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ABSTRACT

This thesis examines the potential for solar energy systetns as a

heating source in existing residential areas. The environmental impacts

of solar energy vs. fossil fuels are evaluated, a'long with solar

energy's potentiaì contribution to grgss energy supply' Generic types

of passive and active solar energy systems are outlined in terms of

their operational principles, and criteria for the retrofit of solar

energy systems to existing housing are evaluated. Through the use of a

case study approach to two |llinnÍpeg residential areas, these retrofit

criteria are evaluated in terms of existing housing stock, street

orientation, vegetation, housing age and ínsulation levels, and present'

mode of heat supply. Physica] and legal mechanisms to protect solar

access i n resi denti al areas are revi ewed, 1 eadi ng to certai n po1 i cy

recommendations. Methods to evaruate the financiar suitabiìity of solar

energy systems are presented, and positive and negative factors affect-

ing the economic viability of solar energy systems are analyzed' F'inan-

cial incentive programs to increase the use of solar energy are then

eva'l uated, 1 eadi ng to certai n po] i cy recommendati ons ' The thesi s

sutnmary outlìnes the prospects for Solar ener$/ use' aS an outCome of

the case study and the criteria for financial evaluation'

i
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1

INTRoDUCTIotI

The purpose of this thesis is to examine what contribution solar

energy can make to residential heating, in particuìar the retrofit

application to existing housing versus new subdivision housing" The

accompanying diagram outlines the basic structure of this thesis:

Chapter 1: Solar Energy as a Resource

Chapter2:SystemTypes-ActiveandPassive

ChaPter 3: PhYsical Evaluatíon

Chapter 4: Financial Evaluation

Chapter 5: Prospects for Solar Energy

chapters I and 2 are the result of an extensive literature search on the

environmenta'|, socio-economic, and technological aspects of solar energy

use for space and water heatÍng. chapter 3 incorporates a case study of

two exi sti ng areas i n i,li nni peg, the analysi s and eval uati on of case-

specific data, a review of various legal mechanisrns to protect solar

access, and specific policy recommendations arising frotn the case

study. chapter 4 analyzes two methods of financial evaluation that have

been outlined in government, literature for solar energy systems, evalu-

ates the use of financial incentives, and identifies financial policies

that would promote the residential application of solar energy' The

summary presents the prospects for solar energy in terms of a mathemati-

cal model by another researcher and in terms of project"ions for fuel

rnarket share bY so'l ar energy.

Prior to the start of chapter l, it would be useful to present a

synopsis of the thesis content jn order to c'larify the scope of this
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work. The first chapter reviews the historical context of solar energy

i n terms of agri cul tural , resi denti al and i ndust¡i al appl i cati ons '

Solar energy is defined in terms of its physical characteristics and the

types of technologies that it can be applied to. The obiectives of

i ncreasi ng energy suppl i es and reduci ng envi ronmental impact are

reviewed in tertns of soCio-econotniC Costs and current energy use among

the residential, commercial, industrial and transportat'ion sectors'

ehapter 2 presents data on the current space and wat'er heati ng

demand by region in canada, and how energy is currently applìed to tne

residential sector by different fuel types" This defines the context

for t,he potential contribution of active and passive soìar energy to

meet resi denti al energy demand. Passi ve sol ar energy syst,etns are

defined by the collection-gain and storage-recovery cycìes' and in t'erms

of the principal methods of heat transfer by radiation' conduction and

convection. Generic types of passive systems are presented' defined as

either "direct" or "îndirect" heat gaín inethods' Active solar energy

systems are defined in terms of their components of coìlector' storage,

distribution and controls, and auxiliary energy supply. Generic types

and operational principles of active systems are revjewed with respect

to their potentÍa'l impact in a residential retrofit appìication'

chapter3identifiestheperceivedbarriers(financia'l,physical

and institutional ) to the wider impìementation of solar heating in

canada. Principle factors affecting the retrofit suitability of active

and passive systems are discussed - these factors are: solar access'

roof form/ang]e, heat storage, therma.l insulation, and heatjng system/

fuel type. Each of the passive and active system types previously
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identified in Chapter 2 are then evaluated with respect to each of the

above retrotit criteria, in order to determine the advantages and/or

disadvantages of the system types. A case study analysis of two Illinnipeg

areas is then carried out; the two study areas are selected by means of

speci fi c cri teri a so that compari sons can be made between the study

areas and so that results can be extrapolated to the City of Hinnipeg as

awhole"Variouslegalmechanismstoprotectsolaraccessarereviewed

with respect to their feasibi1ity in existing urban areas' comb'ined with

the analysis of the case study areas, this leads to specific

recommendati ons to achi eve the physi ca] retrofi t of sol ar

systems.

chapter 4 presents two methods used in the financial evaluat'ion of

solar energy systems: payback period and f ife cycle costing' criteria

or factors affecting those two methods are evaluated, such as government

grants, preferred ]oan rates, capital costs, fue] price escalation, and

property tax assessment. This leads to the identification of those

fjnancial incentives that would have the greatest impact on 'increasing

the market share (implementation rate) of solar energy systems' In

turn, poìicy recommendations are made and the mechanisms (ie' change in

statutory 1aw) to accomplish these recommendations are presented'

The summary to the thesis outlines the prospects for solar energy

based on case study conclusions, a mathematical model incorporating the

rati o of I i fe cycl e costs of sol ar energy systems to conventi onal fuel

systems, and projections for the fuel market penetration of solar energy

by region in canada. General trends for space vs' water heating appli-

cations and multipìe vs. single family residential applications are

identified. Several scenarios for the world energy markeE share of

solar energy are postulated in comparison with conventional fossil fuels

and nuclear Pov'/er.

