuous at
this time. Should they again decline, as in the recent past, then
significant surplus capacity would again exist. While electricity
can, of course, be used to provide space or water heat, these low
quality end-use requirements can generally be met more cost-effec-

tively by wood or other lesser quality fuels.

The more pressing area for future Yukon 'hydroelectfic-development
remains those communities not currently connected to the grid. In
addition, many tourist facilities, highway maintenance camps etc.
continue to rely on diesel generated electricity. While the location
of these current facilities is usually such that it wopiﬂ be too
expensive to connect them to the existing grid or potential micro
hydro sites, it may, in some cases, be possible to locate future
facilities sufficiently proximate to potential micro hydro sites to

make their development economic.

Wood

Technologies for harvesting, transporting and preparing wood resources
are developed and proven for application in Northern and remote set-
tings. The principal determinants of an optimum wood harvesting/trans-
portation/preparation system are scale of operation and sophistication

and capability of local operators and supply/service infrastructure.

Technologies for the efficient conversion of wood resources to heat
for all sectors and scale of demand are also well developed and ready
for application in northern and remote settings. Developments are
continuing to be made with respect to automatic wood handling and
storage systems, and several automatic wood-chip heating systems are
now operating in northern Canada. Wood heating technology is availa-

ble to produce direct heat (eg, wood stoves), hot air (eg, warm air
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furnaces), hot water (eg, hydronic heating systems), or process steam

(eg, boilers).

Technologies for the production of electricity from wood resources
are widely available, but their use is not presently practical for
application in the Yukon. As with coal, large scale wood-fired
thermal generating technology using steam turbines is well proven, but
is not needed in the Yukon because of the availability of hydro-
electricity. Smaller scale generating systems based on wood-fired
reciprocating engines or turbines, and wood gasification are either
not suitable for remote application or are still under development.

For example:

« Steam engines are reliable and relatively simple to operate;
however, they have very low electrical conversion efficiencies (8%
- 11%) and therefore require large volumes of wood. In addition,
because pressurized steam is produced, 1licensing requirements
generally require full time operator attendance. These two factors
typically make such systems non-competitive even against diesel

generated electricity.

« Steam turbines are reliable and more efficient than steam engines
but they employ high pressure steam and also require full-time
operator attendance. Wood boiler/steam turbine generator combina-
tions have been used successfully in the forest industry to
cogenerate heat and electricity using wood wastes. Generally, for
this technology to be applicable in the Yukon, economics would
dictate that a reliable source of waste wood be available and that
both heat and electricity be required at the site. Further, the

. system operators would need to be relatively knowledgeable in steam

turbine technology.

« Technologies for the gasification of wood and conversion of the low
energy gas to electricity using an internal combustion engine are
still under development and are not yet sufficiently reliable for

prime power applications.
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Technologies to convert forest biomass to methanol or ethanol, for use
as a transportation fuel, are the subject of a great deal of current
research, Hawever, these technologies remain at the development stage
and are unlikely to be applicable to Yukon conditions within the
foreseeable future,

Wind

New developments in wind generators for grid, stand-alone or hybrid
(wind/diesel, wind/hydro) applications are occurring rapidly. The
latest advances are mostly in the 50 to 500 kw range. The newer
models promise to have lower start-up speeds, synchronous generators
and higher overall efficiency. Wind/diesel hybrid systems have been
demonstrated in remote settings and are considered ready for applica-
tion on a demonstration basis. Wind powered water pumping systems are

also available and ready for remote application.

However, as previously presented, the Yukon's wind regime seriously
restricts the potential applicability of these technologies at this

time.

Solar

Active solar heating technology appears to have reached a plateau in
development in both low temperature and high temperature applications.
Collector and balance of system products, particularly for water
heating, are well made, durable and reliable. Solar heating techno-

logy is ready for application, where conditions and economics permit.

Yukon's seasonal solar resource effectively restricts the application
of active solar systems to seasonal hot water loads such as the heat-
ing of swimming pools or laundromat/shower facilities in seasonal
tourist facilities. However, even in these applications, the coinci-

dence of solar supply and hot water demand is important.

-y
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Passive solar heating systems have wide potential application. For

example, for minimal incremental costs, new buildings can be designed

to optimize solar heat gain during the spring and fall heating

seasons. Solar greenhouses represent another application of passive

solar design that is suitable for the Yukon.

Advancements in solar photovoltaic (PV) systems are taking place
rapidly. Current products are reliable and durable and may be safely
used where conditions and economics permit. The current low efficien~
cy and high costs of PV systems, however, restrict their present use
to very small loads situated in remote applications. One Yukon
communications firm, Total North Communications Ltd., has already
successfully demonstrated the use of solar PV systems for powering
remote VHF stations. In this case, the PV system provided attractive
savings, not in the site energy displaced, but rather in ‘helicopter

operating costs formerly required to reqularly service each site.

Geothermal

All of the geothermal resources identified to date in the Yukon are
relatively low temperature water supplies (typcially 10°Cc to 18°C).
Consequently, the only practical application of this resource, at this
time, is for heating municipal domestic water supplies (freeze-protec—
tion) and for space heating through the application of ground water
heat pumps. Ground water heat pump technology is fully developed for
space heating applications within the scale of demand found in Yukon
buildings. Since ground water heat pumps require an electricity
supply, the economic attractiveness of these systems is strongly

influenced by the local cost of electricity.
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COMMUNITY-SPECIFIC CONSIDERATIONS

Although detailed, community-specific alternative resource data are
not fully available, several recent Yukon studies, particularly those
undertaken in conjunction with ‘the Remote Community Demonstration
Program (RCOP), have compiled reasonably reliable data for most Yukon
communities. While these data must necessarily be considered prelim-
inary in nature, they provide valuable indications of the size,
quality and most probable, cost-effective applications of alternative
resource/technology combinations within specific Yukon communities.
To this end, these data are particularly valuable to further refining

the potential role of Yukon's alternatives energy resources.

Table 4.2 provides a brief summary of these data.
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4.5 . SUMMARY: POTENTIAL ROLE OF YUKON ALTERNATIVE ENERGY RESOURCES

Table 4.3 (overleaf) provides a summary and preliminary rating of each
alternative energy resource as previously identified and assessed
above. In rating the potential role of each resource, the following

criteria and ratings have been employed:

(1) . Usable Size - The size of the resource which is with-
in  practical harvesting/mining and
transportation distance of all Yukon
communities and, as applicable, is

coincident with demand

(2) . Delivered Energy - The amount of energy which is supplied
by the resource (a) currently or (b)
could reasonably be expected to be
delivered within 5 years given resource

| size and supply infrastructure consi-

derations

(3) . Cost Effectiveness -~ The ability of the resource to provide
useable energy at a cost that is
competitive with RPPs, assuming current

technologies

(4) . Application | - The end-use(s) and sector(s) where
‘ energy derived from the resource could
be applied, assuming only proven

technologies are used.

(5) . Overall Role - A subjective rating of the size of
potential role of each resource, based

on criteria (1) to (4) above.
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SECTION 5
IDENTIFICATION AND PRELIMINARY ASSESSMENT
OF
YUKON ENERGY MANAGEMENT OPPORTUNITIES

INTRODUCTION

This section provides a preliminary assessment of Yukon energy
management opportunities, Energy conservation, fuel efficiency and
alternative energy supply opportunities are presented by sector and
end-use including, as applicable, both existing and new markets. At
this point in the paper, primary emphasis is given to technical,
financial and market considerations; in the following Section 6, a
broader territorial perspective will be added. Thus, in this Section

5, the following areas are discussed:

. Description: Applicable energy conservation, fuel efficiency and
alternative energy supply options are matched with major end-uses

in each sector.

. Technology Status: The current technical status of energy conser-
vation measures is reviewed and combined with the assessment
results for alternative energy supply technologies provided

previously in Section 4.

o« Estimated Cdsts/Savings: The potential cost-effectiveness of
identified options is presented based, to the extent that data

permit, on recent demonstration experience.

. Market Assessment: The applicability of the cited options within
Yukon communities is identified and, to the extent that data
permit, appropriate sub-markets are identified and the extent of

remaining energy conservation/substitution potential is identified.

As applicable, both conservation (efficiency) and alternative re-
source/technology options are presented, often in parallel. While the

selection of an optimum mix of conservation measures and fuel effi-
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ciency or substitution options are typically site-specific, previous
experience has shown that in virtually every case, it is more cost-
effective to first apply conservation and fuel efficiency measures and
then to consider fuel substitution options in light of the reduced,

residual demand. Three considerations support this approach:

. extensive experience with building energy audits has shown that, in
most cases, the implementation of low or medium cost conservation
or fuel efficiency improvements require smaller capital expendi-
tures and provide faster economic return than energy substitution

options

« 1in most cases, conservation and fuel efficiency improvements also
provide important secondary benefits (eqg, increased comfort through
reduced drafts or cold spots, increased building lifespan through

control of moisture migration, etc.)

. once optiminal (cost-effective) levels of conservation and fuel
efficiency have been achieved, then alternative or substitute

energy sources can be more effectively specified; for example:

- an alternative heating system (eg, wood) can be correctly sized
to the new, reduced heat demand and therefore ensure a better
match of heat supply/demand resulting in optimal operation

efficiency of the heating appliance

- by first reducing the required heating capacity, a smaller and

often less expensive heating system can be installed.

The opportunities presented in this section for increased use of
alternative resources/technologies have been restricted to those which
were judged in the preceding Section 4 to be available and ready for
application within the next five years. Consequently, other options,
currently constrained by resource availability (eg, natural gas) or
technology status (eg, wood gasifier), may provide further Yukon
opportunities some time in the future but have been excluded from this

present discussion.



{

5.2

5.2.1

Marbek

Page 40

EXISTING RESIDENTIAL SECTOR: SPACE AND WATER HEATING

Description

Opportunities within this sector .include retrofit measures as well as
upgrading of o0il heating systems and/or substitution of wood heating
systems. In general, residential electricity-specific demand is not
large or subject to significant potential savings (water heating is
not electricity-specific) and is therefore not addressed further. The
major focus is single detached homes, although most measures are also
applicable to attached or row houses. Ideally, the specification of
retrofit and heating system measures should be assessed at the same
time (ie. via an audit) and an optimum (cost-effective) mix of

measures selected.

Table 5.1 (below) indicates the range of opportunities and provides

sample measures of conservation and alternative energy measures.

TABLE 5.1
Sample Energy Management Opportunities
- Existing Residential Sector -

Options Sample Conservation Sample Alternative
Measures Resource/Technology
1.1 Low Level « caulking and
Retrofit weatherstripping @ = ===--

« o0il furnace tuning

« hot water flow
restrictors

. set back hot water
temp to 110°F

« hot water insulation
blanket

« manual night set-back
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1.2 Medium (above measures plus)
Level . upgrade attic ~ « add supplemental
insulation wood heating
. upgrade floor/crawl
space insulation
. upgrade windows/doors
. auto thermostat set-
back |
» add retention-head
0il burner
1.3 Major (above measures plus) . high efficiency
Level . rewrap/insulate wood stove
Retrofit exterior walls
. Treplace heating . wood/o0il combi-
system nation furnace

. add heat recovery
ventilator (HRV)

There are numerous factors which influence the optimium selection of
retrofit and heating system measures. However, two factors are
particularly critical: a) the current condition of the house (eg,
remaining serviceable lifespan, existing thermal characteristics and
heating system type, efficiency, and remaining lifespan); and b) the
availability of adequate local wood resources for consideration of

wood heating alternatives.

Although somewhat simplified, the following three categories of
housing conditions and applicable energy measures provide a useful

planning framework:

. Housing which is beyond rehabilitation and subject to near-term

replacement: Normally nc action or only low level retrofit actions

can be justified. Addition of an efficient wood stove (as supple-
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mental heat source or replacement of inefficient wood stove) may,
in some cases, be justified where the stove can be later moved and

re-installed in a new house.

. Housing which has been designated for major rehabilitation: This

situation generally presents the most cost-effective opportunity
for retrofit activities. Typically, medium or major level retrofit
activity can be economically justified including improvements to an
0il heating system and, if wood resources are adequate, the
installation of supplementary wood heating (ie. energy-efficient
wood stove) or a wood/oil furnace. Normally, some form of oil
heating is desirable as a back-up for periods when the home is

unoccupied.

. Serviceable housing with considerable remaining lifespan: In most

cases, low to medium level retrofits will provide the most cost-
effective course of action. In oil-heated homes with access to
wood resources, the addition of an efficient wood stove as a source

of supplementary heat should be considered.

Technology Status

All of the necessry retrofit techniques and materials as well as
heating and ventilating systems are technically proven and commer-
cially available. However, conditions unique to northern settings

require attention:

. The lack of proper foundations in many existing homes commonly
results in serious seasonal structural shifting which may‘reduce or

eliminate the benefits of air sealing.

. Residents must be adequately informed/trained in the operation of
new energy-efficient wood stoves, ventilation systems etc. as
adherence to traditional practices can reduce the effectiveness of

energy measures or lead to hazardous situations (eg. slow burning
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of green wood in an efficient wood stove which can lead to the

build-up of hazardous creosote deposits).

Estimated Costs/Savings

There are numerous factors which affect both the cost and savings
associated with retrofit activities. For example, costs can be
significantly reduced if measures are undertaken by the homeowner or
resident. On the other hand, savings can be lost as a result of
household lifestyles. For example, even a well insulated home will
consume large volumes of fuel if windows are left open for "fresh
air". Notwithstanding these considerations, Table 5.2 presents a
range of costs and savings that can be expected for the above retrofit

actions.
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TABLE 5.2
ESTIMATED COSTS/SAVINGS*
--SPACE/WATER HEATING MEASURES
Action Installed Annual Annual
Cost Energy Cost Savings
(incl. labour) Savings

o« Low Level Retrofit $500-1,500 10-25% 10-25%

e Medium Level
Retrofit** $3,000-5,000 20-40% 20-40%

. Major Level
Retrofit** $10,000 + up to 65% up to 65%

« Install $1,500-2,500 N/A 60-70%
supplementary wood '
stove/chimney*¥** .

« Install wood or $4,500-5,500 N/A 60-70%
wood/0il furnace '
and chimney

* all costs/savings estimates based on review of RCDP, CREDA, Enerdemo case

examples
*%*  Wood heating conversion excluded
*¥*+  Agsumes B80% substitution of wood for oil;

0il price is 45¢L. and wood price is $80/cord.

5.2.4 Market Assessment

The energy conservation measures cited above are applicable to all
communities within the Yukon. Data are not available on the number of

housing units falling into each of the categories cited in 5.Z.1.
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However, it is assumed that the bulk of the non-native hohsing stock
would fall into the "Serviceable" category with perhaps 10 - 15%
falling into the remaining two categories. However, Indian housing
stock is widely recognized as being in much poorer repair than

non-native housing.

Informal discussions with government officials indicate that no data
exist with respect to actual residential energy savings achieved to
date. In general, it appears that modest energy savings (perhaps 10 -
12%) have been achieved but significant (perhaps 20 - 25%) additional
‘cost-effective savings remain untapped. These data would be consis-

tent with experience in other parts of the country.

Although hard data are not available, it appears that non-native
households have participated far more widely in retrofit programs (eg,
CHIP) than Indian households. Numerous explanations--lack of capital,
poor local supply infrastructures, etc.--have been advanced for the
low level of Indian participation in retrofit activities. These
reasons are not fully known; however, based on low historical parti-
cipation rates and generally poorer housing stock, this sub-market
appears to have particularly high remaining retrofit potential which

warrants further consideration.

Despite the probable existence of significant untapped residential
retrofit - potential, the realization of further gains in this sector
are seriously constrained by public perception of the current energy
situation. The most effective approach may, therefore, be to promote

linkages between renovation and energy retrofit activities,

The use of wood for primary or, in many cases, supplementary space
heat appears to be slipping somewhat (61,000 m3 in 1984/85 vs. 89,300
m> in 1982/83)*, At its period of peak use, wood provided about
40-45% of Yukon residential space heat. Wood can never completely
substitute for fuel o0il in Yukon residential space heating due,

* Yukon Statistical Review, Fourth Quarter, 1985.
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largely, to convenience of use and the need for homeowner attendance;

however, with suitable support it may be possible to regain wood's

former market share and to further expand it to, say, 60-65% of

residential space heating energy use. Although data are not avail-

able, the types of support which are expected to be consistent with

expanded wood use in the residential sector include:

Upgrading of residential wood heating systems: Many of the

installed residential wood stoves are believed to still be cheaper,
inefficient models and even many of the more energy efficient
models which have been installed have been oversized for their
application. This situation aggravates the problems of convenience
of use, safety and emissions as well as adversely affecting cost
savings. Support could include both user education and financial

incentive to upgrade to efficient models.

Improved Infrastructure Supply: The Yukon Overview Study, prepared

by Acres et al, for the RCDP program, consistently cited the need
for the development of a reliable wood fuel supply system as a
prerequisite to expanded wood use, particularly in the smaller
communities. Although the current status of the Yukon's wood
supply infrastructure is not documented, it is believed to consist
lérgely of relatively small volume, one or two person operations.
Improved co-ordination, assistance in acquisition of better harves-
ting/handling equipment etc. may provide opportunities to both
improve supply reliability as well as reduce unit costs. This area
warrants further study.
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NEW RESIDENTIAL SECTOR: SPACE AND WATER HEATING

Description

Opportunities within this sector include:

. construction of new residential buildings to higher standards of
thermal efficiency, such as those for R-2000 housing or thase

propesed in the draft document, Measures for Energy-Efficient

Northern Housing (1985), including proper site orientation and

design for optimum passive solar heat gain.

- increased use of wood for primary or supplemental space heating.

» improved planning coordination so that the use of the other heating
sources such as geothermal/heat pump, passive solar or perhaps wood
or diesel waste heat/district heating options can be maximized.

Much of the discussions contained in the preceding Sections 5.2 and

5.3 are equally relevant to the opportunities cited in this section.

Consequently only a brief discussion is presented.

Technology Status

Many of the technical issues pertaining to continued developments in
energy efficient hdusing technology are  conceptually identical for
both northern and southern housing. Areas particularly relevant to
northern housing primarily involve improved design specifications

which better integrate unique northern conditions:

a more severe climate

- different lifestyles and cultures

- higher energy costs and larger dependence on fuel oil
- prevalence of permafrost

- reduced solar radiation

- more difficult logistics in isolated communities
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Many of these unique northern conditions have been addressed in the

previously mentioned Measures for Energy-Efficient Northern Housing.

