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SUMMARY
Fnergy_Demand and Supply in the MNorthwestTerritories

This study examines energy demand and supply patterns in the
Morthwest TerritoriesN-W-T)yas a worki ng paper for the Federal
Department of Indian Affairs and Northern Development and the N.W.T.
Mnistry of mergy. Conceptually, the study is simlar to the soft
path appr oach employed by David Brooks in_Explaring a Soft Energy.
path for the yukon Territory. It focusses on utilizing cost
effective technologies to reduce the anticipated growh of energy
consumption and also to develop renewable and small-scale supply
sources to meet pro jetted demands.

Demand Mnalysis

The study’s demand analysis utilizes an N.W.T.Scence Advisory
Board study, Fhergy_in the Northwest Territories to delineate
regional energy denand, by sector , for the designated base year of
1979. Regional demand IS projected to )989 and 1999 assumng ten
years as the maximm the period for econom c devel opnents to affect
significantly the energy demand patterns.

Regional demand is pro jetted according to optimstic economc and
population growth scenarios. The N.W. T, economy is described as
currently beingin a low growth stage created , for the most part, by
the uncertainty in the mineral and oil/gas industries, the fiscal
burden of a petroleum based econamy, and the possibilities of
government spending restraints. ©On the assumption that the N.W. T.
econamny will continue to be characterize by a large government
sector, and that possibilities exist to return to amedium growth
stage, it is projected that the N.W.T. gross territorial econcmy
will, during the period 1979-1999, grow at a real annual rate of
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5.3% (ontinued government involvement in the territorial econony
Is forecast to be complemented by revenue from m ning expansion,
natural gas and oil cavelopment, and forest industry expansion.

Pro | ections of a buoyant economy are reflected in the choice of
population forecasts. O projected N W.T.lowand hi gh population
growth rates, the latter is used, although only a few N.W.T.
communities (Yellowknife, Hay River, Pine mint, Rankin Inlet and
Frobisher Bay) are likely to experience significant increases. The
popul ation and economc projections are utilized in region specific
pro jection nethodol ogies, all of them described as working papers in
the Appendi ces.

The delineation of 1979 regional demand illustrates that the
comercial and transportation sectors domnate territorial energy
consunption.  Regional breakdowns show that the Fort Smth and

I nuvik regions account for 12 thousand tera joules or 52.6% and 22. O%
respectively of the N.w .T."s total demand of 16 thousand

tera joules. nversion and |ine losses represent at |east 10% of
total demand.

A variety of conservation strategies and technol ogi es can reduce
territorial and regional energy demand Significantly. For existing
residential buildings typical conservation measures range from no
cost thermostat set-back to $2000 (1981 $) retrofit investments, the
latter being a cost effective investnent with a pay back of less
than four years. Design and demonstration models f or new N.W. T.
housi ng reveal that significant energy savings can be realized. In
particular, a super-insulated, air-tight, southerly-facing glazed
prototype has, in comparison t0 existing residences, achieved a
heating |oad saving of 95%

Ener gy consumption in existing and new camercial units (nost of
which are small units) can be reduced by airtight design,
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superinsulated buil ding shells, and passive solar heat gain. Both
conservation measures and technol ogies can be applied in the
transportation sector. For example, cost effective devices such as
radial tires and aerodynamc drag reduction devices are readily
available for use by road vehicles. In the mning sector,
conservation approaches in both the mning and mlling stage can
reduce consumption. Two important measures are peak |oad management
and residual (waste) heat recovery.

Regional energy demand i s projected to 1989 and 1999 assuning both a
zero conservation and a conservation approach.  Consunption
projections yield 1989 and 1999 nw zero conservation and
conservation approach totals of 20.5, 13.7 petajoules and 38.1, 22.3
petajoules respectively. Asthe region with the most diverse
economy and the highest popul ation, Fort Smith represents the
greatest challenge to implementing conservation measures. |f they
were inplemented as suggested, the Ebrt smith 1999 residential
energy demend coul d be less than in 1979. The commercial demend in
1999 could be kept to a level near that of 1979. It is suggested
that a conservation approach in the Prt Smith region coul d result
in $91 nillion and $164 million annual savings for diesel and
heating oil in 1999 (1981%).

Implementation Of suggested conservation measures woul d affect an
actual 1979-1999 decrease in the Cambridge Bay, Inuvik, and Keewatin
regions total demand. 1In these regions, as well as in the Baffin
region , reductions in residential and conmercial demand are the main
reasons for the total demand decrease.

Despite the significant demand reductions that can be achieved,

total N.W.T. energy consunption is projected to increase by 39%to
1999. mis results primerily from optim stic assumptions about
growth in the mning and transportation sectors and conservative
assumptions for demand reduction possibilities in these sectors.

The demand anal ysis reveal s that econom c growth does not have to be
sacrificed because of conservation strategies.
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It i S recommended that energy and socio-economic data limtations be
addressed as a prerequisite to further evaluation. It is also
recommended that the N.W. T, government devel op an economic
forecasting nodel (s) and that it assess the various conservation
options for their economic feasibility. Inthis context, it is
suggested that real, as opposed to subsidized, energy prices be used
in assessing potential conservation savings. 1In addition, it is
suggested that the N.W.T. governnent take advantage of existing
federal energy services and programs to foster the application of
conservation nmeasures. Finally, it is recomended that the N.W.T.
government i ntegrate the goals of comunity economic devel opnent and
employment W th housing rehabilitation and construction needs.

Suppl y Malysis

The study’s supply analysis describes both non-renewabl e and
renewabl e domestic supply sources that mght alter supply patterns
In a manner reducing petroleum fuels inputs to electricity and space
heating requirenents. Residual heat energy is selected as a supply
source bhecause it represents a fairly constant energy by-product of
the NW.T.'s mning and electricity industries. As mch as 978
terajoules of energy has been identified in a yukon/N.W.T. residual
heat streamranging in quality fromradiation to 81s°cC.

The concept of energy cascading iS introduced as a neans of
utilizing 100% of the residual heat stream T date, studies and
actual demonstrations indicate that “mni” - district heating using
heat recovered from N.W.T. diesel-electric generating units is an
achi evabl e near termoption. Combined jacket and exhaust gas heat
recovery results in overall plant efficiencies of 75% and
distribution tenmperatures appropriate t 0 camunity i nfrastructure.

Various perspectives of actual residual heat potential are
exam ned. At least 52% of the heating requirements for comunities
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selected in one study can be met by district heating. Qher work
suggests that combined j acket and exhaust recovery is already cost
effective with pay back periods of less than five years. Based on
the conversion and line |osses identified in the demand analysis, it
i S estimated that 13.4% of the N.W.T. commercial Sector’s demand can
be met by residual heat. Findly, itis evident from m ne heat
reclamation efforts at Can Tung and menisivik that the mning sector
as a whole could utilize a significant residual heat source.

Matural gas is described as potentially an assured supply source and
a cost competitive alternative to conventional sources. Four
factors, reserve capability, marketing, proximty of demand centres
to supply, and costs have, in addition to political concerns, a
bearing on potential gas utilization. Galculations suggest that

| ess than 1% of the Mackenzie-Beaufort and mainland reserves (as
estimated to 1979) would be needed t0 meet Fort Smith and Inuvik

regi onal space heating demand to 1999. A perusal of natural gas
wel | prospects reveal ed that some wells are as close as 26 kmto

exi sting demand centres.

Nat ural gas development fOr damestic use can be realized by
Utilizing export pipeline | aterals or by developing site specific
infrastructure. e latter option is explored for the town of
Inuvik, resulting in projected delivered gas costs of $6.71/mct for
one location and $8.65/Mmcf for a second site (1980%). At a
delivered cost of about $65,000 per residential customer it seens

preferabl e to explore the pipeline |ateral option estimted at $7957
per custoner.

Netural gas can be used to neet both electricity and space heating
requirements. e devel opment of mini-district heating or total
energy systenms indicates that natural gas can be consumed to produce
electricity and heat at a 90% lst |aw conversion efficiency. !N the

long term conpressed natural gas mght be used as a transport truck
fuel.
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Al though coal s currently not mined in the N W T., the Fort Smith
and Inuvik regi ons have several identified seans. Cne recent study
concl udes that the greatest-possibilities for coal utilization are
in same of the Arctic coast communities above the tree |ine. Coal
could be used for residential and commercial heating in forced-air
furnaces, stoking furnaces, and fluidized-bed conbustion units. A
number Of environmental impacts associated with coal development are
identified including the potential carcinogenity of certain types of
organic matter emtted by combustion.

Bydro electricity is described as a renewabl e source appropriate to
all N.W.T. regions. It is noted that existing |oad demand,
primarily in the Fort Smth region could increase substantially as a
result of mning and forestry development and pipeline
electrification needs. Electricity supply to date is identified as
128 MW installed capacity. ‘lbis is about 3% of the identified
potential hydro sources in the territory.

The extent and type of hydropower t0 be devel oped is contingent on a
number of variables. Te technical achievement in realizing the
potential of a selected river is often limted by low terrain and
site flooding. Tis in turn increases the costs of devel opnent.
Despite certain cost advantages of |arge scale development, it 1S
suggested that only small scale and micro-hydro are suitable to
N.WT. requirements.

Micro-hydro, i.e. hydro devel opment of { 5 MW capacity, can neet
most load requirements and can al so be used to divert water into
existing power sites. BEyuipment IS proven with No expected
limtations fromw nter freeze-up. Site specific capital cost
estimtes vary fram 39 roils to 550 roils per installed kw. It is
suggested that the eronomic feasibility of much micro-hydro is
contingent on higher production volumes of North Anmerican |ow and
nedi um head turbines, near-term price escalation of conventional
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fue.,and accel erat ed depreciation Of equipment. Rapid depreci ation

for equipment is supported by recent tax incentives fromthe Federal
gover nnent .

Wod or forest biomass IS an inportant untapped renewable resource
inthe NW. T. To date, wood biomass accounts for about 99% of the
Canadian biomass fuel supply. De spite significant information
deficiencies that are only now being slowy rectified, it is
possible to estimate same of the NNWT. forest biomass potential.
Forest land in the NW.T. i S confined mainly to the Inuvik and Fort
Smith regions with the most productive land |ocated on the alluvial
plains of the Mackenzie River valley and basin.

T date, an annual maximm of 17.6 nillion mof lumber and piles
have unharvested but new devel opment indicates a potential of 24
mllion m. Fuelwood production has averaged about 7000 mi
annual Iy with a maxinmum of 17,833 ni or 0.14 petajoules, shut 24%
of the projected 1989 conservation scenario heating demand for the
Inuvik and rort Smith regions. Calculations using methodol ogies
that encompass total biomass utilization are used to derive the
total N.W.T. forest biomass energy potential. A potential of 18.7
petajoules 1S estimted. Factors such as commercial production and
ecological constraints suggest that only a small percentage of 18.7
petajoules i s actually harvestable. Mevertheless, 5% of 18.7 PJ or
.93 PJ is 1.6 times the projected 1989 space heating demand
(conservation) of the Frt Smth and muvik regions.

combustion and gasification to meet space heating and electricity
requirements appear to be the conversion technol ogi es most
appropriate to the territory. Avariety of stoves and furnaces
exist that can burn wood, wood wastes, and chips. Chip burning is
noted t0 have several technical and economic advantages but one
study suggests that labour costs are still prohibitive.
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Gasification IS being evaluated as both a space heating and

electricity supply by the federal governnent and a number of
provi nci al governments. The more feasible gasification technol ogy
appears to be fluidized-bed Systens.

There are a number of factors that can alleviate the development of
forest biamass in the N.W.T. Tey include inter-governmental coOSt
sharing, conventional fuel price increases, and tax incentives the
latter being included in recent Incame Tax Act revisions that allow
for rapid depreciation of biomass equipment.

Despite a very snall agriculture base, the N.W.T. (the Fort Smith
region) has a significant area of Class 2 to Class 5 land capabl e of
grow ng oats, barley and forage crops. Since a livestock industry
is likely to be hampered by transportation costs and high incidence
of disease, it is suggested that the land be devel oped for
agriculture biomass production, either from the main crop or from
waste, suitable to neet |imted space heating requirenents.

Al though fuel peat is recognized by one study as a superior fuel to
coal and wood, extensive date on its potential in the N.W.T. i s
linited . Nevertheless, the identification of peat along the
Mackenzie River flood plain warrants fol | owup eval uation.

Geothermal reservoirs have been identified in the prt Smth Tnuvik
regions. Depending on the heat potential of the reservoirs,
geothermal energy may be able to meet |imted residential and
camercial space heating and electricity requirements.

Gontinued research and devel opment suggests that large vertical axis
wind turbines (e.g., 200 kW may, in the near-future, provide
limted electricity requirements. Life-cycle cost estimates have
indicated that despite high $/kw installed costs, diesel-wind
systems are currently cost competitive With diesel-diesel. A recent



study suggests that the most efficient linking of wind and diesel

units woul d involve wnd supplying nechanical power to the diesel
generator.

Despite periods of little or no sunshine, solar energy can to some
extent, be utilized in the ww.r. In fact, passive solar design is
shown t0 be an inportant cemponent in the energy efficient

prototypes described in the demand anal ysis. 2Active sol ar systens
appear to be suitable for hot water heating. It is noted that an
important factor |ikely to enhance the feasibility of wind and sol ar
supply is the development of seasonal storage nediuns.

It is recommended that significant effort be made tO develop
canprehensi ve inventories of all potential supply a ternatives to be
followed up by site specific evaluations. Wthin such a context, it
isrecommended that the war government continue 'O utilize existing
renewabl e prograns. Given the costs likely to be necessary for
such endeavors, it is suggested that continued analysis focus on

the question of utilizing potential hydrocrabon EVENUES.
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1. 0 Introduction

The purpose of this study is to examne current and expected energy
demand and supply patterns in the Northwest Territories (N. W.T. ).
The report, in essence, is an information base and as such is
important to N.W.T. policy development in two respects. First,
energy planners need data fromwhich to base their decisions. This
report 1S an attempt to fill a most elementary void in such a data
base, a task that must be conpleted before energy planning can be
carried out conprehensively, i.e. to include the long-term  Second,
the report provides enough of a picture to suggest some pelicy
options to those concerned with the NW.T.'s future. In this
context, the report hopes to be a working paper for both the
Department Of Indian Affairs and Northern Development. (D.I.A.N.D.)
and the N.W.T. Mnistry of Bnergy.

2.0 Study Pperspective

Conceptually, this report is simlar in nature to David Brooks',
Exploring a Soft Iergy Path for the Wkon Territory, completed in
March 1980 for D.I.A.N.D. (hereafter known as the wkon Report).
More specifically, the demand and supply components t0 this report
attenpt to encampass same Of the basic elements to the “Soft Path”
approach.

Demand proj ections include a conservation scenario based on soft

path criteria encompassing the efficient use of energy. (See the
Wkon Report pp. 1-4 and Appendix A.) "Efficient", in this case

I ncl udes econom ¢ and thernodynamc variables as well as the

obj ective of mnimzing social and environnental consequences.

The supply component, while not as enpirically conprehensive as the
demand Side, examines the potential of both non-renewabl e and
renewabl e energy resources, the former as a transitional supply
source, the latter as an ultimate supply source in a “stable” energy
future. Mo matter what name or classification is given to the soft



Path approach, it nerely reflects the growing realization that
conservation strategies and technologies and the efficient
(€conanmically/thermodynamically) application of Ienewable energy
resources are perhaps the most realistic way to Secure a stable
energy future. L

Structurally, this study is divided into three conponents. Section
3 describes the NWT. econony. Sections 4 to 7 encompass the
Demand anal ysis. Sections 8 to 20 encampass the Supply anal ysis.

3.0 N.W.T. Economy

A described in the Yukon Report, an understanding of the econonic
performance of the territory’s consumng sectors (e.g., residential,
camercial, mning) can serve as a basis for projecting energy
demand . For example, the projected rate of energy demand of a
particul ar sector has been directly correlated to projected econonic
growth. ‘lbis section, in describing some aspects of the N.W.T.'s
econamic sectors, does keep in mnd, that:

1 Energy, Mnes and Resources Canada, _The National Fnergy Program
(Gtawa: E MR, 1980), pp. 65-77. The Federal government, as
part of its national energy strategy not only recognizes the
need for the Mrth to reduce itS dependence on oil, but in a
manner that accepts the social and environnmental fragility of
the regions. Aswell as supporting various conservation and
renewabl e energy initiatives, the report recognizes the
potential of |ong-termsoft path type forecasts in helping to
determ ne energy futures.

See al so:

Graham T. Arnstrong, Director, Conservation - Conservation and
Renewable Fnergy Branch (C.R.E.B.), E.M.R. Canada, Conservation
Erergy - Potential and Practice in Canada, a paper presented to
the Saskatchewan @vernment - UTice of Energy Conservation,
(bservation Energy Sem nar Series, June 24, 1980.

reter Hart, N.W.T. M ni stry of mergy, Fnergy Alternatives for

the Northwest Territories, a report t0 the Special Committee on
Alternative MersY and Q| Substitution, 1980, pp. 3-6.




i) many econamic trends cannot be examined to the detail preval ent
in other reports; and

ii) certain features of the discussion are, where relevant ,
repeated i N Appendices II t0 VI regional demand anal yses.

3.1 N.W.T. Economy: Past, current, and Expected Trends

Although a detailed assessment of N.W. T. economic trends is beyond
the scope of this section, it is possible to highlight some of the
more not abl e sectoral trends. Data fromthe recently published
"BEconamic Accounts of the NW . T. " illustrate econom c sectoral
performance for the period 1967-1977 and provide a basis for
somewhat tenuous forecasts of performance. 2 °As well,

character istics of sector performance may suggest trends in energy
demand .

One of the nore camon indicators of economc growh, the G oss
Territorial Product (G T.P. ) shows that the N-We T econcmy, during
the 1967-1977 pericd, grew at a nore rapid rate than Canada as a
whole. Tis i S somewhat m sleading, however, because this period
was characterize by a high to low growth shift. Te 1967-1973/74
period was characterized by growth and development in the

government, mning/o il and gas, and cammercial Sectors. The
1973/74 - 1977 period was characterized by:

i) a decline in oil and gas activity, *
ii) the beginning of “restraint” in government spending;

iii) the burden of oil price increases exacting a greater share Of
the annual N. W.T. governmental budget.

9 Mary Pavich, Data Management Division, Northern Economc

Planning Branch, D. 1 A N. D _. FReonomic Accounts Northwest
Territories (CQttawa: D- I. A. N.D.), Table 23.

3 See also: FRonald Fournier, Regional Analysis Branch, D RE- E

West ern Region Beadquarters, Economic Circumstances (N the
Morthwest Territories (Regina: D. R E. E., [1979] ) , p.20.




During this period the N.W.T. econcmy grew at a rate less than the
Canadian norm

The cambination of both high and low growth periods translated into
what N. W T. economists suggested was a *medium" growth period. A
perspective of same of the individual economc sectors may shed
light on whether or not this growth trend will change.

The mining/oil and gas sector can influence energy demand in the
following ways:

i) it has direct]v been the mgjor turbo and aviation fuels
consumer (See Appendices || to W)

ii) it has directly led to a variety of infrastructure development
including roads, service bases, and |odging;
iii) it has directly led to exploitation Of N.W. T. hydro resources;

ivyit has indirectly led to both public and private commercial
sector expansion; and

v) it has indirectly led to both public and private residential
expansi on.

The mining/oil and gas Sector continues to be the |argest
contributor to the Territorial G.T. P. , although its percentage
share dropped from 45%to 32% over the ten year P icd. Qurrently,
there are seven producing mnes in operation (See mble 1) .

Al though the extent of mneral develogment is a function of world
prices, it iS expected that a number of mnes will come on streamin
the next 20 years, especially to produce gold and uranium

Ol and gas production is presently confined to the Norman Wells
field (oil) and the P inted Mountain field (gas) . M ! ther
development appears to affect energy demand to any great evtent,
bothbei ng pr imarily export oriented. (figure 1 illustrates that
Norman Wells 0i|l is distributed through the muvik region. ) In
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TABLE 1

Sources: 1 N.W. T. science Advisory Board, Energy in the Northwest
Territories

Notes:

a Unless otherwi se indicated, the demand data was gl eaned fromthe

Science Advisory Board categories of "Comments", “Private”, and
"Unidentified”.

b At the Pine roint mine diesel fuel is used for a variety of
purposes i ncluding electricity generation, heating buildings,
punpi ng water and |ighting.

Diesel fuel used to generate el ectricit?/ was derived by applying
the followng ratio to the Pine roint electricity demand:

Total Pine point (town +mine) diesel-oil input
Total el ectric output.

Dieselmotive demand Was derived by assuming that 90% of the
commercial demand coul d be attributed to m ne consumption.

Gasol i ne demand was derived by assuming a 50% allocation to the
m ne.

C Both the Con and Gant mines have electricity suPpIied fromtie
N.C.P.C. Snare - Yellowknife System _ Con generated about 25,200
Mwh at its Bluefish hydro station. This electricity is fed into

the N.C.P.C. system and the mne draws back a conparabl e amount.

Diesel - electric input was derived using ratios as illustrated
above.

Di esel motive demand Was distribute between Con and G ant
assumng that demand would be a factor of mlling (input)
capacity.

€.9., Total Mine + Town Demand = 1,129, 315 gal.
90% x1, 129,315 °1,016,383 gal.
Gant nmilling capacity = 66% Total
Gn mlling capacity = 34% Total

Therefore G ant di esel notive demand = 670,813 gal.
@n di esel motive demand = 345,570 gal.

Both con and G ant used bunker oil for steam heating. A 50/50
distribution is assumed because the Con housing infrastructure
is apparently as large as that of Gant. Note that the rort
Smth sub-total did not include the bunker fuel demand.
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It was assuned that 5% of total comunity gasoline demand coul d
be attributed to the mine. ‘lbis 5%figure results in a figure

simlar to that of the pine roint demand, an operation’
comparable in Size to the Con and G ant m nes combined.

Energy demand data for the Terra and Echo Bay mines is not
di saggregat ed and assumptions had to be made fromthe port
Radium dat a.

Energy disposition between the two mnes has been allocated
according to their mlling capacities, Terra 62% and Echo Bay 38%

Di esel motive demand i S derived by prorating fromthe Con mne
€.9.,

Con Mine di esel notive use = Terra + Echo Bay diesel use
MTTing Capacity MTTing Capacity

Diesel notive was then subtracted fromtotal diesel with the
bal ance adjusted to accommodate non-mne electrical demand from
t he camunity.

Since non-mne electrical demand Was not disaggregated, it was
assumed that Port Radium woul d have a demand comparable t0 a

“simlarly isolated" mning commnity, Nanisivik. The result
was adjusted to account for the community's popul ation

di fference.

Mne diesel - electric demand was derived by subtracting diesel
motive and Non-m ne diesel-electric demand. Port Radium heating
demand WaS derived using a proration method simlar to the
derivation for electricity demand.

The Canada Tungsten mne, although situated in the NW.T. is
serviced by the Yukon and electricity is generated in the Yukon
(see Brooks' Report, p. 48). Since there was no disaggregate
heating fuel demand, Tungsten WaS compared {0 Nahanni Butte as a
living environnment, the |atter camunity's demand was prorated.

It is assumed that 90% of gasoline demand can be attributed to
mne use.
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Appendix IV, it is suggested that the Norman Wl |S pipeline
development My contribute, slightly, to the Inuvik region’s
residential sector demand.

Al'though nerely conjecture at this stage, it IS expected that three
oil and gas developments Wi || come on streamby 1999 the Arctic

I sl ands, Beaufort Sea, and MacKenzie Delta fields. Even if these
fields are developed, however, the ef feet on the N W T.’S economy
and on sectoral energy demand may be minimal, especially if oil and
gas are transported by tanker. Because of this uncertainty, the
demand projections for the Inuvik, Canbridge Bay and Baf f in regions
did not include oil and gas development assumptions.

See Appendix | for further discussion of mning development and
expect ed energy demand.

Despite itS importance tO the N.W.T. econony, the mning/oil and gas
sector is still an export econonmy, i.e. most of the market val ue
output is exported outside the territory. Conversely, the
government Sect or, which accounts for at |east 55%of total N W T.
wages and salaries, 1S a non-export sector, grealy affecting
personal incone and subsequently consuner goods/services and

housi ng. 4

The governnent sector grew steadily from 1967 to 1977 (public
admnistration and defence grew at a real rate of 7.3% per year) and
put sinmply, is along with the primary resource sector, the major
influece On commerce, transportation and the residential sector.

Government spending is closely interwoven Wi th the commercial
sector; in fact, public admnistration and defence is a category of
t he camercial sector according to the “Econom ¢ rccounts".

4 Dan Westman, Econamic Planning Secretariat, Planning and
Resources Development Division, Department of Economic
Development and Tourism, The N.W.T. Fconomy |nterim Report

1967- 1977 (Yellowknife; NW T. @v. , 1980).




Otherthanin the Ebrt Smith region, the commercial sector is, for
the most part government operated. while SONME commnities in the
other regions serve as pr imary resources development Staging areas,
commercial development has consisted nmainly of mlitary and
telecammunications servicing, and government social services
infrastructure e.g. , schools, medical units, and retail goods
outlets. In the Fort Smith region, commercial development has been
dom nated by the private sector, in the form of services and

camodity di stribution centres e.g. , Hay River as a marine and rail
staging area.

According to the N.W .T. Bconomic Pl anning Secretariat  construction
activity during the 1967 -1977 period shifted fromrapid commercial
development t0 greater activity in hewi ng. This shift appears to
be due, in part, to an “overexpansion” of private sector comercial
space cambined With a greater role by the NW T. Housing Corporation
(N W T.HC ) in the housing market. e NW. T. H C, established in
1974 has actively sought to provide suitable and affordabl e housing
to all N.W. T. residents. Although the residential sector has only
m ni mal importance on the N.W .T. economy (in temms of wages,
salaries and output), the trend towards greater government

i nvol venent may have important ranifications on energy demand (See
Section 6) .

Pr imary resource develogment and the expansion of government
services are both dependent, in part, on appropriate infrastructure,
a naj or component Of which is transportation networks. For example,
in the Fort Smth region, road transportation is integral to the
movement of goods, passengers and nineral concentrates. As noted in
Appendix || a number of road projects could "open up” untapped
resource areas and thus affect future energy demand.

Forecasting econom ¢ performence over the next 20 years woul d be a
difficult task for nost economies. For the NW.T. it iS especially

difficult given the susceptibility of this fragile econony to

10.
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external forces e.g. , federal policy, and world metal and
hydrocarbon prices. Moreover, such economc fragility would need
the outlook of a nyriad of scenarios, perhaps in the form of
computer belling e.g. , the ywkon Economic Resource Pl anni ng tnit
(E.R.P. U ) forecasts used in the Yukon Report. Nevertheless, as

described in 2ppendixl,certain aspects of the demand projections
are hased on economic forecasts.

Deriving a factor from which economc projections can be made
depends on the selection of a sector or sectors of the econony that
are likely to typify the expected N W. T. perf ormance. Although
mning/o il and gas is a mmjor economc sector ,it was decided to use
government trends as an indicator for the econony as a whole. Tis
i s because econamic trends in the goverrment sector nay more cl osely
correspond t0 historical trends than the highly variable primry
resource sector. Moreover, if the NwW. T. private sector experiences

low growth, it is [ikely that government input will attenpt to
“stabilize” the econamy.

As previously nentioned, govermment output under the category of
public admnistration and defence grew at an annual real rate of
7.3% It is assumed that this growth rate was a reflection of the
previously suggested nedium growh period of 1967-1977. It is
further assuned that 1979 to 1999 will be a period of medium
growh. More specifically, expected NW. T, revenues from primry
resource developments Wi l| be offset by increasing energy costs (at
| east until the late 1980's) and possible governnent spending
restraints. Therefore, it IS suggested that the historical growth
rate of public admnistration and defence represent the governnment
expectation of the N-We T econamy. Rather than an annual real. rate
of 7.3% (14% unadjusted - 7% inflation), it i S suggested that the

expected 1979-1999 nmedium growth rate will be 5.3% (14% unadjusted -
9% inflation).



While the medium growth forecast appears optimstic, it is not an
impossible achievement. As Fonald Fournier Of the Department of
Regional Econamic Expansion suggests, the “territorial econony can
be best described as being in a tenporary hold position".’ For

the econony to transcend this position, the primary resource sector
nust overcame the constraints of high energy costs, lack of
infrastructure, lack of |ocal markets, hi gh transportation costs and
native land claims negotiations. BAs wWell, the N.W .T. government
will have to counter the trend of spending greater budget
proportions ON energy supply.

4.0 Fnergy Demand in the N. W T.:

The objectives of the Demand component are to:

i) disaggregate energy consumption by N. W T. region;
i) illustrate energy consunption by formand sector; and

iii) pro ject regional consumption to 1999 using zero conservation
and conservation scenarios.

4.1 Disaggregating Mergy ConsumpliOn Dmta

Solving energy demand and supply problens in the N.W.T. is a major
chal | enge given such factors as: |ow population density, cultural
differences, climtic and physiographic differences, natural
resource base and inconme. Teble 2 suggests sone possible
inplications in applying energy strategies to two different N-W. T,
regions. Figure 1 illustrates that a major factor contributing to
the regional differences is the diversity of fuel supply routes, a
diversity that has contributed to unequal delivered fuel costs.

Ronald Fournier, Economic Circunstances in the Northwest
Territories, p. 92.

12.



TABLE 2

COMMUNITY CHARACTERI STI CS THAT MAY INFLUENCE N. W T. RESIDENTIAL

OONSERVATION STRATEGIES;

A YELIOWNKNIFE - CAMBRIDGE BAY COMPARISON

CHARACTERISTICS

DESCRI PTION

POSSIBLE IMPLICATIONS FOR CONSERVATION STRATEGIES

Yellowknif e

Cambridge Bay

Climate and

8593 degree days

11900 degree days

Extreme cold and long periods of no sunlight have

Physiography (“c) bel ow (“C) above necessitated long per iods of indoor habitation in
continuous continuous Cambridge Bay. ‘Therefore per household energy demand
permafrost and permafrost and is likely to be higher and perhaps more difficult to
tree lines. tree lines. alter. However, retrofit options may result in more

substantial savings for Cambridge Bay residents. The
retrofit steps are likely to include more structural
problems e.g., structural damage resulting from
improper construction techniques on continuous
permafrost.

Culture, 0.9% Inuit, 76.8% Inuit, Cultural and ethnic characteristics have molded

Ethnicity 9.5% Indian, 1.0% Indian, particular habits and traditions regarding habitat

and Income 89.6% Other 22.2% Other and the environment. It is likely that Cambridge Bay
Per capita Per capita residents feel differently and pursue different |ives
incone $8027. i ncome estimated than their southern counterparts. Moreover, Canbridge

at  $3000. Bay residents have probably a varying psyche towards

househol d and appliance usage, i.e. their attitudes
and behaviour towards ener% conservation will vary
fromtheir southern neighbors. Finally, Canbridge Bay
residents are caught in the squeeze of cultural
adaptation to Buropean market economi es and housing,
while exhibiting substantially |ower incones than their
souther nei ghbors.

&
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Recognizing the diversity of its regions, the N.W.T. governnent has
embarked on a policy of decentralizing political admnistration, and
to a certain extent, policy formation. This decentralization
process includes the possible establishment of regional energy
managers t0 advise on both in-house and private sector energy
matters.

In view of the present N.W.T. Goverrment's political and
admnistrative focus, it was recognized that for energy data to be
useful, it had to be disaggregated according to the five NW. T
political regions: Bort Smith, Inuvik, keewatin, Baf f in and
Cambridge Bay (the latter in the process of being recognized as a
region) . In this context, one source of information for the Demand
camponent Was the N .W .T. Government's SCi ence Advisory Board

(S. A B.) study, Pergy in the dorthwest Territories, released in
November, 1980. The report illustrates current energy consunption
by sector and formfor each N W T. commnity and region. Despite
its informational deficiencies (See Appendix VII1) it is an
excel l ent attempt to overcone severe data deficiencies.

4.2 mergy Demand Projections: 2ppreach and Methodol ogy

Te data fromthe S. LB. report is utilized to establish 1979 as the
base year for projections. It should be noted that sone electricity
consumption data from fiscal 1978-79 was assumed by the S.A.B. as
1979 demand. The 1979 base year illustrates energy consunption by
sector and form thereby presenting a picture of end-use demand as a
basis to discussing supply alternatives.

Using 1979 as the base year, energy consumption iS projected to 1989
and 1999 using two scenarios, Zero Conservation and the Conservation
Moproach. Te choice of 1989 and 1999 as end points in the
projection is based, in part, on the susceptibility of the N.W.T.
econony to fluctuations in primary resource development and/ or

15.
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gover nnent spending. The ten year cut-off suggests that the N.W.T.
econony is likely to exhibit mjor changes over such a period,
changes that ultimtely affect energy denand.

As previously noted, conservation is now recognized as a likely

route in diffusing the negative inpacts of a petrol eum dependent
economy. (onservation, as noted in the wkon Report_(p. 32) can
i nvol ve such approaches as:

i) reducing inputs to get the same outputs, i.e. pure efficiency
gains;

ii) changing the pattern of inputs; and

iii) changing the pattern of outputs e.g., system modifications such
as transit systens.

The extent to which conservation technologies and concepts are
appl i ed depends on policy, and at this juncture is speculative in
nature. Therefore energy demand to 1989 and 1999 can be presented
as though little or no conservation effort will be made in any of
the consumng sectors, i.e. t he Zero Conservation Approach; Of
demand can be presented as a function of selected conservation
approaches, i.e. the Cbservation Approach. Using these two
scenarios presents a spectrum from which choices can be made.