pol i cy

energy
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1..1 II{TR0DUCTI0ll

ThepurposeofChapterj.istoout]inethecharacteristicsofso]ar
energy as a fuel. A brief history of the appìication of solar energy

will be given, illustrating how solar energy has been used in t'he past

for residential space heating, crop drying" and industrial app'licatÍons

The use of Soìar energy has not become widespread due to fjnancial'

physical and ínstitutional constraints'

Soìarenergywillthenbedefinedintermsofitscharacteristics,

ie. its thermodynarnic potential, dilute intensity, and daily and seasgn-

al variability. Different types of technologies applicable to solar

energy will be introduced, with the focus in this thesis on the space

and water heating of buildings. The obiectives of increasing energy

efficiency, contributing to energy supplies, and reducing the environ-

rnental impact of fossil fuels will be examined' Solar energy can m'itj-

gate the environmental Ímpact and socio-econolnic costs associated with

the use of fossil fuels by means of substitution' The argument is put

foward that the future cost savings t'o society of the use of solar

energy should take the form of financial incentives now to consumers in

order to prolnote the wider use of solar energy' In addition' the supply

life of finite fossil fuels can be lengthened by partial substit'ut'ion of

solar energy" The current energy use in Canada among the residential'

commerciaì, transportation and comtnercial sectors is also reviewed in

light of solar energy's potential contribution, in particular the space

and water heating of buildings.

The summary re-iterates the main parts of chapter L, and concludes

that the ultimate acceptability of solar energy is dependent' upon the

factors of economic viability, reliability, env'ironment'al impact and

public attitudes towards ìts acceptance'
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L.2 SOLAR ENERGY AS A FUEL

L.2.t Hi story

Dwellings using the sun's energy to be heat'ed or cooled have been

built for many years. Intuitively, early man constructed shelter to

take advantage of the beneficial effects of proper building exposure to

the sun and local climatic conditions. serious stutlies of the sun and

its potential began i n the 17th century through Gal i leo's and

LavoiSier's research"l Archimedes is reputed to have set fire to a

Roman fleet, in 212 B.C. at Syracuse using small square mirrors as hinges

to focus the sun,s rays on t,he sails of Roman boats"2

By the 18th century, diamonds had been melted and heat engines

1ater operated wìth energy suppìied by the sun. The French sc'ientist

Nicholas de saussure constructed a solar hot box similar to present f'lat

plate solar collectors and obtained a temperature of BSoC; and' by lat'er

chemical'ly coating the glass surface, temperatures of 160"c were

obtai ned.3 in 1883 , the sun v'ras used to desal í nate water i n Sal i nas '

chile by the means of wind-pumped salt water in a 50,000 square foot

still producing 5,000 gallons of water per day. Augustin Mouchot also

powered a printing press in the LB80's via a sun driven steam engine'4

lIt I ementi Solar Technolo in Canada, M.K. Burkowitz, EnergY'

Mi nes an s0u s na a, , p

2 lbid, p. 3"

3 "Solar Energy Through the Ages," Solpìall'R
Drawi ng-Room g.uphi Jte.ui ceé Ltd. , Vãncouvãr-lT97l-, p

4 tui ¿.

Kaduì ski , (tf¡e
1.
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However, the 19th century advances in the sophistication and application

of solar energy techniques were soon to be hindered by the emergence of

cheaper fossil fuels.

By 1930, the practical use of the sun's energy was made in Florida

and California wit,h domestic solar heaters; however, the market for

these heaters declined in the 1940's due to competition from low-cost

systems using natural gas.5 gther countries such as Australia' Japan'

ïsrael, and the USSR have also utilized commercial systems for the

supply of domestic hot water" The first building to use space heating

by means of solar hot water was constructed in 1938 at M'I'T',' and an

additional twenty experimental building heating proiects were c0n-

structed between 1938 and 1960 in the United States'6 The first

Canadian solar heated house was built in Surrey, B.C. in i971' Another

example has been the New Alchemy Institute'S "Ark" building in Prince

Edward Island, a government-funded demonstration project cornbining the

principles of passive and active solar heating and a self-sustain'ing,

ecol ogi cal ly-consci ous 1 i festyl e i ncorporatî ng the harvest'Í ng of food

and fish in a passively solar heat'ed greenhouse'7

It can be seen, then, that, the use of solar energy for residential

heating has a technological heritage. To date, technologies to harness

and use soìar energy have been adequately demonstrat'ed, particular]y for

solar space and water heating. ilidespread impìementation of solar

5 N.r. Berkowitz, P. 2.

6 luid., p" 3.

7 The "Ark" !{as closed in ear'ly 1981 due to a laCk of governrnent

i nterest and fundi ng.
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and 'i nsti tuti onaì
energy has

constrai nts.

not occurred due to physi cal , f i nanci al

It is clear that solar energy can have a vital role to

play as a future supply source, if constraints t'o implementation can be

overcome. Scientific advances will continue to build on the technical

evolution that has occurred to date, with opportunities to make solar

energy systems more cost-efficjent and in turn increase their rate of

use"

L"2"2 Definition

The application of solar energv to heating and cooling of buildings

includes the comfort heating (and cooling to a limited extent in canada)

of residentiaì, commercÍal and Índustrial building space' the provision

of hot water, and certai n technol ogi ca1 1y rel ated agri cul tura'l app'l i ca-

tions such as greenhouse heating and crop drying' A number of different

technologies exist today to convert solar energy into useful energy

forms:B

1. Solar Heating and cooling of Buildings (includes agricultural

appl i cati ons )

2 " So'lar Therrnal Energy Conversi on

3 " l,lÍ nd EnergY Conversi on

4, Bioconversion to Fuels

5. 0cean Thermat Energy Conversion

6. Photovoltaic Electric Power Systems

This thesis will focus on t,he first app'lication, particularìy with

I Sol ar Ener P roi ect Independence, P. i-3.



