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~ergy ~d and Supply in the Nrthwest krrltories

. .I! ~is study examines energy d- and supply patternsI

~rthwest =rrltories (N.W. T. ) as a working pa-r for
--

~~rtment of Indian Affairs and Northern EvelopentI

,.
:-.

.:

I
3 1936 00013 876 6

in the

the Meral

and the N.W. T.

Ministry of ~ergy. Conceptually, the study is similar to the soft

path approach employed by ~vid Brooks in Exploring a Soft ~ergy

Rth for the Wkon Erritory. It focusses on utilizing cost

effective t~ologies to reduce the anticipated growth of energy

consumpt ion  and  a l so  to  deve lop  renewab le  and smll-scale  su~ly

sources to meet pro jetted demands.

~d Malysis

me study’s demand analysis utilizes an N.W.T. Science Mvisory

Board  s tudy ,  ~ergy i n  t h e  ~rthwest Erritories  t o  d e l i n e a t e

regional energy demand, by sector I for the designitti base year of

1979. ~ional d-d is projected to )989 and 1999 assuming ten

years as the maxhm the period for economic developments to affect

significantly the energy d~d patterns.

I

Regional demand is pro jetted according to optimistic economic and

popu la t ion  g rowth  scena r ios . me N.W. T. ~no~ i s  d e s c r i b e d  a s

c u r r e n t l y  being  in a  l o w  g r o w t h  s t a g e  c r e a t e d  ~ for the most pa r t ,  by

t h e  u n c e r t a i n t y  i n  t h e  m i n e r a l  a n d  oiligas  i n d u s t r i e s ,  t h e  f i s c a l

burden  o f  a  pe t ro leum based  econcmy, and the possibilities  of

govermt  s p e n d i n g  r e s t r a i n t s . ~ the ass~tlon  tha t  the N.W. T .

econmy  will con t inue  to  be  cha rac te r i ze  by  a  l a rge  government

s e c t o r ,  a n d  t h a t  p o s s i b i l i t i e s  exist to  r e tu rn  to a @ium g r o w t h

s t a g e ,  it is p r o j e c t e d  t h a t  t h e  N.W.T. g r o s s  territorial  econcany

will ~ during  the period  1 9 7 9 - 1 9 9 9 ,  grow  a t  a  r ea l  annua l  r a t e  o f

\
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5.3%. @ntinued govermnt involv-nt in the territorial economy

is forecast to be ccanplmented by revenue from mining expansion,

natural gas and oil d~velo~nt, and forest industry expansion.

~o j ections of a buoyant econcany  are reflected in the choice of

P@ation forecasts. Of ~ojected N. W. T. low and high ppulation

growth rates, the latter is used, althou@ only a few N.W.T.

comities (Yellowknife, my Rver, Pine Ft)int, Rankin Inlet and

~obisher Bay) are likely to experience significant increases. me

population and economic projections are utilized in region specific

pro jection methodologies, all of them described as working pa~rs in

the Appendices.

me delineation of 1979 regional demand illustrates that the

co~rcial and transportation sectors dominate territorial energy

consumption. Regional breakdowns show that the ~rt Smith and

Inuvik regions account for 12 thousand tera joules or 52.6% and 22. O%

respectively of the N .W .T.’s total d-d of 16 thousand

tera joules. @nversion and line losses represent at least 10% of

total d~d.

A variety of conservation stratqies and technologies can reduce

territorial and regional energy d~a significantly. ~r existing

residential buildings typical conservation measures range from no

cost themstat set-back to $2000 (D81 $) retiofit inves~nts~ the

latter being a cost effective investment with a pay back of less

t h a n  f o u r  y e a r s . @sign and demonstration models for new N.W. T.

housing ,reveal that significant energy savings can be realized. In

particular, a super-insulated, air-tight, southerly-facing glazed

prototype has, in caparison to existing residences, achieved a

heating load saving oi 95%.

Energy consnnption  in existing and new cmercial units (most of

which are smll units) can be reduced by airtight design,

,
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superinsulated building shells, and passive solar heat gain. Both

conservation measures and technologies can be applied in the

tr=.~rtation sector. ~r eqle, cost effective devices such as

radial tires and aerodynamic drag reduction devices are readily

available for use by road vehicles. In the mining sector,

conservation approaches in both the mining and milling stage can

reduce tinsqtion. ~o @rtant masures are

and residual (waste) heat recovery.

@ioml energy d~d is projected to 1989 and

zero conservation and a conservation approach.

peak load ~g-nt

1999 assuming

Consumption

both a

projections yield 1989 and 1999 NWT zero conservation and

conservation approach totals of 20.5, 13.7 petajoules  and 38.1, 22.3

~tajoules respectively. AS the region with the mst diverse

econcmy and the highest population, Fbrt ~ith represents the

greatest challenge to i~l~nting conservation Easures. If they

were implemented as suggested, the Ebrt ~ith 1999 residential

energy d~d could be less than in U79. me co-rcial demd in

1999 could be kept to a level near that of 1979= It is sug9ested

that a conservation approach in the ~rt %th r~ion could result

in $91 million and $164 million annual savings for diesel and

heating oil in 1999 (D8M).

nplementation  of suggested conservation measures would affect an

actual 1979-1999 decrease in the ~riage Bay, Inuvik, and Keewatin

regions’ total demand. ~ these regionsl as we~ as in tie ~ffin

region ~

reasons

rductions  in residential and commercial demand are Lhe min

for the total demand decrease.

the significant demnd reductions that can be achieved,Espite

totai N.W.T. energy consumption is projected to increase by 39% to

1999. ~is results Primrily from optimistic ass~tions about

growth in the mining and transportation sectors and conservative

ass~tions for demd reduction possibilities in these sectors.

‘Ihe daand analysis reveals that economic growth does not have to be

sacrificed &cause of conservation strategies.

._
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It is recorfnnended  that energy and socio-nomic data limitations be

addressed as a prerequisite to further evaluation. It is also

reconnded that the N.W. T. gover-nt develop an economic

forecasting model(s) and that it assess the various conservation

options for their economic feasibility. ~ this context, it is

suggested that real, as opFosed to subsidized, energy prices be used

in assessing ~tential conservation savings. ~ addition, it is

suggestd that the N.W.T. government take advantage of existing

federal energy services and programs to foster the application of

conservation measures. Finally, it is recmended that the N.W.T.

govermt integrate the goals of co~ity econofic development and

aployment with housing rehabilitation and construction needs.

Supply Walysis

me study’s supply analysis describes both non-renewable and

renewable domestic supply sources that might alter supply patterns

in a manner reducing petrolem fuels inputs to electricity and space

heating requirements. Residual heat energy is selected as a supply

source because it represents a fairly constant energy by-product of

the N.W.T.’S mining and electricity industries. As mch as 978

terajoules of energy has been identified in a Yukon/N.W.T. residual

heat stream ranging in quality from radiation to 815”C.

me concept of energy cascading is introduc~ as a means of

utilizing 100% of the residual heat stream. ~ date, studies and

actual demonstrations indicate that “mini” - district heating using

heat r~overed from N.W.T. diesel-electric generating units is an

achievable near term option. Cbmbinti jacket and exhaust gas heat

recovery results in overall plant efficiencies of 75% and

distribution temperatures appro~iate to cmunity infrastructure.

Various perspectives of actual residual heat potential are

examined. At least 52% of the heating requirements for cmunities

i
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selected in one study can be met by district heating. Other work

suggests that c~ined jacket and exhaust recovery is already cost

effective with pay back periods of less than five years. &sed on

the conversion and line losses identified in the demand analysis, it

is estimted that 13.4% of the N.W.T. conrcial sector’s dmd can

be met by residual  heat. Finally, it is evident from mine heat

reclamation efforts at @n ~ng and misivik that the mining sector

as a whole could utilize a significant residual heat source.

Mtural gas is described as potentially an assured supply source anu

a cost capetitive alternative to conventional sources. Fbur

factors, reserve capability, mrketing, proximity of d~d centres

to supply, and costs have, in addition to political concerns, a

bearing on ptential gas utilization. @lculations suggest that

less than 1% of the Mackenzie-Beaufort and mainland reserves (as

estimated to 1979) would be needed to -t ~rt ~th and ~uvik

regional space heating demand to 1999. A perusal of natural gas

well pros~ts revealed that some wells are as close as 26 km to

existing demand centres.

Natural gas develo~ent for aaestic use

utilizing e~rt pi~line laterals or by

can be realized by

developing site specific

infrastructure. me latter option is explored for the town of

Inuvik, resulting in projected delivered gas costs of $6.71@f for

one location and $8.65ficf for a second site (198C!$).  At a

delivered cost of but $65,000 per residential customer it seems

preferable to explore the pi-line lateral option estimated at $7957

per customer.

Mtural gas can be used to meet boti electricity and space heating

requirements. !lhe development of mini~istrict heating or total

energy systems indicates that natural gas can be consume3 to produce

electricity and heat at a 90% 1st law conversion efficiency. In the

long term, compressed natural gas might be used as a transport truck

fuel.

,
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Although coal is cu?:rentiy not mined in the N. W. T., the ~rt Smith

and Inuvik regions have several identified seams. me recent study

concludes that the greatestqssibilities  for coal utilization are

in scane of the Arctic coast ccmnnunities ative the tree line. @al

could be used for residential and commercial heating in forced-air

furnaces, stoking ftinaces, and fluidized-bed combustion units. A

n-r of enviromntal @cts associated with coal developnt are

identified including the potential carcinogenity of certain types of

organic matter emitted by cotiustion.

~dro electricity is described as a renewable source ap~opriate to

all N.W.T. regions. It is noted that existing load d~d,

pr~ily in the Fort Smith region could increase substanti~y as a

result of mining and forestry develo~nt and pipeline

electrification needs. ~ectricity supply to date is identified as

128 MW instaUed capacity. ‘Ibis is about 3% of the identified

potential hydro sources in the territory.

me extent and t~e of hydro~wer to be developed is contingent on a

n-r of variables. me technical achievaent  in realizing the

ptential of a selected river is often limited by low terrain and

site flooding. ~is in turn increases the costs of development.

Espite certain cost advantages of large scale develo~nt, it is

suggestd that only small scale and

N.W.T. require~ts.

Micro-hydro, i.e. hydro development

mst load requirmnts and can also

existing power sites. ~uipent is

limitations from winter freeze+p.

micro-hydro are suitable to

of < 5 MW capacity, can meet

be used to divert water into

proven witi no e-ted

Site specific capital cost

estimates vary frm 39 roils to 550 roils per installed kw. It is

suggested that the e~onomic feasibility of mch micro-hydro  is

contingent on higher production volmes of Mrth American low and

medium head turbines, near-term price escalation of conventional

,
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fuel., and accelerated de~eciation  of equi~nt. &pid depreciation

for e~ipnent is supported by recent tax incentives from the Rderal

government.

Wood or forest bicanass is an important untapped renewtile resource

in the N.W. T. ~ date, wood biomss accounts for but 99% of the

Gnadian bicnnass fuel supply. E spite significant information

deficiencies that are only now being slowly r=tified, it is

possible to estimate sae of the N.W.T. forest bi-ss potential.

Fbrest land in the N.W.T. is confined minly to the huvik and ~rt

Smith regions with the most productive land located on the alluvial

plains of the Mckenzie River valley and basin.

3 of ltir and piles!Ib date, an annual maximum of 17.6 million m

have unharvested but new development indicates a potential of 24

million m3. ~elwood production has averaged about 7000 m3

annually with a maximum of 17,833 m3 or 0.14 petajoules, shut 24%

of the projected 1989 conservation scenario heating d-rid for the

Inuvik and Ebrt Smith regions. Calculations using methodologies

that encoqss total biomss utilization are used to derive the

tota3. N.W.T. forest biass energy potential. A potential of 18.7

petajoules is estimated. ~ctors such as comrcial production and

e~logical constraints suggest that only a small percentage of 18.7

petajoules is actually harvestable. Mvertheless, 5% of 18.7 PJ or

.93 PJ is 1.6 times the projected 1989 space heating demand

(conservation) of the ~rt Smith and ~uvik regions.

Co~stion and gasification to meet space heating and

requirements appear to be the conversion technologies

electricity

mst

appropriate to the territory. Avariety of stoves and furnaces

exist that can burn wood, wood wastes, and chips. Chip burning is

notd to have several technical and econaic advantages but one

study suggests that ltiur costs are still prohibitive.

,
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@sification  is being evaluated as both a space heating and

electricity supply by the federal government and a n-r of

provincial govermnts. me mre feasible gasification technology

appears to be fluidized-bed  systems.

There are a n-r of factors &at can alleviate the develo~nt of

forest bimss in the N.W.T. ~ey include inter-governmenti cost

sharing~ conventional fuel price increases~ and tax incentives the

latter being included in recent Inccnne ~x kt revisions that allow

for rapid depreciation of biomss equi~nt.

Espite a very small agriculture base, the N.W.T. (the ~rt Smith

region) has a significant area of Class 2 to Class 5 land capable of

growing oats, barley and forage crops. Since a livestcck  industry

is likely to be h-red by transportation costs and high incidence

of disease, it is suggested that the land be developed for

agriculture biomass production, either tiom the main crop or from

waste, suitable to meet limited space heating requirements.

Although fuel peat is recognized by one study as a superior fuel to

coal and wood, extensive date on its ~tential in the N.W.T. is

limited . Nevertheless, the identification of peat along the

Mackenzie River flood plain warrants follow-up evaluation.

@therml reservoirs have been identified in the ~rt Smith Inuvik

regions. Epending on the heat potential of the reservoirs,

geotherml  energy my be able to met limited residential and

caercial space heating and electricity requirements.

~ntinued research and development suggests that large vertical axis

wind turbines (e.g., 200 kW) may, in the near-future, provide

limited electricity rqirements. tifeqcle cost estimates have

indicated that despite high $/kw installed costs, diesel+ind

systerrts are currently cost co~titive with diesel+iesel. A recent

,
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study suggests that the mst efficient linking of wind and diesel

units would involve wind supplying mechanical power to the diesel

generator.

Espite periods of little or no sunshine, solar energy can to S-

extent, be utilized in the N.W.T. ~ fact, passive solar design is

S- to be an important ccanponent in the energy efficient

protot~s described in the d-d analysis. Wtive solar systems

appear to be suitable for hot water heating. It is noted that an

@rtant factor likely to enhance the feasibility of wind and solar

supply is the develo~ent of seasonal storage mediums.

It is recomnded that significant effort be mde

canprehensive inventories of all potential supply

followed up by site specific evaluations. Within

to develop

alternatives to be

such a context, it

is recommended that the ~ government continue

renewable programs. Gven the costs likely to

such endeavors, it is suggested that continued

the question of utilizing ptential hydrocrabon

to uti l ize exist ing

be necessary for

analysis focus on

revenues.

,
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1.0 ~troduction

‘Ihe purpose of this study is to examine current and expected energy

d~d and supply patterns in the ~rthwest =rritories (N. W.T. ).

tie reprt, in essence, is an information base and as such is

@rtant to N.W.T. policy develo~nt in two respects. first,

energy planners need data from which to base their decisions. tiis

reprt is an at-t to fill a mst el-ntary void in such a data

base, a task that must be completed before energy planning can be

carried out comprehensively, i.e. to include the long-term. Second,

the report provides enough of a picture to suggest some ~licy

options to those concerned with the N.W.T.’S future. In this

context, the re~rt hopes to be a working pa-r for both the

Epartment of Indian Affairs and ~rthern Evelo=nt. (D.I.A.N.D.)

and the N.W.T. Ministry of ~ergy.

2.0 Study Ferspective

~nceptually, this report is similar in nature to David Brooks’,

~loring a *ft Eherqy Rth for the ~kon T=rritory, co~leted in

Mrch 1980 for D.I.A.N.D. (hereafter known as the ~kon Report).

~re specifically, the d~d and su~ly co~nents to this re~rt

attempt to encmpass sme of the basic elements to

approach.

~and projections include a conservation scenario

the “Soft Path”

based on soft

path criteria enco~ssing the efficient use of energy. (See the

Mkon Re~rt pp. 1-4 and @pendix A.) “Hficient”, in this case

includes economic and thermodynamic variables as well as the

objective of minimizing social and environmental consequences.

‘Ihe supply co~nent, while not as empirically comprehensive as the
I

daand side, e=ines the potential of both non-renewable and

renewable energy resources, the former as a transitional supply

source, the latter as an ulttite supply source in a “stable” energy

future. m matter what name or classification is given to the =ft
/
t

,

--
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Path a~oach, it merely reflects the growing realization that

conservation strategies and technologies and the efficient

(emnakli@ly/tie-pi=Uy)  a~lication of

resources are ~rhaps the mst realistic way to
1energy future.

renewable energy

secure a stile

Structurally, this study is divided into three components. Section

3 describes the N.W.T. economy. Sections 4 to 7 enco~ss the

~and analysis. Sections 8 to 20 enca~s the Supply analysis.

3.0 N.W.T. ~onomy

k described in the Yukon Rep_rt, an understanding of the economic

~rformance of the territory’s consuming sectors (e.g., residential,

canmercial, mining) can serve as a basis for projecting energy

d-d . nr -le, the projected rate of energyd~d of a

particular s=tor has been directly correlated to projected economic

growth. ‘Ibis section, in describing some aspects of the N.W.T.’S

econmic sectors, does keep in mind, that:

.,

1 Energy, Mines and Resources Canada, me National ~ergy Prqram
(Ottawa: E.M.R., 1980), pp. 65-77. me Neral govermnt, as
part of its national energy strategy not only recognizes the
need for the ~rth to rduce its de~ndence on oil, but in a
manner that accepts the social and environmental fragility of
the regions. AS well as su~rting various conservation and
renewable energy initiatives, the report recognizes the
ptential of long-term soft path type forecasts in helping to
determine energy futures.

See also:

&aham T. Armstrong, Director, mnservation - Conservation and
-newable Ehergy &anch (C.R.E.B.), E.M.R. ~ada~ ~nservation
~ergy - mtential and Practice in Canada, a paper presented to
the Saskatchewan @vernment - Office of Energy ~nservation,
Observation ~erqy Seminar Series, June 24, 1980.

Rter wrt, N.W.T. Ministry of Ehergy, Ehergy Alternatives for
the ~rthwest Rrritories,  a re~rt to the Special Corrmittee on
Alternative ~ergy and Oil Substitution, 1980, pp. 3-6.

--
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i) many econmic trends cannot be examined to the detail prevalent

in other reprts; and

ii) certain features of the discussion are, where relevant I
re~ated in ~ndices II to VI regional d-d analyses.

3.1 N.W.T. =onomy: Past, ~rrent, and ~pected Trends

ALtiugh a detailed assess~nt of N.W. T. economic trends is beyond

the scope of this section, it is possible to highlight some of the

mre notable s=toral trends. mta from the recently published

“~onomic ~counts of the N.W .T. ” illustrate economic sectord

~rfor~e for the period 1967-1977 and provide a basis for

saewhat tenuous forecasts of performance. 2’ 

3 As well,

character istics of sector performance may suggest trends in energy

demand .

One of the more ccanmon indicators of economic growth, the Gross

krritorial Product (G. T.P. ) shows that the N.W. T. econo~, during

the 1967-1977 pericd, grew at a more rapid rate than Canada as a

whole. ~is is so~what misleading, however, because this period

was characterize by a high to low growth shift. me 1967-1973/74

pried was characterized by growth and develo~nt in the

government, mining/o il and gas, and cmercial sectors. me
1973f14 - 1977 period

i) a decline in oil

ii) the beginning of

was characterized by:

and gas activity; “

“restraint” in govermnt s~nding;

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

of

2 ~ry Pavich, ~ta Managaent Division, Northern Economic
Planning Branch, D. 1.A.N. D. , ~onomic kcounts ~rthwest
Wrritories (Ottawa: D. I. A. N~ble 23.

3 See also: ~nald ~urnier, Wgional Analysis Branch, D. R.E. E.
Western -ion Eadquarters, monomic Circ-tances in the
~rthwest Krritories (~gina: D. R. E. E., [1979] ) , p.20.

I

,
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~ring this pericd the N.W.T. econcsny grew at a rate less than the

~adian norm.

me c~ination of both high and low growth periods translated into

what N. W. T. economists suggested was a ‘Wium” growth @riod. A

perspective of sae of the individual economic sectors may shed

light on whether or not this growth trend will change.

me mining\o:1 and gas sector can influence energy d-d in the

following ways:

i) it has directly been the major tur~ and aviation fuels
‘ cons-r (See ‘~~ndices II to VI) ;

ii) it has directly led to a variety of
including roads, service bases, and

iii) it has directly led to exploitation

infrastructure develo~ent
lodging;

of N.W. T. hydro resources;

iv) it has indirectly
sector expansion;

v) it has indirectly
expansion.

me mining/oil and

contributor to tie

share dropped fra

g a s

led to both public and private comrcial
and

led to both public and private residenti~

sector continues

krritorial G.T. P. ,

to be the largest

although its percentage

45% to 32% over the ten year per id. ~rrently,

there are seven producing mines in operation (See ~le 1) .

N though the extent of mineral develo~ent  is a function of world

prices, it is e-ted that a number of mines will come on stream in

the next 20

Oil and gas

field (oil)

develo~nt

years, especially to produce gold and uranium.

production is ~esently confined to the ~rman wells

and the n inted Mountain field (gas) . Ne i tier

appears to affect energy d~d to any great ~:tent,

both being pr tiarily eqrt oriented. (figure 1 illustrates that

~rman wells oil is distributed through the Inuvik region. ) In

. .

.!
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Sources: 1 N.W. T. =ience
krritories

TABLE 1

Advisory Wardr ~ergy in the ~rthwest

~tes:

a ~less otherwise
Science Advisory
“~identified”.

indicated, the demand data was gleaned from the
Ward categories of “~-nts”, “Private”, and

b At the Pine mint mine diesel fuel is used for a variety of
purpses including electricity generation, heating buildings,
pumping water and lighting.

Diesel fuel used to generate electricity was derived by applying
the following ratio to the Pine mint electricity demand:

~tal Pine mint (town +mine) diesel-oil input
~tal electric output.

Diesel motive d~d was derived by assuming that 90% of the
comrcial d~d could be attributed to mine cons~tion.

Gasoline dmd was derived by assuming a 50% allocation to
mine.

c @th the Con and Giant mines have electricity supplied from

the

tie
N.C.P.C. Snare - Yellowknife System. On generated tiut 25,200
R at its Bluefish hydro station. This electricity is fed into
the N.C.P.C. system and the mine draws back a comparable munt.

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

Diesel mtive daand was distribute between Con and Giant
assuming that demd would be a factor of milling (input)
capacity.

e.g.f ‘Ib~Mine +Tbwn ~d = 1,129,315 gal. ~
90% x1,129,315 = 1~016/383gal”
Giant milling capacity = 66% ~tal
On milling capacity = 34% ~tal

‘Iherefore Giant diesel motive daand = 670,813 g~.
@n diesel mtive de-d = 345,570 gal.

Both @n and Giant used bunker oil for steam heattig. A 50/50
distribution is assmd because the Con housing infrastructure
is apparently as large as that of Giant. mte that the ~rt
Smith sub-total did not include the bunker fuel demand.

,

. .

_.,
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It was assumed that 5% of total cmunity gasoline demand could
be attributed to the mine. ‘Ibis 5% figure results in a figure
similar to that of the pine mint den~d, an o-ration  -

coqrable in size to the Con and Giant mines cotiined.

~ergy demand data for the Terra and ~ho Bay mines is not
disaggregated and ass~tions had to be rrade from the ~rt
mdium data.

~ergy disposition between the two mines has been aUocated
according to their milling capacities, krra 62% and &ho Bay 38%

Diesel mtive daand is derived by prorating from the @n mine
e090r

Con hline diesel motive use = Terra + &ho =y diesel use
Milling Capacity Milling Capacity

Diesel motive was then subtracted from total diesel with the
balance adjusted to accomate non-mine electrical demd from
the c-unity.

Since non-mine electrical daand was not disaggregated, it was
ass- that ~rt Wdium would have a de~d co~rable to a
“similarly isolatd” mining community, Nanisivik. me result
was adjusted to account for the co~ity’s population
difference.

Mine diesel - electric demand was derived by subtracting diesel
mtive ad non-mine diesel~lectric demd. ~rt Rdium heating
dmand was derivd using a proration method similar to the
derivation for electricity d~d.

‘Ihe Canada ~ngsten mine, although situated in the N.W.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 demd, ~ngsten was co-red to ~anni ~tte as a
living environment, the latter cmunity’s demand was prorated.

It is assuti
mine use.

that 90% of gasoline de~d can be attributed to

,
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Ap@ndix IV, it is suggested that the ~rman

develo~nt may contribute, slightly, to the

residential sector d-.

1
Although merely conjecture at this stage, it

]
oil and gas develo~ts will com on stream

i

Wells pi~line

Inuvik region’s

is e-ted that three

by 1999: the Arctic

Islands, Beaufort Sea, and MacKenzie Elta fields. Even if these
““ 7

I fields are develo~, however, the ef feet on the N. W. T.’s econo~
)

and on sectoral energy demand may be minimal, es~ially if oil and

gas are trans~rted  by tanker. Because of this uncertainty, the

dmand projections for the ~uvik, Cambridge -y and Baf f in regions

i did not include oil and gas develo~nt ass~tions.

See Ap~ndix I for further discussion of mining develo~ent and

expected energy demd.

~spite its imprtance  to

sector is still an qrt

the N.W.T. economy, the mining/oil and gas

economy, i.e. mst of the mrket value

o u t p u t  is e~rt~ outside  t h e  t e r r i t o r y . Converse ly ,  the

government sector, which accounts for at least 55% of total N. W. T.

wages and salaries, is a non-export sector, greatly affecting

personal income and subsequently consumer goods/services and

housing.4

me government sector grew steadily from 1967 to 1977 (public

administration and defence grew at a real rate of 7.3% per year) and

put simply, is along with the primary resource sector, the major

influece  on comrcer transportation and the residential sector.

~vernment  spending is closely intemven with the cmercial

s=tor; in fact, public administration and defence is a category of

the cmercial sector according to the “Economic }ccounts”.

4 En Wes~, Eonaic Planning Secretariat, Planning and
Ksources Bvelomnt ~vision, “Bpar-nt of Economic
Develo~ent and ‘Iburism, The N.W.T. Econcmy Interim Re~rt
1967-1977 (Yellowknife: N.W. T. @v. , J980).

,

-.
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Other than in the Ebrt Smith region, the coIIunercial sector is, for

the mst part gover=nt operated. wile some corrmunities  in the

other regions serve as pr tiry resources develo~ent staging areas,

comrcial develo~nt has consisted mainly of military and

teleccmmunicatiom  servicing, and government social services

infrastructure e.g. , schools, @iCal units, and retail goods

outlets. ~ the ~rt Smith region, cmercial cievelo~ent has been

dominated by the private sector, in the form of services and

canmodity  distribution centres e.g. , my River as a marine and rail

staging area.

Xcording to the N.W .T. ~onomic Planning Secretariat ~ construction

activity during the N67 -1977 pried shifted from rapid comrcial.

develo~ent to greater activity in hewing. ~is shift appears to
be due, in part, to an “overexpansion” of private sector comrcial

space c~ined with a greater role by the N.W. T. &using Corporation

(N. W. T.H.C. ) in the housing market. ‘Ihe N.W. T. H. C., established in

1974 has actively sought to provide suitable and affordable housing

to all N.W. T. residents. Although the residential sector has only

minimal i.mprtance on the N.W .T. econcRny (in terms of wages,

salaries and output), the trend towards greater govermnt

involvement may have imprtant ramifications on energy demand

Section 6) .

Pr imq resource develo~ent and the expansion of government

(See

services are bth dependent, in part, on appropriate infrastructure,

a major ccanpnent of which is trans~rtation  networks. ~r exaple,

in the ~rt Smith region, road trans~rtation is integral to the

movaent of goods, passengers and mineral concentrates. & noted in

~ndix II a n-r of road projects could “own up” unta~

resource areas and thus affect future energy demand.

~recasting economic perfomce over the next 20 years would be a

difficult task for most econaies. ~r the N.W.T. it is es~ially

difficult given the susceptibility of this fragile economy to
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external forces e.g. , federal policy, and world metal and

hydrocarbon prices. ~reover, such economic fragility would need

the outl~k of a myriad of scenarios, perl~a~ in the form of

co~ter belling e.g. , the won &onomic %source Planning ~it

(E.R.P. U. ) forecasts used in the Yukon Report. &vertheless, as

described in @@ndix  I, certain as~ts of the d~d proj&tions

are based on econaic forecasts.

Briving a

depends on

are likely

mining/o il

govermnt

is because

corre~nd

factor from which economic projections can be mde

the selection of a sector or sectors of the economy ‘&at

to typify the -ted N. W. T. perf omce. Although

and gas is a major economic sector r it was decided to use

trends as an indicator for the economy as a whole. ~is

econanic trends in the goverment  s-tor may mre closely

to historical trends than the highly variable primary

resource sector. Moreover, if the N.W. T. private sector experiences

low growth, it is likely that govermnt input will attempt to

“stabilize” the econmy.

* previously mentioned, goverment output under the category of

public administration and defence grew at an annual real rate of

7.3%. It is assumed that this growth rate was a reflection of Lhe

previously suggested medium growth ~riod of 1967-1977. It is

further assumed that 1979 to 1999 will be a ~riod of medium

growth. Mre specifically, e-ted N.W. T. revenues from primary

resource develo~ents will be offset by increasing energy costs (at

least until the late 1980’s) and ~ssible government spending

restraints. ‘Iherefore,  it is suggested that the historical growth

rate of public administration and defence represent the government

expectation of the N.W. T. econmy. -ther than an annual real. rate

of 7.3% (14% unadjusted - 7% inflation)~ it is suggested Mat tie

expected 1979-1999 medium growth rate will be 5.3% (14% unadjusted -

9% inflation).

——
. .
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While the medium growth

i~ssible  achievmt.

forecast a~ars optimistic, it is not an

K ~nald Eburnier of the ~par~nt of

Kgior,al Ecomic ~pansion suggests, the “territorial economy can

be best described as being in a temporary hold ~sition”.  5 Fbr

the economy to transcend this ~sition, the primary resource sector

must overcae the constraints of high energy costs, lack of

infrastructure, lack of local -kets, high tran~rtation costs and

native land claims negotiations. ~ well, the N.W .T. govermnt

will have to counter the trend of spending greater budget

pro~rtions on energy .SUwly.

4.0 ~ergy ~d in the N. W. T.:

me objectives of

i)

ii)

iii)

4.1

disaggregate

the -and compnent are to:

energy cons~tion  by N. W. T. region;

illustrate energy consumption by form and sector; and

pro ject regional mnsumption  to 1999 using zero conservation
and conservation scenarios.

Disagqreqating ~ergy ~nsqtion rnta

~lving energy demand and supply problems in the N.W.T. is a major

challenge given such factors as: low population density, cultural

differences, climatic and physiogra@ic differences, natural

resource base and income. ~le 2 suggests some possible

implications 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.

5 ~nald Fburnier, &oncmic Circumstances in the Mrthwest
krritories, p. 92.

. .
.
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-NITY ~‘ RISTICS ‘I~T MAY INF’Wm N. W. T. RESIDE~IAL

~NSERVATION  STRATEGI=: A  ~1~ - -RIDGE WY ~ARISON

CI-IARACMSTICS D- PTION K)SS~LE ~LICATIONS ~R ~NSERVATION STRATEGI~

Yellowknlf  e Cambridge Bay

!

,-

C.limate  and 8593 degree days 11900 degree days ~treme cold and long periods o f  no  sun l igh t  have
Physlography (“c) below (“C) above n e c e s s i t a t e d  l o n g  p e r  iods  of indoor  h a b i t a t i o n  in

con t inuous con t inuous ~rldge Bay. ~erefore per household energy demand
permaf ros t  and permaf ros t  and 1s likely to be higher a n d  p e r h a p s  m o r e  d i f f i c u l t  t o
t r e e  l i n e s . t r e e  l i n e s . a l t e r .  ~wever, r e t r o f i t  o p t i o n s  m a y  r e s u l t  i n  mre

s u b s t a n t i a l  s a v i n g s  f o r  C a m b r i d g e  B a y  r e s i d e n t s .  me
r e t r o f i t  s t e p s  a r e  likely t o  i n c l u d e  mre s t r u c t u r a l
p rob lems  e .g . ,  s t ruc tu ra l  damage  resu l t ing  f rom
improper  cons t ruc t ion  t echn iques  on  con t inuous
p e r m a f r o s t .

~lture, 0.9% Inuit, 76.8% Inui.t, Cu l tu ra l  and  ethnic  charac te r i s t i c s  have  molded
~hnicity 9.5% Indian, 1.0% Indian, p a r t i c u l a r  habits  a n d  t r a d i t i o n s  r e g a r d i n g  h a b i t a t
and Income 89.6% Other 22.2% Otier a n d  t h e  e n v i r o n m e n t .  I t  1s likely  t h a t  C a m b r i d g e  my

Er c a p i t a ~r c a p i t a residents feel differently and pursue different lives
income $8027. income estimated than their southern counterparts. Moreover, Cambridge

at $3000. my residents have probably a varying ~yche towards
household and appliance usage, i.e. their attitudes
and behaviour towards energy conservation will vary
from their southern neighbors. Finally, Cambridge Bay
residents are caught in the squeeze of cultural
adaptation to ~ropean market economies and housing,
while exhibiting substantially lower incomes than their
souther neighbors.

,
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,-7 =qizing the diversity of its regions, the N.W.T. government has

-rked on a plicy of decentralizing political administration, and

to a certain extent, policy formation. This d-entralization

process includes the possible establis~nt of regional energy

agers to advise on both in-house and private sector energy-.I
.~

matters.