The et hodol ogy used in the demand projections is explained in

detail in 2ppendix |. To serve as a working paper, the Appendix
describes the method, i nformation sources and assunptions for each
step of +the analysis. ‘'Ibis format not only describes the approach,

but illustrates the variables integral to each step. while
Appendix I demonstrates the 9eneral methodology, each regi onal
projection displays certain variations (see Appendices || to Vi),
deperding on the particular econony and projections for the econony.
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Fnergy Demand Projections: Units and Conversions

Erergy consumption IS illustrated in natural units e.g. ,
gal lons of fuel oil and Mih of electricity, and in the metric
energy units, the petajoule and the tera joule.

1 petajoule = 1 quadrillion (10%) joul es
1 Terajoule = 1 trillion (10 l‘?) joul es

" 5,682 gallons of heating oil
5,682 gal | ons of diesel oil
6,369 gal | ons of gasoline
6,1.35 gallons of turbo fuel
6,579 gal lons of aviation fuel
278,000 kwh

o

Matural units are converted to energy units using the followng
conversion factors:

di esel oil : lgal. =1.76 x10° joules
heating oil s 1lgal. =1.76 X 10°joul es
gasol i ne : 1gal. “1.57 X 10°joul es
turbo fuel .~ 1gal. =1.63 X 10°joules
aviation fuel : 1 gal. = 1.52 X 10°j oul es
electricity : 1 kwh. = 3.6 x 10°joules

Wiere necessary, it has been assumed that the average diesel
fuel to electricity conversion efficency is 30%

Energy demand data is shown primarily as secondary energy, e.g.
refined fuels, butinsame casesisamix of primary and
secondary energy e.g. , where electricity includes portions
derived fram both hydro and di esel sources.

The 1989 and 1999 projections assuved an annual inflation rate
of 9%
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4.4 N.W.T. Fnergy Demand: 1979

Table 3 illustrates the N.W.T.'s regional and total energy
consumption for 1979. The N.W. T. consumed 16, 332 terajoules Of
energy, about 0.2% of the country's total. The major consuming
sectors are, in decreasing order, the mmercial,
Transportation, residential, and Mning sectors. Te
mmercial and Transportation sectors, in fact, consumed 7253

and 4333 terajoules respectively, about 70.9% of the N.W.T.
total.

The regi onal perspective indicates that the Fort Smth region
is, by far, the greatest energy consunmer. In 1979, the Fort
smith region consunmed 8589 terajoules of energy or 52.6% of the
N.W.T. total. The largest energy consumng sector in the Fort
smith region is the Comrercial sector which consumed 47. 3% of

the region's energy total and 56.1%of the total N.W.T.
Commercial demand.

The Invuik and Baffin regions are the second and third |argest
energy consumng regions; in 1979 they consumed 3586 and 3037
terajoules respectively, about 41% of the N.W.T. total. Energy
demand in these regions is also domnated by the comercial and
transportation sectors. Transportation is the |argest consumer
in the paffin region, 1299 terajoules or 42.8% of the regional
total.

The Cambridge Bay and Keewatin regions cambined, only consumed
1120 terajoules or 6.8% of the N.wW.T. total. me Commerci al

and Residential sectors are the largest consuners in these
regi ons.

The distribution of energy demand in the N.W.T. IS perhaps a
reflection of the regional differences. Te significance of
the Fort Smth energy demand i S based, in part, on such

characteristics as having the highest regional population and
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being the centre of commercial and mining activity. Likew se,

the muvik and Baf f in regions have the next |argest popul ations
and a certain amount of commerc ial activity. By contrast, the
Cambridge Bay and keewatin regi ons have the |owest regional

popul ations and are not characterized by significant comercial
activity.

An important feature highlighted by mable 3 is the energy
"ost" through conversion, €.g. , diesel fuels burned to produce

electricity. conversion | 0sses represent at |east 10% of the
N.W.T. total demand, i.e. 1704 terajoules, 9,682 128 gallons of

diesel or light heating oil equivalents.

Using the 1979 energy distribution as a base, regional

consunption is pro jetted to 1999. As previously nmentioned, the
projections are based, N part, on a conservation approach.

The fol | owi ng section describes what such an approach implies.

5.0 (pnservation Strategies and fechnologies.

A conservation strategy i S a goal oriented approach to carrying out
policy that may include the utilization of conservation

technol ogies. A conservation technology i s a technical means of
reducing energy demand €.g. , insulation. te following discussion

exam nes the possibilities for both strategy and technol ogy
application.

5.1 Rresidential_Sector: ®xisting.

as indicated in ppoendix |, the residential sector energy demand iS
. . . . . (onservation
conveniently divided between existing and new units.

approaches in these areas nust take into account regional

diversities in terms of clinmate, physiography, culture and the
econamy. For exanple, participants in the housing market include

the federal, territorial and mmicipal governments as well as a mX
of corporate and S -owned housing stock.
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The age and type of housing stock ranges fromearly 1960's Northern
Territorial Rental Program 26 M, 1 room pre-fabricated homes to

N. W.T. H.C. 4 bedroom single detached, wood frame constructed units,
built in Hay River to 1979 energy standards. As Table 2 notes, the
varibility between regional demand centres suggests that residential

conservation strategies be undertaken with an understanding of local
needs.

The extent to which decentralized conservation strategies are
effective depends, in part, on the managers and the participants.
During the author’s visit in Yellowknife, it was made clear that the
policy of decentralizing NN W T. governmental responsibilities to the
five regions would be manifested, in part, by localized energy
initiatives. Por example, regi onal energy nmanagers are expected to
be hired to aid in both sectoral and in-house (government)
conservation strategies. Iocal participation may also cone from

| ocal housing associations, which are already involved in the

adm ni stration of public housing.

Al'though localized input in energy strategy inplementation nay
becone a reality, it is clear that the NW T. government, in the
formof the Mnistry of Energy and the Housing Corporation, is
undertaking much of the initiative in residential energy
management. \hile the forner departnent is involved in the
development of regional energy initiatives, the N W T.H.C. has
undert aken:

i) the publication and distribution of energy conservation
i nformational booklets; and

i) the develomment of user-pay schedules so that NNWT. residents
will pay an increasing share of the space heating and
el ectrical energy costs.
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N.W.T. Mnistry of Energy and N.W.T.H.C. i nvol venent in residential
energy conservation strategies is expected to increase, given the
indications that nost of the housing expansion in the next 10 to 15
years will be governnent initiated.® Given that the

implementation of conservation strategies and the application of
conservation technologies entails a coordinated and well-planned
effort, government involvement appears t0 be warranted, i.e. in an
econamy Where private sector activity can fluctuate according to
external factors, a constant institutional concern seems necessary.

Table 4 indicates that a nunber of conservation steps can be applied
in the existing NW.T. housing sector. The simplest steps, such as
thernostat set-back, can be done at no cost. The nore expensive
steps such as nmjor reinsulation, involve a financial investment.
However, the rapid increase in heating fuel prices is likely to
reduce the payback period. Appendix VII illustrates a simple
payback scheme for a Fort Smith region house. Assuming heating oil
prices that will increase in proportion to increases in conventional
crude oil, it is possible that a $2000 (1981 dol | ars) |oan can be
pai d back ia less than four years, given the retrofit savings
assumed in the regional. demand projections.

It seems|ikely that the effectiveness of residential energy
conservation strategies will be enhanced if the N.W.T. government
takes advantage of federal services. For example, the Enersave
Mvisory Service, a contract service of Energy, Mnes and Resources
Ganada, offers: a free computerized questionnaire detailing
retrofit possibilities for single detached homes; free technical
advi ce through a phone-in "Heat Line" and free retrofit - related

publications. T date, little use has been made of this service.

Hildebrandt - Young and Associates Ltd., Market Forecasts:
Flectrical Fherqgy Requirenents in the Northwest Territories

1978/' 79 - 1977/' 98, a report prepared for the Northern Canada
Power (ommission, 1979, p.20.
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TABLE 4

ESTIMATED ENERGY CONSERVATION

POTENTIAL IN EXISTING RESIDENCES

SOURCES OF THERMAL RECOMMENDATIONS TYPI CAL ENERGY
INEFFICIENCY SAVINGS2
1. Insufficient RSI |evels to attainb
I nsul ation
basement loss 2.1 - 50
14- 33%
wal | s above 3.7 - 9.0 (above grade)
grade 14-30%
ceiling and 7.0 - 14.0 35%
attic 10-17%
w ndows and 2.0 - 3.0 (shutters),
doors 15-17% triple glazing
floors 5-10% 4.7 - 7.0
2. Air change caul ki ng; weat herstri pping;
35-55% sealing joints, outlets and 10%
ducting
3. Q1 furnace retrofit and replacementC 3-20%
I nefficiency
4, Inefficient mt decrease hot water use
VWater System fix leaky facets
switch to showers
al ter washi n? practices 30- 50%
install insulation and heat
reduce pipe diameter
install heat exchanger
5*  Thermostat set set back (to 20°C) 0-20%
too high
6. Appliance st oves/ranges, overcirculation 20%
I nefficiency
refridgerators, inprove 50%
insulation; smler rotors
lighting (fluorescent), new
design 75%
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TABLE 4
SOURCES

1. Graham T. Armstrong, ~Conservation Energy - potential and
Practice in Canada”, paper presented to the Conservation Energy
Series organi zed by the Saskatchewan Office of Energy
Conservation, Regina, June 24, 1980, pp. 20, 24.

2. Canadian General Standards Board,~Bandbook—8f—Insulating—Homes-
f or Energy Conservation, (Qttawa: si-Gp-42 M ?, 1980).

3. Canadian El ectrical association,~Technical—-Giidelines,~Energy-
Efficient tome Program (Montreal, 1980), p.3.

4, Bob Chill, —Reporteanproved Single Family pesidences for the
Canadi an arctic,_Mbdel No. 442-rR77, (Ottawa: pepartment Of
| ndi an affairs and Morthern Development, 1979), p.5.

; i Serviée, tO

5. Energy, Mines and Resources, ENERSAVE Advisory 1l
|Ep[goyye the gfficiency Of Your kot Water System An unpublished
fact sheet, 1980.

Notes:

a ical energy savings represents: the original fuel demand X

the percentage savings subtracted from 100) . The average
energy savings are cost effective, 1.e.the investment payback
Is 6 years or less at a rate of return of 10% or better.

b Although the recomended insulation levels are for new homes, it
Is assuned that roving towards these |evels in existing homes,
to the extent that is structurally possible, will’leaa to the
listed savings.

C

as part of the 1980 Federal Energy Strategy, taxable grants Of

50% of costs, up to a meximm grant of $800.00, will be applied

to the upgrading or replacenent of inefficient oil fired
furnaces in the NW.T.
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For example, the average nonthly call-ins for the Heat Line service
fromthe NW. T. total 2, about e 004% of total incoming calls

(campared ity an N. W. T./Gnada ponqiation ratio of .002). Despite
such obstacles as a lack of phones and the task of phoning collect,
It seens possible for greater utilization of this service.

Finally, the N.W.T. Wil| Dbe able to take advantage of mergy, M nes
and Resources Canada's “OFf-O|” program In the N.W.T. a taxable

grant of up to $00.00 will be applied to the upgrading or
repl acenent of inefficient oil fired furnaces.

5.2 rResidential Sector: New

In a recent address to the Saskatchewan Conservation Energy Seminar
series, Dr. Gaham Armstrong Of the Federal Observation and
Renewable Energy Branch notes that new residence construction
efforts, have for the most part, failed to reach the achievable
thermal efficiencies of existing |ow energy and cost-effective

resi dence designs. " “Ibis amounts to an understatement because the
thermal ef ficiency of new hone construction has resulted in poor

performance in all regions of Canada. There are positive efforts
being made in the N.W.T., however, that indicate substantial energy

savings will be achieved in the near future.

wo design models typify the work being done to meet N.W.T. climate
characteristics with thermally efficient housing. tne is the Mdel
M. 442-K77 prefabricated, 3 bedroom suspended basement house.
scme of its thermal efficient features include:

i) foundation, footings, and Structure designed to avoid

structrral instability caused by damage to the ground in
per maf rost areas;

7 @aham Arnstrong, Conservation Emergy - Potential and practice

I N Canada, p. 21.
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ii) insulation: walls - R.5.

. 5.0, floor - R.5. [. 4.7, roof
RS. |. 6.1;

iii) shutters placed outside sealed w ndows; and

iv) air tight construction.

With four prototypes recently built, performance anal yses have not
been completed. Te design of the house suggests “a southern

Canada” style that may be appropriate only to staff housing.

The Ot her model i S a prototype based on the designs of the
architectural firm.allen,prerud and Wiite Ltd. this design’s
features include:

) insulation: walls - R.S.I. 11.0, floor - ReS:I- 7. 0, roof -
R.S.I. 11.0; and

ii) windows, all triple glazed, sealed and facing south, except for
one small bathroom w ndow on the north side.

To date, a total of seven prototypes have been or aebeing built in
I sol ated communities, primarily in the keewatin region. A
canparison of the Baker 1ake model annual heating denmand (3010 kwh)
With the 1979 keewatin per unit demand (1165 gallons of heating oil
per year) shows that the new prototype can decrease existing demand
by 95%* Mot only does the aAllen/Irerup/vhite model suggest
substantial energy savings, the design is suited to the cultural
needs of native northerners and is flexible enough to allow for
camunity by comunity input. |f performance evaluation continues

*

1165 gal lons of heating oil = 205 Xlg)g_j oul es
3010 kwh of electricity - 10 X 107joules

(205-11) x 100% = 95%
205
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to be positive, this design, incorporating passive solar design,
super insulation, and air tightness could becone the preferred
housing type for the northern lcegions.8

The foregoi ng mdels suggest thermally efficient design
possibilities for single detached housing. In the regional denand

projections, the prospect of a large transition to multi-unit
housing was not discussed. Tis is because the author had

insufficient information about the social consequences of roving
native northerners to multi-unit housing.

5. 3 ommercial Sector

As previously noted, the comercial sector IS the nost intense
energy consuning sector in the n.w.T. Despite information
deficiencies concerning the sector’s exact characteristics (See
Fppendix y11y), it s possi ble to suggest a number of conservation
step. In fact, as Table 5 illustrates, two factors suggest
significant savings.

First, most of the cammercial unitsin the N.W.T. can be categorized
assmalleg.,apartment blocks, Stores, schools, health facilities,
| aw enforcement stations, and low rise office buildings. Compared
to large units, existing small commercial units have a size that
makes them susceptible to a nore wide-ranging series of conservation

steps e.g., retrofitting, revanping of the heating system and
canputerization.

8 Payback cal cul ations for these nodel s using increased fuel
prices, a $1000.00 marginal cost for the ™del when compared
with a “conventional” house of simlar area, and construction
costs increasing at the rate of inflation are likely to reveal
favorabl e payback peri ods.



TABLE 5

ESTIMATED ENERGY CONSERVATION
FOTENTIAL IN COMMERCIAL BUILDINGS
WITH EXISTING TECHNOLOGY

SOURCES OF THERMAL RECOMMENDATIONS TYPICAL ENERGY
INEFFICIENCY SAVINGSE

Exi sting Buildings
(large e.g., high-rise off ice buildings)

1. inefficient thernostat set-back, design 25%
office lighting, more efficient
practices l'ighting

2. inproper control  computerization 30%
of heating,
|'ighting and
ventilation
system

Exi sting Buildings .
small, e.g., schools, apartment PUIldings)

1. insufficient increase insulation 30%
I nsul ation

2 insufficient instal| air-to-air heat 20%
heat recovery exchangers, heat recovery

chillers, heat punps

3. inefficient revamp heating system, 40%
heating system conputeri zation

4. inefficient thermostat Set - back, more 25%

office practices efficient [ighting

New Buildings (large)

combine superinsul ation with 80%
Fassi\_/e sol ar design; utilize

i ghting, machinery and enpl oyee
generated heat; heat recovery

systems and efficient Iighting.

New Buil dings (small)

simlar to above 70%




. -Sources: 1. Tavid Brooks and Sean Casey, “A Guide to Soft mergy

Studies, " _Aternatives 8 (Summer/Fall, 1979): 19

2. Gaham T. Arnstrong, “Conservation Energy - Potential
and Practice in Canada," Tables 9, 10.

3. Federal Department Of Energy, M nes and Resources
Enersave Advisory Service for Industry and Commerce,
"Guidebook Series for Conserving Energy," (Ottawa:
Supply and Services, 1977-79).
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Second, most of the commercial units in the NW.T. are governnent
owned and/or operated (excepting the Fort Smith region) . As noted
in the residential sector discussion, governnent involvement S€ens

to be necessary to ensure a conprehensive energy strategy in the
N.W.T.

AswW th existing and new residences, design aimed at airtight and
superinsul ated building shells and passive solar heat gain, can be
readily applied t0 camercial units to produce energy savings.
Although N.W.T. information is unavailable, some commercial

bui l dings in the Yukon have been nmade nore airtight and have had
insulation levels upgraded (p.37 wkon report). In addition, steps
such as efficient lighting and waste heat recovery have hel ped cut
peak consunption in nalf.] finally, as Table 5 indicates, the
conservation potential in existing buildings is enormous.

In the Yukon report, Brooks notes that payback on insulating
was under 5 years at 1979 prices.

A useful docunment that explains conservation approaches in
school s is Rendy Lager\Wy, "Methods of Energy onservation in
W nni peg Elementary Schools, (Wnnipeg: University of Manitoba
Matural Resource | nstitute Mmasters of natural *source
Management Practicum 1978)

See Also: Conservation and Renewable Energy MNews, (Wl. 2,
April 1979) p. 28.

This article. bv anna Osen, describes how a passive solar

community centre Was designed and constructed for the Roseau
rver I ndian reserve, about 60 mles south of Wnnipeg. the
design incorporates cultural features with such conservation

t echnol ogi es as super-insulation, solar collectors and heat
recovery fans.




5.4 Transportation Sect or

Table 3 indicates that the Transportation sector is the N W.T.'s
second |argest energy consune r. Transportation energy demand iS
especially significant in the Ebrt Smth, Inuvik, and Baf f in
regions. Transportation demand for the N W T. regions i S described
in greater detail in Tables || to VI, which acconpany the “working
paper" appendices. These tables reveal that the major sources of
Transportation demand varies by region.

In the Prt Smth region, road transportation consuned 974
terajoules, fol | owed closely by aviation at 776 terajoules.
Al though the rrt Smth region accounts for all of the N WT.'s rail

and marine consunption, these two sources consumed only 36 and 132
terajoules respectively.

Road and aviation demand account for all of the muvik reg ion’'s
consumption. Although a simlar situation exists in the remaining
regions , aviation clearly daminates consunption. In fact, in the

Baf f in region, aviation consuned 1179 terajoules as opposed to 120
terajoules by road transportation.

Table 6 |ists a variety of conservation measures currently
applicable to transportation conmmon to the N.W.T. Te table reveals
that the more numerous measures are applicable to road vehicles.

some of them such as driver education workshops and reducing speeds
involve a change of behaviour. Qhers, such as radial tires and

aerodynam ¢ drag reduction devices are technologies that are
currently avail able.

Conservation neasures for road vehicles can reduce existing
consumption by 2% to 35% for each measure applied. Gven that both
camercial trucks and residential autonobiles and trucks are, for
the most part, privately owned, it is difficult to surmse how fast
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TABLE 6

ESTIMATED CONSERVATION POTENTIAL IN THE TRANSPORTATION SECTOR
WITH EXISTING TECHNOLOGY

i

TRANSPORT SY STEM TYPE AND DESCRIPTION

TYPE AND USE OF

QONSERVATION POSSIBILITIES

TYPICAL SAVINGS

The existing road system is comprised of:

)

ii)

t he MacKkenzie highway, org inating

at Grimshaw, Alta. and branching

at Enterprise to serve camunities
on Great Slave Lake and the Upper
Mackenzie. |his highway is the

nai N route for commercial and
industrial shipments as well as
tourism traffic. It connects with
the NICL marine system at Hay River;
the mining service roads;

iii) the old Canol road whichis

currently inaccessible;

iv) the Dempster highway linking Inuvik

V)

Potential roads

and Tuktoyatuk Wi th Dawson I n the
Yukon; and
a series of wnter roads.

i ncl ude

)

i)

i)

the Liard Vall ey highway, currently
under construction, which will link
Fort Sinpson and Fort Liard Wi th
rort Nel son, B.C.;

t he linkup from the potential
| ead/ zi nc devel opments to the Arctic
Ocean Or south to road and/or rail
line (at conceptual stage); and

the inprovement of the old canol
Road frombiking trail to service
capacity for new m nes.

VEHICLES *
comrercial diesel driver energy education workshops 10%
transport trucks preventive maintenance
carry goods to auxillary starting aids (larger NA
t 0 commnities batteries, ether or glow plugs,
and some m nes electric block heaters, could
reduce idling time, even in
col d weat her)
reduced speeds (90 kilometres/hr.) 10%
radial tires 4-9%
aerodynam ¢ drag reduction devices 2-6%
variabl e fan drives 2- 6%
engine and drive train improvements 5%
private auto- voluntary fuel efficiency standards 10-20%
mobiles, in the preventive maintenance 10%
NeT nany are auxillary starting aids NA
| arge v8 or V6 more aerodynamic body designs 15%
engines radial tires 5%
Private gasoline preventive maintenance 10%
engi ne trucks switch to diesel/standard engines 35%
e.g., 1/2 ton reduced speeds 10%
pi ck-up trucks radial tires 4-9%
engine and drive train inprovenents 5%
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TABLE 6

Sources:

1. Various N.W.T. naps.

2. Resources Management Consultants Ltd. , "Regional Socio-econamic
Impact Assessment of the Norman wells Oilfield “pevelopment and
Pipeline Project, " Report for EssoResources Canada Ltd. as Rart
of the Inter-provincial Pipeline Nw. Ltd, Aplication to the
Mational Energy Board Vol. V, March 1980, pp. 79-81, 159-161.

3 Departnent of Indian Affairs and Northern Development, Economic
Pl anni ng Branch, personal cammunication, 1980.

4, Ronald Fournier, Bconomic_Circumstances_in the N.W.T. (Regina:
DREE \\ést ern Beadquarters, 1979).

5. Gaham T. Armstrong, "Conservation Energy - Potential and
Practice i n Canadar” Table 18.

6. Enersave Advisory Service for Industry apnd Commerce, Gaidebook
No. 7, Saving Money in Transpoltation ‘and Delivery.

7. David Brooks, Yukon Report, p. 88.

Legend

Na - Not Avail able.

Notes:

a

an exam nation of conservation potential among mning vehicles
Is presented within the Section 5.5.

Alternative fuel's, as one neasure to reduce existing fuel
demand, IS discussed in the Supply component of this study.
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savings can be achieved. For exanple, commercial trucking costs
have, historically, been passed on to the consuner and are likely to
continue in such a manner. Nevertheless, with vehicle registrations
projected to increase (see Table 7) and new roads opening up (see
Table 6) , it is important to consider both the energy and cost
savings fromthese measures.

It should be noted that the regional demand projections did not
exam ne the conservation possibilities of a fuel transition from
gasoline to diesel. It is apparent fromavailable information e.g.
FerSave publications on conservation for trucking, that such a fuel
shift is achievable,

Despite limted information, there aeindications that increased
engine and design efficiencies for both jet and prop driven aircraft
can result in substantial savings. Again, aviation consunption i$
confined, for the most part, to the corporate sector, making it
difficult to project the immediacy of conservation measures.

Al though rail is currently confined to the Geat Sl ave Ilzke System
in the Fort Smith region, Table 6 shows that inproved railbeds and
tracks as well as inproved engine efficiencies can result in savings
of at least 15% Given that both cammercial trucking and rail
transport 1S centered in the Frth Smth region, more specifically,
the Mackenzie Valley, it seens worthwhile to investigate a nodal
shift fromtruck torail. If the railway is characterized by excess

capacity, such a shift mght be possible wthout energy consunption
increases and with potential savings.

5.5 Mning Sector

As described in Table 1, there are currently seven producing m nes
in the N.W.T. The Pine mint, Gn-Rycon, and Giant mines, all in
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VEHICLE REGISTRATIONS | N THE N.W.T. 1969- 1999

TABLE 7

ACTUAL PROJECTEDR
annual rate
Type 1969 1979 of increase 1989 1999
cars 3253 5087 4. 6% 7976 12505
trucks 2243 8719 14. 6% 17638 35681
tractor trailers 236 1668 21. 6% 4651 12973
roggugglgrtéucu o 420 976 8. 8% 2268 5263
mot or cycl es 188 1081 19. o% 26790 6638

Sources: 1. Registrar of Mtor Vehicles, Government of the
Northwest Territories, 1980.

2+ Planning and Resource Development Divi sion,

Department

of Hconomic Development and Tourism, Government of the

N.W.T., N.W.T. Statistical

Profile,

1980’ p084.

Notes: a Projections of 1989, 1999 vehicle registrations assune

a continuation of the 1969-1979 annual

I ncrease.

rate of

b It is assumed that truck and notorcycle registrations
will not continue to reflect a period of public and

private sector expansion;

therefore, t he annual

compound rate of growth is assumed to be reduced by

50% per year.

Stk



t he FortSmithregi on, consumed about 93%of total estimated mning
demand . Most of the mning energy is consumed in the form of
electricity or diesel fuel for notive purposes . The type and extent
of energy consumption varies with each mine. Factors such as type
of operation, e.g. open pit or underground, ore grade, and location
affect energy use. As mble 8 indicates there are a nunber of
potential mne sites expected to cone-on-stream by 1999. These
mnes, most of which are located in the Prt smith region, could
greatly affect the territory's energy consunption.

Table 9 |ists a number of conservation approaches for both mning
and mlling stages. For mining, two of the nore important measures
are peak | oad management and the efficient use of air valves. peak
| oad managenment coul d reduce the frequent power outages experienced
by N.W.T. mines. Air distribution systems are a major user of
electricity and nust be properly maintained. At the nilling stage
building retrofit and steam pipe insulation appear to be achievable
neasures. as wll be discussed in section 9, the utilization of
residual or waste heat represents a significant “supply” source.
The |isted conservation measures can achieve from 10%to 25%

savi ngs.

5.6 Conservation Options for the N.W.T.

Wth a variety of conservation options available for each energy
consum ng sector what options should energy strategists pursue
first? Che approach mght be to attack the major consum ng sectors,
camercial and transportation. It is suggested, however, that
despite the conservation possibilities for a comercial sector
daminated by “smal|” units, the more readily accessible sector is
the residential.

For the residential sector, conservation approaches, many involving
little or no cost, are quite accessible to residential consuners.
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TABLE 8
POTENTIAL MINES: 1979-1999 AND EXPECTIED ENERGY DEMAND

FORT SM TH KEG ON

MTI Erectricity ¢
Mne and a Capacity Expect ed Demand
Iocation Products t.p.d. M ne Type Life Yrs. Mwh J

Cadillac M ne b
188 km west of
Fort Si npson Pb,Zn,Cu 200 - 400  underground 6 10, 000 37

Iupin
Contwoyto
Lake Au 1000 under gr ound 48,234 173

Camlaren, C
near
Yellowknife Au 2

Bathurst/

Norsemine

east of

G eat Bear

Lake Pb,Zn 9000 under gr ound 15+ 70, 000 252

Canex
Placer Ltd.
Howard's

Pass Pb, Zn 9000 under gr ound 15i - 70, 000 252

8¢



KEENATIN REGION

MTI Electricity @

Mne and a Capacity Expected Demand
Location Products t.p.d. M ne Type Life Yrs. Mwh TJ

0 "Brien

EFnergy

Resour ces

Qullaton

Lake Au 200 3 9, 600 35

Pan Ccean
Bi sset Iake u

BAFFIN REG ON

Borealis
Melville
Peninsula Fe

Qominco-
Polaris
Little

Cornwallis
I sl and Pb, Zn 2050 under gr ound 25 20, 000 72

Notes:

a e possibility of mne devel opnent, type, life expectancy is based on consultation
wth both N.W.T.and Federal officials.

b The Cadillac, Lupin,Cullatonand Polaris m nes are currently under construction.
C ‘here are two active exploration areas in the Fort Smith region. In the
Yellowknife area e.(., Camlaren, there are a nunber of small gold deposits of very

short |ife expectancy, which have mne potential if gold prices continue to remain
hi gh.

In the MacMIlan and Howard Pass areas along the Yukon and w border, there are a
number of potentially viable tungsten and |ead/zinc prospects.

d  Expected el ectricity demandisbasedmmainly on conparisons with existing nines e.g.,

Cadillac W th Can Tung
Bat hurst with Nanisivik

"6€



PRESENT M NE TYPES ,

W TH EXI STI NG TECHNOLOGY

PROBABLE SOURCES OF ENERGY INEFFICIENCY, AND CONSERVATION POTENITAL

Extent of Sources of mEmergy Conservation "Iyplcal_
M ne Product M ne Type Product ion Fuels Used | nefficiency Pppr oaches Savings
Pine point ILead, Zi nc Open-pi t mlled diesel (electric)  mning stage:
concentrate  di esel (mtive) open pit: haulage use |arger
%asol ine vehicles, com haul age
eating oil pressed air machi nes,
but ane drills W th hydro
wat er punpi ng availability
Nanisivik Lead, Zinc, Underground m | | ed same as above under?round: use all
Silver concentrate diesel -electric electric
Cadm um vehi cles, com hydraul i c
pressed air drills,
G ant Gld | Qpen-pi t refined diesel (electric) drills, peak | oad
Yellowknif e Silver and di esel (notive) poor peak power managenent ,
Under gr ound gasol i ne control when al so close
bunker oi | usi n% shaft lifts valves when
propane for haul age. air is not
needed, fix
Con-Rycon Gold | Underground refi ned Sane as above | eaks on air
Silver l'i nes
milling Stage:
Echo Bay Silver, Underground m | | ed di esel use of steel- replace with 10% 25%
Copper concentrate  heating oil lined mlls, rubber-1ined
| ack of control mlls,
Terra Silver, Underground m | | ed Same as above in grinding; adj ust
Covper, concentrate shaft envel ope, controls to
Bi snut h drying plant, grade and
bunk houses size variation
Can Tung Tungsten Underground m | | ed di esel poorly insul ated retrofit
concentrate  heating oil buildings,
gasol i ne I ncl udi ng
insul ation of
st eam pi pes

waste heat:
greater than 50%
of heat loss is
is | ow grade

heat from
heating needs.

use waste heat
from shafts,
machi nery, and

conpressors.

i
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Moreover, a variety of existing services and prograns are readily
available. Finally, the nature of this sector is such that

decentralized planning and input from comunities i S possible.

Despite the accessibility of the residential, and even the
camercial sectors, energy planners should not discount initiatives
inthe mning and transportation sectors. For example, W thout

conservation initiatives, mne development mght entail the
necessary expansion of utility services. In addition, w thout

conservation initiatives mning develogment could be curtailed by

the prohibitive costs of energy supply. Such a curtailment coul d
seriously affect the territorial econony.

6.0 Regional Fhergy Demand Projections

“I'bis section exam nes some of the results of the region by region
demand projections. tote that rppendix |, the methodol ogy and
assunptions explanation, and |l to VI inclusive, the regional
Projection methodol ogi es, have been set out as working papers
thereby presenting variables that can be altered in new scenarios.

6.1 Fort Smith Region Forecast

The Ebrt Smth region is the source of nost of the NJW.T.'s
residential, comercial and mining energy demand. In particular,

the region consumes all of the notive diesel fuel used for rail
transport, and most of the diesel fuel used in marine and road
transportation.  Terefore, energy demand reductions would result in

maj or financial savings to the region and to the territory as a
whol e.

As indicated in Table 10, the residential sector offers the greatest
potential percentage savings. e projected savings, as explained

in appendix ||, are a result of assumng the application of several
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conservation steps (See Table 3) . In particular, energy efficient
new housi ng designs are responsible for the |arge projected
1989-1999 space heat demand reductions for new housing.

The extent t0 which conservation steps are applied in the Fort Smith
residential sector appears t0 be dependent on such factors as:

i) the intensity of involvement in the housing narket by public
and private sector interests;

i) the extent of primary resource development;
iii) the extent of inter-regional mgration; and

iv) the type of housing mx established.

te foregoing factors seemto indicate that the effectiveness of
residential energy conservation initiatives in the Fort smith €gion

is dependent on a nore variable environnent than is evident in other
regions.

Residential sector energy demand in 1999 has the potential to be
less than in 1-979. In the commercial Sector, energy conservation
initiatives can reduce demand so that the 1999 demand is about the
same as in 1979. As shown in mble 10, some of the nore spectacul ar
savings may be achievable by 1989, nore specifically, those rel ated
to space heating demand reductions in new units. As with the
residential sector, ccmmercial conservation initiatives in the Fort
Smith Region are dependent on a more variabl e environment than

el sewhere.

The Fort Smith region, as noted in Table 1, has the ngjor energy
consuming M nes. Tble 10 shows that mning sector demand to 1999
I's expected to increase substantially. Gven such a substantial
increase in demand, it is likely that diesel and heating fuel will
have to be imported and nore hydro sources tapped unless substantial
energy conservation efforts are undertaken. Te conservation steps




44,

assunmed in the mining projections are conservative in view of the

| argely untapped potential of residual heat (see Section 9 of the
supply anal ysis)

The extent to which conservation strategies are applied could
greatly effect the Prt Smith economy. At about $10,450 per TJ for
heating oil and $11,818 for diesel oil, delivered, the region

enj oys, except for the muvik region, the |owest fuel prices in the
territory. On the other hand, these prices are anmong the highest in
Canada and will increase substantially under the new federal energy
policy. Assuming that, on average, an increase in crude oil price
is proportional |y equal to an increase in heating oil and diesel oil
orices, the 1999 cost of a Zero conservation energy demand M ght Dbe:

i) $370c|> milion for diesel fuel at $6.2 per gallon (1990 Prices);
an

i) $307 m)illion for light heating oil at $5.5 per gallon (1990
prices) .