respect to Space and water heat,ing in residential

10

appl i cati ons. There

will be references made to soìar photovoltaic systems in terms of land

use impact and cost efficiencies'

Thefollowingdefinitionofsolarenergycanbemade:
,,The sun is the major Source of energy- for the earth' Solar

energy set; if'ã äitotphere and oceani- i n moti on, creati ng the

wi nds and ocean currents; i i dri ves the hydro.'l o-gi c 
, 
cycl e, the

p.ìrá.v ¿.iã.*i-niÀt ot cÍimate; it makes possible photosynthe-

sis - ¿yre óónversion of sunlight into- stored chemical energy'

The sun *ui-..rpõnsibìe in rem-ote geologic tirne for the forma-

tion of fossii-'fuels. These proces_ses constitute the conver-

sion of tnã'iun't-.n.rgy into'countless different forms before

it is utttmaiäïv-¿Àgraãäd into ìow-temperature heat and radia-
red back iäiõ "tpá.Ë. Thi s 91 obaì sys-tem i s i n- equi I i bri um

with the Íncoming energy in t]fre form of ultraviolet, visible
andinfraredradiationba]ancedbytheoutgoingheat
radi ati on. "9

The solar energy input to the earth is 130 watts per foot for a

total solar flux of L7g x 1012 kilowatts (continuous for the whole

globe) or 5.3 x t021 BTU per Year.10 0f this annual amount, 36 x 1021

BTU per year are retained wíthin the earth's atmosphere and surface and

roughly 2.4 x 1021 BTU per year are absorbed by the surface, as illus-

t,rated by the solar energy flows in Figure 1.11 Although solar radia-

tion theoretical'ly has a very high thermodynamic potent'ia'l (i'e' the

solar energy received by the canadian land area greatly exceeds the

present rate of energy consumption), its extremely dilute influx density

and great variability have made it difficu]t to convert this energy

9 Sol ar Energy in America's Future: A PreliminarY Assessment,

p. 1.

10

Admi ni stra
Sol ar Ene endence, ( U.S. Federal EnergY

0[' as ng fìt

11 Ibíd. , p. A-I I-17.

Project In
,P' 6
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economi ca'l 1y wi th exi sti ng technol ogy ' 12

sol ar energy i s i ntermi ttent wi th vari ati ons caused by weather and

with daily and seasonal changes in the supply of sunlight and wind' As

suntight is a relatively dilute form of energy compared to fossil and

nuclear fuels, large collection areas and storage units are required to

generateequivalentamountsofenergy,incurringhigherinitia]

than competing conventional fuel sources. Because solar energy

widelydispersedenergyform,unlikepresentconcentrationsof

fuels requiring high]y developed distribution networks and centralized

urban storage, it is possible to provÍde either smalt Íntegrated systems

at points of use (dispersed production), or large central po!{er stat'ions

and associated distribution networks.13 Dispersed systems' such as roof

top residential collectors, are much less vulnerable to singìe point'

f ai I ures or damage cornpared to 1 arge central pov''er systems wi th

associated power dist'ribution eenters'

1"3 I{HY SOLAR E}IERGY SHOULD BE UTILIZED

1 .3 . I Obi ecti ves

Energy, Mi nes and Resources Canada has .i denti fj ed two basi c

objectives central to canada's future energy policy;14

rz New Ene Technol o H.C. Hottel, J.B. Havard, (MIT Press,

Cambri dge, SS. '
13 sol ar Ene Project In endence , p. T''2 .

Ene Conservation in Canada: Pro rams and Pers

costs

is a

fossi I

14
( Energy, nes an sources ana a, ' P'

ecti ves.



I ,,How can we increase the efficiency with which_we use energy

order to reduce iñã-.iiu of growth- of our energy consumpt'i on

ãn-ãnuiron*éntul ii-ùã-ioci aTly acceptabì e way?"

13
is
in

2.,.Howcallweeconomically-rnajntain-andincreaseourenergy
suppl i e! 

'i 
n'ãn ãnvl ron¡nãníal ly an¿ social 1y acceptabl e way? "

The first objective identifies the necessity of reducing canada's

present energy requirements through the use of 1ow-energy processes, and

by altering consumption habits. Present energy demand pat'terns reflect

the established habits of individuals, industries and governments lnore

"appropriate to a period of cheap and abundant energy"'15 As conven-

tional fuel supply sources, particularly non-renewable fossil fuel s'

become inereasingly costty they will have t'o be used more efficiently by

accomplishingagiventaskusingfewerunitsofenergy.

The second obiecti ve i dent,i fi es the need to devel op adequate

supp'l i es of energy f rom al ternati ve sources i n order t'o reduce the

dependence on imported fuels, and to bridge the projected shortfall

between energy supply and demand fsr fossìl fuels, particuìarly oi1"

Thus,,,the realities of the energy future indicate the wisdom of

accelerated efforts to develop neuJ and renewable energy forms' to stand

beside hydro-electricity as the basis for a sustained, clean' and econo-

mically viable energy structure.''16

The socio-economic argument for the use of solar energy in t'he

space and water heating buildings can be based primariìy on two factors:

(1) tne reduction of environmental impacts caused by fossil fuel use due

to the partiaì substitution of these fuels by solar energy' as solar

15 ibid., p. 1.

National Ener16 The
Canada, 0t awa, ' P'

P ram, (EnergY, Mines and Resources
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energy is essent,ially a non-polluting "fuel"; Q\ the contribution of

solar energy to make up for shortfalls in fossil fuel supply, thus

lowering canada's dependence on imported fuels (particularly oi1) and by

means of substitution, lengthening the stock life of the finite fossil

fuel s.