]
1 ~ view of the present N.W.T. @vernment’s  political and
I

administrative f-s, it was recognized that for energy data to be

useful, it had to be disaggregated according to the five N.W. T.

plitical regions: Fbrt Smith, Inuvik, kewatin, Baf f in and

-ridge Bay (the latter in the process of being recognized as a

region) . ~ this context, one source of infomtion for the -d

canponent was the N .W .T. @ver-nt’s Science Mvisory Board

(S. A. B.) study, Eherqy in the ~rthwest Territories, released in

mvember, 1980. ‘Ihe reprt illustrates current energy consumption

by sector and form for each N. W. T. co~ity and rqion. ~spite

its informational deficiencies (=e ~~ndix VIII) it is an

excellent att~t to overcome severe data deficiencies.

4.2 ~erqy Demti Projections: @weach and Methodology

me data from the S. LB. reprt is utilized to establish 1979 as the

base year for projections. It should be not~ that some electricity

consqtion data from fiscal 1978-79 was assumed by the S.&B. as

1979 deinand. ‘Ihe 1979 base year illustrates energy consumption by

sector and form, thereby presenting a picture of end-use d~d as a

basis to discussing supply alternatives.

@ing 1979 as the base year, energy cons~tion is projected to 1989

and 1999 using two scenarios, Zero Conservation and the Conservation

@preach. me choice of 1989 and 1999 as end pints in the

projection is based, in part, on the susceptibility of the N.W.T.

economy to fluctuations in primary resource develo~nt and/or

,

. .
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government s~nding. me ten year cut+ff suggests that the N=WOTO

economy is likely to exhibit major changes over such a period~

changes that ultimately affect energy demand.

AS previously noted, conservation is now recognized as a likely

route in diffusing the negative impacts of a petroleum dependent

econo~. ~nservation, as noted in the Won XPort (p. 32) can

involve such appoa~es as:

i )  r e d u c i n g  i n p u t s  t o  g e t  t h e  s a m e  o u t p u t s ,  i . e .  p u r e  e f f i c i e n c y
g a i n s ;

ii) changing the pattern of inputs; and

iii) changing the pattern of outputs e.g., system tiifications  such
as transit systems.

‘Ihe extent to which conservation technologies and concepts are

applied de~nds on pli~y, and at this juncture is speculative in

nature. ~erefore energy d~d to 1989 and 1999 can be presented

as though little or no conservation effort will be mde in any of

the consuming sectors, i.e. the Zero @nservation Ap~oach; or

demand can be presented as a function of selected conservation

approaches, i.e. the Observation Approach. wing these two

scenarios presents a spectrum from which choices can be made.

‘Ihe methodology used in the demand projections is explain~ in

detail in @pendix I. ~ serve as a working paper, the @penaix

describes the metiod, information sources and assumptions for each

step of “the analysis. ‘Ibis format not only describes the approach,

but illustrates the variables integral to each step. Wile

~ndix Idemnstrates  the general mthdolo9Y, each regional

projection displays certain variations (see @pndices II toVI),

deper.ding on the particular economy and projections for the economy.
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Eherqy -and Proj-tions: hits a n d  @nVersions

~ergy cons~tion is illustrated in natural units

gallons of fuel oil andm

energy units, the petajoule

1 -tajoule = 1 quadrillion

of electricity, and in

and the tera joule.

(1015) joules

1 Krajoule = 1 trillion (10 ‘z) joules
II = 5,682 gallons
11 = 5,682 gallons
11 = 6,369 gallons
II = 6,1.35 gallons
It = 6,579 gallons
II = 278,000 kwh

~tural units are converted

conversion factors:

of

of

of

of

of

to

diesel oil

heating oil

gasoline

turbo fuel

aviation fuel

electricity

: 1 gal. = 1.76

: 1 gal. = 1.76

: 1 gal. = 1.57

: 1 gal. = 1.63

: 1 gal. = 1.52

: 1 kwh. = 3.6

Where necessary, it

fuel to electricity

e.g. ,

the metric

heating oil

diesel oil

gasoline

turbo fuel

aviation fuel

energy units using the following

X 108 joules

X 108 joules

X 108 joules

X 108 joules

X 108 joules

x 106 joules

has been assumed that the average diesel

conversion efficency is 30%.

~ergy d~d data is shown primarily as secondary energy, e.g.

refined fuels, but in s- cases 1s a mix of pr- and

secondary  energy  e .g .  ,  where  e lec t r i c i ty  inc ludes  prtions

derived frcm both

fie 1989 and 1999

of 9%.

hydro and diesel sources.

projections assmd an annual inflation rate
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4.4 N.W.T. ~erqy ~d: 1979

~ble 3 illustrates the N.W.T.’S regional and total energy

conswtion for 1979. ‘Ihe N.W. T. cons@ 16,332 terajoules of

energy, about 0.2% of the country’s to~o me ~jor cons~ng

sectors are, in decreasing order, the @-rcial,

~ansportation, residential, and Mining sectors. me

~-rcial and Wanswrtation sectors, in fact, cons-d 7253

and 4333 terajoties re~tively, about 70.9% of the N.W.T.

total.

‘Ihe regional pers~tive

is, by far, the greatest

indicates that the ~rt Smith region

energy consumer. ~ 1979, the ~rt

~ith region consumed 8589 terajoules of energy or 52.6% of the

N.W.T. total. !Ihe largest energy consuming sector in the ~rt

9nith region is the Commercial sector which cons- 47.3% of

the region’s energy total and 56.1% of the total N.W.T.

@mrnercial d~d.

me Invuik and Baffin regions are the second and third largest

energy consuming regions; in 1979 they consumed 3586 and 3037

terajoules respectively, abut 41% of the N.W.T. total. Energy

demand in these regions is also dominated by the corrnnercial and

transportation sectors. Transportation is the largest consumer

in the =ffin

total.

me Cambridge

region,

Bay and

1299 terajoules or 42.8% of the regional

Keewatin regions ccinbined, only consumed

1120 terajoules or 6.8% of the N.W.T. total. me Commercial

and -sidential sectors are the largest consumers in these

regions.

‘Ihe distribution of energy d-d in the N.W.T. is perhaps a

reflection of the regional differences. me significance of

the ~rt Smith energy d-d is based, in part, on such

characteristics as having the highest regional population and

,

:
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being the centre of c~erci~ and mining activity. Likewise,

the muvik and ~f f in regions have the next largest populations

ad a certain amount of cmerc ial activity. By contrast, the

-ridge =y and =watin regions have the lowest regional

populations and are not characterized by significant comnercid

activity.

5.0

m ti~rtant feature highlighted by ~ble 3 is the energy
“lost” through conversion, e.g. , diesel fuels burned to produce

electricity. @nVersion losses represent at least 10% of the

N.W.T. total demd, i.e. 1704 terajoules, 9,682,128 gallons of

diesel or light heating oil equiv~ents.

Using the 1979 energy distribution as a base, regional

consumption is pro jetted to 1999. As previously mentioned, the

projections are based, in part, on a conservation approach.

me following section describes what such an approach fiplies.

~nservation Strategies and Whnologies

A conservation strate9Y is a goal oriented approach to carrying out
plicy that my include the utilization of conservation

technologies. A conservation t~olo9Y is a technic~ means of

rducing energy demd e.g. , insulation.
tie following discussion

examines the possibilities for both strate9Y and technology

a~lication.

5.1 Residenti~ Sector: misting

~ indicated in ~~ix I, the residenti~ sector energy demand is

conveniently divided between existing and new units.
@nservation

approaches in these areas must take into account reglond

diversities in terms of climate, physiograxy,  culture and the

econay. Ebr example, participants in the housing market include

the federal, territorial and micipal goverwnts as well as a mix

of corporate and self -ownd housing stock.

,

.
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The age ad type of housing stock ranges from early 1960’s Northern

~rritorial Rental Program 26 M2, 1 room, pre-fabricated homes to

N. WJT. H.C. 4 bedroom, single detached, wood frame constructed units,

built in Hay River to 1979 energy standards. As ~ble 2 notes, the

varibi.lity  b e t w e e n  regional  d-d c e n t r e s  s u g g e s t s  t h a t  r e s i d e n t i a l

c o n s e r v a t i o n  s t r a t e g i e s  b e  u n d e r t a k e n  with an  under s t and ing  o f  loca l

n e e d s .

me extent to which daentralized conservation strategies are

effective depends, in part, on the magers anu the participants.

~ring the author’s visit in Yellowknife, it was made clear that the

~licy of decentralizing N. W. T. govermntal  responsibilities to the

five regions would be manifested, in part, by localized energy

initiatives. Fbr e-le, regional energy managers are expected to

be hired to aid in both sectoral  and in-house (government)

conservation strategies. -al participation may also come from

local housing associations, which are already involved in the

administration of public housing.

Although localized input in energy

become a reality, it is clear that

form of the Ministry of Energy and

undertaking mch of the initiative

strategy implementation may

the N.W. T. govermnt, in the

the musing Corporation, is

in residential energy

management. While the former department is involved in the

develo~nt  of regional energy initiatives, the N. W. T.H.C. has

undertaken:

i) the publication and distribution of energy conservation

informational booklets; and

ii) the develo~ent of user-pay schedules so that N.W.T. residents

will pay an increasing share of the space heating and

electrical energy costs.

,
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energy

Ministry of ~ergy and N.W.T.H.C.  involvement in residential

conservation strategies is expected to increase, given the

indications that most of the housing expansion in the next 10 to 15

years will be government initiated.b  tiven that the

i~le~ntation of conservation strategies and the a~lication of

conservation technologies entails a coordinated and well-planned

effortt government involvmnt ap~ars to be warranted~ i.e. in an

econmy where private sector activity can fluctuate according to

external factors, a constant institutional concern seems necessary.

~ble 4 indicates that a number of conservation steps can be applied

in the existing N.W.T. housing sector. ‘Ihe s~lest steps, such as

thermostat set-back, can be done at no cost. me more expensive

steps such as major reinsulation,  involve a financial investint.

~wever, the rapid increase in heating fuel prices is likely to

reduce the payback period. @pendix VII illustrates a s~le

payback scheme for a ~rt Smith region house. Assuming heating oil

prices that will increase in pro~rtion to increases in conventional

crude oil, it is ~ssible that a $2000 (1981 dollars) loan can be

paid back in less than four years, given the retrofit savings

assumed in the regional. demand projections.

It seems likely that the effectiveness of residential energy

conservation strategies will be enhanced if the N.W.T. government

takes advantage of federal services. ~r ex~le, the Ehersave

Mvisory Service, a contract service of ~ergy, Mines and Resources

-da, offers: a free co~uterized questionnaire detailing

retrofit possibilities for single detached homes; free technical

advice through a @one-in “~at fine” and free retrofit - related

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

6 ~ldebrandt - Young and wscciates Ltd., Market ~recasts:
~ectrical Enerqy ~irements in the ~rthwest krritories
1978/’79 - 1977/’98, Areprt prepared for the ~rthern Canada
Dwer Otission, N791 P=2Q0

\
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SOURCES OF ~ ~ATIONS TYPICAL ~Y
INEFFIC= sAvINGa

1. Insufficient RSI levels to attainb
insulation
basment 10SS 2.1 - 5.0
14-33%
walls above 3.7 - 9.0 (above grade)
grade 14-30%
ceiling and 7.0 - 14.0
attic 10-17%
windows and 2.0 - 3.0 (shutters),
doors 15-17% triple glazing
floors 5-10% 4.7 - 7.0

35%

2. Air change caulking; weatherstripping;
35-55% sealing joints, outlets and 10%

ducting

3. Oil furnace retrofit and replacmentc 3-20%
inefficiency

4. Inefficient ~t decrease hot water use
Water System fix leaky facets

switch to showers
alter washing practices
install insulation and heat
reduce pipe dimter
install heat exchanger

trap
30-50%

5* ~qrmstat set set back (to 20”C) 0-20%
tm high

i 6. Appliance stoves/ranges, overcirculation 20%
inefficiency

refridgerators, improve 50%
insulation; smiler rotors

lighting (fluorescent), new
design 75%

. .

,
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1.

2.

3.

4.

5.

GKaham T. Armtrong, “Conservation Energy - ~tential, and
Practice in Canada”, paper presented to the @nservatlon ~ergy
Series organized by the Saskatchewan Office of Energy
@nservation,  Regina, June 24, 1980, pp. 20, 24.

Canadian General Standards ~ard, ~k on: Wsulating ~mes
for ~ergy @nservation,  (Ottawa: 51-GP-42 Ml?, 1980).

~adian Electrical ~sociation,  kchnical ~idelines, ~ergy
Efficient ~me Program, (Montreal, 1980), P.3.

Wb Chill, Re@rt on Improved Single -ly -sidences for the
Canadian Wctic, Model No. 442-R77, (Ottawa: EParment of
Indian Mfairs and ~rthern Bvelopmnt, 1979), p.5.

mw to
~ergyf tines and ~sources~ ~w ‘visOW ‘ervlce’ -
Improve the MficienCy of Your ~t Water System, An unpublished

1

fact sheet, 1980.

~tes:

a ~ical energy savings represents: the original fuel dmd X
(the ~rcentige savings subtracted from 100) . me average
energy savings are cost effective, I.e. the lnves~ent payback
is 6 years or less at a rate of return of 10% or better.

b Although the recommended insulation levels are for new homes, it
is assumed that roving towards these levels ln,exlstlng  ho~s,
to the extent that is structurally possible, w1ll leaa to the
listed savings.

c x ~t of the 1980 Neral ~ergy s~atw~ t~~le 9rants Of.
50% of costs, up to a maxim grant of $800.00, w1ll be applled
to the u~rading or replacement of inefficient oil fired
furnaces in the N.W.T.

,
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Ebr e-pier the average monthly call-ins for the Heat Line service

from the N.W. T. total 2~ about ● 004% of total incofing ‘ls

(canpared with an N. W. T./@nada Po@ation ratio of .002). Gspite

such obstacles as a lack of phones and the task of @oning collect,

it seems possible for greater utilization of this service.

~y, the N.W.T. will be able to take advantage of ~ergy, Mines

and Resources Gnada’s “Off-Oil” program. ~ the N.W.T. a taxable

grant of up to @OO.00 will be a~lied to the upgrading or

replacement of inefficient oil fired furnaces.

5.2 *sidential Sector: Ww

~ a recent address to the Saskatchewan @nservation ~ergy -inar

series, ~. &aham ~trong of the Heral Observation and

Wnewable ~ergy Branch notes that new residence construction

efforts, have for the mst part, failed to reach the achievable

thermal efficiencies of existing low energy and cost-effective
7

residence designs. ‘Ibis amounts to an understatement -use the

theml efficiency of new home construction has resulted in ~r

performance in all regions of Canada. mere are positive efforts

being  made in the N.W.T.,  however, t h a t  i n d i c a t e  s u b s t a n t i a l  e n e r g y

savings  will be  ach ieved  in  the  nea r  fu tu re .

~o design tiels typify the work being done to met N.W.T. climate

characteristics with thermally efficient housing. me is the Model

~. 442-~7 prefabricated, 3 bedroom, suspended bas-nt house.

@me,of its thermal efficient features include:

i) foundation, fmtings, anu structure designed to avoid
struct’<ral instability caused by damage to the ground in
permafrost areas;

7 Graham Armstrong,
in ~ada, p. 21.

Conservation ~ergy - ~tential and mactice

,

(
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insulation: walls - R.S. I. 5.0, floor - R.S. I. 4.7, roof
R.S. I. 6.1;

shutters placed outside sealed windows; and

air tight construction.

four proto~s recently built, perfo-ce analyses have not

cowleted. me design of the house suggests “a southern

Canada” style that may be ap~o~iate only to staff housing.

‘Ihe other rrodel is a protot~ based on the designs of the

architectural firm ~len, Drerup and White Ltd. ~is design’s

features include:

i) insulation: walls - R.S.I. 11.0, floor - R.S.I. 7.0, roof -

R.S.I. 11.0; and

ii) windows~ all triple glazed, sealed and facing souti~ except for
one small bathroom window on the north side.

~ date, a total of seven prototypes have been or are being built in

isolated co-ities~ prtirily in the &watin region. A

can~ison of the Baker Eke model annual heating demand (3010 kWh)

with the 1979 =watin per unit d-d (1165 gallons of heating oil

per year) shows that the new prototYPe can decrease existing demand

by 95%.* ~t only does tie ~enmerup~ite tiel suggest

substanti~  energy savings, the design is suited to the cultural

needs of native northerners and is flexible enough to allow for

cmunity by cmunity input. If performance ev~uation continues

* 1165 gallons of heating oil = 205 X109 joules

3010 kwh of electricity = 10 X 109 joules

(205-11) X 100% = 95%
205

,
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to be positive, this design, incorparati.ng passive solar design,

super insulation, and air tightness could become the preferred

housing type for the northern regions.8

‘Ihe foregoing tiels suggest thermally efficient design

possibilities for single detached housing. ~ the regional demand

projections, the pro-t of a large transition to mlti-unit

housing was not discussed. ~is is because the author had

insufficient infomtion  about the smial consequences of roving

native northerners to multi-unit housing.

5.3 ~xrnnercial  Sector

As previously noted, the ccmnnercial s=tor is the most intense

energy consuming sector in the N.W.T. Bspite information

deficiencies concerning the sector’s exact characteristics (See

~ndix VIII), it is possible to suggest an-r of conservation

step. In fact, as ~ble 5 illustrates, two factors suggest

significant savings.

First, most of the ccfnmercial  units  in the N.W.T.  can be categorized

as smll e.g., aparhnt  blccks, stores, sch~ls, health facilities,

law enforcement stations, and low rise office buildings. @mPared

to large units, existing small comrcial units have a size that

makes tha susceptible to a more wide-r=ging series of conservation

steps e.g., retrofitting, revamping of the heating system and

canputerization.

I

8 Paykck calculations for these models using increased fuel
prices, a $1000.00 marginal cost for the rrcdel when co~red
with a “conventional” house of similar area, and construction
costs increasing at the rate of inflation are likely to reveal
favorable payback periods.

1

,
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‘IYPIC.AL ~
SAVIN@a

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

1.

2.

1.

2.

3.

4.

inefficient thermostat set-back, design
office lighting, mre efficient
practices lighting

improper control c~uterization
of heating?
lighting and
ventilation
system

Existing Buildings
(small, e.g., schools, apartint

insufficient increase insulation
insulation

buildings)

25%

30%

insufficient install air-to-air heat
heat recovery exchangers, heat recovery

chillers, heat preps

inefficient revaxtip heating systa~ 40%
heattig systeITI computerization

inefficient thermstat set-back, mre 25%

office practices efficient lighting

30%

20%

*W Buildings (large)

cofiine superinsulation with
passive solar design; utilize
lighting, mckinery and employee
generated heat; heat recovery
systems and efficient lighting.

WW Buildings (smll)

similar to ahve

80%

70%

,
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‘1:,. - Sources: 1. Bvid Brooks and Sean Casey, “A aide to Soft ~ergy
Studies, ” Alternatives 8 (Sununer/E’all,  1979): 19

.-

1
2. Graham T. Armstrong, “Conservation ~ergy - ~tential!:

and Practice in ~da,” ~les 9, 10.

‘.1
3. Meral ~partment of ~ergy, Mines and *sources

~ersave Mvisory Service for hdustry and @mrnerce,
“~ide-k Series for Conserving tiergy,” (&tawa:
Supply and Services, 1977-79)..-,

‘:1
- 1

1

.)

-]

i.,

1

]

,



3Q .

—..

. .

Second, most of the cmercial units

o w n e d  andior  opera ted  ( excep t ing  the

in the N.W.T. are government

~rt tith region) . A noted

in the residential sector discussion, government

to be necessary to ensure a comprehensive energy

N.W.T.

involv-nt seems

strategy in the

AS with existing and new residences, design aimed at airtight and

superinsulated building shells and passive solar heat gain, can be

readily applid to cmercial units to produce energy savings.

Altiough N.W.T. information is unavailable, some connTiercial

buildings in the Yukon have been made more airtight and have had

insulation levels upgraded (p.37 ~kon reprt). In addition, steps

such as efficient lighting and waste heat recovery have helped cut

peak consumption in half.g finally, as ~ble 5 indicates, the

conservation @tential in existing buildings is enomus.

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

A useful document that explains conservation approaches in
schools is ~dy LagerWay, “Wthods of Ehergy ~nservation in
Winnipeg ~aentary Schools, (Winnipeg: ~i=rsity of mitoba
mtural -source Institute ~sters of natural *source
Mamgaent Practicum, 1978) .

See ALso: Conservation and -newable Energy
@ril 1979) p. 28.

~is article, by Wna Olsen, describes how a

Wws, (ml. 2,

passive solar—
co-ity centr; was design~ and constructed for the ~seau
River Indian reserve, about 60 miles south of Winnipeg. me
design inco~rates cultural features with such conservation
technologies as su~r-insulation,  solar collectors and heat
recovery fans.

.—

I
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5.4 ~ansportation Sector

mble 3 indicates that the ~ansprtation sector is the N. W.T.’S

second largest energy consume r. Tran~rtation  energy d~d is

especially significant in the Ebrt Smith, ~uvik, and -f f in

regions. ~ans~rtation demand for the N. W. T. regions is descr~

in greater detail in ~bles II to VI, which accompany the “working

pa~r” ap~ndices. ~ese tables reveal that the major sources of

~ansportation d~d varies by region.

~ the ~rt Smith region, road transportation consumed 974

terajoules, followed closely by aviation at 776 terajoules.

Although the ~rt Smith region accounts for all of the N. W.T.’s rail

and marine consumption, these two sources consumed only 36 and 132

terajoules res~tively.

mad and aviation demand

cons~tion. Although a

account for all of the muvik reg ion’s

similar situation =ists in the reIMining

regions ~ aviation clearly dainates consumption. In fact, in the

Mf f in region, aviation consumed 1179 terajoules as opposed to 120

terajoules  by

~le 6 lists

applicable to

that the mre

~me of them,

road transportation.

a variety of conservation measures currently

transportation common to the N.W.T. ‘Ihe table reveals

nmrous masures are applicable to road vehicles.

such as driver education workshops and reducing s~eds

involve a change of behaviour. Others, such as radial tires and

aerodynamic drag reduction devices are technol~ies that are

currently available.

@nservation measures for road vehicles can reduce existing

cons~tion by 2% to 35% for each masure applied. Given that bth

canmercial trucks and residenti~ automobiles and trucks arel for

the mst part, privately owned, it is difficult to surmise how fast

,



TILE 6

ESTIMATED @NSERVATION ~W~IAL IN THE TRANSFC)RTATION  SECTOR I
WITH EXISTING ~HNO~Y

1

TRANS~RT SYSTEM TYPE AND D~IPTION TYPE AND USE OF ~NSERVATION  K)SS1331LITIES TYPICAL SAVINGS
VEHICLES a

I

me ex i s t ing  road  sys t em is compr i sed  o f :

i) the MacI<enzie  highway, org inating
at Grimhaw, Alta.  and b r a n c h i n g
a t  ~terprise t o  s e r v e  ccmununities
on Great  Slave I.ake and the Upper
Mackenzie. lhis highway is the
main route for corrwrci.al  and
i n d u s t r i a l  shlpnents  as  we l l  a s
t o u r i s m  t r a f f i c . I t  connec t s  wi th
the ~Lmar.ine system at Hay  River ;

i i ) the  mining  s e r v i c e  r o a d s ;
iii) t h e  o l d  @nol r o a d  which is

c u r r e n t l y  i n a c c e s s i b l e ;
iv) the Empster h i g h w a y  linking  Inuvik

and !ttiktoyatuk with Dawson in the
Yukon; and

v) a series of winter roads.

~tential roads include

i)

ii)

iii)

the Liard Valley highway, currently
under construction, which will link
Fbrt Simpson and Fbrt Liard with
~rt Nelson, B.C.;
the linkup from the ptential “
lead/zinc developments to the Arctic
@can or south to road and/or rail
line (at conceptual stage); and
the improvement of the old Canol
mad from biking trail to service
capacity for new mines.

commercial diesel driver energy education workshops 10%
transport trucks preventive maintenance
carry gocds to auxillary starting aids (larger NA
to comnities batteries, ether or glow plugs,
and sae mines electric block heaters, could

reduce idling ti~, even in
cold weather)
reduced speeds (90 kilometres/’hr.) 10%
radial tires 4-9%
aerodynamic drag reduction devices 2-6%
variable fan drives 2-6%
engine and drive train improve~nts 5%

private auto- voluntary fuel efficiency standards 10-20%
nmbiles, in the preventive maintenance 10%
W many are auxil].ary starting aids NA
large V8 or V6 mre aerodynamic body designs 15%
e n g i n e s r a d i a l  t i r e s 5%

Private gasoline preventive maintenance 10%
engine trucks switch to diesel/standard engines 35%
e.g., 1/2 ton reduced speeds 10%
pick-up trucks radial tires 4-9%

engine and drive train improvements 5%

I
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Sources :

{
.1

—.

I

1.

2.

3*

4.

5.

6.

7.

Various N.W.T. maps.

@sources ~gement Consultants Ltd. , “*gional &io-econaic
~ct Assessment of the mm wells Oilfzeld mvelop~nt and
Pipeline Project, ” ~~rt for ESSO Resources Canada Ltd. as part
of the Inter-provincial Pipeline N.W. Ltd. ~lication to the
Nation& ~ergy ward Vol. V, March 1980, pp. 79-81, 159-161.

Department of Indian Affairs and ~rthern Evelopmnt, ~onomi.c
Planning Branch, ~rsonal ccsnmunication,  1980.

Wnald Fburnier, ~onomic Cir~tances in the N.W.T. (~ina:
DREE Western ~adquarters,  1979).

Graham T. ~trong, “~nservation ~ergy - ~tential and
nactice in Canadar” ~ble 18.

~ersave Advisory Service for ~dust.ry and Comrce~ @idebk
M. 7, Savinq ~ney in Trans~ rtation and Blivery.

mvid Brooks~ Yukon -wrt~ P. 88.

Legend

NA - Not Available.

~tes:

a m examination of conservation potential -ng mining vehicles
is presented within the Section 5.5.

b Alternative fuels, as one measure to reduce existing fuel
d-d, is discussed in the Supply co~nent of this study.

. .
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savings can be achieved. ~r example, ccm’nnercial trucking costs

have, historically, been passed on to the consumer and are likely to

continue in such a manner. Nevertheless, with vehicle registrations

projected to

~ble 6) , it

savings from

It skuld be

increase (see ~le 7) and new roads opening up (see

is im~rtant  to  cons ide r  bth t h e  e n e r g y  a n d  c o s t

t h e s e  masures.

n o t e d  t h a t  t h e  r e g i o n a l  demand  projections  d id  no t

examine the conservation ~ssibilities of a fuel transition from

gasoline to diesel. It is apparent from available information e.g.

Eher~ve publications on conservation for trucking, that such a fuel

shift is achievable.

&spite limited information, there

engine and design efficiencies for

can result in substantial savings.

are indications that increased

hth jet and prop driven aircraft

~ain, aviation consumption is

confined, for the mst part, to the coqrate sector, making it

difficult to project the inunediacy  of conservation measures.

Although rail is currently confined to the &eat Slave Eke system

in the Fbrt Smith region, Table 6 shows that improved rai=s and

tracks as well as improved engine efficiencies can result in savings

of at least 15%. tiven that tith corrunercial trucking and rail

tran~rt is centered in the ~rth Smith region, mre specifically,

the Mackenzie Valley, it seems worthwhile to investigate a modal

shift from truck to rail. If the railway is characterized by excess

capcity, such a shift might be possible without energy consumption

increases and with potential savings.

5.5 Mining Sector

x descri= in =ble 1, there

in the N.W.T. tie Pine Dint,

are currently seven producing mines

On-~con, and @ant mines, all in

,

--



36,

. .
—.. .

. .

mcLE

TABLE

REGISHIONS IN

7

~N.W.T. 1969-1999

AC’IUAL Pm-
annual rate

1969 1979 of increase 1989 1999

cars 3253 5087 4.6% 7976 12505

trucks

tractor trailers

2243

236

road construction
equi~nt 420

8719

1668

976

14. 6%

21.6%

8.8%

17638 35681

4651 12973

2268 5263

267* 6638motorcycles 188 1081 19. o%

=urces: 1. Registrar of Motor Vehicles, @vernment of the
Mrthwest krritories, 1980.

.—,
,!

. .,,
I

. . .

2* Planning and Wsource Develo~ent  Division, Epartment
of =onomic Evelo-t and ‘Iburism, Qvernment of the
N.w.T., N.W.T. Statistical Profile, 1980~ P.84.

~tes: a Projections of 1989, 1999 vehicle registrations assume
a continuation of the 1969-1979 annual rate of
increase.

b It is assumed that truck and motorcycle registrations
will not continue to reflect a period of public and
private s=tor expansion; therefor~, the annual
co~und rate of growth is ass-d to be reduced by
50% per year.

,
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the ~rt Smith region, consumed about

{’ d~d . Mst of the mining energy is

. .,, electricity or diesel fuel for motive

93% of total estimated mining

consumed in the form of

purposes . me type and extent
I

I
of energy consuxrption  varies with each mine. ~ctors such  as  ~

of operation, e.g. open pit or underground, ore grade, and lccation
“)

I affect energy use. As ~le 8 indicates there are a number of.
potential mine sites expected to come-on-stream by 1999. ‘Ihese

7 mines, mst of which are located in the ~rt =th region, could

greatly affect the territory’s energy consumption.
‘1
I

~le 9 lists a n-r of conservation approaches for both mining

‘! and milling stages. ~r mining, two of the more ~rtant measures

are ~ak load mag~nt and the efficient use of air valves. Eak

load management could reduce the frequent power outages e~rienced

by N.W.T. mines. Air distribution syst- are a major user of

electricity and must be properly maintained. At the milling stage

building retrofit and steam pipe insulation appear to be achievable

measures. * will be discussed in section 9, the utilization of

I residual or waste heat represents a significant “supply” source.

tie listed conservation measures can achieve from 10% to 25%

savings.
i

5.6 Conservation Options for the N.W.T.

With a variety of conservation options available for each energy

consuming sector what options should energy strategists pursue

first? Che approach might be to attack the major consuming s~tors,

cmercial and transportation. It is suggested, however, that

despite the conservation possibilities for a commercial sector

daninated by “small” units, the more readily accessible sector is

the residential.

J ~r the residential sector, conservation approaches, many involving

little or no cost, are quite accessible to residential conswrs.

I

r
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TABLE 8

m~IAL MI=: 1979-1999 AND EXP~ E-Y DEMAND

~M’ SMITH KEGION

Mill Electricity a
Mine and a @pacity Expected Demand
mcation Products t.p.d. Mine ~ Life Yrs. TJ

Qdillac Mine b
188 km west of
~rt Simpson

repin
~ntwoyto
bke

~laren, c
near
Yellowknife

=thurst/
Nrsemine
east of
Great Bear
tike

Mex
Placer Ltd.
~ward’s
Pass

w,m,cu 200 - 400 underground 6 10,000 37

Au 1000 underground 48,234 173

Au

Fb,zn 9000

Pb,Zn 9000

2

underground 15+ 70,000 252

underground 15i- 70,000 252

I

um.

:. 1 . . . . . . . . :.. . .. . . . 44.,
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Mill Electricity u
Mine and a Capacity mpected Demand
Location Products t.p.d. Mine Life Yrs. TJ

.
0 ‘Br ien
&ergy
Resources -

~llaton
Lake

Pan Ocean
Bisset Iake

)

Borealis
Wlville
Eninsula

@minco-
Dlaris
fittle
@rnwallis
Island Pb, zn 2050 underground 25 20,000 72

Mtes:

a

b

c

d

‘Ihe possibility of mine development, type, life expectancy is based on consultation
with both N.W.T.  and Neral officials.

‘fie Cadillac, repin, Cullaton  and ~laris mines are currently under construction.

!Lhere are two active exploration areas in the Ebrt Smith region. In the
Yellowknlfe area e.g., Waren, there are a number of small gold deposits of very
short life e~tancy, which have mine potential if gold prices continue to remain
high.

In the MacMillan and Howard Pass areas along the Yukon and W border, there are a
number of potentially viable tungsten and lead/zinc prospects.

=~cted electricity deinand is based mainly on comparisons with existing mines e.g.,

Qdillac with @n ~ng
Bathurst with Nanisivik

Au

u

200 3 9,600 35

BAFFIN REGION

.%.
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P~ENT MINE TYP= , P~BABLE ~URCES OF E-Y INEI?FICIEKY, AND ~NSEKVATION  ~NIAL
WITH EXISTING ~HNO~Y

Extent of Sources of ~ergy Conservation ,Typical
Mine Product Mine Product ion ~els Used Inefficiency WProaches ‘*vinqs

Pine mint

Wisi.vik

Giant
Yellowknif  e

Cbn-Rycon

who my

lQrra

Can ~ng

@ad, Zinc

mad, Zinc,
Silver
Cadmium

@ld ,
Silver

@ld ,
Silver

Silver,
Cbpper

Silver,
~~>per,
Bismuth

~ngsten

Open-pit milled
concentrate

~derground milled
concentrate

Open-pit refined
and
Underground

Merground refined

~derground milled
concentrate

Wderground milled
concentrate

hderground milled
concentrate

diesel (electric)
diesel (mtive)
gasoline
heating oil
butane

same as above

diesel (electric)
diesel (motive)
gasoline
bunker oil
propane

Same as above

diesel
heating oil

~ as above

diesel
heating oil
gasoline

mining staqe:
open pit: haulage
vehicles, com-
pressed air
drills
water pumping
underground:
diesel-electric
vehicles, com-
pressed air
drills,
poor peak power
control when
using shaft lifts
for haulage.

millinq stage:
use of steel-
lined mills,
lack of control
in grinding;
shaft envelope,
drying plant,
bunk houses
poorly insulated

waste heat:
greater than 50%
of heat loss is
is low grade
heat from
heating ne~s.