Using a conservation approach, however, Would result in a $91
mllion saving (1999 z¢ vs. C approach) in diesel oil costs and a
$164 nillion saving in heating oil.

bvicusly, the foregoing calculation is @ simple analysis. the
exact inpact of crude oil price increases is a factor of both
component i ncreases for product cost, and & mixture of acquisition,
transportation handling and storage costs, such a cost mxture being
a factor of inflation which is itself affected by the national
energy policy. Nevertheless, the conservation option appears to
offer substantial expenditure savings. These savings will be
important t O:

1) mning campanies Who Wi ll have more finances to invest in
exploration and development;
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i) cammerc ial establistments that may be able to remin
financially solvent;

iii) N.W.T. residents who will be able to allocate more of their
finances to areas perhaps stimilative to the econony; and

iv) N.W.T. governments which may be able to cut their subsidization
of energy costs to consumers.

6.2 Canbridge Bay Region_Forecast

The Canbridge Bay region presents quite a contrast to the Fort Smith
region and even the muvik region. It has a small and seni-isol ated.
popul ation whose maj or economic base consists of government and
primary resource commercial establishments. As such, the Cambridge
Bay region energy demand i S dominated by the residential and
commercial sectors. Table 11 shows that conservation steps applied
to these sectors can affect an absolute decrease in total regional
demand from 1979 to 1999.

The possibility of an absolute decrease in energy demand is

important t0 a regi on such as Cambridge Bay because it is especially
affected by high fuel costs. e extent to which conservation
initiatives are applied appears t0 be | ess dependent on all of the
factors noted in the Fort smith di scussion. The territorial and
federal governments certainly have an important role to play,
especially in the residential sector.

6.3 Inuvik Regi On Rorecast

Fergy demand i n the muivk F€Qion i S dominated by the commercial
sector. mble 12 indicates that conservation steps taken in the

camercial sector could affect an absolute decrease in the region’s
total energy demand between 1979 and 1999.



TABLE 11

PROJECTIONS OF SECONDARY ENERGY ONSUMPTION 1989, 1999 CAMBRIDGE BAY
ALL PROJECTIONS | N TERAJOULES (10 12 JOULES)

_ ____INGS NGS
SECTOR ENERGY USE/FORM 1979 1989 zc 1989 C 1989 zC-Cc 1999 zc 1999 c 1999 zC-C
RESIDENTIAL '

Existing Space feating 101 90 45 50.0 80 40 50.0
Water *sting, Lighting, 18 16 14 12.5 14 12 14. 3
dppliances, M scel | aneous

New Space Heating 0 40 20 50.0 51 5 9000
VWater Heating, Lighting 0 7 5 28.6 9 7 22.2

Sub 1otal 119 153 79 48. 4 154 64 58.4

COMMERCIAL _

Existing *sting (Al) 202 162 104 35.8 214 110 48.6
Li ght1ng, Appliances 17 15 12 20.0 20 16 20.0

New Heating (All) 0 76 22 70.0 298 89 70.0
Li ghting, 2Appliances 0 7 4 42.8 19 10 47.4

Sub 17otal 219 260 142 45. 4 551 225 59.2

MINING
Heat and Motive Power
Electricity
Sub Total
TRANSPORTATION

Road Mot or Gas 21 39 28 28.2 73 40 45. 2
D esel 0 0 0 0 0 0 0

Sub Total 21 39 28 28.2 73 40 45. 2

Ar Turbo Fuel 16 27 24 11.1 45 32 28.9
Avi ation Fuel 36 60 58 3.3 102 82 19.6

sub Total 52 87 82 5.7 147 114 22.4

Mar i ne Mtor Gas
Diesel

Sub Total g

Rai | Di esel

Sub 1otal 73 126 110 12.7 192 154 19.8

GRAND TOTAL 411 500 303 39.4 852 403 52.7
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The possibility of oil and gas devel opnent by 1999 could af feet the
relative consumption by the energy consuming sectors. However, it
Is likely that such development woul d affect the commercial sector
to the greatest extent, thereby leaving the potential for demand
reductions.

6.4 Keewatin Reqi on Forecast

AswW th the Canbridge Bay and Inuvik regions, the absolute Keewatin
region demand from 1979 to 199 can decrease with the appropriate
conservation steps (see Tabl e 13).Theresidential and commercial
sectors domnate energy demand and offer a substantial environment
for demand reductions. As in the Canbridge Bay regi on, government
is heavily involved in the housing market. G ven the performance of
t he Keewatin demonstration house (see section 6), it is evident that
the territorial government supports initiatives aimed at residential
energy demand reduction.

6.5 Baf f in Regi On Forecast

Inlike the other regions, the Baffin region energy demand is

dom nated by the transportation sector » and i N particular by air
travel. Table 14 indicates that demand reductions in aviation are
not enough to af feet an absolute regional reduction by 1999.

towever, demand reductions in the residential and commercial sectors
can be substantial, especially given existing governnental

I nvol vement in these sectors.

6.6 Region Forecast Summary

It is evident f ram the preceding discussions that absolute and
sectoral energy demand can be significantly reduced in each region.

™o factors suggest that the residential and comercial sectors are
important areas to focus conservation efforts. first, it has been

reveal ed that assumed conservation efforts in the Cambridge Bay,




0°SS 9cY 896 AN 4 ob¥ TSL Ghb TYIOL ONWID
/A 4 99 78 0°91 A 0S 0€ Te3laL ang
198910 ™=
o
= Teaar ans
128914
Z°8T 8T raé T°€2 0T €T 8 sen I030W auTIEey
0°S2 0¢ 0¥ £°8 i ve Al Tea0L ang
0°0€ 9T 0z €8 T 1 L Tond uoTIRTAY
0°0¢ A 0C €£°8 11 ZT L org ogany, Ty
Z°8T 8T A4 1°€2 0T €1 8 Tejar, qns
0 0 0 0 0 0 0 ‘8s91d
Z°8T 8T 44 T°€T 0T €1 8 se) I030W pead
NOLLUIRIOd SNYAL
P 0T 98 96 o Te3a1 gng
P11 1€ GE o K3 o1a309TH
8°6 19 19 o Iamod SATIOW pue JesH
ONINIW
9 b5 v92 185 AKA® LET 88¢ €12 Te3al ans
¢.0S 6 81 A2 S 6 0 soouetTddy /PuTyybTI
0 oL 65 L6T vo0L 62 86 0 (TTY) bPutjesH MaN
& 6T 14 1€ 8°81 €1 91 8T sooueTTddy ‘HuUT3lybTI
06V TLT GEE 9°8% 06 GLT G6T (TTv) burjesH HUTISTXY
T I OIIWR0O
0°59 901 £0€ 8 vb GLT LTE z0z Te1aL qng
€91 81 1 0°GT LT 0z 0 ButaybTI ‘BuTIE I93EM
0°06 €T 8ZT 9°6¥ 19 2T 0 putaesy 2oeds MaN
SNOSURTTIOSTW ‘saoueTTddy
9°¢T 6T rad 0°C1 A4 14 6C 'BUTIUBTT ‘Buries I93EeM
0°0S 99 441 £°0S GL TST ELT puryesti soeds burastxd
TNILNAQISRI
D-0% 6661 D 6661 OZ 6661 0-0Z 6861 O 6867 OZ 6861 6L6T WHOH/ dSLE ATRTAN AULID
—SON SONIT
(STINOL 71 0T) STINOCVHAL NI SNOLLOHNCdd TIV

NOIO®Y NILVMIAN 6661

686T NOILIWNSNCD ASTANT A¥VANCOHS J0 SNOLLOMLGMd

€1 JIgYL




TABLE 14

PROJECTIONS OF SECONDARY ENERGY consuMpTION 1989, 1999 BAFFIN REG ON
ALL progecTIONs | N TERAJOULES (10 12 JOULES)

% SAVI NGS U SAVINGS
SECTOR ENERGY USE/FORM 1979 1989 ZC 1989 C 1989 zc-c 1999 zc 1999 c 1999 zc-¢
RESIDENTIAL
Existing Space Heating = 387 308 154 50.0 229 115 49.8
Vat er peating, Lighting, 50 40 35 12.5 31 28 9.7
Appl i ances, M scellaneous
New Space Heating 0 235 118 50.0 251 25 90.0
WAt er Heating, Lighting 0 30 25 16.7 33 28 15.1
Sub Total 437 613 332 45,8 544 196 64.0
COMMERCIAL
Existing Heating (All) 708 637 326 48.8 850 435 48.8
Li ghting, Appliances 91 82 66 19.5 109 87 20. 2
New Heating (All) 0 312 94 69. 9 863 259 70.0
Lighting, Appliances 0 40 20 50.0 111 56 49.5
Sub Total 799 1071 506 52.7 1933 837 56. 7
M NI NG
Heat and Motive Power
Electricity
Sub Total 104 1091 982 10.0
TRANSK)KIATION
Road Mbt or Gas 120 211 161 23.7 378 250 33.9
Di esel 0 0 0 0 0 0 0
Sub Total 120 211 161 23.7 378 250 33.9
Air Turbo Fuel 1098 1840 1656 10.0 3084 2159 30.0
Aviation Fuel 81 136 129 5.1 227 182 19.8
Sub fTotal 1179 1976 1795 9.2 3311 2341 29.3
Mar i ne Mtor Gas
Di esel
Sub Total o
Rail Di esel
Sub Total 1299 2187 1956 10.6 3689 2591 29.8
GRAND TOTAL 2639 4962 3776 23.9 6166 3624 41.2



Inuvik and Keewatin regions would affect an actual 1979-1999
decrease in absolute demand. Second, these are regions where there
i s already an intense invol venent by government (relative to Fort
Smith), so that the environment for inplenenting conservation
strategies appears to be less vulnerable to external forces.

Despite the appealing possibilities of energy conservation in the
residential and commercial sectors, the N.W.T. summary in Table 15
reveals that the 1999 absol ute demand (conservation approach) has

i ncreased by about 39% from 1979. ™o factors may explain this
situation. First the transportation and mining sectors, both of
which are significant energy consuners, do not offer the demand
reduction possibilities noted above. ‘The energy demand of these
sectors is nost evident in the major N.W.T. region, Ebrt Smith.
Therefore, an increase in Frt smth transportation and m ning
demand affects an increase in overall N.W.T. consunption. Second,
this energy demand scenario has assumed significant econonic and
transportation develomment to 1999, again predonminantly in the Fort
Smith region, a factor affecting energy demand increases. It should
be noted, however, that conservation savings for these sectors are
conservative e.g., the analysis did not assume a shift from gasoline
truck engines to diesel truck engines.

The devel opnent of the regional demand scenarios assumed that the
extent of conservation efforts is likely to increase over time, i.e.
the 1989-1.999 period is likely to experience more significant demand
reductions. Teble 15 illustrates this but also shows 1979-1989 to
be an important transitional period. In fact, residential and
camercial demand reductions during this period are close to the
percentage savi ngs achi evabl e from 1989-1999. The tabl e reveal s,
“however, that significant conservation developments in the mning
and transportation sectors are likely to take |longer to be

i npl enent ed.

51.
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Tables 10 to 15 al so suggest that econonic growth does not have to
be sacrificed by conservation strategies. It was assumed in this
anal ysis that real economic growth to 1999 woul d be 5.3% per year.
It is possible, then, for the cambridge Bay, Iuvik and Keewatin
regions to experience real economc growh and an absol ute decrease
in energy demand. ®ven fOr the N.W.T. as a whole, the annual rate
of increase of energy demand 2.5%is |ess than projected economic
growt h. again, the Fort smith region is the major influence, wth
an energy demand increase of 3.9% per year, compared Wi th an
econom ¢ growth of 5.3% per year.

7.0 Recamendations

It is recomended that :

i) the information linmitations listed in Appendix VI|I| be
assessed and elimnated. More specif ically, the Science

AMdvisory Board data model shoul d be refined, updated and
extended to include regional variables and demand shifts
according to econamic development Scenari o0S;

ii) the various sectoral conservation options be assessed for
their econamic feasibility;

iii) the N.W .T. government devel op an economic f orecasting nodel or
models;

iv) the N.W.T. governnent assess the energy demand inplications of
future development projects e.g. , L.N.G. terminals, pipelines;

v) the N.W.T. governnent devote considerable attention to energy
demand reduction in the residential and commercial sectors.
In this context, it is suggested that considerable use be nmade
of existing federal services and progranms such as the:
“OF f-O Program", Federal-Provincial demonstration pro ject
fund, mersave Avisory Service and the Canadian Gvernment
Specifications Board insulation contractor certification
program Moreover, it is suggested that thermal efficient
bui | ding cedes be established and enforced for new and
rehabilitation construction;

vi) the N.W.T. governnent integrate the goals of community
econon ¢ development and employment W th housing

53,



rehabilitation and construction needs. More specifically,
mej or education, training and development programs shoul d
provi de support for | ocally based energy conservation ventures;

vii) the N.W.T. government and D.I.A.N.D. review the conservation
strategies initiated in countries with sinmlar climte and
physiograghy e.g., Scandinavia.

viii) the N.W.T. and federal governments use real, as opposed to
subsi dized, energy prices in assessing potential conservation
savi ngs.

8.0 Energy Supply in the N.W.T.

the preceding deMnd anajysis described oyrrent (1979) N.W.T.
energy consunption by form and sector, revealing demand to be

dom nated by the commercial and transportation sectors. Demand
projections to 1989 and 1999 showed that absolute and sectoral
consumption can be reduced significantly in each region. However,
if future energy supply patterns remain as they are at present, the
territory is likely to continue to experience the vulnerabilities
related to an econcmy almost sol el y dependent on petrol eum

Fluid petroleum derived fuels, i.e. for the most part, gasoline,
diesel, and heating fuels, are mainly used for three end uses:

space heating; production of electrical power; and transportation.

A major task facing the N.W.T. is to alter supply in a manner that
reduces fluid fuel inputs to these end uses. Te followi ng sections
illustrate how this mght be achieved by describing the supply
potential of both non-renewabl e and renewabl e energy resources.

0.0 Resi dual (\Waste) Heat Recovery

Recent studies and actual demonstration projects in the N.W.T. have
demonstrated the significant potential in utilizing the waste or
residual heat energy stream from existing diesel electric generating
units and frommine sites. ‘lbis potential can be best understood by
a brief exam nation of energy processes and estimated N.W.T.
residual energy streans.

54,



e

—— e

[l

55.

9. 1 mergy End-ses and Resi dual Streams

The end-uses or tasks to which energy is applied can be delineated
into two categories: non-heat or work, i.e. all energy applied to
transportation, |ighting and mechanical drive; and process heat,
i.e. energy used to heat industrial. process and to supply space
heat. The common supply input for process heat is petroleum The
resul tant process temperatures range as follows:

i) furnace comoustion, 260°C t0 815°C;
ii) boiler phase change, 100"C to 260'C; and

iii) space heating, less than 100"C

Wth process temperatures ranging from 815°C to less than 100"C, it
can be expected that residual heat energy will also display a wde
range of quality. A recent study by Lalonde, Girouard, Letendre and
Associ ates Ltd. (hereafter known as lalonde et. al. ) examines the
definabl e and usable residual heat stream in Canadian industry and
identifies a range in quality from 815°C (fnrnara axhaust) to |ess
than 49°C (condenser cooling and process F29Ei08« 1, 1 nde et.

al. identify two mejor sources of residual heat in the M Wl
electric power generation (base |oad) and mning/mlling. with
wkon and N.W.T. data grouped together, the chart below illustrates
the quality range of the estimated residual stream

Wth total energy consumption in the territories amounting to 25.1

petajoules, it is clear that residual heat is a potentially |arge
source Of supply.

Ialonde, Girouard, Letendre and Associates Ltd., A St ud;lz to
Evaluate t he mhergy Gascading motential in Industry, Volume |
Main Report, Vol une II Energy Data Base and Volune |11

I ndustrial Sector and Technical Reviews, a study prepared for
the federal Conservation and Renewabl e Energy Branch, 1980.
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N. W. T,/YUKON RES|I DUAL HEAT STREAM

BY QUALITY (Energy Potential in Terajoules)
INDUSTRY TEMPERATURE RANGE

260°C t 0 815°C 100" C to 260°C 49°C to 100"C 49°C Radiation

Flectric
Power 153 76 51 0 51
M ni ng 201 43 212 124 67

92 Uilizing Residual Heat Streans

If thermodynamic | aws were fol |l owed, the efficient application of
residual heat would entail matching the energy at a quality
appropriate to the task, a process that Lalonde et. al. term_energy
cascading. A ideal energy cascade makes uses of all of the heat
stream potential, i.e. heat is used at its highest quality e.g., for
metal | urgi cal processesand then the residual streamis matched to
appropriate end-uses at each subsequent |evel of quality. Figure?2
describes what Ialonde et. al. termmn ideal cascade. 2% process
such as cogeneration and district heating, uses different

technol ogies e.g., turbines, and heat exchangers, to extract the
given energy potential. Appendix IX summaries the heat recovery
systens according to energy quality, applicability and cost

(1979%) . The more economical technol ogi es appear to be heat
exchangers, thermal storage (on a daily basis)sand heat Pumps
(competitive when a constant temperature i S available along with the
end- uses appropriate t0 small increase in tenperature and a | ow
output tenperature) .~ Cogeneration i s identified as being cost
conpetitive for consumers With existing demands greater than 0.5 M4
and a steam|oad of 22000 kg/hr.2

1 Ialonde gt al., p. 111, Volume 1.
2 |bid., p. 109, Volume 1.
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Tabl e 16descr ibes how heat recovery systems might be applied to the
estimted N. W T./wkon residual heat stream A total of 916

tera joules appears to be recoverable. T date, study and
demonstrations have shown that an achi evabl e near-term heat recovery
approach is the use of diesel-electric generating unit heat.

9.3 Residual Peat From Diesel-Flectric lhits

Diesel electric generating units in the N-We T utilize water cooling
circuits in the engine block and exhaust manifolds to prevent
overheating through the “renoval” of residual heat. Cooling water
mst remove about 3 O% of the energy input. Heat al so escapes in
exhaust gases; about 50% to 60% of the gas total is recoverable.
Recent studies and denonstration pro jects have illustrated the
potential for recovering manifold (jacket) and exhaust gas heat for
| ow temperature “mini” district heating application. L Jacket
recovery is termed as normal tenperature recovery, i.e. |ow grade
heat at 75°C. to 90°C. Exhaust recovery Systems operate at high
temperature, | . €. hot water recovered at 120 °C and 130 k Pa and
steam recovery at 120°C and 100 k Pa.

Although residual heat can be and is recovered separately from
ei ther jacket or exhaust gas sources, combined jacket and exhaust
recovery appears to be advantageous because:

i) overall plant efficiencies (lst Law) can approach 75% and

i) distribution temperatures coincide with those normally used in
hot water system design, resulting in smaller distribution main
sizes and | ower pumping rates.

Ferguson, Naylor, and Sime: Itd. , an | pventory Of Major Diesel
Generating_SyStems in canada and An Assessment Of the potential

Markets fOr Heat Rzcovery, a Study prepared for the Federal
nservation and Renewable Ehergdy Branch, 1980.
an

Personal communication wth the firm
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RESIDUAL HEAT APPLICATIONS IN THE N.W.T. AND YUKON TERRITORIES

RESIDUAL HEAT REQOVERY

REQUIREMENT
TEMPERATURES

RECOVERABLE ENERGY
TJ

Cogeneration
I n-plant cascading
Inter -plant transfers

Low-temperature di Strict
heating

Ranki ne Cycle power
generation

Absorption cooling and
refridgeration

Organi ¢ Rankine Cycle
power generation

Heat Pumps

Agriculture and
aquicul ture

Mdditional fuel on site

Heat exchangers
260°C t 0 815°C
100" C to 260°C
100" C to 260°C or
49°C to 100"C

100" C to 260°C or
49°C to 100"C

49°C to 100"C

¢ 49°C to 100" C
49°C

151

789

22

.16

Source: Yukon Report, p. 72.



The heat is recovered by a variety of heat exchanger systens and is
used for in-house (plant heating) and/or comercial and residential
space heating. Te latter end use is based on a water or steam main
distribution network. Table 17 lists the potential district heating
requirements for N.W.T. communities identified by Lalonde et. al.

At |east 52% of the average heating requirements of the selected
camunities can be met by district heating.

In a study more specific to the NWT., PFerguson, Maylor and Simek
Ltd. (hereafter known as Ferguson et. al.) assess the residual heat
stream from diesel units in selected comunities and cal cul ated:

i) the grossresidual heat produced;

i) the recoverable heat, i.e. the practical amount of heat that
coul d be extracted, accounting for |osses and heat already
recover ed;

iii) the monthly heat supply markets;
iv) the type of distribution system needed; and

v) the pay back on camunity project investnents.

As Table 18 illustrates, combined residual heat recovery could be
feasi bl e depending on the accepted pay back period e.g., 5 years
versus 10 years. There does not appear to be a preferred region:
however, the cal cul ations for the Baffin regi on communities of
Resolute Bay and Frobisher Bay include the most rapid pay back
schemes of four and three years. As with nost energy projects, the

pay back will be affected by changes in capital and operating costs
and the energy inflation rate.

Al t hough the Ferguson et. al. report assessed only a few N.W.T.
commnities, it IS possible to derive a general estimate of the
readily attainable regional residual heat stream Table 19 shows

&Q,
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TABLE 17

POTENTTAL DISTRICT HEATING REQUIREMENTS FOR SELECTED N.W.T. COMMUNITIES

COMMUNITY APPROXIMATE ANNUAL AVERAGE AVAI LABLE
POPULATION HEATING REQUIREMENTS2 ENERGY
TJ TJ
Fort Resol ution 500 25 13
Yellowknife 6100 316 |-58
Norman Wl |s 500 25 13
Aklavik 2000 105 53
Inuvik 2670 139 139
Frobisher Bay 6000 316 105
Rankin Inl et 500 25 13
Baker Lake 500 25 13
TOTAL 18770 976 507

507 x 100% = 52%
976

Source: 1. 1Ialonde et. al. Table 9.2.2.2, p. 166, Volume 1.
Notes:
a Heating requirements were derived as foll ows:

(Average requirements - maximm requirenents = average x 2)



‘'ABLE 18

JHE POYENTIAL FOR RESIDUAL HEAT RECLAMATION IN SELECIED
" N.W.T. COMMUNITIES (USING QOMBINED REOUVERY)

SEEFOR—PAPPEHCATI JhC
SHCION Ry ot

LOCATION NNUAL RECOVERABLIR ANNUAL FUELP CAPITAL PRAYBACK
HEAT (‘TERAJOULES) SAVINGS {GAL.) INVESIMENT $ g&lzgg(s);

FORT SMI'IH REGION

Fort Sinpson 26 72,394 804, 000 14 Comercial
Hay River 118 193, 286 1,251, 000 6 Commercial, residential
TOTAL 144 265, 680

INUVIK REGION

Inuvik 162 221,916 830, 000 4 Oonmercial, residential
Norman Wel is 16 54, 346 369, 000 9 Residential, commercial
TOTAL 178 2176, 262
CAMBRIDGE BAY REGION
cambr | dge Bay 1d 53,932 364, 440 6 conmercial, residential
KEEWATIN REGION
Baker Lake 16 69, 995 629, 000 9 Conmercial
Rank in Inlet 22 48, 704 415, 000 8 commercial, residential
‘IOTAL 38 118, 699
BAFFIN RIGION
Resol ute Bay 27 23,059 104, 000 4 Conmercial
Frobisher Bay 97 239, 781 890, 000 3 Conmercial, residential
Manisivik 37 19, 948 190, 000 8 I ndustrial
10TAL 161 282,788
NW. T. 101AL 533 997, 361

‘29
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Sources: 1. Ferguson, Naylor and Simek Ltd., An_lnventory of Major

Di esel Generating Systens in Canada and an Assessment
of the Potential Markets for Heat Recovery,A Study
prepared for mEergy, M nes and Resources Canada, 1980.

Notes:

a

o

Annual recoverabl e heat represents the practical. amunt of heat
that could be extracted from the generator jacket cooling water
and exhaust gases nminus the amount of heat already being
recovered for “in-house” use.

Annual . fuel savings, capital investnent and payback data are
based on a “Viable Market” assessment, i.e. the viable market
includes buildings readily accessible to the generating plant.

Sector application represents the energy consuning sectors most
readi |y accessible to the recoverable heat. If more than one
sector is accessible, they are listed in order of potential.

Canbridge Bay already has one heat reclamation project

underway. There are five large warehouses, garages and offices
heated by a hot water system which recovers waste heat fromthe
jacket water.

63,
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the potential market utilization, assuming the residual heat supply
to be appropriated by the commercial sector.1 The Ferguson et.

al . study and demonstration projects (see next subsection) suggest
that the commercial sector is the most |ikely market for residual
heat use, primarily the heating of small buildings. Table 19 shows
that under a conservation scenario, the NW.T. commercial market
utilization could be 13.4% The Keewatin and Baffin regi ons appear
to derive the greatest potential from the district heating schemes.

9.4 qurrent N.W. T. pistrict Heating Efforts

Te foregoing discussion suggests that |owtenperature district
heating and intersplant transfers offer the most applicable heat
recovery scenarios. The experience of actual projects suggests that
these options are being pursued. District heating projects have
begun in Cambridge Bay, Rankin Inlet and Pelly Bay. Additional
projects are being started in Cppermine, Iac 1a Martre, and
Pangnirtung.

The Canbridge Bay project consists of five warehouses, garages, and
offices heated by a hot water systemrecovering heat fromthe jacket
cooling water. The Pangnirtung project is designed for full
recovery of the residual heat stream

To date, the major parties involved in the projects have been the
N.C. P.C. , as residual heat supplier, and the N.W.T. government, as a
residual heat purchaser. The N.W.T. Department of Public Works

(D. P. W) has acted as project manager, for both itself and other
goverrmental clients. The experience has been for the N. C.P.C. and
N.W. T. D. B.W. to agree on the cost recovery, i.e. N C:B:C
appropriates a portion of every $ saved.

The Table 19 notes explain the concept of market utilization.




TABLE 19

PRACTICAL N. w.I. MARKET UTI LI ZATI ON OF RESIDUAL HERT SUPPLY

MARKET ona CONSERVATION CONSERVA'L
1979 RESIDUAL 1979 M.u. 1989 Residualb 1989 M.u. M.U. as a 1989 kesidual 1989 m.u. M.U. as a
Heat Supply Neat Supply % of Comwercial Neat Supply % of Conmercial
yij 1J g TJ Spac€ Heat Demand T TJ Space Heat Demand
For t Smith 654 163 941 235 5.4 696 174 9.3
Canlr iGge Bay 102 25 124 31 13.0 75 19 15.1
Inuvik 388 97 . 345 86 5.9 215 54 8.1
Keewatin 162 40 273 68 24.9 160 40 33.b
Baffin 398 99 749 187 19.7 570 142 33.8
N, T. Total 1704 424 2432 607 8.4 1716 429 13.4

‘c9



r 1. TFerguson, Naylor, and Simek Ltd.,. An_CaInv ntory_ Of
Sour ces Mg 8r DeserGeneratmq Systens ‘in hada and—an
nt of th tential Mhrkets for geat Recover
A study prepared for E M R, 1980, . volumes 1 and the
Appendi x to Vol unme 1.

2. Tables 2, 10, 11, 12, 13 and 14.

Notes:

a The study cited above, by Ferguson, Naylor, Sinek Ltd.,
assessed the amount of residual heat that might be utiliﬁed to
meet the selected cammunities' space heat demand. This heat

potential was analyzed according to the system’s potential and
according to the market potential. The ratios used were:

System Utilization = Total Heat Currently and potentially Used
Total Heat Produced

Market Utilization = Potentia mbined ust,
Total Recoverable Heat

The market utilization ratio is used for this table because it
reflects actual demand sources for the residual heat supply and,
as indicated in mble , offers feasible payback periods. A
perusal of the study's Appendix A.3.1 "fechnical Analysis"
suggests that an average utilization ratio of .5 is quite
approachable. Further perusal of this Appendix suggests that
60% to 70% of the commmities' residual heat is recoverable.
‘Ibis table assumes a conservative recovery rate of 50%

The residual heat supply data used in this table represents the
Conversion and Line ILosses figures from Tables 10 to 14. Using
the 1979 Ebrt Smith region as an example:

Market Utilization = Potential '
Total Recoverable Heat
.5 B X
654 X 50%
X = 1 6 3

b The 1989 residual heat supply is derived fromthe 197%
conversion and line losses figures as follows: the 1979
conversion and line loss total for a particular region is taken

as a percentage of the total regional demand (minus the
conversion and |ine |osses).

The 1979 percentage is then applied to 1989 «C and C. Approach
total regional demand.

66.
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9.5 Mining Efforts at Heat Recovery

wo NeW. T. nines, Manisivik and Gan Tung, are currently recovering
residual heat. At Nanisivik, the entire conplex’s space heating
demand is provided by diesel electric unit residual heat. As well,
concentrates are dried using exhaust gas recovery. At the Can Tung
mne, residual heat recovered fromthe jacket water and cooling

lubricant is used for steam cycle cogeneration and hot water
utilidor space heati ng.

The experienceof these mnes suggests a considerable potential for
mne and mlling heat recovery. Communication With the Pine mint
and Con-Rycon mmines indicates that these |arge energy consuners al so
intend to pursue residual heat recovery.  (Burther discussion of
recovery potential is found in the Yukon Report, p. 71) .

10. 0 Natural Gas

In volume || of his Mackenzie Valley natural gas pipeline
assessnent, Justice Thomas Berger states that “a gas pipeline in the
Mackenzie Valley should provide two things for northerners, an
assured energy supply and a reduction in energy costs”. To sone
extent, this statement reflects present day MW+ T. concerns, i.e.
the question remains whether or not the N.W.T. will ever nmake use of
a natural gas (N. G) supply. This section briefly outlines some of
the possibilities and limtations to N.W.T. use of N.G.

10.1 N.WT. N.G. Reserves and production

The NNWT. contains about 68% of Canada’s potential hydrocarbon
producing sediments. The mein geol ogi cal provinces in the N.W. T.

1 Thamas R Berger, Northern Rontier Northern Homeland, The
Report of the Mackenzie Wley Pipeline Inquiry, vwlume ||
(Gtawa: Supply and Services, (1977)),p. 65.
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with n.G. potential are the Arctic Stable platform, Sverdrup basin,
Arctic oastal Plain, Mickenzie - Beauf Ort Basin, Liard Pl ateau and
Range, Eagle Plain, and the Interior Pl ans. As Table 20 shows, the
N.G. reserves that have potential for NW. T donestic use are in the
Mackenzie Delta - Beaufort Sea Basin and the Mainland Territories,
primarily the Liard Plateau and Interior Plains.

N.W.T. N.G. production is confined to the Pointed Mountain Gas Field
in the Liard Pl ateau, the south western corner of the Fort Smith
region. e latest production figures (1978) show a yearly total of
about 589 thousand cubic metres.

10. 2 N.W.T. N.G. rotential For Iomestic Use

In addition to political concerns, four factors have a bearing on
donestic N.G. utilization, reserve capability, marketing, proximty ,
of demand centres to supply, and costs (including environnental)

The previous discussion indicates substantial N.G. reserves. The

following estimate indicates the extent to which the N.W.T. might
utilize such a supply.

It is assunmed that N.G. will not be utilized for domestic purposes
until 1989. nssuming a conservation demand scenario, the total
Inuvik and Fort Smith regional space heating demands would be 90 and
342 TJ) respectively. Iogistics and infrastructure limtations are
likely to limt utilization; therefore it is assumed that 75% and
50% of the respective Inuvik and Fort Smith demands can be matched
by N.G. supply, i.e. 90 and 171 TJ respectively. From Table 20, it
is assumed that 5.3 t-C- f. of the Mackenzie-Beaufort reserve IS
available for market in the Inuvik region. Gven a constant annual

Department of |ndian and Northern Affairs, Gl and Gas
Xctivities 1978 (Qttawa: D. I.N.A., 1979), P. 51.




TABLE 20

ESTIMATED N.W.T. NATURAL GAS RESERVES THAT HAVE POTENTIAL FOR DOMESTIC USE

IOCATION ESTIMATES OF MARKETABLE POTENTIAL RESERVE ULTIMATE POTENTIAL
N.G.b ADDITIONS BY YEAR 2000S BY YEAR 20004
T.c. f. T.c. f. T.c. f.

Mackenzie Delta - 5.3 15 - 23 39-99

Beaufor t Sea

Mainland Territories@ 0.4 - 1.7 1 6- 20

TOTAL 5.7 - 7.0 16 - 24 45 - 119

Sources: 1. Indian andNorthern Affairs canada, O | and Gas Activities 1978
(Otawa: Indian and Morthern Affairs, 1979), p. I9.

2. MNational Energy Board, Canadian Natural @s Suggl y and
Requirenents (Qttawa: N. E B., 1979), pp. 8, 32, "33.

Notes:

a Mainland Territories includes the Yukon gas fields.
b National Energy Board esti mates.

C Petroleum i ndustry estinates.

d Geological Survey of Canada estimates.

‘89
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demand of 90 TJ, a twenty year supply of wN.G. would entail 90 23 x
20 years = 1800 13. ‘lherefore, 1.800 ™ or __1.800TJ = .03%

5.3 tu. f. 5,620,000 TJ

A similar caculation for the rrt Smth region, but from an
estimated 1.7 tC f. minland reserve, results in about .2% of the
reserve being used over twenty years. These simple cal cul ations
illustrate that extensive N.G. utilization for domestic purposes
woul d still leave a substantial balance for export.

The marketing possibilities depend, of course, on industry and
government priorities. The Mackenzie-Beaufort reserves coul d be
distributed across the nmainland by a Mackenzie Val |l ey pipeline
and/or a Dempster Hi ghway lateral. (See Figure 3.) Such
develogments coul d possibly supply both Inuvik and Fort Smith region
centres. e N.G. could come on stream anywhere after 1985
according to nost estimates. T The other possibility is for

mainland N.G. e.g., fromthe rointed Mountain field, to be tapped
for Fort Smith regional use.