1.3 2 Envi rontnental Impact,

Onemajoradvantageoftheuseofsolarenergyisthat,itis
essentially non-polluting when compared to conventional fuels used in

the residential sector, particularly oil and gas' Environmental groups

have prornoted solar energy for this reason, but solar energy has been

seen by governmental agencíes as an energy supply source to help match

energy demand with suppìy. þlhen applied to the heating and cooling of

buildings, solar energy does not introduce any new materials require-

ments (other than collector components) and reduces pollution to the

degree that, it replaces conventional energy sources'

Figure 2 "Environmental Impact of Conventional Energy Technolo-

gies," illustrates the by-products from the use of fossil fuels' nuclear

electric power, and hydroelectric power, and their wide-ranging effect's

on the eco'logy (air, water, and land) and human health and safety'

while hydro-electric power is a non-pollutin9 energy source, it can have

negati ve ef f ects on water I eve'l s, 1 and, and mari ne ecol ogi ca] systems '

Combustion of fossil fuels results in the release of particulates' sul-

fur oxides, carbon oxides, nitrogen oxides, and hydro.carbons from

residential use, generating stations, and refinery or fuet processing

pì ants.



15

EnvìronrÌental Impact of Conventional Energy Technologies

Energy Source

Imoact on

Combustion of
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In a st,udy done by M.K. Berkowitz of Energy, Mines and Resources

canada, costs can be attrîbuted to air pollutants from residential com-

bustion in terms of health and ecological effects. By distributing the

specific costs among the conventional residential fuels, costs of air

and thennal pollution per single-family dwelling unit can be derived'

In Table 1, the 1990 scenario projects a different distribution of

energy suppìy for the residential sector, due to a reduction in the use

of oi I and an i ncrease i n the use of uti I i ty coal for space heati ng and

el ect,ri c power generati on.

Table 1: Air and Thermal Pollution
)17

Costs Per Single FamilY
Dweltins Unit (Canada

( $1e80)
Source

Home 0il
Home Natural Gas

Utíl ity 0i1
Utílity Natural Gas
Util ity Coal
Thermal

1975 Scenario 1990 Scenari o

$ 3.136
.222
.119
.026

6.765
.484

$ Tol¡m-

$ 2.242
"197
" 168
.046

18.064
1.316

$ u.rTo

The present va]ue in 1980 dollars of pollution costs saved through

the substitut'ion of solar energy can be projected over a 25 year period

to 2005 for single and multipìe dwelling units, assuming írnplementation

rates of 5.0 or 10.0% for new dwellings and an annual retrofit rate of

.23% for existing dwelling units in Canada.18 The pol'lution savings

L7 I I ementi Sol ar Technol o i n Canada M'K' Berkowitz' (Ener-

gy, Mi nes a sources ana a, l{ô, ,P' 90.

18 "Retrofit," is the adaptation of an energy technology, ìe'. a

sgl ar energy system, to an exi sii ng dwe'l'l i ng vs. a- bui I t-i n systetn il:
ãó.p'.ãiã¿"i n ä'ñãw' ¿wel l i ng desi gñ. An anñual "retrofi t rate" of '23%

i ndi cates t,hat on the average .23;t of exi s'Bi ng dwel 1 i lqt- ryoul I retrof i t'

a solar energy system every yeai, or about 1 in every 435 dwellings'
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generated'in Table 2 cou'ld be even greater if a larger retrofit rate was

assumed, and convent'ional fuel

housi ng market coul d greatlY

housing market"

and pol 1 uti on savi ngs for the exi sti ng

outwei gh savi ngs generated i n the new

of Pollution Savings
9Table 2: nt Yalue ($000)-

25 Year Horizonr
Prese
0ver

Imp I ementati on Rates:

Dwel I i ng Uni t

Si ngl e
Mul ti pl e
TOTAL:

*

1975 Scenario*

0% L0%

1990 Scenario*

L0%

53,765 66,432
39,640 33,492
83,405 rlg ,924

0%55

26,238
19,340
45,578

32,420
26,098
58,518

Assumes an annual retrofit rate of .23% for existing dwelling units'

It can be argued that these pollution savings are savings attribut-

abl e to governments i n terms of the reducti on of negati ve external i -

ties" National and/or provincial governments can then redist'ribute

these future savings (over the 25 year horizon) to residential energy

consumers, but more heaviìy weighted in t'he early years in order to pro-

vide incentives for consumers to adopt solar energy.20

Another environmental impact resulting from the burning of fossil

fuels, not, taken into account in Figure 2, is the effect on the world's

heat balance. Even though fluctuations in the Earth's average tempera-

ture have decrined srightry since 1940, "heat isrand effects over maior

cities have already created significant changes in climate by waste heat

19 Source: M.K. Berkowitz, P. 105'

20 0ther government savj-ngs can be attributed to the reduction in

subsi di es for iffi;üã 
-rossi 

r "iuer s due to the reducti on i n dernand

through fuel substi tuti on by sol ar energy '
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rejection at the generating sites and t'he end use parts'"21 A maior

shi ft i n the use of sol ar energy by the year 2000 coul d reduce 'or negate

these atmospheric "greenhouse" effects through a reduction in waste heat

rejection at the generating site. The continued use of fossil fuels

into the middle of the 21st century could further raise the concentra-

tion of carbon dioxide (C02) in the atmosphere, possibly resulting Ín an

increase in gìobal atmospheric temperature - dependent on the degree of

control of particulate emissi ons'22

The widespread implementation of solar energy is not without some

at,tendant environmental impacts. It has been speculated that local or

meso-scale climate changes might occur due to large collector surfaces'

particularly ìarge-scale electric-generat'ing plants'23 In addit'ion'

large central solar po!{er plants prov'iding district' space heating or

generating eìect,ricity have land use impacts, due to the large land

areas required to coìlect sufficient' energy for a centralized plant with

a dist,ribution network. Figure 3, "Land Requirements for Electricity

Production" compares the land areas required for solar photovolt'aic and

solar thermal power plants versus power plants using coal or biomass'