Areas where unresolved technical issues continue to be debated include

ventilation systems and window design.

With respect to residential heating systems, high efficiency wood
stoves and wood or wood/oil furnaces represent the most widely
applicable options. In this area, one of the more important de-
velopments is the introduction of catalytiec converters into con-
ventional efficient wood stove designs. - Catalytic converters offer
the potential benefits of not only increased efficiency but also of
significantly reduced emissions. Several wood stove manufacturers now

market models having cétalytic converters.,

Improved site-planning and inter-agency co-ordination may further

contribute to reduced RPP consumption in new houses. For example:

. to maximize passive solar heat gains, new subdivisions or building
lots need to be laid out such that proper housing solar orientation

can be attained

. although most residential district heating schemes involving diesel
waste heat or centralized wood heating systems and existing
regsidences have not proven to be cost-effective, due to the capital
cost of distribution and modification of existing heating systems,
such schemesvmay be cost-effective in the future if sufficient new
housing can be clustered near the heat source and compatible
heating systems incorporated within the initial housing design

- specifications.

Estimated Costs/Savings

The actual cost increment required to build new homes to the standards

contained in the Measures for EE North Housing (1985) has not yet been

firmly established. |, However, several previous northern housing

demonstration projects, funded under EMR's CREDA program, have shown
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the cost increment (conventional 2"x4" construction vs. R-2000

standards) to be between $7,000 and $15,000 per unit. Simple payback

periods ranged between 3 to 7 years. Table 5.3 presents the cost/

savings associated with selected CREDA northern housing demonstration

projects.
TABLE 5.3
SELECTED COSTS/SAVINGS
NEW ENERGY EFFICIENT HOUSING
CREDA Demo Site Selected Costs/Savings

New Energy Efficient Housing

Cost Annual Simple
Increment Savings Payback
1. 50 Super Energy-Efficient
Townhouses, Yellowknife, NWT $10,000/unit $2,665 3.7 years
2. Northern Low Energy New $ 7,000/unit $2,536 2.8 years
Housing, Labrador
3. Wood Heated Low Energy House $15,225 $2,400 6.3 years

- Hay River NWT

5.3.4

Market Assessaent

The new residential market has been relatively flat for the past few
years (about 100 homes per year) largely in response to the general
economic decline. However, with the recent improved economic climate
and expanding population, it is expected that the Yukon's new (non-
native) housing market will similarly experience new growth. In
addition, and exclusive of the stimulative impact of future land claim

settlements, the Council of Yukon Indians is currently projecting the
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construction of 500 new homes for Indian residents over the next three
years. Thus in both Indian and non-native sub-markets, there exists a
very significant opportunity to improve the energy efficiency of the

Yukon's residential housing stock.

According to officials of the federal R-2000 program, there has been a
positive builder response to the R-2000 training workshops held in the
Yukon, including good representation from Indian Bands. While
interest is apparently high, there is concern as to whether new
homeowners are sufficiently confident in the Yukon's economic improve-
ment to invest the additional "front-end" capital required to build
homes to optimum levels of energy efficiency. Given the related
benefits to the territory, not only of reduced fuel importation but
also of an improved quality of housing stock, consideration of
incentives/support ensuring high levels of energy efficiency in new

housing clearly warrant further consideration.

As in the existing residential sector, the applicable sub-markets for
new residential construction include Native and non-Native as well as
larger versus smaller communities. It is expected that maximum
realization of benefits will require distinct approaches to each of

these sub-markets.
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COMMERCIAL SECTOR: SPACE/WATER HEATING AND ELECTRICITY-SPECIFIC

ol Description

Opportunities within this sector vary widely, primarily as result of
the wide variation in "building-types" which house commercial activi-
ties. For those commercial activities (eg, small retail, small lodges
etc.) that are carried out in "residential-type" buildings, opportuni-
ties will be similar to those for residential sector. Similarly
opportunities for larger commercial operations such as hotels/motels
(eg, those with HVAC systems, large or multiple-use floor space etc.)
will be similar to those described for the institutional sector. Cons-
equently, the reader is referred to sections 5.2, 5.3, 5.5 or 5.6, as
appropriate, for a discussion of possible energy management measures

applicable to the commercial sector (existing and new).

2 Market Assessment

Based on the Retrofit Potential Index (RPI)* contained in the Yukon

Overview Study, the potential for cost-effective retrofit of commer-

cial buildings is particularly large. Whereas an RPI of 6 was consi-
dered to be a practical level of energy performance for Yukon build-
ings, most commercial buildings were cited as having RPI's many times
larger than this level. In fact, a large number of commercial build-
ings were reported as having RPI's in excess of 200 with some being as
high as 2000. Although the RPI index is obviously not a precise
measurement tool, the results contained in the Yukon Overview Study

clearly show very large energy savings potential in this sector.
Detailed information is not available on the level of retrofit
activity which has occurred since 1983/84 (the date of RPI data) but
it is unlikely that conditions have changed significantly.

The retrofit potential index (RPI was developed by Arctech as a means of
identifying buildings with the greatest payback potential for energy
conserving retrofit measures. The RPI for an individual buildings is
computed as the building energy efficiency (MJ/M3/DD) times the gigajoules
of energy consumed during an average year. As an example, a building with
an average efficiency of 0.04 MJ/M3/DD (40 KJ3/M3/DD), which used an average
of 150 Gigajoules of energy for space heating, would have an RPI of 6. The
higher the RPI, the greater the potential for cost-effective energy
conservation measures.
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- The hotel/motel subsector is expected to have particularly significant
remaining potential for cost-effective energy savings. This reflects
the larger and multi-use nature of these facilities (and hence wide
range of applicable measures) as well as the high degree of owner/oper-
ator management. This subsector also represents one of the most
promising markets for solar DHW applications, given the large summer
demand for hot water.

The commercial sector has historically represented about 20 to 40% of
new construction activity in the Yukon. During the past four years,
approximately 100 units have been built each year, thus representing a
continuing opportunity to promote the incorporation of more energy

efficient design features.

While some small commercial operations, particularly in the smaller
communities, are known to use wood as a supplemental source of space
heat, further penetration of wood heating into this sector will
require overcoming "convenience-of-use" constraints. Wood-fired
district heating systems may provide a means of overcoming this
constraint, provided that suifable site-specific conditions exist.
‘Yukon data are not available; consequently, further assessment is not

possible at this time.

| ey
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INSTITUTIONAL SECTOR: SPACE/WATER HEATING AND ELECTRICITY-SPECIFIC

Description

Opportunities within this sector address space/water heating and
electricity-specific energy demand in existing institutional build-
ings--offices, schools, hospitals, recreational facilities and
transportation facilities. Some of these buildings, such as small
offices, airport waiting rooms, etc. are similar to residential
buildings with respect to their size, heating systems, etc. Spec-
ification of retrofit measures and estimated savings potential is,

therefore, similar to those presented previously in Section 5.2.

In the remaining larger institutional buildings, the range of avail-
able energy management options is generally broader than for the

residential sector. Two factors particularly influence this situation:
. Size

-~ The larger heat loads of the buildings greatly improve the
potential cost effectiveness of additiocnal alternative heating
options such as diesel waste heat recovery, automatic wood chip
heating, waste o0il burners and geothermal/groundwater heat pump

systems.

- The larger physical size of the building increases the possibi-
lity that different sections may have different patterns of use
or may even have simultaneous heating and cooling loads (ie.
recreational facilities) Thus, zone control of heating,
ventilating and 1lighting systems and internal waste heat
recovery may often provide attractive savings.

- Larger institutional buildings normally pay an electrical demand
charge as well as an energy consumption charge. Control devices
which cycle loads to limit peak energy demand may often provide

attractive savings.
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. Existence of Central HYAC Systems

- Larger institutional buildings typically have more complex,
central heating and ventilating systems than are found in
residential-type buildings. In many situations, therefore,
significant energy savings can be achieved through the fine
tuning of HVAC controls, by reducing the quantity of outside
make-up air, and by upgrading with more energy efficent motors,
equipment, etc.

Table 5.4 (below) indicates the range of opportunities and provides
sample measures of conservation and alternative energy measures,
Further specification of opportunities can only be carried out on a
site specific basis. Appendix D presents further site specific

measures and results.
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TABLE 5.4
SAMPLE ENERGY MANAGEMENT OPPORTUNITIES
- EXISTING INSTITUTIONAL SECTOR -

Options Sample Conservation Sample Alternate
Measures Resource/Technology

2.1 Low Cost « set back hot water = «coaa-

temp to 110°

« insulate hot water tank

. reduce lamp wattage

. balance/tune/heat
mechanical .and
ventilation equipment

. seal around entrance
doors, windows, etc.

« reduce window area

and insulate etc.

2.1 Medium and . add attic insulation
High Cost « insulate crawlspace
. - replace incandescent

lighting with
efficient fluores-
cent, metal halide
etc. lamps

- install auto tempera-
ture set back

. install zone control
heating/lighting
systems

install cord

wood and wood/oil
boiler/furnace
install auto-
matic weod chip

boiler
diesel waste heat
recovery

geothermal/heat pump

solar DHW system
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. upgrade mechanical
and ventilation
equipment

. install peak electrical
demand controls

« internal heat recovery

(ie, recreation facilities)

5.5.2

Technology Status

All of the techniques, materials and equipment required!for implementa-
tion of the identified institutional energy management options are
technically proven and commercially available. For example, several
institutional wood heating systems are currently in operation and
diesel waste heat recovery has been successfully used for many years

for heating in Northern facilities.

However, previous demonstration  experience--particularly those
involving new and/or more sophisticated heating and computer managed
energy systems--has clearly shown the need to anticipate, and adequa-
tely plan for, potential problems in the start-up phase. As previous-
ly mentioned, thorough operator training including on-site technical
assistance during start-up and an adequate parts inventory is often
essential. In several cases, simple problems have led to prolonged
and frustrating shut downs of diesel heat recovery systems, automatic
wood-chip heating systems and computerized load management systenms.
In almost every case, analysis of the situation has shown that a
properly trained operator, with adequate access to parts and service
personnel would have avoided any serious disruption of service. For
the most part, once these needs have been adequately addressed, the

systems have operated reliably.

Appendix D presents case studies of several demonstration projects
which highlight some of the above problems and responses a well as

savings achieved. These include:
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. Oxford House School - Diesel waste-heat recovery

. Lac La Martre School - Diesel waste heat recovery

« Fort Smith - Automatic Wood-Chip heating system

« Pelly Crossing School - automatic wood-chip heating system

« Rolling River School Division - Remote Computerized energy manage-
ment J ,

« Arenas and Curling Rinks - Heat recovery, electrical demand
control, lighting

« Indoor Swimming Pools - Heat recovery and electrical demand control

The implementation of other less sophisticated measures, as identified
previously, have typically performed as expected. Although, proper
operator training and periodic site supervision is frequently necess-
ary to ensure that proper operation and maintenance procedures are

being adhered to.

Estimated Costs/Savings

The potential costs/savings related to the implementation of energy
management measures in this sector vary widely among sites. Conse-
quently, site-specific costs/savings are shown below in Table 5.5 for
selected measures in several actual remote community demonstration

projects. Further detail is contained in Appendices D and E.
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TABLE 5.5
COSTS/SAVINGS
FOR SAMPLE MEASURES AND SELECTED SITES
— INSTITUTIONAL SECTOR -
Measure Site* Estimated Estimated Simple
Cost®* Annual Net  Pay back
Savings*** (Years)
A) Low Cost
1. Set-back hot (1) 0 $53 0
water temp.
(1359F-110°)
2. Weatherstrip (2) $120 $1,113 .1
doors
3. Add timer to (2) $250 $700 4
exhaust fan
4. Reduce corridor (2) $100 $70 1.4
lampage
B) Medium Cost
5. Ventilation (1) $3,000 $3,350 - 0.9
control upgrade
6. Install auto 3 $4,750 $994 4.8
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7. Install - _ (4) $15,000 $4,500 3.3
electrical demand

control system

8. Icemaking heat (9) $5-$13,000 N/A 3-10

reclaim

C) High Cost

9. Install diesel (5) $119,000 (A) $55,000 2
waste heat
recovery (6) $239,000 (A) $26,500 9
10.Install automatic 7 $206,874 (A) $44,500 4.6

wood chip boiler

Notes:

*Sites are: (1) Erickson Collegiate - Erickson, Manitoba; (2) Centennial

School - Lac Du Bonnet, Manitoba; (3) St. Joachim School - Lac Broquerie,

Manitoba; (4) Leaf Rapids Education Centre - Leaf Rapids, Manitoba; (5) Oxford

House School - Oxford House, Manitoba; (6) Lac La Martre School - Lac La-
Martre, NWT; (7) Fort Smith Water Plant - Fort Smith, NWT; (8) Pelly Crossing

School - Pelly Crossing, Yukon; (9) Average for 12 locations across Canada.

*% (A) Denotes actual cost; savings shown are also actual for first year

of operation. Savings will increase as fuel prices escalate.

* Savings shown are net (ie, projected fuel o0il cost - cost of alterna-
tive fuel and 0 & M costs)
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Market Assessment

As indicated above in Section 5.5.1, the potential savings resulting
from energy management measures in the institutional sector are, in
general, larger than for other sectors. Institutional facilities are
located in communities throughout the Yukon and the sample conserva-
tion measures outlined in Table 5.2 as well as those identified in the
case examples contained in Appendix D are expected to be widely
applicable. Alternative energy options are, however, more site-speci-
fic in their application. As presented previously, wood resources/
technologies for space and water heating are the most widely appli-
cable options in the Yukon. Options for diesel waste heat recovery,
geothermal/heat pump applications, solar DHW systems, etc. are also

expected to be applicable in selected locations. However, these

"~ latter options are particularly site-specific and, therefore, it is

more difficult to generalize about their applicability.
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NEW INSTITUTIONAL SECTOR: SPACE/WATER HEATING AND ELECTRICITY SPECIFIC

Description

The major energy management opportunities for new institutional

facilities include:

« construction of new instituticnal buildings to improved levels of
thermal as well as mechanical and lighting system efficiency and,

e« 1incorporation of wood heating systems for primary or supplementary

space and water heating, or

« co-ordinated site selection and planning sa that opportunities for
using diesel waste heat, geothermal, sclar or waste o0il resources

can be optimized,

Technology Status

As for the residential sector, may of the technical issues involved in
northern construction of new institutional facilities are similar to

those existing in the south. They involve such areas as:
« determination of optimum design and levels of insulation

» use of more efficient HVAC and lighting systems and equipment

including the use of micro-processor control systems

The latter area warrants careful consideration in Yukon applications,
as the potential related savings are large particularly in communities
where electricity is diesel generated. However, the use of more soph-
isticated computer control systems is more difficult in less sophis-ti-
cated settings. With respect to the selection of optimum design
levels for insulation and other related energy efficiency equipment,

the application of life-cycle costing principles should be emphasized.
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Potential alternative heating resources/technologies have been
previously discussed in preceding sections and are, therefore, not
repeated here. However, the potential benefits of co-ordinated site
planning warrant emphasis. For example, the proximity of the waste
heat supply to the potential load is critical to the economic feasibi-
lity of diesel waste heat recovery. If community plans are designed
to group larger institutional and commercial loads within the same
physical area as the diesel plant, then the probability of cost-
effectively using this heat source is increased greatly. In fact, if
suitable loads exist, it may in some cases (particularly during major
overhauls or replacement of diesel engines) be economically feasible
to relocate the diesel plant adjacent to the heat load(s). Through
the use of exhaust silencers and improved sound insulation of the
container building, both emission and sound levels can be made

acceptable for locating the diesel plant adjacent to public buildings.

Market Assessment

The design and construction of new institutional facilities provides
an opportunity not only to incorporate optimal levels of efficiency
(life-cycle cost basis) but also to provide an important stimulus to
the more widespread local use of wood resources. For example, in many
larger institutional facilities automatic wood-chip heating systems
can be economically justified. Once a reliable wood-chip supply has
been established to serve the facility, including investment in harves-
ting, chipping and transport equipment, then the economics of serving
additional local, smaller commercial or institutional facilities may

be greatly improved.

Whereas the capital investment in wood-chip supply equipment can not
generally be rationalized for smaller heat loads, once purchased to
provide wood chips to the larger facility, the same equipment can be
used to serve additional local wood-chip users, thus reducing unit
capital costs. Even a relatively large building's demand for wood
chips will require only intermittent use of wood chip productioh

equipment.
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The construction of new institutional buildings, as well as major
additions/renovations represents an important and ongoing element of
the Yukon construction industry, accounting for 4 to 18% of actual
building permits and as much as 50% of total building expenditures
during the period 1983 to 1985.
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INDUSTRIAL SECTOR

Description

For purposes of identifying energy management opportunities, the
industrial sector in the Yukon can be divided into four subsectors:
hard rock mining (including coal), placer mining, and all other
industry, with the last category further subdivided into liquid
fuels-intensive and heat-intensive sub-subsectors. (Liquid fuel
intensive industries include agriculture, forestry, hunting, fishing
and trapping, and construction; heat intensive industries include food
processing, chemicals, and most miscellaneous industry.) Electricity
use is very unevenly distributed among industrial sectors, with mining
taking a large block for use in high-volume digging equipment and a
smaller amount in milling operations. Almost all other industries use
some electricity, but generally in quantities more comparable to small
commercial establishments. The placer mining industry is tﬁe4main
user of propane in the Yukon. Propane is a convenient all-purpose

fuel that well suits the mobile requirements of the industry.

Because of the need to deal with the several sectors of industry
separately, discussion of industrial energy opportunities is organized
by sector rather than by characteristics as with other parts of this

section of the report.

Hard Rock Mining

Energy use in conventional mining has received rather less study than
that in most other sectors of industry. This is surprising inasmuch
as mining, as defined statistically, is a fairly energy-intensive
operation. (Statistically, "mining" includes both mining and milling
operations as well as on-site ore movements.) Unfortunately, the
reports of the Federal Government-Industry task forces on energy use
and efficiency are of little help because they aggregate mining and
metallurgy, whose combined energy use is of course dominated by the

latter.