The proximty of “potential” and "suspended" N.G. wells to demand
centres was determned by a perusal of D.I.A.N.D.'s Schedul e of
wel I's 192-1980 and an assortnment of their maps. The categories

potential and suspended represent gas discoveries and actual well
devel opnent. Table 21 indicates that, depending on the well

location and demand centre, sone wells are as close as 26 kmto
demand centres.

The costs of damestic N.G. utilization are site specific and depend
on such factors as:

i) the proximty of the demand centre to the supply;

1 National Energy Board, Canadian Natural Gas Supply and
Requirements 1979 (Cttawa; N E B, 1979), pp. 36-37.
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T2BLE 21

PROXIMITY OF SELECTED INUVIK AND FORT SMITH REGION DEMAND CENTRES TO NATURAL GAS WELLS#

DEMAND CENTRE WELL NUMBERS PROXIMITY ‘10 GAS FIELD APPROXIMATE RANGE
WELLS LOCATION OF VW\ELL Dre1HS
kn
INwIK REG ON
Inuvik P-41, P-53, A-44, L-43 50- 56 Par sons 3048 - 3962
F-36 90
Tuktoyaktuk F-40b 116
P-41, P-53, L-43 65 Par sons 3048 - 3962
C-21, H-30, C-58, K-16 90 Kunmak NA
C-42, D-43, G-33 77 Taglu 3048 - 4877

FORT SMITH REGION

Hay River N18 , A-05 129 1339 - 1524
Fort Liard J-7 2 26 3363

H 78 64
Fort Providence Briggs-Rabit 80 Rabbit Lake 822 - 853

Sources: 1. Indian and Northern Affairs Canada, Ol and cas Activities 1978
(Gtawa: D 1. No A, 1979), pp. 14-16.

2. Indian and Northern Affairs canada, a selection of well |ocation
maps fromthe oil and s Division, 1980.

3. Indian and Northern Affairs canada, Schedule of Wells 1920-1979
(Otawa: D.1.N A, 1980).

Notes:

a ‘I he selection of natural gas wells that represent potential exploitation
is based on two categories ‘“potential"and“suspended” gas wells. A
vel | may be susEended due to two factors. First, drilling mght be
stopped due to the end of the climatic drilling season. econd, the
development f wells mght be suspended because of inadequate narkets,
| ack of capital or political/jurisdictional probl ems.

L T y
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ii) the demand centre’s pro jetted consunption;

iii) the distribution network, i.e. whetheragridwill berun from
amajor pipeline lateral or whether a small dianeter pipeline
will be run fromthe wells directly to the commnity (s) ; and

iv) the costs of converting existing oil burning furnaces to N.G.

To date, cost analyses for domestic utilization are limited. Two
studi es have been completed for the town of Inuvik. In 1978, a
study for the nuvik Town Council and Chamber of Commerce exam ned
the potential to tap one well from the Parsons Lake Field, about

48 kmfromthe town. The study suggests that capital and operating
costs would make delivered gas uncampetitive with Norman W\l |s’
supplied oil.

A nore recent study assesses the feasibility of supplying the

N. C-P- C in muvik from either the Parsons Lake or Ya Ya fields. *
Te N. C.P.C. is presently the major distributor of electricity to
Inuvik and Tuktoyaktuk as wel| as utilidor heat to Inuvik. The
study assumed a construction schedule and an infrastructure
consisting of: two gas production/injection wells which are used
alternately for gas production and excess gas re-injection; a water
d isposal well; a liquid hydrocarbon disposal well; wellhead
facilities; well flowlines, a gas plant to process N.G. for delivery
by 13 mm pipeline; a turbine building for gas conpression and
propane refridgeration; heat exchangers; electricity generation
facilities; and a pipeline.

The total capital cost of a Parsons Lake delivery systemis
$42,080,000 ($1980) with well costs of $4 mllion per well.?
anual operating and maintenance costs are estimated at $1, 108, 000.
The total cost of delivered gas to the N C.P.C. was calculated as

1 Canuck Engineering Ltd. , InuvikGas Supply Feasibility Study, a
study prepared for the town of Inuvik, 1980.

2 |bid., Table 5.7.1.
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$6.71M.C. f  for parsons Lake, $8.65M.C. £, for the Ya Ya wells.
This price was concluded to be currently uncompetitive With existing
and foreseeabl e energy supply from Norman Wl |s (diesel oil and
Bmker “C’ fuel). Since calculations and time periods are not made

explicit in this study, it is difficult to suggest the cost at which
delivered gas prices will be competitive.

The development of a wel| systemto serve one community appears to
be an expensive supply option -- in the case of Inuvik, about $65
thousand per residential custamer. Another option is to tap into an
export pipeline with a lateral and distribution grid. A study by
sean Casey cal culates the residential cost per custamer Of such a
development t0 be $7957 (1980% ).1

The Gasey Study shows the delivered N.G. costs to the Fort Smith

regi on camunities of Fort Sinpson and Yellowknife to0 be higher than

the Inuvik total. It appears that cheaper well drilling costs on

the mainland, about $1.299 per netre versus $1457 per metre for Delta
exploration, are offset by higher distribution costs.

10. 3 N.G. Pnd-Uses

If N.G. is a supply option for the Inuvik and Fort Smith regions,
deci sions have to be made concerning its end-use. The Canuck
Engineering and Casey studi es assess N.G. as a fuel for space
heating/electricity and space heating respectively. Another
possibility is to use N.G. solely to produce electricity.

Di scussions with one Inuvik Charber of Commerce official revealed
that a' study is underway to assess the feasibility of generating
electricity froma plant on one of the Delta stands to be
distributed to Inuvik and Tuktoyaktuk.

1 Sean Casey, _Pnergy Costs in the Canadian North: A Cornparison
of Five communities, a paper completed at the faculty of
Environmental Studies, York University, 1979, p 15.




N.G. electricity generation is aso possible for off grid
locations. If combined with a pilot liquid, it can be used as a
replacement for diesel fuel.

Recentt echnol ogi cal developments i ndi cate that N.G. might be used
in“mni” district heating or “total energ y* schemes. In
particular, the Fiat Mtor company has devel oped a Total Energy
Module (T.0 .T.E.M. ) that is designed to produce heat and electric
Fewer using a 127 car model engine. Te T. O T.EM. is characterized
by a 90% total energy conversion efficiency (st Law) and small size
suitable for modul ar arrangenents, system integration, and
production close to the load. Wth a power output of 15 ®& and
140,000 kil ojoul es per hour this total energy system or others |ike
iIt, appears to be most applicable to apartments Or small commercial
bui | di ngs.

Natural gas can be used directly as a transport fuel substitute for

gasoline or diesel fuel. »According to Energy, M nes and Resources,

canpressed natural gas could be used for transport truck fleets with
exi sting vehicle conversion costs at |east $1500. *

10. 4 mvironmental Implications

The assessment of costs associated with natural gas utilization nust
take into account potential effects on the environment. Depending
on the type of devel opment e.g. , localized distribution versus
export pipeline, the scope and intensity of effects will vary.
Effects associated with pipeline develogment have been wel |

Fnergy, M nes and Resources Canada, Discussion Paper on Liquid
Fuel Options (Ottawa: E.M.R. Report EP-80-2E, 1980) , p. 19,

The di SCUSSiON paper notes that with N.G. valued at $4/m c. f.
(A berta border) , the cost of dlsEI acing diesel oil or gasoline
in ontario woul d be about $25 a barrel oil eguivalent.
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documented . What appears to need further assessnent is the
production of sulphur di oxi de from conpressor stations and/or

el ectrical generating stations. Apparently, the effects of acid
precipitation, to some extent caused by sulphur dioxide emssions,
have been identified in a number of Arctic localities.

11. 0 al

The significant volume of sedinents in the w.w.r. i not only
characterized by oil and natural gas, but also by scattered reserves
of coal. Although coal is at present not mned, |ocal residents
along the Mickenzie walley and the Arctic coast have used deposits
for heating purposes. L aswell, coal has been mined in the Fort
Mrman, Richardson Mountains (east) , and paulotuk areas. vhether Of
not coal is assessed as a significant supply option depends on a
number Of factors including competitiveness t0 existing and/ or
alternative sources, demand, and environnmental limtations.

11.1 Reserves and Production

Deta describing coal reserve volumes in the N.W.T. are scant, and
for the most part, secondary information resulting fromoil and gas
exploratory drilling. Nevertheless, SONE reports have attenpted to
describe existing potential seans and Tble 22 summarizes their

locality, nearest demand centres, and potential end-uses (Refer to
Fiqure 4 for |ocation)

pata regarding coal type and quality are not clear. |U appears,
however’, that most of the coal resources are of nediumand |ow

1 Arctech Services, Inuvik, Community Coal Uilization in the

Morthwest Territories, a report prepared for the Department of
Bconomic Development and Tourism, Government of the Northwest
Territories, |1-978, pp. 4-8.
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TABLE 22

KNOWN AND POTENTTAL (DAL RESERVES | N THE N.W. T,

LOCATIONA

NEAREST COMMUNITIES

POTENTIAL END-USES

Peel Plateau

Great Bear Plain
{Douglas Bay, Etacho Pt. )

Fort Norman Basin
Sekwi

Richaxdson Mountains (east)

Franklin Bay, Darnley Bay

panks | sl and

Fort Good Hope, Fort McPherson, Arctic Red River

Fort Franklin] * 1’ errs, Edw Bay, Bathurst M nes

Fort Norman
Mccessible i f the Canol Road opens

Mklavik, Inuvik

Paulotuk

Sachs Harbour

Commercial/resideny;a) gpace heating, electrificat ion

Oommercial/residential space heating, electr ficat ion;
mne heating, electrification

mercial/residential space heating, electr Eication
Mne heating, electrification

Conmercial/resident a1 gpace heating, el ectrification pipeline
electrification

Commercial/resident ja)1 space heat ing, electr ification

commercial/residential space heating, electrification

sources 1. Arctech Services, Community Goal Utilization in the MNorthwest Territories, a report prepared for the N.W.1. Depar tment Of Hconomic bevelopment

and Tourism, 1978.
Note

a  keter to Figure 8.
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qual ity sub-bitiminous and lignite coal, although sone high 1qual ity
bi t umi nous coal has been identified along the Arctic coast.* The
gross heating value of this coal is estimated to range from 2.6
megajoules/kg (lignite) to 4.8 mega joules/kg (high quality

bi t um nous) .

11.2 @al Utilization

As Table 22 and Figure 4 indicate, nmost of the N.W.T. coal reserves
are located in the nuvik and Port Smith regions , moreso it appears,
inthe forner. Figure 1 indicates that most of the heating and
electricity fuel input in the nuvik region originates in Norman
Wl|s. (orrespondingly,deliveredenergy prices in the Inuvik
region are the lowest in the N.W. T. The feasibility of coal
utilization is therefore based, in part, on competitiveness With

domestic oil. In addition, coal mst be compared, on a sSite
specific basis, with N.G., hydro and wood (the latter two explored
in upcoming Sections) . In assessing fuels conpetitiveness, Arctech

Services conclude that ‘the greatest possibilities for coal
utilization are in the Arctic communities where alternate sources
are scarce, i.e. a location above the treeline, and where delivered
fuel prices for space heating and electricity are hic;;h.2 The
communities sel ected for an assessment were Paulotuk, Pond Inlet,
and Aklavik.

The Arctech study concludes that coal would be best utilized for
N.W.T. residential and comercial space heating.> Technologies
appropriate to this task are identified as:

L pid., p. 3.
Ibid., p. 13. |
elivered cost estimates of coal are not conclusive due to the
variability of coal development cost assumptions and delivered
wood Prices.
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i) multi-fuel forced air furnaces with oil backup for homes;

11) fully automated stoking furnaces for mlti-unit residential or
smal | commercial units; and

iii) fluidized-bed combustion units for nulti-unit residential or
small commercial units.

Although coal electrification is a possibility, the absence of a
suitabl e demand precludes such an investment. The minimum demand
estimated to be economcally feasible is 25 M4 and as the Yukon
Report indi cates, some cost studies suggest coal cost
conpetitiveness with hydro at the scale of 150 to 500 .t
Installed 1979 electrical capacity in all of the Inuvik region,
excluding Norman Wlls, is less than 20 MA. G ven conservation
approaches, forecast demand is not likely to increase to a |evel
warranting coal electrication. Mreover, due to distance, Inuvik

communities woul d not be exploiting one coal reserve, reducing the
demand per reserve even further.

Three factors could suggest exploring coal electrification. The
first, oil and/or N.G. pipeline electriciation ypy|d jncrease the
region's electricity demand if pipeline conpression electrification
is considered. The second factor is potential mine demand. Arctech
notes that the mnes east of Geat Bear Lake are examining the
feasihility of coal use. TeY point out that once a coal
utilization infrastructure is in place, |ow cost coal could be used
for community demands, both for electricity and space heating. e
third factor is the technical feasibility of fluidized-bed
combustion units which can produce electricity at a scale
comensurate Wi th existing Inuvik regi on demands.

1 Ibid., p. 17 and Yukon Report, p. 66.

2 Walter C. Patterson and Richard Griffen, Fluidized-Bed
Technology: (oming to a Boil (New York: Inform, [-978).
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11.3 Envirommental Implications

MJCh has been witten shut the environmental (including health)
implications of coal mning and combustion. Any development of coal
in the N.W.T. nust take into account that underground mining (the
more |ikely option for the territory) can be detrinental to the
health of mners e.g. , “black lung” disease. T™e type and extent of
combustion em ssions depends on the coal quality and the

t echnol ogi cal neasures used to reduce air em ssions.

Ascription of NN W T. coal do not indicate the sulphur content,
al though the yukon Report suggests that Yukon coal has a |ow content.

(al-fired el ectrical generating plants are one of the major sources
of sulphur dioxide ( SO, which can eventually result in acid
precipitation. 2ppendix X |ists some of the toxic effects of acid
precipitation, effects which may be more profound in the fragile
Arctic ecology (see Figure 5) .

as previously noted, the preferred option for coal. utilization
appears t 0 be residential and commercial space heating. Recent
studies by the U S. mviromental Protection agency (E PR.A.)

eval uate emssions from stoking furnaces burning a variety of coal
types and identifies sulphur, nitrogen and carbon OXi de compound
emssions as well as particul ate.l Particular enphasis is placed
on eval uating polycyclic organic rotter (P. O M) which has potential
carginogenity.

1 R.D. Giammar, R.B. Ingdahl, and R.E. Barret, P.0.M. and
Reticul ate Pmissions Prom Small Commercial Stoker-Fired
Boilers (Col umbus, Onhio: Battelle Columbus laboratories).
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FIGURE 5. ACID PRECIPITATION |N NORTH AMERICA

Sensitive Lake Areas

LEGEND:

Level of Precipitation Acidity
(pH 1- 6 Acidic)

SOURCE: Envi ronment Canada
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Al though technologies exi st that can reduce nust of the combustion
emssions, their ef f activeness and applicability to nw. T. scale
operations must be assessed. This uncertainty makes f luidized-~bed
combustion technology an attractive option. ‘lbis technology,
producing steam or hot water for space heating and electricity,
reduces nitrogen oxide compound and coal ash emissions and traps at
least 9@ of the existing sulphur content.

12.0 MNon-Renewables VS. Renewables?

The preceding sections discussed the supply potential of residual
heat, natural gas and coal. Each of these sources, as assessed, are
non-r enewabl e. L mis may not be a crucial consideration in the
near-termbut will be in the long term (post 1989) for at |east two
reasons. first, reserve reductions are likely to make continued
non-renewabl e petrol eum use very expensive. Second, decisions to
utilize previously untapped non-renewable resources may tie the
N.W. T. into an inflexible infrastructure, one that mght prove
difficult to change or reduce. One option that the N.W. T. faces is
whether or not to exploit a diversity of renewable energy resources
as a substitute or a complement tO non-renewables. The resources
examned in the follow ng sections include hydro, wood, peat,
geothermal, agriculture, wind, and solar.

13.0 Hydro Fever

Al t hough hydropower supplies about 65% of the N. W.T.'s total
electricity demand, itS potential as a near and |ong term energy
supply has hardly been utilized.2 In particular, it may be able

1 Residual heat was assessed as a product of diesel-electric
generating units.

2 ssuming a 30% diesel electric conversion efficiency, diesel
fuel supplied about 710 TJ or 35%of total 1979 demand.
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to provide an electricity, and possibly space heating, substitute
for commnities presently dependent on fuel oil. In addition, it
may be able to neet power demands resulting f rom new pr imary
resource develcpments.,

13.1 Electricity Demand

electricity is used by three sectors: residential, commercial. and
mning; the latter two consune about 48% and 34% respectively of the
N.W.T. total. As summarized in Tables 10 to 15, electricity demand
inthe residential and commercial sectors to 1989 and 1999 can
actual Iy decrease bel ow 1979 levels if suggested conservation
strategies and technol ogies are implemented. As Table 8 suggests,

m ning development iS likely to expand and Table 1.5 indicates that
in spite of suggested conservation measures, mning el ectrical

demand by 1999 could increase by a factor of five. O course,

I n-house conservation efforts in the mning industry, including

residual heat utilization, could reduce significantly the forecast
cle'nand.l

Mich of the existing and potential mneral development will be in
the Ebrt Snith region, which at present is the territory’s mgjor

ener gy consumer and uses 100% of the hydro el ectricity produced.

Tis region also expects to be the location of new forest industry
development, as the Liard River Valley region is nade accessible by
road. Asis suggested in the follow ng section, forest industry
utilization of forest biamass coul d offset mmjor increases in demand.

In the Inuvik region a potential source of increased electrical
demand is pipeline electrification. Although actual demand depends
on the type and scal e of development, this is one development that

As derived fram Table 7 and Appendices || to VI, about 22% of
mning electrical demand was self-generated.  (80%of this
generation was produced by Con-Rycon).
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would maintain a significant demand in spite of limited conservation
measur es.

13.2 Electricity Supply

The Northern Canada power Commission (N. C. P.C. ), which is required
to supply power at cost, provides all of the N.W. T. electrical power
except for about 5% distributed by Alberta Power to the c-unities
of Enterpr ise , Fort Providence and Eay River. 1 Table 23

summarizes the N. W T. electric power capability as pro jetted to

1982. The installed 1979 capacity of 128 MW i s supplied by two

i nterconnect ed hydro/diesel systens, the Snare and Taltson, a bunker
fuel fired plant in Inuvik, and by diesel generating units.

13. 3 rotential Rydro0 Electricity Supply

For the nost part, the hydro potential of the w.w.r. has not been
closely evaluated. It was possible, however, to compile hydro data
from nmost of the completed Studies to date. Al though it, by no
means, represents 10 Q% of actual potential, mble 24 illustrates
that a total of 4851 mw has been identified. ‘Ibis is a considerable
energy potential considering that present electricity capacity
represents about 3% of this total.

Data derived from Table 24 indicates that undeveloped hydro in the
Fort Smith region represents shut 73% of the N.W.T. total, a
potential match t0 new development projects in this area.

1 Ronald Fburnier, Econamic Circunmstances in the Northwest
Territories, p. 84.

The N. C.P. C. supplies both retail and wholesale electricity,
the latter to the mnes and to the Plains-Wstern Company which
supplies Ye llowknif e.



FIGURE 6. INSTALLED ELECTRICITY CAPACITY OF REMOTE COMMUNITIES (K \v)
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TABLE 23

ELECTRIC POWER CAPABILITY AND PEAK LOAD IN MEGAWATTS
NORTHWEST TERRITORIES, 1967 to 1982

Type Oof Station Total Installed

Internal Gs Generating
Y ear Hydro  Steam Combustion Turbine Capacity
1967 35 1 10 1 47
1973 35 1 43 2 81
1974 35 1 45 2 83
1975 35 1 61 2 99
1976 35 - 66 2 103
1977 48 64 2 114
1978 48 - 75 5 128
1979 48 - 75 5 128
1980 48 - 75 5 128
1981 48 - 75 5 128
1982 48 - 75 5 128
Source: 1. Ronald Fournier, Bconomic Circunstances | n the Northwest

Territories (Regina: D. R E. E, (19/9)), p. 86.
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Sources: 1. GEPAC Consultdnts, Power | nventory of Canada’s Northern

Regions, A Study prepared wor D. T. A" N D., Novemer 1971

2.  T.Ingledow and Associates Ltd., Power Survey of the Central
Mackenzie District N.W.T. Vol. I, A study prepared for
D.I.AND., January 1969.

3. Underwood, Maclellan and Associates, power Site Surveys
N.W.T. For the Tha-Anne, Thlewiaza, Ferguson and Maguse
Rver, A study prepared for D.I.A ND., March 1980.

4*  NW.T. Mnistry of Energy, personal comunication, Novenber

1980.

Notes:

a The table does not include hydro estimtes for nost of the Cambridae
Bay and all of the Baffin regions because data were unavail abl e.

b Estimated firm power i s assuned to average about 60% of maximum
installed capacity.

c It is assumed that the upper reach portion of the Coppermine River i s
in the Fort Smth region while the [ower reach is within the
Canbri dge Bay region.

d The Petitot River is in British Columbia but was assessed by GEPAC as

a potential electricity source for the N.W.T.

The Beaver River i s in the Yukon.



90.

e to a lack of data, hydro potential for the Baf f in region is not
listed.

13. 4 pevelomment_Variables

Te extent and type of hydropower development i S contingent upon a
nmcer of interrelated devel opnent variables, ey include

legalities, the environment, technology, and costs. Legal and
environmental questions are, for examle, tied into native [and
claims.

Technical and cost variables are '€lated to the scale of hydro to be
developed. In the Yukon Report, four scales of hydro development
are categorized. They are:

i) microhydro, i .e. up to 5 MW potential (installed capacity);
i) small scale, i.e. 6 M4 to 50 MW;

iii) mediumscale: i.e. 91 M to 500 M4 and
V) large scale, i .e. above 500 Mi.-

A recent study by tnderwood, maciellan and associates (hereafter
known as UMA)descr ibes the ext eznt to which scales can be achieved

eval uate, three are in the medium scale range (installed capacity)

(See Table 24) . However, the capacity figures are based on
achi eving the rivers' ultimate potential. MO Physical variables

suggest that achieving such a potential i S improbable.

1 yukon Report, p. 60.

2 Uhderwood, Maclellan and Associates Ltd. , -Power—Site—Survey—#
the Northwest_Terr—itar ies for the Tha Anne, Thiewiaza,Fergusor-

and Maguse Rivers, a study prepared for D. 1. A N D., 1980.




First, the develoment of one site can destroy, by f 100ding, the
potential of another site. Second, low relief makes gradual, staged
development more difficult, i.e. different sized units would be
necessary as opposed to the economy of scale development of
hamogeneous units on high relief. Despite the difficulties in
acquiring accurate cost data, it is generally acknowledged that the
larger the scale, the greater liklihood for a hydro project to be
cost effective. TheUMA study suggests, then, that the revenue from

a scaled-down hydro project would not justify the capital costs. 1

Rr the most part, it appears that medium and |arge scale
development can be avoided. As noted in the Yukon report, the
latter is suited for export only. Medium scal e appears to be suited
to snelter, pulp and paper mll, or pipeline electr iciation
development. O the three, it is possible that pipeline -
electrification nmight be supplied by hydropower.

Small scale, and to a certain extent, micro-hydro development, if
within feasible transmission distance, would be suitable to meet
most communit y and mine load growth, to back out diesel generation
or to meet certain demands particular to new development e.g. , large
scale commercial expansion (see Section 13.6) .

13.5 Hydro Thermal Potential

Except for a few Yellowknife residences, electric heating in the

N. W.T. is non-existent. 1This appears to be due, in part, to the
associ ated costs of diesel powered electric heat, costs that

concei vably woul d increase as systems were exparided to meet rising
demand . No matter what the power source is, electric heating is now
understood as a thermodynamically inefficient process, i.e. a high

1 lbid., pp. 9-1 and Figure 7-2.

T. Ingledow and Associates Ltd. (now Gepac (onsultants) , Fower
Survey of the Central Mackenzie District NwW. T. , Volune 1, a
study prepared for D. |. AN, D. , 1969.

21.
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qual ity energy form electricity, is being used to supply | ow
quality, low grade heat. Despite such a mismatch, hydro ther nal
supply is being examned as a possible replacement for diesel
produced space heating.

e of the conclusions of the ma study acknow edges that hydro
electric supply for the selected keewatin region comunities is
still not competitive as a replacenent for diesel. However, the
supply of both hydro-electric and hydro thermal energy appears to be
close to par with current diesel delivered costs, i.e. the annual
fuel escalation rate needs only to be about 3% above the selected
discount rates of 4%and 8% 1 Although hydro thermal supply can
only be assessed on a sSite specif iC hasis , it IS suggested that this
formof supply, even if at present marginally unconpetitive, should
be pursued as an option to reduce the vulnerability of commnities
to external supply problems.

N

13. 6 Micro-gydro

Recent studies evaluating electrical costs and supply in the N.W.T.
recommend the eval uation and development of small scale and
micro-hydro power sites. 2 Fournier suggests, in fact, that "small
scal e hydro-electric developments near communities could provide
sufficient energy to promote cammunity socio-econamic stability

t hrough support of diverse renewable resource activities. ..3.3

The follow ng discussion examines, in particular, micro-hydro
potential in the N.W.T.

1 um report, pp. 9-10, 9-11.
2 Ronald Fournier, Econamic Devel opment Propsects in the N.W.T.,
p. 85.

MA Report, p. 2.

Department of Indian Affairs and Northern Develomment, Report,
of the Task Force on Electrical mergy Qosts In the North

(Gtawa: D I. A N D, (1976) ), Pp.23.
3 Ronald Fournier, p. 85.
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Figure 10 indicates that nost of the NW T. comunities currently
have an installed capacity of 5 M@ or |ess. Whether micro-hydro IS
categorized to a limt of 2 mwor 5 M4, it is apparent that it could
meet many commmity el ectrical |oad demands, and possibly electrical
and heating |oads, depending On the comunity 'S |oad nmanagement. 1

In addition, micro-hydro Sites could be used to divert water into
exi sting power sites, thereby increasing their storage potential and
the tinme period for which peak power can be supplied.

Micro~hydro development studies for other provinces indicate that
the site feasibility is contingent on the water head and site
characteristics. Table 25 summarizes both of these paraneters.
Mote that each head category has high and | ow out put potential.
Depending on these characteristics and the pro jetted |oad,
micro-hydro sites may have the potential to neet peak demands or
they may have to be suppl emented by another fuel.

Micro-hydro equipment i S proven, with Rurope bei ng the major
supplier of low and nmedium head turbines. Discussion with National
Research Qouncil (N. R.C. ) officials reveals that the workability of
the turbines is apparently feasible in spite of winter freeze-up.

T date, the development of standardized turbines in Nrth Arerica
is limted to | ow head nodel's and projects. “Al though there
appears to be considerabl e potential for medium-head development ( at
least in B. C) the limited availability of turbines is likely to
keep costs high in the near future.

1 Cr ippen Consultants, Micro-Bydro Volune |, A Survey of
Potential Micro-Hydro DevelopmentsS for (se by Remote
munities in B.C. , a study prepared for the federal

) Observation and Renewable Energy Branch, 1980, p. 2.

Crippen Consul tants, Micro-gydro Volume 1, p. 7-2.

9.
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TABLE 25
SITE CATEGQORIES AND FEATURES FOR MICRO-HYDRO DEVELOPMENT

SITE CATEGORIES

CATEQORY HEAD AND OULPUT
head - Iow out put 2to 15 mand up to 500 kW
;23/ h%%d - Hi gh ouFt)put 2 to 15 mand 500 to 2000 xw
Medi um head - Iow output 15 to 200 mand up to 500 kw
Medium head - Hi gh out pUt 15 to 200 mand 500 to 2000 kw
H gh head -  Low out put Over 200 mand up to 500 kw
H gh head -  High output over 200 mand 500 to 2000 kw

FEATURES OF SITES

FEATURES
; Prime power supplied by hydraulic

L Hydro power/diesel turbine with peaking power or stand-by
provi ded by diesel electric.

2. Gid connected Small hydro plant connected to

' existing grid line for excitation and
regul ation.

3 Existing structure Bydro electric devel opment utilizing

' an existing small structure such as a
dam irrigation drop structure, etc.

4 Geographic location Depending on the geographic location

' and elevation, site development can be
affected by weather, snowfall,
topography, etc.

5.  Development to be served This feature includes industrial sites

such as 1ogging canps, nines, Indian
reserves, sawmlls, etc.

Source: 1. Crippen Consultants, Mgro Hydro Volune |, A Survey of
Pot%gxetial M cro Hydro pevelopments for Use By Remote

Communities in B.C., A Study prepared for the Federal
Conservation and Renewabl e Energy Branch, 1980, pp. 3-1, 3-2.




Estimates of cost feasibility vary. For exanple ,“ site specific cost
estimates in B.C. reveal energy costs that range from39 roils to 550
roils per KWi. Crippen suggests that the economic feasibility of
micro-hydro i s contingent on:

i) higher production volunes of North American | ow and nedi um head
t urbi nes;

ii) near-t ermreal price esc.slat ion of conventional fuel; and

ii1) accelerated depreciation for equipment.

The latter variable is supported by the Federal governnment which
recently announced tax incentives that include accel erated equipment
wite-offs. Micro-hydro devel opnent is al so being encouraged
through the Provincial (Territorial) /Federal Renewable (onservation
Mreements; in fact, one such project is slated for Frobisher Bay.

14. 0 wood Biomass

Bicmass energy* i s estimated to account for 4.1%and 7.4% .
respectively of Canada’s primary and secondary energy supply. * O
the various biomass sources in Canada, wood and wood rel ated wastes
account for about 99% of the bicmass fuel supply (1977 ).2 Gven
the intent of governments toward energy self-sufficiency, it is
expected that wood bicmass energy will contribute even greater
percentages to Canada's energy supply. In the N W T., wood energy

* Bicmass energy is the energy derived fromliving matter €.9-,
recently cut trees, waste material from natural processes e.qg.
manure, and the waste derived from the harvesting and
processing of plant and animal rotter.

1 Peter Iove, Middleton Associates,Bigmass Fnergy_in Canada, Its

Potential Gontribution to Future Energy Supply (Ottawa: E.M.R.
Report ER-80-4E), p. 16.

2 Ibid., p. 18. Thisbiamassutilizationis mainly on-site
conversion of bark, pulp liquor, and hog fuel.
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represents both a space heating and electricity supply source that
Is virtually untapped.

14.1 N.W.T. Forest | nventory and Use

The key to eval uating wood biomass energy potential is to have a
canprehensive forest inventory, one that includes growth and yield
data as well as impact assessments of various harvesting and
silviculture approaches. T date, there is no inventory,
conprehensive or otherwise, for the N.W.T. There are indications,
however, that the data availability will be inproving. First,
D.I.A.N.D.'s forest division expects to be able to devote more
resources to inventory tasks. Second, the Environment Canada Energy
from Rorests program (E.N.F.O.R.) expects to be initiating N.W.T.
forest inventories in 1981. ‘The E.N.F.O.R. approach to inventories
i ncl udes much needed empirical formulae fromwhich total biomass
potential can be calculated.l

respite information deficiencies, it is possible to estimte some of
the N.W.T. forest biomass potential. Figure 7, illustrating the
forested and non-forested regions of Canada, shows that the N.W.T.
forest land is confined primarily to the Mackenzie River valley and
drainage basin, including the Liard River Valley.

The | ocation and type of hardwood and softwood species vary

according to the physiography. Balsam, poplar and white spruce are
comen to the alluvial flood plains, white spruce representing the
maj or merchantabl e wood (at 10" to 20" d.b-h. ) 2 As the elevation

To date, it appears that "total" forest bicmass .potential is
calculated fromforest inventories based on nerchantabl e boles,
I .e. timberthat has commercial potential for non-fuel uses.

These cal cul ations are not entirely relevant when estimating
energy potential.

2 D.I.A.N.D. RForest Division.

96.
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increases and dependi ng on | atitude, Species such as jackpine,

lodgepole pine, black spruce, aspen and birch have been
identified.

Tinber in the N.w.T. IS harvested as a source of lumber and puilding
material, pils and fuelwood. The annual N.WT. production of

| unber, since the 1950's, hasrangedfrom 2.35 to 14.1 nmillion m
whil e annual piles production has ranged from11l.2 to 3.5 million
m.’Estimat es suggest that the projected Liard River valley
development could boost total |umber and piles production to 24
million x> annual | y. Recent estimates from the D.I.A.N.D. Forest
Resources Division indicate an annual allowable cut of 2.4 mllion
niof tinber suggesting that:

i) past production figures are exaggerated,

i) previous develcpment has not followed appropriate forest
management practices; or

iii) current estimates are a downward revision because of depleting
stocks .

Comercial fuelwood production has ranged from 5.8 thousand m’ in
1959 to 17.8 thousand niin 1978. Wile the 1978 figure indicates
atrend to increased N.W.T. fuelwood use, the 1979 total was 9071

M In general the annual average is about 7000 nmi. If the

1 Sandwell and Co. Ltd., A—Rewew—-of—+the—Forest—Resources—and—the-
Pulp_and paper_Potential of the N.w.T. and Yukon, a report
prepared for D.I.A N.D., 1967.