However, dî Spersed sol ar col I ectj on uni ts, i . e ' roof-mounted col I ectors '

usually permit dual use of land area while not requiring expensive urban

land (in the case of urban utilit'y systems) '

Large-scale applications of solar energy will i.n.1 to be exami ned

?L

22

23

So lar Energy: Pro¡

ibid., P. A-II-iii.
Ibid., P. A-II-iv.

ect IndePendence, p. I-28"
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t,o ensure t,hat they are at least as environmentalìy benign than the con-

venti onal sYsterns theY rePl ace '

1.3.3 Ene Demand and Su I

A second major argument made for the increased use of solar energy

ís the savings to society of the non-renewable resources which would

otherwise be used for space and water heating" The substantia'l reduc-

tion in the consumpt,ion of fossiì fue'ls would allow the use of those

fuels for processes for which alternative energy sources are either not

yet practical or cost-effective, such as transportation and indust'rial

processes" This in turn would lengthen the supply life of the finite

f ossi I f uel s , a1 1 owi ng addi t,í onal ti me to deve'l op al t'êrnati ve energy

fuel s for these sectors.

l,lorld fossiì energy resources could be essentially exhausted within

the next century if past growth rates of consumption continue; coal will

last for centuries only if the rate of consumption does not grow' In

addition, it is problemat,ic to expect nuclear sources to repìace fossil

fuels completely because of unresolved technical problems and uncertain

acceptabilitY to the Publ ic'24

FÍ gure 4, "canadi an Energy Fl ows ( 1973) ," i 1 l ustrates the sources

of energy (hydro, nuclear, natural 9ôs, coal' and petroleum) and how

they are dist,ributed among the príncipal end-use sectors of housing'

commerce, industry, and transportation. The resident'ial Sector current-

Sol ar Ener in America's Future: A Preliminary As sessment,?4

p. 72.
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1y accounts fOr approximately 20% of secondary energy consumption in

Canada, although this proportion has been declining.25 Space and wat'er

heating of buildings (including non-residential appl ications) consti-

tutes about 32% of total secondary energy consumption, so the widespread

implementation of solar energy has considerable potential for reducing

non-renewable fuel demand in Canada'26

Figure 5, "DiStribUtiOn of Net Primary Energy Demand"' diagrarns the

demand distribution among the prirnary end use sectors includíng the

energy suppìy sector. The 1990 Conservation Scenario i1ìustrates the

change in distrÍbution among these end-use sectors due t'o conservation

measures, i.ê" the residential sector is proiected to decline fron L9%

ofnetprimaryenergvdemandinLSTZtuoL3T"in1990.

In the residential sector, the most immediate problem will be the

use of fuel oil for space and water heating. Fuel oil currently accounts

for 53.01" of resident,ial space heating in canada, and has a market

presence for residential water heating in the MaritÍmes and Quebec'27

ì/orld supplies of conventional fuel oit are projected to decline after

25 Ene conservation in Canada: Pro ams and Pers cti ves p.

con energy consump on S n as ne p16. "Se ry
I ess convers i on 1 osses and non-energy uses (see Figure 4). d-use"

sect0 r i s a sector of the economy (ie. resi dent,i al , i ndustri aì , commer-

cial ) that generates t,he demand for specific fuel s.

Homes, R. Kadulski26 Sol ar Ener for Exi sti n

ancouver, 1e78),Drawi ng-Room rap c erv ces

mary
"En

nd

.t

, T. Lyster, (The
p. 1.

27 M.K.
of the market
Maritimes and
f ami'ly wat,er
rnul ti pl e- f ami
Canada, House

Berkowitz, P.84. Fue'l oil has 42"/" and 23%' res tÍ ve1Y,pec
ingshares for si ng1 e- fami 1y residential water heat in the

auebec. West of Quebec o i I has no modest share of s'i ngì e-

heati ng, but does contri bu te 10% and 24%, resPectiveìY, of
ly water heating in Ontario and B.C.

uipment, 64-202.hold Facilit ies Eq

Source: Stati st''ics
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Distribution of Net* Primary Energy Demand, 1972 and 1990

NON-ENERGY
USE 4%

1972

TOTAL=5.88 x 1O5BTU

ROAD
17.5%

5.5o/o

1990

CONSERVATION SCENARIO
TOTAL=8.41 x lorsBTU

NON-ENEBGY
USE //o

ROAD
160/o

OTHER

60/o

*lixcludes adjustment to convert hydro and nuclear electricity to approximate fossil fuel

equivalent.
** 

Includes conversion losses'

Sourc6 r
(Energy, HfD€8

RESIDENTIAL
19o/o

INDUSTRY
25.5o/o

14o/o

IAL¿
ENERGY''
SUPPLY

14.5o/o TRANSPORT
I

RESIDENTIAL

13o/o

ERCIAL

INDUSTRY
29%

\
TRANSPORT

/ eruERcY"
SUPPLY

16%

FIGURE 5: DISTRIBUTION OF NET PR]MARY ENERGY DEMANDI 1972 & 1990
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1990, and thus the substitutional use of solar energy, particularly for

the residential market currently using oi1, could heìp to lengthen

supplies of ìess expensive conventional oil "

consumer decision to replace oi1 wÍth solar energy (ot'her than a

back-up supply systern) wi11, of course, be dependent upon the compet'ing

costs of natural gas or electricity and any added governtnent financial

incentives to proilote the use of solar energy. However, it Can Þe

reasoned that solar energy should be accounted for in terms of primary

fuel saved frorn the marginal resource - the least efficient, most costly

new Source for whi ch sol ar energy substí t'utes - rather than the average

or ,,blended" price of current oiI supplies froln conventional, non-

conventional, and imported sources'

sol ar energy poì i cy, therefore, shoul d be vi ewed i n terms of what'

the technol ogy can contri bute towards nati onal sel f-suffi ci ency i n

energy and securitY of suPPlY.