)

use larger
haulage
machines,
with hydro
availability
use all
electric
hydraulic
drills,
~ak load
management,
also close
valves when
air is not
needed, fix
leaks on air
lines

replace with 10%-25%
rubber-lined
mills,
adjust
controls to
grade and
size variation
retrofit
buildincj=,
including
insulation of
steam pipes

use waste heat
from shafts,
machinery, and
compressors.



41.

—.. .

.-
Moreover, a variety of existing services and programs are readily

available. Finally, the mture of this sector is such that

decentralized planning and input from camunities is pssible.

~spite the accessibility of the residential, and even the

canmercial  sectors, energy planners should not discount initiatives

in the mining and transportation sectors. ~r -le, without

conservation initiatives, mine developt might entail the

necessary expansion of utility services. ~ addition, without

conservation initiatives mining develo~nt could be curtailed by

the prohibitive costs of energy supply. Such a curtai-nt could

seriously affwt the territorial economy.

6.0 ~ional ~erqy -d Projections

‘Ibis section examines sme of the results of the region by region

dad projections. ~te that @pendix I, the methodology and

assumptions explanation~  and II to VI inclusive~ the regional

Projection methodologies, have been set out asmrking papers

thereby presenting variables that can & altered in new scenarios.

6.1 Ebrt Stith -ion ~recast

me Ebrt Smith region is the source of most of tie N.W.T.’S

residential, comrcial and mining energy demand. ~ particular,

tie region consumes all of the motive diesel fuel used for rail

transprt, and mst of the diesel fuel used in wine and road

transportation. ~erefore, energy d-d reductions would result in

major financial savings to the region and to the territory as a

whole.

As indicated in ~ble 10, the residential sector offers the greatest

potential ~rcentage savings. me projected savings, as explained

in Appndix II, are a result of assuming the application of several

,
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conservation stew (-e Table 3) . ~ particular, energy efficient

new housing designs are re~nsible for the large ~oj~ted

1989-1999 space heat d~d reductions for new housing.

me =tent to which conservation steps are applied in the ~rt ~th

residential sector a~ars to be depdent on suti factors as:

i) the
and

ii) the

iii) the

iv) the

intensity of involvmnt in the housing market by public
private sector interests;

extent of prtiry resource develo~nt;

extent of inter-regional migration; and

type of housing mix established.

fie foregoing factors seem to indicate that the effectiveness

residential energy conservation initiatives in the ~rt titi

of

region

is dependent on a more variable environment than is evident in other

regions.

=sidential sector energy demand in 1999 has the potential to be

less than in I-979. In the co-rcial sector, energy conservation

initiatives can reduce d~d so that the 1999 demand is about the

n as in 1979. As shown in ~le 10, some of the more spectacular

savings may be achievable by 1989, more s~ificdly, those related

to space heating d-d reductions in new units. As with the

residential sector, ccxrnnercial  conservation initiatives in the Fbrt

Smith -ion are de~ent on a

elsewhere.

me ~rt ~ith region, as noted

mre variable enviromnt than

in Table 1, has the major energy

mnsuming mines. Mle 10 shows that mining sector d~d to 1999

is expected to i~ease substantially. Given such a substantial

increase in demd, it is likely ‘&at diesel and heating fuel will

have to be im~rted and more hydro sources tapped unless substantial

energy conservation efforts are undertaken. me conservation steps

,
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assumed

largely

i n  the  min ing  p ro jec t ions  a re  conse rva t ive  in  v iew o f  the

u n t a p p e d  p o t e n t i a l  o f  r e s i d u a l  h e a t  ( s e e  Section  9 of  the

su~ly analysis) .

me extent to which conservation strategies are applied could

greatly effect the Ebrt Smith economy. At hut $10,450 per TJ for

heating oil and $11,818 for diesel oil, delivered, the region

enjoys, except for the ~uvik region, the lowest fuel prices in the

territory. ~ the other hand, these prices are among the highest in

ma and will increase substantially under the new federal energy

policy. Assuming that, on

is proportionally equal to

prices, the 1999 cost of a

average, an increase in crude oil price

an increase in heating oil and diesel oil

zero conservation energy d-d

i) $370 million for diesel fuel at $6.2 @r gallon (1990
and

ii) $307 miUion for light heating oil
prices) .

Using a conservation approach, however?

million saving (D99 ZC vs. C q~oach)

$164 million saving in heating oil.

~viously, the foregoing calculation is

at $5.5 per gallon

might be:

prices);

(1990

would result in a $91

in diesel oil costs and

a

exact impact of crude oil price increases

copnent increases for product cost, and

a

s~le analysis. me

is a factor of kth

a titure of acquisition,

transportation handling and storage costs, such a cost mixture being

a factor of inflation which is itself aff=ted by the national

energy policy. kvertheless, the conservation option appars to

offer substantial expenditure savings. ~ese savings will be

imprtant to:

i) mining ccanpanies  who will have more finances to invest in
exploration and develo~nt;

,

. .
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ii)

iii)

iv)

cmerc ial establis~ents
financially solvent;

N.W.T. r e s iden t s  who  will
f i n a n c e s  t o  a r e a s  ~rhaps

that may be able to remain

be able to allocate more of
sttilative to the economy;

45,

their
and

N.W.T. governments which may be
of energy costs to mnsumers.

able to cut their subsidization

Cambridge Bay Region Fbrecast

Cambridge =y region presents quite a contrast to the Ebrt Wth

region and even the Inuvik region. It has a -1 and semi-isolated.

population whose major econmic base consists of government and

prhry resource conanercial establishments. As such, the -ridge

-y region energy dad is dcanimted by the residential and

comrcial sectors. tile 11 shows that conservation steps applied

to these sectors can affect an ab=lute decrease in total regional
.
demd from 1979 to 1999.

The possibility of an absolute decrease in energy demand is

@rtant to a region such as -ridge my because it is especially

affected by high fuel costs. me extent to which conservation

initiatives are a~lied a~ars to be less de~ndent on all of the

factors noted in the ~rt ~ith discussion. me territorial and

federal gover-nts certainly have an @rtant role to play,

especially in the residential sector.

6.3 ~uvik ~ion ~recast

~ergy daand in the ~uivk

sector. ~le 12 indicates

region is dainated by the comercial

that conservation steps taken in the

cmercial sector could affect an absolute decrease in the region’s

total energy demd between 1979 and 1999.

,
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T~~ 11

PWECTIONS OF SE~NDARY ENERGY ~~UMPTION 1989, 1999 CAMBRI~ 13AY
ALL P~TIONS IN WOULES (10 12 JO=) I

i _-—.

S~OR ENE~Y USE~~ 1979 1989 ZC 1989 C i989 2C-C 1999 ZC 1999 c 1999 z-c.

RESIDENT’IW
Existing

,

Space kating 40
12

50.0
14.3

50.0
12.5

80
14

90
16

45
14

20
5

79

104
12
22
4

142

28
0

28

24
58
82

101
18water *sting, Lighting,

;~pliances,  Miscellaneous
Space l@ating
Water Heating, Lighting

9000
22.2
58.4

51
9

154

5
7

64

40
7

153

50.0
28.6
48.4

0
0

119

New

Sub lbtal

~IAL
misting 110

16
89
10

225

48.6
20.0
70.0
47.4
59.2

35.8
20.0
70.0
42.8
45.4

214
20

298
19

551

202
17
0
0

219

162
15
76
7

260

*sting (All)
Lighting, ~liances
&ating (All)
Lighting, ~liances

New

Sub Tbtal

MINING
*at and Motive Wwer
Electricity

Sub ‘Ibtal

TRANS~RTATION
Road 40

0
40

45.2
0

45.2

28.2 73
0 0

28.2 73

21
0

21

39
0

39

Motor -s
Diesel

Sub ‘Ibtal

11.1 45
3.3 102
5.7 147

32
82

114

28.9
19.6
22.4

16
36
52

Air ‘Ibrbo ~el
Aviation ~el

sub lbtal

Marine Motor Gas
Diesel

&m
●

Sub !tbtal

DieselRail
Sub lbtal

GRAND T~AL

126 110 12.7 192 154 19.8
500 303 39.4 852 403 52.7

73
411

I ,
.  .
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me possibility of oil and gas development by 1999 could af feet the

relative cons~tion by the energy consuming sectors. ~weverr it

is likely that such develo~ent would affect the corrmercial sector

to the greatest extent, thereby leaving the potential for d~d

reductions.

6.4 Keewatin Region Fbrecast

AS with the Cambridge Bay and Inuvik regions, the absolute Keewatin

region d-d from 1979 to 199 can decrease with the appropriate

conservation steps (see Table 13) . me residenti~ and. c~erci~

sectors dominate energy d~d and offer a substantial enviromnt

for d-d reductions. As

is heavily involved in the

the Keewatin dmnstration

the territorial govermnt

energy demand reduction.

in the Cambridge -y region, government

housing mrket. Given the Perfomce of

house (see section 6), it is evident that

supports initiatives aimed at residential

6.5 Baf f in ~ion Brecast

~like the other regions, the Baffin region energy demand is

dominated by the transportation swtor I and in Particdar by air

travel. mble 14 indicates that demand reductions in aviation are

not enough to af feet an absolute regional reduction by 1999.

~wever, dmand reductions in the residential

can be substantial, especially given existing

involvement in these sectors.

6.6 &ion ~recast -ry

It is evident f rcm the preceding discussions

and connnercial

governmental

sectors

that absolute and

sectoral  energy dmnd can be significantly reduced in each region.

~o factors suggest that the residential and cmercial sectors are

iqrtant areas to focus conservation efforts. first, it has kn

revealed that assumed conservation efforts in the -ridge My?

—.
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TABLE 14

P~IONS OF S~NDARY ENERGY ~NSUMPTION 1989, 1999 BAFPIN REGION
ALL P~XTIONS IN TERAJOUB (10 12 JOULES) ,1I

% SAVINGS % SAVI=
S~R ~Y USE@RM 1979 1989 ZC 1989 C 1989 ZC-C 1999 ZC 1999 c 1999 Zc-c

Space lkating
Water ~kating, Lighting,
Appliances, Miscellaneous
Spce Ikating
Water Ikating, tighting

387
50

308
40

154
35

118
25

332

326
66
94
20

506

982

161
0

161

1656
129

1795

50.0
12.5

229
31

115
28

49.8
9.7

New

Sub mtal

~IAL
misting

mw

Sub ~tal

MINING

Sub ~tal

TRANSK)KIATION
Road

Sub ~tal

Air

Sub mtal

Marine

Sub mtal

%il
Sub ~tal

GRAND WM

o
0

437

235
30

613

50.0
16.7
45.8

251
33

544

25
28

196

90.0
15.1
64.0

IRating (All)
Lighting, @liances
I@ating (Ml)
Lighting, Appliances

708
91

0
0

799

637
82

312
40

1071

48.8
19.5
69.9
50.0
52.7

850
109
863
111

1933

435
87

259
56

837

48.8
20.2
70.0
49.5
56.7

Heat and ~tive rower
Electricity

1091 10.O104

Motor &s
Diesel

120
0

120

211
0

211

23.7
0

23.7

378
0

378

250
0

250

33.9
0

33.9

~Urbo ~el
Avi.atlon ~el

1098
81

1179

1840
136

1976

10.0
5.1
9.2

3084
227

3311

2159
182

2341

30.0
19.8
29.3

Motor Gas
Diesel

vl
o.

Diesel
1299 2187 1956 10.6 3689 2591 29.8
2639 4962 3776 23.9 6166 3624 41.2
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\ Inuvik and Keewatin regions would affect an actual 1979-1999

decrease in absolute demand. send, these are regions where there

is akeady an intense involvement by government (relative to Fbrt

Smith), so that the enviro~nt for implementing conservation

strategies appears to be less vulnerable to external forces.I

&spite the appealing possibilities of energy conservation in the

residential and canmercial  sectors, the N.W.T. s~ in Table 15

reve~s that the 1999 absolute d-d (conservation approach) has

increased by abut 39% frm 1979. mo factors may explain this

situation. First the trqrtation and mining sectors, bth of

which are significant energy consumers, do not offer the da

rduction ~ssibilities  noted above. me energy a~d of these

sectors is most evident in the major N.W.T. region, Ebrt Wth.

‘lherefore, an increase in Fbrt smith tran~rtation and mining

denand affects an increase in overall N.W.T. consumption. Second,

this energy demd scenario has assumed significant economic and

transportation develo~ent to 1999, again predominantly in the Ebrt

Smith region, a factor affecting energy d~d 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.

me development of the regional demand scenarios assumed that the

extent of conservation efforts is likely to increase over time, i.e.

the 1989-1.999 ~riod is likely to experience mre significant cimnd

reductions. Eble 15 illustrates this but also shows 1979-1989 to

be an i~rtant transitional period. ~ fact, residential and

ccn’unercial daand reductions during this pericd are close to the

~rcentage savings achievable from M89-1999. me table reveals,

‘however, that significant conservation develo~nts in the mining

and transportation sectors are likely to take longer to be

implemented.
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Tables 10 to 15 also suggest that economic
be sacrificed by conservation strategies.

analysis that real econmic growti to 1999

growth d~s not have to
It was assumed in this

would be 5.3% per year.

It is possible, then, for the -ridge E?ay, Inuvik and Kewatin

regions to e~rience real economic growth and an absolute decrease
in energy de~d. men for the N.W.T. as a whole! the annual rate

of increase of energy demand 2.5% is less than projected econmic

growth. ~ain, the ~rt Sfith region is the mjor influence, with

an energy demand increase of 3.9% per year~ cqed with an

economic growth of 5.3% -r year.

7.0 *-endations

It is

i )

i i )

iii)

iv)

v)

vi)

,

recommended that :

the information limitations listed in @~ix VIII be
assessed and eliminated. Mre s-if ical.ly, the Science
Mvisory Ward data mcdel should be refined, u@ted and
extended to include regional variables and d-d shifts
according to econcanic develo~nt  scenarios;

the various sectoral  conservation options be assessed for
their econaic feasibility;

the N.W .T. goverment develop an econtic f orecastfig model or
mcdels;

the N.W.T. government assess the energy dad implications of
future develo~nt projects e.g. , L.N.G. termimls, piplines;

the N.W.T. government devote considerable attention to energy
dmand reduction in the residential and connnercial sectors.
~ this context, it is suggested that considerable use be made
of existing federal services and programs such as the:
“Of f-Oil Rogram”, Rderal-Frovincid demonstration pro ject
fund, Enersave Mvisory Service and the ~adian @vernment
S~ification.s Mard insulation contractor certification
program. Mreover, it is suggested that theml effic~.ent
building cedes be established and enforced for new anu
rehabilitation construction;

the N.W.T. government integrate the goals of cornnunity
economic aevelopnt and ~lo~nt with housing

. .
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rehabilitation and construction needs. Wre sPecific~Y~
major education, training and develo~nt programs should
provide su~rt for locally based energy conservation ventures;

vii) the N.W.T. goverunt and D.I.A.N.D. review the conservation
strategies initiated in countries with similar climate and
&ysiograPhy  e.g., Scandinavia.

viii) the N.W.T. and federal governments use real, as opFosed to
subsidized, energy prices in assessing ptential conservation
savings.

8.0 ~ergy Supply in the N.W.T.

‘Ihe preceding de-d analysis descrikd current (1979) N.W.T.

energy consumption by form and sector, revealing demand to be

dominated by the comrcial and transprtition sectors. ~d

proj=tions  to 1989 and 1999 showed that absolute and sectoral

cons~tion can be reduced significantly in each region. ~wever,

if future energy supply patterns r-in as they are at presentl the

territory is likely to continue to experience the vulnerabilities

related to an emnay a~st solely depndent on petroleum.

Fluid petroleum derived fuels~ i.e. for the ~st part~ 9asoline/

diesel, and heating fuels, are mainly used for three end uses:

space heating; production of electrical power; and transportation.

Amajor task facing the N.W.T. is to alter supply in a manner that

reduces fluid fuel inputs to these end uses. lhe following sections

illustrate how this might be achieved by describing the supply

ptential of both non-renewable and renewable energy resources.

9.0 Residual (Waste) Heat Rcovery

sent studies and actual dmnstration projects in the N.W.T. have

daonstrated the significant potential in utilizing the waste or

residual heat energy stream from existing diesel electric generating

units and from mine sites. ‘Ibis potential can be best uncierst@ by

a brief examination of energy processes and esttited N.W.T.

residual energy streams.

,

. .
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9.1 ~ergy ~d-=es and Residual Strem

fie end-uses or tasks to whi~ energy is applied can be delineated

into two categories: non-heat or work, i.e. all energy a~lied to

trqrtation,  lighting and ~ical drive; and pr ocess heat,

i.e. energy used to heat industrial. process and to supply space

heat. me comn supply input for process heat is petroleum. me

resultant process tem~ratures range as follows:

i)

ii)

iii)

With

furnace co-stion, 260”C to 815”C;

hiler phase change, 100”C to 260’C; and

space heating, less than 100”C.

process taperatures ranging from 815°C to less than 100”C, it
can be expected that residual heat energy will also display a wide

range of quality. A recent study by ~londe, Girouard, Letendre and

Associates M. (hereafter known as Lalonde et. al. ) examines the

definable ati usable residual heat stream in Canadian industry *

identifies a range in quality from 815°C (furnace exhaust) to less

than 49°C (condenser cmling and process radition.  )l Elonde et.

al. identify two mjor sources of residual heat in the N. W.T. ~

electric power generation (base load) and mining/milling. With

Mon and N.W.T. data grouped together, the chart klow illustrates

the quality range

With total energy

petajoules,  it is
~u,rce of supply.

of the estimated residual stream.

cons~tion  in the territories munting to 25.1

clear that residual heat is a ~tentially large

1 Lalonde, Girouard,  Letendre and Associates Ltd., A Study to
waluate the ~ergy Gscading ~tential in 3ndustry, ~lume I
Min Reprt, Volume 11 Energy Eta Base and Volume III
Industrial ~tor and KChnical Rviews, a study prepared for
the federal Conservation and Renewable ~ergy Branch, 1980.

,
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N. W. T.~ON RESIDUAL ~T S=
BY @ALITY (~ergy ntential in Krajoules)

IWSTRY m~ -
260°C to 815°C 100”C to 260°C 49°C to 100”C 49°C ~diation

~ectric
Rwer 153 76 51 0 51
Mining 201 43 212 124 67

9.2 Utilizing *sidual &at Streams

U thertiynamic laws were followed, 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 enerqy

cascading. M ideal energy cascade makes uses of all of the heat

stream ptential, i.e. heat is used at its highest quality e.g., for

metallurgical processes and then the residual stream is matched to

appropriate end+ses at each subsqent  level of quality. figure  2

describes what Ulonde et. al. terman ideal cascade. =Ch process

such as cogeneration and district heating, uses different

technologies e.g., turbines, and heat exchangers, to extract the

given energy ptential. @pendix IXsmries the heat recovery

systems according to energy quality, applicability and cost

(1979$) . me mre economical technologies ap~ar to be heat

exchangers, thermal storage (on a daily basis) ~ and heat P-
(co~titivewnen a cons-t temrature  is available along with the

end-uses a~o~iate to -1 increase in temperature and a low
1

output temperature) . @generation is identified as betig cost

competitive for conswrs with existing d-ds greater than 0.5 m
2

ad a steam load of 22000 kg/hr.

. .

1 Lalonde et. al., p. 111, Volume 1.
2 Ibid., p. 109, Volume 1.

,

.-
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F1GURE2. GENERAL IDEAL RESIDUAL HEAT CASCADE

UJECTF.il HEAT
STXE.:,t:S_—

over  1500°F

SOO-1500”F

202-6a0° F

12 C-212° F

INTER-  PLAXT
TRANSFERS

LO.{  Ti>ll>: RAiJKINE ORC,iNl  C
nISTRICT CYCLE kl:~XINE
!! E\TING I’owl;ir h CYCLE }1 FAT

A8SOR1’TION POJER ruN?s
COOLISC

Electricity

EoJlers 300 - 600 SteoIn  8 Hot Uater——
L

Turbine5
Heat

I :xchangers

300  -  600

1’
1184 t

~. rurbJ[~es .~w
500 - 1000 &

Exchangers
Engines
-—
Absorpcio ‘1 200

300  -  600 300 ~ Hachines

1
warm-  vacer

to Ur=ste

SOURCE: Lalonde,  Girouard, Letendre and Associates Ltd., A Study to Evaluate The Energy
Cascading Potenial in industry, a study prepared for the Federal Conservation
and Renewable Energy Branch, E. M. R., 1980, Figure 9.2.2 Volume 1.
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Table 16 de= ibes how heat recovery systems might be applied to the

estimated N. W. T./~kon residual heat stream. A total of 916

tera joules appears to be recoverable. ~ date, study and

dmnstrations  have shown that an achievable near-term heat recovery

approach is the use of diesel-electric generating unit heat.

9.3 *sidual *at Rom Diesel-~ectric  ~its

Diesel electric generating units in the N.W. T. utilize water cooling

circuits in the engine block and exhaust -ifolds to prevent

overtieating through the “removal” of residual heat. Cooling water

rtust remve about 3 O% of the energy input. Eat also escapes in

exhaust gases; about 50% to 60% of the gas total is recoverable.

Recent studies and demonstration pro jects have illustrated the

potential for recovering manifold (jacket) and exhaust gas heat for

low taperature “mini” district heating application.
1 Jacket

recovery is termed as normal temperature

heat at 75°C. to 90”C. Waust recovery
te~rature, i.e. hot water recovered at

steam recovery at 120”C and 100 k Pa.

recovery, i.e. low grade

syst= oprate at high

120 °C and 130 k pa and

AI.thou@ residual heat can be and is recovered separately from

either jacket or exhaust gas sources, c@ined jacket and exhaust

recovery ap~ars to be advantageous because:

i) overall plant efficiencies (lst UW) can ap~oach 75%; and

ii) distribution t-ratures  coincide with those normally used in
hot water systa design, resulting in smaller distribution main
sizes and lower p~ing rates.

1 Erguson, Naylor, and Si.mek Ltd. ~ ~ Inventory of Mjor Diesel
@nerating Systems in -da and An &sessment of the mtential
~rkets for mat S?covery ~ a study prepard for the Federal
Onservation and Mewable ~ergy Ranch, 1980.

and
Ersonal co~ication with the firm.

1

.
f
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WLE 16

Cogeneration Mditional fuel

In-plant cascading Heat exchangers

Inter -plant transfers 260”C to 815°C

Low-taperature district 100”C to 260”C
heating

on site

151

789

Rankine Qcle ~er 100”C to 260”C or 22
generation 49°C to 100”C

M=rption cooling and 100”C to 260”C or
refridgeration 49°C to 100”C

Organic %kine Qcle 49°C to 100”C 6
~wer generation

Heat FUmps <49”cto 100”C

~riculture and 49°C
aquiculture

8

.16

Surce: Yukon =prt, p. 72.

,

—.
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me heat is recovered by

used for in-house (plant

a variety of heat exchanger systems and is

heating) and/or comrcial and residential

space heating. me latter end use is based on a water or steam main

distribution network. @le 17 lists the ptential district heating

requiraents for N.W.T. cmunities identified by Lalonde et. al.

At least 52% of

cumnunities can

In a study mre

Ltd. (hereafter

the average heating requirants of the selected

be met by district heating.

specific to the N.W.T., ~rguson, Mylor and Simek

known as Rrguson et. al.) assess the residual heat

stream from diesel units in selected co~ities and calculated:

i)

ii)

iii)

iv)

v)

the gross residual heat produced;

the recoverable heat, i.e. the practical -unt of heat that
could be extracted, accounting for losses and heat already
recovered;

Lhe

the

the

As lable

feasible

monthly heat supply markets;

type of distribution system needed; and

pay back onccm’ununity project investments.

18 illustrates, cotiined residual heat recovery could be

depending on the accepted pay back pericd e.g., 5 years

versus 10 years. mere does not ap~ar to be a preferred region:

hcwever, the calculations for the Baffin region cmunities of

Rsolute -y and Robisher my include the mst rapid pay back

schemes of four and three years. As with most energy projects, the

pay back will be affected by changes in capital and o~rating costs

ad the energy inflation rate.

Although the Ferguson  et. al. re~rt assess~ only a few N.W.T.

co~ities, it is pssible to derive a general esttite of the

readily attainable regional residual heat stream. ~ble 19 shows

.,



61.

~TY APPRo~
\

ANNUAL A~ AVAILABLE
~PQON =TING ~~a -Y

TJ TJ

Fbrt Resolution 500 25 13
Yellmknife 6100 316 I-58
Mrman Wells 500 25 13
Aklavik 2000 105 53
Inuvik 2670 139 139
~obisher Bay 6000 316 105
Rankin Inlet 500 25 13
-er Lake 500 25 13

mAL 18770 976 507

507 x 100% = 52%
m

S o u r c e :  1 . Lalonde  et .  al .  ‘I!able  9 . 2 . 2 . 2 ,  p .  1 6 6 ,  ~lume 1 .

~tes:

a ~ating requiraents  were derived as follows:

(Average requirements - ~inum

,

requirements = average x 2)

I
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‘lMLE 18

Ebr  k Simpson 26 72,394 804,000 14 ~mercial
Iby Itiver 118 193,286 1,251,000 6 -rcial, residential
lWJW 144 265,680

I INWIK -ION

Inuvik 162 221,916 830,000
mrn~n WI is 16 54,346 369,000
10’IM 178 276,262

canti>r  idge my 1P 53,932 364,440

Mker Lake 16 69,995 629,000
%nk in Inlet 22 48,704 415,000
‘lWYM 38 118,699

WFIN lUGION

Resolute My 27 23,059 104,000
~ohisher  My 97 239,781 890,000
Mnisivik 37 19,948 190,000
‘lUIAL 161 282,788
N.W. T. lW1’AL 533 997,361

4
9

6

9
8

4
3
8

Omrcial,  residential
l@sidential,  c-rcial

@rrercial, residential

~nk?rcial
~~nercial, residential

~nercial
Cciunercial,  residential
Industrial

.
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tiurces:  1. Rrguson, ~ylor and Simek Ltd., An Inventory of ~jor
Diesel ~erating Systems in Canada and an Assessmnt
of the ~tential Markets for Heat =overy,  A Study
prepared for ~ergy, Mines and -sources -da, 1980.

Mtes:

a Annual recoverable heat represents the practical. amount of heat
that could be extracted from the generator jacket -ling water
and exhaust gases minus the amount of heat already being
recovered for “in-house” use.

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

c Sectir application represents the energy consuming sectors mst
readily accessible to the recoverable heat. If more than one
sector is accessible, they are listed in order of potential.

u Cambridge E!ay already has one heat reclamation project
underway. fiere are five large warehouses, garages and offices
heated by a hot water system which recovers waste heat from the
jacket water.
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tie potential market utilization, assuming the residual heat SUFPIY

to be appropriated by the carcial s=tor.
1 me Ferguson et.

al. study and d-nstration projects (see next stisection) suggest

that the cmercial sector is the most likely ~ket for residual

heat use, prtiily the heating of small buildings. ~le 19 shows

that under a conservation scenario, the N.W.T. c~rcial market

utilization could be 13.4%. tie ~atin and Xfin regions appear

to derive the greatest potential from the district heating sch-s.

9.4 ~rrent N.W. T. Ristrict Eatinq ~forts

me foregoing discussion suggests that low-temperature district

heating and inter~lant transfers offer the mst applicable heat

recovery scenarios. me e~rience of actual projects suggests that

these options are being pursued. Ristrict heating proj~ts have

begun in -ridge Bay, *nkin Inlet and -llY Bay. Mditioti

projects are being started in Cbppermine,  Lac La Martre, and

pangnirtung.

fie Cambridge Bay project consists of five warehouses, garages, and

offices heated by a hot water system recovering heat from the jacket

cooling water. me Pangnirtung project is designed for full

r=overy of the residual heat stream.

~ date, the major parties involved in the projects have been the

N.c. P.c. , as residual heat supplier~  and the N=WOTO 9over~nt~ as a

residual heat purchaser. me N.W.T. Epartment of Public Works

(D. P. W.) has acted as project manager, for both itself and other

govertientd clients. ‘Ihe experience has hen for the N. C.P.C. and

N.W. T. D. P.W. to agree on the cost recoveryl  i.e. N. C.P. C.

a~ropriates a portion of every $ saved=

1 me ~ble 19 notes explain the concept of market utilization.
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PRAC’PI~  N. W.’l’. MARKEJ! UTILIZATION OF’ -ILYJAL  Wr SUPPLY

t

1979 =IOUAL 1979 M.U. 1989 ~sidualb 1989 M.U. M.U.  a s  a 1989 ksidual 1989 M.U. PI.  U. as a
[kat Supply Neat Wwly % of ~ml~rcial

‘PJ
Neat W~ly % of ~n=rcial

~J YJ ~J ~e }&at  h~ti TJ TJ Si~e t~at &n@

Ebr t Sikh 654 163 941 235 5.4 696 174 9.3

Cani)r idge by 102 25 124 31 13.0 75 19 15.1

hluvik 388 97 .345 86 5.9 215 54 8.1

Kee~/a  t in 162 40 273 68 24.9 160 40 33. b

Wffin 398 99 749 187 19.7 570 142 33.8

N.W. T. ~tal 1704 424 2432 607 8.4 1716 429 13.4

/
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Sources: 1. ~rguson, Naylor, and Sfitek Ltd*# An ~ventoW Of
Major Diesel Generating Systems in Canada and an
Assessment of the Dtential Markets for *at Recovery,
A study prepared for E. M. R., 1980, ~ Vol-s 1 and the
Appendix to Volume 1.

2. @les 2, 10, 11, 12, 13 and 14.

Wtes:

a me s t u d y  c i t e d  a b o v e ,  b y  mrguson,  Naylor,  Sinek Ltd:,
a s s e s s e d  tie munt  of residual  heat  that  might  be utlli.zed  to
mee t  the  sel~ted  ccmnnunities’  space heat  d-. ~is hea t

~tential  was analyzed according to the system’s ptential  and
according to the market  potential . me ratios used were:

System Utilization = ~tal *at Currently and ntentially Used
~tal =at Producd

Market Utilization = @tential Market for ~fiined Jacket and Maust @s Eat
~tal *overable *at

me market utilization ratio is used for this table because it
reflects actual demand sources for the residual heat supply and~
as indicated in ~le , offers feasible payback periods. A
perusal of the study’s Appendix A.3.1 “Mhnical Malysis”
suggests that an average utilization ratio of .5 is quite
a~roachable. Further perusal of this @pendix suggests that
60% to 70% of the co~ities’ residual heat is recoverable.
‘Ibis table assumes a conservative recovery rate of 50%.

me residual heat su~ly data used in this table represents the
Onversion and Line ~sses figures from ~les 10 to 14. Using
the 1979 Ebrt Smith region as an ale:

Market Utilization = mtential Market for Combined Jacket and Exhaust -s mat
‘Ibtal -verable *at

.5 = x
654 X 50%

x =  1 6 3

b ‘Ihe 1989 residual heat supply is derived from the 1979
conversion and line losses figures as follows: the 1979
conversion and line loss total for a particular region is taken
as a percentage of tie total regional demand (minus the
conversion and line losses).

me 1979 percentage is then a~lied to 1989 ~ and C. Approach
total regional dmd.

,
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9.5 Mininq  Mforts at &at *covery

mo N.W. T. mines, ~isivik and ~n ~g, are currently recovering

residual heat. At Nanisivik, the entire complex’s space heating

demand is provided by diesel electric unit residual heat. As well,

concentrates are dried using exhaust gas recovery. At the Can Mg

mine, residual heat recovered from the jacket water and cooling

lubricant is used for steam cycle cogeneration and hot water

utilidor space heating.

me experienceof these mines suggests a considerable potential for

mine and milling heat recovery. Cb-ication  with the Pine mint

ard @n-Rycon mines indicates that these large energy consumers also

intend to pursue residual heat

recovery ~tential is found in

10.0 ktural -s

recovery. (~rther discussion of

the Yukon Report, p. 71) .

In Volme II of his Mackenzie Valley natural gas pipeline

assessment, ~stice moms Berger states that “a gas pipeline in tie

Mackenzie Valley should provide two things for northerners, an
1

assured energy supply and a reduction in energy costs”. m some

extent, this state~nt reflects pesent day N.W. T. concerns~ i.e.

the question remains whether or not tie N.W.T. will ever make use of

a natural gas (N. G.) su~ly. ~is section briefly outlines some of

the possibilities and limitations to N.W.T. use of N.G.

10.1 N.W.T. N.G. *serves and F!roduction

me N.W.T. contains abut

prcducing sedfints. ‘lhe

68% of Canada’s

min geological

potential hydrocarbon

provinces in the N.W. T.

1 ~anas R. Berger, ~rthern Rontier Northern Mmeland,  The
Rprt of the fihckenzie  Wiley Pipeline Inquiry, mlume II
(Ottawa: supply and Services, (1977)),  P. 65.
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with N.G. potential are the Arctic Stable Platform~ Sverdrup basin~

Arctic ~astal Plain, Mackenzie - *auf ort -in, Liard Plateau and

Wnge, Eagle Plain, and the ~terior Plans. As Eble 20 shows, the

N.G. reserves that have ptential for N.W. T. domestic use are in the

Mckenzie Elta - Beaufort  Sea Msin and the Minland Territories,

primarily the fiard Plateau and Interior Plains.