2

DR E E., _EconmiunevelopnerLLProspeCtS inthe NWT., 1979,
p. 10.
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1978 total IS attained as an approximate annual production |evel,
N.W.T. fuelwood supply coul d represent about .14 petajoules (1 X
1040 joules) of energy*. his iS about 24% of the projected 1989
space heating demand (conservation approach) for the two regions
encompassing the N.W. T. forest area, Inuvik and Fort smith.t

The energy potential of N.W. T. forest bhiomass is greater than .14
PJ. Total forest utilization includes:

i) nerchantabl e boles (10" to 20" d.b.h.) that are economcally
“inaccessible, i.e. too far away from sawmills and/or pulpmills;

ii) non-merchantable species of all sizes;
iii) foliage, tops and boughs;

iv) stunps and roots; and

v) dead matter and floor cover.

I n calculating the N.W.T. forest enerQgy potential, a number Of

met hodol ogi es were examined. The nore common approach appears to be

the use of a biomass correction factor. This factor accounts for

total bicmass utilization arid is applied to available forest

inventories, usually volumes of merchantable bol es or annual

allowable cut. Other nethods have derived per forest area estimates
: , , 2

of oven dried tones of biamass potential.

1 Derived from Tables 10 and 12.

*17833 nB (green wood) = 629505 ft.’(7406 cords) (1 cord =
85 ft'of solid wood)
7406 cords = 14811 green tons
= 29623760 |b.
11h. greenvvoo? ;34500 fitbu't J
29623760 1b. _ 14 %10 J-’jS)ul es (.14 PJ)

2 TRU Techno-economic Research Unit with Victor and Burrell, Role
of Renewable Sourced N Remote IocationsxzgyEner gy
Demand Characteristics and Renewable Fnergy Resource Base,
Phase 1 Report, a study prepared for the federal nservation
and Renewabl e Energy Branch, 1980, pr. 160-168, pppendix 5e.
See p. 165 for methodol ogical limtations and peter Love aria
Ralph Overend, Tree Power (Ottawa: IMR Report 78-1), pp. 7-10.
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appendix XI illustrates the method used to derive the N.W.T. forest
energy potential. The result indicates a potential of 18.7 PJ in
the standing biomass. Considering that the total 1979 N.W.T. energy
demand amounted to 16.3 PJ, this is a significant potential.

The percentage of actual biomass that can be utilized depends on a
nunber of factors. first, a consderable Portionyill be harvested
for cammercial lumber and building materials. Second, it is likely
that vast acreages are presently inaccessible. Third, the

ecological fragility of the region mght prohibit a practice of total
biomass utilization, a practice which could result in irreversible
organic nmatter depletion. These factors suggest that actual forest
energy potential Wi || be less than 18.7 PJ. e potential is
significant if one considers that 5%utilization or .93 B3 is 1.6
times the projected 1989 space heating demand (conservation
approach) for the Inuvik and Fort Smith regions.

14. 2 Forest Fnhergy onservation Technologies

Amgj or variable affecting the utilization of forest bicmass energy
is the type and feasibility of energy conversion technol ogies. e
schematic diagram illustrated in Figure 8 shows that forest related
bi omass can be converted to usable energy by direct combustion, acid
hydrolysis, enzymatic hydrolysis, destructive distillation,
hydro-gasification, gasification, hydrogenation, and |iquefaction.

O these processes, cambustion and gasification appear to be the
most applicable to the Inuvik and Ebrt Smith Regions.

As noted previously, wood continues to be a space heating fuel along
t he Mackenzie Valley, especially in native commnities. A
conversion technology still being used is the oil drum stove.
Although it has a |low conversion efficiency, less than 25% it is
simple to make, relatively maintenance free, and safe. The
popularity of this stove has acted as a buffer to the market
penetration of newer and nore fuel efficient “radiant” and
“circulating” stoves.

10Q,
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fuel efficient wood furnaces are available for both commercial and
industrial space heating purpcses. There are many types that burn a
variety of fuel cambinations e.g., wood waste and househol d

wast e, 1 Special furnaces are now on the market that can burn wood
chips efficiently. e technical and economc advantages to chip
burning incl ude:

1) reliable and convenient operation;

ii) mninmumhandling fromforest to furnace;

)
)

iii) utilization of previously unused forest biamass;
)

iv) efficient cambustion process. 2

A reCent study evaluated the feasibility of burning weod chips in a
wood-0il furnace for a proposed camercial conplex in Rae.

Despite its technical feasibility the project was concluded to be
uncompetitive Wi th conventional heating, due primarily to high
labour costs. e study revealed some of the cost factors likely to
affect most site-specific projects in the region including cost of
harvesting, transportation, storage, and conventional fuels backup.
™o factors suggest that the study results are msleading. First,
alternate labour USes were not examned for conparison. Second, if

proper maintenance is applied to efficient wood furnaces, backup
needs woul d be minimal.

1 M chael Glover, Renewabl e Energy i N Rendte Communities: The
State of the Art Background Paper (Ottawa: C.MH C, 1977), p.

35.

2 Ibid., p. 33

3 mat, MarWck, and Associ ates, _As.s:ﬁ%m&m_f_me_%egx@l_m
Using_wood as a source Of mergy IN the NWT., a study
prepared for the Econemic Development Department, N.W.T.
government, 1979,
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m exanple in applying wood space heating to a particular demand
centre is found in the_Yukon Re@rt.l The acreage demand

necessary to heat whitehorse was cal cul ated for a variety of heating
assunptions. e ultinmate acreage necessary to neet a particular
demand was found to be contingent on yield, rotation tine, and
extent of biamass harvest e.g. , use of total tree.

reat froma wood biomass stove or furnace can he used to power a

Stirling engine, i.e. an engine that converts heat to mechanical or
electrical energy. The Department Of MNational Defence i S exami ning
the feasibility of a Canadian made engine for Arctic application. °

Gsification by partial oxidation is fast becomng a suggested
option for both space heating and electrical supply. Wod gasifiers
are under varying stages of development and demonstration projects
have been initiated inmost regions of Canada. For exanple, the
N.W. T. government, under the auspices of the Federal/Territorial
Conservation Agreenent intends to evaluate the feasibility of a gas
powered 1.20 KW modified di esel generator. A review of projects and
research suggests that fluidized-bed gasifiers may represent the
best gasification technology.3 Fluidized-bed gasifiers are
characterized by a high throughput; high energy potential, i.e.
among the high range of produce gas energy content, 58 KJ/m3; good
gas quality, and |ow capital cost. The Saskatchewan rower Company
I's, in fact, experimenting W th fluidized-bed combustion Of various
biomass fuels including wood, chips, sawdust, and straw. At |east
two studies suggest that wood gasification is cost competitive With
conventional fuels options.

1 vYukon Report, p. 69.

2 caga%ioan Renewabl € Energy News, 2 (May, September 1979): 28
and 30;

3 Ralph Overend, Wbod gasification (Ottawa: EMR, 1979) .

. Canadian Renewable Mergy News, 3 (Mv. 30).

Ralph Cverend, Wod Gasification, p. 46 and M chael Glover,
Renewable Fhergy | N Remote Communities, p. 26.
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|f the riard Valley road construction succeeds in fostering sawmill
operations, energy demand in the Port Smith region could experience
a considerable increase. Experience across the country reveals,
however, that a variety of technologies are appropriate to naking
sawn || operations virtually energy self -reliant. These

technol ogi es include pile burning furnaces, packaged boilers,
suspension burners, fluidized-bed combustion, and co-generation.

14.3 1mplementing Forest Biomass (bnversion Technologies

It is still too early in the design and develogment of forest

biomass conversion technol ogies to make definitive conclusions about
feasibility. Nevertheless, it appears that some reoccurring factors
such as high labour costs and costs of standby electricity and
heating may serve to offset the attractiveness of the technologies.

| b alleviate the uncertainty associated with such factors, the
following options have been suggested:

1) federal, territorial, and community cost sharing;
ii) conventional fuel price increases; and

i) tax incentives.

™ date, a variety. of measures and programs exist to assist in
biomass energy development. They i ncl ude:

|) the Federal/Territorial Conservati on 2Agreement;

ii) the revision of Section 34 of the mcome Tax act to allow for
rapi d depreciation of biomass conversion equipment; and

iii) the federal bionass energy prograns providing monies for
denonstration projects. ?See 2ppndix X1 for a nore detail ed.
description.)

1 peter Love, Biommss mergy in Canada, p. 3.
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14. 4 envirormental |nplications

Despite itS attractiveness as a renewabl e energy source, forest
biomass conversion is not w thout potentially detrimental effects on
the environment. ppendix XII1 lists some of the major effects from
wood stoves, boilers, and gasifiers, i ncluding particul ate matter,
toxics, and @ and SO campound emi SSi ONs.

15. 0 Fnergy From Agriculture

Mriculture generates straw, crop residues, animal manure, and
processing residues, allof which can be converted to usable

energy. Although it has been estimated that at |east 513 PJ of
agriculture derived energy is available in canada, it does not seem
a likely option for renote camunities.t e NWT., in fact,

does not have mich of an agriculture base due to such circunmstances
as climatic limtations, high costs, limted markets, and |ack of
infrastructure. Mevertheless, it appears that some agriculture
bicmass energy potential exists.

15. 1 N.w.T. Agriculture

Wth the exception of fruit trees, practically anything grown in
southern Canada can be grown in parts of the wnw.r. As of 3.976, the
territory, more specifically the rort smith region, had a total of
1891 ha of farmland. mout 421 ha were cultivated, mainly with hay
and other fodder crops. Wile this does not represent a significant
agriculture base, a recent Saskatchewan mstitute of redology Study
i ndi cates four regions where there is such potential.

1 Ry Techno Econamic Research Unit, Role of Renewabl e Sources of
Fhergy in Remote Locations, p. 169.




As Figure 9 illustrates, there are four areas of agriculture
potential (the my river valley is identified as part of the
Mackenzie area). e Slave River area has about 100 000 ha of well
drained soils (Cass 5 or better) plus aout 350 000 of poorly
drained soils still suitable for forage crops.

The Upper Mackenzie area has about 671000 ha of class 3 or 4 |and
and about 342 000 haof Class 5. te Hay River valley has shut

24 000 ha of Class 3or 4 land and about 109 000 haof Class 5. The
Hy River valley has about 24 000 ha of CQlass 3 or 4 |and and about
109 000 ha of class 5. Finally the Liard area has about 441000 ha
of dass 3 or 4, 22 000 ha of Class 2 and 500 000 ha of C ass 5.

The SUrvey suggests that a considerable acreage of forage crops
could be grown. In fact, Cass 3 or 4 land has produced 70 bu./acre
and 45 bu./acre respectively of oats and barley. L

Although the survey suggests the potential of an expanded Llivestock
industry, such as expansion faces mmjor obstacles in transportation
costs and the high incidence of insect-related disease. Therefore,
It is suggested that alternative devel opnent of the land coul d
foster a source of biomass energy.

15. 2 onversion Technologies

As indicated in Figure 8, agriculture biomass can be converted to
usabl e energy by combustion, enzymatic hydrol ysis, anaerobic
digestion, gasification, hydrogeneration, and |iquefaction. Direct
combustion burners are now available capable of generating high
grade heat (about 1200°C) for steam electricity and eventually for
space heating. Agriculture biomass can al so be burned with wood
biamass i n burners and fluidized-bed Systens.

1 ponald Fournier, Econcmic O rcunstances in the N W T., p. 62.
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16. 0 peat Energy

Fuel peat is recognized as a superior fuel to coal., wood, and other
biomass because:

1) it has a | ow sulphur content;
i) it has a high heating value; and

[ii1) it is a superior feedstock foOr gasifiers, due to its [ow
moi sture content and a high heating valve.

Although accurate inventories for the NW.T. are unavailable, a

recent study by the Montreal mgineering CO suggests that peat
potential exists along the mackenzie River floodplain. (See Figure
10) .

17. 0 ceothermal Energy

Despite the scarcity of data, it appears that geothermal energy
potential exists in the N.W. T. mainland sedimentary basins.
Geothermal energy, i.e. heat fromthe earth’s interior, has the
potential to be used for both space heating and steam el ectrical
generation. Te energy potential of a particular geothermal
reservoir is dependent on the fol lowing characteristics: dry steam
hot water, or warm water.

Information frem a recent study indicates that the muvik and Fort
Smith regions are characterized by hot water and warm water

geot her nal reservoirs.> |f the region has a high incidence of hot
water reservoirs, characterized by tenmperatures of 200°C to 259°C,
the resource could provide residential (multi-unit) and commercial
heating and |ow pressure steam turbine power generation.

TRU Techno Econcmic Research Unit, p. 147.
lbid., p. 148.

NSN ]
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To date, N.W.T. geothermal data has been a secondary result of
hydorcarbon expl oration. Wat i s needed, are more Site specific
eval uations.

18.0 Wnd rrergy

the application of wind kinetic energy in northern comunities is,

through research and demonstration, becomng a plausible energy
source for:

) navigation aids;
ii) telecomunications and geophysical apparati;
) diesel electric backup in remote commnities;
) electricity supply to isolated dwellings;
V) pumped storage :supply f Or micro-hydro units;
) space heating t0 prevent sewage and water pipes from

freezing.

Experience t0 date suggests that wind power has been suitably
demonstrated as an appropriate energy source for the first two
categories in the foregoing list. For example,Bristol Aerospace i S
manufacturing 50 KW vertical axis wind turbjnes v.AwW.T.) that are
sel f-starting and used to charge batteries.

R.S. Rangi, Recent Canadian activities in Wnd power (Ottawa:
N.R.C., 1975). (hristian Betlignies, "The Utilization of W nd
Power I N the Arctic”, a paper presented at the Solar mergy
Society Of Canada Sem nar _The potential Of Solar Fnergy in
Canada (ttawa, June 1975. y

- an

Canadian Renewable Fnhergy MNews 3 (Cct. 1980): 17.

2 Canadian Renewable FEnergy Mews 2 (Jan. 1980): 8.




18.1 W nd Electricity

™ be a suitable diesel electric backup, wind systems nust generate
mre el ectricity than the 50 kW v.AW. T. currently being used to
charge batteries. e National Research Council (N R.C.) is
attenpting to meet such power needs through the demonstration of
large V. AW.T.'S. ™ date, the N.R.C. has constructed V. A WT.’s in
the Magdalen |slands, Churchill, and Swift current. Prelimnary
eval uations have not been made available, however, it has been
indicated that the N.R. C. foresees 200 & wind units (Magdalen
Islands’ unit) as either an independent power Source or one
interconnected to a grid. 1 The Magdalen | sl ands and Churchill
projects are of particular relevance to the N w.T. because of their
| ocation in high energy wnd regines, regions conparable to an area
encompassing Several Keewatin regi On commnities.

V. A WT.'s have been demonstrated in the NWT. by both the N.R.C.
and the N c.p. C. Although demonstration projects in Frobisher Bay
and Canbridge Bay have been discontinued, the N.W.T. govermment IS
eval uating the appropriateness of several w nd systems to be
denmonstrated through the Federal/Territorial Conservation Agreement.

As with other renewable energy sources, technical and economc
feasibility, especially the latter, cannot be assessed W thout nore
detailed data bases and site specific evaluations. Nevertheless,
life cycle cost assessments suggest that despite high $/&W installed
costs, dieselwind electrical systens are coSt competitive With
diesel-d iesel.’

1 M interview with an american Wind system designer suggests
several v.a. W T. design limtations. See Ganadian Renewable
Energy News 3 (June, 1980) : 7. _ _

2 % rt|.st|an Bettignies, "me Utilization of Wnd power in the

ctic. ”

112.



113.

As a di esel backup, Wind systeins have been comonly eval uated as an
electricity source. A recent study suggests that the most efficient

linking of wind and diesel units would involve wnd mechanical power
turning the diesel generator rather than generating electricity.

18. 2 Fergy Storage

Pergy Storage is a factor which woul d enhance the feasibility of
northern wind system A storage unit can store excess power and

rechannel it as electricity or |ow grade heat when needed.

At present, a variety of batteries are being used to store energy
and charge electrical systems. Te ef f activeness of batteries is
related to such variables as type, voltage, anp-hour storage
capacity , and the operating environnent.

Although | ead-acid batteries are currently used in mst nunber, they
are not the ideal. type for northern wind energy storage needs, i.e.

long storage and deep discharge capability. A recent development by
t he National Aeronautic and Space ministration is a REDOX battery
capabl e of extensive storage capacity. = It has also been

suggested that wind energy could be stored as thermal energy.

Re sistance heaters woul d accamodate the expected variable input by
being staged and could potentially provide space and/or steam heat.

Fe Ssearch and develomment iS al so being initiated for the application
of fuel cells as wind energy storage units. Excess direct current
charges froma wnd generator can be used to dissociate water into
hydrogen and oxygen, and when power is needed the fuel cell can
canbine the two constituents to produce electricity.

L™ RU Techno-econamic Research Associates, p. 127.
Gnsultations at the National Research Council.
M chael Gilover, Renewable Energy I N Remdte Communities, p. 21.




1.9.0 Solar ®nergy Applications

e application of solar energy can be divided into three
categories: passive solar, active solar, and photovoltaic SYyStens.
Wile all three categories offer some potential t0 N.W.T. energy
demands, they are limited by the winter periods of little or no
sunlight, periods of high demand when solar utilization may offer
scant supply.

19. 1 passive Solar

Passive SOl ar Systens are heating Systens where energy flow occurs
mainly by the natural modes of radiation, conduction, and convection
wi thout external power requirements: * 2s a means of supplying | ow
grade heat (20°C to 30°C), passive Systens, incorporating design
camponents Such as super insulation, and air tightness, are
presently cost competitive With conventional systens. For exanple,
Gugh notes that without achieving ultimate thermal standards,
passive systems may afford savings estimated to exceed the

addi tional nonthly anortized cost of the building by a facter
greater than three.” Mreover, as noted in section 6.2, housing
prototypes are being designed for N.W. T. commnities that can
decrease existing demand by 95%

19. 2 Active Solar

M active solar systemis a heating system whose energy iS collected
and transported by a continuously pumped flui d medi um requiring
external power input.’ A recent study suggests that active

1 Bruce Gough, Passive Solar Heating in Canada, a study ﬁrepar ed
for t6he Federal (bnservation and Renewable Energy Branch, 1979,
p. 116.
lbid., p. 24.

Ibid.. p. 116.
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residential sol ar hot water applications may soocn be cost
canpetitive With existing northern diesel electric systens.
Further eval uation is necessary because a review of the art for both
space and water heating suggests that there is little agreenent

among _experts with regard to the exact nature of technol ogical

improvenents in the near to long-tern, a factor Llikely to affect the
systens’ s ultimate COSt competitiveness.

1

19. 3 photovoltaic_Systens

Photovoltaic or solar cell systems convert solar insolation to
electricity. e seasonal nature of w.w.r. insolation nakes

, costl average watt to
photovoltaic Systens nore o per & when compared

exi sting pover SOUT Ces. “Nevert hel ess photovolatic systems

appear t0 be an appropriate energy source for meteorological

, 3
equipment, navi gation buoys, and renote telecormunications Sites.

19.4 Factors Important to Sol ar Implementation

As noted previously, there are long winter periods of little or no
sunshine in the mw.r. Certain factors nmake the utilization of

yearly insolation nore plausible. First, passive sol ar, pottential
night be enhanced with effective thermal storage. oo Storage

medi uns researched and used to date include water, glycol, and
glauber salts. Second, active solar hot water systems cannot be

. . fore
depended upon during zero or scant sunlight periods. There '

1 mureau of Management Consul ting, Federal ent Of Supply
and Servi ces, -Ion-g-TeLm—OJtlook—f—O?—D-Lem—@%a—r&‘ Solar_Energy
in Canada, a study pregar ed for _the Conservation and Renewabl e
Ferqgy Branch, Ottawa, 1980, p. 27.

% i .

Middleton ASSOCI at eS,—Near-Term—Markets—-6+—rhotovoltaic—power-

Systems i N canada,_a Study prepared for the Metional Research
council Sol ar Program 1980.
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they may be nost applicable as backup systems. Since hot water is
necessary on a year round basis, during periods of increased and

hi gh insolation, solar systens could act as primary supply. Storage
systems woul d al so enhance active system potential.

20.0 N.W.T. Energy supply: 1979 - ?

e preferred soft path approach to matching demand With supply is
to derive a future demand scenario for each consum ng sector and
then to backcast supply alternatives, i.e. to retch supply sources,
preferably renewable, to the assumed cut-off year demand. mis
study has not derived a preferred demand scenario, rather it has
nerely projected demand patterns existant in 1979. e foregoing
sections have described supply options that may be able to match
projected demand with damestic sources while decreasing the
territory’s dependence of petroleum for electricity and heating. It
Is clear that this approach is limted by absence of a detailed
energy quality retch, i.e. a pro jetted match of demand and supply
according to tenperatures needed. Nevertheless, the N w.T.
consurption patterns are s imply delineated into transportation,
electricity and, for the most part, |ow grade heating ({ 49°C)
requirements.

Table 26 summarizes t he damestic supply options for each consum ng
sector. e supply sources are listed according to regional use,
end-use, and expected periods of inplantation and/or termnation.
What becomes | nmedi ately evident is that the greatest nunber of
supply options are located in the two nost intense consum ng
regions, rrt Smth and Inuvik. Tis suggests that
extra-territorial dependence On energy supply can be greatly

di m ni shed.




TABLE 26
POTENTIAL N.W.T. DOMESTIC ENERGY SUPPLY SOURCES BY SECTOR

ELECTRICITY SOURCES

TIME PERIOD DURING WHICH

SUPPLY SOUICES COME RESIDENTIAL BUILDINGS COMMERCIAL BUILDINGS MINING TRANSPORTATION
ON-STREAM Existing New Existing New Existing New
1979-7, suppl y source hydro hydro ) hydro hydro hydro hydro
has capability for hydro potential includes mcro amd small scale
| nmedi ate use
wind wind wi nd wi nd

phased Out by 1999

1989~2, supply source
can come On stream any
time after 21989

forest biomass

petroleum

natural gas

wind turbines as a diesel
fores t biomass
oocal- fuidized bed

back-up or complement

forest biomass forest biomass, applicable only to the Fort Smith and Inuvik regions

coal fuidized bed coal coal applicable only to the rort smith and
Inuvik regions

petroleun petrol eum petroleum petrol eum petroleun
natural gas patural gas natural gas, appl icable only to the Fort Smith and Imvik regions
geot her mal geot her mal geot her mal

"LTT
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TABLE 26

POTENTIAL N.W.T. DOMESTIC ENERGY SUPPLY SCURCES BY SECTOR

HEATING SOURCES

TIME PERIOD DURING WHICH

SUPPLY SQUIRCES COME RESIDENTIAL BUILDINGS QOMAEICIAL BUILDINGS MINING TRANSPORTATICN
ON-STREAM Existing New Existing New Existing New
1979-? residual heat residual heat residual heat residual heat residual heat residual heat
coal - fluidized bed coal - fuidized bed coal coal
hydro (nmicro or small scale) hydro . _
forest biomass forest biomass forest biomass forest biommss, applicable only to the Fort Swith and Inuik regions
solar - passive passive passive passive
active active
phased out by 1999 pet roleum petroleum petrol eum petroleum petroleum petrol eum
1969- ? natural gas natural gas natural gas natural gas applicable only to the Fort
smith and Inuvik regions - ?
geot her mal geot her mal geot hermal applicable only to the Fort
Smith and Inuvik regions
peat . peat _ peat peat, applicable only to the Fort Smith and Inuvik regions
agriculture biomass agriculture biomass agriculture biomass applicable only to the Fort snith region
FLUID FUELS

Natural Gas

81l
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20.1 Table 26: Di scussion

As indicated i N Table 26, domestic petroleum USE might be phased out
by 1989. mis is likely to happen only if some of the follow ng
variables occur. First, cost competitive non-renewable (e. g.,
natural gas ) or renewable alterntives mst be found. st
canpetitiveness nust include costs of retrofit and conversion as
well as the mtigation of environmental impacts. Second, i f
suitable supply options exist, it would be benef icial to the
territory to receive some type of economc return on domestic Oi |
being diverted f rom territorial use to export markets. Such a
return woul d enhance the financing of alternative supply sources.

It is assumed that natural gas, as both an electricity and heating
supply source, will not cone on streamuntil 1-989. A though both
Site specif iCc and pipeline lateral options are discussed, the latter
appears t0 be potentially cost competitive With existing supply.
(al is suggested as a near-termelectricity and/or heating supply
for the prt Smth and mmuvik regions. |f environmental and health
impacts Of mning the coal can be overcome, the nore immediate USes
seemto be electricity and heating for new commercial buildings (by

fluidized-bed Systens) and for both existing and new mnes (if
accessible) .

Table 26 indicates that residual heat could be immediately available
as a supply source in the NW. T. s @ by-product of conbustion,
residual heat woul d appear to be available indefinitely, either from
utility electricity generation or from mne processes. The
attractiveness of residual heat is enhanced by its applicability to
all of the consum ng sector, except transportation.

Natural gas and coal are non-renewable options. Te soft path
approach ainms for these sources to be transitional, i.e. they are
useful sources until renewable sources can neet all of the projected



demand. |t is suggested that coal mght be a suitable transition
source. e uncertainty of 100% renewabl e dependence suggests t hat
a long-termsource like natural gas be exploited as a conplenment to
renewabl e.

Bydro development, primarily small-scale and mcro has potential in
all of the regions. Development iS possible in the next ten years
and, as an electricity source, appears suitable to all
non-transportation sectors. As a heating source, it is suggested
that near-term application would be confined pr imarily to new
residential and commercial buil dings.

Along with hydro, forest bicmass potential represents the major
renewabl e opt ion. It is suggested that within the next ten years,
carbustion and gasification systems coul d supply heating and
electricity requirements for both existing and new residential and
camerc ial buildings. Agriculture biomass, if stressed as a supply
alternative, could meet |imted Fort Smth heating requirements
after 1989.

Ceothermal energy, if evaluated as a feasible option, could meet
both electricity and heating requirements for existing and new
residential and cammercial buildings. Develogment i S assunmed to

12q,

occur after 1989 and would be confined to the Rrt Smith and Inuvik

regi ons.

Peat in the Fort Smith and Inuvik regions could neet limted heating
requirements in the next ten years. Wnd and solar represent supply
options for all regions. Wnd systems, as an electricity source,
coul d be developed in the next ten years, primarily as a petrol eum
or gas generator backup/campliment. Passive solar design in the
next ten years has the potential to reduce building space heating
demand Significantly. active sol ar seems NDSt appropriate t0 new
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cammerc ial and residential hot water requirenments. Wnd and sol ar

feasibility could be enhanced by the development of seasonal storage
units .

Although the ultimate application depends on |ocation and mne type,
It appears that the mning sector could best utilize three supply
sources : residual. heat, hydo, and coal. ‘There are no foreseeable
transportation options. Hwever, conpressed natural gas m ght

became a feasible vehicle supply source after 1989.

20.2 pRecommendations

Gven the generalities of the supply analysis, recommendations
concerning specific supply options seem inappropriate. Rather, it
| S suggested that maximm effort be made to devel op conprehensive
inventories of all potential supply alternatives. This would then
be followed up by site specific evaluations. A complementary
approach to resource evaluation woul d be for the N.W.T. gover nment

to continue to utilize existing renewable prograns and to explore
possibilities for additional support.

Although it IS suggested that assessnent should precede energy
strategies, it is likely that exploring a wde range of supply
alternatives is cost prohibitive in the near-term For exanple,
site specific hydro assessnents are very costly and monies diverted
to such tasks can preclude investigation into other renewable
options. Nevertheless, the diverse supply OPtions in the Mackenzie
Val ey regions offer the potential for a significant inprovenment in
donestic energy self-reliance. Wwood biomass, agriculture biomass,
peat, and geothermal energy should not be discounted because of
perceived initial expense. I this context, the question of
territorial revenue associated with oil and gas devel opnent is
integral to the energy strategies mapped out for the NW. T,
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APPENDI X |
METHODOLOGY, INFORMATION SOURCES AND ASSUMPTI ONS

For each region, the general approach to projecting energy demand iS
as fol | ows.

A RESIDENTIAL SECTOR: EXI STI NG

Method: (ean available data.

Sources: Canada Mortgage and mousing Corporation (C. M.H.C. ) and the
N.W.T. |-busing Corporation (N W T.H. C. ) . musing and Northern
reople; Repolt of the Joint Task Force on Northern Housing Policy,
Sept. 1-97 9. hereafter known as musing and torthern peopl e.

A source that aided in the determination of active housing stock iIs:

Hildebrandt - Young and Associates Itd. , @t e: Market

Ebr ecast, Electr ic Fnergy Recquirements i N the Northwest
Territories 1979/'80 - 1999/ 2000 (Winnipeg: A st udy prepared
for the Mrthern Canada Fewer Commission, 1980) » PP. 25-109.

Assumpt | 0NS:

1. Cambridge Bay, Keewatin and Baf f in regions’ housing stock were
assumed t0 be single detached. This assumption i S based, in
part, on the part, on the data from Statistics Canada 1976
Census publication 93- 802, Dwellings_and fouseholds , Table 8
"Occupied Dwelling by Tenure and Structural Type for
Minicipalities of 1000 popul ati on and over - N. W.T. ™

A perusal of this table indicates that rrt Smth, Fort Sinpson,
my River, Pine pint and Rae-Ezo, all in the rrt Smth region
and Inuwvik and Frobisher Bay, in the tnuvik and Baf f in regions
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respectively, account for approximately 85% and 96% of total
N.W.T. single attached and apartment units respectively.
Therefore, it 1S assumed that the bal ance of single detached
dwel I'ings can be accounted for in scattered demand centres, such
as in the Cambridge Bay, Keewatin and Baffin regions. (Reasons
why Baffin housing stock i s assumed to be 100% single detached
are discussed in Appendix C.)

Method: Derive per unit heating oil demand. vhere there is no

doubt concerning housing stock type and heating fuel demand in 1979,
per unit demand i S derived by:

1979 Heating oil demand vhere |

1979 musing Stock. represents
the regional
housi ng
stock .

Assumpt | 0NS:

1. mata concerning regional housing stocks and residential fuel
demand | S sometimes | €SS than complete. Por example, for the
Fort Smith region, the heating oil total is low. At the same
tinme the housing stock characteristics vary, i.e. they include
singl e detached apartment, Single attached, and duplex units.

To derive a per unit heating demand, all housing types are
converted to single detached units. Consultation with the
federal department Of Mergy, Mines and Resources i ndi cates how
non-singl e detached unit energy demand corresponds to that of
singl e detached dwellings (see apendix || for an example).

2. Single attached units generally consume about 50% of the per
unit demand by single detached units;
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Apartment units generally consume about 25% of single detached
unit heating demand.

Duplex and nobile home units consume about 75% of single
detached unit heating demand.

Method: Project musing Stock to 1989 and 1999. Multiply 1979
housing stock by the selected attrition rate.

Source: Housing and MNorthern Peopl e.

Method : Reject heating fuel demand,zeroconservation approach.
Maltiply 1989 and 1999 housing stock (either single detached units
or single detached equivalents) by the 1979 per unit heating oil
demand .

Project heating fuel demand assuming a conservati on approach, i. €.
the selected conservation savings.

Source:  Table 4.

Assumptions: From Table 4 it is assumed that conversation nmeasures
woul d reduce heating oi |l cumlatively using the follow ng steps:

insul ation upgrading 35% savings
reduction of air change 10% savi ngs
furnace retrofit 10% savi ngs
thermostat Set - back 5% savi ngs

Method:  Derive per unit electricity demand. Divide the total 1979
residential electricity demend by the housing stock.

Project electricity demand, zero conservation. Miltiply 1989 and
1999 housing stock by the 1979 per unit electricity demand.

124,
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Pr OJ ect e| ectrl C| ty denand US| ng the Conservati on appr OaCh
miltiply the 1989 and 1999 Z€ro conservation demand totals by (100 -
erergy Ssavings) .

Sou I ces.

I, David Brooks and Sean Casey , A Guide tO Soft Energy Paths" ,
Alternatives 8 (summer/Fall, 1979) : 1719.

worne Penning and 1ewis McCall, “Manitoba: sof t Energy Path”,
Alternatives 9 (winter r 1980): 27-36.

3. Ttniversity of Saskatchewan, Dept. of Mechanical Eng @eer ing ,
Shergy_Efficient |-busing - A Prajrie Awreach, published by the

Al berta Conservation Board and the sask. OFfice of mergy
onservation, 1980.

As sumptionss

1. A perusal of the literature and allowances for N.W.T. ethnic and
commnity characteristics suggests on electricity demand
di stribution of:
wat er heating 40% of total demand
lighting 10% of total demand
appl i ances 20% of total demand
blink heater and other
winter vehicle accessories  30%of total demand
2.

From Table 4, it is assunmed that energy demand Woul d be reduced
by the follow ng steps:

water heating 30% Sayi ngs
lighting 5% savings



B
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3.

The utilization of nore energy efficient appliances is assuned
to be offset by increasing appliance Saturation.

126,
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B. RESIDENTIAL SECTOR: NEW

Method: Determine the region’s rate of population growth and
project population to 1989 and 1999. e most up-to-Gate Series of
population projections for the N.W.T. are from:

N.W. T. @vernment Statistics Section, Ropulation Projections
Northwest Territories 1978 to 1988, 1979 Met hodol ogi cal Report.

This report attempts tO similate real |ife popul ati on change by
portraying fertility, mortality and migration as probabilities of
occurence. These probabilities are derived from historical trends
(19 71-19 78) .  Therefore, the popul ation projections are, in part, a
reflection of econonic conditions. Te report used two projections,
Projection Ais basically a |ow growth zero mgration scenario that,
in part, reflects recent negative (out-mgration) statistics.
Projection B assuned net-nmigration as a factor input. The results
suggested that only four communities, popul ations vellowknife, Pine
Point, Frobisher Bay and Rankin Inlet are likely to be affected by
econoni ¢ development.

Te projection B data were utilized for this study to reflect the
view that a number of development projects are likely to reduce and
perhaps reverse out-mgration patterns.

pr any of the follow ng demand projections based ON population
forecasts, it should be noted that the follow ng factors coul d
affect population trends in each N.W.T. region:

i) governnent expansion;

ii) primary resource development (Modest peopulation increases may
be experienced followed by a small natural rate of growh); and

iii) rural to urban mgration.