1"4 SUl,ll.ilARY

Sol ar energy i s an i nexhausti l¡l e and essent'ial 'ly po'l 1 uti on-f ree

energy resource that, can be col I ected and used to heat and cool bui I -

dings. The contribution in Canada of solar heating, and to a limiEed

extent solar coo'ling, will be to reduce the demand imposed on conven-

tional fuel supplies in residential, commercial, and industrial space

and water heati ng appl i cati ons. I n addi ti on, external di seconomi es ,

such as health costs due to air po]lution frorn the combustion of conven-

t,i onal fuel s, shoul d i nfl uence publ i c deci si on-makÍ ng to provi de fi nan-
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tional fuels, shouìd influence public decision-making to provide finan-

cial incentives to promote the use of solar energy.

Tosummarize,therateofimplementationandtheprrblicaccept-

abi 1 i ty of sol ar energy wi 1 1 be dependent upon a number of factors:

1) The reductiOn in the environmental impact of convent'ional fuels

due the partiaì sulrst,itution of solar energy and the resultant decrease

'in pollution attributable to fossil fuels'

2\ The savings to society (both government and consumers) of the

non-renewable resources which woul.J otherwise be used for space and

water heating, in terms of the additional costs over solar ener!¡y for

the amount of fuel substituted'

3) The cont,ribution of solar energv in meeting overall energy

demand (i.e. supply shortfalls) and in lengthen'ing the supply life of

conventional fuels due to partial substitution.

The ultimate acceptability of solar heating, cooling, and genera-

tion of electricity will depend on their econornic viability' reli-

abÍ 1 i ty , envi ronrnent,al impact and publ i c at'ti tu{es towards t'hei r

acceptance.
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2.I INTRODUCTIOT{

The purpose of Chapter 2 is to outline how residential energy is

used Í n Canada i n terms of demand and supply, and to defi ne and eval uate

the generic types and operat,ional principles of solar energy systems

applicable to residential energy use'

Space and water heating current,ly comprise 8B% of residentìal

energy use; however, annual space heating loads vary by region while

annual water heating loads have little regional variation in canada' In

terms of residential energy supply, the home heating market share is

presented by fuel type (fue1 oil, natural 9âs, electricity) for canada

and by regional distribution" solar energy systern types can then be

evaluated in terms of their potentiaì contribution to residential energy

use, keeping in rnind the regional variations of space and water heating'

and eurrent fuel suppty distribution in Canada"

Solar energv systems take the form of either "natural" (passive) or

,,engi neered" (acti ve) system types. Passi ve so'lar energy systetns have

the obiective of rnaximizing winter solar heat' gain and mínimizing summer

solar heat gain to residential living space. The principles of heat

collection (gain), heat storage, and distribution (heat recovery) by

means of radiation, conduction or convection, are outlined in Section

2.4.L, passive solar systems are then classified as either "direct" or

,,i ndi rect,, gai n, and i ndi vi dua'l types of di rect (wi ndow wal I , attached

Sunspace) and indirect (mass wall, mass roof, isolated gain t'hermosi-

phon) systerns are reviewed. Section 2.5 "Active Solar Energy Systems"

defines active systems in terms of their main components: collector'
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storage unit, distribution and controls, and auxilliary energy supply'

Generic types and operational principles are then reviewed, based on an

aír vs" fluid thermal transfer medium (flat pìate f iquid, evacuated

tube, flat pìate air). The components of back-up heating systems, short

term vs. long term heat, storage, and storage mediums (rocks, eutect'ic

salts, water) are evaluated in tertns of their positive and/or negative

impacts on ret,ro-fittÍng a house with an active solar energy systeìn'

The summary re-iterates the main points of chapt'er 2, and concludes

that the thermal upgrading of an existÍng house prior to the retrofit

installation of a passive or active system will increase the operating

efficiency of a solar energy system, and lessen the impact upon an

existing house in terms of collector area, and storage voìuines required'

2"2 RESIDEìITIAL EIIERGY DEMAIID

It should be noted that, within the residential sector in canada

space heating and water heating accounted for about 887' of all energy

demands in Lg72. These two applications, then, provide the focus for

this chapter due to their suitability for utilizing low grade heat frorn

passive collection means or from flat plate solar collectors'

Figure 6, "secondary Energy consumption in Residences: !962'72" '

indicates the respective shares for space heating and water heating of

tot,a] residentia] energy demand in Canada. Space heating loads in

basis în
si ngl e fami'ly and mul ti pl e fami ly dwel 1 i ngs vary on a regi onal

the fol 1 owi ng manner:
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Secondar¡' Rate
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i.rs heat in this scctor and alt of it is ionsumcd at "low" temperatures, i.c. temperatures bclow

;ôôãð: s.; v.n. nuttogrnt. , Tentperature Disffibution or rhe Energy consumed as Heat in

Canada. Atomic Encrgy ofCanada Ltd', Pub' No' AICL'S235' Oct' 1975'

;i:lil"::.:Ï""Ï;:lÏ'ffiï;,.W,(RoyaIÀrch1tecturaI

FTGURE 6: SECONDARY ENERGY CONSUI4PTION IN RESIDENCES: 1962 - 1972
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Table 3: Annual SPace Heating Load by Resion (rgze)1

Annual Space Heating Load (ro6 r¡/Unit)

Pra.0nt. B .C.
Dwel 1 íng TyPe Atl. Que.