!
"Marbek

Page 65

As indicated in Section 3 above, the industrial sector in the Yukon
was formerly dominated by mining, and will be again with the end of
the current recession in the industry. Because mines are so different
one from the other, it would be useful to have mine-by-mine informa-
tion on energy use patterns prior to reaching conclusions about the
technical or economic potential for efficiency improvements. However,
such information is not published. Therefore, this section will focus
on the general sorts of approaches that are likely to prove applicable

in the Yukon.

Half or more of mining energy use in the past was represented by the

Cyprus-Anvil mine, and in the future the same oberation, now renamed
Curragh, will likely represent a comparable share of the sectoral
total. Information provided by Curragh suggests that the reopened
operations will not only improve overall plant efficiency (energy use
per unit of output) by 10 to 20% but also that, by eliminating the
surge problem on the electrical lines feeding the large shovel, the
Territory's electrical supply system can be used more efficiently so

that in effect, the available capacity is increased.

The Energy, Mines & Resources Soft Energy Paths for Canada (1983)

study identified the following principal areas by which improvements

in mining energy efficiency are "being achieved":

o utilization of waste heat
. optimizihg ventilation control systems
. improved water use to reduce pumping requirements

« external air feeds to combustion chambers.

Other studies have also found savings available through a variety of
no-cost/low-cost measures involving housekeeping and minor changes in
operational patterns. Even larger savings are possible by process
change, mainly in milling operations, by reductions in the need for
process heat. These developments are still mainly in the experimental
stage and will not likely be adopted within the next five years.

In general, non-process charge conservation measures implemented at
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mines and mills in Canada often cost less than $4 per gigajoule

(Diener & James).

Not - included in any of the foregoing figures are savings obtainable
through purchase of more efficient vehicles and improved operation and
maintenance of both off-the-road and highway trucking fleets related
to mine operations. These savings are large but are covered by the

information in Section 5.8 on Transportation.

Placer Mining

Modern placer mining is really a mechanized, high-speed method of
panning for gold in which large volumes of river gravel are bulldozed
into sluices where the gold is allowed to separate from lighter
materials by gravity.  Before excavation, the overburden must be
removed from the river gravels, and, if necessary, the permanently
frozen ground containing the river gravel must be thawed. The land is

restored following removal of the gravel.

Placer mining uses two forms of energy: diesel oil for operation of
earth-moving and other mobile equipment; and propane for camp oper-
ations and for thawing frozen ground. Gold dredges (only one is
currently in operation) are also operated by diesel. If electicity is

needed, a small diesel generator is used.

Opportunities for energy conservation in placer mining fall into two

general categories:

- selection and operation of earth-moving and other mobile equipment

- planning of mine operations.

Much of the energy used in current placer mining operations is for
moving gravel using front-end loaders. One alternate method of
materials handling, which is currently being demonstrated, involves
the use of gravel pumping. This method involves screening out all but

the material less than 15mm and then pumping the fines in a slurry to



e

3

5.7.4

Marbek

Page 67

~a sluce box. This method could not only decrease energy consumption in

the mining operation, but could greatly simplify the land reclamation
process, since the finer tailings would be available to put back on

the site after the claim had been worked.

With respect to the selection and operation of earth-moving and other
mobile equipment, the same principles apply to placer mining. as to
other industry. Energy can generally be saved cost effectively by
careful operation and maintenance of equipment, by considering energy
efficiency in equipment selection, and--perhaps most important--by
sizing equipment purchased or used to the typical task rather than to

peak requirements,

Improved planning can take several forms. By stripping overburden
ahead of the time when mining will begin, the process of thawing the
frozen ground with propane-fired steam generators can be largely or
entirely avoided. More extensive or more careful sampling can define
the gold-bearing zones of gravel, and therefore reduce the volume of
material that has to be moved. The two work together. Natural
thawing requires that the miner determine, a year in advance, what
ground will be worked in the next season and that is exactly what

sampling can help determine,

Liquid Fuels-Intensive Other Industry

The energy management opportunities for this collection of industries
are essentially similar to those for the transpbrtation sector. A
recent analysis of conservation opportunities for agriculture in
Alberta, which allowed for the higher fuel consumption of off-road
vehicles as well as for improved tractor design and farming practices,.
determined that the potential saving was approximately 44% per dollar
of output by the year 2010. Assuming that a large proportion of that
gain can come quickly with a éhift to better sized, more efficient
equipment, but also allowing for the more rigourous conditions of the
Yukon, it would appear that agricultural energy efficiency could
improve by about 20% within a decade. The main gains come from
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smaller, better sized equipment that is operated and maintained so as
to be fuel efficient. Naone of 'the changes affects output, and the
costs of the new greater efficiency are roughly balanced by down-

gizing and reduced fuel use.

Except for construction, the other liquid fuels-intensive sectors also
use energy almost exclusively for mobile equipment, so comparable
gains can be expected from those sectors, again at little or no cost.
Gains for construction will be lower, perhaps by 15%, because about
one-fourth of the energy used in construction is for heating of

construction sites where savings are difficult to achieve.

Heat-Intensive Other Industry

Both greater efficiency and alternative fuels can play a role in
changing the patterns of energy use in the heat-intensive subsector of
other industry. However, except perhaps for the small size of indivi-
dual establishments, there is little to distinguish these operations
from those elsewhere in Canada. While they face higher energy costs
than operations located elsewhere, they also face higher costs for
alternative sources and for the materials and labour needed to

retrofit for greater efficiency.

Evidence from small industrial establishments elsewhere in Canada has
identified four major areas where significant gains in energy effi-
ciency can be won: 1) improved insulation in all areas where heat is
being sdpplied; 2) more efficient and better-sized electric motors; 3)
addition of minor elements of process control; and 4) much greater
attention to so-called housekeeping and operations. Of these, the
first and last yield the greatest energy savings--typically 20 to 30%
in the case of insulation and 10 to 20% in the case of housekeeping.
However, whereas the latter is all but costless apart from learning
time, the investment in insulating materials can be substantial.
Improved electric motors and motors that are more carefully sized to
the loads placed on them yield savings in the range of 5 to 15%, not

generally enough to be cost effective except at the time when a new
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motor is being purchased. Improved process controls vary so widely

that it is impossible to generalize about cost effectiveness.

In addition to these measures, heat-intensive subsectors should find
the same opportunities to economize in liquid fuels for transport and

in energy used for space heating as other sectors already described.

Alternative sources for heat-intensive industrial subsectors are also
similar to those available in the commercial/instituticnal sectors.
The two most important options appear to lie with the use of wood as a
heat source and with the recovery of waste heat for use in other
operations. None of the operations is likely large encugh to justify
cogeneration., Other options involve coal or waste oil, particularly
in modern clean-burning boilers. However, again the small size of
existing operations may limit the cost effectiveness of shifting to

these sources.
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TRANSPORTATION SECTOR: LIQUID FUELS

Description

The major opportunities within this sector involve the private
automobile/light truck and commercial truck subsectors. As shown
previously, these two subsectors account for nearly 85% of total
sectoral energy demand. None of the vehicles are manufacturerd in the
Yukon; therefore, vehicle efficiency standards are beyond the scope of
Territorial influence. Therefore, in the absence of any near term
fuel substitution options (eg, CNG), the Territory's major options
consist of promoting both more efficient operation of current vehicles
and the selection of more fuel efficient replacement vehicles. -While
emphasis is accorded to the automobile and truck subsectors, similar
opportunities may be applicable to local airplane firms. However,
available data are insufficient for further analysis of this latter

subsector.

Table 5.6 indicates sample opportunities and measures which are

applicable, in the near-term, to the automobile and truck subsectors.
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TABLE 5.6
SAMPLE ENERGY MANAGEMENT OPPORTUNITIES
-~ TRANSPORTATION SECTOR
Subsector Options Sample Measures
1. Private Cars/Light 1.1 Driver Education/ . Driver training
Trucks Awareness Programs - winter driving
« Tune-up clinics
- tire pressure
- speed
- maintenance
. Engine/vehicle
downsizing
2, Commercial Trucks 2.1 Fleet Management . Driver training programs
and Operator : . Management monitoring
Education Programs of driving habits,

maintenance procedures
and fuel consumption

. Route optimization

. Energy-efficient vehicle

selection

power requirements

drive train selection

- tire selection

fuel saving accessories.

5.8.2 Technology Status

Techniques and technologies required to achieve more fuel efficient
operation of cars and trucks are well established and several provin-
cial departments of energy and/or transportation have successfully

implemented a wide range of programs and measures. For example, the
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Ontario Ministry of Transportation and Communications (MTC) has
developed and implemented transportation programs and supporting media
(booklets, seminar training materials, A/V materials etc.) directed at
a wide range of specific target audiences - from private automobile
owners/drivers through to individual and corporate owners/opérators of
large, long haul trucks. Although these and other materials would
obviously require significant adaptation to Yukon conditions, it could

provide a valuable basis for similar Yukon initiatives.

Estimated Costs/Savings

The actual costs and savings associated with the private implementa-
tion of measures such as those outlined above in Table 5.6 will, of
course, depend on specific circumstances. For example, an indivi-
dual's decision to replace their V-8 powered car or truck with a
smaller more fuel efficient version can yield savings in the initial
purchase price as well as fuel savings in the order of 50%. On the
other end of the spectrum, fleet management techniques have been
demonstrated by numerous large trucking firms where, along with driver
education and improved maintenance savings have reached as high as 25%
of pre-change use. In many cases, significant savings in annual
maintenance costs have also been realized through the implementation

of these measures (as much as 50¢ for each $1 saving in fuel costs¥*)

* Fyel Saver; Spring/Summer 1985

[ B

o 4
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Market Assessment

Although the above measures are theoretically applicable throughout
the Yukon, it is expected that they would be particularly applicable
in Whitehorse and perhaps one or two of the other larger centres, as
they represent not only the largest concentration of drivers and
vehicles but also are the centres for most 1local trucking/hauling

firms.

Is should be noted that a large portion (precise data are not availa-
ble) of the fuel consumption attributed to thé transportation sector
is consumed by vehicles passing through the Yukon. This includes both
summer tourist vehicles and truck traffic originating outside of the

Yukon.
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ELECTRICITY GENERATION

Description

As noted in preceding sections, about 85-30% of the Yukon's current
electricity supply is hydro generated and is distributed via two
separate local grid systems. At present, the main Whitehorse grid, in
particular, has significant (20-30%) surplus capacity. However, with
the reopening of the Curragh Resources' mine at Faro, it is expected
this surplus capacity will not only be fdlly utilized but also that
stand-by diesel generating capacity may again be required despite
activation of a recently installed fourth 20 MW turbine. As further
noted in preceding sections, the future prospects of the mining
operation remain uncertain at present. For example, should the Faro
mine close again, or significantly curtail its level of operation, it
is possible that the Yukon will again find itself with a surplus of
hydroelectic grid power. Conversely, should new mining activities
increase significantly within areas served by the grid, the increased
use of diesel generating capability would similarly be required.
Consequently, until these uncertainties are clarified, there is no
clear case for further expansion of the current hydroelectric grid

systems,

The major area of the Yukon's electricity supply system that does
clearly warrant emphasis are off-grid community diesel power systems.

Energy management opportunities for these diesel electricity genera-
ting sets can be grouped into two categories;

. alternative resources/technologies which can be used as a partial

or complete substitute for diesel generated electricity

. measures which will increase the overall electrical efficiency of

existing diesel sets.
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The former category of opportunities have been previously discussed in
Section 4, but for easy reader reference, the major conclusions are

repeated below:

o Hydro: Additional hydroelectric capacity exists
within the Yukon which could, in theory, be
used to replace diesel sets either through
grid extension and/or through development of
small or micro hydro sites proximate to
specific communities not connected to the
grid. Based on available data, it appears
that only Dawson City (small hydro) has any
significant short term probability of
development. Consideration of hydroelectric

developments at -these and the remaining

diesel electric generation sites is, -

however, highly dependent on site specific -
considerations which are beyond the scope of

the report.

. Wood: A wood-boiler/steam turbine generator
combination could potentially provide a
cost-effective alternative for the cogenera-
tion of electricity and heat in select
locations where a large heat load is present
(e.g. concentrate drying, district heating

. etc.) together with a compatible electrical

load or grid connection.

« Other: No other resource/technology combination
offers a cost-effective near-term opportu-~
nity for replacing diesel electricity

generation in the Yukon.
Opportunities for improved system efficiency include:

. computerized load matching in diesel power

installations with multiple generating sets
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. addition of a heat recovery generator to
existing diesel sets
. intermittent charge AC/DC diesel genera-

ting systems with battery storage

Fach is further discussed below,

Technology Status

Computerized Load Matching: In remote power systems with several
diesel generating sets of different sizes, it is common practice to
activate and de-activate the sets in response to daily or seasonal
load changes so that the power output form the engines closely
matches the load. This improves fuel efficiency and reduces
maintenance costs. In some cases, further savings can be realized
by installing a computerized control system to automatically

activate or de-activate units in response to load changes.

Computerized 1load matching control systems have already been
introduced at a number of remote community power sites in Alberta
and Ontario and have been shown td be reliable and effective. Fuel
savings of 20% with a payback of just over 1 year have been

reélized at the Alberta demonstration site.

Heat Recovery Generators: The addition of a heat recovery genera-
tor to existing diesel generating sets can increase electrical
conversion efficiency. About 70% of the fuel energy used in a
diesel generator system is lost as waste heat. Some of this waste
heat can be used to generate additional 'power using an organic
Rankine cycle engine and generator. An organic Rankine cycle
engine works in a similar fashion to a steam turbine, but at a much
lower temperature. Instead of water being evaporated into steam
with the high pressure steam driving a turbine, an organic fluid is
evaporated and the pressurized vapour is used to drive a turbine.
When used with a diesel generator, waste heat is used to drive the

organic Rankine cycle engine which produces additional electricity
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in a separate generator, thus increasing the overall electrical

conversion efficiency of the generéting set,

Organic Rankine cycle heat engine genertors designed to be used to
recover waste heat from diesel power systems and increase the
electrical conversion efficiency of the ysstem are only in the
planning stage and have not yet been demonstrated in a remote
community power site. However, these generators are already being
used in industry to convert waste heat into electricity and are
often included as the final stage in multiple stage gas-fired
cogeneration systems. It is possible that equipment for use at
remote community power sites may be available within 5 to 10 years;
however, further development and demonstration work as well as
confirmation of cost-effectiveness is required before this techno-
logy will be applicable in the Yukon. This option is, therefore,

not included as a near term option.

Intermittent Charge AC/DC Diesel Generating Systeas: An intermit-
tent charge diesel generating system consists of a conventional
diesel driven AC generator connected to a reversible DC motor/gene-
rator and a high capacity battery system. The AC generator and DC
motor generator are on the same shaft. When the load can be met by
the battery system, the DC motor is driven from the battery and
generates AC for the load through a conventional AC generator
(which is automatically declutched from the diesel engine). If the
battery system cannot supply the load, the diesel engine starts,
and generates AC for the load and DC to técharge the batteries
(through the now reversed DC motor). Under these conditions, the
diesel engine(s) operate(s) under optimum load conditions, thus
improving efficiency performance and reducing engine wear associ-
ated with operation under low load factor conditions. Major fuel
and maintenance cost savings are, of course, realized during the
extended periods when the diesel engine is not operating and the

load is supplied by the battery storage.
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Intermittent charge 10-12 kW AC/DC diesel generating systems with
battery storage for communiations loads are now operating reliably
in Newfoundland and are being tested in Ontario. Average annual
savings for both fuel and maintenance costs appear to be in the
range of 60%-70%.

Larger intermittent charge diesel generating systems with battery
storage are now under active development. Performance analyses
have shown these systems to be cost-effective against conventional
diesel generator sets in remote communities with average loads in
the 30 to 150 kW range.

Intermittent-charge diesel generating systems are particularly
compatible for hybrid use with DC wind turbine or photoelectric
generators, as power can be fed directly to the battery system.
Because no synchronization is necessary, and because there is
energy storage capability, the wind turbine or PV system can be
sized to provide a much higher percentage of the load. The diesel
unit can be switched off for long periods saving both fuel and

maintenance costs.

Small intermittent diesel generating systems are therefore, techni-
cally ready for application, when conditions permit. Larger sys-
tems are not currently ready for application but may be within 5

 years,

Market Assessment

Computerized load matching control systems are potentially applicable
to most new and existing diesel power installations which utilize more
than one generating set.

Small intermittent diesel generating systems are applicable primarily
only to remote communications sites or other very small, uninterrup-
table electrical loads not served by community power systems.
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If and when, larger intermittent diesel generating systems become
commercially available, they could be applicable in small Yukon

communities such as Johnson Crossing, Swift River and Stewart Crossing.
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PRELIMINARY PROGRAM PRIORITY AREAS

Table 5.7 provides a summary and preliminary rating of the potential
for realizing further cost-effective energy savings in each of the
sectors previously discussed. Although both preliminary and partially
subjective in nature, the Overall Rating accorded to each sector does
provide a valuable basis for identifying those areas of the Yukon
energy economy where energy management initiatives are most likely to

yield the greatest returns.

Further discussion, related to the nature and scope of possible

returns, is provided in the following Section 6.
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SECTION 6
YUKON ENERGY MANAGEMENT OPPORTUNITIES:
THE DEVELOPMENT POTENTIAL

6.1 INTRODUCTION

Previous chapters of this report have disaggregated the Yukon energy economy
in order to identify options for energy conservation and for substituting
local for imported energy. Preliminary assessment has indicated that the
following sectors and end-uses offer moderate to high opportunities for energy

management in the Yukon:
« Space and water heating in existing residential buildings

. Space and water heating in new small buildings (residential units and small

commercial establishments)

« Space and water heating plus electricity-specific use in existing large

buildings (institutional and commercial)

. Space and water heating plus electricity-specific use in new large buil-

dings (institutional and commercial)

o Liquid fuels for transportation

In previous sections the focus has been on the technical potential to improve
efficiency or develop alternative sources within the various sectors of the
Yukon economy. However, an economic dimension has already been incorporated
in the sense of deleting options that are unlikely to prove economic (or to be
available at all) in the Yukon within the coming five years. In this chapter,
the analysis will be broadened in two ways. First, the economic dimension
will be extended in order to get an idea of which options offer the best

returns to the economy as a whole, not just to its individual components. The
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difference is essentiaily that between micrceconomic and macroeconomic aspects
of the analysis, where the latter really reflect the broader development
potential of the energy management opportunities. (As indicated at the start,
these opportunities include only those relevant to a least-cost energy system

for the Yukon. The potential for developing Yukon energy resources for export

is not included in the analysis. Also excluded are the spillover effects of
an improved Yukon economy on the rest of Canada (which some analysts believe

to be substantial).