Method: Determine the 1989 and 1999 housing needs.

1989 housing need [1989 popul ation - (1989 housing stock x 1989
average household size)] <+average househol d

si ze.

1999 housing need [1999 population - (1999 housing stock, a sum
of 1979 + 1989 remaining stock) X 1999
average househol d size)] + average househol d

si ze.

Assunptions: The Hildrebrandt - Young Market Forecast study for the
N.C.P.C. (1979 draft) came up with an average per unit househol d
rate of 4.5, The report (pp. 16, 17) suggests that occupancy rate
or household rate data should reflect cultural differences,
occupancy patterns for a variety of housing, and occupancy patterns
for rural/urban variations.

Method: Project heating fuel demand, zero conservation approach.
Miltiply the 1989 and 1999 new dwelling units by the 1.979 per unit
demand.

Project heating fuel demand, conservation approach, by nultiplying
the 1.989 and 1999 demand totals by the assumed conservation
reduction.

Assumptions: |t is assumed that housing simlar in efficiency to
the Allen mrerup, White prototype nodels (section 5) wll have
penetrated the w.w.T. market to the extent that 1989 savings wll be
about 50% of the 1989 2z.C. demand. In addition, it is assumed that
by 1999 the inplementation of energy efficient housing will ensure a
90% reduction of the 1999 z.c. heating demand.

128.
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Method: Project electricity demand, zero conservation approach.
Miltiply the 1989 and 1999 new dwelling units by the 1979 per unit
electricity demand.

pro ject electricity demand, conservation appoach by multiplying the
1989 and 1999 demand totals by the conservation savings.

Assunpti ons:

1. rom Table 3, it is assumed that electrical demand for 1989 and
1999 woul d be reduced by the foll owing steps:

improve the hot water system 40% savings
i nprove lighting 5% savi ngs.

2. It is assumed that there is no attrition rate for housing built
after 1989.

Note: An important general assunption to this analysis assunmes

that there will be no shifts to milti-unit housing in the next
20 years.

C. OMMERCIAL SECTOR

Commercial sector energy demand projections in the Yukon Report are
based on popul ation projections and economc forecasts from the
Yukon Bconamic Research and Planning tnit (E. R.P.U. ) . Although

N. W.T. projections cannot benef it from forecasts simlar to the

E. RP. U models, an assuned rate of economic growth can be derived,
as explained in section 3.1 of the main text. Gven the variability
of the 5.3% per year economic growth assumption, it seems reasonable
to limt its use in this analysis, i.e.to use it in sector

pro jections where no alternative factors could be used, such as the
mning and transportation sectors. Since population projections are

based, in part, on historical trends in the econamy, it was decided
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to use this factor in the comercial sector projections. As a
background to the use of population projections the following
relationships are noted:

1. Most camerc ial and service enterprises are government operated.

2. Oomercial activity in many of the northern commmnities i S
linked to hydrocarbon and mneral supply and staging centres,
mlitary and government telecommunication centres and social
service units.

3. Commercial activity in the larger urbanized centres is linked to
both government and primary resource sector development.

In 1977, the mining/oil and gas sector accounted for shut 20%
of the wage and salary total.

4,  te mning sector is likely to experience the start-up of a
nunber of mnes while exploration is expected to continue to

grow, especially in the gold and urani um areas.

5, Te Arctic Island natural gas and Beaufort Sea oil and gas
deposits are likely to come on streamby 1999 with only mni mal
effects on the N W T. econony, assumng the use of tanker
traffic to ship the products.

Method: Project camercial unit stock to 1999. Given the absence
of physical variables for the size of the sector, index nunbers,
(1979 = 100) are used, i.e. x for the public sector and 100 - x for
the' private sector.

e.g. , public expansion = index .umber X 1989 popul ation
1979 popul ation
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Project camerc ial heating demand, zero conservation approach. Take
the 1979 total heating demand and divide by 100 to get the per unit
demand i ndex. Miltiply the 1989 and 1999 totals by the per unit
demand .

Pro j ect commerc ial heating demand, conservation approach. Mil tiply
by the assumed Savings.

Assumptions: From table 5 the follow ng conservation steps can be
assumed t 0 be applied cumulatively to existing buil di ngs:

increase insulation 20% savi ngs
use heat recovery devices 20% savi ngs
revanp heating system 20% savi ngs

From Tble 5, conservation neasures for new buil dings assume a
potential 70% savi ng.

Method:  Project commercial el ectricity demand zero conservation to
1999 on the same basis of heating as 1979 and 1989. Te per unit

1979 demand i s derived and is used to multiply the 1989 and 1999
commercial UNits.

Proj ect comercial el ectricity demand, conservation approach.

Assumptions: From Tble 5 it 1S assumed that inproving office
practices in existing buildings would reduce demand 20% It is also
assured that electricity demand in new buildings would be reduced by
50% |,

D. TRANSPORTATION SECTOR: ROAD

Introductions AS noted in Table 6, road transportation is integral.
to the movement of goods, passengers and mineral concentrates.

while most of the current traffic is confined to the |ower Mackenzie
Wley, it is likely that volunes in the muvik region wll increase




inrelation to improvements on the pempster hi ghway. There i S al SO
the possibility that mning development may result in new road
infrastructures, e.g. , the Contwoyto Lake properties.

Wil e most of the road gasoline demand projections are based on
estimated vehicle registration growh, it is inportant to note that
all facets of transportation Will be influenced by primary resource
development and tourist growth. Te latter factor, tourism, could
become a major fuel consumer depending on infrastructure

devel opment. f ortunately, data that mght aid in predicting
growh is virtually nil, according to the N.W.T. pepartment Of
Tourism. What |ittle data was available Shows r not surpr isingly,
that the Mackenzie walley i S the major tourist region and
consequently, fuel consumer. Discussions with tourist off icials
suggest, however, that other regions are beginning to attract some
of the tourist flow fromthe Mackenzie.

% Total 1979 Durist Mode Of
Region Visitation Transpor t
Mackenzie Valley 75 road, air
Keewat i n 5 air
Baffin 10 air _
De lta 10 road, air
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Method:  project 1989 and 1999 road gasoline demand zero
conservation by deriving a ratio:

Regional gasoline consunption = k

N W T. gasoline consumption

and multiplying the ratio by the selected vehicle totals from
Table 7.

Assunpt i ons:

1. utamobiles and |ight trucks are assumed to be of equal energy
demand equi val ent .
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2. Motorcycles are assuned to consume about 25% Of autamobile/truck
demand.

Method:  Project 1989 and 1999 gasoline demand, conservation
appr oach.

Assunpt i ons:

1. Fom Table 6 it is assuned that by 1989 the fol [ ow ng
conservation steps will be affecting energy demand from
autamobiles and |ight trucks, cumulatively:

voluntary fuel efficiency 10% savi ngs
preventive maintenance 10% savi ngs
radial tires 10% savi ngs

2. By 1999 the follow ng steps will be in effect for the 1989 z.c.

demand:
voluntary fuel efficiency 20% savi ngs
preventive NI Nt enance 10% savi ngs
aerodynam c design 10% savi ngs
radial s 10% savi ngs
engine and drive train
| mprovenent s 5% savi ngs

3, From Table 6, it 1S assuned that improvements i N snowmobile
rotor and track efficiencies will result in 20% savings from
1989 on.

Method:  pProject di esel notive demand. Projections of trailer truck
di esel consumption can be nmade from

1) trailer truck registration forcasts;
i1) economc growth forecasts; and

lii) projected concentrate shipments.



133.

Gven the data limtations for the latter approach, an average
forecast is used (in some cases) , based on truck registrations and
econamic growth. e latter is based ca the historical growh
(1967-197 7) of the public admnistration sector, 14.3%per year. At
a predicted inflation rate of 9% per year, it is assumed that the
Gross Territorial Product will grow at 5.3% per year.

Method: Pro ject diesel notive demand, conservation approach.
Assumpt i 0NS:

1. From Table 6, it iS assured that the f ollowing conservation
measures Wi ll apply in 1989 ; cumlatively:

driver education and

preventive maintenance 10% savi ngs
reduced speeds 5% savi ngs
drag reduction devices 2% savi ngs
radial tires 4% savi ngs.

2. From Table 6, it i S assumed that the following StePs will be ‘p
effect on the 1989 Z .c. demand, cumul atively:

driver education and

preventive naintenance 10% savi ngs
reduced speeds 6% savi ngs
drag reduction devices 6% savi ngs
radial tires 5% savi ngs
auxillary starting aids 5% savi ngs
variable fan drives 6% savi ngs

engine and drive train
improvements 53 savings



E.  TRANSPORTATION: NON-ROAD

| ntroduction: rFor the nmost part, the usage of aviation and turbo
fuels is dependent on private industrial activity, primarily the
mning/oil and gas sector. 1In the Yukon Report aviation energy
demand projections are based on forecast G.T.P. (p. 88). Hwever,
this my not be a conpletely accurate approach for the NWT.
because mning/oil and gas share of the total NW.T. - G T.P.
dropped from 45% to 32% during the period 1967-1977.

Assumpt | 0NS:

1. It is assuned that aviation demand can be pro jetted using a 5.3%
per year real rate of growh. (See previous section)

2. It is assuned that mining/oil and gas’ share of the G T.p. will
agai n move towards 40-50%

Method: Aviation, rail and marine energy demands are all projected
using an annual real growh rate of 5.3% per year.

Assumptions:
1. From T=ble 6, it is assumed that turbo fuel demand can be
reduced 10% by 1989 and 3 Q% by 1999 (over 1.989 Z .c. levels) .

From mable 6, it is assuned that aviation fuel demand is reduced
5% by 1989 and 20% by 1999.

2. That 10% savings can be achieved in rail energy demand by 1989.
3. that 20% savings can be achieved in marine energy demand by 1989.

F. MNING SEE THE rORT SM TH REGIONAL ANALYSIS |N APPENDI X [
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APPENDI X [

FORT SM TH REG ON DEMAND PROJECTIONS

A. RESIDENTIAL SECTOR: EXI STl NG

A.l Size of mousing St ock

According to the N W T.H. C | the 1979 housing stock in the Fort
Smth region includes 4270 units. Mo factors indicate that this
figure my be too low. First, the Statistics Canada publication,
1976 Census_iwellings and mouseholds indicates that rrt Smith
camunities Of over 1000 people, representing about 86% of the
region's population, |ive in 4910 housing units. Second, when the
total rort Smth region is divided by the average household size of
4.5, 5288 units is the result. Tis study assumes that there are
5288 active housing units in the region.

A 2 thit onsumption Of Heating O |

Table || indicates that the rrt Smth residential sector consunmed
1,483,000 gal. of heating oil in 1979. when this total i s divided
by the number of housing units, a per unit consunption of 280 gal.
results. Allowng for the varying energy demands of apartment and
attached housing units, a figure of 280 gal. per unit is quite low
for NW. T. housing. 1The discrepancy i S due primarily to the
understating of heating oil consumption in the NW T. Science
Advisory Board report. e S .AB. report does indicate, however,
that about 340 TJ of propane were used in the rort Smth region.
assuming that 8 G of this total was used for residential heating
purposes, the resultant heating oil equivalent is about 2,727,273
gal. or 532 TJ. T derive the unit consumption of heating fuel it
IS necessary to convert all of the rrt Smth housing stock to
single detached equivalents.
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TABLE 11 ENERGY CQONSUMPTION BY FORM AND SECIOR:

FORT SMINH REGION, 1979

ELECIRICI1Y DIESEL  (ELECIRIC)  DIESEL {NON~ELELC. ) HEATING Ol L GASOLINE TURBO FUEL AV IATION FUEL 1U1AL
SECIOR Mvh T 000 GAL. TJ 000 GAL. TJ 000 GAL. 1J 000 Ga.. 29 000 GAL. 13 000 GAL 19 10 T
RESTDENTIAL
Government 9550 34 491 86 120
pr jvate 38023 137 992 174 311
Sub 1otal 47573 171 1483 £ 260 431 5.6
COMMERCIAL
Government 27456 99 385 68 3658 644 811
Private 182345 648 11320 ° 2000 3449 607 3255
Sub 1Total 209801 747 11705 2068 7107 4 1251 4066 53.0
Street Lighting 1546 5 5 . Db
M NI NG 181803 656 1510 266 2941 517 233 41 210 34 1248 16.3
IRANSPORTATION
FOAD
Private 5029 790 790
Gov. 576 101 101
Other 474 a 83 83
Sub Total 474 83 5605 891 974 25.0
AR
Gov. 294 46 89 13 59
Private 3324 541 1157 176 717
Sub Total 3618 587 1246 189 776
PAIIP 203 36 36
NE 750 132 132
UTILITY 3843 669
1O AL 440723 1579 5350 935 ¢ 16073 2836 8823 1552 5815 925 3618 587 1246 189 7668 100.0

"9¢T
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Housi ng stock energy demand tends to vary according to the housing
stock type e.g. , single detached, spar-t, duplex units. Using
data supplied by mergy, M nes and Resources Canada, all of the Fort
Smith housing stock is converted to single detached equivalents (as
the nost intense energy consuner, assumed t0 be equal to a 100%
conversion) in the mble bel ow.

Single

Housing Gnversion Rate Nmber Of thits Detached
Type % inthe Ebrt Smith region Bguivalents

(A (B (A) x(B)

Singl e Detached 100 2688 2688

Single Attached 50 420 210

Apartments 25 1240 310

Duplexes 75 55 41

Mobiles 75 885 664

Total 5288 3913

Dividing 2,727,273 gal. of heating fuel by 3913 single detached
equivalents results in a per unit demand of 697 gal.

A. 3 musing Stock Projections

Gven that appropriate housing stock attrition rate data is
unavailable for the total regional stock, a rate simlar to
Cambridge Bay, i.e. , 1.1% per year compounded, i s used. It is also
assumed that the apartment stock will remain constant to 1999.

Year Non-Apartment Housing St ock
1979 5288 -1240 = 4048
1989 4740 - 1240 "3500

1999 4249 - 1240 = 3009
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The 1979 housing stock, as a percentage of total non-apartnent
units, i s: single-detached 66.4% single attached 10.4% dupl ex
1.4% and mobile 2.1.9% 2pplying this distribution to the 1989 and
1999 data, the follow ng housing stock projections result.

1989 1999

Singre Single
HBousing nversion ZActual Detached Actual Detached
_Type Rate Units FBjuivalents Units Bguivalents
Singl e Detached 100 2324 2324 [-997 1997
Si ngl e Attached 50 364 182 313 156
Apartments 25 1240 310 1240 310
Duplexes 75 49 37 42 32
Mobiles 75 766 575 659 494
Total 4740 3428 4249 2989
A 4 Projected weating Fuel Demand: Zer0 Conservation,

1989 ZC pemand = 3428 SD Rpivalents X 697 gal.Amit
2,389,316 gal. or 420 TJ

1999 zC Demand = 2989 SD Bpivalents X 697 gal.Amit

= 2,083,333 gal. or 366 TJ

A5 Projected meating_Fuel pemand: Qbservation appreach

1989 C Demand
1999 C Demand

210 I
182 I

See appendix 1 and Section 5 of the text for the conservation
assumptions used in the regional analysis.

A.6 Unit Consumption Of Flectricity.

In 1979, 5288 residential units consumed 47,573 M or 8996 Kh per
unit.
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A 7 Projected Electricity Demand: Zero Conservation

1989 ZC Demand = 4740 units x 8996 Kwh per unit
42,641 Mwh or 153 TJ

1999 2C pemand = 4249 units x 8996 kwh per unit
38,224 M or 137 TJ

A. 8 projected El ectricity pemand: Conservation 2pproach

e 1989 and 1999 conservation denmands assume water heating savings
of 3 and lighting savings of 5%

1989 C Demand = 133 TJ
1999 C Demand = 120 o

B. RESIDENTIAL SECTOR: NEW

B. 1 musing Stock Needs

N.W .T. population projections indicate an annual growth rate of 2.7%
per year conpounded, yielding a 1989 popul ation of 31,062 and 1999
popul ation of 10,368. Accordingly, the number of new dwelling units
réequired W | | be:

1989 rousing Demand = [31.,062 - (4749 units x 4=5 persons
per househol d)] =+4.5
= 2163 units

1999 Housing Demand = [40, 544 - (4249 + 2163) x 4.5] +4.5
= 2598 units
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B.2 Projected Heating Fuel Demand: Zer 0 Conservation
1989 ZC -d = 2163 units x 697 gal.Anit

1,507,611 gal. or 265 TJ

1999 zc -d = 2598 units x 697 gal .Amit
= 1,810,806 gal. or 316 TJ
B.3 Proj ected meating_fuel Demand: hnservation Approach

e 1989 conservation demand @SSUMES a space heating saving of 50%
1989 C pemand = 132 TJ

The 1999 conservation demand aSSUMeS a space heating saving of 9 O%
1999 C Demand = 32 TJ

B.4 Projected Electricity pemand: Zero Conservation

1989 ZC pemand = 2163 units (all assumed to be connected)
X 8996 Kwh/unit
19,458 M or 70 TJ

1999 ZC Demand

2598 units x 8996 wwh/unit
23,372 M or 84 TJ

B.5 Projected Electricity Demand: Conservation zppreach

mhe 1989 and 1999 conservation demands assume hot water savings of
40% and inproved |ighting savings of 5%

1989 C Demand = 58 ™

1999 C Demand = 69 TJ
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c. QOMMERCIAL SECTOR

C.l Index Numbers

Based On existing data, the public and private categories account
for 2 O and 8 O% respectively of the commercial sector’s energy
demand . G ven the absence of any physical variables for the size of
the sector, index numeers (1.979 = 100) are used, i.e. “20" for
public and 80 for private.

C. 2_1989 reating Fuel Demand: Z€r 0 (onservation

The 1989 Zero conservation demand for heating fuel is derived as
follows

public Sector Expansion = Index No. x 1989 population
1979 population
20 X 31,062 = 26

23,797

Private Sector Expansion = 80 Xx_31,062.
23,797
= 104

Total Expansion = 104 + 26 = 130
¥ t Expansion = 130 - 100 ~30

Gven an assured 10% attrition rate for existing structures, this
results in 90 remaining and 40 new units. The 1979 total comercial
derand for heating fuel (both diesel and heating oil) is 3319 TJ.
‘I'bis results in a per unit consunption of 33.2 T. Therefore,

130 units x 33.2 1
4316 TJ, 24,431,818 gal of fuel

1989 zC Demand
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C. 3 1989 Heating_Fuel Demand: Conservation AppreaCh -

The 1689 conservation demand for heating fuel is derived as follows:

1989 zc Demand for Existing Buildings = 90 units x 33.2 TJ/nit

2988 1

1.989 C pemand foOr mExisting Buildings = 1529 TJ

1989 zc Demand for New Buildings = 4316 - 2988
= 1328 ™

assuming 7 % savi ngs,
1989 C Demand for New Buildings = 332
Total 1989 C Demand = 1861 TJ

C. 4_1999 Heating Fuel pemand: Zer 0 Conservation

The 1999 zero conservation demand for heating fuel is derived as
fol | ows:

Public SecCtor Expansion = 26 X 40,544 = 44
23,797

Private Sector Expansion = 104 X _40,544 ° 177
23,797

Total Expansion = 177 + 44 =221
Ne: Expansion = 221 - 130 "9l

Gven an assumed attrition rate for existing structures, this

results in 117 remmining and 104 new units. Recalling that the 1979
per unit consunption is 33.2 TJ,



1999 zc Demand ™ 223. units x 33.2 TJAnit
= 7337 TJor 41,477,272 gal .

c.5 1999 Heating Fuel Demand: Conservation Appr €ach

e 1999 conservation demand for heating fuel is derived as follows:

1999 zc Demand for Existing Buildings = 117 units x 33.2 ™
=3884 13

1999 C pemand foOr existing Buildings = 1989 17

1999 ZC remand for New buildings = 104 units X 33.2 TJ/unit
= 3452 TJ

1999 C pemand for ¥ew Buildings = 1036 w

Total 1999 C Demand = 3025 TJ

C.6 1989 Flectricity Demand: Z€r O (onservation

1979 Demand = 747 TJor 7.47 TJ/unit

1989 zC Demand = 130 X 7.47 TJAmit
=971 TJ

¢. 7 1989 Electricity pemand: Conservation Apgreach

The 1989 conservation demand for electricity is derived as follows:

1989 ZC Demand for Existing Buildings = 90 units x 7.47 TJ/unit
=672 ™

1989 C pemand for mxisting Buildings = 538 TJ

1989 ZC Demand for New Buildings = 971 - 672 = 299 TJ
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assuming a 50% reduction for new buildings,
1989 C pemand foOr New Buildings = 149 TJ

Total 1989 conservation demand = 687 TJ

C.8 1999 Flectricity_pemand: Z€r Q0 (onservation

1979 Demand = 7. 47 TJAnit

1999 zC pemand =221 units x 7.47 TJAmit
= 1651 TJ

(.9 1999 Electricity Demand: Conservation 2appreach

Te 1999 conservation demand for electricity is derived as follows:

1999 ZC pemand for Existing Buildings

117 units x 7.47 TJAmit
=874 TJ

1999 C pemand for Existing Buildings = 699 TJ

1999 zc pemand for mNew Buildings = 1651 - 874
=777 T3

Assuming a 50% reduction for new buildings,
1999 ¢ Demand for new buildings = 388 TJ
Total 1999 conservation demand = 1087 TJ

D. TRANSPORTATION SECTOR: ROAD

D.1l Qurrent soline Demand
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as the region with nost of the N WT."s road system rort Smith
consumed 891 TJ of gasoline and about 83 TJ of non-mne motive
diesel oil.

D. 2 2ssumptions
pro jections for 1989 and 1999 gasoline demand assume that:

1) the main gasoline users are cars, light trucks .
mot or cycl es and snowmobiles;

i) the tourist sector is likely to af fect future gasoline
demand;

I11) the nunber of vehicles register< in the rrt Smth region
s a factor of the ratio:

Regional_Gasol ine consumption = k
N.W. T. mtal Gsoline Consumption

iv) the ratio k remains constant in the projections;, and

v) the vehicular distribution remains constant.

D.3 Projected 1989 Gasoline Demand: Zero Conservation
The val ue of k for the rrt Smth region is:

k = 5,605,000 gal. .6369
8,800,000 gal .

G ven that breakdowns of snowmobile registrations were unavail able,
it is assumed that the balance of vehicles e.g. , cars, light trucks
and, motorcycles account for 10 % of the gasoline demand. Using
mble 5, the derived nuber of cars, trucks, and Mtorcycles is:

Vehicle Type 1979 1989 1999
Cars 3240 (36% 5080 7964
T ucks 5553 (62 ) 11234 22725

Motorcycles 688 (2% 1706 4228
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assuning that cars and |ight trucks have equal energy demands and

that motorcycles consume about one quarter the energy of cars/light
trucks, the 1989 zC Demand is derived as follows:

1989 zC pemand (as a factor of registrations)
16,740 X 891 TJ = 1664 TJ
8, 965

1664 TJ can be distributed as 599 TJ cars «

1032 TJ trucks and 33 TJ moto rcyles.

1989 C pemand assumes that notorcycle fuel efficiency remains

constant but that car/light truck demand can be reduced with the
fol | owi ng options:

vol untary fuel efficiency 10% savi ngs
preventive naintenance 10% savi ngs
radial tires 10% savi ngs

1989 C pemand = 1222 TJ

D.4 Projected 1999 Gasoline pemand: Conservation_app 0ach

Mthough the 1989 demand projections are based on vehicular
registrations, itself a function of historical growh rates, 't 1S
likely that a variety of development projects will affect the
gasol i ne demand to 1999. The devel opnent can be categorized as
primary esource development, tourismand road devel opnent.

Prinmary resource develomment: Table 8 |ists some of the mning
developments likely to be on streamin the region by 1999. ALl of
thin, with possible exception to the Howard's Pass (transport to the




Yukon) , the Camlaren (near existing routes) and the cullaton Lake
(air transport) are likely to entail road expansion to connecting

demand centres. For exanple, estimated fuel energy demand necessary

to move the contwoyto | ake concentrates is between 2 mllion and 9
mllion ga3-ions of diesel fuel.

Road Construction: Aslisted in mble 6, a nuber of road

construction projects are likely to be campleted by 1999. O these

the Liard valley hi ghway project appears to have the ™St pessible
impact on transportation demand.

Tourism: The combination Of expansion in the mning field and road

network is likely to establish an infrastructure conducive for
significant tourism expansion. Despite the possibilities in the
foregoing sectors, it is virtually impossible to attem™t gasoline
demand projections without nmore accurate information. Therefore,
the 1999 gasoline demand projections wll also depend on vehicle
registration projections.

1999 ZC pemand (as a factor of registrations) =

31, 746x891 T3 = 3155 TJ
8, 965

3155 Ty can be districted as 1136 TJ (cars);
1956 11 (trucks); and 63 TJ @motorcycles)
1999 C Demand assumesthe f Ol | OWI NG opti ons:

voluntary fuel efficiency 20% savi ngs
preventive naintenance 10% savi ngs
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aer odynani ¢ desi gn 10% savi ngs

radial s 10% savi ngs

engine and drive train 5% savi ngs
improvements

1999 C Denand = 1748 TJ

D.5 qurrent Di esel (road)_Demand
Table Il illustrates that the rrt Smith region consumed 474,000

gal lons of diesel fuel (83 TJ) in 1979. In fact, this total
represents 100% Of the N.W.T. demand as not ed inthe S A B, report.

D. 6 Projection Alternatives

Projections of road diesel demand, assumed to be confined to trailer
truck consunption can be made from:

i) trailer truck registration projections (mble 7) ;
ii) economc growh pro jections; and

iii) mning concentrate shipment projections.

while there is not a wealth of data for any of these approaches, the
third option appears to be the |east desirable. mis is because a

| arge percentage of concentrates are shipped by marine, rail, air
and truck through the w ken. Therefore, di esel fuel demand is taken

as an average of vehicle registration and economc growh
pro jections.

D.7 pProjected 1989 Diesel Demand: 7ero Conservation

1979 pemand =83TJ
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1989 ZC Demand = 4651 X 83 TJ = 231 TJ
1668

Assuning a real rate of economic growth of 5.3% per year.

1989 1 Demand = (1. 053) 0 X 83 = 139 T

Actual 1989 ZC Demand = (139_+ 231) = |-85 1J
2

D.8 projetted 1999 Diesel pemand: Z8r0 (onservation.

1989 2C pDemand = 12,973 X 83 = 645 TJ
1668

or
(1.053) *x 83 ~233

Atual 1999 2C Demand = (645 + 233) = 439 TJ
2
D.9 Projetted 1989 Diesel pemand: Gonservation ApprfaCh

1989 C Demand assunes:

. driver education and 10% savi ngs
preventive maintenance
reduced speeds 5% savi ngs
drag reduction devices 2% savings
radial tires 4% savi ngs

1989 C pemand = 149 TJ



D. 10 projected_1999 Di esel Denand: conservation_Appl 0ach

1999 C pemand assumes::

driver education and
presentive maintenance
reduced speeds
drag reduction devices
radial. tires
auxillary starting aids
variable fan drives
engine and drive train
| mprovenent s

1999 C Demand = 298 TJ

E. TRANSPORTATION SECTOR: Al R

E.l Qurrent Fuel Dpemand

1979 Turbo Fuel Demand = 587 TJ

1979 aviation Fuel Demand = 189 TJ

10% savi ngs

5% savi ngs
6% savings
5% savi ngs
5% savings
6% savi ngs
5% savings

E 2 Projected ruel Demand: Zero Conservation

me 1989 and 1999 zero conservation denands assume a 5.3%real

annual rate of economic grow h:

1989 Turbo Fuel 2C Demand = 567 TJ X (1.053) *

=984 TJ

0
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1989 Aviation Fuel ZC Demand = 189 TJ x (1.053) 10

=317 TJ

1999 Turbo Fuel IC Demand = 587 TJ x (1.053) 20

= 1649 13

1999 Aviation Fuel 2C Demand = 189 TJ x (1.053) 20

=531 TJ
E.3 Projected Fuel pemand: Conservation appfoach
1989 Turbo Fuel C Demand = 886 TJ
1989 aviation Fuel C Demand = 180 TJ
1999 Turbo Fuel C Demand = 1154 TJ
1999 aviation Fuel C Demand = 254 TJ

F. TRANSPORTATION SECTOR: RAIl L

F. 1 Projection Alternatives

The rort Smith region is the source of 100% of the N. WT.'s rail
energy demand. Gven that the present rail system serves the
camerc ial centre Of Hay River and the Pine roint mne , rail energy
demand projections can be related to both general economc activity
and m ne develogment. However, the prospect of mning expansion to
the year 1999 is not likely to result in significant rail expansion ,
due’ primarily to cost barriers. Terefore, rail energy demand
projections will be based on economc growth forecasts.
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F. 2 Projected ruel Depnand: 7ero conservation.

1979 Rail Diesel pemand = 36 TJ
1989 zc Demand © 36 TJx (1.053)° 60 TJ

1999 zc Demand = 36 TJx (1.053)* 101 TJ
F.3 Projected Fuel remand: Chservation appr83Ch

AlO% saving in fuel efficiency is assumed for 1989 and 1999:

1.989 Rrail Diesel C Demand = 54 TJ

1999 Rail Diesel C Demand = 91 TJ

dote: This analysis did not explore the potential fuel savings that
mght be encountered by a transfer fromtruck to rail shipment. |t
appears to be necessary to examne such Possibilities over different
time scenarios.

G TRANSEORTATION: MARINE

G.1 Projection Alternatives

It is assumed that 100% of the Marine diesel fuel consuned in the
N.W.T. in 1979 can be attributed to the rrt Smth region. while
the eastern arctic i S serviced by the marine sector, the transport
ships do not refuel in the nw.r. |t appears that marine demand in
the rort Smth region is distributed anong barge tugs and
commercial/sport boats. i NCE NMArine comerce appears to be related
to general econamic activity, the demand projections are based on
econom ¢ grow h forecasts.

153.
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G 2 projected Fuel Demand: Zero Conservation

|-979 Marine Di esel pemand = 132 TJ

1989 ZC pemand = 132 TJ X (1.053)"

221 TJ

1999 2¢ Demand = 132 X (1.053)”

"371 1o
G 3 “Projecte@i_lﬂ.l_el_%ani@:_(Jonservatiox‘x_Ap;;giCh

Rom mable 6, a 20%increase in the marine sector fuel efficiency is
assuned.

1989 C Demand” 177 TJ
1999 C pemand = 297 TJ

H  MINING SECTOR

H.l Mines and fnergy Demand

Table 1 [ists the operating mnes in the rrt Smth region and their
estimted energy demand. The extent and formof energy used varies

according to the nine type. For exanple, open-pit mines may consume
diesel 0i | to operate water pumps, air drills and haul age vehicl es.
thderground mnes may use diesel oil to operate ventilation and

hoi sting equipment (which according to NN C P. C, is the mjor
contributor t 0 peak demand). In addition, both open-pit and
underground mnes have mll operations that require energy for
purping, transport and dryi ng.
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As Table 9 illustrates there are a nunber of sources of inefficiency
in the use of energy in mning. e conservation options are used
in projecting mne demand to 1989 and 1999.

H. 2 Projected Fuel Demand: Z€r 0 (onservation

2C Demand t0 1999 is projected on the basis that certain mnes wll
have come on stream and that 1979 aggregate energy demand remains
constant, unless otherw se indicated.

By 1989, it is assumed that the Terra and mhe Bay tines will have

ceased operation, leaving a 1979 aggregate energy demand of
1248 13 -66 TJ= 1182 TJ. Teble 8 suggests that two news mnes wll

be in operation by 1989, the cadillac and Lupin operations .The

projected energy demand of these mnes is prorated using the
Con-Rycon Nine as a base:

Gn-Rycon Utilized 313 TJ energy to produce
650 tons per day of ore

313 = x
650 1400
X = 674 TJ

1989 ZC pemand = 1182 TJ (remaining m nes)
+ 674 TJ (new mnes) = 1856 TJ

By 1999 it is assumed that three mnes, Can mung, Cadillac and
Lupin, will have ceased operation. 'is results in an aggregate
demand of 1856 TJ - 817 TJ 1039 TJ.

Table 8 suggests that three new mines will be in operation by 1999,
Camlaren, Bathurst Norsemine and Canex.



The energy demard for the new mnes have also been prorated using
the ®n-Rycon M ne as a base:

313TJ= _x
650 8000
X = 3852 TJ

1999 ZC Demand = 1039 TJ + 3852 TJ = 4891 TJ

H.3 Projected Fuel Demand: (bnservation AppreaCh

Fram Table 9, it is assumed that an energy saving of 10%is assumed
possible t0 achieve by 1989.

1989 C Demand = 1670 TJ

Te 1999 C Demand is based on the assunption that by 1995, m ning
coul d egual the target for all industry of 25% per unit of output
projected by the federal government for all industry, (p. 92 Yukon
Report) .

1999 C Demand = 3669 TJ

156.
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Notes:

a Al of the non-mne, non-heavy equipment native diesel demand iS
allocated to the Rrt Smith regions.

b ALl of the rail and marine demand is allocated to the Fort Smth
regi on.

¢ Diesel-electric consunption is not included in the total.

d e figures for commercial heating oil demand do not include mne
consunpt i on.

e Pr ivate camercial diesel (non-electric) demand Was adjusted to
account for the separate classification of mning and

transportation consunption, the latter category including rail
and marine.

f e residential heating oil demand i S understated. See Appendix
| for the adjustment methodol ogy.