N.W.T. N.G. production is confined to the minted Mountain @s Field

in the Liard Plateau, the south western corner of the ~rt tith

region. ‘Ihe latest production figures (1978) show a yearly total

abut 589 thousand cubic metres.
1

10.2 N.W.T. N.G. ~tential ~r mmestic Be

In addition to political concerns, four factors have a bearing on

of

domestic N.G. utilization, reserve capability, marketing, proximity ,

of d-d centres to supply, and costs (including environmental) .

‘Jhe previous discussion indicates substantial N.G. reserves. ‘Ihe

following estimate indicates the extent to which the N.W.T. might

utilize such a supply.

It is assumed that N.G.

until 1989. wsuming a

Inuvik

342 TJ

likely

50% of

wi~ not be utilized for domestic purposes

conservation d~d scemrio, the total

and Fbrt Smith regional space heating d~ds would k 90 and

re+tively. Lcgistics and infrastructure limitations are

to limit utilization; therefore it is assumed that 75% and

the respective Inuvik and ~rt tith dads can be matched

by N.G. supply, i.e. 90 and 171 TJ re~tively. From Table

is assumed that 5.3 t.c. f. of the Mackenzie-3eaufort  reserve

available for market in the Inuvik region. Given a constant

1 Eprtment of Indian and
Wtivities 1978 (Ottawa:

~rthern Affairs, Oil and @s
D. I.N.L, ~79), p. 51.

20, it

is

annual
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TABLE 20

.

~TION ESTN~ OF ~’ABLE ~IAL RES= ULTNTE KYI’ENTIAL
NOGCb ADBITIONS  BY YEAR 200~ BY M 200@
T.c. f. T.c. f. T.c. f.

hckenzie Delta - 5.3 15 - 23 39-99
J3eaufor  t Sea

Winland Wrritoriesa 0.4 - 1.7 1 6-20

mAL 5.7 - 7.0 16 - 24 45 - 119

Sources: 1.

I
2.

Mtes:

a Mainland

b Nat iona l

Indian and ~rthern Affairs @nada, Oil and -s Wtivities 1978
(Ottawa: Indian and ~rthern Affairs, 1979), p. 19.

Wtional ~ergy ~ard, Canadian Natural &s Supply and
Requirements (Ottawa: N. E. B., 1979), pp. 8, 32, 33.

=rritories includes the Yukon gas fields.

~ergy ~ard estimates.

c Wtroleum industry estimates.

d -logical Survey of Canada estin~tes.
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d-and of 90 TJ, a twenty year supply of N.G. would entail 90 TJ x

20 years = 1800 TJ. ‘Iherefore, 1.800 ~ or 1.800 TJ = .03%.,—
5.3 t.c. f. 5,620,000 TJ

A similar calculation for the Fbrt Smith region, but tiom an

estimated 1.7 t.c. f. mainland reserve, results in about .2% of tie

reserve being used over twenty years. ~ese s@le calculations

illustrate that extensive N.G. utilization for d-stic purposes

would still leave a substantial balance for ~rt.

~e marketing  possibilities de~nd, of course, on industry and

gover-nt priorities. me Mackenzie*aufort reserves could be

distributed across the mainland by a Mckenzie Valley pip=line

and/or a E~ter Highway lateral. (See ~gure 3.) Such

develo~ents could possibly supply hti Inuvik and ~rt Smith region

centres. ‘Ihe N.G. could come on stream anywhere after 1985.
amording to most estimates. L me other possibility is for

mainlanci  N.G. e.g., from the minted Muntain field, to be tapped

for ~rt Smith regional use.

‘Ihe proximity of “potential” and “suspendd” N.G. wells to d-

centres was determined by a ~rusal of D.I.A.N.D.’s  Schedule of

wells 192-1980 and an assortment of their maps. me categories

ptential and sus~nded represent gas discoveries and actual well

development. ~ble 21 indicates that, de~nding on the well

lccation and demd centre, some wells are as close as 26 km to

daand centres.

‘Ihe costs ofdaestic N.G. utilization are site specific and de~nd

on such factors as:

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

1 Mtional ~ergy Board, Canadian Natural Gas Supply and
~iremnts 1979 (Ottawa: N.E.B., 1979), pp. 36-37.

,
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.
D~ CEN~ WELL ~ P~XINITY  ‘IO W FIELD APPmxIMA’IE R A N G E  ,

mrs ~TION OF WELL DH~

Inuvik

‘Nktoyaktuk

Hay River

~rt Liard

lbrt Providence

P-41, P-53, A-44, L-43
F-36

F-.4Ob
P-41, P-53, L-43
C-21, H-30, C-58, K-16
C-42, D-43, G-33

N-18 , A-05

J-7 2
H-78

Briggs-kbit

INUVIK REGION

50-56 Parsons 3048 - 3962
90

116
65 Parsons 3048 - 3962
90 Kumak NA
77 Taglu 3048 - 4877

129 1339 - 1524

26 3363
64

80 Rabbit Lake 822 - 853

Sources: 1. Indian and Northern Affairs Canada, Oil and &s Activities 1978
(Ottawa: D. I. No A., 1979), pp. 14-16.

2. Indian and Northern Affairs @nada, a selection of well location
maps from the Oil and Qs Division, 1980.

3. Indian and Wrthern Affairs Gnada, Schedule of Wells 1920-1979
(Ottawa: D.I.N.A., 1980).

~tes:

a ‘lhe selection of natural gas wells that represent  potent ial  exploi tat ion
is based on two categories “ptential”  and “suspended” gas wells. A
well may be suspended due to two factors. First, drilling might &
stop~d due to the end of tie climatic drilling season. Second, the
develo~nt f wells might be suspended because of inadequate markets,
lack of capital or ~litical/jurisdictional  problems.

,. .,.”.; , . .
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iv)
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the d-d centre’s pro jetted consumption;

the distribution netirk, i.e. whether a grid will be run tiom
a major pipeline lateral or whether a small diameter pipeline
will be run from the wells directly to the co~ity (s) ; and

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

~ date, cost analyses for do~stic utilization are lfitd. ~o

studies have been ccntpleted for the town of ~uvik. ~ 1978, a

study for the muvik ~wn @until and Ch*er of Cbmrce examined

the potential to tap one well from the Parsons Lake Pield, about

48 km from the town. fie study suggests that capital and o-rating

costs would make delivered gas unccanpetitive  with Mrman Wells’

supplied oil.

A more recent study assesses the feasibility of su~lying the

N. C.P. C. in ~uvik frcm either the Parsons Lake or Ya Ya fields.
1

fie N. C.P.C. is presently the major distributor of electricity to

~uvik and ~ktoyaktuk as well as utilidor heat to Inuvik. me

study assmd 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 i~sal well; a liquid hydrocarbon disposal well; wellhead

facilities; well flowlines,  a gas plant to process N.G. for delivery

by 13 nnn pipeline; a turbine building for gas compression and

propane refridgeration; heat exchangers; electricity generation

facilities; and a pipline.

me total capital cost of a Parsons Lake delivery system is

$42,080,000 ($1980) with well costs of $4 million ~r well.2

m&l o~rating and maintenance costs are estfited at $1,108,000.

me total cost of delivered gas to the N. C.P.C. was calculated as

1 ~nuck ~gineering
study prepared for

2 Ibid., ~ble 5.7.1.

Ltd. , ~uvik  QS Supply ~asibility  Study, a
the town of Inuvik, 1980.

,
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$6.71/’M.c.  f. for Par=ns Lake, $8.65~.c. f. for the Ya Ya welJs.

~is price was concluded to be currently unco~titive with existing

and foreseeable energy su~ly from ~rman Wells (diesel oil and

Wer “C” fuel). Since calculations and time ~riods are not made

explicit in this study, it is difficult to suggest the cost at which

delivered gas prices will be co~titive.

l’he develo~ent of a well system to se~e one cmunity appears to

be an expensive supply option -- in the case of ~uvik, about $65

thousand per residential custcnner. Another option is to tap into an

e~rt pipeline with a lateral and distribution grid. A study by

=an Casey calculates the residential cost per custcaner of such a

develo~ent  to be $7957 (1980$ ).1

fie @sey study shows

region cmunities of

the Inuvik total. It

the delivered N.G. costs to the ~rt Smith

~rt Simpson and Yellowknife  to be hi~er than

appears that cheaper well drilling costs on

the mainland, abut $1.299 per metre versus $1457 per metre for Blta

exploration, are offset by higher distribution costs.

10.3 N.G. ~d-mes

If N.G. is a supply option for the ~uvik and Fbrt Smith regions,

decisions have to be mde concerning its end-use. ‘Ihe muck

~gineering  ati @sey studies assess N.G. as a fuel for Space

heating/elctricity and space heating respectively. Another

possibility is to use N.G. solely to produce electricity.

Discussions with one ~uvik Char of

that a’ study is underway to assess the

electricity from a plant on one of the

distributed to Inuvik and ~ktoyaktuk.

~-rce official revealed

feasibility of generating

Elta stands to be

1 Sean Casey, ~ergy Costs in bhe Canadian North: A Cornparison
of Eve ~~ities, a papr co~leted at the faculty of
~vironmental  Studies, York University, 1979, P. 15.

. .
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7i. N.G. electricity generation is also possible for off grid
. . .

l o c a t i o n s . E cotiined  with a pilot  liquid,  i t  c a n  b e  u s e d
. . .

i rep lacement  fo r  d iese l  fue l .

75.

as a

“i

Recent technological develo~ents  indicate that N.G. might be used
in “mini” district heating or “total energ y“ schms. In

particular, the Fiat Motor @mpany has developed a ~tal ~ergy1
mule (T.O .T.E.M. ) that is designed to produce heat and electric

Fewer usin9 a 127 car mcdel engine. me T. O. T.E.M. is characterized

by a 90% total energy conversion efficiency (lst Law) and small size

suitable for modular arrangements, systa integration, and
] production close to the load. With a pwer output of 15 ~ and
I

140,000 kilojoules per hour this total energy system, or others like

it, appears to be mst applicable to a~r~nts or smll comrcial
:i~ buildings.

I Natural gas can be
I

gasoline or diesel

canpressed natural

used directly as a transprt fuel substitute for

fuel. Wcording to ~ergy, Mines and Rsources,

gas could be used for transport truck fleets with
1

existing vehicle conversion costs at least $1500. A

10.4 ~viro-ntal ~lications

me assessment of costs associated with natural gas utilization must

take into account potential effects on the enviromnt.  Epending

on the type of development e.g. , lccalizd  distribution versus

~rt pipeline, the scope and intensity of effects will vary.

i Effects associated with pi-line develo~ent  have been well

I

1 1 ~ergy, Mines and Resources -nada, Discussion Paper on Liquid
~el Options (Ottawa: E.M.R. Re~rt EP-80-2E, 1980) , p. 19.

I me discussion pa~r notes that with N.G. valued at $4/m. c. f.
(Alberta hrder) , the cost of displacing diesel oil or gasoline
in ~tario would be about $25 a barrel oil e~ivalent.

I

,



76,

—._

. .

documented . What appears to need further assessment is the

production of sul~ur dioxide from compressor stations and/or

electrical generating stations. Apparently, the effects of acid

precipitation, to some extent caused by sul~ur dioxide emissions,

have been identified in a number of Arctic localities.

11.0 @al

The significant volume of sediments in the N.W.T.

characterized by oil and natural gas, but also by

is not only

scattered reserves

of coal. Although coal is at present not mined, local residents

along the Mackenzie ~ey and the Arctic coast have used deposits

for heating purposes. 1 AS well, coal has been mind in the Fbrt

~rman, Richardson ~untains (east) , and mulotuk areas. ~ether or

not coal is assessed as a significant supply option depends on a
n-r of factors including co~titiveness to existing and/or

alternative sources, demand, and environmental limitations.

11.1 Reserves and Production

rnta describing coal reserve volumes in the N.W.T.

for the mst part, secondary information resulting

are scant, and

from oil and gas

exploratory drilling. Mvertheless, some reprts have attempted to

describe existing potential seams and Mle 22 smrizes their

locality, nearest demand centres, and ~tential end-uses (Refer to

P:gure 4 for location) .

mta regarding coal type and quality are not cle”=. It ap~ars,

however’, that mst of the coal resources are of medium and low

1 ~-t~ Services, ~uvik, @mmUnity Coal Utilization in the
~rthwest Territories, a re~rt pre~red for the Epartment of
~onaic Evelo~ent and Tburism, @vernment of the ~rthwest
Krritories, I-978, pp. 4-8.

,,,
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Km AND ~MIAL CDAL =~~ IN ~lE N.W. T.

I~A’1’I@ ~1’ ~UNITIB Knml’IAL *USES

Wel  P l a t e a u Fbrt  @cd lb~,  Fbrt k~erson,  A r c t i c  M R i v e r ~tercial/residen  tial  s~ce  heating,  electr  ificat  ion

Grei]t Mar Plain ~rt Franklin] ‘1’errs, Mm J3ay, Bathurst Mines
(Duglas my, L’acho Pt. )

@rmrcial/residential  spce heating, electr
mine heating, electrification

kbrt ~rmn &sin ~rt Wrnan Cbmlercial/residential  space heatiry, electr

Sek%)i kmssible  if the Qnol wad owns Mine heating, electrification

t lcat ion;

fication

Ricllardmn  Wuntains (east) Wlavik, Inuvik @nmrcial/resident  ial spe heating, electrification pi~llne
electrification

Fkarlklin Bay, brnley Bay Paulotuk Cb-rcial/resident  ial space heat ing, electr itication

bnks Island Sachs }Iarbur ~rcial/residential  space heating, electrification

tiurce: 1. Arctecll Services, mnrnunit y @al Utilization in the ~rthwest  =rritories,  a report prepared for tJ~e N.W.1. Depr Wnt of Wo-ic kvelOprent
ad lburisrn, 1978.

Mt(> :

a [@ler to Figure 8.



I
78.

——. .

I

. . .

. .

,

. .
,,

-----  . . . -.—.. . ..



79.

J,. —.. -
. .

7

j; quality sub-bittiinous and lignite coal, although some high quality-1

2.6

bituminous coal has been identified along the Arctic coast.4 me

1
gross heating value of this coal is estimated to range tiom

megajoules/kg  (lignite) to 4.8 mega joules/kg (high quality

~ bituminous) .

11.2 ~al Utilization

* ~ble 22 ad Figure 4 indicate, most of the N.W.T. coal reserves
]
I are located in tie muvik and ~rt Smith regions ~ mreso it a~ars~

in the former. Figure 1 indicates that wst of the heating and
, elwtricity fuel input in the muvik region originates in ~-n
(

Wells. ~r~e~~ingly,  delivered  energy prices in the Inuvik

-. region are the lowest in the N.W. T. The feasibility of coal.. s
S utilization is therefore based, in part, on c-titiveness with

domestic oil. ~ addition, coal mst be co-red, on a site..,-
i‘] specific basis, with N.G. , hydro and wood (the latter two explored

in ~oming sections) . ~ assessing fuels competitiveness, Arctech

~rvices conclude that ‘the greatest possibilities for coal

utilization are in the Arctic communities where alternate sources

are scarce, i.e. a l-tion ahve the treeline, and where delivered

fuel prices for space heating and electricity are high.2 me

.;

,

4

I

I

I

connsunities selected for an

and Wlavik.

asses-nt were

that coal would

Eulotuk, mnd ~let,

be best utilized forme Arctech study concludes

N.W.T. residential and cmercial space heating.3 mchnologies

appropriate to this task are identified as:

1 Ibid., p. 3.
2 Ibid., p. 13.
3 &livered cost estimates of coal are

variability of coal aevelo~nt cost
wd prices.

not conclusive due to the
ass~tions and delivered

t

,

. .
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i)

ii)

iii)

multi-fuel forced air furnaces with oil backup for hmes;

fully automated stoking furnaces for nulti-it residential or
small cmercial units; and

fluidized-bed  cmstion units for multi-unit residential or
stil Comrcial units.

tithough  coal electrification is a possibility, the absence of a

suitable d~d Pr=ludes such an inves~t. ‘Ihe mintidemand

estimated to be economically feasible is 25 MW and as the Yukon

Reprt indicates, some cost studies suggest coal cost

competitiveness with hydro at the scale of 150 to 500 W.l

~stalled 1979 electrical capacity in all of the Inuvik region,

excluding Norman Wells, is less than 20 MW. Given conservation

approaches, forecast d~d is not likely to increase to a level

warranting coal electrication. Moreover, due to distance, muvik

co~ities would not be exploiting one coal reserve, reducing the,
d-d per reserve even further.

~ree factors could suggest exploring coal electrification. me

first, oil and/or N.G. pi~line electriciation  would increase the

region’s electricity demand if pipline compression electrification

is considered. ‘Ihe second factor is ptential mine demand. Mctech

notes that the mines east of Great Bear Lake are exmining the

feasibility of coal use. ‘Ihey point out that once a coal

utilization infrastructure is in place, low cost coal could be used

for co~ityd~ds,  hth for electricity and space heating. me

third factor is the t~ical feasibility of fluidized-bed

cotistion units which can

ccnnnensurate with existing

produce electricity at a scale

muvik region dads.
2

1 Ibid., p. 17 andyukon-~rt, P. 66.

2 Walter C. Patterson and Richard Qiffen,
mchnolw : @ming to a ~il (ww York:

Fluidizti-Bed
Morm, I-978).

--
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11.3 ~viromental ~plications

MUCh has been written shut the environmental (including health)

i~lications of coal mining and cotiustion. my develo~nt of coal

in the N.W.T. must take into account that underground mining (the

mre likely option for the territory) can be detrimental to the

health of miners e.g. , “black lung” disease. me tm and extent of

cotistion emissions de~nds on the coal quality and the

technological measures used to reduce air emissions.

Ascription of N. W. T. coal do not indicate the sul~ur content,

although the ~kon Report suggests that Yukon coal has a low content.

~al-fired electrical generating plants are one of the major sources

of sul@ur dioxide ( S02) which can eventually result in acid

Wecipitation.  @~ndix X lists some of the toxic effects of acid

precipitation, effects whi~h may be more profound in the fragile

Arctic ecology (see Figure 5) .

X previously noted, the preferred option for coal. utilization

a~ars to be residential and cormnercial  space heating. =ent

studies by the U.S. ~viromental Protection %ency (E. P.A. )

evaluate emissions from stoking furnaces burning a variety of coal

types and identifies sulmur, nitrogen and car~n oxide c~~und
1emissions as well as particulate. Particular emphasis is placed

on evaluating plycyclic organic rotter (P. O. M.) which has ~tential

carginogenity.

1 R.D. Giaxronar,  R.B. ~gdahl, and R.E. Barret, P.O.M. and
Reticulate tissions Prom Small Cbmrcial Stoker-Fired
~ilers (Columbus, Ohio: Battelle ~lumbus kbratories).

,
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FIGURE 5. ACID PRECIPITA~ON  IN NORTH AMERICA

4

d

LEGEND:

SOURCE:

❑“> ., :::’.. : :..,...,. ..
,. ,.; ::,. .’,,. Sensitive Lake Areas

Level of Precipitation Acidity
(pH 1-6 Acidic)

Environment Canada
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, ) Although t~ologies exist that can reduce must of

emissions, their ef f activeness and applicability to

the combustion

N.W. T. scale
,>( operat ions must  be assessed. ‘Ihls uncertainty makes f luidized-bed

I
cofiustion  t echno logy  an  a t t r ac t ive  op t ion . ‘Ibis technology,

-, producing steam or hot  water  for  space heating and electr ici ty,!
r e d u c e s  n i t r o g e n  oxide  copund  and coal ash exnissions  and traps at

least

12.0

9@ of the existing sul@ur content.

~n-=newables  Vs. Enewables?

me preceding sections discussed the supply potential of residual

I heat, natural gas and coal. ~ch of these sources, as assessed, are!
non-renewable. 1 ~is may not be a crucial consideration in the

near-term but will be in the long term @st 1989) for at least two

reasons. first, reserve reductions are likely to make continued

non-renewable petroleum use very expensive. Second, decisions to

utilize previously untapped non-renew+le  resources may tie the!

N.W. T. into an inflexible infrastructure, one that might pove

difficult to change or reduce. Cme option that the N.W. T. faces is

whether or not to exploit a diversity of renewable energy resources

as a substitute or a ccanplement to non-renew*les. me resources

examined in the following sections include hydro, wood, ~at,

gathermal,  agriculture, wind, and solar.

13.0 ~dro Fewer

Although hydropwer su~lies abut 65% of the N. W.T.’S total

elec’dicity dem.d, its ptential  as a near and long term energy

supply has hardly been

1 -sidual heat was
generating units.

2utilized. m particular, it may be able

assessed as a product of diesel-electric

2 =suming a 30% diesel electric conversion efficiency, diesel
fuel supplied hut 710 TJ or 35% of total 1979 dmd.

Io

,

. .
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to provide an electricity, and possibly space heating, substitute

for co~ities presently dependent on fuel oil. In addition, it

may be able to meet -r demands resulting f rm new pr -

resource develo~nts.

13.1 Qectricity ~

electricity is used by three sectors: residential, commercial. and

mining; the latter two consume about 48% and 34% respectively of the

N.W.T. total. * surrnnarized  in ~bles 10 to 15, electricity d~d

in the residential and comrcial sectors to 1989 and 1999 can

actually decrease below 1979 levels if suggested conservation

strategies and technologies are ixr!plemented. As tile 8 suggests,

mining develo~ent is likely to expand and ~ble 1.5 indicates that

in spite of suggested conservation ~asures, mining electrical

dmand by 1999 could increase by a factor of five. Of course,

in-house conservation efforts in the mining industry, including

residual heat utilization, could reduce significantly the forecast

d_.l

Much of the existing and potential mineral develo~ent will be in

the Ebrt Smith region, which at’present is the territory’s major

energy consmer and uses 100% of the hydro electricity produced.

~is region also expects to be the location of new forest industry

develo~ent, as the Liard =ver Valley region is made accessible by

road. AS is suggested in the following section, forest industry

utilization of forest bianass could offset major increases in d-d.

~ the nuvik region a ptential source of increased electrical

d-d is pipeline electrification. Uthough actual demand de~nas

on the type and scale of develo~nt, this is one develo~nt that

1 As derived frcan ~ble 7 and @pendices II to VI, tiut 22% of
mining electrical d~d was self-generated. (80% of this
generation was produced by ~n-~con).

. .

,- ,
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would maintain a significant d- in spite of limitd conservation

measures.

13.2 Electricity Supply

‘Ihe Northern Canada ~wer Commission (N. C. P.C. ), which is required

to supply power at cost, provides all of the N.W. T. electrical ~wer

except for about 5%, distributed by Alberta ~wer to the c-unities
.

of ~terpr ise I ~rt Providence and F?y River. L ~ble 23

s~rizes the N. W. T. electric @wer capability as pro jetted to

1982. fie installed 1979 capacity of 128 MW is su~lied by two

interconnected hydro/diesel  systems, the ~are and “Oltson, a bunker

fuel fired plant in Inuvik, and by diesel generating units.

13.3 ~tential wdro ~ectricity Supply

Fbr the most part, the hydro potential of the N.W.T. has not been

closely evaluated. It was @ssible, however, to co~ile hydro data

frcm most of the cmpleted studies to date. Although it, by no

means, represents 10 O% of actual potential, ~le 24 illustrates
that a total of 4851 m has been identified. ‘Ibis is a considerable

energy ptential considering that present electricity capacity

represents abut 3% of this total.

mta derived from ~le 24 indicates that undevelo@ hydro in the

Fbrt Smith region represents shut 73% of the N.W.T. total, a

ptential Etch to new develo~nt projects in this area.

!

I
1 ~nald Fburnier, Woncmic Circumstances in the Mrthwest

‘lZrritories, p. 84.

‘lhe N. C.P. C. supplies both retail and wholesale electricity,
the latter to the mines and to the Plains-Western ~~y which
supplies Ye llowknif e.

,
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FIGURE 6. INSTALLED ELECTRIC~FY CAPACITY OF REMOTE COMMUN~Es (KW)

LEGEND: ● Thermal Plant ■ Utility Plant

A Hydro Plant Transmission Line

SOURCE: Northern Canada Power Corn mission
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MEGAwAm,-NO~T TERRI~RI=, 1967 to 198z

of Station ‘Ibtal  Installe(i
~ternal GS @nerating

Year Hydro Steam Combustion ~rbine 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

*urce: 1. ~nald Fburnier,  ~onomic Circumstances In the ~rthwest
Krritories (Wgina: D. R. E. E., (1979)), p. 86.

,
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Sources: 1.

2.

3.

4*

~tes:

a

b

c

d

e

,

82,

=x Cbnsul&ts,  ~wer Inventory of Canada’s Northern
mlons, A Study prepared tor D. I. A. N. D., ~ve~r 1971.

T.Ingledow and Wsociates Ltd., ~wer Survey of the Central
~ckenzie District N.W.T. Vol. I, A study prepared for
D.I.A.N.D., January 1969.

Underwood, ~ckllan and Associates, ~wer Site Surveys
N.W.T.  ~r the ~a-Anne, ~lewiaza, Wrguson and Mguse
River, A study prepared for D.I.A.N.D., Mrch 1980.

N.W.T. Ministry of
1980.

me table does not include

~ergy, personal cmunication, November

hvdro estimates for most of the Cambridqe
-y and all of the Baffin r~ions -use data were unavailable. -

Estimated firm pwer is assumed to average but 60% of IMxtium
installed capacity.

It is assumed that the up-r reach prtion of the ~p~rmine Wver is
in the Fbrt Smith region while the lower reach is within the
Cambridge =y region.

‘Ihe Fetitot River is ti British @lumbia but was assessed by =AC as
a potential electricity source for the N.W.T.

me Beaver tiver is in the ~kon.
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me to a lack of data, hydro potential for the Baf f in region is not

listed.

13.4 ~veloment Variables

me extent and type of hydroper develo~nt is contingent upon a

n-r of interrelated development variables. ~ey include

lmalities,  the environment, technology, and costs. @gal and

enviromntal  ques t ions  a re ,  fo r

Clak.

mchnical  and  cos t  va r i ab les  a re

developed. ~ the Mkon k~rt,

are cat~orized. ~ey are:

i) microhydro, i.e. up to 5 MW

—,

.,
i
i

e~le, tied into native land

related to the

four scales of

scale of hydro to be

hydro develo~nt

potential (installed capacity);

ii) small scale, i.e. 6 MW to 50 MW;

iii) medium scale; i.e. 51 ~ tO 500 ~; and

iv) large scalel i .e. above 500 MW.
1

A recent study by tie-, MacLellan and Xsociates  (hereafter

known as M) descr iks the extent to which scales can be achieved

on particular river basins.
2 Of the four Keewatfi  rivers they

evaluate, three are in the tiium scale range (installed capacity)

(See Bble 24) . ~wever, the capacity figures are based on

achieving the rivers’ ultfite ptentlal. ~o physical variables

suggest that achieving such a ~tential is impro~le.

1 nkon Report, p. 60.
2 ~derwood, MacLellan and Associates Ltd. , ~wer Site Survey in

the Mrthwest ~rr itor ies for the ‘Iha me, ~lewlaza, krguson
and Maguse Rivers, a study prepared for D. I. A. N. D., 1980.
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First, the develo~ent of one site can destroy, by f 100ding, &e

potential of another site. Second, low relief makes gradual, staged

develo~ent more difficult, i.e. different sized units would be

necessary as o~sed  to the economy of scale develo~nt  of

hanogeneous  units  on  high r e l i e f . Espi.te t h e  d i f f i c u l t i e s  in

a~iring accurate cost  data,  i t  is  general ly acknowledged that  the

la rger  the  sca le ,  the  g rea te r  likllhood  for a hydro p ro jec t  t o  be

c o s t  e f f e c t i v e . fie TJMA study suggests ,  then,  that  the revenue from

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

~r the mst part, it appears that -ium and large scale

develo~ent  can be avoided. X noted in the ~kon re~rt, the

latter is suited for export only. YAium scale a~ars to be suited

to smelter, pulp and paper mill, or pipeline el~tr iciation

develo~nt. Of the three, it is ~ssible that pipeline ‘

electrification might be supplied by hydro~er.

=1 scale, and to a certain extent ,  micro-hydro  develo~nt,  if

wi th in  f eas ib le  tr~ission  distance,  would be suitable to meet

mst co~it y and mine load growth, to back out diesel  generat ion

or to meet  certain demands part icular  to new develo~ent  e.g. , large

scale co~rcial expansion (see Section  13.6) .

13.5 &dro ~ermal ~tential

~cept for a few Yellowknife residences, electric heating in the

N. W.T. is non-existent. tiis appears to be due, in part, to the

associated costs of diesel powered electric heat, costs that

conceivably would increase as systems were exparided to ~t rising

denand . ~ matter what the power source is, electric heating is now

understmd as a ther-amically inefficient process, i.e. a high

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

T. Ingledow and Associates Ud. (now @pat Onsultants) , R)wer
Wrvey of the Central Mackenzie District N.W. T. , Volume 1, a
study prepared for D. I. A.N. D. , 1969.

,
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quality energy form, electricity, is being used to su~ly low
quality, low grade heat. =Spite such a mismtch, hydro thermal

supply is being examined as a possible replacement for diesel

produced space heating.

Cne of the conclusions of the Mstudy acknowledges that hydro

electric s~ly for the selected @ewatin region communities is

still not cvtitive as a replacement for diesel. However, the

supply of bth hydro-electric  and hydro thermal energy ap~ars to be

close to par with current diesel delivered cos=~ i.e. the annti
fuel escalation rate needs only to be -ut 3% -ve the selected

1 ~though hydro the- supply candiscount rates of 4% and 8%.

only be assessed on a site s~if ic basis ~ it is suggested that this

form of supply, even if at present marginally uncompetitive, should

be pursued as an option to reduce the vulnerability of co~ities

to external supply probl-.

13.6 Micro-wdro

~cent studies evaluating electrical costs and supply in the N.W.T.

reco~d the evaluation and develo~nt  of small scale and

micro-hydro  power sites.
2 ~umier suggests, in fact, that “ti

scale hydro-electric  develo~nts near co~ities could provide

sufficient energy to prmte cmunity socio-econtic  stability

through sup~rt of diverse renewable resource activities. ..3.3

The following discussion exties, in particular, micro-hydro

ptential in the N.W.T.

1 ’W =prt, pp. 9-10, 9-11.
2 mnald ~umier, ~onmic Development ProPsec~ in the N.W=T=t

p. 85.

WRe~rt, p. 2.

&par*nt of Indian Affairs and ~rthern Develo~ent, R@rt
of the ~sk Fbrce on Electrical ~erqy ~sts in the ~rth
(Ottawa: D. I. A. N. D., (1976) ), P. 23*

3 mnald Foumier,  p. 85.
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Figure 10 indicates that most of the N.W. T. c-unities currently

have an installed capacity of 5 w or less. kether micro-hydro is

categorized to a limit of 2 MW or 5 MW, it is apparent that it could

~t my co~ity electrical load d~ds, and possibly electrical

and heating loads, de~ing on the cca’rmunity ’s load management. 1

In addition, micro-hydro sites could be used to divert water into

existing power sites, thereby increasing their storage @tential and

the time ~riod for which ~ak power can be supplied.

Micro-hydro  develo~ent studies for other provinces indicate that

the site feasibility is contingent on the water head and site

characteristics. ~ble 25 s~rizes both of these parameters.

~te that each head category has high and low output ptential.

Epending on these characteristics and the pro jetted load,

mi.cro-hydro sites my have the ptential to meet peak demands or

they may have to be supplemented by another fuel.

Micro-hydro equi~nt is proven, with ~rope being the major

supplier of low and medium head turbines. Discussion with National

-search Cbuncil (N. R.C. ) officials reveals that the workability of

the turbines is apparently feasible in spite of winter freeze-up.

~ date, the develo~nt of standardized turbines in ~rth ~rica

is limited to low head models and projects.
2 Although there

appears to be considerable ptential  for tiium-head develo~nt (at

least in B. C.) the lfiited availability of turbines is likely to

keep costs high in the near future.

1 Cr i~n Consultan&, Micro-wdro Volume I, A Survey of

ntential Micro-~dro Bvelownts for ~e by ~te

~mmunitles in B.C. , a study prepared for the federal

Observation and Rnewable Ehergy Branch, 1980, p. 2.
2 Cri~n Consultants, Micro-wdro  Volme 1, p. 7-2.

I

,

.
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LOW head - bw output
LOW head - High output
Medium head - ~w out~t
Wium head - High output
High head - Low output
High head - tigh output

2 to 15 m and up to 500 kW
2 to 15 m and 500 to 2000 kW

15 to 200 m and up to 500 kW
15 to 200 mand 500 to 2000 kW
Over 200 mand up to 500 kW
&er 200 mand 500 to 2000 kW

1.

2.

3.

4.

5.

wdro pwer/diesel Prime power supplied by hydraulic
turbine with peaking power or stand-by
provided by diesel electric.

Grid connected ~~ hydro plant Connected ~0
existing grid line for excitation and
regulation.

Existing structure ~dro el~tric development utilizing
an existing sma~ structure such as a
dam, irrigation drop structure, etc.

~raphic  l o c a t i o n Depending on the geogra@ic  locat ion
and elevation, site development can be
affected by weather,  snowfall ,
to~ra@Y, etc.

Develo*nt to be served ~is feature includes industrial sites
such as logging camps, mines, Indian

. .

1

. .

reserves, sawmills, etc.

*urce: 1. Cri~n Consultants, Micro Wdro Volume I, A Survey of
~tential Micro ~dro Rvelowents  for Use By -te
Co~ities in B.C., A Study prepared for the ~eral
Conservation and Renewable ~ergy Branch, 1980, pp. 3-1, 3-2.