The analysis will also be broadened in a second way by going beyond the
strictly economic accounts to identify related social, cultural and environ-
mental effects. - In many cases, these effects will have economic dimensions,
but it is rare that the full effect can be captured in dollar terms. In
addition, social and environmental concerns typically exhibit mismatches
between costs and benefits--in economic terms, market failures--because the
individual or firm that, for example, dumps waste into a river will be
- different from the one that suffers from the damages created by the dumping.
As indicated by the wide range of regulatory roles taken on by governmment,
societies choose to act in many areas where the market is deemed inadequate or
inappropriate. Similarly, governments act to promote greater equity. For
example, although it might not be economically justified to support housing
retrofit programs in smaller communities, a sense of equity might lead the
government to offer such programs everywhere within its jurisdiction.
Finally, a government can balance across different accounts. For example,
retrofit Housing programs in the energy sector might reduce payments required

(as for income maintenance) in other sectors.

Thus, net development benefits--including macroeconomic, social, cultural and
environmental effects--need to be added to private microeconomic considera-
tions in assessing the energy management opportunities for the Yukon. This
chapter will focus on these effects. Of course, the conceptual categories
cannot be kept entirely separate. For example, a reduction in the differen-
tial energy costs between the Yukon and southern locations will be one factor
in individual or business decisions about locating in the Yukon, and those
decisions will have broader implications for development. However, neither
the data nor the models available allow us to make quantitative links among
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these variables. The next three sections of the chapter cover, respectively,
the nature and size of the macroeconomic, the social and cultural, and the
environmental effects of the options noted above. The final section then

presents an overall summary of their development potential.

For two reasons, the opportunities discussed in this section are more limited
than those identified in Section 5. First, in order to focus on the major
opportunities, consideration is restricted to those opportunities that showed
significant remaining potential. Second, some opportunities that may have a
significant potential are not discussed because of the absence of sufficient
information by which to judge the extent of the potential market. For
example, it is likely that waste 0il could play a role in the Yukon energy
economy, and that some tourist facilities could use solar water heating, but

there is little indication as yet as to how much or how many.
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6.2  MACROECONOMIC EFFECTS

There are impaortant conceptual differences between individual and economy-wide
savings. In particular, some economic gains (or losses) can be realized by
the larger economy, but not be attributable to individual accounts. For
example, if an individual home owner converts from an oil-fired to a wood-
fired space heating system, he or she will compare conversion costs (a capital
investment) with annual savings (an operating cost). However, with the
purchase of a wood stove or furnace, more of that individual's energy dollar
will remain within the Yukon economy than if he or she had continued to use

imported oil.

The macroeconomic effects just described occur in tws general ways. First,
households in the Yukon would have some proportion of their disposable income
that is now available for expenditures other than energy; similarly, firms
will have a greater proportion of their surplus that can be spent on non-
energy expenditures. Gains of this type will occur even if the energy
management activity involves no expenditure at all, and itself stimulates no
additional business activity in the Yukon. The extent of the gain depends on
how consumers and businesses tend to use increments of unallocated income.
If, at one extreme, money that had been spent on energy is now used to shop
via a mail order catalogue from southern Canada, the gain will be negligible--
indeed, the Yukon might even lose the small retailing margin that petroleum
products provide now. If, on the other hand, the money is used to buy locally
produced commodities, the gain will be substantial. Most cases will fall

between these two.

Second, macroeconomic benefits will occur as Yukon businesses begin to supply
products or services that are required to satisfy the new demands created by
energy management. The supply of wood fuel is a good example. For the first
round of spending, all of the money spent on wood fuel would circulate within
the Yukon (and therefore stimulate further activity) compared with only a
relatively small retailing and delivery component of the cost of the oil. Ffor
subseduent rounds of spending, the results depend upon the source of inputs to
the preparation and delivery of wood fuel and upon how the suppliers of wood

fuel spend their labour income. For that portion of their expenditures that
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go to wages and salaries, subsequent rounds will be similar to the first case
and depend upon household expenditure patterns. The impact of other expendi-

tures will depend on the Yukon share of the goods and services they buy.

Only with extreme examples (as with the catalogue shopping case cited above)
can the macroeconomic benefits from improved energy management be negative.
Even if households save the added money, or if businesses invest it in
monetary instruments, there will be some benefit to the Yukon--unless again
the entire savings or investment is sent to financial institutions in southern
Canada. To the extent that these benefits occur, they reflect a "deepening"

of the Yukon economy, as  that term was used in the Socio-Economic Program

Report.

With individual accounts, the information required for analysis may be
difficult to obtain, but at least the nature of the data requirements is
clear. With macroeconomec or social accounts, even defining the required
information can be a problem. As owner of a stock of capital in buildings,
vehicles etc, government starts with the same concerns as any individual owner
and makes comparable calculations. Even these calculations will be more
complex because of the differences between individual and institutional
budgeting. Moreover, in many cases, including many residential units in the
Yukon, the government plays the role of landlord with the usual problem of
split incentives, However, none of these complications are as serious or
far-reaching as those introduced by the govermment's concern for economic
development and for the social and enviromnmental effects of its decisions.
The following partly overlapping considerations are suggested as the sorts of

criteria that would be of interest when comparing with program costs:

- increased circulation of money within Yukon (import substitution)
- opportunities for business development
- energy sector
. other sectors
- infrastructure requirements/opportunities
- Jjob creation
« short term

. continuing
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- capital reqdirements
. conventional energy supply
. energy management

- security of energy supply

- reduced transfer payments (subsidies)

In many cases, the nature and even the importance of the considerations just
listed will be specific to the individual opportunity or even to the program
for realizing that opportunity (the nature of infrastructure, for example).
Others are important but not subject to much quantitative analysis, as with
enhanced security of supply. Still others are clearly important and determin-
able, but beyond the séope of ths study; reduced need for peaking capacity in
the electrical system is a good example. However the macroeconomic benéfits
resulting from greater economic activity can be derived in a preliminary way
from the work undertaken by Alaska Economics Inc. and the Department of
Economic Development and Intergovernmental Affairs, YTG, for the Yukon River

Basin Committee.*

The following section discusses the major Yukon energy management opportuni-
ties within the framework of assessing the macroeconomic effects. Because

broader macroeconomic effects cannot be distinguished in such fine detail as

* The main source of information used for the broad purposes of this report
is the Socio-Economic Program Report prepared by the Socio-Economic Working
Group of the Yukon River Basin Study (June 1984). Further information was
obtained directly from Dr. David Reaume of Alaska Economics Inc. The report
by Professor Jack Stabler "Development Planning North of 60" in The North (ed.
M. Whittington, 1985) was used as a supplemental source. The input-output
tables in the Socio-Economic Program Report were based on work developed by

Stabler. However, certain of Stabler's results can be questioned. In.

particular, employment multipliers of 2.7 or more appear to be much too high
" and import leakage of 15% on consumption expenditure (and comparable for other
sectors) appear to be too low. The figures of 2.0 for the former and 30% for
the latter, as used in this report, were set after the conversation with Or.
Reaume. If anything, these results still overstate the employment multiplier
and understate the import leakage.
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microeconomic, the discussion here is under more aggregated categories than in

Section 5:

« Building retrofit

« New energy-efficient building

« Transportation

o« Wood fuel industry

No discussion appears on the macroeconomic effects of greater efficiency in

the industrial sector (Section 5.7) or in electrical generation (Section 5.9)

because these operatons vary sao much from site to site that it is impossible

to generalize about shifts in labour and income. 0On the other hand, the

potential for use of wood as a heating fuel turns up as an energy opportunity

in all sectors except transportation. Hence, it is convenient to define it as

a separate topic for purposes of macroeconomic analysis.

6.2.1

Building Retrofit

What specific gains might be expected in the Yukon from building

retrofit activities? While the published sectors in the input-output

tables are too broad to distinguish energy management industries by

themselves, a start can be made based on information for southern
Canada which determined the effects of retrofitting existing houses
(Brooks, 1978). In that study, employment gains were realized for
both the production and the installation of insulation. In the Yukon
only the latter would be included. On the other hand, allowance also
had to be made for losses in the energy supply industries which can be
neglected in the Yukon, apart from those houses already supplied with
wood fuel, The Canadian results indicate that approximately 0.02
person-years of employment are produced on-site at each house to which
retrofit measures are applied in quantities sufficient to cut energy
use (assuming o0il heating) by 60 GJ (30-40% reduction for an average
Yukon residence). Therefore, to retrofit, say, 1000 houses to this
level would yield approximately 20 person-years of employment direct-
ly, and, assuming an employment multiplier of arocund 2.0, another 20

person-years indirectly, for a total of 40 person-years.
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The macroeconomic effects of energy retrofits would be still more
extensive than shown in the last paragraph because this calculation
does not allow for the respending in subsequent years of the money no
longer needed for energy purchases., (For a cost-effective investment,
such savings will by definition occur, though not necessarily in the
first year.) If on average the investment in insulation yields a $800
saving (60 gigajoules per house at $13.50 per gigajoule--roughly
45¢/litre), we can assume that about 30% would be spent immediately
for imported goods with no significant impact on the Yukon economy.

The other 70% would be spent locally, but data available are not |

sufficient to determine the additional employment and income effects
of this spending. For the sake of determining orders of magnitude, one
could assume that this remaining $560,000 ($560 for each of 1,000
households) can be treated as an exogenous increase in disposable
income, which then becomes comparable to the Special Stimulation 4 in
the Socio-Economic Program Review. Income in the Yukon would be
augmented by about 35% after two years to a total of about $750,000,

and between five and seven additional jobs would be created.

Thus, the overall macroeconomic impact of 1,000 retrofits in the Yukon
would be around 46 person-years of employment, from the following

sgurces:

- 20 direct jobs
- 20 indirect jobs
- 6 induced jobs.

Further, assuming the savings of 60 GJ per house, and further assuming
that 60% of these houses are heated by o0il, fuel oil imports into the
Yukon would be cut by about 1,000,000 litres per year.

Comparable employment creation data are not available for larger
commercial and institutional building retrofits. However, given the
generally greater scope for cost-effective energy savings in these

buildings and their greater reliance on fuel oil for space heating
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(nearly 100%), fuel oil import savings would be correspondingly larger

than for residential units.

New Energy-Efficient Buildings

The construction of more energy-efficient new buildings requires more
materials and alsoc more labour. It has been estimated that about
three added person-days of on-site labour are required in each new
single family home constructed in southern Canada to energy efficient
standards, about one added job for every 80 new dwellings constructed
to higher efficiency standards. Additional labour will be fequired in
other stages of construction, and, if local materials can be used, the
gains will be even larger. During the mid-1980s, some 110 to 120
building permits (unit permits only excluding improvements) were
issued annually in the Yukon. By implication about 1-1/2 more jobs
would have been created annually in construction had these houses been
built to higher efficiency standards. Current plans call for some
1,000 new housing units to be constructed in the Yukon over the next
three years--about half of them through a program at CYI--so the
potential employment gains might total eight to ten jobs per year:

- 3.5 direct jobs
- 3.5 indirect obs
- 8 to 10 induced jobs

The estimate for the number of induced jobs is based on the assumption
that the new construction is built to R-2000 standards, which effect
an 80% improvement in energy efficiency for heating. Assuming further
that funds would otherwise have been spent on fuel o0il, the savings--
and thus the increase in uncommitted disposable income--would be about

$1 million (representing 2 million litres).

0f course, larger quantities of labour and comparably greater macro- -
economic benefits will be realized with commercial and institutional

buildings. The number of permits issued for non-residential buildings
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has typically been nearly twice as large as for residential, so the

potential for additional employment is significant.

The data presented in the preceding paragraph are of course only
generally applicable to the Yukon. Nevertheless, they indicate the
nature if not the full scale of the effects to be anticipated.
Further investigation of typical bills of goods and services used in
construction in the Yukon, in combination with the informatiecn in the

Socio-Economic Program Report, would permit the generation of sound

numbers to determine the macroeconomic potential from the construction

of more energy-efficient buildings in the Yukon.

Transportation

It is possible to calculate potential energy and dollar savings to the
individual or the firm from gradual conversion to a more efficient
vehicle fleet (including private autos, trucks and mobile industrial
equipment) in the Yukon. However, benefits to the Yukon economy are
more difficult to determine, partly because there are few data on
which to base estimates of macroeconomic effects in the transportation
sector but also because of the complicated relationships that one
finds between vehicle purchase and use, on one hand, and the provin-
cialvtax base and road construction costs, on the other. Putting
taxes and road costs to one side, there would in fact be no immediate
net benefit to the Yukon economy from the purchase of more efficient
or down-sized vehicles. There might even be a small loss in retailing
margins inasmuch as such vehicles cost less to purchase, but at the
same time capital funds become available for other purchases that may
have a greater impact on the Yukon territorial economy. Over the
longer term, of course, benefits will be potentially much larger as
savings from the lower fuel bills begin as soon as vehicle use begins.
The size of the savings will be magnified by the usual multiplier
relationship to the extent that the money saved from lower fuel bills
is spent on goods and services with a larger Yukon component. Most
fuels entail a very high import leakage, so a shift from energy to

other commodities, even other imported commodities, benefits the local
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economy. However, as indicated above, because the actual import share
of the dollar spent on motor fuel is substantially lowered by the role
of provincial territorial taxes, any general benefits from shifting

away from gasoline and diesel o0il will alsc be lowered.

The one area where specific employment gains might be realized via
energy managment in the transportation sector involves improved
maintenance of both pfivate and business vehicles. Maintenance
expenditures have a high labour content, yet are of proven effect-

iveness for energy efficiency. A priori, it would seem that some

‘additional jobs could be created in the Yukon if people and businesses

were convinced of the importance of good tuning and upkeep of vehicles.

Wood Heating

A special macroeconomic opportunity is provided by the opportunity to
expand the Yukon's wood fuel industry. The high proportion. of labour
in the inputs to the production of forest products is shown by the
difference in multipliers for forest products with and without the
expenditures of labour incomes included (1.85 vs 1.19 for the Yukon as
a whole). On the other hand, neither output nor income multipliers
for the industry are particularly high, which suggests that in other
ways it is not well linked to the rest of the economy., Of course,
these figures relate to the forest industry of 1978, and they may not
be representative of a wood-fuel industry. Specific data on the
inputs to the production and delivery of wood fuel in either unpro-
cessed form (logs) or semi-processed form (chips) would have to be
collected to determine the potential macroeconomic impacts of an
enhanced role for the locally produced wood fuel in the Yukon.
Ideally, the data would be collected in both physical units (hours of
labour time, litres of gasoline) and value units (dollars of wage

labour, cost of gasoline).

Some indication of the potential effects of a wood fuel industry can
be obtained from data gathered for New Brunswick. In that province,

feasibility studies have demonstrated that a profitable wood fuel
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industry can be operated alone or preferably in combination with
pulpwood harvesting. The wood ié processed into chips and trucked to
markets. Environmental benefits are also captured because collection
of the wood residues and felling of noncommercial species reduce costs
for site preparation prior to reforestation. In some cases, areas
that would not have been economical to cut at all were made profitable

by the joint product approach to harvesting.

Macroeconomic benefits can be realized in several ways. Ffor one
thing, a typical operation provided about eleven jobs, though not all
full time, for production of about 12,000 tonnes on an annual basis.
(Actual demonstrations were carried out over an eight-month season.)
Using the multiplier, a total of about 15 full-time equivalent jobs
might be created by a similar operation in the Yukon--half on-site and
half elsewhere in the Territory. Total costs were $29 per tonne.
Assuming that 70% of the costs are represented by labour, the same
analysis as in the simulation case used in the retrofitting example
would suggest that some $20 would appear immediately in the Yukon
economy per tonne of chips produced and eventually about $27 per tonne
(1.35 times the wage bill).

Additional macroeconomic benefits would be derived from the displace-
ment of fuel o0il. Roughly, one tonne of wood fuel (bone dry basis)
replaces 200 litres of light fuel oil equivalents. Further, to the
extent that the market for the wood chips is found in institutional
buildings--which achieve scale economies sufficient to justify the
special equipment required--govermment budgets for fuel would also be

reduced.

The above estimates are, of. course, relevant to more mechanized
fuelwood harvesting systems than are commonly found throughout the
Yukon. However, if the case is carried forward for illustrative
purposes, and it is assumed that about 10,000 tonnes of wood chips
were produced annually (approximately equal to the difference between
the recorded cordwood harvests in 1983 vs. 1985) then the following

annual effects would be expected:
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« 15 direct, indirect and induced jobé

« a reduction of about 2 million litres of imported fuel oil.

The wood harvesting systems employed generally throughout the Yukon
are more labour intensive than for the example presented above. Thus,
while fuel oil import impact would remain the same, it is expected

that the labour impact would be significantly higher.

Macroeconomic Effects: Summary

Table 6.1 presents a summary of the macroceconomic effects to be
anticipated from the energy management activities discussed above. As
elsewhere in this section, no attempt is made to generalize about the
effects of energy management activities for industry. In Table 6.1,
the words "high", "moderate", and "low" are only meaningful for a
single line at a time; one line cannot be compared to another. For
example, high cost effectiveness indicates a payback of less than ane
year, and moderate a payback of one to five years. High job creation

indicates the potential for 25 or more jobs, and low for five or less.
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TABLE 6.1 (A)
SEMI-QUANTITATIVE COMPARISON
OF ECONCMIC EFFECTS OF
ENERGY MANAGEMENT OPPORTUNITIES
BUILDINGS

Minor Major Energy-

Retrofit Retrofit Efficient

of Existing  of Existing New
PRIVATE ACCOUNTS
Cost Effectiveness - High Moderate High
Asset Improvement Low Moderate - Moderate
PUBLIC ACCOUNTS
Recirculation of Income High Moderate Moderate
Business Development Opportunities to develop businesses speciali-

zing in energy-efficient building tech-

niques, products and services.
Infrastructure Requirements Low Staqdards,
Guidelines

and TT

Job Creation
- Short Term High High

. Continuing Low Low

Standards and
7

Moderate

Moderate
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TABLE 6.1 (A)
cont'd
Minor Major Energy-
Retrofit Retrofit Efficient
of Existing of Existing New
Capital Requirements
« Conventional Energy Little Significantly reduced
effect requirements for new energy
supply investments.
. Energy Management Low Moderate Low
Security of Supply Overall effects positive in proportion to
savings.