63.4
44.t

64.7
45.0

B4
58

6
3

56.
39

2
9

40 .5
27 .9Si ngl e

Mul ti p1 e

Source: Sol ar Heati ng and the 0i l, Gas & Electrici Industries, P. 11.

It ca' be seen that the prairie reg'ion has the highest space heating

load for s'ingte and multiple-family dwellings, while B'c' has the lowest

space heati ng 'load 
"

The annual water heating load, however, varies little on a regionaì

basis as it, is a functÍon sf similar demands across Canada' The annual

water heating load for single family dwelling units is 15'9 x 106

ki I o- joul es (i<J ) per uni t, and 12.7 KJ/uni t for mu] ti pì e fami ly dwel I i ng

units. Figure 7 depicts the average daÍly demand pattern for water

heating in single family dwellings, which varies little over the year or

by region. The daily dernand for space heating will, however' vary on a

seasonal and a regional basis and thus must be case spec'ific'

When examining generic types of passive and actíve solar energy

systems and their applicability to space and water heating, it should be

noted that water heati ng accounts

residential energy use' and space

for about LB% of average Canadjan

heating accounts for about 70% of

1 These heat loads are representative of well ínsulated buildings

with levels of- freaU loss thai can be achieved in new construction'

Exi sti ng housi ng 
"êãck - 

*i_l I hãve hi gher annual space heat'i ng I oads

dependent upon ig., tyl. of ,conitruct1õn,- and I evel s of i nsul ati on ' The

ilfiï;î;"rãñiïv-üñitihave lorrãi ãquivarent ro about 70% or rhe sinsle

family unit heat lÓsses.



Vùater Heatinq Requirements

Domestic water energy requirements are assumed to be 15.9 x
106 KJ and I2.7 x 106 KJ for single and ¡nultiple fanrily units
respectively. :Ihis energy demand ís assumed to be spread

"qnãtty 
throughout the year with a constant characteristic

demand pattern over the 24 hours of the day, corresponding to
the time of use for the water as shown

DAILY DEÌ4AI¡D FOR WATER HEATING IN S INGI,E FN,IILY DT{ELLINGS

tçJ/hr

10, OoO

8,OOO

6, OOO

4, OOO

2,OOO

L 2 3 4 5 6 7 I 9 lO tl L2 L3I4 15 t6 17 18 19 20 21 22 23 24

Source¡ 6olar neâttng and the Oll, Gas ând Electrlclty Indu8trles, (Energy, l{luec

FIGURE 7 DAILY DEMAND PATTERN FOR IìüATER HEATING
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residential energy use.2 Thus it should be noted that a dotnestic solar

þrater heating system, whi1e potentially cost-efficjent' wiI1 provide

only 20% of the residential energy budget. It is in the area of space

heating systems that the greatest contribution to energy supply can be

made by passive and active solar collection'

2"3 RESIDE}ITIAL ENERGY SUPPLY

Home heating in canada is currently provided by fuel oil, natural

gôs, and etectricity; electricity, in turn, is generated by hydro'

nuclear and fossil fuels. Table 4, "Hone Heatîng Market Share: 1975"'

Ìndicates the supply dist,ribution of these fuels to the resident'ial

heating sector.

Table 4: Horne Heati l¡larket Share: 1975

Resi dential Heating Fuel

Fi nal Market
share (7")

Fuel Oil: 53.0%
Natural Gas: 36,0%
ElectricitY: lt.0%*

* Generated bY: Hydro
Nucl ear
Fossil Fuel**

0il
Natural Gas
Coal

62.
4.

0%

0%

0%

0%

07o

0%

53.00
36.00

6.82
.44

.67

.52
2.54

T00-.00

34

** Fossil Fuels Used:

Source: I I ementi n Sol ar Technol o i n Canada M.K. Berkowitz, L979,

2 r:gures derived
electricitY use.

18"
14.
68.

p

f roin Fi gure 6 . Total i ncl udes res'identi al
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It is also interesting to note the regional market shares of con-

ventional fuels for domestic water heating for existÍng Canadian housing

stock, both for single-family and multiple-family use (taule 5) '

f Fuels for Dornestic tlater Heating
Table 5: % t¡larket Shares o

Regi on

Atl anti c
Quebec
0ntari o

P rai ri es
B.C.

Single FamilY

0i1

42
23

0
0
0

Gas El ect.

0
0

4?
76
43

Multiple FamilY

0il Gas El ect.

0
10
50
83
48

5B

77
58
?4
57

a,ansources

50
20
10

0
24

40
70
40
T7
28

Source: Solar Heati and the 0il Gas and Electrici Industries
ner9y, nes an p

Apart frsm hydro-electric povrer and to a small degree wood' canadians

are completely dependent on non-renewable sources of energy"

2.4 PASSIVE $LAR E}IERGY SYSTEI.IS

Solarenergyisauniqueformofenergybecauseitappearsins0

tnany forms, producing fueì, pol,Jer, electricity and heat. Forms of renew-

ab]e solar enengy include wind power, biomass, and hydraulic power' 0f

theseformsofsolarenergy,energycapturecanbeachievedbytwo

genera'l types of collectors: natural and engineered' Passiva solar

ener$/ can be naturally collected through geophysical processes such as

wanning solids or liquids in storage form, and then utilized when heat'

i s re-emi tted and di stri buted from storage through the naturaì processes

of radiation, conduction and convection. Solar energy can also be cap-

tured by engineered solar collectors exptícit1y des'igned to distribute

heat for space and water heating (flat plate or focussed collectors)' or
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cel I s"