,
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Estimates of cost feasibility vary. Fbr example ,“ site specific cost

estimates in B.C. reveal energy costs that range from 39 roils to 550

roils per KWh. Crippen suggests that the economic feasibility of

micro-hydro  is contingent on:

i)

ii)

iii)

higher production volumes of ~rth ~erican low and medium head
turbines;

near-t erm real price esc.slat ion of conventional fuel; and

accelerated depreciation for equi~nt.

me latter variable is supported by the ~derd government which

recently announced tax incentives that include accelerated equi~nt

write-offs. Micro-hy&o development is also being encouraged

through the Provincial (Krritorial) /-eral -newable @nservation

~reements; in fact, one such project is slated for fiobisher  Bay.

14.0 hd Biomss

Biaass energy* is estimatd to account for 4.1% and 7.4%

respectively of Canada’s primary and secondary energy supply. * Of

the various biomss sources in -da, ~ and wood related wastes

account for abut 99% of the bicrnass fuel supply (1977 ).2 Given

the intent of govermnts toward energy self-sufficiency, it is

e-ted that wood bicanass energy will contribute even

percentages to Qnada’s energy supply. In the N. W. T.,

greater

wood energy

*

1

2

,

Bianass energy is the energy derived from living matter e.g. l
recently cut  trees,  waste material  from natural  processes e.g.  ,
manure, and the waste derived from the harvesting and
processing of  plant  and animal rot ter .

~ter ~ve, M i d d l e t o n  ksoclates,  Biws ~ergy in Canada, Its
ntential  ~ntribution  to ~ture E n e r g y Supply  (Ot tawa:  E.M.R.
Reprt ER-80-4E), p .  1 6 .

Ibid., p .  18 . ‘Ibis biaass  utilization  is m a i n l y  o n - s i t e
conversion of bark, ~lp liquor, and hog fuel.
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represents both a space

is virtually untapped.

heating and electricity supply source that .,

14.1 N.W.T. Ebrest Inventory and Use

me key to evaluating wood bio-s energy ~tential is to have a

canprehensive forest inventory, one that includes growth and yield

data aswell as @et assess~ts  of various harvesting and

silviculture a~oaches. ~ date, there is no inventory,

comprehensive or otherwise, for the N.W.T. ‘Ihere are indications,

however, that the data availability wil-1 be improving. first,

D.I.A.N.D.’s  forest division e~ts to be able to devote mre

resources to inventory tasks. Second, the ~viroment @mda ~ergy

from ~rests program (E.N.F.O.R.)  expects to be initiating N.W.T.

forest inventories in 1981. ‘Ihe E.N.F.O.R. approach to inventories

includes mch needed ~irical fo~lae

ptential can be calculated.l

respite information deficiencies, it is

from which total bio~s

possible to estimate some of

the N.W.T. forest bio~s ptential.  figure 7, illustrating the

forested and non-forested regions of Canada, shows that the N.W.T.

forest land is confined primarily to the Mckenzie River valley and

drainage basin, including the hard River Valley.

me location and type of hardwood and sof-d ~ies vary

according to the @ysicgra@y. =lsam, poplar and white sPruce are

comn to the alluvial flood plains, white spruce representing the

major merchantable wood (at 10” to 20” d.b.h. ).2 AS the elevation

Wtential is1 D date~ it appears that “tow” forest bi~s~ .
calculated from forest inventories ksed on merchantable Mles,
i.e. timber that has c-ercial potential for non-fuel uses.
tiese calculations are not entirely relevant when esttiting
energy potential.

2 D.I.A.N.D.  ~rest Division.
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increases - depending on latitude, Species such as ]ackplne,

lcdgeple pine, black spruce, aspen and birch have been
1identifi~.

Timber in tie N.W.T. is harvested as a source of l-r @ Wilding

material, pils and fuel~= The ennual N.W.T. productim of

lumber, since the 1950’s, has ranged from 2.35 to 14.1 million m3

,.
while annual piles production has ra~ed from 1.2 to 3.5 mlllon

m3.2 Estimates sqgest that the projected Liard River valley

devel~nt mu.ld -st total lumber and piles productim to 24

millionm3 annually. Recent estimates from tie D.I.A.N.D.  ~rest

Wsources Division indicate an annual allowable cut of 2.4 million

m3 of timber suggestin9 that:

i)

ii)

iii)

past production figures are exaggerated;

p r e v i o u s  develqment  has not follwed appropr ia te  fo res t
management practices;  or

current  est imates are a d~ward revision  because  o f  dep le t ing
stocks .

C-ercial fuelwcod production has ranged from 5.8 tiousand m~ in

1959 to 17.8 thousand m3 in 1978. While tie 1978 figure indicates

a trend to increased N.W.T. fuelwd use, the 1979 total was 9071

3m. In gen~al tie annual average is atiut 7000 m3. If the

1 8atiwell and Co. Ltd., A Review of the Forest Wsomces and tie

Alp and Pa= Potential of the N.W.T. and Yukon, a re~t

prepared f= D.I.A.N.D., 1967.
2 D.R.E.E., Econmic =velopment Pros’pe cts in the N.W.T., 1979,

p. 10.

,
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1978 total is attaind as an a~oxtite annual production level,

N.W.T. fuelwood supply could represent about .14 petajoules (1 x
~ols joules) of energy*. ~is is a-t 24% of the projected 1989

space heating demand (conservation approach) for the two regions

enccm’Ipassing  the N.W. T. forest area, Inuvik and Fbrt Smith.l

tie energy ptential of N.W. T. forest biomass is greater than .14

PJ. ~tal forest utilization includes:

i) merchantable boles (10” to 20” d.b.h.) that are economically
‘inaccessible, i.e. too far away from satil.ls and/or pulpni-~s;

i i )

i i i )

iv)

v)

nonwrchantable  species of all sizes;

foliage, to~ and boughs;

stumps and rwts; and

dead matter and floor cover.

In calculating the N.W.T. forest energy ptential,  a n-r of

methodologies were examined. !Ihe more c-n approach appears to be

the use of a biorrass correction factor. ~is factor accounts for

total bicanass  utilization arid is applied to available forest

inventories, usually volms of nrchantable boles or annual

a~owable cut. Other methods have derived per forest area estimates

of oven dried tomes of hi-s potential.
2

1 Erlved from Tables 10 and 12.

*17833 m3 (green w-) = 629505 ft.3 (7406 cords) (1 cord =
85 ft3 of solid wood)

7406 cords = 14811 green tons
= 29623760 lb.

. 1 lb. greenwood = 4500 b.t.u.
29623760 lb. = 1.33 x ~Qll b=t=u=

=1.4 x 10 joules (.14 PJ)
2 ~U Whno-econaic Research Unit with Victor and Burrell, Role

of -newable =urces of Ehergy gyin -te ~ations: Ener
mand ~aracteristics and -newable ~ercjy Rsource E!ase,
Phase 1 Rprt, a study prepared for the federal (bnservation
and Renewable ~ergy Branch, 1980, PP. 160-168~ @~ndix ~=
See p. 165 for methodological limitations and Eter Love aria
klph Overend, ~ee rower (Gttawa: ~~wrt 78-l), pp. 7-10.

I
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Ap@ix XI illustrates the method used to derive the N.W.T. forest

energy potential. ‘Ihe result indicates a Wtential of 18.7 PJ in

the standing bianass. ~nsidering that the total 1979 N.W.T. energy

demand -unted to 16.3 PJ, this is a significant potential.

me percentage of actual bianass that can be utilized de~ds on a

n-r of factors. first, a considerable ~rtion  will be harvested

f o r  ccmunerci.al  l u m b e r  a n d  building  materials. 8econd,  it is l i k e l y

t h a t  v a s t  a c r e a g e s  a r e  p r e s e n t l y  i n a c c e s s i b l e .  ‘lhird,  t he

ecological fragility of the region might prohibit a practice of total

bio-s utilization, a practice which could result in irreversible

organic matter depletion. These factors suggest that actual forest

energy Fotential will & less than 18.7 PJ. me potential is

significant if one considers that 5% utilization or .93 PJ is 1.6
t~s the projected U89 space heating d-d (conservation

a~roach) for the ~uvik and  Fbrt Smith  r e g i o n s .

14.2 ~rest Eherqy ~nservation mchnoloqies

Amajor variable affecting the utilization of forest bi-ss energy

is the type and feasibility of energy conversion technologies. ‘Ihe

schematic diagram illustrated in figure 8 shows that forest related

biomass can be converted to usable energy by direct combustion, acid

hydrolysis, enzymatic hydrolysis, destructive distillation,

hydro-gasification, gasification, hydrogenation, and liquefaction.

Of these processes, ccnnbustion and gasification ap~ar to be the

mst applicable to the Inuvik and Ebrt Smith -ions.

AS not’ed previously, wocd continues to be a space heating fuel along

the Mckenzie Valley, especially in native co~ities. A

conversion technology still being used is the oil drum stove.

~though it has a low conversion efficiency, less than 25%, it is

stiple to make, relatively maintenance free, and safe. me

p~larityof this stove has acted as a buffer to the market

penetration of newer and more fuel efficient “radiant” and

“circulating” stoves.
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~el efficient wood furnaces are available for both cmercial and

industrial space heating pu~ses. mere are many types that burn a

variety of fuel canbinations  e.g., wood waste and household
1waste. S~ial furmces are now on the market that can burn wcod

chips efficiently. tie technical and economic advantages to chip

burning include:

i)

ii)

iii)

iv)

reliable and convenient o~ration;

minimum handling from forest to furnace;

utilization of previously unused forest bi-ss;

efficient c-stion process. 2

A reCent study evaluated the feasibility of burning Wd chips in a

w~-oil furnace for a proposed cmerci~ complex in Rae.
3

Despite its technical feasibility the project was concluded to be

uncapetitive with conventional heating, due primarily to high

ltiur costs. !Ihe 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 ~ckup.

mo factors suggest that the study results are misleading. tirst,

altermte l*ur uses were not examined for comparison. Second, if

proper maintenance is applied to efficient wood furnaces, backup

needs would be mintil.

1 Michael Gloverr Renewable ~ergy in Remote Cortununities:  ‘Ihe
State of the Art E!ackground Paper (Ottawa: C.M.H.C., 1977), p.
35.

2 Ibid., p. 33.

3 Rat, MarWick, and Associates, Assessment of the ~tential for
wing Wd as a %urce of ~ergy in the N.W.T., a study
prepared for the Roncanic Evelo~ent Epartment, N.W.T.
govermt, 1979.
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~ example in applying wood space heating to a particular demand
1 me acreage dmdcentre is found in the Yukon Reprt.

necessary to heat Witehorse was calculated for a variety of heating

assumptions. tie ultimate acreage necessary to meet a particular

demand was found to be contingent on yield, rotation time, and

extent of bianass harvest e.g. , use of total tree.

=at from a wood biomss stove or furnace can be used to ~er a

Stirling engine, i.e. an engine that converts heat to mechanical or

electrical energy. me ~~r-nt of ~tional @fence is examining

the feasibility of a Canadian made engine for Arctic application. 2

~ification by partial oxidation is fast becoming a suggested

option for both space heating and electrical supply. Wood gasifiers

are under varying stages of develo~nt and dmnstration projects

have been initiated inmost regions of Canada. Fbr example, the
N.W. T. govermnt, under the auspices of the Heral/=rritorial

@nservation Agreement intends to evaluate the feasibility of a gas

powered 1.20 KW rrcdified diesel generator. A review of projects and

research suggests that fluidized-bed gasifiers may re~esent the

best gasification technology.3  F’luidized-bed 9asifiers  are

characterized by a high throughput; high energy ptential, i.e.

among the high range of produce gas energy content, 58 KJ/m3; gocd

gas quality, and low capital cost. me Saskatchewan ~wer Ompany

is, in fact, e~rimenting with fluidized-bed  ccanbustion of various

bio~s fuels including wood, chips, sawdust, and straw. At least

two studies suggest that wti gasification is cost co~titive with
4conventional fuels options.

1 Yukon Reprt, p. 69.
2 Gnadian Renewable ~ergy WWS, 2 (my, Sept*r 1979): 28

and 30:
3 %1* Overend, Wood Qsification  (Gttawa: ~, 1979) .

@adian Rnewable ~ergy wws, 3 (NV. 30).
4 %l@ Cverend, Wood Gasification, p. 46 and Michael Glover,

Rnewable ~ergy in -te a~ities~ p. 26.

,
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If the Liard Valley road construction

operations, energy d~d in the ~rt

succeeds in fostering sami~

tith region could experience

a consider~le  increase. ~perience  across the country reveals,

however, that a variety of technologies are appropriate to making

sawmill operations virtually energy self -reliant. ‘Ihese

technologies include pile burning furnaces, packaged bilers,
1

sqnsion buners, fluidized-bed  combustion, and co-generation.

14.3 ~lemnting Fbrest Biomss Umversion =Chnologies

It is still too early in the design and develo~ent of forest

bioms conversion technologies to mke definitive conclusions -ut

feasibility. Mvertheless,  it a~ars that scme reoccurring factors

such as high l-ur costs and costs of stand+y electricity and

heating may serve to offset the attractiveness of

lb ~eviate tie uncertainty associated with such

following options have been suggestti:

the technologies.

factors, the

i)

ii)

iii)

federal, territorial, and co~ity cost sharing;

conventional fuel price increases; and

tax tientives.

~ date, a variety. of measures and programs exist to assist in
bio~s energy develo~nt. ~ey include:

i)

ii)

iii)

the Rderal/Erritorial Conservation %reement;

the revision of Section 34 of the Incom = *t to allow for
rapid depreciation of bi~ss conversion equipnent; and

the federal biomass energy programs ~oviding  mnies for
demonstration projects. (See Ap~dti XII for a more detailed.
description.)

1 Peter Love, Biomass ~ergy in Canada, p. 3.

,
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14.4 ~viromental Implications

Espite its attractiveness as a renewable energy source, forest

bioms conversion is not without potentially detrimental effects on

the environment. @~dix XIII lists some of the major effects from

wood stoves, dilers, and gasifiers,  including particulate matter,

toxics, and ~ and SO capound emissions.

15.0 ~erqy Rom @riculture

@riculture generates straw, crop residues, animal manure, and

processing residues, allof which can be converted to u~le

energy. Although it has been estimated that at least 513 PJ of
agriculture derived energy is available in ~ada, it does not seem

a likely option for remote c-unities. 1 me N.W.T., in fact,
does not have mch of an agriculture base due to such circumstances

as climatic limitations, high costs, limited markets, and lack of

infrastructure. Wvertheless, it appears that some agriculture

bianass energy potential exists.

15.1 N.W.T. Agriculture

With the exception of fruit trees, practically anything grown in

Suthern Qnada can be grown in parts of the N.W.T. As of 3.976, the

territory, more specifically the ~rt Wth region, had a total of

1891 ha of farm land. but 421 ha were cultivated, minly with hay

and other fodder crow. While this does not represent a significant

agriculture base, a recent Saskatchewan ~stitute of @ology study

indicates four regions where there is such potential.

1.

1 ~U Techno ~onaic Research Unit, %le of Renewable Sources of
Ehergy in ~te Locations, p. 169.

I
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As Figure 9 illustrates, there are four areas of agriculture
potential (the my river valley is identified as part of the

Mackenzie area). ‘Ihe Slave River area has abut 100 000 ha of well

drained soils (Class 5 or better) plus ~ut 350 000 of poorly

drained soils still suitable for forage crow.

lhe -r 14ackenzie area has but 671000 ha of Qass 3 or 4 land

and about 342 000 haof Class 5. me Hay River valley has shut

24 000ha of Class 3or 4 land and but 109 000 haof ~ass 5. me

=y River v~ey has about 24 000 ha of ~ass 3 or 4 land and -ut
109 000 ha of @ss 5. =llY the fiard area has about 441000 ha

of Class 3 or 4, 22 000 ha of Class 2 and 500 000 ha of Class 5.

tie survey suggests that a considerable acreage of forage crops

could be grown. In fact, Class 3 or 4 land has produced 70 bu./acre

and 45 bu./acre respectively of oats and barley. 1

~though the survey suggests the ptential of an expanded livestmk

industry, such as expansion faces major obstacles in trmrtation

costs and the high incidence of insect-related disease. Therefore,

it is suggested that alternative development of the land could

foster a source of biorrass  energy.

15.2 @nversion ~chnologies

As indicated in Figure 8, agriculture bicanass can be converted to

usable energy by cotistion, enzymatic hydrolysis, anaerobic

digestion, gasification, hydrogeneration, and liquefaction. Direct

cofiustion  burners are now available capable of

grade heat (abut 1200”c) for steam electricity

space heating. ~iculture biomss can also be

bicanass in burners and fluidized-bed  systems.

1 ~nald Fburnier, &onaic Circumstances in

generating high

and eventually for

burned with wood

the N. W. T., p. 62.
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16.0 Rat ~erqy

~el peat is recognized as a superior fuel to coal., wood, and other

bioms =use:

i) it has a low sul@ur content;

ii) it has a high heating value; and

iii) it is a superior feedstock  for gasifiers,  due to its low
moisture content and a high heating value.l

~though accurate inventories for the N.W.T. are unavailable, a

recent study by the Montreal ~gineering co suggests that peat
potential exists along the ~ckenzie River floodplain. (See figure

10) .

17.0 @othermal ~er~

@spite the scarci~ of

ptential exists in the

&othermal  energy, i.e.

potential to be used for both space heating and steam electrical

generation. me energy potential of a particular geothermal

reservoir is dependent on the following characteristics: dry steam,

hot water, or warm water.

~formation fra a recent study

Smith regions are characterized

geothermal reservoirs.2 If the

water reservoirs, characterized

indicates that the Inuvik and Fort

by hot water and warm water

region has a high incidence of hot

by temperatures of 200”C to 259”C,

the resource could provide residential (multi-unit) and cmercial

heating and low pressure steam turbine ~er generation.

1 ~U Techno ~oncanic *search Wit, p. 147.
2 Ibid., p. 148.

data, it ap~ars that geothermal energy

N.W. T. minland s~kntary basins.

heat from the earth’s interior, has the
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~ date, N.W.T. geothermal data has been a secondary result of

hydorcarhn  exploration. mat is needed, are mre site s~~fic

evaluations.

18.0 Wind Eherqy

me application of wind kinetic energy in northern cmunities  is,

through research and dmnstration,  becoming a plausible energy

source for:

i)

ii)

iii)

iv)

v)

vi)

navigation aids;

telecommunications and geo~ysical a~ati;

diesel electric backup in rmte co~ities;

electricity supply to isolated dwellings;

-d storage,supply for micro-hydro units;

space hea~ing to prevent sewage and water pipes from
freezing.l

Ex>rience to date suggests that wind power has been suitably

dmnstrated as an appropriate energy source for the first two

categories in the foregoing list. Fbr e-leJBristol ~rospace is

mufacturing 50 KW vertical axis wind turbines (V.A.W.T.)  that are

self-starting and used to charge batteries.
2

1 R.S. Rangi, Recent Canadian ~tivities in Wind ~wer (Ottawa:
N.,R.C, 1975). ~ristian &tlignies,  “me ~ilization of Wind
~wer in the Arctic”, a pa~r presented at the Solar ~ergy
Wiety of Qnada seminar ‘ihe Dtential of alar Ehergy in
Gnada Ottawa, June 1975.

and
~adian Enewable Ehergy ~WS 3 (@t. 1980): 17=

2 Gnadian Wnewable ~ergy wws 2 (Jan. 1980): 8.

-— . .

,.

.,., . .
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1.8.1 Wind El=tricity

. .
!tb be a suitable diesel electric backup,
rrr)re electricity than the 50 kW V.kW. T.

charge batteries. me Nationa3.  Research

.-’

wind systems must generate

currently king used to

Council (N. R.C. ) is
attempting to ~t such power needs through the dmnstration of

large V. A.W.T. ‘s. ‘Ib date, the N.R.C. has constructed V. A. W.T.’s in
the Mgdalen Islands, Churchill, and Swift ~rrent. Preliminary

evaluations have not been made available, however, it has been
indicated that the N.R. C. foresees 200 R’W wind units (~gdalen

Islands’ unit) as either an independent pwer source or one

interconnected to a grid.1 The Magdalen Islands and Churchill

projects are of particular relevance to the N. W.T. because of their

location in high energy wind regimes, regions comparable to an area

enco~sing several *watin region co~ities.

V. A. W.T.’s have been deinonstiated  in the N.W.T. by both the N.R.C.

and the N. C.P. C. Although dmnstration  projects in Robisher Bay

and Cambridge Bay have been discontinued, the N.W.T. gover~t is

evaluating the appropriateness of several wind syst~ to be

demonstrated through the Wderal/~rritorial.  @nservation Agre~t.

As with other renewable energy sources, technical and economic

feasibility, especially the latter, cannot be assessd without more

detailed data &ses and site specific evaluations. Evertheless,

life cycle cost asses-nts suggest that despite high $~- installed

costs, diesel+ind  electrical systems are cost

diesel+ iesel. 2
co~titive with

1 ~ interview with an ~erican wind system
several V.k W. T. design limitations. See

designer suggests
~dian ~newable

~ergy
2

News 3 (June, i980) : 7.
Christian Bettignies, “me Utilization of Wind nwer in the
Arctic. ”

,
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AS a diesel badup, wind systeins have been cmnly evaluated as an
electricity ~urce. A recent study suggests that the mst efficient

linking of wind and diesel units would involve wind mechanical power

turning the diesel generator rather than generating electricity.
1

.-.

i
.J

18.2 Ehergy Storage
.

~ergy storage is a factor which would enhance the feasibility of
northern wind system. A storage unit can store excess per and

rechannel it as electricity or low grade heat when needed.

At present, a variety of ktteries are being used to store energy

and charge electrical systems. me ef f activeness of batteries is

related to such variables as type, voltage, amp-hour storage

capacity f and the o~rating  environment.

AILhough lead-acid batteries are currently used in mst number, they

are not the ideal. type for northern wind energy storage needs, i.e.

long storage and deep discharge capability. A recent develo~nt by

the ~tional ~ronautic and Space ministration is a ~ battery
2

capable of extensive storage capacity. It has also been

suggested that wind energy could be stored as thermal energy.

& sistance heaters would a~te the e-ted variable input by

being staged and muld potentially provide space and/or steam heat.

w search and develo~ent is also being initiated for the application

of fuel cells as wind energy storage units. ~cess direct current

charges from a wind generator can be used to dissociate water into

hydrogen and oxygen, and when power is needed the fuel cell can
3

canbine the two constituents to produce electricity.

L ~U KChno-econaic Research Associates, p. 127.
2 ~nsultations  at the ~tional Research ~uncil.
3 Michael Gilover, -newable ~@r9Y in Remote @nunUnities, p. 21.
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1.9.0 Solar ~erqy Applications

tie application of solar energy can be divided into three

categories: passive solar, active solar, and photovoltaic  systems.
While all three categories offer some ~tential to N.W.T. energy

d~, they are ltiited by the winter periods of little or no

sunlight, periods of high demand when solar utilization IMy offer

scant su~ly  ●

19.1 mssive =lar

Rssive solar systems

minly by the natural
are heattig systems where energy flow occurs

ties of radiation, conduction, and convection
,

without external power requirements. L As a mans of supplying low

grade heat (20”c to 30”C), passive systems, inco~rating design

can~nents such as super insulation, and air tightness, are

presently cost corrpetitive with conventional systems. ~r example,

@ugh notes that without achieving ultimate thermal standards,

passive systems my afford savings estimated to exceed the

additional monthly amortized cost of the building by a factor

greater than three.2 Moreover, as noted in section 6.2, housing

protot~s are being designed for N.W. T. co~ities that can
decrease existing d-d by 95%.

19.2 titive %lar

h active solar system is a heating systa whose energy is co~ected

and trans~rted by a continuously p-d fluid medium r~iring

external power input.3
A recent study suggests that active

—

1 Bruce @u@, Passive %lar Rating in Canada, a study prepared
for the Meral @nservation  and &newable ~ergy Branch, 1979,

2
p. 116.
Ibid., p. 24.

3 Ibid., p. 116.

,

--



115.

—. .-

residentid  solar hot water applications may smn be cost 1
canpetitive with existing northern diesel electric systm.

~rther evaluation is necessary because a review of the art for hth

space and water heating suggests that there is little agreement

-nq experts with regard to the exact nature of technological.-

improvements in the near to long-tern, a factor llkely to affect the
systems’s ulthte cost co~titiveness.

19.3 Photovoltaic  Systems

to

Photovoltiic or solar cell systems convert solar insolation to
electricity. me seasonal nature of N.W.T. insolation makes

@otovoltaic systems more costly per average watt whmcq~

existing pmer sources.
2 Nevertheless &otovolatic syst=

a~ar to be an appropriate energy source for meteorolqical
and remote telecmmications sites.

3
equipnent, navigation buoys~

19.4 ~ctors ~rtant to Solar ~lementation

As noted previously, there are long winter ~riods of little or no

sunshine in the N.W.T. Certain factors make the utilization of

yearly insolation more plausible. First, passive solar potentl~
might be enhanced with effective thermal storage.

~eml storage

mediums researched and used to date include waterl glycoll and
glauber salts. end, active solar hot water systems cannot be

depended upn during zero or scant sunlight Peri-.
~erefore, ‘

1 ~reau of Management Consulting, ~deral Epartment of SupPly
and Services, ~ng-mrm ~tlmk for Direct Use of ~lar Energy
in Canada, a study prepared for the @nservation and Renewable
~mch, Gttawa, 1980, p. 27.

2 ibid., p. 89
3 Middleton Associates, kar-Erm ~rkets for ~otovoltaic ~wer

System in Qnada, a study prepared for the ~tlonal *search
@until Solar Program, 1980.

,
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they may be most applicable as backup systa~. Since hot water is

necessary on a year round basis, during periods of increased and

high insolation, solar systems could act as prtiry supply. Storage
systems would also enhance active system potential.

20.0 N.W.T. ~erqy supply: 1979 - ?

!lhe preferred soft path approach to matching dmd with supply is

to derive a future demand scemrio for each consuming sector and

then to backcast supply alternatives, i.e. to retch supply sources,

preferably renewable, to the assumed cut-off year demand. ~is

study has not derived a preferred d~d scenario, rather it has

merely projected da patterns existant in 1979. me foregoing

sections have described supply options that my be able to match

projected demand with daestic sources while decreasing the
territory’s dependence of petroleum for electricity and heating. It

is clear that this approach is limited by absence of a detailed

energy quality retch, i.e. a pro jetted match of d~d and supply

a=ording to temperatures needed. Nevertheless, the N. W.T.

cons~tion patterns are s @ly delineated into trans~rtation,

electricity and, for the most part, low grade heating (< 49”C)

require~ts.

~ble 26 surrnnarizes the danestic su~ly options for each consuming

sector. me supply sources are listed according to regional use,

end-use, and e-ted periods of implantation and/or termination.

What becoms immediately evident is that the greatest number of

s~ly options are located in the two most intense consuming

regions, ~rt Smith and Inuvik. tiis suggests that

extra-territorial de~ndence on energy supply can be greatly

diminished.

1

,
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TARLE  26

1979-7, supply source hydro hytio hydro
has capability f= hydro ~tential  includes micro
i nm=li ate use

witi witi wind

hydro hydro
am small scale

wind
wind turbines as a diesel back-up or mqlement

forest biomss fores t bi-ss forest biomss forest bi-ss, applicable @y
al- fuidized  bed ti fuidized M -l

pha.sd out @ 1999 ~troleum ptroleum petroleum ptrolem petroleum

19[]9-?, supply mrce natural gas natural gas mtural gas natural gas, appl ic~le only to
can mm on stream any geothermal
time after 1989

geothermal

hydro

to the ~rt Smith ad Inuvik regias
ccal applicable tiy to the ~rt Wth -
Inuvik regions

~troleum

the -t Smith and Inuvik regions
geothermal

,,
J, .-—.J“: —.. .-—----
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1979-? residual heat residual heat residml  l)eat
coal - fluidized bed

hydro (micro or small scale)
forest hiomss forest bi-ss forest biomass
solar - pssive “ ~ssive pssive

active

phased out ~ 19W pt roleum patrolew petroleum

1909- ? mtural gas natural gas

geothermal

peat pat pat
agriculture biomass agriculture bi-ss

~UID W

residual heat residual heat
coal - fuidized M ml
hydro

forest biomass, applicable only
passive
active

petrolem ptroleum

natural gas

geothermal

residual heat
coal

to the nrt smith ad Inuvik regions

petroleum

natural gas applicable only to the ~rt
Wth and Inuvik regions - ?
geothermal a~licable only to the mrt
Smith ad Inuvik regias

Fat, a~licable only to the Fort smiti ~ Inuvik regi-
agriculture bioinass applicable only to the -t smith region

Natural Gas

E
co
●
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20.1 ~ble 26: Discussion

k ifiicat~ in ~ble 26, d~estic petrole~ use mi9ht be Phased out
by 1989. ~is is likely to happen only if some of the following

variables occur. First, cost c~titive non-renewable (e. g.,

natural gas ) or renewable altermtives mst be found. mst

canpetitiveness  must include costs of retrofit and conversion as
well as the mitigation of enviromntal ~cts. second~ if

suitable supply options exist, it would be benef icid to the

territory to receive som type of economic return on domstic oil

being diverted f ra territorial use to e~rt markets. Such a

return would enhance the financing of alternative supply sources.

It is assumed that natural gas, as bth an electricity and heating

supply source, will not come on stream until I-989. Although both

site s-if ic and pipeline lateral options are discussed, the latter

a~ars to be potentially cost co~titive with existing supply.

@al is suggested as a near-term electricity and/or heating supply

for the Fbrt Smith and ~uvik regions. If enviro-ntal and health

im~ct. of mining the coal can be overcome, the more tiediate  uses

seem to be electricity and heating for new connnercial  buildings (by

fluidized-bed systems) and for both existing and new mines (if

accessible) .

Eble 26 indicates that residual heat could be irrunediately  available

as a supply source in tie N.W. T. AS a by-product of combustion,

residual heat would appear to be available indefinitely, either from

utility electricity generation or from mine ~ocesses. The

attractiveness of residual heat is enhanced by its applicability to

all of the consuming sector, except trans~rtation.

Natural gas and cd are non-renewable options. me soft path

approach aims for these sources to be transitional, i.e. they are

useful sources until renewable sources can meet all of the projected
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d-d. It is suggested that coal might be a suitable transition

source. lhe uncertainty of 100% renewable de~ndence suggests that

a long-term source like natural gas be exploited as a complement to

renewable.

HYdro develo~ent, primarily small-scale and micro has potential in

all of the regions. Evelomnt is possible in the next ten years

ad, as an electricity source, appears suitable to all

non-transportation s=tors. As a heating source, it is suggested

that near-term application would be confined pr ~ily to new

residential and ~-rcial buildings.

Along with hydro, forest bi-ss potential represents the major

renewable opt ion. It is suggested that within the next ten years,
canbustion and gasification systems could supply heating and

electricity r~ir~nts for both existing and new residential and

canmerc ial buildings. ~riculture  biass, if stressed as a supply

alternative, could ~t limited ~rt Smith heating r~irements

after 1989.

Geothermal energy, if evaluated as a feasible option, could meet

bth electricity and heating requirements for existing and new

residential

occur after

regions.

=at in the

and cmercial

1989 and would

~rt ~ith and

buildings. Evelo~nt is assumed to

be confined to the ~rt =th and Inuvik

~uvik regions could meet limited heating

requirements in the next ten years. Wind and =lar represent supply

options for all regions. Wind systm, as an electricity source,

could be develo~d in the next ten years, prfirily as a petroleum

or gas generator backup/capliment. Passive solar design in the

next ten years has the potential to reduce building space heating

daand significantly. %tive solar se- most a~opriate to new
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-erc ial and residential hot water requirements. Wind and solar

feasibility could be enhanced by the develo~nt of seasonal storage

units .

~though the ultixnate  application depends on location and mine t~,

it a~ars that the mining sector muld &st utilize three supply

sources : residual. heat, hydro, and coal. mere are no foreseeable

transportation options. ~wever, compressed mtural gas might

b-e a feasible vehicle su~ly source after 1989.

20.2

Given

&omndations

the generalities of the supply analysis, rec~dations

concerning specific supply options seem inappropriate. -tier, it

is suggestd that maxtim effort be made to develop comprehensive

inventories of all potential su~ly altermtives. ~is would then

be followed up by site specific evaluations. AcwlmntarY

approach to resource evaluation would be for the N.W.T. government

to continue to utilize existing renewable programs and to explore

~ssibilities for additional sup~rt.

~though it is suggested that assessment should precede energy

strategies, it is likely that exploring a wide range of su~ly

alternatives is cost prohibitive in the near-term. ~r example,

site specific hydro assessments are very costly and mnies diverted

to such tasks can preclude investigation into other renewable

options. wvertheless, the diverse SUWIY oPtions in the ~ckenzie

Valley regions offer the potential for a significant improvement in.
domestic energy self-reliance. -d biomss, agriculture biomass,

peat, and geothermal energy should not be discounted because of

~rceived initial expense. m this context, the question of

territorial revenue associated with oil and gas development is

integral to the energy strategies mapped out for the N.W. T.

..-.
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APPENDIX I

mH)~B, I~MTION SO- AND ASSUMPTIONS

~r each region, the general ap~oach to projecting energy dti is

as follows.

A. =ID~TIAL SECTOR EXISTING

Mthod :

Sources:

Glean available data.

@nada Mortgage and musing Corporation (C. M.H.C. ) and the

N.W. T. I-busing Corporation (N. W. T.H. C. ) , ~usin9 and ~rthern

P=ople; WPrt of the Joint ~sk Ebrce on Northern musing nlicy,

Sept. I-97 9. hereafter known as musing and ~rthern people.