Reduced Transfer Payments
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TABLE 6.1 (B)
SEMI-QUANTITATIVE COMPARISON
Of ECONOMIC EFFECTS OF
ENERGY MANAGEMENT OPPORTUNITIES

Page 96

WO0D FUEL
INDUSTRY TRANSPORTATION
Vehicle Vehicle
Selection D&M
PRIVATE ACCOUNTS
Cost Effectiveness Moderate High High
Asset Improvement N/A Low Moderate
PUBLIC ACCOUNTS
Recirculation of Income High Nil Low
Business Develoment High Nil Low
Infrastructure Standards Nil Low
requirements and
organization
needed
Job Creation
« Short Term High Nil Low

« Continuing

High Nil Low
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TABLE 6.1 (B)

cont'd
WO0D FUEL
INDUSTRY TRANSPORTATION
Vehicle Vehicle
Selection 0&M
Capital Requirements
« Conventional Energy Potential No effect in Yukon
for
significant
reduction
. Energy Management Moderate Nil Moderate
Security of Supply Positive Substantial
provided improvement

storage near

point of use

Reduced Transfer

Payments

Futher quantification of macroeconoﬁic benefits depends upon better definition
of targets and programs for energy management and upon the introduction of
these programs into the existing models of the Yukon economy. It is not yet
clear whether the definition of these models is sufficiently fine to distin-
guish energy managment activities from other sorts of economic activity. In
the event that it is not, approximations could be made by looking at compar-
able sectors--just as forestry was used to represent a wood fuel industry in
Section 6.2.4--or additional data could be gathered to permit further disaggre-
gation of the sectors currently represented in the model. In some cases, as
with building construction, the latter would be the preferable and relatively

simple option.
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6.3 - SOCIAL AND CULTURAL EFFECTS

VA wide variety of social and cultural effects can and are taken into account
in the selection and development of government programs. Difficult though it
is to be precise about cause-and-effect linkages in the social and cultural
areas, governments have generally felt that it was their legitimate role to
try to make adjustments in order to obtain conditions closer to those desired

by the various communities and groups of people they represent.

What sorts of social and cultural considerations would be of concern to a
government considering the energy management opportunities described above?
While there are no doubt many ways to define those considerations, the

following list illustrates perhaps the main areas of interest:

required level of direct subsidies to individual families

- improved comfort and other living conditions

- preservation of viability and cultural characteristics of Yukon
communities .

- equality of opportunities among Yukon communities

- community health

- extent of fire hazards

- education, training and skills development

Th question of direct subsidies here is the other side of the coin of govern-
ment expenditures. A gain in social conditions can be obtained to the extent
that individual families whose energy costs currently need to be subsidized
can move toward greater self-reliance. Energy conservation and the use of
local sources work toward this end. Even if no reduction in the level of, say
welfare payments results, the resulting expenditures would be less constrained
and some additional benefit to the Yukon economy might result. Furthermore,
comfort levels in their homes and other community buildings would be much

improved,

The question of the viability and character of smaller Yukon communities is to
some degree a function of their patterns of energy use. The energy management

opportunities identified in this report can aid, in exactly the same ways as

.
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they aid an individual family but on a broader scale, to protect the economic
base and enhance the qUality of life in the community. Moreover, because they
iﬁ effect transfer some part of the community economy from a monetary to a
non-monetary basis (as, for ekample, from the purchase of fuel to a community-
based retrofit effort and subsequent self-supply of wood fuel), a more

traditional pattern of community organization may be sustained.

The situation with respect to both community health and to fire hazards could
prove to be either a benefit or a cost depending upon how the programs are
implemented. If poorly done, exterior and indoor air quality problems could
~arise (see Section 6.4), and, with the increase in wood heating, the number of
residential fires could increase. However, there is no reason for any of
these adverse effects to occur. Properly undertaken, the energy management
opportunities should both improve community health and safety. As indicated
above, comfort levels will increase by reducing drafts and sharp temperature
variations within a structure from over-heated to under-heated portions. Air
quality should improve with good air circulation and heat recuperation
measures. Moreover, properly installed and well-maintained wood stoves énd
furnace heating systems do not constitute fire hazards. However, what is
implicit in such suggestions is the need for community training and education
in energy management, including both general concepts and specific techniques.
Few of the benefits described in this (or the next) section can be realized

without parallel efforts and sustained efforts in the educaticnal area.
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6.4 ENVIRONMENTAL EFFECTS

THe environmental effects of least cost energy stfategies must be addressed in
two parts: those effects related to energy at the point of use, and those
related to the energy supply system. For the most part, energy conservation
measures that reduce the overall requirements for energy are fully consistent
with reduced environmental impacts. For example, more energy efficient homes
and heating systems can reduce current household consumption levels of cord
wood by up to 70% as well as reduce wood stove emissions. Gains will also be

realized from better tuned vehicles because of lower emissions.

On the other hand, increased levels of air tightness in retrofitted homes
without attention being paid to ventilation can lead to indoor air quality
' concerns. The proper use of mechanical ventilation systems also require
proper householder training. More important, the burning of wood fuel can
contribute to local air pollution and thereby present a potential health
hazard. The Riverdale area of Whitehorse, Yukon, has become a widely known

case in point. The extent of air pollution in Whitehorse is influenced by:

. a valley topography which tends to create stable thermal inver-
sions, trapping air at ground level, and preventing normal mixing

and dispersion of the pollutants

. widespread use of old design, inefficient and oversized stoves
resulting in very incomplete combustion and hence high pollution

levels.

This situation obviously requires serious consideration; however, proper
operation of modern, efficient wood combustion units can significantly reduce

pollutant emissions.

One of the least envirohmentally damaging ways to obtain energy is to import
it, but this option is exactly what causes economic problems for the Yukon.
. Also, transportation of energy is not free of environmental dangers. 0f the
options being considered for the Yukon, the only one that would seem to

warrant significant environmental planning is wood harvesting. Proper wood
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management programs will have to be instituted if the levels of wood harves-
ting are significantly increased in the Yukon, and in particular if the wood
fuel becomes a joint product of pulp or timber harVesting. Schaffer et al
concluded not only that the énvironmental impacts of wood harvesting, includ-
ing loss of wildlife habitat, soil erosion and depreciation of fish streams,
could be largely mitigated by appropriéte management and operating procedures
but also that cutting of deciduous species and thinning could enhance saw
timber values. Because Yukon forests tend to be understocked, intensive

management could increase future forest productivity*

of course, the nature of the environmental threat can only be judged in
comparison with the alternative. None of the options for supplying energy is
free from. potential adverse effects. In a general sehse, conservation is
environmentally less damaging than energy use, and renewable sources are less
damaging than nonrenewable ones. However, in the Yukon, most of the former
would be local, whereas the latter would be imported, which may:shift the

balance somewhat.

* Shaffer et al, op cit, 1983,
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6.5 SUMMARY: DEVELOPMENT BENEFITS

Clearly, there are macroeconomic benefits to be obtained by pursuing some of
the energy management opportunities described in Section 5. Income and
employment gains, both expanded via multiplier effects, will form the base of
these benefits, but others not calculated here, such as reductions in peak
power requirements and improved security of supply, have both economic and

non-economic benefits that also deserve to be recognized.

Judging from the preliminary estimates contained in Section 6.2, the greatest
macroeconomic gains will come from activities directed toward further impro-
ving the thermal integrity of existing and new buildings, and from further
development of a stable, profitable wood fuel industry. Macroeconomic gains
can certainly also be won from the other sectors analyzed and from improved
energy efficiency in industry and in electrical generation. However, the
immediate effects appear likely to be smaller. The most important effect may
be a more subtle one: to improve the overall climate for business in the

Yukon.
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SECTION 7
SUMMARY AND NEXT STEPS

7.1 OVERVIEW

The analysis presented in the preceding sections has shown that, among the

range of energy management opportunities available to the Yukon, those which

offer the greatest potential to address energy as well as economic development

goals can be grouped into two categories:

7.1.1

. continued improvement of the thermal performance of existing and

new buildings

« further deVelopment of a Yukon fuel wood industry

Buildings

With respect to building energy performance (Category 1, above), the
analysis has further shown both the existence of sub markets within
each sector and the need to define distinct approaches to each.
Consistent with the scope of this paper, the market assessments
presented herein must be considered preliminary in nature. Thus, the
confirmation/refinement of market assessments is an important next
step in the program development process. More specifically, the

following next steps are proposed:
. Select markets/sub markets for further investigation

« Confirm/refine the market assessments contained within this paper,

through consultations with key players in each market/sub market

. Establish extent of services/supports available to each selected
marekt/sub markets from other government agencies (eg. DIAND, EMR,
CMHC etc.)
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. Establish adequacy or gaps in existing support (if any) as provided

by other agencies

. Define optimium YTG support level and method of approach for each

selected in light of abave findings.

Throughout the YTG's efforts in this area, the major goal should be
the continued upgrading of its building stock. As the preceding
analysis has shown, achievement of this goal will provide important
energy, economic and social benefits to residents of the Yukon. One
of the major "spin-offs" of past efforts to develop more energy
efficient buildlings bhas been the development of construction
practices which result in better quality buildings--not only in terms
of energy efficiency, but also in terms of comfort, durability and
reduced maintenance and operation costs. Although the perceived
urgency of energy savings has recently declined somewhat among Yukon
residents, the available evidence suggests that the emphasis on better

quality buildings remains high.

Thus the opportunity to realize energy savings in the Yukon building
stock also remains good, although future approaches will undoubtedly
require that energy efficiency measures be integrated within other

buildings quality areas.
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Fuel Wood Industry

Wood already provides an important contribution to the Yukon econcmy
and to the territory's energy supply. However, this paper (together
with other previous studies) has shown that wood could potentially
play an even larger role and thus further contribute to both Yukon
energy and economic development goals. In the short term, two

sectors/markets appear to be particularly important:

. The Institutional and large Commercial Sectors - Particularly in
new facilities, it is proposed that a policy promoting the more

widespread use of alternative wood heating systems be investigated

. The Residential Sector -- Continued consumer education and
promotion of high efficiency wood combustion appliances should be

pursued.

In the first (above) market, convenience of use and availébility/-
reliability of supply (wood-chips) represent significant botflenecks.
Although modern automatic systems can overcome many of the "conven-
ience-of-use" concerns, the supply bottleneck remains and is often
"eircular” - ie. an automatic wood heating system could be considered
if a reliable supply. of wood chips was available and, its corollary, a
wood chip supply system could be established if an adequate and
assured local market existed. Thus in the institutional (and large
commercial) sector, a major goal of the Yukon government should be to
address this supply/demand bottleneck and to stimulate development of
a wood chip supply capability.

Related next steps, therefore, include:

. Documentation of the Yukon's wood supply industry (actual and

potential) by geographic area, as appropriate.

. Determine market potential through consultation with prospective

institutional and large commercial wood users in order to identify
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and document conditions required for incorporation of wood heating

systems. (eqg. supply, convenience, return on investment etc.)

Consultation with potential fuel wood (cord or chip) suppliers, in
order to identify constraints and/or conditiong required for

suppply.

Identify supply/demand compatibility and prepare devélopment
strategy

i
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Unies Consulting Engineers Ltd. Investigation of the Viability of a Remote

Wind-Hydroelectric Supoly in the North West Territories. Prepared for

Northwest Territory>Science Advisory Board/RCDP, March 1985.
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Whittingt:n, N.S. Consultants Ltd. Native Ecanemic Develoecment Carp-

graticns: Pslitical and Ezcnemic Changes in Canada's Nerth.  September

1985.

Wright, Al and Associates Ltd. and R.A. (Tony) Hodge. Yukon Energy

Bibliocgrachy. Part of Yukon River Basin Study Energy Work Group Report

£l. Archival Task prepared for the Energy Work Group of the Energy Branch
of the Yukon Government, November 30, 1983.

Yukon Electrical Company Ltd. and Acres Consulting Services Ltd. Klendike

North Ffork Hvdro-Electric Generation Redevelopment near Dawson, Y.T.

Preliminary Studv. Prepared for VYukon Electrical Company Ltd/RCDP,

January 1985.

Yukcn Electric Ccmpany Ltd. and Acres Consulting Services Ltd. Morley

River Hvdra. A Concsotual Engineering Studvy and Eccnomic. Analysis.

Prepared for Energy Mines and Resources Canada, Remotz Community Demo-

nstraticn Program, February 1984,

Lp]

Yukon River Basin Studv. Energv Works Grouo Program Reoort. Part of the

Yukon River Basin Study. Novemper 30, 1584.
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APPENDIX A

Znergy uée figures for the year 1982 for the Yukon were developed from two
principal sources: (1) Statistics Canada catalogue 57-003 (IV-1982), which
provides basic energy use data by sector for the two territories summed: and
(2) the expanded version of the territorial chapter prepared by R.A. Hodge and
] L. Ehrlich for the Friends of the Earth Soft Energy Study and published by the

Yukon Conservation Society under the title Northern Energy (1983). The faormer

report was used for control totals and the latter for allocation of sectoral
l energy use between the two territories and for the distribution of energy use
within any sector among quality categories. In addition, significant elements
of Jjudgement were used to adjust for the differences in economic conditions
between the original soft energy path study (which was based on 1978 data) and

the conditions in 1982. In particular, the Yukon was living through a period

of mine closures (including the largest single mine) and as a consequence has

experienced some ocut-migration.

In more detail, the figures that appear in the text were prepared by the

following steps:

1. Energy use for the two territories combined was distributed among the
categories defined in 57-003. This permits distinction of commercial
from government (institutional) activities and also of primary industries
from maufacturing. Appropriate information is found in Table 13B on
primary and secondary energy for the full year, under the section

entitled "Energy Use - Final Demand".

™
.

Sectoral energy use data from 57-003 was adjusted to shift transportation
activities shown- within the commercial and government sectors to the
transportation ‘sector. Appropriate information is found in Table 13D on

use of refined petroleum products for the full year.

3. Sectoral energy use was divided between the two territories in a pre-

liminary way by the ratios of use in the saft path study.
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The results of step 3 were adjusted to allow for lower population and
reduced'hining activity in the Yukon. Population figures were daown by

about 2,000 and residential energy use was adjusted proportionally.

(Assistance in this adjustment was provided by earlier work done by

Marbek on energy use in the Northwest Territories as part of an ENERDEMO °

study.) Mining dominates both the Yukon and the Northwest Territories
industrial sectors. In 1978 mining accounted for 78% of Yukon industrial
energy use or about 1,674 terajoules. Cyprus Anvil alone accounted for

80% of sectoral electricity use. To allow for the closure of mines, the

- preliminary industrial energy use figure (as developed in step 3) for the

Yukon in 1982 was reduced by 1,300 terajoules. Figures for the Northwest
Territories were adjusted in parallel to accord with the totals reported
in Catalogue 57-003.

Based on information in the soft energy path study, sectoral energy use
was distributed among quality categories (space and water heating,

electricity-specific and liquid fuels). The category for liguid fuels

is ‘restricted to usage for vehicles and therefore applies only to the

transporation sector and to the on-site use of mobile equipment in the ©

industrial sector.

All other energy data that appear in the text tables were developed as °

simple ratios ar percentage distributions.
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WIND :

>

MEAN ANNUAL WIND ENE
DENSITY .-
GJ/mYYEAR  GJ/mYAND |

FERICO 1967 — 1975 PERIOC
LEVATICN 1Cm HAUTELUR,

MOYENNE DE LA DENC |
MENSUELLE DE L'ENEA(
| EOLIENNE  *°

\u i3

THE ANALYSIS IS NCT VALID AT HIGHER
ELEVATICNS IN MCUNTAINCUS AREAS

L'ANALYSE N'EST PAS VALICE AUX ENCRCITS
ELSVES CANS LES AESICNS MCNTAGNELSES

Scurca: Recers J. Merris (16€3) Envircrment Canxa, Can:.gian Climztic Centre Atcsgheric Envircrment :
Services. 4SC3 Cufferin Strest,Cownsview, Cntario, M3M 574
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APPENDIX D:

Selected Case Examples
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" Skookum Jim o
Friendship Centre

Technoleogy: Annual Savings:

1 » Training . s almost73% perunitvolume for the Cantre
v » Building retrofit and renovaticn e average 40% fer buiicing retrofits
Demonstration Project Manager: Payback Fericd: Nctacclicatie
\ Stan Scoychuk
Skceokum Jim Friencsniz Centr Agclicatle te:
‘. 3133-3rd Avenue » Native communities
T W.m:encrse. Yukzsn e Aamclecommuniiias
3 YiA1G!
Location:
x Whitsncrse. Yuken
”f |
. Cescription:
The cscmcinaticn of slanning ferasight anc anergy-2fficient
Suncing l@asnncicgias nas caid off hanescmaty ier White-
k Rcrsa's Saackum Jim Frienasaie Cantra anc 2:gnt Yuken
raive communities. S 1823 the twenty-iwao vear glc native

¢2nira was axgeriencing saricus ocarational censiraints
remely hign 2nergy ccsis and a general nesc 10

csncarns — hign anergy ¢osis anc a neag fer suilcing up-
cracing — wera teing exgrassac throughout all of the
Yikon's remcta native cammunities. Consaguently, the

] Skccxum Jim Friendsnip Cantre chgsa 0 acdcress soth its

/ own immedgiaa neecs anc these of other Yukon remote
nadive communities in this ¢ne greject.

- The zrajeciwas concductedin bwo phasas. Phasal of the

k grepect siresseq procer energy consarvaticn censiructicn

i lesnmigues. Tris 3-menth segment of the project consisted

cizsoinfermat classreomiiraining as ‘well as gractical
nangcs-cn’excenencs — By actually retrefiting and renc-
vaung ine Skeckum Jim Friencsnip Cantre.

[

In Prasall, the newly acguired energy consarvation skiils of

) e 10 cargentar trainess wera sut into gracuce in each of

> tne 3 zarucicating communities. This Phase cf the preject
sarvec 0 teh camensirate Suileing retrefit techniques in
e2cn cammunity ancg Lo provice ¢n-site grojec:
management exgerience for eacn of the trainees.