TABLE 111 ENERGY CONSUMPYION BY FOM AND SBCIOR:  CAMURIDGE BAY REGION, 1379

EIBCIRICITY DIESEL  (ELECIRIC)  DIESEL (NON-ELEC. )  HRATING O L GASOLINE TURBO FUEL AVI ATI ON FUEL TULAL
SECTOR MWh T 000 GAL. ) 000 GAL. ) 000 GAL.. 1 000 GAL. 43 000 GAL. 1w 000 GAL TJ TJ 1T
RESIDENITAL
Govermment 4726 117 566 100 117
Pr ivate 306 1 6 1 2
Sub 1qutal 5032 10 572 101 119 28.3
COMMERCIAL,
Gove I' nment 3629 13 54 13 711 125 151
Private 1071 4 72 9 313 55 o8
Sub Total 4700 17 126 2 2 1024 150 219 520
Street Lighting 78 0.3 0.3
MINING
TRANSFORIATION
ROAD
Conm, 54 8 8
Goverrment 85 13 13
Other
Sub 1otal 139 21 21 17.4
AIR
Govermnment 31 5 2 0.3 5.3
Py ivate 69 11 240 36 47
Sub 1otal 100 16 242 36.3 52.3
UlT LITY 777 137 9 2.1
TOTAL 9810 353 777 137 a 126 22 1650 290 139 21 100 16 242 36.3 420.6 100.0

*8st
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APPENDIX III

CAMBRIDGE BAY REGION DEMAND PROJECTIONS

A. RESIDENTIAL SECTOR: EXI STI NG

A1 Size of musing Stock

According t0 thge N WT.H. C. , the 1979 housing stock in the
cambridge Bay region includes 736 units.

A.2 thit Consumption_of Heating ©il

mble |11 indicates that the cambridge Bay residential sector
consumed 572,000 gal. of heating oil in 1979. when this total is
divi ded by the numver of housing units, a per unit consumption Of
777 gal. results. Gven that nost of the units in the Canbridge Bay
region are assued to be single detached, 777 gal. seems like a
reasonabl e figure to use in the analysis.

A. 3 mousing_St 0ck Projections

N W T.H.C. data indicate an attrition rate of about 1.1% per year.
Given that over 8 Q% of the region's stock is NW. T.H.C. control-|ed,
the attrition rate can be assuned to pertain to the entire region.
This results in 656 housing units remaining in 1989 and 585 in 1999.

A 4, Projected_Heating Fuel Demand:  Zero Conservation

1989 zC Demand

656 units x 777 gal.Anit
509, 712 gal . or 90 TJ

1999 2zC pemand = 585 units x 777 gal. /unit

= 454,545 gal. or 80 TJ
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A. 5 Projected_heating_Fuel Pramands Conservatio roach

1989 C Demand = 45 W
1999 C pemand = 40 TJ

A 6 it consumption of Electricity

In 1989, 736 residential units consumed 5032 MM or 6837 KW per
unit.

A 7 _Projected Flectr icity_Demand: Z€r O Conservation

1989 7ZC Demand = 656 units x 6837 KwhAnit

4485 msh or 16 TJ

1999 ZC pemand

585 units x 6837 KwhAmit
3999 mh or 14 TJ

A 8 Projected Flectricity Demand: (onservatio roach

e 1989 and 1999 conservation demands assume water heating savings
of 3 and lighting savings of 5%

1989 C pemand

14 TJ

1999 C pemand

12 TJ

B. RESIDENTIAL SECTOR: NEW

B. 1 musing St ock MNeeds

N.W.T. popul ation projections indicate an annual growh rate of 2.8%
per year compounded, yielding a 1989 population of 4311 and 1999
population of 5682. Accordingly, the numer of new dwelling units
required wll be:
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1989 Housing Demand = [4,311 - (656 units X 4.5 persons/unit)] =

4.5 = 302 units

1999 Housi ng Demand = [5682 - [(585 + 302) X 4.5] 1=+4.5 = 376 units

B.2 Projected BEeating Fuel Demand: Zer 0 (nservation

1989 zc Demand = 302 units X 777 gal./unit = 40 TJ

1999 2zC Demand = 376 units X777 gal.Amit = 51 1T

B.3 Projected Beating Fuel Demand: Conservation Appreach

The 1989 conservation demand assunes a space héati ng saving of 50%
1989 C Demand = 20 TJ

the 1999 conservation demand assunes a space heating saving of 90%
1999 c pemand = 5 TJ

B.4 Rejected Electricity Demand: Zer 0 Conservation

1989 ZC pemand = 302 units (all assumed to be connected) x
6837 ki = 2065 M Or 7 TI
1999 ZC pemand = 376 units x 6837 kK per unit = 2570 M or

9 T

B.5 Proj ected Electricity Demand: Conservation Appreach

The 1559 and 1999 conservation demands assume hot water savings of
40% and improved |ighting savings of 5%

1989 2C Lemand = 5 TJ

1999 ZC pemand = 7 TJ
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C. COMMERCIAL SECTOR
C.l i ndex Numbers

Based on exi sting (1979( data, the public and private categories
account for 65% and 35% respectively of the commercial sector’s
energy demand. Gven the absence of any physical variables for the

size of the sector, index mmbers (1-979 = 100) are used, i.e., “65
for public and “35" for private.

C. 2 1989 mating—Fuiel-pemand:—Zero Conservation

_ , is derived as
me 1989 zero conservation demand for heating fuel
f ollows :

. tion
public Sector Expansion = index No. X -1989—popula
1979 population
=65 x 4311 = 86
3271

Private Sector Expansion = 35 x 431i-= 46
3271

Total expansion = 86 + 46 = 132
Net expansion (fram 1979) = 132 - 100 = 32

Gven as assumed 10% attrition rate for existing structures, this
. . o The 1979 total
results in 90 remaining and 42 new units in 1989.

commercial demand for heating fuel is 1,050,000 gal. or 185 TJ.
This results in a per unit consunption (1979) of 1.8 TJ. mherefore,

1989 7C pemand = 132 units x 1.8 myAmit
=238 TJ



j”I C.3 1989 neating Fuel Demand: Conservation appreach

The 1989 conservation demand for heating fuel is derived as follows:

. 1989 zC Demand for Existing Building = 90 units
I X 1.8 TAnit = 162 I

2 1989 C Demand for Existing Buildings = 104 TJ

1989 ZC pemand for Mew Buildings =
} 42 units x 1.8 TJAnit = 76 TJ

Assuming a 70% reduction,
1989 C Demand for mew Buildings = 22 TJ

Total 1989 C Demand = 126 TJ

¢. 4 1999 Heating Fuel Demand: Zer 0 Conservation

The 1999 zero conservation demand for heating fuel is derived as
f ollows :

public Sector Expansion = 86 x 5682 = 149
3271

Private Sector Expansion = 46 X 5682 = 80
3271

Net Expansion (from 1989) = 229 - 132 = 97
Gven an assumed 10% attrition rate for existing structures, this
results in 119 remaining and 110 new units. Recalling that the 197y

per unit consunption is 1.8 TJ/unit,

1999 7C pemand = 229 units x 1.8 mJAmit = 412 TJ

163.
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C. 51999 Heating Fuel Demand: Conservation Appr—="

the 1999 conservation demand for heating fuel is derived as follows

119 u |ts X 1.8 T/mnit

1.999 7C pemand for Existing Buildings =
= 214

1999 C pemand for mxisting Buildings = 110 TJ
1999 ZC Demand for New Buildings = 412 - 211
=298 TJ
=89 TJ

1999 C pemand foOr New Buildings
Total 1999 C Demand = 199 TJ

C. 6 1989 plectricity—Demand: Zer 0 (onservation.

1979 pemand = 4700 M or .17 TJ per unit
d = 132 units x .17 TJAmit

1989 ZC -
= 6204 mh or 22 TJ

C. 7 1989 glectricity—Demand:—Conservation Apnr oach

me 1989 conservation demand for electricity is derived as follows
1989 ZC pemand for mxisting Buildings = 90 units X .17 TJAnit
=15 TJ

1989 C pemand for mxisting Buildings = 12 TJ

1989 ZC Demand for new Buildings = 22 - 15
=7TJ
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Assuming @ 50% reduction for new buil dings,
1989 C Lemand foOr New Buildings = 3.5 TJ
Total 1989 C Demand = 16 TJ

C. 8 1999 Flectricity Demand: Zer 0 nservation

1979 Demand = .17 TJ/nit

1999 2C Demand = 229 units X .17 TJAmit
39 TJ

C.9 1999 Electricity Demand: Conservation appreach

e 1999 conservation demand for electricity is derived as follows:

1999 ZC Demand for Existing Buildings = 119 units x .17 TJ/unit
- 20
1999 C Demand for Existing Buildings = 16 TJ

1999 ZC Demand for New Buildings = 39 - 20
=191

1999 C pemand for MNew Buildings = 10 TJ

tal 1999 C pemand = 26 TJ

165,
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D. IRANSPORTATION SECTOR: ROAD

D. 1_qurrent @soline_Demand

Table | |1 indicates that 1979 fuel consumption attributable to road
gal. (21 TJ) of gasolinre.

D. 2 assumptions

Projections for 1989 and 1999 assume that:

I) the main ]qasoline users are cars, light trucks,
not or cycles and snownobi | es;

i) the main diesel users are road construction vehicles;

iii) the tourist sector has no influence on vehicular usage;

iv) the number of vehicles registered in the cambridge Bay
region is a factor of the ratio:

Regional Fuel (onsumpl | on = k
N.W.T. Total Fuel Consunption

v) the ratio k remains constant in the projections; and

Vi) the vehicular di stribution remains constant in the

projections except for projection changes as noted in
Table 5.

D. 3 projected_Gasoine_Demand:Zero Conservation

The value Of “k” for the cambridge Bay region is:

k = 139,000 gal. = .0158
8,800, 000 gal.




Using Table 5, the derived nunber of cars and trucks (where all are

assumed t0 be light trucks) is:

Vehicle 1979 1989 1999
vyee

cars 80 126 198
Trucks 138 279 564
Total 218 405 762

1989 ZC pemand (as a factor of registrations)
=405 x 21 TJ =39 TJ
218

1999 2C Demand = 762X 21 TJ = 73 TJ
218

D.4 Projected Gasoline Demand: (onservation Appreach

1989 C Demand = 28 TJI

1999 C Demand = 40 TJ

E. TRANSPORTATION SECTOR: AIR

E. 1 Qurrent Fuel Demand

1979 Turbo Fuel Demand = 16 TJ

1979 Aviation Fuel Demand = 36 TJ

167,
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E.2 Projected Fuel Denmand: Zero Conservaticn

The 1989 and 1999 zero conservation demands assume a 3.3% real
annual rate of econamic growt h:

1989 Turbo Fuel ZC Demand "16 TJ x (1.053) 10

=27 713

1989 Aviation Fuel zC pemand = 36 TJ X (1.053) 10

=60TJ

1999 murbo Fuel ZC Demand = 16 TJ X (1.053) 20

=102 TJ

E.3 Project el d: Conservation each

1989 Turbo Fuel C Demand = 24 TJ
1-989 Aviation Fel C Demand™ 58 TJ
1999 Turbo Fuel C Demand = 32 TJ
1999 aviation Fuel C Demand = 82 TJ

Notes:

a Mt included in the total



TARLE IV EMNERGY CONSUMPTION BY FORM AND SECTOR:

U]
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INWIK REGIOH, 1979

FLACTRICITY DIESEL  (ELECTRIC) DIESEL (NON-ELEC.)  HEATING OIL GASOLINE TURBO FUFL AVIATION FUEL TOTN.
SECTOR M TS 000 GAL. g} 000 GAL. ™ 000 GAL. TJ 000 GAIl,, TJ 000 GAL. T 000 GAL. TJ it 3T
RESI DEATIAL
Government 13000 47 729 * 128 175
Private 4000 14 47 8 22
sub Total 17000 61 776 136 197 9.5
COMMERCIAL
Gover nient 12000 43 314 55 3674 651 749
Private 8000 29 1213 211 1810 317 557
Sub Total 20000 72 1527 266 5484 968 1306 63.0
Street Lighting 395 1 1
MINIEG
TRAMSPORTATION
ROAD
Priva Le 1133 172
Government 054 133
Otl er
Sub Total 1907 306 306
27.5
AIR
Government 226 37 7 1 30
Private 1180 196 200 32 228
Sub Total 1414 233 215 33 266
urll ITY 2965 522
TOTAI . 37395 134 2965 522 b 1527 266 6260 1104 1987 306 1414 233 215 33 2076 100.0

“69T



APPENDIX IV

INWIK REG ON DEMAND PROJECTIONS

A. RESIDENTIAL SECTOR: EXISTING

A.l1 Size of Bousing Stock

Xcording to the N W T. H C., the 1979 housing stock in the Inuvik
region includes 2005 units. mo factors indicate that this figure
may be too high, i.e. , while there may be 2005 units, it appears
doubtful that all are being used. First, the Hldebrandt-Young
Mar ket Forecast Update notes that there are shut 1470 electrical
donestic connections. Second, the average household size assumed by
this study (4. 5 persons per househol d) suggests that 1677 housing
units are being used. Since it is doubtful that the occupany rate
for this regionis 3.6, as suggested by a housing stock of 2005,
this study assunes that there are 1677 active housing units in the
Inuvik region.

A. 2 it Consunption of meating O |

mble |V indicates that the muvik residential sector consumed
776,000 gal. of heating oil in 1979. \hen this total is divided by
the number of housing units, a per unit consumption of 465 gal.
results. Gven that there are only shut 600 to 700 nmultiple
attached units in the region, a figure of 465 gal. is low Like the
rort Smith region, an understanding of heating oil demand makes an
accurate projection cliff icult. Gven that the muvik region falls
samewhere between the rort Smth and Canbridge Bay regions in ternms
of degree day figures, it is assumed that the per unit heating oil
demand for Inuvik isS:

(Cambridge Bay per unit demand of 777 gal. +) - 2 = 737 gal./unit
(Fort Smth per unit demend of 697 gal. )

17Q.
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A. 3 Description_Of the mHousing Stock and Conversion to Single
Detached Rjuivalents

A camplete and di saggregate description of the region’s housing
stock does not exist. mwever, Statistics canada does have data
pertaining to housing types in the |argest population centre,
Inuvik. Br smaller popul ation centres (less than 1000),. reference
IS made to the Cambridge Bay and rort smith experiences, which
suggest that commnities of this size are likely to be composed of
single detached units. &asin the rrt Smth analysis, the muvik

region housing stock data are converted t0 single detached
equi val ents.

Units Single
nversion Number Of Region Of Detached
musi ng Rate % Town Of | nuvi k Bquivalents
Type (A muvi k (B) (A X (B)
Singl e Detached 100 582 1082 1082
Single Attached 50 330 330 115
Rpartments 25 190 190 47
Duplexes 75 15 15 10
Mobiles 75 60 60 45
otal 653 1677 1299

Notes:

a kcording to Statistics Canada data this figure is understated.
Hwever, given the assumed occupanc;r,rate, the single detached
total would have to be 58. It is Tikely that the single

detached unit total for the balance of the commnities of fsets
this understatement.
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A 4 qurrent Heating Fuel Demand for the Inuvik Region

1979 - d = 737 gal.Amit & 1299 J.D. Buivalents
= 957,363 gal. or 168TJ

A.5 Housing St 0ck pro jections

If N. W T.E.C. housing stock attrition data are used for all of the
Tuvik region, it would indicate an attrition rate of less than 1%
N.W.T.H.C. stock represents only 36% of the total stock, thereby
understating the regional attrition rate. As in the Cambridge Bay
and Fort Smith regions, a rate of 1.1% per year compounded | S used,
assumng that the spar-nt stock will remin constant to I-999.

Year Non-Apart nent Housing St ock
1979 1677 -190 = 1487
1989 1503 - 190 = 1313
1999 1347 -190 = 1157

e 1979 housing stock distribution, as a percentage of total
non-apartment units, is: singledetached 73% single attached 22%
duplex 1% and mobile 4%  mpplying this distribution to the 1989
and 1999 data, the following pro | ections result:
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1989 1999

Single Single
Bousing nversion  Actual Detached Actual Detached
_ype Rate % nits Kguivalents Units Bjuivalents
Singl e Detached 100 958 958 845 845
Single Attached 50 289 144 254 127
Apartments 25 190 47 190 47
Duplexes 75 13 10 12 8
Mobiles 75 52 39 46 34
Total 1313 1198 1157 1061

A 6 Projected reating Fuel Demand: Zer 0 Conservation

1989 zC Demand = 1198 JD Ruivalents X 737 gal./mit

882,926 gal. or 155 TJ

1999 ZC pemand = 1061 JD Rpivalents X 737 gal .Amit
= 781,957 gal. or 137 TJ
A7 Pro_jetted reating Fuel remand: Gonservation Appr0ach

1989 C Demand = 78 TJ

1999 C Demand = 68 TJ

A 8 it Consunption of Electricity

In 1979, 1677 residential units consured 17,000 M or 10,137 Kb
per unit. However, 10, |-37 Kb per unit appears to be high «° the

projections may be somewhat overstated.



A9 Pro jetted Electricity Demand: Zer 0 Conservation

1.989 ZC pemand = 1313 units x 10, |37 xwhAnit

13,309 Mwh or 48 TJ

1999 2zC pemand = 1157 units x 10, 137 kwhAnit

11,728 wh or 42 TJ

A 10 pro jetted Flectricity pemand: Conservation 2ppfoach

the 1989 and 1999 conservation dei nands assure Water heating savings

of 30% and |ighting savings of 5%

1989 C Demand = 41 TJ

[-999 ¢ Demand = 37 TJ

B. RESIDENTIAL SECTOR: NEW

B. 1 musing St ock Needs

174,

N.w.T. popul ation projections indicate an annual growth rate of 1. 6%

year tort’pounded, yielding a 1989 popul ation of 8,846 and 1.999
popul ation of 10,368. accordingly, the number of new dwelling units

required will be:

1989 mousing Demand
unit)] =+ 4.5 = 653 units

1999 Bousing Demand
= 494 units

[8,846 - (1313 units x 4.5 persons per

[10,368 - (1157 + 653) x 4.5] —<4.5



B.2 Projected Heating_ Fuel Denmnd: Zero Conservation

1989 2ZC pemand = 653 units x 737 gal.Anit

481,261 gal.. or 84 TJ

1.999 2¢ pemand = 494 units x 737 gal.Amit
= 364,078 gal. or 64 TJ

B.3 Projected mating Fuel remand; Conservation appfoach

e 1989 conservation demand assunes a space heating saving of 50%

1989 C pemand = 42 TJ

The 1999 conservation demand @SSUNES a space heating saving of 90%

1999 ¢ pemand = 6 TJ

B.4 Projected Flectricity pemand: 7Zer0 Conservation.

1989 ZC remand

653 units (all assumed to be connected) x
10, 1. 37 &wh/unit
6619 M or 24

1999 z¢ remand = 494 units x 10,137 Keh/unit

5,008 mh or 18 TJ

B.5 Pro jected Electricity Demand: conversation_app! 08CN

the 1.989 and 1999 conservation demends assune hot water savings of
40% and inproved lighting savings of 5%

1989 C pemand

22 13

1999 C Demand

15 T

175.
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B. 6 Additional Vari abl es

A variable which mght be consideréd in revised housing energy
demand projections is the rorman Wl |s Cilf iel d development

project. Resources Management Consultants (Al berta Ltd. ) estimte a
need for about 50 new housing units (permanent) in Mormal Wells.
[See: E Sources Management Consultants (Al berta, Ltd. ) , "Regional
Socio-economic Impact Assessment Of t he Norman Wells Oilfield
Develogment and Pipeline Project”, a report for Esso Resources
Canada Ltd., as part of the merprovincial Pipeline N.W. Itd.'s
application to the National Energy Board, Vol. V, March 1980.1

c. OMMERCIAL SECTOR

C. 1 mdex Nunbers

Based On existing (1979) data, the public and private categories
account for 57% and 43%respectively of the commercial sector’s
energy demand. Gven the absence of any physical variables for the
size of the sector, index numers (1-979 = 100) are used, i.e. , “57"
for public and “43" for private.

C.2 | -989 meating Fuel Demand: Z€r 0 (bnservation

The 1989 zero conservation demand for heating fuel is derived as
follows :

mublic Sector Expansion = Index No. X _1989 population
1979 Copul ation
57 X 8846 = 67

7548

Private Sector Expansion = 43 x 8846 = 50
7548
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™tal Expansion = 67 + 50 = 117

Net Expansion (from1979 ( = 117 - 100 = 17
Gven an assured 10% attrition rate for existing structures, this
results in go remmining and 27 new units. Gven the public/private
distribution noted above, the 117 units can be broken down as 67

public and 50 private.

The 1979 total comercial demand for heating fuel (both diesel and
heating oil) is 1234 TJ 266 diesel and 968 heating oil) . is
results in a per unit consunption (1979) of 12.34 TJ. Therefore,

). 989 ZC memand = 117 units x 12.34 TIAnit
= 1444 TJ (311 diesel, 1133 heating oil)

C. 3 1989 meating Fuel Demand: (onservation Appr€aCh
The 1989 conservation demand for heating fuel is derived as follows:

1989 ZC pemand for Existing Buildings = 90 units x 12.34 TJ/nit
= 1111 TJ

1989 C remand for Existing Buildings = 569 TJ

1989 2C Demand for New Building' s = 1444 - 1111
=333 1w

pssuming a 70% reduction,
1989 C pemand for new Buildings = 100 TJ

tal 1989 C Demand = 669 TJ
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Cc. 4 1999 Heating Fuel Demand: ZE€r O Conservation

Te 1999 zero conservation demand for heating fuel is derived as
f ollows :

Public Sector Expansion = 67 x 10,368 = 92
7,548

Private Sector Expansion = 50 X_10,368° 69
7,548

Dtal Expansion = 92 + 69 = 16l

Net Expansion (fram 1989) = 161 - 117 = 44
Gven an assumed 10% attrition rate for existing structures, this
results in 105 remaining and 56 new units. Recalling that the 1979

per unit consumption 1S 12.34 TJ,

1999 z¢ Demand = 161 units x 12.34 TJ/unit
1987 T3

C.5 1999 Heating Fuel Demand: Conservation Appreach

The 1999 conservation demand for heating fuel is derived as follows:

105 units x 12.34 TJ/unit
1296 TJ

1999 zc pemand for Existing Buildings

1999 C pemand for misting Building's = 664 TJ

1999 ZC pemand for New Buildings = 1987 - 1296
=691 @



1999 C pemand for Mew Building's = 207 TJ

®tal 1999 C pemand = 871 TJ

C 6 1989 Electricity Demand: Zero conservation

[-979 Demand = 72 TJ or .72 TJAnit

1989 ZC Demand = 117 units X .72 TJAnit
=84 0
¢. 7 1989 Electricity remand: Conservation apPreach

The 1989 conservation demand for electricity is derived as follows:

1989 ZC pemand for Existing Buildings = 90 units x .72 1JAnit
65 TJ

1989 C pemand for mxisting Buildings = 52 TJ

1989 ZC pemand for New Buildings = 84 TJ - 65 TJ
=19 10

Assuming a 50% reduction for new buil di ngs,
1.989 C Demand for dew Buildings = 10 TJ
Total |-989 C Demand = 62 TJ
C. 8 1999 Flectricity Demand: Zero Conservation
1979 Demand = .72 TJAmit

1999 zC Demand = 161 units X .72 TJ/unit
=116 TJ
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C.9 1999 Electricity Demand: Conservation Approach

The 1999 conservation demand for electricity is derived as follows:

1999 zc pemand for Existing Buildings

105 units x .72 TJAnit
76 TJ

1999 C pemand for mExisting Buildings = 61 TJ

1999 2C Demand for New Buildings = 116 - 76
=40 TJ

assuming & 50% reduction for new buil dings,

1999 C pemand for New Buildings = 20 TJ

Total 1999 C Demand = 81 TJ

D. TRANSPORTATION SECTOR: ROAD

D.l Qurrent Gasoline Demand

Althoughwe Inuvik region does not have an extensive road system
1,987,000 gal. of gasoline were consumed i n 1979. There i S a strong
possibility that road fuel ™ yi|| jncrease Substantially pep
one considers the followng factors:

i) Dempster Hi ahway Improvement - |t isS expected that by 1989
this higway wi|| be in such a condition as to allow a
steady seasonal stream Of comercial and tourist traffic.
Te highway will be extended to muktoyaktuk;

ii) canol Road - If the cCanol Road i S upgraded to a |evel
al | owabl e for vehicular usage, there could be an increase
I n camercial and industrial traffic; and

iii) If muvik and Tuktoyaktuk become Stagi ng and
admnistrative centres for possible Beaufort Sea and
Mackenzi e valley hydrocarbon developments, it is likely
that fuel demand will be affected.

isaq,
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D. 2 aAssumpticns
Projections for 1989 ard 1999 road gasoline demand assume that:

i) the main users are cars and |ight trucks ;

ii) the number of vehicles registered iN the Inuik region is
a factor of the ratio:

Regional_Gasoline Consumplion =k
N.W. T, motal Gasoline (onsumption

iii) the ratio k remmins constant in the projections; and

iv) the vehicular distribution remains constant.
D. 3 proj soline Demand: Zero
Te Value of “k” for the muvik region is:

k = 1,987,000 gal. = .2258
8, 800,000 gal.

Using Table 7, the derived number of cars and trucks is:

b 1979 1989 1999
cars 1149 (37% 18 01 2824
Trucks 1969 (63% 3983 8057
Total 313.8 5784 10881

1989 ¢ perand (as a factor of registrations) = 5784 x 306 0 = 568 T
3118

568 TJ can be distributed as 210 TJ cars and 358 T3 trucks.
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1999 ZC pemand = 10881 X 306 TJ
3118
= 1.068 TJ

D.4 Projected Gasoline Demand: Conservation appr€ach

1989 C Demand = 414 TJ

1999 C bemand = 592 TJ

E.  TRANSPORTATION SECTOR: Al R

E 1 Qurrent Fuel Demand

1979 Murbo Fuel Demand = 233 1J
1979 Avi ation Fuel Demand = 33 TJ
E. 2_rrojected_Fuel Demand: Zero (bnservation

The 1989 and 1999 zero conservati on demands assume a 5.3% real
rate of economc grow h:

1989 murbo Fuel ZC pemand = 233 TJ x (1.053) 10
=390 TJ
L 10
1989 Aviation Fuel 2C Demand = 33 X (1.053)
=55 TJ
20
1999 murbo Fuel ZC Demand = 233 TJ x (1.053)
= 654 TJ
20

1999 Aviation Fuel ZC pemand = 33 x (1.053)
=93 TJ

182.
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E. 3 pro jetted Fuel Denmnd: conservation Appr €ach

1989 murbo Fuel C Demand = 351 ™
19 89 Aviation Fuel C Demand = 52 TJ
1999 murbo Fuel C pemand = 458 TJ
1999 Aviation Fuel C pemand = 74 TJ
Notes:
a Mtincluded in the total

b  Understated total; see Inuvik region discussion for derived 1979
demand .

M
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TABLE V FNERGY CONSUMPTION BY FORM AND SECTOR: KEEVATIN REGION, 1979
FIECTRICITY DIESEL (ELFCTRIC)  DIESEL (NON-ELEC.)  HEATING OIL GASOLINE TURDO FUEL, AVIATION FUTT, TOTNL,
SICTOR Mh TJ 000 GAL. yu ] 000 GAL. Y 000 GAL. IJ 000 GAL. TJ 000 GAL.. ‘NI 000 GAL TU gt 37T
REST DENTIAL
Governnent 7000 25 974 170 195
Privale 10D0 4 20 3 7
Sub Total 8000 29 994 173 202 45
COMMIERCIAL
Gov. 4000 14 94 16 607 120 150
Private 1000 4 54 9 281 50 63
Sub Total 5000 18 14a 25 960 170 213 48
Street Lighting 242
MINING
TRANSPORTATION
RORD
Private 18 3 3
Gover nnent 79 12 12
ot her
Sub Total 97 15 a 15
7
AIR
Gover nnent 0 0 0 0 0
Private 45 7 41 7 14
Sub Total 45 7 41 7 14
UTILITY 1189 209
TOTAL 13242 47 1189 209 140 25 1962 343 97 15 45 7 41 l 444 10D .0
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APPENDIX V

KEEWATIN REGION DEMAND PRQJECTIONS

A RESIDENTIAL SECTOR: EXI STI NG

A 1 Size of Housing Stock and Unit Consumption Of Heating O |

Acording to the N W T. H C, the 1979 housing stock in the Keewatin
region included 853 units. However, the Science Advisory Board
Statistics suggest that this figure is too |ow. 2s mble V

i ndi cates, 994,000 gal of heating oil were consumed in 1979 or 1,165
gal . per unit. mr the most part, degree day data suggests that the
Keewatin region has a comparable climate to the Inuvik region, which
was assunmed to have a per unit consumption of 737 gal. In making
the Reewatin projection; the choice then is to assune a per unit
figure other than 1,165 gal or to use this figure, assumng a

part icular hidden reason for the higher consunption. Gven that
this region has not experienced any significant housing boons, the
figure of 1,165 gal. per unit (based on 853 units) is used.

Finally, it IS assumed that all of the housing units are single

det ached.

A. 2 musing Stock Projections

N W r.h C data indicates an attrition rate of 1.4% per year.
| herefore,

1989 Housing Stock = 742 units

1999 musing stock = 646 units

185.



A. 3 pProjected—Heating—Fuel-Demand:Zerg Conservation

1989 2C pemand = 742 units x 1165 93l Amit
864,430 gal. or 151 TJ

1999 zC pemand

646 units x 1165 gal.jmnit
752,590 gal. or 132 TJ

A. 4 projected—ieating—Fuel—pemand :—(onservati on_Appr oach

1989 C Denand

75 T

1999 C pemand

66 TJ

A 5 tnit_consumption_o0f Electr jcity.

m 1979, 853 residential units consumed S 000 M or 9379 kb per

unit .

A. 6 -projectedEl ectricity pemand:Zero Conservation

1989 7¢ pemand = 742 units x 9379 xwhAmit
= 6,959 Mh or 25 TJ

1999 72C pemand = 046 units x 9379 rwhAnit
= 6,059 M&h or 22 TJ

A. 7 Projected

El ectricity pemand:—nservation—ppproach.

1989 C pemand = 22 TJ

1999 ¢ pemand = 19 I

186,
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B. RESIDENTIAL SECTOR: NEW

B. 1 musing St ock Needs

According t 0 the N.W.T. government population projections, the

Reewatin regi on population is projected to increase at a rate of 3.4%
per year compounded, Yielding a 1989 popul ationof 5988 and a 1999
popul ationof 8365. Accordingly, the number of new dwel | ings

required wll be:

1989 mousing Demand = [ 5988 - (742x 4.5)] +4.5
= 589 units

1999 Housing Demand = [ 8365 - (646 +589) X 4.5] —4.5
=624 units

B.2 pProjected Heating Fuel Demand: Zero Conservation

1989 ZC Demand = 589 units x 1165 gal.Amit
= 686,185 gal. or 121 TJ

1999 zC pemand = 624 units x 1165 gal.Amit
=726,960 gal. or 128 TJ

B.3 pProjected Heating Fuel Demand: (onservation Appreach

The 1989 conservation demand assunes @ Space heating saving of 50%
1989 C Demand = 61 TJ
The 1999 conservation demand assumes a space heating saving of 90%

1999 C Demand = 13 TJ
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B. 4 Projected Flectricity Demand: Z€r0 Conservation

1989 2C pemand = 589 units x 9379 &wh/unit

5524 m#h or 20 TJ

1999 ZC pemand = 624 units x 9379 kwhAmnit
5852 M or 21 TJ

o . roach
B. 5—projected—Electricity perand:—onservation—App———

me 1989 and 1999 conservation demands assume hot water savings of
40% and inproved |ighting savings at 5%

1989 C pemand = 17 TJ

1.999 C pemand = 18 T

(. COMMERCIAL SFCTOR
C.l | ndex Numbers

Based On 1979 energy demand, the public and private categories
account for 7 Gband 3 O respectively of the commercial sector’s
energy demand. Given the absence of any physical variables for the

size of the sector, index numers (1979 = 100) are used, i.e. , “70"
for public and "30" for private.