A source that aided in the determination of active housing stock

Hildebrancit - Wung and =sociates  N. , @ate: Nket

Ebrecast, ~ectr ic ~ergy *quiraents  in the ~rthwest

is:

=rritories 1.979/’8O - 1999/2000 (winniFeg:  A study mepared

for the ~rthern Canada Fewer -ission~ 1980) I PP. 25-109”

Assumptions:

1. -bridge Bay, Keewatin and Baf f in regions’ housing stock were

assmd to be single detached. ‘Jhis ass~tion is &eci, in

part, on the part, on the data frm Statistics Canada 1976

@nsus -lication 93-802, Wellings and ~useholds ~ ~le 8
“Cccupied ~elling by Tenure and Structural ~ for

Wicipalities  of 1000 population ad over - N. W.T. ”.

A perusal oi this table indicates that ~rt Smith, Fort Simpson,

=Y River, Pine mint and ~e-~zo, all in the ~rt Smith region

and Inuvik and Frobisher Bay, in the Inuvik and Baf f in regions
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respectively, account for ap~oxfitely 85% and 96% of total

N.W.T. single attached and apar~nt units respectively.

~erefore, it is assumed that the balance of single detached
dwellings can be accounted for in scattered demand centres,  such

as in the -ridge Bay, Keewatin and Baffin regions. (Rasons

why

are

MM:

-fin housing stock is ass-d to be 100% single detached

discussed in Appendix C.)

Erive per unit heating oil dmd. Were there is no

doubt concerning housing stcck type and heating fuel d- in 1979,

per unit demd is derived by:

1979 Heating oild- mere i

1979 musing stock. represents

the regional

housing

stock .

BSumptions:

1. ~ta concerning regional housing st&ks and residential fuel

demd is somtfis less than cowlete. ~r eX~le/ for the

~rt ~ith region, the heating oil total is low. At the S-

time the housing stock characteristics vary, i.e. they include

single detaded apar~ent,  single attached, and duplex units.

~ derive a per unit heating d~d, all housing types are

converted to single detached units. Consultation with the

federal ciepar-nt of ~ergy, tines and ~sources indicates how

non-single detached unit energy d-d corresponds to that of

single detached dwellings (see ~~ndix II for an ex~le).

2. Single atta&ed units generally consume abut 50% of the per

unit de~d by single detached units;

—,
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Apartment units generally consume about 25% of single detached
unit heating d-d.

~plex and mobile hm units cons- about 75% of single

detached unit heating d~d.

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

Source: musing and ~rthern People.

Method : Reject heating fuel ci~d, zero conservation approach.

~ltiply 1989 and 1999 housing stock (either single detached units

or single detached equivalents) by the 1979 per unit heating oil

daand .

Project heating fuel demand assming a conservation ap~oachr i.e.

the selected conservation savings.

Source: ~ble 4.

-sumptions:  Rm =ble 4 it is assumed that conversation measures
would reduce heating oil cwlatively using the following steps:

insulation upgrading 35% savings
reduction of air change 10% savings
furnace retrofit 10% savings

themstat set-back 5% savings

Method: ~rive per unit el~tricity demand. Divide the total 1979

residential electricity demd by the housing stock.

Project electricity d-d, zero conservation. Multiply 1989 and

1999 housing stock by the 1979 per unit electricity d-d.

!

,
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Project electricity demand

~tiply the 1989 and 1999

e~rgy savings) .

using the conservation approach.

zero conservation d-d totals by (100 -

=U rces:

1. rnvid Brooks ad Sean Casey ~ “A @ide to Soft ~ergy Paths” ~ ‘

Alternatives 8 (_r/Nl, 1979) : 17-19.

2. wonne Penning and =wis Mall, “Manitoba: =f t ~ergy Path”,

Alternatives 9 (Winter # ~80): 27-36=

3. ~iversity of Saskatchewm~  ~pt. of Mechanical ~g ineer fig ~

~ergy ~ficient I-busing - A Prairie mpreach, published by the

Alberta Conservation Board and the Sask. Office of ~ergy

@nservation, 1980.

A.s sumptions:

1. A perusal of the literature and allowances for N.W .T. ethnic and

co~ity characteristics suggests on electricity d-d

distribution of:

water heating 40% of total demand

lighting 10% of total d-d

appliances 20% of total d-d

blink heater and other

winter vehicle accessories 30% of total d-d

2. Rom ~le 4, it is assumed that energy dmd would k reduced

by the following ste~:
water heating 30% savings

lighting 5% savings

,-. ,
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1 3. me utilization of more energy efficient appliances is assumedr.
j :i, to be offset by increasing a~liance saturation.
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Methcd: Etermine the region’s rate of po~lation growth and

project population to 1989 and 1999. me

population  projections for the N.W.T. are

N.W. T. @vernment Statistics Section,

mst up-to+ate series of

from:

~pulation  Projections

~rthwest Rrritories 1978 to 1988, 1979 Methodological Report.

~is re~rt atte~ts to s~ate real life population change by

portraying fertility, mortality and migration as probabilities of
occurence. ~ese pro~ilities  are derived from historical trends

(19 71-19 78) . ~erefore, the population projections are, in part, a

reflection of economic conditions. fie report used two projections,

Projection A is basically a low growth zero migration scenario that,

in part, reflects recent negative (out-migration) statistics.

Projection B assumed net-migration as a factor input. me results
suggested that only four cogities,  populations Yellowknife,  Pine

nintr ~obisher My and~nkin Inlet are likely to be affected by

economic develo~nt.

‘Ihe Projection B data were utilized for this study to reflect the

view that a n-r of develo~nt projects are likely to reduce and

perhaps reverse out-migration patterns.

~r any of the following d~d projections bsed on ppulation

forecasts, it should be noted that the following factors could

affect population trends in each N.W.T. region:

i) government expansion;

ii) pr- resource develo~ent
be experienced followed by a

iii) rural to urban migration.

(modest po~lation increases may
small natural rate of growth); and
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1989 housing need =.---1

I
. .
1 1999 housing need =

1989 and 1999 housing needs.

[1989 population - (1989

average household size)]

size.

[1999 population - (1999

of 1979 + 1989 remaining

housing stock x 1989

~average household

housing stock, a sum

stock) X ~99

average household size)] ~ average household

size.

Assumptions: ‘Ihe Hildrebrandt  - Young Market ~recast study for the

N.C.P.C. (1979 draft) _ up with an average per unit household

rate of 4.5. me reprt (pp. 16, 17) suggests that wcupancy rate
or household rate data should reflect cultural differences,

occupancy patterns for a variety of housing, and occupancy patterns

for rural/urban variations.

Methcd: Project heating fuel demand, zero conservation ap~oach.

~ltiply the 1989 and 1999 new dwelling units by the 1.979 per unit

demand.

Project heating fuel demand, conservation a~oachr by multiplying

the 1.989 and @99 d~d totals by the ass-d conservation

reduction.

-sumptions: It is assumed that housing similar in efficiency

the Allen Eerup, mite prototype models (section 5) will have

to

penetrated the N.W.T. market to the extent that 1989 savings will be

about 50% of the N89 Z.C. demd. In addition, it is assumed that

by 1999 the implementation of energy efficient housing will ensure a

90% reduction of the 1999 Z.C. heating d~d.

,

. .
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Method:

M.iLtiply

Project electricity d-, zero conservation approach.

the 1989 and 1999 new dwelling units by the 1979 per unit

electricity d-d.

Eo ject electricity demand, conservation ap~oach by multiplying the

1989 and 1999 d-d totals by the conservation savings.

Assumptions:

1. Frcm Table 3, it is assumed that electrical dwd for 1989 and

1999 would be reduced by the following steps:

improve the hot water system 40% savings

improve lighting 5% savings.

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

~te: An ti~rtant general assumption to this analysis assumes

that there will be no shifts to dti-it housing in the next

20 years.

C. ~IALI ~’IOR

~mmercial  sector energy demand projections in the Yukon Reprt are

based on population projections and economic forecasts horn the

Yukon ~onmic Research and Planning ~it (E. R.P.U. ) . Altiough

N. W.T. projections cannot &nef it from forecasts similar to the

E. R.P. U. mcdels, an assumed rate of econmic growth can be derived,.
as explained in section 3.1 of the min text. Given the variability

of the 5.3% per year econaic growth assumption~  it se- reasonable
to limit its use in this analysis, i.e. to use it in s=tor

pro jections where no alternative factors could be used, such as the

mining and transportation sectors. Since population projections are

based, in part, on historical trends in the econq, it was decided

-.

. .
,,

)I

.-.-..



2 “ to use this factor in the c-rcial sector projections. As a
“1,..- background to the use of population projections

relationshi~  are noted:

3.

4.

5.

~st cmerc ial and service enterprises are

Omrcial activity in my of the nortiern

the following

government operated.

co~ities is

129,

linked to hydrccarhn  and mineral su~ly and staging centres,

military and govermnt teleco~ication centres and sccial

service units.

~mercial activity in the larger urbaniz~ centres is linked to

hth govermnt and ~firy resource sector develo~nt.

In 1977, the minin~oil and gas sector account~ for shut 20%
of the wage and ~ry total.

me mining sector is likely to experience the stit-up of a

number of mines while exploration is expected to continue to

grow~ especially in the gold and uranium areas.

me Arctic Eland natural gas and Eeaufort Sea oil and gas

de~sits are likely to come on stream by 1999 with only minimal

effects on the N. W. T. economy, assuming the use of tanker

traffic to ship the products.

Methcd: Project ccnnnercial unit stock to 1999. &ven the absence
of physical variables for the size of the sector, index numbers,

(1979 = 100) are used, i.e. x for the public sector and 100 - x for
the’ private sector.

e.g. , public expansion = index ii-r x 1989 population

1979 population

I
J

,
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Project cmerc ial heating demand, zero conservation ap~oach. ~ke

the 1979 total heating d-d and divide by 100 to get the per unit

dmd index. Multiply the 1989 and 1999 totals by the per unit

de-.

Eo ject cannerc ial heating d-d, conservation ap~oach. Multiply

by the ass-d savings.

Xsumptions: mom table 5 the following conservation steps can be

ass-d to be a~lied currulatively to existinq buildings:

increase insulation 20% savings

use heat recovery devices 20% savings

revamp heating system 20% savings

~om ~le S, conservation measures for new buildings ass- a

potential 70% saving.

-{

Method: Proj=t ccmnnercial  electricity d- zero conservation to

1999 on the same basis of heating as 1979 and 1989. me per wit

1979 dmand is derived and is used to multiply the 1989 and 1999

comrcial units.

Project cmercial electricity demand, conservation approach.

*sulTptions: ~om Nle s it is assumed that improving office

practices in existing buildings would reduce demand 20%. It is also

assmd that electricity d-d in new buildings would be reduced by

50%. ,

D. TRANSFO~AT~N SEC’IOR: ROAD

~troduction: AS noted in Bble 6, road transportation is integral.

to the mvemnt of goods, passengers and mineral concentrates.

Wile most of the current traffic is confined to the lower Mackenzie

Wiley, it is likely that volumes in the ~uvik region will increase

. .
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in relation to tiprovements  on the _ter highway. mere is also

the possibility that mining develo~nt may result in new road

infrastructures, e.g. , the @ntwoyto Lake properties.

While mst of the road gasoline d~d projections are based on

estimated vehicle registration growth, it is important to note that
all facets of trans~rtation will be influenced by prtiry resource

develo~ent and tourist growth. me latter factor, touri~, co~d

become a mjor fuel consumer depending on infrastructure

development. ~f ortunately, data that might aid in predicting

growth is virtually nil, according to the N.W.T. ~partment  of

~urism. mat little da- was qvailale shows ~ not surpr isin91Yl

that the Mackenzie ~ey is the mjor tourist region and

consqently, fuel consmer. Discussions with tourist off icials

suggest, however, that other regions are beginning to attract S-

of the tourist flow from the Mackenzie.

% ~tal 1979 ~urist me of
-qion Visitation Transport

~ckenzie ~ey 75 road, air
Keewatin 5 air
=fin 10 air
m lta 10 road, air

Method: ~oject 1989 and 1999 road
conservation by deriving a ratio:

Rgional gasoline consumption =

N. W. T. gasoline cons~tion

gasoline demand zero

k

ad multiplying the ratio by the selected vehicle totals from

tile 7.

Assumptions:

1. Atanobiles and light trucks are assumed to be of equal energy

de~d equivalent.

,
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2. Wtorcycles are assumed to

demand.

Method: Project 1989 and 1999

approach.

Assumptions:

1. =cE’11 Table 6 it is assumed

conservation steps will be

cons= but 25% of autaobile/truck

gasoline demand, conservation

that by 1989 the following

affecting energy demand from

autcxnobiles and light trucks, cumulatively:

voluntary fuel efficiency 10% savings

preventive maintenance 10% savings

radial tires 10% savings

2. By 1999, the following steps will be in effect for the 1989 Z.C.
de-d:

voluntary fuel efficiency 20% savings

~eventive maintenance 10% savings

aerodynamic design 10% savings

radials 10% savings

engine and drive train

improvements 5% savings

3. l?rcm ~ble 6, it is assumed that improv~nts in sno~bile

rotor and hack efficiencies will result in 20% savings from

1989 on.

Method: =oject diesel motive d-d. Projections of trailer tiuck

diesel cons~tion can be made from:

i) trailer truck registration forcasts;

ii) economic growth forecasts; and

iii) projected concentrate shipnents.

,
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Given the data limitations for the latter approach, an average
forecast is used (in some cases) , based on truck registrations and

econmic growth. tie latter is based on the historical growth

(1967-197 7) of the public administration sector, 14.3% per year. At

a predicted inflation rate of 9% per year, it is assumed that the

Goss =rritorial  Product will grow at 5.3% per year.

Methcd: Wo ject diesel motive demand, conservation approach.

Assumptions:

1. mom ~ble 6, it is assmed that the f o~owin9 conservation
} measures will apply in 1989 ~ c~latively:

,, driver education and!
preventive maintenance 10% savings

reduced speeds 5% savings

drag reduction devices 2% savings

radial tires 4% savings.

2. nom Mle 6, it is assmd that the followin9 stePs will be ‘n

effect on the 1989 Z .C. da~ cumulatively:

driver education and

preventive maintenance 10% savings .

reduced S-S 6% savings

drag reduction devices 6% savings

radial tires 5% savings

auxillary starting aids 5% savings

variable fan drives 6% savings

engine and drive train
I
1 improv-nts 53 savings

i

I

,
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E. -SPORTATION: NCN-ROAD

Introduction: Fbr the most part, the usage of aviation and turb

fuels is dependent on private industrial activity, prtirily the

mining/oil and gas sector. ~ the Yukon Re~rt aviation energy

demand projections are based on forecast G.T.P. (p. 88). ~wever,

this may not be a completely accurate approach for the N.W.T.

because mining/oil and gas share of the total N.W. T. - G. T.P.

dropped from 45% to 32% during the period 1967-1977.

*SWtions:

1. It is assumed
~r year real

2. It is assumed

that aviation demand can be pro jetted using a 5.3%

rate of growth. (See previous section)

tiat mining/oil and gas’ share of the G. T.P. wi~

again mve towards 40-50%.

Method: Aviation, rail and

using an annual real growth

*sumptions:

marine energy demands are all projected

rate of 5.3% pr year.

1. From ~ble 6, it is assumed

reduced 10% by 1989 and 3 O%

From ~ble 6, it is assumed

5% by 1989 and 20% by 1999.

that turb fuel demand can be

by B99 (over 1.989 Z .C. levels) .

that aviation fuel demand is reduced

.

2. ‘Ihat 10% savings can be achieved in rail energy demand by 1989.

3. mat 20% savings can be achieved inmrine energyd~d by 1989.

F. MINING: SEE THE ~KL’ SMITH ~IONAL WYSIS IN APPENDIX II

. .

“-
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APPENDIX II

FORT SMITH REGION D~ ~IONS

A. RESIDENI’IAL -R: EXISTING

A.1 Size of musing Stock

According to the N. W. T.H. C. , the 1979 housing stock in the ~rt

Smith region includes 4270 units. ~o factirs indicate that this

figure may be too low. First, the Statistics Canada publication,

1976 Census mellings and ~useholds indicates that ~rt Smith

cmunities of over 1000 people, re~esenting about 86% of the
region’s ppulation, live in 4910 housing units. Second, when the

total Fbrt Smith region is divided by the average household size of

4.5, 5288 units is the result. lhis study ass-s that there are

5288 active housing units in the region.

A.2 ~it Cbnsqtion of &ating Oil

,

~ble II indicates that the Fbrt Smith residential sector consumed

1,483,000 gal. of heating oil in U79. Men this total is divided

by the n-r of housing units, a per unit consumption of 280 gal.

results. Allowing for the varying energy dads of apartment and

attached housing units, a figure of 280 gal. per unit is quite low

for N.W. T. housing. fie Uiscrepcy is due primrily to the

understating of heating oil consumption in the N.W. T. Science

Mvisory @ard report. ‘lhe S .AB. report does indicate, however,

that about 340 TJ of propane were used in the Fbrt Smith region.

ksuming that 8 O% of this total was used for residential heating

purposes, the resultant heating oil equivalent is abut 2,727,273
gal. or 532 TJ. ~ derive the unit cons~tion of heating fuel it

is necessary to convert all of the Fbrt Smith housing stock to

single detached equivalents.
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Housing stock energy demand tends to vary according to the housing
stock type e.g. , single detached, spar-t, duplex units. King

data supplied by ~ergy, Mines and Re=urces Canada, all of the Fbrt

Smith housing stock is converted to single detached equivalents (as

the most intense energy consumer,

conversion) in the ~le below.

musing @nversion mte
Wpe %

ass- to be equal to a 100%

Single
tir of T.hits ~tached

in the Ebrt Smith region @ivalents— —
(A) (B) (A) X (B)

Single &tached 100 2688 2688
Single Attached 50 420 210
qartments 25 1240 310
~plexes 75 55 41
~biles 75 885 664
Dtal 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

Given that appropriate housing stock attrition rate data

unavailable for the total regional stock, a rate similar

-ridge my, i.e. , 1.1% per year ca~unded, is used.

ass-d that the a~r&nt stock will r-in constant to

Year ~n-~ar~ent musing Stock

is

to

It is also

1999.

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-apartment

units~ is: single-detached 66.4%; single attached 10.4%; duplex

1.4%; and mobile 2.1.9%. Wplying this distriktion  to the 1989 and

1999 data, the following housing stock projections result.

1989 1999
Single Stigle

~using (bnversion ktual retached Wtual Btached
WR %te wits muivalents ~its ~ivalents

Single Etached 100 2324 2324 I-997 1997
Single Attached 50 364 182 313 156
Apar=ts 25 1240 310 1240 310
~plexes 75 49 37 42 32
~biles 75 766 575 659 494
mtal 4740 3428 4249 2989

A.4 Projected mating ~el ~: Zero @nservation

1989

1999

A.5

1989

1999

ZC Emd = 3428 SD ~ivalents x 697 gal.@it

2,389,316 gal. or 420 TJ

2989 SD @ivalents x 697 gal./unit

2,083,333 gal. or 366 TJ

Projected ~ating ~el ~md: Observation @preach

See @pndix 1 and Section s of the text for the conservation

ass~tions used in the regional analysis.

A.6 ~it ~nsumption of Qectricity

~ 1979, 5288 residential units consumed 47,573 m or 8996 _ per

unit.

,
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A.7 Projected Electricity Demand: Zero Conservation

1989 ZC ~d = 4740 units x 8996 ~ ~r unit

= 42,6~ ~ or 153 TJ

1999 ZC ~d = 4249 units x 8996 ~ per unit

= 38,224 M or 137 TJ

A.8 Proj=ted Electricity ~d: Conservation @proach

me 1989 and 1999 conservation demands assume water heating savings

of 3 O% and lighting savings of 5%.

1989 C Demand = 133 TJ

1999 C ~d = 120 ~

B. RESID~TIAL SE~R W

B. 1 musing Stock -s

N.W .T. @pulation  projections indicate an annual growth rate of 2.7%

per year compounded, yielding a D89 population of 31,062 and 1999
population of 10,368. Accordingly, tie number of new dwelling units

r~ired will be:

1989 musing ~and = [31.,062 - (4749 units x 4=5 persons
per household)] ~4.5

= 2163 units

1999 musing Mand = [40,544 - (4249 + 263) x 4=5] ~405

= 2598 units

,

.-

.
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B.2 Projected ~ating ~el ~d: Zero ~nservation

1989 ZC -d = 2163 units x 697 gal.~it

= 1,507,611 gal. or 265 TJ

1999 ZC -d = 2598 units x 697 gal .~it
= 1,810,806 gal. or 316 TJ

B.3 Projected =ating ~el m~d: ~nservation @Woach

me 1989 conservation d~d

1989 C mmd = 132 TJ

fie 1999 conservation d-

1999 C ~d = 32 m

assumes a space heating saving of 50%.

assumes a space heating saving of 9 O%.

B.4 Projected Electricity -and: Zero Conservation

1989 ZC ~d =

=

1999 ZC Mand =

2163 units (all ass-d to be connected)

x 8996 ~/unit

19,458 M or 70 TJ

2598 units x 8996 ~/unit

23,372 N3 or 84 TJ

B .5

me

40%

Projected ~ectrici ty Demand: Conservation @Weach

1989 and 1999 conservation d~ds assume hot water savings of

and improved lighting savings of 5%.

1989 C Bmd = 58 U

1999 C Demand = 69 TJ

,

--
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c. @=IAL S-R

C.1 ~ex tirs

=sed on existing data, the public and private categories account

for 2 O% and 8 O% res~tively of the comrcial sector’s energy

daand . Given the absence of any physical variables for the size of

the sector, index n-rs (1.979 = 100) are used, i.e. “20” for

public and 80 for private.

C. 2 1989 wating ~el -d: Zero @nservation

me 1989 Zero conservation demand for heating fuel is derived as
fouows :

Fublic Sector Expansion = Index ~. x 1989 ~pulation
1979 n~lation

= 20 X 31,062 = 26

23,797

Private Sector -ion = 80 x 31,062

lbtal _sion

k t Expansion =

23,797

= 104

=104 +26=I3O

130 - 100 = 30

Given an ass-d 10% attrition rate for existing structures, this

results in 90 r~ini~ and 40 new units. me 1979 total cmercial.

d~d for heating fuel (both diesel and heating oil) is 3319 TJ.

‘Ibis results in a per unit consumption of 33.2 TJ. ‘Iheiefore,

1989 ZC ~d = 130 units x 33.2 ~

= 436 TJ, 24,4311818 9~ of fuel
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C.3 1989 &ating ~el ~: ~nservation  @preach

‘fhe K89 mnservation d~d for heating fuel is derived as fo~ows:

1989 ZC =and for Existing Buildings = 90 units x 33.2 ~xnit
= 2988 ~

1.989 C ~d for misting Euildings = 1529 TJ

1989 ZC ~ for New Buildings = 4316 - 2988
= 1328 m

xsuming 7 O% savings,

1989 C Hand for mw Buildings = 332

mtal 1989 C -d = 1861 TJ

c. 4 1999 Heating ~el band: Zero @nservation

me 1999 zero conservation de~d for heating fuel is derived as

follows:

mblic Sector ~pansion = 26 x 40,544 = 44
23,797

Private Sector -ion = 104 x 40~544 ‘ 177

‘Ibtal -sion

Mb Expansion =

23,797

=177+44=221

22J. - 130 = 91

Given an ass-d attrition rate for existing structures, this

results in 117 remaining and 104 new units. -calling that the 1979

per unit consumption is 33.2 TJ,

,
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1999 Zc hand = 223. units x 33.2 TJ~nit

= 7337 TJor 41,477,272 gal.

c.5 1999 *sting ~el =and: ~nservation @pr each

me 1999 conservation d~d for heating fuel is derived as follows:

1999 ZC Demand for Existing Buildings = 117 units x 33.2 ~
=3884 W

1999 C ~d for misting Buildings = 1989 ~

1999 ZC -and for Ww buildings = 104 units
= 3452 TJ

1999 C ~d for ww Buildings = 1036 ~

x 33.2 TJ/unit

~tal 1999 Cmand = 3025 TJ

C.6

1979

1989

c. 7

1989 ~ectricity mmd: Zero @nservation

Demand = 747 TJor 7.47 TJfinit

K-d= 130 x 7.47 TJ@it

=971 TJ

1989 Electricity ~and: Conservation Appr each

‘Ihe 1989 conservationd~d  for electricity is derived as follows:

1989 ZC Demand for Existing Buildings = 90 units x 7.47 TJ/unit
=672 ~

1989 C Emd for misting ~ildings = 538 TJ

1989 ZC hand for New Buildings = 971 - 672 = 299 TJ

,

—- . .
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*sming a

1989 C

mtal 1989

50% reduction for new buildings,

~d for mw Wildings = 149 ~

conservation d- = 687 TJ

C.8

1979

1999

c. 9

1999 ~ectricity ~d: Zero ~nservation

hand = 7.47 TJ/unit

ZC Bmd =221 units x 7.47 ~~it

=1651 TJ

1999 ~ectricity ~: Conservation Appr each

fie 1999 conservation dmd for electricity is derived as follows:

1999 ZC hand for Existing Buildings = 117 units x 7.47 TJ/unit
=874 U

1999 C -d for misting Buildings = 699 TJ

1999 zc ~and for WW Buildings = 1651 - 874

Assuming a

1999 c

Total M99

=777 w

50% reduction for new buildings,

mand for new buildings = 388 TJ

conservation d~d = 1087 TJ

D. !I!RANSPORTATION SECIOR ROAD

D.1 ~rrent @soline ~md

,

.-
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x the region with

cons-d 891 TJ of

diesel oil.

D.2 =S~tions

most of the N. W.T.’s road system, Fbrt Smith

gasoline and -ut 83 TJ of non-mine mtive

Ro jections for 1989 and 1999 gasoline d~d assume that:

i) the main gasoline users are cars, light trucks ~
motorcycles and sn-obiles;

ii) the tourist sector is likely to af fmt future gasoline
demand;

iii) the number of vehicles register< in the Fbrt Smith region
is a factor of the ratio:

kgional Gasoline ~ns~tion = k
N.W. T. mtal @soline Onsumption

iv) the ratio k remains constant in the projections; and

v) the vehicular distribution remains constant.

D.3 Projected 1989 ~soline Mand: Zero Conservation

fie value of k for the Fbrt Smith region is:

k = 5,605,000 g~. = .6369

8,800,00~ gal.

Given that breakdowns of sn-obile registrations were unavailable,

it is assmd that the balance of vehicles e.g. ,

and, motorcycles account for 10 O% of the gasoline
tile 5, the derived n-r of cars, trucks, and

Vehicle Npe 1979 1989

@rs 3240 (36%) 5080

n ucks 5553 (6% ) 11234

~torcycles 688 (2%) 1706

cars, light trucks

d-. &ing
motorcycles is:

1999
7964

22725

4228

,
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Assting that cars and light trucks have equal energy de and

that motorcycles consume about one quarter the energy of cars/light

trucks, the 1989 ZC ~ iS derived as fo~ows:

1989 ZC ~d

1664 TJ can be

1032 TJ trucks

(as a factor of registrations)

16,740 X 891 TJ = 1664 TJ

8,965

distributed as 599 TJ

and 33 TJ mto rcyles.

cars t

1989 C -and assumes that motorcycle fuel efficiency r&ins

constant but that Carflight  truck d~d can be reduced with the

10% savings

10% savings

10% savings

following options:

voluntary fuel efficiency

preventive maintenance

radial tires

1989 C Bmd = 1222 TJ

D.4 Projected 1999 Gasoline ~and: ~nservation Approach

~though the 1989 d~d projections are based on vehicular

registrations, itself a function of historical growth rates, it is

likely that a variety of develo~nt  projects will affect the

gasoline d-d to 1999. The development can be categorized as

prti~ resource develo~nt, tourism and road development.

Primary resource develowent: ~ble 8 lists some of the mining

develo~nts lil:ely to be on stream in the region by 1999. All of

thin, with possible exception to the ~ward’s Pass (transprt to the

,

.-
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nkon) , the Camlaren (near existing routes) and the ~llaton Lake

(air trans~rt) are likely to entail road expansion to connecting

daland centres. ~r example, estkted fuel energy demand necessary

to mve the @ntiyto Iake concentrates is between 2 million and 9

million ga3-ions of diesel fuel.

Wd Construction: AS listed in ~le

construction projects are likely to be

6, a n-r of road

c~leted by 1999. Of these

the Liard Wey highway project appears to have the mst possible

im~ct on transportation demand.

~urism: me ccnnbination of expansion in the mining field and road

network is likely to establish an infrastructure conducive for

significant tourism expansion. ~spite the possibilities in the

foregoing sectors, it is virtually i~ssible to attqt gasoline

dmand projections without more accurate information. ~erefore~

the 1999 gasoline de-d projections will also depend on vehicle

registration projections.

1999 ZC =-d (as a factor of registrations) =

31,746x891 TJ=3155 TJ

8,965

3155 TJ can be districted as 1U6 TJ (c=s);

1956 TJ (trucks); and 63 TJ (~torcycles)

1999 C Demand

voluntary

assumes the following options:

fuel efficiency 20% savings

preventive maintenance 10% savings

,



I
149,

—.. .

aerodynamic design

radials

engine and drive train

improvmnts

10% savings

10% savings

5% savings

1999 C Demand = 1748 TJ

D.5 ~rrent Diesel (mad) Bmand

Table II illustrates that the ~rt Smith region consumed 474,000

gallons of diesel fuel (83 TJ) in 1979. In fact, this total

re~esents 10W of the N.W=T= d- as noted in the S .A. B. reprt.

D. 6 Projection Alternatives

Projections of road diesel d-, assumed to be confined to trailer

truck consumption can be mde horn:

i) trailer truck registration projections (mble 7) ;

ii) economic growth pro jections;  and

iii) mining concentrate shipnent projections.

mile there is not a wealth of data for any of these approaches, the

third option appe=s to be the least desirable. ~is is because a

large prcentage of concentrates are shipped by marine, rail, air

and truck through the Yu ken. ‘Iherefore, diesel fuel demand is taken

as an average of vehicle registration and economic growth
pro jections.

D.7

1979

Frojectd 1989 Diesel Demand: Zero ~nservation

~d =83TJ

,
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1.989 ZC ~and = 4651 X

1668

Assuming a real rate of

83 TJ = 231 TJ

econoinic growth of 5.3% per year.

1989 ZC Demand = (1. 053)
10 X 83 = 139 TJ

*tual B89 Z -d = (D9 + 231) = I-85 ~
2

D.8 PKO jetted 1999 Diesel ~d: Zero ~nservation

1989 ZC -and = 12,973 X 83 = 645 TJ
1668

or

(1.053) 20 x 83 = 233

wtual 1999 ZC ~ = (645 + 233) = 439 TJ

D.9

1989

2

PKO jetted 1989 Diesel Bmd: ~nservation @preach

C Demand assumes:

. driver education and
preventive maintenance

reduced speedS

drag reduction devices

radial tires

1989 C Emd = 149 TJ

10% savings

5% savings

2% savings

4% savings

,

. .
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D.1O Projectf?d 1999 Diesel Demand: COErVatlOn APProach

1999 C -d aSS-SS

driver education and 10% savings

presentive maintenance

reduced speeds 5% savings

drag reduction devices 6% savings

radial. tires 5% savings

auxillary starting aids 5% savings

variable fan drives 6% savings

engine and drive train 5% savings

improvements

1999 C =md = 298 TJ

E. l!RAN~RTATION SEC’IO& AIR

E.1 ~rrent Fuel Emd

1979 ~rb ~el -and = 587 TJ

1979 wiation ~el ~d = 189 TJ

E. 2 Projected ~el Demand: Zero Conservation

me 1989 and 1999 zero conservation demands assm a 5.3% real

annual rate of econmic growth:

587 TJ X (1.053)
10

984 TJ

,

-—
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1989 Aviation ~el ZC ~d = 189 TJ x (1.053)

10

= 317 TJ

1999 ~rbo ~el ZC ~and = 587 TJ x (1.053)
20

= 1649 m

1999 Aviation ~el ZC ~d = 189 TJ x (1.053)
20

= 531 TJ

E.3 Projected ~el ~d: Conservation @proach

1989 ~rix) ~el C =and = 886 TJ

1989 ~iation ~el C ~d = 180 TJ

i

1999 ~rbo ~el C ~d = 1154 TJ

1999 Wiation ~el C ~d = 254 TJ

F. ‘lRANSK)~ATION S-R. RAIL

F. 1 Projection Alternatives

The Fbrt Smith region is the source of 100% of the N. W.T.’s rail

energy demand. Given that the present rail system serves the

caranerc ial centre of my River and the Pine mint mine f rail energy

ciemd projections can be related to hth general economic activity

and mine develo~ent. ~wever, the pro-t of mining expansion to

the year 1999 is

due’ primarily to

projections will

not likely to result in significant rail expansion I

cost barriers. ~erefore,  rail energy demand

be based on economic growth forecasts.

,
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F. 2 Projected ~el Demand: Zero Consemation

1979

1989

1999

F.3

Rail Diesel ~d = 36 TJ

Zc Demand = 36 TJx (1.053)10 = 60 TJ

Zc Demand = 36 TJx (1.053)20 = 101 TJ

Projected ~el =~d: Observation @preach

A1O% saving in fuel efficiency is assmed for 1989 and 1999:

1.989 Wil Diesel

1999 Rail Diesel

rote: This analysis

might be encountered

C~d=54TJ

cDemand=91TJ

did not explore the ptential fuel savings that

by a transfer from

appears to be necessary to examine such

truck to rail

possibilities

shipnent. It

over different

time scenarios.

G. TRANS~~TION: mm

G.1 Projection Alternatives

It is assumed that 100% of the marine diesel fuel consumed in the

N.W.T. in 1979 can be attributed to the ~rt Smith region. mile

the eastern Mctic is servic~ by the marine sector, the transport

ships ~o not refuel in the N.W.T. It a~ars that mrine d-d in

the Fbrt Smith region is distributed among barge tugs and

co~rcial/sFOrt hats. Since marine corrnnerce appears to be related

to general econcanic activity, the demand projections are based on

economic growth forecasts.