AN ) .
- : ) Installing fibreglass insulation during a total retrofit in
Mayo. Yukon .
/ ENEACPTICNS 0roviges you il (N resuits Sf SUCCRIIILI 1eCTINGISG e and tecnMIQUES SEMONIIIIIEd uncer tne Canservanian anG Furewacie Snergy Cemonsiraton Agresments (CRETA)

Pragram  ENEACPATICNS i1 funded Jy INe energy de0artments of Canaga, New Brunswich. NewiOuncland Manitapas. The Narinwest Terniones. ana The Yuxon.



As aresult of the preject:

e The Skookum Jim Friendship Caentre now has acem-
pletely rencvateqd. energy-2fificient facility which is twice
as large as the ariginal fagility but cosis only half as much
to neat; '

Mcre than 40 suilding 2rergy retrofits and 2 new en

efficient homes ntave 2e2n completad within the )
participating ¢cemmunities: and .
Eacnof the 8 particicating native cemmunities now I ¢
trained Band memter ¢ assist them in future energy; -
efficiency imprevements to their ccmmunity buildings.

.7

)

Benefits:

The arcject has resultad in sulstantial Qirect energy savings

and is consicerad (o te an excailent meca! for energy retro-

fit training gregrams in other remcte native cammunities.

The sgecific benefits are:

o Thenew Cantre offers an impreved facility ferits cen-
tinuing grograms ang servicas. The siz2 of the Zuilding has
besnincreasad frem 830 m3 (30.CCO ft3) t¢ 1.713 m3
(€0.3C0 ft2), yet annual heating clsis cr the new larger
facility are accut SC% less han fcr the original smaller
tacility: )

-
Average annual energy savings of akcut 0% are exges:
in 2ach of the mcre than <0 homes retrofitted within t¥
participating communities;
The 10 cargenter trainess have received extensive prac¢
calexgerience in energy-affictent consirucion tach-
migues which will te cirzeily applicakie ¢ constructic ™
ac:ivity within tneir ressective communities: and ;

o
The fcrmal ¢lassroom training has resulted in the develt’
ment of curriculum matarial whnich will Se useful for
related future prejects. ‘

H
3

Perfcrmance: =
Tre retrefit traiming grogram groceeces as exsecad and The srevious heating cosis ‘erthe cld Centre wers atoy
has metits maicr cziectives — imgreves Cantre facilities. §10.5C0 annually. The 1ac Centra. with doutle th,
garticizant skills traiming anc imgreved Zanc housing. vciuma.had an arnua ting sill of azeut S2.0C0 fer 183
AsrFnrase!lofine orey justeomeiezgin aarly 1677

5 paricrmance 2ata icr tne Zznc nousing rawrsfitsara nct
e avzilacie. -
Technical Details: L
Prasalcitheratrafitiraiming srogramecmmencag in June Similarty, Quring the new ¢ansiructicon ghasa: i
1833 Thelen carsenier raimess wera selsciad oy the e “Couble st teray 1o

<um Jim Friencsmiz Centraincsnjuncucn with lccal

The fermal Slassrcom soricn S e traiming sregram was

casez onmegaiies surncuium matanal. criginativ gaveicced

Svin2 A ancn Srancaorin2 Yuken

c. 100, T a2 maisnal coveres atl aszegts

¢t veil 23 .Cw-3nergy Suillcing casignance

o s

Fracuczl axgarienca was saineg uncer ine sucervisiencefa

jcurmevman carzéniar anc a site fereman. The actual cen-
athe Canireinveived sctn the

raclion werk racuirac o
retrafitof the axistng facility and the acgiticn ef a2 secend
icrav. Consascuently. it aficrca a praciical cemenstraticn
i zoin 2nergy rerrciitanc new. erergy-2fiicient consiructicn
Tarcugnout Phasal. emonass was clacac gn techniques
wWRiCn were mcsi cosi-2ffecluve ang acgregniate ierremete
cammunities. Forexameie. in the retrciit of the axisting

tacHity:

e Cisassampiy lechnigues wers gamensirata2 anc the
imzcriance of saivaging as a methce cf recucing
matarials ¢osis was amgnasizeg

e A Cyriain Wall systam was usacg to retrefit the main flcer
wails of the griginal Suilcing 0 aninsulaticn level of RE}
T (R 44y .

e Theconcrete hasement walls were insulated en the
ex:ericr with ASH 1.8 (R 10) of styrofcam to the footings
anc double that amount forthetep 8t em (24 in);

¢ When examples of moisture camage were ciscovered in
the olc builging. they were used 10 emghasize groper air
anc moisture management(ecaniques.

-wzils” wera ysad on the second
iT.7

gainacciucnai scace andallew fer SSIT.T (R<2) ©
insulaticn:
Ten mil gelyeinylens was

c.aicits graaisr sungiu 2
i2canigques wers Zamensiraiag with gar
¢givente sezling r:acnnicuss are
siumeoIing SI2Cks anc 2izcingcsl
Alumgerand glywcee s2am was usac as an altsrnative
o cimensicnal lumcer: thesa can te {atricatecina /
remcta ccmmunity anc are less axgensive than longs |
scan, wicde-dimensicn lumgear jcists;
Cescite the availaciity cf prefakricated russes. site-74i
lumeer-pglyweecg reef irusses were ysec as they are b
mgst gractical cgtion in ramote communities: these | |
fezturad “high heels™ tc accommecata =81 10.3 (R €0)
insulaticn levels all the wavy (¢ the 2cga cf the wall,

New vestigules weare Suill at aitheranc cf the :ui!dir_[ :
grovice buffer zcnes as peocie 2ntared CUnNg CTIC a s
wezther and 10 acsommedat2 new stairvells ircm the
basementc the seconc siorey. The vesticules were
tallcon-framed anc insulata2 to ARSI 3.3 (R 20);
Freserved wecc fcungatons wera ysad fer thecon- ==
structicn of the new vestizules inorcerto give the craw
exgerienc2 with a methce ¢f sasament constructicn « -,
which is less excensive and more acgrepriat2 in remg
cemmunities. They werz insulatac¢ to RASI3.5(R20) v
telow grace:

A cathecral ceiling was censtructed cn the nerth vest
bule using a medified plywcod and lumger beam syst
which allowed fcr ARSI 10.68 (R 80) insulation; L

/

Wincdow openings were relocated anc strengthened to

accommodcate the new triple-glazed wincows: I




|

e

* Tyvex wasusec in glace of ccnventicnal exterior
sneathing;

e The MVAC system cconsists of twe air-te-3ir heat ex-
crangersinterconnec:ed to achieve variacle velume air
recycling with electric resistance cuct heatars {0 provide
Icnec temperature contrch

""ase Il of the greject commenced in May cf 1684 and was

mcleted on Marcn 31,1288, This PFhase invoived 4 weaks
cf intensive retrefit activities in 2acn of the 3 particicating
¢emmunities. Ceiivery of this greject in each community
was as ‘cllcws: ’

e Several weeks pricr to the commencement of activities,
the ccmmunity trainee and one of the ¢csurse instructors
¢cncuced a detailad assessment of all Eanc-owned
hcusas ang grecarec a retrcfit/renovaticn glan fereach
hcusa:

* Basac ontheincivicual house assessments. the rainee
anc instrucicr pracarad a croeccsad werk plan for review
anc acgroval by the Sanc Ccuncil. In orcer to maximize
lecal training and techncicgy trarsier ctjectives, several
cifferentievels anc tyces of retrcfits were incluced in

eacnh warx 2lan. The aciual numeger of homes to be retre-
fx: 2c in the d week gericd was cetermined By the level of

etrofits anc Dy the numter of lccal carpenters (in

citicn o the 10 prejec: trainees and 2 insiructors) that
the Sanc Council was atle and willing 10 decicate to the
preject. Censequently, the actual numzer of Remes retro-
fitte2 in each 4 week pericc varied from a lcw of 3 major
retrcfits 1o 3s many as 18 majer, mecium anc [cw leve!
retrefits;

¢ Ineacncase. thelecal trainee assumec the rele of project
manager and was resgensible feor all site requirements
(e.3.. matarials precurement. timetabie. ete.);

e Acgcroximately 2-3 weeks after the initial site visit, the
crew of 10 trainees. 2 instructers and the local cargenters
cnesen forthe task Segan the intensive 4 weak pericd of
werk.

This grececure was rezeated in each of the 8 communities
anc in eacn case he rcies of preject manager. sita foreman,
crew 20ss. 21C. were rotated among the trainees. At the

cmeleticn of the groject. each of the trainees returned to
theircemmunity. where, in many cases. they assumed the
rcie of lccal Housing Cceercinater.

Ezcnemic Analysis:

The majcr coiective of this Srojectwas lecnnacicgy ransfer
IC g 3 zarucizating remcis native semmunities thrcugn
sxiils "='r‘ir‘:: anc cemenstraten. Consacuently, a sus-

siantal serucn cf SCin Qiracl anc (nCirec oroject Costs was
incurr EC n r'.ee..nc u .S oty ““""! cZo) :Ct ve The C“l".Sé."lSLS
meng a2l ;

ar "e'=""e a c:nveﬂtxcna!
siscf sniy :."e -'rc,ec: s aciual retrcfit
seinaccreocriat2 anc weuld sericusiy under-
U's acrigvements.

This sast
icrihe new

snig Centra, was 3333.CCC.
3 vaite 3710/ mé (SEE[ft:)
clilyang coms Swith a cravatlin
< n c: fa ~cutS/.:..rr-=( ,4'.\-)

simmiiar facility, construciag o ccnvenucnal anergy

sizngarcs uncer ncrmal contracung arrangaments. Hancs.,

cescita heinclusicn of an axtansive raining com-

scenent the "18 v Centra was actuaily suilt seicw

market c3si. This costsavings resulted frem:

- e Centra assuming the role c‘ ~=~=f‘! cIntrager

— axi2nsive use 2f saivag

— lascurraias zaic e ihe :rax selcw
marksiraies nermaily enar Intragiers

/e suiicings 'ec=~ve 2 ne.v
energy-é'.‘.c ent zuilc nes «vera <
savings wera from 20 ¢ 0%, with

&g,

n averag sa vxrgs =h

1]

Availapility:
Thesuilding matay
a,.,..-.alo-vauc-!
sCma maleriais ...a/ t:e
nec

tzcnnigues mav s2

gzcily availasie in mest of
wmunities, availazility of
2nc hence2 alternative

- -y

ARCTEZH Community Snergy Rasearch Assceiates, a lecal
Whitencrsa energy consaraion ‘irﬂ assisi2z inthe buile-
ing design. presantac tha formal classrcem "'—*""mg inc
assisiecin ing calivery cithecs .r'n.."xty rareiits.

Further Informaticn:
Furimeriniormaticnanc 2acooy S
3vailacziafrom:

PTIONS

:ngrﬁv/ :»anch

Cerartmentcf Mires anc Smail Susiness
Ccuvernment of Yuken

F.C.80x27C3

Whitahorse. Yuken

Y1A2Cs

-~ -

(«C3)8a7-3332

{thefiral grcjeciresertars

e ENEE

Acdic-visual anc curriculum matarial ¢avelcgas for the pre-
gram are avaiiatie frem:

e Sian Scoyenuk

(re: ENERCPTICNS

Sxeokumlim r..er.;. iz Cantre

3132-3rd Avence

Whitencrse. Yuken

Y1A 1GH

($C3) €c3-<163
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PART A REFERENCE

1.

Project Name:

Technology:

" Location:

Project Manager and/or

Contractor:

Agencies/Programs Involved

and Role:

Information Scurces:

Project Report:

83

DATE: March 1985 -

DOCUMENTATION OF
NON-RCOP PROJECTS

Oxford House Waste Heat Recovery
Diesel wasie hest recovery

Oxford House, Manitoba

Operation ccmmenced in Septemcer, 1681.
Sanson Yee, DIAND, Winnipeg, (403) 949-2342

DIAND; Manitota Hycdroo

Conversation with Sanson Yee (as ghove);

Review of RCOP Overview Study - Oxford House.

Ngne



‘~..

§'1 O el A
1

| 12U g Realiy

Ay

s

oy g

PART B DESCRIPTION -°

l. Project Summary:

Oxford House is a remote Native ccmmunié?
(population 1250) lccated in North-Centrs |
Manitcka. Community power is diesel generatswu
(2 x 350 kw) and is supplied by Manitob::
Hydro. The power plant is, by chance, locatlei
within 200-300 feet of the community school. ..

The DIAND operated community school complex %F;
about 15 years old and consists of: the mai

school building (2386m% or about 31,000 ftz);;
detached classrocm (224m2 or sbout 24q;i

& . d
ft™); and 8 tesacherage buildings - 1 sixpleix
25

1 toiplex, 1 two-storey duplex, 2 singl |
houses and 3 trailess (101¢m’ or sbout 11,000
££2). Prior to the installation of the wast’”
heat recovery system, all of the buildings’
were oll heated by individual heating systems..
Ducing a sits wvisit in 1580, Scnson Yee,;
DIAND's Co-ordinator of the Engineering an;;
Axchitect Group in Winnipeg, noted the fav-
.

ourable siting of the school facilitie: |
vis-a-vis heat —recovery from the existin§j
community diesel power plant. He subsequentlfi
pursued this opportunity with Manitota Hyd:é*

Ay

who also supported the idea.
In the summer of 1981, a wast2 heat recovery:
system (jacke:t water only) was installed odg
the diesel sets and connected, in parallel, t?,
the school's hot water heating system. The |
school's original ocil-fired hot water boilers
have been retained for back-up. A heal

sensor, installed in the supply water line,
..



N

2.

Technical Performance

2.1 Installation:

2.2 Operation:

85

gutomatically activates the baék-up 0il system
if the tempersture cof the supply water frem
from the diesel falls below 167°F. To date,

the waste heat recovery system has provided,

_almost 100% of the schoel's spacs and domestic

hot water heating requirements. DIAND records
indicate that the school boilers have operated

a total of 18 hcurs since 1981.

DIAND and Manitoba Hydro have been honitoring

the témperature of both the outlet water and

the return water. The average outlet and
return temperatures are respectively 189°F and
1779F. This means that the school 1is, on
average, using only a portion of the waste
heat available from the system. Conseqguently,
consideration is being given to extaending the
heating system to additicnal buildings within
the schcol ccmplex. This will, however,
equire a lenger distribyticn distance of
aSout 800 ft. No commitment to extend the

system has yet been mace.

Installaticn proceeded smoothly and  was
ccmpleted within a 2 week period in July of
1981. Manitcka Hydro carried out the installa-
tien of modificaticns to. the diesel power
plant and the remaining system ccmpenents werse

installed via normal contract tendecing.

The system has cperated without any problems

since ccmmissicning.
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2.3 Maintenance:

86

The system has recuced DIAND's normel heating
system maintenancs recuirements as the 0il
boilers rarely operate. Under special arrange-
ments with Manitoba Hydro, DIAND pays 1£/kWh
of heat used up to an annual ceiling fee of
$10,000. This fee ccmpensates Manitoba Hyard
for their cspital investment (see 4.1 beléw)

and, in addition Manitchba Hydro has accepted

'Full.responsibility for maintaining the system

.up to the point where distribution piping

2.4 Performance Data:

Energy Benefits:

Econcmic Performance

4.1 Capital Cost (Erergy
Portion Only):

4.2 Installasion Cost
(Energy Rortion Only):

4.3 Annual Savings:

actualiy enters the school.

n/a

The current systam is displacing gpproximately
200,000 litres of fuel 0il annually. Further
fuel oil savings will te realized 1if the

system is extended to other DIAND buildings.

The total cost (capital and installation) ir
1931 was $119,000. DIAND contributed $57,00C
and Manitcba Hydro paid the balance of $22,000.

(in sbove)

Based on 1581 fuel oil prices, DIAND save:
approximately $25,000 in the first five month:
of the system's cperation. 1982 savings wer

estimated to te sbout $55,C00.



4.4

4.5

4.6

4.7

Simple Payback:

New Local Employment:

Local Econcmic Impact:

Environmental/Social

Impacts:

87
The simple payback pericd for the system is

estimated, by DIAND, to be ebout 2 years.

nene

Ncne directly, but DIAND's annual operating
savings (of $55,000 1982 dollars) could be

used to provide locsl benefit at no net cost

to DIAND.

Minor benefit -- less environmental damage
from oil spills associated with fuel oil
1

delivery.
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NWT

[A9]

School Wastie
- Heat Recovery

Technolegy:
Wasta heat reccovery frem ciesel generator

Demonstration Preject Manager:
Mr. Cana Fergusen
Fsrguscn, Simek. Ciark L.

Ecx 1777
Yzaiigwknife, NW .
-\ N:Q
LT -

>

nnual Savings: $25.283

ol M - . » . oy . -~ - vy
TUs QI U SINsSuUMzucn wWwItngul nez: raczysry

o>

Descrigticn:

Asgcngciinareme2 MW.T. ccmmunily is heatas by was:2

r23lirom 3 2iasatigereratsr inthe summer ! 18817, a new
~—

rom3zigss! 52
N oem, . r TR - 1
C 3gquar2 metras (12230 sa. L) was

-

w

N
TEny naw 2nergy consarvalion
CC metresfrom an existing

\

war Zommissicn (NCPL) ciesai power

™
(%3
}

~ 3ysi2m s recs meatircmiheiacker watsranrce

2) Zss: installeg onthe axisting NC~C

ci sia ~vasia2 hestis ncw transierreg o the
a CClwhars revicas scace anc Somastic watar
= gss affectively recucas the scheel's sciler
o num. withcut affecting the NCAC glant
srz

mrgugnrecsvering wasi2
gr and 2xihaust. These

Perfermance:

The casign anc installaticn cof the heatrecovery system pre- Altargrecompoier2 heanrg s22scn i832-230 tra 2roy2clis
ca2ced as exgeciad, withcout encouniering major protlems. cInsicarad o 2 very sucsassiul oy ail carugs nvclves —
The sysiem’s cerformance has slightly exceeced expecta- tna2 czmmunily, NCFC._mam:enance staf ancin2 Geovern-
ticns anc nc maintenance groblems have been encountarec. meant of the Norinwest Termicries (GNWT).