C. 2 1989 peating—Fuel—pemand:—ZeF0 (onservation

The 1989 zero conservation demand for heating fuel is derived as
fol | ows:

public SectOr Expansion = Index No. X 1989 Populat.lon
1979 Fopulation

70 X 5988 = 98
4286




o

Private Sector Expansion = 30 X 5988 = 42
4286

Dtal Expansion = 98 + 42 = 140

Net Expansion (from 1979( = 140 -100 = 40
Gven an assured 10% attrition rate for existing structures, this
results in go remaining and so new units in 1989. e 1979 total
commercial demand for heating fuel is 195 TJ (25 diesel and 170
heating oil). ‘lbis results ina per unit consunption (1979) of 1.95

TJ. Therefore,

1989 ZC Demand = 140 units X 1.95 TJAmnit
= 273 17 (238 heating oil, 35 diesel)

C.3 1989 Heati ng Fuel Demand: Conservati on appreach

e 1989 conservation demand for heating fuel is derived as follows:

| -989 2C Demand for existing Buildings = 90 units x 1.95 TJ/unit
=175

1989 C pemand for mxisting Buildings = 90 TJ

1989 ZC Demand for New Buildings = 50 units x 1.95 TJ/unit
=98 T

assuming @ 70% reduction,
1989 C Demand for New Buildings = 29 TJ

tal 1989 C Demand =119 TJ

189.
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C. 4 1999 peating—Fuel pemand: Zer Q0 Conservation.

the ) 999 zero conservation demand for heating fuel is derived as
f ollows :

public Sector Expansion = 98 x 8365-= 191
4286

Private Sector mxpansion = 42 x 8365-= 82
4286

Total Bepansion = 191 + 82 = 273

Net Expansion (from 1989)

273 - 140 =133
Gven an assumed 10%attrition rate for existing structures, this
results in 172 remaining and 101 new units. Recal ling that the 1978

per Wit oneumption is 1. 95 TJ Amit,

1999 2C Demand

273x 1.95 TIANit
532 TJ (464 heating oil, 68 diesel)

C.5 1999 heating Fuel demand: Conservation Approach

Te 1999 conservation demend for heating fuel is derived as follows:

1999 2C pemand for Existing Buildings = 172 units x 1.95 tJamit

=335 1J

1999 C Demend fOr Existing puildings = 171 TJ

1999 2¢ pemand for =" Buildings = 101 x 1.95 m/unit
197 TJ
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Assuming a 7 o reduction,
[-999 ¢ Demand for New Buildings = 59 TJ
Total 1999 CDenand=230TJ

C. 6 1989 Electricity Demand: Zer 0 (onservation

1979 pemand = 5000 Msh, 18 TJ or .18 TJ/unit

1989 7ZC Demand = 140 units x .18 TJ/unit
25 TJ

C. 7 1989 Electricity Demand: Conservation agpreach

Te 1989 conservation demnd for electricity is derived as fol | ows:

1989 ZC Demand for Existing Buildings = 90 unts x .18 TJ/unit
=16 TJ

1989 C pemand for Existing Buildings = 13 TJ

1989 ZC pemand for New Buildings = 50 x .18 TJnit
=9TJ

Assuming a 50% reduction for new buil dings,
1989 C Demand for *w Buildings =5 TJ
Total 1989 C Demand = 18 TJ

Cc.8 1999 El ectricity Demand: Zer 0 Conservation

1979 pemand = .18 TJAmit



1.999 2C Demand = 273 units x .18 TyAnit
=49 TJ

C.9 1999 FElectricity pemand: Conservation Appf0ach
The 1999 conservation demand for electricity is derived as follows:

1999 zc Demand for Existing Buildings = 172 units x .18 TJ/umit
=311

1999 C pemand for Existing Buildings 25 TJ

1999 z¢ Demand for New Buildings = 101 units x .18 TJAmit
=18 1J

Assuming a 50% reduction for new buildings,
1999 ¢ Demand for New Buildings = 9 TJ
Total 1999 C Demand = 34 TJ

D. TRANSPORTATION SECTOR: ROAD

D. 1_ourrent Gasoline Lemand and AssumptiOns

Although the Keewatin region has virtually no roads, it still
consumed 97,000 gal. of gasoline. e nature of the coastal
camunities suggests the use of outboard motor boats. Therefore, it
I'S assumed that 50% of the gasoline demand can be allocated to the
marine transportation sector. In addition, 100% of the road sector
consunption IS attributed to snowmobiles. Since no specific data on
N.W.T. snownobil e registrations exist, projections are based on

G.T. P. forecasts.

192.
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D.2 Projected Gasoline Demand: Zer o Conservation

1989 ZC Demand = 8 TJ (1979 snowmobile Demand) X (1.053)"
13 TJ

1999 zC Demand = 8 TJ (1.053)”
22 T3

D.3 Projected Gasoline Demand: (onservation Appl0Oach

From Tble 6, it is assumed that snowmobile rotor and track
efficiency can be inproved by 20% therefore,

1989 C Demand = 10 TJ
1999 C Demand = 18 TJ

E.  TRANSEORTATION SECTOR: MARI NE

E.1 Assunptions

It is assuned that outboard motor boats consumed 8 TJ of gasoline in
1979.  Projections are based on G.T.p. forecasts.

E 2 projected Gasoline Demand: Zer o Conservati on

1989 2C Demand = 13 TJ

1999 ZC pemand = 22 TJ



E. 3 pcoje%g_GasnLLne_Deaand;_ConsaL\LaLLon_Apgﬂ

From Table 5, it IS assumed that outboard rotor boat efficiency

be improved by 20% Therefore,

1989 C pemand

10 TJ

1999 C Demand

18 TJ

F. TRANSPORTATION SECTOR: AIR

F. 1| current Fuel Demand

1979 Turbo Fuel Demand = 7 TJ
1979 Aviation Fuel Demand = 7 TJ

F.2 Projected Fuel pemand: Zerq Chservation

10
1989 Turbo Fuel 2C Demand 7 TJ X (1.053)

=12 13

1989 Aviation Fuel 2C Demand = 7 TJ X (1.053)"
=12 TJ

1999 Turbo Fuel zc Demand = 7 TJ X (1.053)"

20 TJ

20
1999 Aviation ruel ZC pemand = 7 TJ x (1.053)

=20 TJ

can
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F.3 Projected Fuel Demand: Qonservation Appr each

|-989 Turbo Fuel C Demand = 11 TJ
1989 Aviation Fuel C Demand = 11 TJ
1999 murbo Fuel C Demend = 14 TJ
1999 Aviation Fuel C Demand = 16 TJ
G MNNG

G.1l Qurrent and Future Prospects

Al though there are presently no operating mnes in the keewatin
region, it is expected that at |east one and perhaps two mnes wll.
be on stream by 1989, mble 8 lists one mne currently under
construction plus a potential uranium development. \While the

i dentified urani um development may never naterialize, it is expected
that at |east one such mne will open by 1989. Statistics reveal
that the keewatin region is the area of heaviest exploration
(primarily uranium and gold) in the N.W.T.

G 2 mergy Demand: Zero0 (nservation and Conservation Appreach

From Table 8, the new mne assuned to be on stream by 1989 is the
cullation Lake development. The energy demand iS prorated from the
Con-Rycon nmine. In producing 650 &B- d. of mll. capacity, con
consures 313 TJ, 36%electricity, 19% diesel motive, 42% heating O
and 3% gasol i ne.  Using ratios:

313 TJ °~X e X =96 T
650 t.p.d. 200 t.p.d.

195,
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1989 ZC Demand = 96 TJ

1989 C Demand = 86 TJ
By 1999, it is assumed that the Cullaton Lake operation will have
termnated. while it is expected that at |east one uraniummne wll

be in existence, the dearth of data precludes reasonable projections.

Notes:

a A percentage of gasoline consunption is attributed to the marine
sector. See the text for the method of adjustment.
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TARLE VI EMERGY CONSUMPTICN BY FORM AND SECTOR: BAFFIN RRGIQN, 1979
ELFCTRICITY DIESEL, (ELBECTRIC}  DIESEL (NON-ELEC.)  HEATING OIL GASCLINE TURBO FUEL AVIATICO FUEL TOTALL
SECTOR Mah TJ 000 GAL. J 000 GAL. Juig 000 GAL. IJ 000 GAL. T 000 GAL. TJ 000 GAL T TS, $T
RESIDENTIAL
Government 12083 43 17% 313 356
Private 1956 7 421 74 81
Ssub Total 14039 50 2217 387 437 16.8
COMMERCIA,
Governmeiit 12588 45 642 112 1151 203 360
Private 12843 46 1413 246 034 147 439
sub ‘otal 25431 91 2055 358 1985 350 799 30.0
Street Lighting 473
MINING 6550 24 443 a 78 168 30 1 .2 53 8 62 2.4
TRANSPORTATION
ROAD
Private 218 34 34
Government 549 86 06
Q her
Sub qotal 767 120 120 50.0
AR
Gover nnent 337 55 48 7 62
Private 6408 1043 486 74 1117
Sub Total 6745 1098 534 81 1179
UPILITY 2718 475
TOTAL 46493 165 3161 b 563 2223 308 4203 737 820 120 6745 1098 534 81 2597 100.0
'.-J
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APPENDIX VI

BAFFIN REG ON: DEMAND PRQJECTIONS

A RESIDENTI AL secTor: EXI STI NG

A.l Size of mousing Stock

Mccording t0 the N-W.T- gc. | the 1979 housing stock in the Baffin
region includes 1851 units. Given a 1979 popul ation of 8617, this
suggests a household size of about 4.7. Gven that an average
househol d size of 4.5 has been previously adopted for other regions,
it does not appear unreasonable to use the housing stock figure of
1.851, i.e., it is likely that if there is adiscrepency in househol d
sizes, the Baffin region woul d probably be higher, rather than |ower
than the average. Al of the Baffin housing stock is assumed to be
singl e detached.

A. 2 it Consunption of Heating Ol

mble VI indicates that the paffin residential sector consumed
2,217,000 gal . of heating oil in 1979, for a per unit demand of 1198
gal . Although this figure appears high in comparison to ot her

NW.T. regions, it is probably appopriate for this analysis, given
that the Baffin region exhibits the highest degree day figure amorg
N.WT. regions.

A.3 Housing Stock Projections

N W T.H.C. data suggests a housing stock attrition rate of 2.4% per
year compounded. Therefore, 1989 and 1999 projections are 1460 and
1152 units, respectively.

199.
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A. 4 projected_Heating_Fuel Demand: Zer o Conservation

1.989 zc pemand = 1460 units x 11.98 gal.Amit
= 1,749,080 gal. or 308 TJ

1-999 ZC Demand = 1152 units x 1198 gal.Anit
= 1,380,096 gal. or 229 TJ

A5 Projected meating_Fuel Demand: (onservation Appréach

1989 C pemand = 154 TJ

1999 C Demand = 115 TJ

A 6 Dnit Consumptiuon_Of Flectricity

In 1.979, 1851 residential units consumed 14039 Mih or 7584 Kwh per
unit.

A 7_Pro jetted FElectr icity Demand: ZerQ Conservation

1989 2C pemand = 1460 units x 7584 Kwh/mit -

11073 M or 40 TJ

1999 7C Demend = 1152 units X 7584 Kwhinit

8737 M or 31 TJ

A 8 Projected Flectricity_Demand: (onservation apploach

The 1989 and 1999 conservation deinands assunme water heating savings
of 3 %and lighting savings of 5%

1989 C pemand = 35 TJ

1999 C Demand = 28 TJ
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B. RESIDENTIAL SECTOR: NEW

B. 1 ®using St 0oCk Needs

N.W.T. popul ation projections indicate an annual growth rate of 3.0%
per year compounded, yielding a 1989 population of 11,580 and 1999
population of 15 563. Accordingly, the number of new dwelling units
required wll be:

1989 mousing Demand = [11,580 - (1460x 4.5 persons per unit)]
—4.5 =1113 units

1999 Housing Demand = [ 15,563 - (1152 + 1113) x 4.5] 4.5
=1193 units

B.2 Proj ected Heating Fuel Demand: Zer 0 Conservation

1989 2C Demand =1113 units X 1198 gal./nit
=1,333,374 gal . or 235 TJ

1999 ZC Demand =1193 units x 1198 gal.Amit
= 1,429,214 gal. or 251 TJ

B. 3 Projected mating Fuel Demand: Conservation appreach

The 1989 conservation demand assumes a space heating saving of 50%
1989 C Demand = 118 TJ
The 1999 conservation demand assumes a space heating saving of 90%

1999 C pemand = 25 TJ



B.4 Projected Electricity Demand: Zero Conservation

1989 ZC pemand = 113 units x 7584 xwhAmnit

8,440 Mt or 30 TJ

1999 7C pemand = 1193 units x 7584 KinhAnit

9,048 mwh or 33 TJ

B.5 ELD-j_E.CLE.d_ElectricitY—Danand:_QJS.EL\LalJ_Dn_Appr oach

te 1989 and 1999 conservation demands assune hot water savings of
40% and inproved |ighting savings of 5%

1989 C pemand = 25 TJ
1999 C pemend = 28 TJ

B. 6 additional Vari abl es

There are a nunber of variables which must be considered in revised

housi ng energy demand projections in the gaffin regi on. They
i ncl ude:

i) the present construction of the mlaris | ead-zinc mne on
Little rnwallis Island;

ii) the possibility of future develogment of the Borealis iron
deposit ONn Melville Peninsul a; and

iii) the devel opment of the natural gas field in the Parry

Islands area, including the construction of an L. N G
termnal ..

C. OOMERCIAL SECTOR
C. 1 _l1ndex mbers

Based on existing (1979) data, the public and private categories
account for 45% and 55% 'espectively of the comercial sector's

Q.
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energy demand. Gven the absence of any physical variables for the
size of the sector, index numers (1979 = 100) are used, i.e. “45”
for public and “55° for private.

C. 2 1989 teating Fuel Demend: Zer 0 (onservation

Te 1989 zero conservation demand for heating fuel is derived as
follows :

public Sector Expansion = Index M. X 1989 population
1979 Population
45 X 11,580 = 60

8,617

Private sector Expansion = 55 X 11,580 = 74
8,617

Total Expansion = 60 + 74 = 134

Net Expansion = 134 - 100 = 34

Gven an assumed 10% attrition rate for existing structures, this
results in 90 remaining and 44 new units.

The 1979 total commercial demand for heating fuel (roth diesel and
heating oil) is 708 TJ (358 diesel and 350 heating oil). mis

results in a per unit consumption (1979) of 7.08 TJ. ‘lherefore:

, 1989 2zC Demand

134 units x 7.08 TJ/mit
949 TJ
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C. 3 -1989—Heating—mel_Demand:_Oonse;_—vation_ApgiCh

the 1989 conservation demand for heating fuel is derived as follows:

1989 IC pemand foOr Existing Buildings =

90 units x 7.08 T3Amits = 637 17

1989 C pemand for Existing Buildings = 326 TJ

1989 ZC Demand for New Buildings = 312 TJ
Assuming a 70% reduction

1989 C pemend for Mew Buildings = 94 TJ
Total 1989 C Demand = 420 TJ
C. 4 1999 peating Fuel pemand: ZerQ (hnservation

: : i's derived as
Te 1999 zero conservation demand for heating fuel
follows :

Bublic Sector gpxpansion = 60 x 15-563—= 108
8,617

Private Sector rxpansion = 74 x 15-563-= 334
8,617

Ttal Expansion = 242

Net Expansion = 242 - 134 = 108
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Gven an assumed attrition rate of 10% for existing structures, this
results in 120 remaining and 122 new units. Recalling that the 1979
per unit consunption is 7.08 TJAnit,

1999 2C pemand = 242 x 7.08 TIAnit
= 1713 TJ

C.5 1999 Heating Fuel Demand: Conservation Zppreach

The 1999 conservation demand for heating fuel is derived as follows:

1999 2C Demand foOr =Existing Buildings =
120 units x 7.08 TJ/unit = 850 TJ

1999 C Demand foOr Existing Buildings = 435 T3

1999 ZC pemard for dew Buildings = 1713 - 850
=863 TJ

1999 C Demand foOr New Buildings = 259 TJ
Total 1999 C Demand = 694 TJ

C. 6 1989 Flectricity pemand: Zero Conservati on

1979 Demand = 91 TJor .91 TJAnit

1989 z.C. Demand = 135 units X .91 TJAmit
=122 TJ

C. 7 1989 Electricity Demand: (onservation Appreach

1989 z.C. Demand foOr Existing Buildings =
90 units x .91 WAmit = 82 ™

1989 C. Demand for Existing Building = 66 TJ
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1989 z.C. pemand for MNew Buildings = 122 - 82
=40 TJ

assuming a 50% reduction for new buil dings,
1989 C. pemand for New Buildings = 20 TJ

Total 1989 C. pemand = 86 TJ

C 8 1999 pmlectricity_Demand: 7er 0 (onservation

1979 pDemand = .91 TJAnit

1999 ZC pemand = 242 units X .91 TJAunit

220 @

c.9 1999 pectricity Demand: conservation App! %3¢

the 1999 conservation for electricity is derived as follows:

1999 zC Demand foOr Existing Buildings =
120 units x .91 TIAmit = 109 TJ

1999 C pemand for Existing Buildings = 87 TJ

1999 32C pemand foOr Mew Buildings = 111 TJ
assuming @ 50% reduction for new buildings,

1999 C pemand for mew Buildings = 56 3

Total 1999 C pemand = 143 TJ
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D. TRANSPORTATION SECTOR: ROAD

D.1l Qurrent Gasoline Demand

Al though the Baffin region has no road system 767,000 gal. of
gasoline (non-mne) were consumed i N 1979. Despite the possibility
of future develomment projects nmentioned previously, it is not
|ikely that road systems will be constructed.

D. 2 assumptions
Projections for 1989 and 1999 assume that 50% of the gasoline demand
can be attributed to snowmbiles, and 50% to cars/light trucks

(confined to Frobisher Bay) .

D.3 Ppro jected (ASOline ( Snownobile) Demand: Zer o Conservation

1989 ZC Demand = 60 TJx (1.053)"
=101 TJ

1999 zC Demand = 60 TJx (1.053)”
= 168 TJ

D.4 Projected Gasoline (Snownobile) Demand: Conservation AppPreach

From Table 5 it is assumed that snowmobile nDtor and track
efficiency can be improved by 20%

, 1989 C Demand

81 TJ

1999 C Demand

134 TJ
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D.5 assumptions Pertaining to Cars & Light Trucks-
pro jections for 1989 and 1999 road gasoline demand assume that:

1) the number of vehicles registered in the Baffin region is
a factor of the ratio:

Fegional_Gasoline ConsumpliOn = K
N. W.T. ®tal Gsoline Gnsumption

1) e ratio k remains constant in the projections.

D. 6 Projected @soline{Grs—& Trucks)-Demand:—Zero Conservation

Gsoline ratio k = 383,500 gal. = . 0435
8,800, 000 gal.

Using Table 5, the derived nunber of cars and trucks is:

Vehicle_Type 1979 1989 1999

cars 221 347 546
Trucks 379 755 1552
Total 600 1102 2098

1989 zc Demand (as a ratio of “registrations) =
1102 x60 TJ = 110 10
600

1999 zC Demand - 2098 x60 TJ = 210 TJ
600

D.7 Projected Gasoline (Cars & Trucks)-Demand:—Conservation
Approach

1989 C pemand = 80 T3

1999 C pemand = 116 TJ
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TRANSPORTATION SECTOR: Al R

E.l

1979

1979

E 2

1989

1989

1999

1999

E.3

1989

1989

1999

1999

Quirrent Fuel Demand

Turbo Fuel Demand = 1098 TJ

Avi ation Fuel Demand = 81 TJ

Proj ect ed Fuel Demand: Zer 0 Conservation

Turbo Fuel ZC Demand = 1098 TJ X (1.052)"

= 1840 TJ

Avi ation Fuel ZC pemand = 81 T3 z (1.053)10
= 136 TJ

Turbo Fuel ZC Demand = 1098 TJ X (1.053)"

3084 TJ

Aviation Fuel zC Demand = 81 TJ x (1.053)20
=227 TJ

Pro | etted Fuel Cemand: Conservation appreach

Turbo Fuel C Demand = 1656 TJ

Aviation Fuel C Demand = 129 TJ

Turbo Fuel C Demand = 2159 TJ

Avi ation Fuel C Demand = 182 TJ

2Q9.
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F. MINING

F. 1 cqurrent M ne Demand

The 1979 secondary energy demand iS represented as one secondary
energy aggregate. Te One producing Mne in the saf f in region, at
Nanisivik, consumed 62 TJ.

F. 2 pro jetted Mne Demand: Z€r 0 Qnservation

M ne demand in 1989 is assumed to be a combination of projected
existing mne demand pl US new m ne demand.

Exi sting mne demand = 62 TJ X (1.053):LG
=104 TJ

Table 8 |ists one nmine, the polaris development, currently under
construction. It's aggregate 1989 energy demand i S derived using
t he Con-Rycon mne consunption in a ratio:

313 “x__ .. X =987 T
650 2050

1989 2C pemand = 1091 TJ
1989 C pemend = 982 TJ
me to a lack of specific data there are no 1999 mning projections.

Notes:

a e mning sector’'s diesel electric demand has been noted as an
addition forutility demand, an approach simlar to the rort
Smth region's sector analysis.

b mis total has not been included in the grand total.



L |
[ ]

APPENDIX VII

POTENTIAL RETROFIT SAVINGS FOR A FORT SMITH HOME

CRUDE O L PRICES

Year Crude Q| Price Per Percent Increase Over
Barrel °($) Previ ous Year

1980 16. 75 0

1981 18.75 11.9

1982 20. 75 10.7

1983 22.75 9.6

1984 27. 25 19.8

1985 31.75 16.5

HEATING OIL PRICES

Year Percentage Rise Iome meat Q|
in Crude Price Price per GallonP

1980 1.84

1981, 11.9 2.06

1982 10.7 2.28

1983 9.6 2.50

1984 19.8 2.95

1985 16.5 3.44

@sts | F YOU DON'T INSULATE

Year Ol Price Mmnual *sting Oosts
per Gallon ($) (697 gal. /year) ($)

1980 1.84 1,282

19a 2.06 1436

1982 2.28 1589

1983 2.50 1742

1984 2.95 2056

1985 3. 44 2398

211,
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APPENDIX VII (cent’ d)

SAVINGS IF YOU DO INSULATE

insulated | nsul at ed savings Per
Year thms(,$)a Lo Vet (5)
1980 1282 Did not insulate
1981 1436 718 718
1982 | -589 794 794
1983 1742 871 871
1984 2056 1028 1028
1985 2398 1199 1199
THE @sT OF MONEY

Year Ioan Interest Total savi ngs Bal ance

($)9__at 18% (9) ($) ($) ($)

2000 360 2360 718 1642
%83% 1642 296 1938 794 1143
1983 1143 206 |- 349 871 478
1984 478 86 564 1028 - 464
Not es:
a Crude oil prices are assuned to correspond to the national

energy strategy quotes.

BEeating Oi | price increases are assumed to increase in
proportion t0 crude price increases.

Eeating Oi | demand is assumed to be for a typical Fort Smith
region unit. See zppendix ||

The camplete i nsul ation costs is assumed to be $2,500 11981
dollars). Assuming that the home-owner has made use of a $500

Canadian Home | nsul ating Program (C.H.I.P.) grant, the |oan
woul d be for $2000.



APPENDIX VI ||

INFORMATIONAL LIMITATIONS

The informaticnal |imtations to this study are listed according to
two categories. first, there are limtations related to the

met hodol ogy.  Second, there linitations inherent in the N.W.T.

Sci ence Advisory Board Report, Fnergy I N the Northwest Territories.

1. Wth respect to the nethodol ogy (appendix |) , there is

2.

The S

insufficient and incomplete data pertaining to:

housing stink nunber by region

housing stock type and age by region
housing stock attrition by region

househol d size by region

nunber of electrical connections per region
el ectrical end-use by region

appl i ance activation by region
residential movement t0 multi-dwelling UNits
energy demand by structural housing type
heating fuel demand by region

nmumber Of camercial units by region
commercial unit attrition rate by region
energy demand by mne

nmore detailed bresk-down Of commercial energy denand
vehicle registration and type by region
econamic sectoral forecasts

.A.B. report does not:

explain how fiscal year data e.g. , 1978/79 data was
adjusted to formthe 1979 cal endar baseline year;

1) detail L. G distribution by region;

iii)

i ncl ude heavy equipment, mining or drill ship fuel demand
in the transportation category;

23,
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iv) provide sufficient heating fuel data;
v) delineate what comercial (private) diesel fuel represents;

vi) provide sufficient data for mning comunities such as
Tungsten and MNaninvik;

vii) present data in a consistent and clear manner e.g.,
shifting fromah to M.




BPPENDIX | X

A suMARY OF HEAT RECOVERY SYSTEMS

SYSTEM ENERGY INPUT ENERGY OUTPUT COMMERCTAL,
Type Temperature Power Heat Temperature Capacity AVAILABILITY
°C $ % °C MA
Cogeneration
Steam Cycle Any fossil, 550 10- 20 60-70 100- 250a 5-5000 Widely
nucl ear available
refuse
Gas Turbine Gas 700- 1000 20-35 40-60 100-250a .5-75b Avai | abl e
fuel oil
Diesel Fuel GOl High 36 23-28 100-1802 .5-25b Widely
avai |l abl e
District Heating Any 95-150 0 20 60-140 10-2000 I'n
Eur ope
Heat Punp Waste heat -20 to +100 o 200-600 120 10 Limted
producti on
Power Recovery
St eam Waste heat 200 6-20 0 NA .38 Avail abl e
O ganic Rankine Waste Heat 65-280 6-20 0 MA 3.7 Limited
producti on
Heat Exchangers  Heat 600 0 80 600 Any Widely
avai |l abl e
St or age Heat 500 0 75-95 500 Any Conponent s
widely
avai |l abl e

*STC



Notes:

a Temperature Of saturated steam

b Electrical capacity
Oogeneration; two high qual ity tasks from high quality energy
Bottoming cycle; a high quality task using low quality energy
District heating; selling the energy to soneone who needs it

Eeat punps; raising the temperature or energy until it is
suitable for another task

Storage; keeping it until it is needed

reat exchangers; transferring heat from matter which no Ionger
requires it to matter that does require it

Absorption cooling and refrigeration; to provide building or
process cooling

Agriculture and aquaculture; utilizing rejected energy for food
producti on.

Source: 1Ialonde et. al. , 1979.

216.
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SIMPLIFIED BCONOMIC ANALYSI S

SYSTEM FNEIGY INPUT ENEIGY OUTPUT TRSTALLED CAPITAL TOTAL
cosra CHARGEP cosTC
TYPE ASSUMED COST POVIER HEAT $/kwy £/kvin £/kvh
£/kvin kWe kvig
Cogeneration
St eam Residual 1 .15 .65 160 .78 1.07
01
Gas
Tur bi ne Fuel Q| 1.5 .25 .45 263 1.29 3.87
Di esel Fuel Oil 1.5 .36 .25 347 1.7 6. 62
District
Hleat ing Power plant .375 0 .90 336 1.64 2.05
Waste heat
at 100"C
Heat Pump Electricity 3 o 3 167 .82 1.82
Power Recover Y  Vaste [Jest
(organic at 200"C 0 .15 0 1265 -3800/kWg 6.2-18 5.75-17.6/k¥hg
Rankine)
11est Exclanger
Gas-[, iquid Vaste Heat o 0 .8 56 .27 21
at 350°C
Li qui d-Liquid Vaste heat 0 0 .8 34 .17 A7
at 130°C
St or age Vaste heat 0 0 .9 NA .a8d .48
at 100"C
O 1 Furnace 01 1.5 0 .8 56 .21 2.4

*L1T



Notes:

a

installed C O S Quoted cost x 1.1 (inflation factor) x (1979 -

t =
ﬂuote date) x 1.15 (US to &n. conversion) = st per kW of
eat.

Capital charge = Installed cost per kW - (8760 hrs/year X
.35 utilization factor) x .15 $/$ invested.

Total heat cost = (mergy input cost/heat produced + Capital
charge - Value of power produced.

Storage cost = $54Wh x 128 uses/year.

218.



APPENDI X X

ENVIRONMENTAL EFFECTS OF ACID PRECIPITATION

1. Iower ing pH |evels.

2. Xceleration Of calcium and magnesi um (inportant nutrients)
| eachi ng.

3. Decreasing Soil fertility.

4, promotion Of toXicC heavy metal deposition.

5  Reduction Of plant reproductive potential.

6.  Inhibition of m crobial decomposition.

1. Inhibition of lichens” nitrogen fixation potential.

8.  Deterioration of freshwater ecosystems | ocated on
non-calcareous bedr ock.

9.  Reduction of | ake m crobial decomposition.

10. Reduction of fish reproductive potential.

Source: 1. Earvey Babich, Devera Iee Davis and Qenther Stotzky,
"Acid Precipitation Causes and Consequences",
Bwironment 22 (May, )980) : 9-11.
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220,

APPENDIX XI
N.W.T. FOREST ENERGY FOTENTIAL
METHOD |

1. e estimated wr sustained yield or annual allowable cut is
2.4 million niper year.*

2. The conversion of sustained yeild volume to weight of bicmass
is 2.4 x 10°nmix 0.37 oven dried tonnes (OD%) per mi~
8.9 X 10°ont?

3. 8.9x10°0Dt of biamass is converted to total biomass
potential using a correction factor of 230%or 2.3 .
8.9 X 10°00t X 2.3 = 17.8 xopt X 10°

4, 17.8 o0t X 10° o = 17.8 X 10°Kg.

5, 17.8x 10°kg X 10.5 MI/kg 9reen yood® =

186.9 x 108 M7 or 1.87x 10

10.5 M3 x 10" or 1.05 x 107 joule
6. 1.87x1016 = 18.7 petajoules (PJ)
Sources: 1. D. |. AND. Forest Management Unit

2* Peter Love and Ralgh Overend, Tree power, p. 7.

3. Love and overend, p. 35.
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APPENDIX XII
FEDERAL FOREST BIOMASS ENERGY PROGRAMS
Program  Energy TrOmM Forests (ENFOR) Budget : $29.9 Million TOr the

total period

Time Frane: 6 years - FY 78-79
Fy 83-84

o jective:

To carry out research, developnent and demonstration Pror’ ects to provide a
technol ogi cal basis for the substitution of fossil tuel suppliers by biomass
to the extent of 8% of Canada's primary energy demand by 1985, and to devel op
technol ogi cal know how to go much further than 8% (with respect to liquid
fuel s for transportation purposes)

Mandat e:

™ provide funding for R & D to the private sector and provincial governments
to neet the above objective.

Co-ordinators: (Gontact:
ENFOR Secretari at a) Dr. T. S. mMcknight, Director
Canadian Porestry Service (819) 99701683
Envirorment Canada b) Dr. R.C. Dobbs, Bi omass
Pl ace Vincent Massey Production Coordinat or
19th Fl oor c) M. R.J. Neale, Bi omass
All, Quebec onversion Co-ordinator
KlA OE7 (819) 997-1682

d) M. L.G. Defore, Program

Secretary (819) 997-3407

staff :  Total of 15 person
years devoted to the
program
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Current Projects:

45 projects are currently being funded with four e¢l ak; ion
DFOJPeCtS done under the unbr%lla of ENFOR. HOWorspef it AGPEBY=- 2 a5

Erlojée%ts _ilsl._$2. 95 million and the f unding for the four special projects totals
27 milion.

Inf Ormation on Projects:

All projects are conducted on a fully funded contract basis. Contracts have
been made through RFP's from DDS and by open solicitation by ENROF.

source: 1. Deter Love, BiONBSS Fnergy | N Canada
(Otawa: EMR Report ER-B0-4E) .
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Program  Porest 1 NAUSTTYy Renewable Budget: $103 Million for the
Energy (FIRE) total peri od
8 M-FY 79-80 $28 M-FY §2-83
11 mFy 80-81$37 M-Fy 83-84
$19 mry 81-82

Time frame: Fy 78-79 Fy 83-84

Cbjective:

The objective of the FIRE programis to provide an incentive for industry to
utilize waste forest biomass as a source of energy, thus reducing the
dependence on traditional non-renewable resources.

Mandate:

To approve and provide funding to meet the above objective.

(o-ordinators: Contact :
Oonservation & Renewable Subash Junej a
Energy Branch Bead FIRE Program
BR

580 Booth St., 6th Floor
Ottawa, K1A OFE4
(613) 995-1801

Qurrent Proj ects:

65 applications have bheen made to the FIRE program 45 have received formal
approval, the rest are being processed. *

Information on Projects:

T respond to the need for 2 programto stinulate the use of forest biomass
residue as fuel, the FRE program was established and announced in July, 1978.

™ be eligible for FIRE assistance, a project nust involve an installation of
capital facilities to be used for one or more of the follow ng purposes:

1. Direct camustion or gasification of forest biamass, such as hog fuel,
sawdust, slash, etc. , to produce energy that wll be used in the
appl i cant’s manufacturing operations or in an associated comunity, Or
both.



224,

2. Conversion of forest biamass into prepared fuels "aving enhanced heating
value, transportability Or Storage properties.

3. Incineration and recovery of pulp mill spent |iquor, to produce a net
energy surplus which will be used in the applicant’s manufacturing
o-rations, or in an associated community, or both.

*Up to day information is available from the FIRE secretariat.
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Program Biomass Mergy Ioan Budget: $I50 MTTion
Guarantees ) mime Frame: July 1978 to
March 1984

Cbjective:

e obj ective of the [oan guarantee programare to help reduce. Canada’s
dependence on petroleum through the substitution of forest residues or

muni ci pal wastes, and to encourage the efficient use of energy through
cogeneration of heat and electricity.

Co-ordinators: ntact:

FIRE Secretari at Sdbhazf} Jgneja
Conservation & Renewable Co-ordinator
Fnerg y Branch (613) 995-1801
EMR

580 Booth St., 6th Floor
Otawa, KA OE4
(613) 995-1801

Qurrent Projects:

Y | oans have been approved to date due to the newness of the program

I nformation on projects:

M important role in achieving the above objectives can be played by
biomass-based milt i-client energy systens - local utilities or their _
equi val ents - which can take advantage of the subst itutien and conservation
opportunities occasioned Dy the integration of industrial and residential
energy demands. Extendime federal "guarantees to loands made to such

organi zations, or to -purpose | 0ans made by utilities, industries,
muni cipalities, or those of their joint subsidiaries have appropriate
borrow ng powers, Wi || |ower cost of capital and attract new | enders.

Te total cunul ative guarantee ceiling will be $150 mllion with a maximm
guarantee of $30 nillrion available to any single project.

Eligible pro jects are bicmass-based Utility generation facilities, or

milt i-client energy systems dedicated to an industrial complex and possibly
ItS associated settlements.
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APPENDIX XI ||

MAJOR ENVIRONMENTAL EFFECTS OF FOREST BIOMASS
CONVERSION TECHNOLOGIES

Technology Maj or Effects

wood St oves Particulate air pollution, expecially
polycyclic organic rotter which is
potentially care incgenic.

Wod Boilers High particulate enissions, high @
and S0, m SSi ons

Bi omass @sif iers Cccupational mzards fromtoxics in raw

gas e.g., Niy H,S, . Vter
pol I ution from oxygenated hydro-carbons.

Source: 1. Steven E. plotkin, "Energy From Bi 0mBSS”, _Environment
wl. 22 (Mv. 80) . 6-14.