,

—- . .

.—
.,
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Projmted ~el Demand: Zero Conservation

&hrine Diesel ~d = 132 TJ

1989 ZC -and = 132 TJ X (1.053)10

= 221 TJ

1999 Zc Demand = 132 X (1.053)20

= 371 m

G.3 Protected ~el -and: @nservation ~~ each

Rom ~le 6, a 20% increase in the marine sector fuel efficiency is

assumed.

1989 C =and = 177 TJ

1999 C Demd = 297 TJ

H. MIN~G SE~R

H.1 I’4ines and ~ergy Emd

mble 1 lists the o~rating mines in the Fbrt Smith region and their

estimated energy demand. The extent and form of energy used varies

accordtig  to the mine type. Ebr example, open-pit mines may consume

die=l oil to operate water p~s, air dills and haulage vehicles.

thderground mines may use diesel oil to operate ventilation and
hoisting equipmnt (which according to N. C. P. C., is the ma]or

con~ibutor to peak de). ~ addition, kth open-pit and

underground mines have mill operations that require energy for

pmping, tr-sport and drying.

I

(
\

,1

I

r
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As ~ble 9 illustrates there are a number of sources of inefficiency

in the use of energy in mining. me conservation options are used

in projecting mine d- to 1989 and 1999.

H.2 Projected ~el -d: Zero ~nservation

ZC hand to 1999 is projected on the basis that certain mines will

have come on stream and that 1979 aggrqate energy demand r-ins

constant, unless otherwise indicated.

By 1989, it is ass-d that the Wrra and MO &y tines will have

ceased operation, leavi~ a 1979 aggregate energy demand of

1248 ~ -66 TJ= 1182 TJ. Nle 8 suggests that two news mines will

be in operation by 1989, tie =di~ac and ~Pin operations ● tie

projected energy d-d of these mines is prorated using the

~n-Rycon mine as a base:

Cbn-Rycon  utilized 313 TJ energy to produce

650 tons per day of ore

313 = x——
650 1400

x = 674 TJ

1989 ZC Mand = 1182 TJ (remaining mines)

+ 674 TJ (new mines) = B56 TJ

By 1999 it is assmed that three mines, Can ~ng, Cadillac and

Lupin, will have ceased operation. tiis results in an aggregate

denand, of 1856 TJ - 817 ~ = 1039 TJ=

~le 8 suggests that three new mines will be in o~ration by 1999,

@laren, Bathurst Norsaine and Canex.
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energy d~nd for the new mines have also been prorated using

~n-Rymn mine as a base:

313TJ= x

650 8000

x = 3852 TJ

ZC ~and = 1039 TJ + 3852 TJ = 4891 TJ

mojected ~el ~d: ~nservation *Weach

Table 9, it is
i
\

~ssible” to achieve

‘j

.$
1989 C Hand =

assumed that an energy saving of 10% is assumed

by 1989.

1670 TJ

.

I
‘Ihe 1999 C Demand is based on the assumption that by 1995, mining
could -l the target for all industry of 25% per unit of output

projected by the federal government for all industry, (p. 92 Yukon

Xprt) .

/ 1999 C -and = 3669 TJ
\

..1
Ii

I
I

,
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Mtes:

a

b

c

d

e

f

AI.1 of the non-mine, non-heavy equipnent native diesel dmd is
allocated to the ~rt %th regions.

al of the rail and marine demand is allocated to the Fbrt Smith
region.

Diesel-electric consumption is not included in the total.

tie figures for comrcial heating oil d~d do not include mine
consumption.

~ ivate ca’rnnerci.al  diesel (non-electric) d- was adjusted to
account for the separate classification of mining and
transportation consumption, the latter category including rail
and mrine.

‘1.he residential heating oil dad is understated. See Appendix
I for the adjus@nt methodology.

. . .
{

I
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E2KwlllICI’lY DIFSU (U-N{IC) Dl&EL (N.)N-ELrx. ) IWA’3’IW OIL MOLIM lUIW kuw AVIATION FM ‘lUl”
Smm W] TJ 000 m.. ‘~J 000 GAL. ‘~J 000 ~,. ‘1’J 000 GAL. ‘r.] 000 GAL. TJ 000 GAL TJ TJ ST

t
RESID~IAL

C*wrnnent 4726 11 566 100
l>r ivate 306 1 6 1
Sub Ibtal 5032 10 572 101

mfilwIA1.
@ve r nnent 3629 13 54 13 711 125
Private 1071 4 72 9 313 55
fib ‘lbtal 4700 17 126 2 2 1024 150
Street ti~ltir~~ 78 0.3

MINIW,

llwGmI<rA’1’loN.—

low
Gnnr.
Gwrrmnt
Otl)er
Sub lbta~

AII{
&vernlIent
PL ivate
Sub lbtal

139 21

117
2

119 28.3

151
b8

219 52.0
0.3

8
13

21 17.4

31 5 2 0.3 5.3
69 11 240 36 47

100 16 242 36.3 52.3

ml IJI’iY 777 137 9 2.1

‘Iol’AL 9810 35.3 777 137 a 126 22 1650 290 139 21 100 16 242 36.3 420.6 100.0
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A.

A.1

WIDmTIAL SECTOR EXISTING

Size of ~usinq Stock

Wcording to thge N.W.T.H.C. ,

-ridge Bay region includes

the 1979 housing stock in the

736 units.

A.2 ~it ~nsumption of Heating oil

~le III indicates that the -ridge Bay residential sector

consumed 572,000 gal. of heating oil in 1979. men this total is
divided by the nurrber of housing units, a per unit

777 gal. results. Given that most of the units in

region are ass-d to be single detached, 777 gal.

reasonable figure to use in the analysis.

A.3 musing Stock Frolections

consun’ption of

the Cambridge Bay

seems like a

N. W. T.H.C. data indicate an attrition rate of a~ut 1.1% per year.

@ven that over 8 O% of the region’s stock is N.W. T.H.C. control-led,

the attrition rate can be assumed to pertain to the entire region.

l’his results in 656 housing units rmining in 1989 and 585 in 1999.

A.4, Frojectd Heating ~el Demand: Zero Conservation

1989 ZC ~d = 656 units x 777 gal.~it

= 509,712 gal. or 90 TJ

1999 ZC ~d = 585 units x 777 gal. /unit

= 454,545 gal. or 80 TJ

I

,



I
160..

—.. .
. . .

A.5 Frojected Heatinq ~el Ea.and: ~nservation Approach

1989 C ~d = 45 ~

1999 C Mand = 40 TJ

A.6 ~it ~ns~tion of Electricity

In 1989, 736 residenti~ uni~ cons~~
unit.

5032 MWh or 6837 KWh per

A. 7 Projected ~ectr icity ~and: Zero ~nservation

1989 ZC ~d = 656 units x 6837 KW%~it

= 4485 m or 16 TJ

1999 ZC ~d = 585 units x 6837 KWh~it

= 3999 m or 14 TJ

A.8 Projected ~ectricity ~Hd: @nservation *Proach

me 1989 and 1999 conservation demands assume water heating savings

of 3 O% and lighting savings of 5%.

1989 C Hand = 14 TJ

1999 C Emd = 12 TJ

B. RESID~TIAL SEC~R NEW

B.1 musing Stock -s

N.W.T. population projections indicate an annual growth rate of 2.8%
per year copunded, yielding a 1989 ppulation  of 4311 and 1999

popdation of 5682. Accordingly, the n-r of new dwelling units

required will be:

,

. .

I
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1989

(

,.. ,
i 1989

“1 1999
I

161.

Housing -and = [4,311 - (656 units x 4.5 persons/unit)]~

4.5 = 302 units

Housing ~ = [5682 - [(585 + 302) x 4.5] ]~4.5 =

Projwted &ating ~el --d: Zero @nservation

Zc mand = 302 units x 777gal./unit = 40 TJ

ZC ~d = 376 units x777 gal.@it = 51 ~

mojected &ating F~el hand: ~nservation Ap preach

me 1989 conservation d~d

1989 C ~d = 20 TJ

I\ ‘ihe 1999 conservation demand

I
1999 Cmmd = 5 TJ

,.

assumes a space heating saving

assumes a space heating saving

376 units

of 50%.

of 90%.

B.4 Rejected Electricity Hand: Zero @nservation

1989 ZC Emd = 302 units (all ass-d to be connected) x

6837 ~ = 2065 m or 7 TJ

1999 ZC k~.d = 376 units x 6837 ~~r unit = 2570 ~i or

9 TJ
I

B.5 Projected ~ectricity ~and: @nservation @preach
$

I The 15:9 and 1999 conservation d~ds ass- hot water savings of

4@ and tiiproved lighting savings of 5%.

1989 ZC-d = 5 TJ

1999 ZC mand = 7 TJ

,
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C.1 index -rs

wsed on existing (1979( data, the public and private categories

account for 65% and 35% respectively of the comrcial sector’s

energy d-d= Given the absence of any physical variables for the

size of the sector, index n-rs (I-979 = 100) are used, i.e., “65”
for public and “35” for private.

C.2 1989 =ating ~el -d: Zero Conservation

me 1989 zero conservation demand for heating fuel

f Ollows :

is derived as

Wblic Sector Expansion = 3ndex No. x 1989 popula
tion

=65x 4~l=

3271

M79 wpulation

86

Private Sector Expansion = 35 x 4311 = 46
3271

mtal expansion = 86 + 46 = 132

Wt expansion (fra 1979) = 132 - 100 = 32

Given as ass- 10% attrition rate for existing structures, this

resul= in 90 remaining and 42 new units in 1989.
The 1979 tOtal

co~rcial de~d for heating fuel is 1,050,000 gal. or 185 TJ.

This results in a per unit consumption (1979) of 1.8 TJ. ~erefore,

1989 ZC Bmd = 132 units x 1.8 ~/unit

= 238 TJ

,

. .
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c. 4

1989 =ating ~el ~: Conservation Appreach

1989 conservation dmd for heating fuel is derived as follows:

1989 ZC =and for =isting Building =

x 1.8 TJ@it = 162

1989 C Dem- for Existing Buildings =

1989 ZC ~d for Kw ~ildings =

90 units

m

104 TJ

42 units x 1.8 TJ/unit = 76 TJ

Assuming a 70% reduction,

1989 C ~and for *W Buildings = 22 TJ

~tal 1989 C -d = 126 TJ

1999 =ating ~el -and: Zero @nservation

1999 zero conservation demand for heating fuel is derived as

f Ollows :

I

mblic Sector Expansion = 86 x 5682 = 149

3271

Private Wtor -ion = 46 x 5682 = 80

3271

Et -ion (from 1989) = 229 - 132 = 97

Given an assumed 10% attrition rate for existing structures, this

results in 119 remaining and 110 new units. kalling that the 19’19

per unit consumption is 1.8 TJ/unit,
}

1999 ZC Bmd = 229 units x 1.8 TJfiit = 412 TJ

>



.

164.

—.. -

. .

C. 5 1999 Heating ~el ~: ~nss.vation Apw each

me 1999 conservation d-d for heating fuel is derived as follows:

1.999 ZC ~and for =isting Buildings = 119 units x 1.8 ~/unit
=214m

1999 C @mand for misting ~ildings = 110 TJ

1999 ZC Demand for Ww Buildings = 412 - 211
= 298 TJ

1999 C Bmd for &w mildings = 89 TJ

mtal 1999 C Hand = 199 TJ

C.6 1989 ~ectricity -d: Zero @nservation

1979 mand = 4700 m or .17 TJ per unit

1989 ZC -d = 132 units x .17 TJ@it

= 6204 MWh or 22 TJ

C.7 1989 ~ectricity  B-d: Conservation @proach

‘Ihe 1989 conservation demand for electricity is derived as follows:

1989 ZC Dmd for misting Buildings = 90 uiiits x .17 TJ~it
= 15 TJ

1989 C Rmd for misting Buildings = 12 TJ

1989 ZC Demand for kw Buildings = 22 - 15
=7TJ

,
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Asslming a

I

,

1989 C

50% reduction for new buildings,

Kmd for kw ~ildings = 3.s m

~tal 1989 C ~ = 16 TJ

C.8 1999 ~ectricity ~d: Zero @nservation

1979 Demand = .17 TJ/Unit

1999 ZC -d = 229 units x .17 ~~it

= 39 TJ

C.9 1999 ~ectricity ~d: Conservation @preach

me 1999 conservation demand for electricity is derived as follows:

1999 ZC Demand for Existing Buildings = 119 units x .17 TJ/unit
= 20

1999 C -d for misting Wildings = 16 TJ

1999 ZC ~d for New Buildi~s = 39 - 20

= 19 TJ

J999 C @md for Ww ~ildings = 10 TJ

~tal 1999 C Dem~ = 26 TJ

.
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D. 1 @rrent Qsoline -d

~ble III indicates that 1979 fuel cons~tion attriktable to road
transport includes U6,000 gal. (22 TJ) of diesel fuel and 139,000

ga. (21 TJ) of 9asoline~

. . ..:

-.

.-.

D.2 =s~tions

Projections for 1989 and 1999 assme that:

i) the min gasoline users are cars, light trucks,
motorcycles and snowmobiles;

ii) the main diesel users are road construction vehicles;

iii) the tourist sector has no influence on vehicular usage;

iv) the n-r of vehicles registered in the -ridge MY
region is a factor of the ratio:

~ional mel ~nsWtion = k
N.W.T. ‘Ibtal ~el Consumption

v) the ratio k rernai.ns  constant in the projections; and

vi) the vehicul= distribution remains constant in the
proj-tions except for proj~tion changes as notd in
nble 5.

D.3 Projectd @seine ~and: Zero Conservation

‘Ihe value of “k” for the -ridge Bay region is:

k = 139,000 gal. = .0158

8,800,000 gal.

,

. .
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USing ~ble 5, the derived number

ass-d to be light trucks) is:

Whicle 1979

of cars and trucks (where all are

1989 1999
We

@rs 80 126 198

mucks 138 279 564

Dtal 218 405 762

1989 ZC ~and (as a factor of registrations)
=405x 21 W=39~

1999

D.4

1989

218

zc ~=_762x 21.TJ=73TJ

218

Projected Gsoline ~: ~nservation WWeach

CE~d=28m

1999 C =and = 40 TJ

E.

E. 1

1979 ~rbo ~el -d = 16 TJ

1979 Aviation ~el Mand = 36 TJ

,

._
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E.2 Projected ~el Demand: Zero ~nservaticn

The 1989 and 1999 zero conservation d~ds ass- a 5.3% real

annual rate of econaic growth:

1989 ~rbo ~el ZC Demand = 16 TJ x (1.053)
10

=27W

1989 Aviation ~el ZC ~d = 36 TJ x (1.053)
10

=60TJ

1999 ~rbo ~el zc l)emand = 16 TJ x (1.053)
20

E.3

1989

I-989

= 102 TJ

Projected ~el m-d: Conservation @meach

~rh ~el C Demand = 24

Aviation ~el C ~d =

1999 ~rh ~el C ~ = 32

1999 wiation ~el C -d =

Ntes:

a ~t included in the total

TJ

58 TJ

TJ

82 V

,

--——-
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APP~IX IS7

INUVIX REGION D~ PR-IONS

A.1 Size of musing Stcck

=cording to the N. W. T. H. C., the 1979 housing stock in the ~uvik

region includes 2005 units. ~o factors indicate that this figure

may be too high, i.e. , while there may be 2005 units, it appears
doubtful that all are king used. First, the Hildebrandt-Young

Market Fbrecast Update notes that there are shut 1470 electrical

domestic connections. Second, the average household size assumed by

this study (4. 5 persons per household) suggests that 1677 housing
units are being used. Since it is doubtful that the WCupany rate

for this region is 3.6, as suggested by a housing stock of 2005,

this study assumes that there are 1677 active housing units in the

~uvik region.

A. 2 ~it Consumption of Rating Oil

Wle IV indicates that the muvik residential sector consumed

776,000 gal. of heating oil in 1979. When this total is divided by

the n-r of housing units, a per unit cons~tion of 465 gal.

results. Given that there are only shut 600 to 700 multiple

attached units in the region, a figure of 465 gal. is low. Like the

Fbrt Smith region, an understanding of heating oil demand makes an

ac~rate projection cliff icult. Given that the rnuvik region falls

saewhere between the Fbrt Smith and Cambridge Bay regions in terms

of degree day figures, it is assumed that the per unit heating oil

demand for Inuvik is:

(~briage =Y per unit demand of 777 gal. +) - 2 = 737 gal./unit

(~rt Smith per unit dmnd of 697 gal. )

,
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A.3 ~scription of the ~usinq St-k and Conversion to Single

&tached ~ivalents

A canplete and disaggregate description of the region’s housing

stock does not exist. mwever, Statistics Qnada does have data

pertaining to housing types in the largest po~ation centre,
nuvik. Fbr sfler population centres (less than 1000),. reference

is made to the -ridge Bay and Fbrt Mth experiences, which

suggest that cogities of this size are likely to be co~sed of

single detached units. * in the ~rt Smith analysis, the Inuvik

region housing stock data are anverted to single detached

equivalents.

~its Single
~nversion -r of -ion of Etached

musing Rate % ‘IbWn of Inuvik quivalents
(A) muvik (B) (A) X (B)

Single Etached 100 1082 1082

Single Attached 50 330 330 lM

@artments

npl-es

25

75

190

15

190

15

47

10

mbiles 75 60 60 45

mtal 653 1677 1299

mtes:

a Wcording to Statistics Canada data this figure is understated.
~wever, given the assumed occupancy rate, the single detached
total would have to be 58. It is likely that the single
detached unit total for the tice of the co~ities offsets
this understatement.

.:
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A. 4

‘1

1979

A.5

@rrent Heating ~el Demand for the Inuvik Region

- d  = 737 gal.~it k 1299 J.D. ~ivalents

= 957,363 gal. or 168 TJ

~using Stock Ro jections

-1 If N. W. T.H.C. housing stcck attrition data are used for all of the

Inuvik 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. - in the -ri~9e -Y

ad ~rt Smith regions, a rate of 1.1% per year cqundti is used~
.! assuming that the spar-nt stock will remin constant to I-999.

Ye= ~n-@artment ~using Stock

1979 1677 -190 = 1487

1989 1503 -190 = 1313

1999 1347 -190 = 1157

me 1979 housing stock distribution, as a percentage of total

non-apartment units, is: single~etached  73%; single attached 22%;

duplex 1%; and mbile 4%. @plying this distribution to the 1989

and 1999 data, the following pro j ections result:

,

.-
--
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1989 1999
Single Single

musing ~nversion =tual rretached ktual Etached
W* %te % ~its ~ivalents ~its ~ivalents

Single Etached 100 958 958 845 845

Single Attached 50 289 144 254 127

~r~nts 25 190 47 190 47

~plexes 75 I-3 10 12 8

mbiles 75 52 39 46 34

Tbtal 1313 1198 1157 1061

A. 6 Projected -sting ~el ~d: Zero @nservation
.,

1989

1999

A. 7

1989

1999

A. 8

zc ~d = 1B8 JD ~ivalents x 737 gal.~it

= 882,926 gal. or 155 TJ

ZC Bmd = 1061 JD @ivalents x 737 gal .@it

= 781,957 gal. or 137 TJ

Ro jetted =ating ~el ~~d: @nservation *Proach

C Demand = 78 TJ

CB~d=68~

~it Consumption of ~ectricity

In 1979, 1677 residential units conswd 17,000 NW or 10,137
per unit. ~wever, 10, I-37 ~ xr unit appears to be hi@ ‘0

projections may be somewhat overstated.

,.

the

,



174,

-,, . . . . .

A.9 Pro jetted Electricity hand: Zero COnSerVatlOn

1.989 ZC -d = 1313 units x 10, I37 KWh@it

=13,309- or 48 TJ

1999 Z ~d = 1~7 units x 10,137 KWl@it

= 11,728 m or 42 TJ

A.1O wo jetted ~ectricity Rmd: Conservation @proach

me 1989 and 1999 conservation deinands assw.e water heating savings

of 30%

1989 C

I-999 c

and lighting savings of 5%.

-and = 41 TJ

~d =37’rJ

B. RESID~TIAL  SEC’IOR NEW

B.1 Dusing Stock -s

N.W.T. population projections indicate an annual growth rate of

year tort’pounded, yielding a 1989 population of 8,846 and 1.999

1.6%

population of 10,368. ~cordingly~

required will ~:

1989 musing -and = [8,846 -

the n-r of new dwelling units

(1313 units x 4.5 persons per

unit)] +4.5 = 653 units

1999 musing =and = [10,368 - (1~7 + 653) x 4.5] +4=5
= 494 units

,

. .
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B.2 Projected mating ~el Demand: Zero Conservation

1989 X -d = 653 units x 737 gal.~it

1.999

B.3

= 481,261 gal.. or 84 TJ

ZCmd= 494 units x 737 gal.~it

= 364,078 gal. or 64 TJ

Projected ~ating ~el =md: Conservation @Proach

me 1989 conservation demand

1989 C -d = 42 TJ

The 1999 conservation dad

1999 Cmmd=6m

assumes a space heating saving of 50%.

assumes a space heating saving of 90%.

B.4 Projected Electricity ~d: Zero @nservation

1989 ZC m~d = 653 units (all assumed to be connected) x
10,1.37 ~/unit

= 6619 M or 24 ~

1999 ZC remand = 494 units x 10/U7 ~iunit

B .5

‘Ihe

40%

= 5,008 M or 18 TJ

Pro j~ted Electricity Hand: ~nversation  @proach

1.989 and 1999 conservation d~ds assume hot water savings of

and improved lighting savings of 5%.

1989 C Bmd = 22 ~

1999 C Demand = 15 TJ

,

. .,.
,.
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B.6 Mditional Variables

A variable which might be consider&d  in revised
d~d projections is the ~rman Wells Oilf ield

housing energy

develo~nt

project. -sources Managment Consultants (Alberta Ltd. ) estimate a

need for about 50 new housing units (permanent) in ~rmal *lls.

[See: E.Sources Management Consultants (Alberta, Ltd. ) , “Kgional

Socio-nomic ~ct Asses-nt of the ~rman ~lls Oilfield

Develo~t and Pipeline Project”, a report for ~so Resources

-da H., as part of the rnerprovincial  Pipeline N.W. Wd.’s

a~lication to the National ~ergy Ward, Vol. V, March 1980.1

c. ~IAL SEC’IOR

C. 1 ~dex Numbers

&sed on existing (1979) data, the public and private cat~ories

account for 57% and 43% respectively of the comrcial sector’s

energy d=and. Given the absence of any physical variables for the

size of the sector, index n-rs (I-979 = 100) are used, i.e. , “57”

for public and “43” for private.

C.2 I-989 *atinq ~el ~d: Zero C.bnservation

me 1989 zero conservation dmand for heating fuel is derived as

follows ;

mblic Sector Expansion = Index ~. x 1989 Wpulation

1979 Copulation

= 57 X 8846 = 67

7548

Frivate Sector -ion = 43 x 8846 = 50
7548

,
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mtal Expansion = 67 + 50 = 117

Wt -ion (from E79 ( = 117 - 100 = 17

Given an assured 10% attrition rate for existing structures, this
results in go remaining and 27 new units. Given the public/private

distribution noted abve, the 117 units can be broken down as 67

@lie and 50 private.

‘Ihe 1979 total camnercial d- for heating fuel (both diesel and

heating oil) is 1234 TJ 266 diesel and 968 heating oil) . ~is

results in a per unit consumption (1979) of 12.34 TJ. ~erefore~

).989 ZC m~d = 117 units x 12.34 Nmit

= 1444 TJ (311 diesel, 1133 heating oil)

C.3 1989 Sating ~el =md: ~nservation @pr each

tie 1989 conservation demand for heating fuel is derived as follows:

1989 ZC -d for ~isting Buildings = 90 units x 12.34 TJ/unit
= 111.1 TJ

1989 C Emand for misting Wildings = 569 TJ

1989 ZC ~and for New Building’s = 1444 - 1111
= 333 m

*suming a 70% rduction,

1989 C hand for ~w Buildings = 100 TJ

~tal 1989 C -d = 669 TJ

-.. ,
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c. 4 1999 Heat- ~el ~d: Zero @nservation

me 1999 zero conservation d-d for heating fuel is derived as

f Ollows :

mblic Sector =-ion = 67 x 10,368 = 92
7,548

~ivate Sector -ion = 50 x 10,368  = 69

mtal -ion = 92 + 69 = 161

wt=~ion (fra 1989) = 161

Given an ass-d 10% attrition rate

results in 105 r-ining and 56 new
pr unit cons~tion is 12.34 TJ,

7,548

- 117 = 44

for existing structures, this

units. Recalling that the 1979

1999 Zc Demand = 161 units x 12.34 TJ/unit
=~87 ~

C.5 1999 mating ~el -and: ~nse~ation @preach

fie 1999 mnservation  d-d for heating fuel is derived as fo~ows:

1999 ZC Mand for Existing Buildings = 105 units x 12.34 TJAnit

=1296 ~

1999 C -d for misting Building’s = 664 TJ

1999 ZC ~and for New Buildings = 1987 - 1296
= 691 ~
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1999 C ~ for Ww Building’s = 207 TJ

Dtal 1999 C ~d = 871 TJ

C. 6

I-979

1989

c. 7

1989 Electricity Demand: Zero ~nservation

~d = 72 TJ or .72 m~it

ZC -and = 117 units x .72 TJ~nit

=84=

1989 Electricity ~and: Conservation Appreach

tie 1989 conservation d~d for electricity is derived as follows:

1989 ZC Demmd for Existing Buildings = 90 units x .72 m/unit
=65~

1989 C -d for misting Buildings = 52 TJ

1989 ZC mand for New Buildings = 84 TJ - 65 TJ

Assuming a

1.989 C

mtal I-989

=19m

50% rduction for new buildings,

mand for Ww Buildings = 10 TJ

C &md = 62 TJ

C.8 1999 E1-ectricity  =and: Zero Conservation

1999 Zc mand = 161 units x .72 TJ@nit

=116 TJ

,
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me 1999 conservation u~d for electricity is derived as follows:

1999 ZC ~ for Existing Buildings = 105 units x .72 TJ~nit
=76~

1999 C -d for =isting ~ildings = 61 TJ

1999 ZC ~ for New Buildings = 116 - 76
=40 TJ

&suming a 50% reduction for new buildings,
1

--,

.,.
:.
:3

i

1999 C Hand for New Buildings = 20 TJ

D. TRAN~~AT~N  SECTOR ROAD

D.1 ~rrent @soline ~d

Uthough the Inuvik region does not have an extensive road system,

1,987,000 gal. of gasoline were cons- in B79. mere is a s~on9

possibility that road fuel demand will increase substantiallyw  hen

one considers the following factors:

i) m~ter Highway Improvaent - It is expected that by 1989
this hi@way will be in such a condition as to allow a
steady seasonal strea of cmercial and tourist traffic.
me highway will be extended to ~ktoyaktuk;

ii) Canol Road - If the Canol wad is c~aded to a level
allowable for vehicular usage, there could be an increase
in canmercial and industrial tiaffic; and

iii) If muvik and ~ktoyaktuk becom staging and
administrative centres for possible Beaufort Sea and
Mackenzie ~ey hydrocarbon develo~nts,  it is likely
that fuel d~dwill be aff-ted.

,
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D.2 Assmpticns

Projections for 1989 ar.d 1999 road gasoline

i) the main users are cars and light

ii) the number of vehicles registered–,
a factor of

iii) the ratio k

the ratio:

demand assume that:

trucks ;

in the Inuvik region is

-qional @soline @nsurnption =
N.W. T. ~tal -oline Ons~tion

remains constant in the projections;

k

and

iv) the vehicular distribution remains constant.

D.3 .Pro jetted @soline -and: kro Conservation

me 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:

whicle
V@ 1979 1989 1999

cars 1149 (37%) M 01 2824

‘rrucks 1969 (63%) 3983 8057

mtal 313.8 5784 10881

1989 ZC ~d (as a factor of registrations) = 5784 x 306 ~ = 568 TJ
3118

568 TJ can be distributed as 210 TJ cars and 358 ~ trucks.

,
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1999
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1989

.—
1
I
i 1999

ZC mand = 10881 X 306 TJ

3118

= 1.068 TJ

Projected @soline -and: Conservation @pr each

C~d=414~

C =and = 592 TJ

\

E. TRANSK)R!I!ATION  SECTOR: AIR

E. 1

1979 233 !CJ

‘! 1979 Aviation ~el Demand = 33 TJ
1

E. 2 Frojected ~el Demand: ~ro @nservation

me 1989 and 1999 zero conservation d-s assm a 5.3% real annual

rate of economic growth:

1989 ~rbo ~el ZC ~and = 233 TJ x (1.053)
10

= 390 TJ

j
1989 Aviation ~el ZC ~d = 33 x (1.053)

10
i

=55W.
1
I

1999 ~rbo ~el ZC Hand = 233 TJ x (1.053)
20

= 654 TJ

1999 Aviation ~el ZC ~d = 33 x (1.053)
20

I, = 93 TJ

——.
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E. 3 Ro jetted ~el Demand: @nservation @m each

1989

I-9 89

1999

1999

~tes:

Wbo ~el C -d = 351 N

Aviation ~el C -d = 52 TJ

~rbo ~el C -d = 458 TJ

Aviation ~el C ~and = 74 TJ

a ~t included in the total

b ~derstated total; see Inuvik region discussion for derived 1979

d-d .

,

.,:

.
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~SI ~1~
Government
PrivaLe
W ~Lal

mTmxIAL
Gov.
Private
Wb mtal
Street Ligi~ting

m~
Private
Government
other
- ‘Ibtal

AIR
Government
Private
* ‘IOLal

7000
10DO
Ocoo

400D
1000
50D0
242

13242

25
4

29

14
4

18

1109

47 1189

94
54

14a

16
9

25

974 170 195
20 3 7

994 173 202 45

607 120 150
2i31 50 63
960 170 213 48

18 3
79 12

97 15 ~

3
12

15
7

0 0 0 0 0
45 7 41 7 14
45 7 4! 7 14

m
209 140 25 1962 343 97 15 45 7 41 7 444 10D .0
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APP~IX V

A.

A. 1

RESIDE~ -R: EXISTING

Size of ~usinq Stock and Unit @nsumption  of Heattig Oil

=rding to the N. W. T. H. C., the 1979 housing stock in the -atin

region included 853 units. ~wever, the Science Aivisory Boud

Statistics suggest that this figure is too low. X ~le V

indicates, 994,000 gal of heating oil were consumed in 1979 or 1,165

gal. per unit. ~r the mst part, degree day data suggests that the

Keewatin region has a cmparable climate to the Inuvik region, which
was assumed to have a per unit cons~tion of 737 gal. In n?aking

the Keewatin projection; the choice then is to assume a per unit

figure other than 1,165 gal or to use this figure, assuming a

part icular hidden reason for the higher consumption. Given that

this region has not experienced any significant housing booms, the

figure of 1,165 gal. per unit (based on 853 units) is used.

F!inally,  it is assmd that all of the housing units are single

detached.

A.2 ~usinq Stock Projections

N. W. T.H. C. data indicates an attrition rate of 1.4% -per year.

lherefore,

1989 musing stock = 742 units

1999 musing stock = 646 units

,
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A.3 Projectd &ating ~el ~: Zero Conservation

1989 ZC ~nd = 742 units x 1165 gal. @it
= 864,430 gal. or 151 TJ

1999 zc ~d = 646 units x 1165 gal.~it
= 752,590 gal. or 132 TJ

A.4 Frojected &ating ~el ~~d: ~nservation @p
roach

1989 C Demand = 75 TJ

1999 C -d = 66 ~

A.5 ~it ~nsumption of ~ectr icity

~ 1979, 853 residential units cons~d

unit .

8,000 MWh or 9379 ~ per

.,,,..
J

. \

. .

A. 6 Projectd Electricity mand: Zero Conservation

1989 x ~d = 742 units x 9379 KWh@it

= 6,959 m or 25 TJ

1999 ZC ~~d = 646 units x 9379 KWh@it

= 6,059 W or 22 TJ

A.7 Prolected Electricity -d: @nservation @preach
.

1989 C mand = 22 TJ

1999 C~d=19TJ
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B. RESID~TIAL  SEC~R NEW

B.1 musing Stock -s

kmrding to the N.W.T. goverment  ~~lation projections, the

-watin region population is projected to increase at a rate of 3.4%

per year cmpunded, yielding a 1989 populationof 5988 and a 1999

populationof 8365. =cordingly, the n-r of new dwellings

required will be:

1989 ~using~= [5988 - (742x 4.5)] +4.5

= 589 units

1999 ~using Demand= [8365 - (646 +589) X 4.5] ~4.5

=624 units

B .2

1989

1999

B.3

ZC -d = 589 units x l165gal.~it

= 686,185 gal. or 121 TJ

zc~d= 624 units x l165gal.~it

=726,960 gal. or 128 TJ

Frojected &ating ~el =-d: Onservation ?.ppreach

me 1989 conservationdmd

1989 C~d = 61 TJ
.

me 1999 conservationdmd

assuines a space heating saving of 50%.

assumes a space heating saving of 90%

,

—.



I

188, . . .

. .

B.4 Projected ~ectricity mid: Zero ~nservation

1989 ZC =-d = 589 units x 9379 KWh\’mit

= 5524 M or 20 TJ

1999 ZC -d = 624 units x 9379 ~@it
= 5852MWh or 21 TJ

B. 5 Frojected Electricity =-d: @nservation @p
roach

me 1989 and 1999 conservation demands ass- hot water savings of

40% and improved lighting savings at 5%.