SMNEICPATICNS 2rovices yQu wiin (Re re3uits Of SUCCEIIIUI 1eCANOIaG es ANG [RCAMGUES SEMUNSILALwl LIniSe ‘R Conter Attt g FestesenCin § .‘ E'"”‘”":"""’" Adueetnents {CREZAL

Pengram  ENEICPTICNS 3 funced Jy INE nergy de0IrIMents ot Canaga, New SrunswiCt Ness’ Sty Llimaea Toee daseimaeest Terrtrreg gpee

e Y e
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1t was found that the NCPC lcad and the scheol's heat require-
ments are in phase. The aciual quantity of heat supply and
cdemand are well matchea, particularly in the crucial winter
mecnths. it was determined thati{oreach 1 k'W of generater
elegtrical output, 1.32 xw cf recsverakle waste heatis
procucad. A

NCFC recorted ne ccera,ticnal or maintenance preblems
with {he heat recavery systém. NCFC incicatad that the
generaters’ engine tamgerature was Seing maintained ata
satisfactory 80° C (178° F) with flue gas temgerature fairly
steady at210°C (410° F)

The cammunity ane GNWT are similarly pleased will
resulting savings in the schcol's fuel oil requirement:
Actual censumption for the first year ¢f cceraticn wa
litres.

This recrasents an annual fuel cil savings of azcut 4¢
litres frem the prejected consumpticn — a 8% savin

Freolems enccuntared in the secend year of ageratic
been attributed 10 a lack ¢f trained and mctivated sta
reutine maintenance ¢n the distributicn system.

Technical Details:

Three NCPC generatars provide the total community power
suocly. Two of these units — a Caterpillar 34C6 with a
281.25 kVa generatar anc a Caterpiilar 0-342 with a "Kato”
187.5 xVa generator — are cannecied to the heat recavery
system. Below is a functicnal diagramof the installed
sysiam.

Cue to the size cf the grejected heating load anc the plant's
cutzut cagacity. wasta heatis recovered from both the
Ggeneratcrs’ jacket water and exhaust flue gas via installed
hea: axchangers sncwnin the furc.‘cnal giagram. When the
era crout ut excaecs ;hes ncel's cad 'eﬁunrnﬂem

w..lc." is e::_:..nc:e: with a ::‘.e*...cs:a:xc..lly c,mrullec c::cxir'.g

SCHCCL -CiL F'RED 3CILER

{CNE S=CWING FCR ?

ENERGY METERING

fan. A control valve directs the flue gas o the atmosc
via a conventional muffler wnen exhaust heztreccve
requirec.

The heating systam is filled with a 2re-mixed sciutior
propylene glycsl and 30% water. The ciesel waste he
transferred to the schoc! using 83 mm schecdule 40w
stael piges. The zices arg insulated with 38 mm thick
ethylene insulation wragccec in a 45 mil gelythylene &

jacket.

Theinsula:ag nice was ins:ziled ata decth of 8 m.

nctihaw-siacle in permairesi consaguently, amcnfst
wers usac exiencing teyenc theinfiyencs cf ine thay

crazfec oy the sices
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The schect heating system was designed to te completely
seif cantained. It consists of: twa ¢il-fired Seilers, each with
a rated cutput of 183 K'W; perimeter basetcard heating; and
twa ventilation systems supglying tempered cutside air as
required. The domestic hetwateris also supclied by the
ciesel waste heat, with ccléwater Seing circulated through
tank!ess heat exchangers-anad stcred in insuiated tanks. An
etaciric heatar was installed as emergency backup enly.

The schccl heating system was designed to ocerate at
62°C (134°F) whicn weuld normally se supglied frem the
NCFC recovery lines. The hot water passes in series frem
the NCFC reccvery lines through the heilers, which will

bring tne water up to §2° C (144°F), if necassary. An opera-
ting aguastat controls the tailers when NCAC cannet
sugcly encugh heat.

If the NCPC water supply temperature fails Selow 49°C
{120°F), the heat recovery line aquastat mcculates a 3-way
valve o recircuiate the water back to NCFC rather than
threugh the schoot heating system. A thermestat installed
cn the heating water supply line will initiate an alarm if the
temperature dreps telew 43°C (1C8°F).

Secarate circulating pumegs for the sehocl heating system
ancg ‘criransferring the hot water between the school and
NCPC builcing are toth located in the schcel bailer roem.

Economic Analysis:
1. Capital and Instailation Casts: 229.cCo

2. Cost of Heating School:

Without Heat Recovery

With Heat Recovery

(estimated)

o Fyuelcil

(€ $C.53.L) SG.130L = szZe.
e Zcilsraiegirical and

ciitrarsier pumses

(@ SC.373.5'Wh) TS ¢NR =
e Recirgulating sump ncn

(E’ SG 51-:1'(-\“")

0
[#1}

(actual)
87 3faL = § 212
4z7 B xWh = 3
1808 k'Nh = 2.311
HES $3.02¢

325
—-a—.

(9]}

Net Savings =

3. Simgle Paytack Pericd: S years

Availability:

Farzuscn, Simex. Clarc Lizuef Yalcowkmia, NOW. T, dasignee NCFC zerscnnel carried cut all mecificaticns o the pewer
ancsucarvisacinsiaigucn ciing hezung sysism giant agquigment. Similar consulting servicas and eguigment

arz gareraily avaiiacle acress Canaca.

Further Information:
Furtherinfcrmaticnanc a csey
re availacie frem °
e ENESQPFPTICNS
Erergy Consarvaticn Civisien
Ce:="-e.~: cf Puclic \Wesks and Hignways
YXCarmira. SinFicer
Government of tne Norinwes: Tarritcrias
Yaltgwknifa, N.W.T.
XiA 2L

(*\.-) 51-}' 3

ciihe

finaitechnical recer

Inicrmaticn ¢n this demonstraticn prejectis alsc availacie
frcm the censultant:
e Ferguscn, Simek, Cark Lta.

(1\.' _\JC"CP i ION

Box 1777

Yailowknife, N.'\M.T.
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Technoleogy: Annual Savings: S22.47
1CC% of fuei 2il previcusly usad

Large-scale. direct ccmiustion cf weecd chips

-

Demonstration Project Manager: Psyback Period: 4.8 vyears
} Y Yy
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M2 y23r. ASin many communities ia the Nerihwasti Ter-
riiZries, th@ i0wn'S WalsT SUDCIY 'WaES Srevicusiy hesras oy
canvendcnal cul-firagc zSiiars, Howevear, estaianng fuel o
gricas cramaucsaily incra s N sysiem’s CCeraling SCsis
anc oremgiac the saarcn ioraiess axgensive aitarngtive

Theown'swaisrsucsivisnewhneated Sy meansofa <0

cciier u'-zt The zciieris fueileg sy weeg gnigs.
cn-sit2fremiccally surgnasec corawccee.

Benefits: .
e Initsfirstyear cf coceraticn. the ,.,rc;e tresuitacin the .
¢:splacament of acoroximataly 18G.CC0 litras (33,163

gzlicns) of No. 2 fuel cil.
e Cncestart-up preziems, relatad (o chig tridging in the
sicrage min, arz gvercsme. itis exgeciac that the project .
wiil resuitin the total cisplacament of accroximately
2C0.CCO litras (45.CC0 gals) of No. 2 fuel o1l By approxi-
mataty 4C0 corcs of lccai weed.

T m@ new wesc salernas alargarcacacily inan ne ¢l
§ 23T VEI2r 3ucs,/ 13 T3 maniaines at
scumallemperaiure L 2 C e mera
e..ec::ve w3tarr2armantihan grevnicusiv 2520
Tarea parmazanenizar-ume IS nave s22n grea2cin
csanmecuca witn ine harvesting. calivery grc smigsing of
iccalegrawecce. Funcs scentonfuel new sty inine

ccmmunity.

ENENCPATICNS provides you wein (Re re3uil3 OF IUCCEIIIL 1ECNNQI0GIes ANG ECNMIQUES JEMANIIIted JACer the Curservalion Ind ﬂovw- 1018 Envergy Cemansiratun Agreeeents (CRESA
Program ENEICPTICNS (sfundeddy the energy dedartments ol Cinica. New Srunswice. New uACiang Mandcsa The Narinfwest . Tarniones, 303 TAg Yyaun



Perfermance:

The cesign and installaticn of the system preceeced as
exgected and no preciems were encuntered. The toiler
has gerformed at, or atcve. exgeciations since installatien.
A mincrstart-up pretiem was encsuntered with the weed
chipcer sut was quickly icentified and eventually remecied.
There has teen a continuinggretlem, however, with the
wcced-chip hancling system: £ach prectlem is qutlined
telcw.

e ‘Wocc chigper — The attachment tlaces criginally pre-
viced by the sucglier were shorter than those sgecified
by the design engineer. As a result. the ¢hips were not
being aceqguately threwn from the chipper unit to the

nveycr Seit. The probiem was quickly identified anc
precer reciacament slaces were grovided by the supd
However, dueto the inexperience of the on-site pers
nel, the reclacement Slacdes wera notinstalled for sevs?
mcnths. Cnee the regciacement blades were installeg, tt

chipperunit gerfgrmed well, . Y
* Woced-cnip hancling system — A continuing chip Bri;
ing proclam exists with the hydraulic live Eottom in the
stcrage bin. This pretiem has lcwered the system's
availakility to atcut 8C% and is currently underinves: }
ticn butis feitto te cerrectatie. :

Technical Details:

The scnematic ciagram shcws the new wcec Bciler systam.
Ail faci lmes inclucing the cnigger and sicrage bunker. are
lccated indoors in an insulatad steel builcing.

Weed fueiis chipced o allocw autematic leeging of the
tciler. Tne woocd-chip sicrage Bin has a live Zettem whicn
allcws the srimary auger at the tase ¢f the stcrage cin to
merar the flow as recuirec. The grimary auger has a variacle
scead drive 2napling the =ciler feed rata 0 Le acjusiac ac-
csrging o heating requiraments and,’cr fuel meisture

The Agsco Mccel weec-fired koiler is a three-sass. vertic
fire tute =otler with a design thermal effic'ency of 783,51
design allcws the hot gases from the firebox {0 trave!
vertically through the Sciler in three casses tefore exitific
Frimary cemoustion air is provided from teneath the bail
The gases greduced curing primary combusticnare buf ~
acove the weed chics when mixed with secandcary air. &
the fuel feeding rata anc the air sucely are acjusied to = =
achieve 3an sfficient fuel/sir mixiura ungar various oger-

i ating ccnciticns. £
¢cniant. A rotary air ICck grovicas a secaraticn tetwesn el & ;
angnafirzzex. (o
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The haileris sugplied with a complete set of controls o
maintain a presat doiler supply water temperature. The

ater sice of the boiler supplies two separate lcops. The
grimary lcep feeds the new heat exchanger which heats par?
of ine inceming river water befcre it enters the water treat-
ment ptant. The pcnicn of the river water (at .5°C) that
Fpassesihrcugh the Reat exchanger has its temperature
raisac o a point that, when mixed with the remaining
pcriion, results in a water temperature of ageroximately
4.4°C (4Q°F).

Tre secinc lcop from the soiler heats the water treatment
plant. The existing ail-firec deilers ncw serve as backun.

As a result of the extremely hign toiler hearth temgperatures.
almest all of the hydrecarsens are consumed anc cnly fly
asnremains. The fly asnis sezarated frem the exhaust
emissicns with hign efficiency cycicnes.

Economic Analysis:

Cagital and Instailation Costs: $206.374
Avcided Cest of Fuel Cil
(182,138 L @ S3.383): $ 68.3Cs
Annual Operating Cost for
Wood Boiler
s Costofweed sucely:
- Harvesiing and calivery
(3S2 corads @ S37.20) §14.7C0
La‘cur‘crwccc ototel
(S § 2,383 (1)
e Increm S 433 (7
¢ Incramenial slectricity cest S 8.337 (2)
Tcrai SSL3EL(3Y (S 24.384)
S 42471

Simple Payback Pericd: 4.5 years.

Notes:

1. Incremental laccur costs {orweea chigeing anc regultar
maintenanca are site-scec:fic anc are cecencenton current
lacour lcacing. In many iccauans. thesa lasxs may Se hancleg
by existing staff.

2. Incremental e!ec:ric’ty Cssisare primarily for coeration of the
electric "xpcer infort <r—nn thelevy of an 2nergy r‘emanc
charge of S,
mcre exgensive than :ne ::mcarame ZScerating ¢ast of a gas-
Fcwerec cruccer. Acciticnal annual ccerating costsavings of
accroximataty $2.0C0 are sSssicie thrgugh the use of a gas-
gcwerec crmigger.

3. Inincselocaucns wrere 3 3as-2Cwerec cnicser isusas anc
exIStng Staft are acie 10 certerm weea Scsing and - ragular
maintenanca culigs. annual cceraung Sosis ‘sracomearaz:e
weecd sysiam may Se 3s !cwas 321, CCQ. This weuic resuitin a
simgle paveack of 4.3 years.

:e nnclegy is avail c:-i’. hrou
ineering ¢onsu i

~ o Emaptrzotars sun~liars
e allily succliers

2.

ras inrcugncut

lutl)

Further lnformaticon:

Furimerinicrmaticnand a ccoy cftne final reccrs ara avail-
asieircm:

e SNESSCPTICONS

[

Erergy Conservaticn Civisien

Cacartment of Puzlic 'Werks 2nd Hignways
CGevernmentcf the Nerinwest Territcries
Yzilgwknifa, NWN.T.

Informaticn on this 2emensir 1is also availaz

frcm the consultant:

o Mr.Jack Dueck
(re: ENEACPTICNS)
A;sco Engineering Liz.
P.0.Bcx 270
Cremona. Alter:a
TIMCRO

(4C3) 228-21¢8

licn prejec

&sC~2
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rossing Wood-Chip

Technalogy:
Autcmatic weecg-¢chip boiler

Demonstration Project Manager:
Mr. Al Federiak

Mzaintenancs Division

Cercarment of E2ucaticn
Geovernment of Yuken
F.C.B0ox27C3

147 Y Ve
Whitsnorse, Yeken

Lzcstion:
Fzily Creszsing. Yuken

-~
<

Annual Savings: $17.423
tcfcil heating

£C% net savings cncest
Payback Pericd: 11years

Appiicable to:

Scace anc heot water haating acelicaticns in remote
communities —

e Schccls

s Hosgitals

e« Commercial zuilcings

3. 0)
D
O
O 0O
S
n
60

f

b}
1

3

D00

a
w
<
[

12min the new scncct is saving il
calresgurcs2 anc Srovicing emeioy-
Sa gssing — a small. reiatively istizi2d ane

cminanty nanve cemmunity aggrexima2iy 230 km
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accr
1) schccet which was also 19 serve as a ccmmunity
racraaticn c2nter. in the original design, the Sliza Van
ser Schccel was ic Te neatad by two Gii-firag Soilers.
wever, in the final design stage a weoc-¢hip heating
vsiam, grovicing SCtn sTace heat anc Scmestic het water,
salecias as a suzsiwia ferthe cil system. The bicmass
izmezsnsisis of a 350 «'W Vyncka weeg-¢chip Ectiler, an
o sioxer, ang a 30 mi1.783 4?) silo. Crups ara gro-
frcm lccai fire-<iilez weed using a Sruks weed chigcer
= 5y a ciesel trac:isr. Backuc is srovicss Sy a sciler
g watar neater, tcoth firec by pregana.
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When the Goveramant of Yuken constructed this new schcol for 1%
ommuruty ¢f F2ily Cressing itcncse wead chips as the fuel
scurce.

Benefits:

e Tneretannual savings frecmthe weed-chip heating
sysiem aggearto Se 311,425 (1984), equivalentto §G% of
tne cost ¢f operating a ccnventional, cil-fired system.

e The woce-chip heating system provices significantlocal
ecsnomic tenefit. Local cordwood is purchased from

the Selkirk Incian 2arg at Séd. ¢corg — agproximately 1/3
of the equivalent csst of fuet oil. Maney formerly sgent
outsice of the ccmmunity for fuel Qil is now spent within
the ccmmunity anc previces an important local economic
stimulus. -

ENESCPTIONS srovides yOu wiif (FE re3uils Of JUCCEIIUI 1ECNACIOGIes 3nd [ECHNIUES CEMONIIIated under tne Canservatian ind Aeremacie Energy Qemanstration Agreements (CREDA)

Pragram

ENERCPTICNS 18 lunded Dy (Ne energy eaartments af Canaga. New Srunswiek. New/oungdlang Mamigpa Trg Marirwest Terriaries. ang The Yuren,



e Theharvesting ancd chipping of waeed has created two
lecal part-time jots in @ community of asout 200 plagued
by carenic unemeployment.

e Bcththelocal weced fuel supply and the weod-chipping
system have cansiceratle unused ¢acacity. Further agpli-
caticns of weed-chip heating, as a substitute fer con-
venticnal oil heating, areteing gursued within the

cammunity. When implemented, thesa will further

centricute to the lecal ecsnemy By recucing fuel ct
increasing local disgesatie incomes anc creating ¢
ditional employment. s

Performance:

The systam is ncw cperating censistently and efficiently.
Perfcrmance data are Seing collected and the results of a
comgplete year's ogeration will be available by June 198S.

Tre apcroximate price of delivered heat from fuel oil

(@ 30.46.litre) was estimated to e $20:10/GJ, or §18,285
annually (1284). Preliminary estimates incicate that the
ccmearacie cestusing Ilccal weed chips is $3.29/GJ. or
S7.370 annually sased ¢n: $E0/¢ord for the harvested waood;
$1.2C0 ferlacourang S4EQ for operaticn anad maintenance
of the chipger; $1.CCO fcroropane sackup: and $120 for
electricity to power the augers. The 1884 net savings are
therefcra estimated at $11,428

Curing the first few mantns of cperaticn, a variety of tech-
nical groclems wers encountered. Although the prokiems
wersa retatively mincr they were axacerzatad sy the lack of
tacnnical servicag availacie within the cocmmunity ancd by
the community’'s ramer2 iccaticn. Technice!l grezlems were

ancgunigredin ine icilcwing araas:
® wcCZICchic
* excassive 2xnaustian ncisa

e gysiamesnirsis

Inits initial cperation, frequent blockages occurred at s
first transfer point in the auger system. Thesea blockages
cccurred as a result of oversized chips or sglinters ancé
design of the transfer point. Quring ene such incicent |
augeritself was camaged. The hiockage problem at tre_i
transier gcint was Qvercome by replacing the original c:
rugatad metal sleeve with an angled sleeve mace of me*,
three sices with a plexiglass front. Greater attantion w, ‘
also paic o achieving unifcrm ¢hip siza. A stig cluteh i
alsginsiailed to prevent damage to the auger cr moterir
event of future blcckages. PN

Excessive fan noise was remedied by decreasing the €
of the forcea 2raft fan. This also brought the air suoply g
inline with cetimum levels anc increased the ¢cverail hoi
efficiency. £
U
Cne cfthe sciler's safety contrels sreated a mincr orois
A sanscricczizg ucsiraam iy cm ine axhaust fan measur
ne flue gas lamperatura anc. if the a2xhaus: :=~*=r-ruﬁw\
tco low. ine senscr autemarcally snuts down the zciie |
2% minutes cfogeraticn. The sensor whicn was instally_
imtially hac (co hign a temgerature rance and causas th
teilerte snut 2own frec..en'ly A new sensorwiti a gres
temgeratura range will aliminate the srociem.

;]

Sescngeiisan ":" e (12.3CC R single-sicray Suilcing
cisiaz ,‘ECC':"r'. ructicn [butltin ’.982 Inine vn:e'es‘s
cithermaiefficency.itinciveas recfinsclaticn of ASi 8.2
(R 32V wailinsuiane i 3.3(R 2% and ricle-glazac
WInZIwS. The 22sigr c2 nezting lemparatur2is21°C
(73*F; curing sczuc .'s anc 13°C(E3°F) during
setsacxhcurs. Tre: Heatmg anc domestic water

heating raguiremen s cut €80 GJ per year.

Lceal firg-xiiled timzeris harvested as coroweed by
memeers of the lccal Seikirk Incian 8and anc is then chip-
Fec cnsita using a Sruks MTHEZ2 weod chipzer powered
Sy a-<=Chagdenn Teere 1020 diesal tractor.

-
%)
(ﬂ

micsara2fecintca 33 m3 (1,783 A3) ur'c='grcund

c:nc.‘a.e ilo. wnicn grovigcassicrage casacity ferateout 10
cavs curing maximum g2manc 2 eriods. Thesilois agquigged

thaneztices (iC sravemt ‘raez'ng) ang alive totilom con-
ing of trac2zorcal cylincars, which are zulled acress the
wemettnesilo "y nycCraulic pisiens in orcer o supely
weed crigs o the firstcf three 230cm (12in) ciameter fuel
augers. Arctary airlcck is installeg at the secand transfer
Scintio gravent curn-cack. Burn-back is aiso preventad by
means ¢of asuccly of water which will flcad the finat auger
hcusing should it attain unacsestatly high tempeeratures.
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The heating system — a 350 kW Vyncke mocel WW300S
unceried woccd chig tciler with autcmatic feed — was in-
stalled curing the fall of 1882. Operation began in February
1983.

Trazcileris aihres-2
fec arthervminweee e
manuaily with ¢srer vc

aisc :E fitteas 1o an arte

ass vertcsl fire tuke unit. which
miZs inrough the uncaries s:c:«er,?

cinrcugnits Zcer Ancil surner.

rna .e gocr. if casired. Craftis g7 3
viced sy mezns of a sicw cca:ec atihetce cfimeso |
immeciateiy seycnc the ¢ ira tutes. Fiy asn passas front s
hearth threugh the fire tuzes and xs remgvecd in acycicne
locatag just cevend the slower. The bicwer and cyclors ¢
censirucee of heavy gauge metal to resist the acrasive ,’
aciion of the fly ash. The cciler is designed tc ocerate &1
80% axcass air at 3 cemeusticn temperature of 1,320°C
(2.4C0°F) and with virtuaily 10C% comepusticn efficienc: »
Eicient heat axchanga is achieved 50th through dires
racialucn arc inrcugn the vertcal fire tutes. The 2axnaves
gases axitthecoilerat a fairly coet 13G°C (SCQ°F) and ar:
relatively ciean.
Ectn the air intake and auger sceeds have teen acjuse
celiver the maximum regquiramants of the zuilging. In th.d
manner. maximum fficiency can de acnieved during the
shculger pericds. when a reducad totler cutsut is neecas
The Zciler contains mere than 3.CCO litres (680 gallons
watar, which sicres aggroximately 120 MJ of heat. Thusi_:
suppliesthe suilding's neat requiraments setween sciler
cycles. During normal operation, the teoiler runs forabQe
20 minutes ana then snuts cown until further heat is re~
Guired. The hearth will maintain a fire for longer than 24__
hours during periocs of very warm weather.
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Economic Analysis:
Capital Cost:

- Vyncke Mocel WW23CCS

Warranty

Concretesila & mcdifications

Giycal heatlocp

CHW heat exchanger

Bciler elecirical and automatic controls
Markup

Miscellaneous

Sub tetal: v
Crecit (oii boiler and propane backup):

Incremental cagital cest fer wood-¢hip system:

Incremental casts of Bailer instailation:

Total Cagital and Installation:

$ 77.5C0
3.CcCo
20,488
4.CCo
18.228
14,384
7.5C8
4,834

181,201
(28.340)

122,881
5.6co

$127.881

Annual Qperating and Maintenancea Costs:

Estimated annual fuel gil savings
(41,82Q litres @ $0.461):

Estimated (annual) weod heating cost:
e 80 cordsof weod @ S80

e chipger operation and maintenance
¢ labouri{crchigping

e prcgane backup

e electiricity for auger operation

Net Annual Savings:

Simple Payback Period: 11 years.

5.1 2,295

4,3C0
450
1,5C0
"1,0C0
129

(S 7.870)
$11.425

Availability:

The systam was cesicne2. sucpolied and instailed sy Agsce
Engingering. Aytcmatic wCee-Chip heating systems are

availacie thrcugh succliers and consulting enginesring

firms in major cantras thrcugncut Canaca.

Further Infermaticn:

Aninterim technical reccricn this demenstration groject is

availacie from:
e ENZRCPTICNS
Erargy Sranen

Caczarimentof Mines arnce Sma!ll Susiness

Covernment of Yuken
£ C Zox27as

Whitencrse. Yuken

Furtnerinicrmaticn on this 2amenstration praject is avail-

acie frem:
e Mr. Jack Cueck
(ra: ENESCPTICNS)
S Enginesring Ltc.

A o]
F.C.Ecx 270
C

T

P ENERCPTICNS)
Maintenance Civisicn
Cepariment of 22ucation
Gevernment of Yukon
P.O.8cx27C3
Whitarorse, Yuken

=
®
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Arenas and Curling Rinks

Measures:
« Night setback and timers

¢ |[cemaking heatreciaim

» Electrical demand charge reduction
» Energy efficient lighting

s Architectural items

Estimated Annual Saving: $1,500 to $34,000
17% to 55% of pre-demonstration energy consumption

Applicable to:
o Arenas

Curling rinks
* Winter sports centres

Locations:

Stonewall, Man. — Arena

Neepawa. Man. — Arena and Hall
Carman, Man. — Arena & Curling Rink
Roblin, Man. — Arenas

The Pas, Man. — Arena & Curling Rink
Lorette, Man. — Arena & Curling Rink
St. Leonard. N.B. — Arena
Lameque.N.B. — Arena

Riverview. N.8. — Arena

North Battleford, Sask. — Arena
Yellowknife. NW.T. — Arena

Pine Point. NN\W.T. — Arena

Description:

A number of communities across Canada have implemented
cost-2ffective energy conservation measures in their local
arenas and curting rinks.

All the facilities are equioced with systems to reclaim heat
from ice-making equipment. Most use this recovered heat to
preneat water, while others use the recovered heat for space
heating.

Lighting systems are improved in most of the arenas by
reptacement of incandescent lighting and mercury vapour
with more efficient types of illumination such as fluorescent,
metal haiide or high pressure sodium.

A number of other measures were demonstrated and proven
to te cost-effective. Examples include:

¢ Recuctionin peak power consumgtion;

L

e Electrical power factor improvement;

e Changes in space heating systems: ancd

e Selective increases ininsulation levels.

Simpie measures. such as the following, yield very rapid
paybacks:

* Weatherstripping and sealing doors, windows and gther
cracks in the building shell;

¢ Insulating steam piping;

* Maintaining minimum ice thickness;

e Night setback thermostats and fan timers: anad

e Good operational and general maintenance practices.

Benefits:

* The implementation of a wide range of measures yielded
the foilowing estimated reductions in energy consumption
at the six Manitoba facilities:

Lorette Sports Centre, Lorette §5%
Roy H. Johnston Arena, The Pas 40%
Roblin & District Arena, Robiin 40%
Carman Community Arena. Carman 32%
Yellowhead Centre. Neepawa 20%
Stonewall Arena, Stonewail 17%

¢ Inthe three New Brunswick arenas, heat recovery from
icemaking refrigeration equipment, coupted with the con-
version to energy efficient lighting sources. saves $4.000 to
$10.000 annually. or approximately 25%.

e Changes macde at the North Battleford arena in Saskatch-
ewan, are projectad to cut energy costs by $17,000 per year,
a savings of approximately 30%.

¢ Incorporation of energy conservation items—primarily,
the recovery of heat from the refrigeration plant—at a new
arena in Yeilowknife, saves an estimated 100,000 litres
(22.000 gallons) of oil annually.

ENERCPTICNS provides yau witn the rowlll of successiul l!em\oloqm ang m:hmaun demonsIrated under ine Canservanon and ﬂmaen Enmqy onmcmmum Agreemants (CREDA)

Orameam CEMEDMOTIONG 41 adtaa st cmmsmie ARARIIMAAIE Al rmae e

B meian MhmealAams s Admo e . e Asmoa
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Details: -

A wice range of energy comservation measures were demon- Low-Cost Mechanical Measures .

strated in these arenas and curling rinks. Cetallscna A numcer of nc-cosiand low-cost improvements were m;_;

numper of these measures fallow. to the mecnanical sysiems in many of the facilities. These

. . inciucec:

Night Setbacks and Timers _ e )

Cost-affective energy savings can generally be obtained by * Follewing operating prececures designed to minimize:

using timers and other simpie control equipment (0 recuce energy waste:

space temperatues. shut-off exhaust fans and close damp- ¢ Maintaining the heating and ventilating system in top

ers in arenas when they are not in use. These types of minor congiticn, inclucing regular cleaning of ali air filters: 7 1
i i ities ¢ . : ;

cantrot improvements were mace in many of the facilities for * Recucing domestic hot water temperature: ;

payback periods in the range of 1to 3 years. . , v g i

¢ Maintaining mintmum ics thickness:

lcemaking Heat Reclaim ‘ e Placing a locking cover over thermostats: £y
Heat reclaim is the process whereby heat normally rejected to e Repairing dampers and saais: ‘
~ 3 : .

the outdoors from the refrigeration system is reclaimed for

use somewnhere eise in the builcing. The refrigerant gas is * lnsulating steam pipes: and

repeatedly heated. compressed. cooled and condensed into * Cycling the brine pump. PR
aliquid. In the process. heat must be removed between the Ei
compressor and condenser and can be used for: Electrical Demand Charge Reduction

The cost for electrical energy can be reduced by i :mprowng

* Domestic hot water (DHW) preheating: power factor associated with the facilities’ electrical load. Thn

¢ Flood water preheating; or was accomplished at most of the Manitoba facilities by instf
e Space heating. ing capacitors on large compressor motors. Typically, thi, :
measure proviced a one- to two-year payback. s

Variations on this measure were implementec in all of the .
facilities. Demanc costs can e further reduced by reducing electrici,
: consumpticn during seak seriods. This was accomplishes |
in the Stonewall. Manitoba arena dy installing a smaller
compressor (£0 hpo to operate during the winter months an
in some other fac:lities via the use of demand controllers : e
Some operators report that maximum heat recovery is turn off non-essential loads during peak periods. :
achieved by flooding the ice just pricr to pericds of high re- ¢
covered heat cemand (i.e.. just before a game).

Available monitoring data on the heat rectaim sysiems indi-
cates they are gperating as <esignec and are achieving
estimated energy savings.

e Refrigeration
Hot Gas

Refrigeration Heat
Recovery Concenser

Air From

Hot Gas,
Heatng Coil

[ )

B
i
Radiant Heat o
Up & Down from & Lo
__Concrete Seaung
. £ 3
Suppiy Airto e 73
Change Rooms - i

Qutside Air
to Arena
Brine Piping
in Bleachers
Q Exnaust from
Change Rooms

Chiiling Bn‘ne] /
Pipinginice !

Ptant Slao

Exhaust Air

Air-to~Air

han .
Heat Exc ger Heating Brine

Piping at 300 0.C.
- Beiow Slab
in Gravel

Figure 1— Yellowknile Arena Heat Reclaim System
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Energy EHficient Lighting

Arange of apgroaches were demonstrated for reducing light-
ing costs. No-costand low-cast measures included: estab-
lisning guicelines for lighting use. cteaning fixtures. regainting
reflectors and removing unnecessary lights and fixtures.

In many of the Manitoba facilities. incancescent lighting in
locoies. change rooms and other general purpose areas were
ccnverted to fluorescent. Metal halide lighting is used 0
illuminate ice surface in Lorette Manitoba and North Baitieford.
Saskatchewan.

In the three New Brunswick arenas. even greater savings were
obtained by replacing mercury vagour arena lighting with
hign pressure sodium lamps. Use of this long life, highiy
efficient energy source to increase iilumination levels, has
been well received by the public.

Alightdimming system was also installed in the Riverview.
New Brunswick arena. Dimmers were found to be cost-effec-
tive only when the buildings were used for a wide variety of
purposes. Otherwise, use of selective switching can produce
simiar resuits at substantially lower costs.

Architectural Measures .

Agpplicaticn of weatherstripping. caulking ana sealing on
docrs. wincows and other cracks in the bullging srell was
unceriaxan in all the facilities. These low-costaccroacnes for
recucing :nfiltration of cold outside air yielded very rapid
pavbacks.

Imciementing more costly architectural measures such as:
acding oruograding insulation levels, replacing coors.
adcing vestibules and replacing single glazing with double
glazing. was found to be hignly dependent on site-specific
factors.

Insulation of selected areas of several Manitoba arenas was
uncertaken and payback periods between 3 ang 25 years are
estimatecd. One interesting measure was the insulation of the
wall between the arena and the heated lobty. This particular
measure saved energy and sclved a seftice proolem at the
lobby erc of the rink.

In general. higher cost architectural measures are only cost-
effective if performed in conjunction with other renovation
measures.

Economic Analysis:

Implementation of energy consarvation measures at these 12
fac:lities in various parts of Canaca crovides a good information
base on the economics associatec with energy conservation
retrofits in community arenas and curling rinks.

Range of Range of
Mechanical ltems Cost Estimated
Estimates  Payback Periods
s Night setback temper- §1C0-2.000 1-3 years
ratyre controis and ‘
lccking cover over
thermostat
e Timercontrols or S$1€0-300 1-3 years
igntswitch control
for exhaust fans
s Insuiate steam $2.0004,000  1-2 years
piping
* Repair orreplace $SC0C-3.000 1-2 years
dampers (backdraft(1),
makeup air, exhaust)
(1) note local codes
* Heatrecovery fromice  —S$5.000-13.000 3-1Qyears
plant for preheating e
ice flood and/or )
domestic hot water
* Heatrecovery from $15.000-55.000 5-10years
ice plant for space
heating
Electrical ltems
* Instail power factor $1.000-1.500 1-2 years
correction capacitor
oncompressors
k {\ * [nstail peak demand $§2.000-3.000 2-4 years

controllers in facilities
with heavy electrical
heating loads

Estimates of typical costs and paytack.periods associated
with a range of measures are proviced: helow. It snould ke
noteg that the actual cosis and savings:at individual facilities
are largety cecencent upon site-spec:fic factors.

Range of Range of
Cost Estimated
Estimates Payback Periods
e Replaczincancescent $300-1.0C0 2-3 years

lighting—in lobbies
andchange rooms—
with fluorescent
lignting

e Convertarenalighting
from lower efficiency
incandescentor
mercury vapour to
higher efficiency
(high pressure sodium
or metal halide)

§7.000-17.000 23-10vyears

Architectural items

¢ Tighten building shell $1.500-2.5C0
by weatherstripping
and sealing doors.
windows and other

building openings

1.3-6 years

e Acdinsulation to walls $300-50.000
and cetlings or repiace
doors and windows

with insulated panels

5-25 years

e New coors or windows §2.000-10.000 14-25 years




Availability:
Mestlow-cost measures-<can be impiemented by building
maintenance staff using readily available supplies.

Balancing and tuning of HVAC systems can be performed
by MVAC contractors throughcout the country.

Selection and design of the most cost-etfective heat recovery
system. and determination of {he most attractive package of
higner cost measures for a particular facility, likely require
the services of an experienced engineering consultant.

Further Information:
A manual on “Energy Conservation for Indoor Ice Rinks" is
available from:

e ENEROQPTIONS

Energy Information Centre

Manitoba Energy and Mines

117-234 Donaicg Street

Winnipeg. Manitoba

R3C 1M8

(204) 9454154
Individual reports on a number of facilities discussed in this
case siudy are availat!e from the appropnate provingial/
territoriai office listec below:

Faor Facilities in Manitota

‘e SNERCPTIONS
Energy Information Cantre
Manitoba Energy and Mines
117-234 Donalc Street
Winnipeg, Manitcba
R3C 1M8
(204) 945-4152

For Facilities in New Brunswick
e ENERCPTIONS
Energy Secretariat
Government of New Brunswick
P.O.Box 6000 :
Fredericton, New Brunswick
E38 5H1
(506) 453-3897
For Facilities in the N.\W.T.
e ENEROPTIONS
Energy Conservation Division
Cepartment of Public Works and Highways
Government of the Northwest Territories
YK Ceantre. 5th Floor
Yeilowknife, NW.T.
X1A2L0
(403) 873-7203



Note:

* Source:

? Marbek

APPENDIX E:
Cost/Savings Data
—Selected Institutional Facilities

The followng cost/saving data are for school facilities located in
rural and remote Manitoba communities. While facilities are com-
parable to those in the Yukon, the energy costs are NOT comparable.
The applicable energy costs in these facilities are: fuel oil 29¢/L
and; electricity 3.5¢£/kwh. These costs are far lower than those
found in the Yukon and, therefore, the potential cost savings shown
are dramatically less than for the Yukon. However, the measures
shown and their respective energy savings are indicative of specific
opportunities for Territorial facilities.

Underwood MclLellon Ltd. Enerschool Final Report CREDA, 1984,
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