1989 C Mend = 17 TJ

1.999 C E-d = 18 ~

c. ~~ SE~R

C.1 Index -rs

&sd on 1979 energy d-, the public and private categories
account for 7 O% and 3 O% respectively of the con?nercial sector’s
e~rgy demand. @ven the absence of any physical variables for the

size of the sector, index n-rs (1979 = 100) are used, i.e. , “70”
for public and “30’” for private.

C.2 1989 =ating ~el -d: Zero Onservation

me 1989 zero conservation d-d for heating fuel is derived as

follows:

Wblic Sector ~pansion = ~dex ~. x

= 70 X 5988 =

4286

1989 Pop~ation
~79 Rpulation

98

,

.-

. .
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Private 8ector ~pansion = 30 x 5988 = 42

4286

~tal -ion = 98 + 42 = 140

Net ~pansion (from 1979( = 140 -100 = 40

Given an assmd 10% attrition rate for existing structures, this

results in go remaining and so new units in 1989. tie 1979 total
comrcial de~d for heating fuel is 195 TJ (25 diesel and 170

heating oil). ‘Ibis results ina per unit consumption (1979) of 1.95
TJ. ~erefore,i

1989 ZC mand= 140 units x 1.95 TJ@nit

= 273 ~ (238 heating oil, 35 diesel)

C.3 1989 Heating ~el ~d: Conservation Appreach

‘Xhe 1989 conservation d-d for heating fuel is derived as follows:

I-989 ZC ~and for existing Buildings = 90 units x 1.95 TJ/unit

=175 m

1989 C Bmd for misting ~ildings = 90 TJ

1989 ZC ~and for &w Buildings = 50 units x 1.95 TJ/unit

=98~

%suming a 70% reduction,

1989 C hand for Ww Buildings = 29 TJ

‘Ibtal 1989 C Emd =119 TJ

I

,
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C.4 1999 Heatinq ~el ~d: Zero ~nservation

tie )999 zero conservation d-d for heating fuel is derived as

f Ollows :

nblic Sector Expansion = 98 x 8365 = 191
4286

Private -tor -ion = 42 x 8365 = 82
4286

~tal -ion = 191 + 82 = 273

..,,

-1

-. .. .

.

Net Expansion (from 1989) = 273 - 140 =133

Given an assti 10% attrition rate for existing structures, this

results in 172 r-ining and 101 new units. Recalling that the 1979

-r unit cons~tion is 1.95 m@it,

1999 Zcmand= 273x 1.95 TJ@nit
= 532 TJ (464 heating oil, 68 diesel)

C.5 1999 =ating ~eldeinand: Conservation Approach

me 1999 conservation de~d for heating fuel is derived as follows:

1999 ZC ~and for Existing Buildings = 172 units x 1.95 TJ/unit
=335 u

.
1999 C ~d for misting E!uildings = 171 TJ

1999 ZC ~and for Ww Buildings = 101 x 1.95 TJ@nit
=1.97 TJ

,
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:“\ I-999 c:

‘Ibtal 1999

7 ~ reduction,

~~d for Ww Buildings = 59 TJ

CDemand=230TJ

C.6 ~89 Electricity -d: Zero Onservation

1979 -and = 5000 W, 18 TJ or .18 TJ~nit

1989 ZC EHd = 140 units x .18 TJ/unit

= 25 TJ

C.7 1989 El~trici & mand: Conservation Appreach

me 1989 conservation d-d for electricity is derived as follows:

1989 ZC Wand for misting Buildings = 90 unts x .18 U/unit

=16TJ

1989 C Emd for misting Euildings = 13 TJ

1989 ZC h~ for New Buildings = 50 x .18 ~~nit

=9TJ

Assuming a 50% reduction for new buildings,

1989 C Wmd for *w Buildings = 5 TJ

C.8

1979

1999 Electricity wand: Zero @nservation

,
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1.999 ZC -and = 273 units x .18 TJ/unit

=49W

c.9 1999 Electricity ~and: @nservation @Proach

me E99 conservation d-d for electricity is derived as follows:

1999

1999

1999

Assuming

1999

ZC Demand for misting Buildings = 172 units x .18 TJ/unit

=31m

C ~~d for Existing ~ildings  = 25 ~

ZC ~ for New Buildings = 101 units x .18 TJ~nit

a

c

=18m

50% reduction for new buildings,

Mmd for New Buildi~s = 9 TJ

D. TRAN~RTAT~N  SEC’IOR ROAD

D. 1 @rrent @soline ~d and XSWtions

ALthough the Keewatin region has virtually no roads, it still

consmti 97,000 gal. of gasoline. me nature of the coastal

cmunities suggests the use of outiard motor boats. ~erefore, it

is ass~d that 50% of the gasoline d~d can be allocated to the

marine transportation sector. W addition, 100% of the road sector

consu~tion  is attributed to snowbiles. Since no specific data on

N.W.T. snowmobile registrations exist, projections are based on

G.T. P. forecasts.
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D.2 Projected @soline Demand: Zero @nservation

1989

1999

D .3

Rom

ZC Demand = 8 TJ (1979 Snowbile ~) x (1.053)10

13 TJ

ZC -and = 8 TJ (1.053)20

22 w

Projected @=line =and: @nservation @proach

tile 6, it is assumed that snombile rotor and track

efficiency can be improved by 20%. tierefore~

1989C=d=10m

1999 C~d=18 TJ

E. T!RANSK)~TION -R: MARINE

E.1 Assumptions

It is assumed that

1979. Projections

outiard rotor boats consumed 8 TJ of gasoline in

are based on G.T.P. forecasts.

E. 2

1989

1999

projected Qsoline Hand: Zero Conservation .

ZC~d=13~

ZC mand = 22 TJ

>
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E.3 mojected Gasoline Demand: Conservation Ap~ each

Rom Wle 5, it is assumed tiat outboard rotor tiat efficiency can

be im~oved by 20%. ~erefore,

1989 C ~d = 10 TJ

.—
1999 C ~and = 18 TJ

F. 1

1979

1979

F.2

7 TJ

Aviation ~el Demand = 7 TJ

Froj=ted mel ~d: Zero Observation

10
1989 ~rbo ~el ZC ~d = 7 TJ x (1=053)

= 12 TJ

1989 Aviation Fuel

1999 ~rh ~el ZC

Zc wand = 7 TJ X (1.053)10

= 12 TJ

~and = 7 TJ X (1.053)20

= 20 TJ

20
1999 Aviation ~el ZC ~d = 7 TJ x (1.053)

= 20 TJ

,
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Projected ~el Mand: @nservation Appr each

~rbo ~el C ~d = 11

1989 Aviation ~el C hand =
>

\
1999 ~rbo ~el C ~d = 14

. . .

1 1999 Aviation ~el C Mand =

TJ

11 TJ

TJ

16 TJ

G. MINING

-)
I

‘. G.1 @rrent and ~ture Prospects.,

,
Although there are presently no operating mines in the kewatin

, .’
region, it is expected that at least one and perha~ two mines will.

be on stream by 1989. lable 8 lists one mine currently under
,,

construction plus a potential uranium dewlopnent. While the

identified uranium develo~nt may never materialize, it is expected
~

that at least one such mine will open by 1989. Statistics reve~

that the Wewatin region is tie area of heaviest exploration

(primarily uranim and gold) in the N.W.T.

G.2 ~ergy ~~d: Zero @nservation and ~nservation %-each

Rom Table 8, tie new mine assumed to be on stream by 1989 is the
cullation  Lake develo~nt. me energy d~d is prorated from the

~n-~con mine. ~ producing 650 t.p. d. of mill. capacity, con

Consms 313 TJ, 36% electricity, 19% diesel mtive, 42% heating

and 3% gasoline. wing ratios:

313 TJ = x
.

. . x = 96 TJ

oil

650 t.p.d. 200 t.p.d.

,
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1989 ZC~=96TJ

1989 C_d=86TJ

BY 1999, it is assmed that the ml~ton ~ke operation wi~ ham

terminated. tile it is expected that at least one uranium mine will

196,

be in existence,

~tes:

a A percentage

sector. Se

the dearth of data precludes reasonable projections.

of gasoline consumption

the text for the method

is attributed to the marine

of adjus~nt.

.
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~SIHIAL
Goverlunent 12083 43 17% 313
Private 1956 7 421 74
Sub ~tal 14039 50 2217 307

~IAI,
GOvermient 12588 45 642 112 1151 203
Private 12843 46 1413 246 034
m> ‘htal

147
25431 91 2055 358 1985 350

Street Lig?lting 473

MINIffi 6550 24 443a “ 78 168 30 1 .2 53 8

TwmomATIoN

ml)
Private
*erlmient
Other
Sub ‘ibtal

AIR
Government 337 55 48 7
Private 6408 1043 486 74
Sub Tbtal 6745 1098 534 81

urII,17y 2710 475

‘rwrAL 46493 165 3161 b 563 2223 308 4203 737 820 120 6745 1098 534 81

218 34
549 86

767 120

356
81

437

360
439
7%

62

34
06

120

62
1117
1179

2597

16.8

30.0

2.4

50.0

100.0
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APP~IX VI

BAFPIN REGION: D~ PR_IONS

A. RESIDENTIAL -R: EXISTING

Al Size of musing Stock

kcording to the N.W.T. H.C. , the 1979 housing stock in the Baffin

region includes 1851 units. @ven a 1979 population of 8617, this

suggests a household size of about 4.7. Given that an average

household 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 household

sizes, the Baffin region would probably be higher, rather than lower

than the average. al of the Baffin housing stock is ass-d to be

single detached.
1

A. 2 ~it Consumption of Heating Oil

~le VI indicates that the @ffin residential sector consumed

2,217,000 gal. of heating oil in 1979, for a ~r unit d-d of 1198

gal. Nthough this figure appears high in co~rison to other

N.W.T. regions, it is probably ap~o~iate for this analysis, given

that the Mfin region exhibits the highest degree day figure -ng

N.W.T. regions.

A.3’ ~using Stock Projections

I

N. W. T.H.C. data suggests a housing stock attrition rate of 2.4% per

year co~unded. ‘Yherefore, 1989 and 1999 projections are 1460 and

1152 units, respectively.

,

-- . .
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A.4 Project~ mating fiel ~: Zero Conservation

1.989

I-999

A.5

1989

1999

A. 6

z re~d = 1460 units x 11.98 gal.~it

= 1,749,080 gal. or 308 TJ

ZC Emd = 1152 units x 1198 gal.mit

= 1,380,096 gal. or 229 TJ

Projected wating ~el ~~d: @nservation @weach

C ~and = 154 TJ

Cmmd=l15TJ

~it @nsumptiuon of ~ectricity

In 1.979, 1851 residential units Consmd 14039 m or 7584 ~ per

unit.

A. 7 Pro jetted ~ectr icity mand: Zero ~nservation

1989 ZC Emd = 1460 units x 7584 -@it &

= 11073 m or 40 TJ

1999 ZC Bmd = 1U2 units x 7584 ~i~it

= 8737 MWh or 31 TJ

A.8 Projected ~ectricity Rmd: @nservation @proach

tie 1989 and 1999 conservation deinands assume water heating savings

of 3 O% and lighting savings of 5%.

1989 C -and = 35 TJ

1999 C~d=28m
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B.1 musing Stock -s

N.W.T. population projections indicate an annual growth rate of 3.0%

per year co~unded, yielding a 1989 po@ation of 11,580 and 1999

POwatlOn Of 15,563. =cordingly, the n-r of new dwelling units

required will be:

1989 musing Demand = [11,580 - (1460x 4.5 persons per unit)]

+4.5 =1113 units

1999 ~using~and= [15,563 - (1152+1113) x 4.5]~4.5

=1193 units

B.2 Projected Heatinq ~el ~and: Zero @nservation
. .’

.1989 ZC -d =1113 units x 1J98 gal.~it

=1,333,374 gal. or 235 TJ

1999 ZC -d =1193 units x 1198 gal.~it

= 1,429,214 gal. or 25J. TJ

B. 3 Projected Wating ~el Bmd: Conservation @preach

lhe 1989 conservation dmand assumes a space heating saving of 50%.

1989 C remd = 118 TJ

me 1999 conservation demand assumes a space heating saving of 90%.

1999 C Errand = 25 TJ

,
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B.4 Projected Electricity ~and: Zero Conservation

1989 ZC Bmd = 113 units x 7584 KWh@it

= 8,440 m or 30 TJ

1999 zc remd = 1193 units x 7584 KWh@it

= 9,048 M or 33 TJ

B.5 Projected ~ectricity =md: Observation @proach

me 1989 and 1999 conservation d-ds assume hot water savings of

40% and improved lighting savings of 5%.

1989 C -and= 25 TJ

1999 C B-d = 28 TJ

B.6 Mditional Variables

mere are a number of variables which must be consider~  in revised

housing energy d-d projections in the =ffin region. They

i

include:

i)

ii)

iii).

the present construction of the nlaris lead-zinc mine on
fittle Ornwallis Lsland;

the possibility of future develo~ent of the Borealis iron
depsit on ~lville Peninsula; and

the development of the natural gas field in the Parry
Elands area, including the construction of an L. N. G.
terminal..

C. 1 Index tirs

Based on existing (1979)

account for 45% and 55%

data, the public and private categories

respectively of the connnercial s~tor’s

,

.—
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energy dmand. Given the absence of any physical variables for the

size of the sector, index nurr&rs (1979 = 100) are used, i.e. “45”

for public and “55“ for private.

C. 2 1989 ~ating mel -d: Zero @nservation

tie 1989 zero conservation deinand for heating fuel is derived as
follows :

mblic Sector Expansion = Index M. x 1989 npulation

Private &tor

U79 ~pulation

= 45 X 11,580 = 60

8,617

-ion = 55 X 11,580 = 74

8,617
-,

‘

lbtal _sion = 60 + 74 = 134

Wt Expansion = 134 - 100 = 34

Given an assumed 10% attrition rate for existing structures, this

results in 90 remaining and 44 new units.

fie 1979 total comrcial dmnd for heating fuel (bth diesel and
heating oil) is 708 TJ (358 diesel and 350 heating oil). ~is

results in a per unit cons~tion (1979) of 7.08 TJ. ‘lherefore:

,1989 ZC ~and = 134 units x 7.08 TJ~nit

= 949 TJ

,
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C= 3 1989 Eating ~el ~and: ~nservation ~pr
each

me 1989 conservation d-d for heating fuel is derived as follows:

1989 ZC ~d for misting Buildings =
90 units x 7.08 m/units = 637 ~

1989 C ~ for =isting Build-s = 326 TJ

~suming a 70% reduction

1989 C B-d for mw ~ildings = 94 TJ

~tal 1989 C Mand = 420 TJ

C.4 1999 ~atinq ~el ~d: Zero ~nservation

me 1999 zero conservation d-d for heating fuel

follows :

~blic Sector ~pansion = 60 x 15,563 = 108
8,617

Private Sector -sion = 74 x 15,563 = 334
8,617

mtal _sion = 242

Net =pansion = 242 - 134 = 108

,

is derived as
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Given an assumed attrition rate of 10% for existing structures, this

results in 120 rmining and D2 new units. ~lling that the 1979

per unit consumption is 7.08 TJ~nit,

1999 ZC @md = 242 x 7.08 ~~it

= 1713 TJ

C.5 1999 ~ating ~el ~d: ~nservation @preach

The 1999 conservation d-d for heati~ fuel is derived as follows:

1999 ZC -d for misting ~ildings =

120 units x 7.08 TJ/unit = 850 TJ

1999 C -d for misting ~ildings = 435 ~

1999 ZC =and for Ew Buildings = 1713 - 850

=863 TJ

l!399 C &~d for Ew ~ildings = 259 TJ

~tal 1999 C hand = 694 TJ

C.6 1989 ~ectricity -d: Zero Conservation

1979 -and = 91 TJor .91 TJ~nit

1989 Z.C. ~mnd = 135units x .91 ~~it
=122 TJ

C.7 1989 ~ectricity ~mnd: Onservation @preach

N89 Z.C. Hand for misting Buildings =

90 units x .91 TJ~it = 82 m

1989 C. ~aiid for Existing Building = 66 TJ

,
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1989 Z.C. ~and for Ww Buildings = 122 - 82
=40m

~suming a 50% reduction for new buildings,
1989 C. Mand for New Buildings = 20 TJ

Dtal 1989 C. re-d = 86 ~

C. 8

1979

1999

1999 ~ectricity Wand: Zero @nservation

~md = .91 ~@it

ZC -and = 242 units x .91 TJ/unit
= 220 m

1999 ~ectricity~and:  ~nservation~p roach

1999 conservation for electricity is derived as follows:

1999 ZC ~ for ~isting Buildings =
120 units x .91 TJ@it = 109 TJ

1999 C hand for Existing Buildings = 87 TJ

1999 x ~d for ~w ~ildings = 111 TJ

Xsuming a 50% reduction for new buildings,

1999 C ~~d for WW Buildings = 56 ~

~ti 1999 C Hand = 143 TJ

. .
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D.1 ~rent Gsoline ~d

Although the Baffin r-ion has no road system, 767,000 gal. of
gasoline (non-mine) were cons-d in 1979. ~spite the possibility

of future develo~ent projects mentioned previously, it is not

likely that road syst- will be constructed.

D.2 -smptions

Projections for 1989 and 1999 assume that 50% of the gasoline demand
can be attributed to snowbiles,  and 50% to cars/light trucks

(confined to )?robisher  -y) .

D .3

1989

1999

D.4

Rom

=o jectd Gasoline ( ~o~bile) ~: Zero Conservation

ZC ~d = 60 TJx (1.053)10

= 101 TJ

ZC -and = 60 TJx (1.053)20

= 168 TJ

Projected Gasoline (~owbile) Hand: @nservation @preach

~le 5 it is assumed that snowbile motor and track

efficiency can be im~oved by 20%.

,1989 C -d = 81 TJ

1999 C Hand = 134 TJ

,
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D.5 =sumptions Pertaining to Cars & Liqht mucks

PKO jections for 1989 and 1999 road gasoline d-d assume that:

i) the number of vehicles registered in the Baffin region is
a factor of tie ratio:

*giona3. @soline Consump tion = k
N. W .T. ~tal Qsoline ~ns~tion

ii) ‘Ihe ratio k remains constant in the projections.

D.6 Projected Gsoline (@rs & mucks) -d: Zero Conservation

QSline ratio k = 383,500 ga3.. = .0435
8,800,000 gal.

Wing ~ble 5, the derived number of cars and trucks is:

Whicle We 1979 1989 1999

=rs 221 347 546

nucks 379 755 1552

‘Ibtal 600 1102 2098

1989 ZC Demand (as a ratio of “registrations) =
1102 X 60 TJ = 110 m

1999

D.7

600

Zc mand  = 2098 X 60 TJ = ~0 TJ

600

Projected @soline (Cars & mucks) ~d: Conservation

~

1989 C Deinand = 80 TJ

1999 C ~d = 116 TJ

,

--
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E. m~RTAT~N SEC’IOR: AIR

E.1

1979

1979

E. 2

1989

1989

1999

1999

E.3

1989

1989

1999

1999

~rrent ~el -d

~rh ~el ~and = 1098 TJ

Aviation ~el E~d = 81 TJ

Projected ~el ~: Zero @nservation

~rbo ~el ZC mand = 1098 TJ X (1.052)10

= ~40 TJ

Aviation ~el ZC Hand = 81 TJ z (1.053)10

= 136 TJ

~rh ~el ZC ~ = 1098 TJ X (1.053)20

= 3084 TJ

Aviation ~el ZC ~d = 81 TJ x (1.053)20

= 227 TJ

Ro jetted ~el ~d: Conservation @preach

~rbo ~el C Hand = 1656 TJ

~iation ~el C -d = 129 TJ

Turh ~el C &and = 2159 TJ

Aviation ~el C ~nd = 182 TJ

1

,



210.

—.-

. .

—,

F.

F. 1

me

MINmG

~rrent Mine ~

1979 secondary energy demand is represent~ as one secondary
energy aggregate. ‘Ihe one ~oducing mine in the Baf f in region, at

knisivik,  consmed 62 TJ.

F. 2 mo jetted Mine -d: Zero Onservation

Mine d-d in 1989 is assumed to be a combination of projected

existing mine de-d plus new mine d-d.

.A
Existing mine da = 62 TJ x (10053)&u

~ble 8 lists

construction.

the ~n-Rycon

313 = x——
650 2050

= 104 TJ

one mine, the ~laris develo~t,  currently under

It’s aggregate 1989 energy dmd is derived usin9

mine consumption in a ratio:

●. . x = 987 TJ—

—

,1

—.

1989 ZC Band = 1091 TJ

1989 C Emd = 982 TJ

me to a lack of specific data there are no 1999 mining projections.

Ntes:

a ‘Ihe mining sector’s diesel electric demand has been noted as an

addition for utility d-d, an approach similar to the Fbrt

Smith region’s sector analysis.

b ‘lhis total has not ben included in the grand total.
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CRUDE OIL PRI~

Year Crude Oil Price Per Rrcent ~crease Over
Barrela ($) Previous 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

Year Percentage Rise ~me &at Oil
in Crude Price Price per ~llo@_

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

~S’IS IF YOU ~’T INSULA~

Year Oil Price -ual *sting ~sts
per =Uon ($) (697 gal. /year) ($)

198~ 1.84 1.282
19a 2.06 1436
1982 2.28 1589
1983 2.50 1742
1984 2.95 2056
1985 3.44 2398

,
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APP_IX VII (cent’d)

Year ~insulated Insulated savings Per
($) ($) Year ($)

1980 1282 Did not insulate
1981 1436 718 718
1982 I-589 794 794
1983 1742 871 871
1984 2056 1028 1028
1985 2398 1199 1199

THE @ST OF ~NEY

Ye= ban ~terest !Ibtal savings Balance

($)d at 18% ($) ($) ($) ($)

1981 2000 360 2360 718 1642

1982 1642 296 1938 794 1143

1983 1143 206 I-349 871 478

1984 478 86 564 1028 -464

Notes:

a tiude oil prices are assumed to correspond to the national
energy strategy quotes.

b wating oil price increases are ass- to increase in
proprtion to crude price increases.

c =ating oil d-d is assumed to be for a typical Fbrt Smith
rqion unit. See ~ndix II.

d ‘Ihq canplete insulation costs is assumed to be $2,500 (1981
dollars). Assuming that the home-owner has mde use of a $500
@nadian ~me Insulating Program (C.H.I.P.)  grant, the loan
would be for $2000.

,

I
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INEORMATIOM LDIITATIONS

,
\

me informatioml limitations to this study are listed according to
two categories. first, there are limitations related to the

methodology. Second, there limitations inherent in the N.W.T.

Science Mvisory Ward -~rt, Ehergy in the ~rthwest ~rritories.

1. With respect to the methodology (~~dix I) , there is

insufficient and inco~lete data pertaining to:

housing stink number by region

housing stock type and age by region

housing stock attrition by region

household size by region

number of electrical connections per region

electrical end-se by region

appliance activation by region

residential mv-nt to nulti-lling  units

energy dad by structural housing tp

heating fuel d~d by region

nwr of ccmnnercial units by region

comrcial unit attrition rate by region

energy de by mine

more detailed break~own of coxrmercial energy demand

vehicle registration and type by region

econanic sectoral forecasts

2. fie S .AB. re~rt does not:

i) explain how fiscal year data e.g. I 1978/79 data was
adjusted to form the 1979 calendar bseline year;

ii) detail L.P. G. distribution by region;

iii) include heavy equipm=nt, mining or drill ship fuel d~d
in tie transportation category;

,

--
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iv) provide sufficient heating fuel data;

v) delineate what comrcial (private) diesel fuel represents;

vi) provide sufficient data for mining cmunities such as
~gsten and Minvik;

vii) present data in a consistent and clear manner e.g.,
shifting from ~ to m.

. .

,
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A ~ OF mT ~~RY SY~

SYml ~ INPUI’ ENEm CUI’PUI’ c~IAL
w, Temperature Power Heat Tem~rature Capacity AVAIWILITY

‘c % % ‘c Flw

Cogeneration

Steam Cycle Any fossil,
nuclear

refuse

Gas Turbine Gas

fuel oil

Diesel Fuel Oil

District Heating Any

Heat Pump Waste heat

Power Recovery

Steam Waste heat

Organic Rankine Waste Heat

Heat Exchangers Heat

Storage Heat

550 10-20

700-1000 20-35

High 36

95–150 o

-20 to +100 o

200 6-20
65-280 6-20

600 0

500 0

60-70

40-60

23-28

90

200-600

0
0

80

75-95

100-250a . 5-5oob

100-250a .5-75b

loo-lma .5-25b

60-140 10-2000

120 10

NA .38
bTA 3 . 7

600 Any

500 Any

Widely

availdble

Available

Widely

available

In

Europe

Limited
production

Available

Limited
production

Widely

available

Components
widely

available
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mtes:

a Hperature  of saturated steam

b ~ectrical capacity

@generation;  _ hi~ quality tasks from high quality energy

@ttoming  cycle; a high quality task using low quality energy

District heating; selling the energy to someone who needs it

Eat pumps; raising the t~rature or energy until it is
suitable for another taskI

Storage; keeping it until it is needed

mat exchangers; transferring heat from matter which no longer
requires it to matter that does r-ire it

~sorption  cooling and refrigeration; to provide building or
process cooling

~riculture
production.

Source: ~londe

,

and a~culture; utilizing rejected energy for food

et. al. , 1979.

. . .
1

d
. . .
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SIWLIFIED ~C ANALYSIS

.78

1.29

1.7

1.64

1.07

3.t37

6.62

2.05

Steam ksidual
Oi 1

1

1.5

1.5

.375

.15 .65

.25 .45

.36 .25

0 .W

160

263

347

336

Gas
Turbine( W1 Oil

Diesel

District
Ileating ~r plwlt

kkste heat
at 100”C

Electricity o 3

.15 0

167

1265 -3800/Hie

.82

6.2-18

Ileat Pump 3

0
Pcwer Rmver y
(organic
hkine)

kkste [Jest
at 200”C

1 lest Excl larger
Gas-[, iquid V/aste Ilat

at 350”C
o

0

0

1.5

0 .8

0 .8

0 .9

0 .0

56

34

m

56

.27

.1?

.~8d

.27

.2-1

.17

.M

2.4

Liquid-Liquid iJaste  }Ieat
at 130”C

Storage thste heat
at 100”C

Oi 1 Etinace Oi 1

—
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a installed cost = ~oted cost x 1.1 (inflation factor) x (1979 -
quote date) x 1.15 (US to an. conversion) = ~st Per kw of
heat.

b Capital charge = ~stalled cost per kWt - (8760 hrs/year x
.35 utilization factor) x .15 $/$ invested.

c ~tal heat cost = (~ergy input cost/heat produced + Capital
charge - Value of per produced.

d Storage cost = $5~Wh x 128 uses/year.

. .
,.

..:. . . :.-..,,. .
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1.

2.

3.

4.

5*

6.

7.

8.

9.

APPENDIX X

ENV~~ EFFEC’IS OF =ID -IPI~TION

@wer ing pH levels.

~celeration  of calcim and magnesium (important nutrients)

leaching.

Ecreasing soil fertility.

Promtion of toxic heavy mtal de~sition.

=duction of plant re~oductive ~tential.

~ibition of microbial decopsition.

Inhibition of lichens’ nitrogen fixation ~tential.

Bterioration of freshwater ecosyst- located on

non=alcareous bedrock.

~uction of lake microbial deco~sition.

10. Reduction of fish reproductive potential.

Wrce: 1. ~rvey =ich, Bvera @e ~vis and ~enther Stotzky,
“kid Recipitation Causes and Cons~ences”,
~viromnt 22 (my, )980) : 9-11.

,
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1.

2.

3.

4.

5.

6.

-D I

me estimated ~ sustained yield or

2.4 million m3 per year.l

annual allowable cut is

The conversion of sustained yeild volume to weight of bi~s

is 2.4 x 106 m3 x 0.37 oven dried tomes (ON) per m3 =

8.9 X 105 ODt2

8.9 x 105 ODt of bi-ss is converted to total biomass

potential using a correction factor of 230% or 2.3 .

8.9 X 1050Dt X 2.3 = 17.8 xODt X 105

17.8 ODt X 1050Dt = 17.8 X 108 kg.

17.8 x 108 kg x 10.5 Nfig green wood3 =

186.9 x 108N or 1.87x 10

10.5 M x 101’ or 1.05 x l~s jo~e

1.87 X 1016 = 18.7

=urces: 1.

2*

3.

D. I. A.N.D.

petajoules (PJ)

Ebrest hag-nt

Peter Love and -lx Overend, Tree power, p. 7.

Love and ~erend, p. 35.

,
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Program: Ehergy from ~rests (-R) Budget: $29.9 Ntillion for the
total period

be Frame: 6 years - FY 78-79
FY 83-84

~ jective:

~ carry out research, development and dmnstration projects to provide a
technological basis for the substitution of fossil fuel suppliers by biomss
to the extent of 8% of Canada’s pra energy demand by 1985; and to develop
technological know how to go mch further than 8% (with respect to liquid
fuels for trqrtation purposes) .

. .,

Mandate:

m provide funding for R & D to the private sector and provincial governments
to meet the above objective.

@@rdinators: Ontact:

~FOR Secretariat a) Dr. T. S. McRnight, Director
~adian ~restry Service (819) 99701683
~viroment Canada b) Dr. R.C. ~bbs, Biomass
Place Vincent wsey Production Coordinator
19th Floor c) Mr. R.J. wale, Biomass
Ml, Qekc Onversion ~ardinator
KIA 0E7 (819) 997-1682

d) Mr. L.G. Bfore, Rogram
Secretary (819) 997-3407

staff : Total of 15 person
years devoted to the
program.

,
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@rrent Projects:
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,-

45 proj=ts are currenfly being funded with four special d-nstration
projects done under the tirella of -R. ‘Ihe total funding for the 45

proj=ts is $2.95 minion and the f ding for the four s~id projects totals
$1.27 million.

~f ormation on Projects:

AI.1 projects are conducted on a fully funded contract basis. Ontracts have
&n tie through RFP’s horn DDS and by open solicitation by -F.

Surce: 1. ~ter Love, Biomass Eherqy in -da
(Ottawa: EMR Reprt ER-80-4E) .

,

.-
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Program: Fbrest Industry Wnewable Budget: $103 tillion for the
~ergy (F~) total period

$8 wn 79-80 $28 M-FY 82-83
$11 *FY 80-81$37 M-FY 83-84
$19 *FY 81-82

!ri.me frame: FY 78-79 FY 83-84

Cbjective:

me objective
utilize waste
dependence on

mate:

of the FIRE program is to provide an incentive for industiy
forest biomss as a source of energy, thus reducing the
traditional non-renewable resources.

~ a~ove and provide funding to meet the above objective.

to

Cb-ordinators:

~nservation &
~ergy Branch

580 BOOth St.,
~ti.wa, KIA OE4
(613) 995-1801

Contact:

Rnewable -sh mej a
=ad FIRE Program

6th Floor

~rent Projects:

65 applications have been made to the FIRE program. 45 have received formal
approval, the rest are being processed. *

Information on Projects:

~ respond to the need for a program to stimulate the use of forest biorr=s
residue as fuel, the F~ program was established and announced in July, 1978.

‘Ib be eligible for FIRE assistance, a project must involve an installation of
capital facilities to be used for one or mre of the following pu~ses:

1. Direct c-stion or gasification of forest bi-ss, such as hog fuel,
sawdust, slash, etc. , to prcduce energy that will be used in ‘&e
applicant’s manufacturing operations or in an associated ccannunity, or
hth.
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2. Conversion of forest hi-s into prepared fuels
valuer trwrtability or storage properties.

having enhanced heating

3. Incineration and recovery of pulp mi~ spent liquor, to produce a net
energy surplus which will be used in the applicant’s manufacturing
o-rations, or in an associated ccnTnnunity, or both.

*Up to day infomtion is available tiom the FIRE secretariat.

,—
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Program: Biomss Ehergy man Budget: $150 Million
Qlarantees (BELG)

‘I!jlne  Frame: July 1978 to
March 1984

)

me objective of the loan guarantee program are to help reduce. Canada’s
dependence on ~troleum through the substitution of forest residues or
municipal wastes, and to encourage the efficient use of energy through
cogeneration of heat and electricity.

co~rdinators: Ontact:

FIRE Secretariat Subhash June]a
Conservation & wewable co~rdinator
~erg y Branch (613) 995-1801

580 Booth St., 6th Floor
Ottawa, KIA 0E4
(613) 995-1801

~rrent Projats:

m loans have b- approved to date due to the newness of the program.

Information on Frojects:

~ imprtant role in achieving the ahve objectives can be played by
bio~s~ed mlt ialient energy systems - local utilities or their
equivalents - which can take advantage of the subst ltutlon and conservation
o~rtunities ~sioned by the integration of industrial and residential
energy demands. ~tending federal guarantees to loands made to such
organizations, or to special -pu~se loans mde by utilities, industries,
municipalities, or those of their joint subsidiaries have appropriate
borrowing pwers, will lower cost of capital and attract new lenders.

me total cumulative guarantee ceiling will be $150 million with a maxhum
guarantee of $30 million available to any single project.

Eligible pro jects are bianass-based utility generation facilities, or
dt i-client energy systems dedicated to an industrial co~lex and pssibly
its asscciatd settlements=

,
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mPENDIX XIII

Biomass G3sif iers

Major Effects

Particulate air pollution, expeci~ly

PlyCyclic organic rotter which is

potentially care incgenic.

tigh particulate emissions, high ~x

and SOX missions

Occupational wzards from toxics in raw

gas e.g., ~, H2S, ~. Water
pollution tiom oxygenated hydro-carhns.

Source: 1. Steven E. Plotkin, “Fnergy Frcm Biomass”, ~vironment

w1. 22 (~v. 80) : 6-14=