34

by means of solar-activated photovol- taic

? "4.L Def i ni ti on and Cl assi fication

There is significant potentia'l for the passive use of solar energy

through the correct utilization of the design and alignment of build-

ings.Passivesysternsincorporateaseriesofarchitecturalpr.inciples

that maximize solar heat gain during the winter and minimize the solar

heat gaÍn during the summer.3 With a passive system, the bu1'lding Ítself

is designed to collect, store and distribute the solar energy' while an

active system has separate components and mechanical means for collec-

tion, storage and distribution. In a passive system, the functions of

solar energy Collection and storage are generally combined in a single

unit that is located in or adiacent to the ìiving space, and the trans-

ferofheat(directorstored)takesplacebyradiationornaturalcon-

vecti on. Thi s " uni t" rni ght be a speci a'l ]y desi gned energy storage wal 1

that absorbs heat, an attached greenhouse or "sunspace", or it nlight be

the house structure itself'

The essential design intent of a passive solar heatìng system is

"to make the buiìding itself, rat'her than its mechanical subsystem' a

modulat,ing heat valve accepting, retajning or reiecting solar radiat'ion

as required by the building in iuxtaposition with its local climate'4

3 sol ur Ene in America's Future: A Prel imi na Assessment,

(u.s. E ne searc an oprnen s ra 0[' AS n 0ñ' rc

1977), p. 18.

i n Canada: A Discussion Pa êFt Bruce D.4p assi ve Sol ar Heati n

Gough, ( nergy, Ìles an sources ana

n

aV',â ' , P'
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between storage of sol ar heat gaÍ ns
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Solar gain is received through windows and/or absorbed through walìs'

and storage i s absorbed by means of "mass" wal I s that retard heat trans-

mission (time-ìag effect) and re-emit heat later resulting in a flatten-

ing of the ternperature variation curve inside the building' consequent-

ly, there is a net reduction ín the total heating requirements of the

building, in turn minimizing the backup heating system load' Heat dis-

tribution is accomplished by natural means of radiation' conduction and

convection, but can be actively assisted to improve convection to living

Spacesawayfromthepassiveco]lection'.unit'.and to prevent over-

Thus, t,he desi gn

optirnal bal ance

of natural heat

heatinginthespaceadjacenttothecol]ectionunit.

t,ransfer from storage materials in order to ¡naíntajn accept'able comfort

conditions within the 1iving space'

Someso]arheatedhousesarecombinations

passive desígn concepts, because they can gain

windows and walls even when various mechanical

collect, store and distribute solar heat to the living space.5

systems utilizíng active dist,ribution either from the coìlection or

storage areas, but not both' are terlned "hybrid" systems as they exhibit

both active and passive characteristics. Table 6 illustrates the matrix

of active, passive and hybrid systems as determined by the operationa'l

mode of their collection-gain and storage-recovery cycles'

5 ,,passi ve Sol ar Heati ng Systems-,-"- Hanna! Pavl i k ,- (Col orado State

Univers'ity Extensi;;ì.Ñ-i..1, rõtt Coliins, Colorado, July 1979 ' p' 1'

must achieve an

and the control

of both act'ive and

heat di rectlY

devi ces are

through

used to

Passi ve

:aÌ'
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Table 6: llatríx of Solar Enerqy System

Source: Pas si ve Sol ar Heati n i n Canada:
nergy, nes esources an

Storage-Recovery CYcle

Forced Natural

A Discussion P r, Bruce D.
e80).t

t

Forpurposesofdefinition,thissectiononpassivesystemswill

include "hybrid" systems with forced collection-gain cycles and natural

storage-recovery cycles, ê.9. fan.assisted heat gain systems t,o improve

heat, distribution by convection. Hybrid systems including forced

storage-recovery cycl es are i ncl uded under "acti ve" systems'

2 "4 ,2 Generi c sand0 erational Pri nci ES

There are essent,i a'l ìy two means of uti 1 i zi ng passi ve sol ar energy:

1 ) Di rect,

2\ lndi rect.

Di]nect passive systems allow solar radiation to enter direct'ly int'o a

building sunspace through transparent surfaces' where it can be distrib-

uted by means of internal air convection currents or absorbed as sens-

ible heat in fìoor and wall masses and later re-radiated into the buil-

ding's interior. "Direct"

i ntegra'l to the bui I di ng' s

systens i ncl ude di rect wi ndow gai n systerns

structure, or attached greenhouses 0r sun-

Forced hybri d
( PASSIVE )

" pure"
ACTIVE

Natural " pure"
PASSIVE

hybri d
( ACTIVE )

Col 1 ecti on-
Gain CYcle
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spaces. Bui'ldings made from materials with high heat-holding capaci Ey

and with a relatively large ratio of storage area to glass area are

charact,eristic of direct gain passive structures.6

Indirect passive systems absorb solar radiation external to the

heated space, after which heat is "indirectly" transmitted to the build-

ing space by natural conduction sr convection' Indirect systems include

mass wal'l storage, such as the Trombe wall or the water tube wall' mass

roof storage, and isolated gain systerns such as the thermosiphon system

utÍlizing the fluid convectÍve loop principle. Indirect systems such as

the water tube wall can be hybrids or combinations of both "direct" and

"indirect" systems" ThiS occurs when solar colIection and storage

(water coluinns or drums) are both contained withÍn the ì'iving space; and

principles of operation, design considerations, and factors inf]uencing

not external to it.

Each of these Passi ve sYstem

thei r uti I i zati on "

these passive soìar

following sections.

types will be examined as to their

FigureSi]lustratesthegenericc]assifìcationof

heating systems, which wi1I be explained in the

1) D irect Gain Systems:

(i) I^lindow and Stora e stems:

The simplest type of passive solar house is one wit'h a large

expanse of doubl e-paned wi ndows faci ng south, perrní tti ng di rect radi a-

tive gain to the living space. Thermal storage is achieved by means of

6 Hannah Pavlik, P.1.
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PASSIVE SOLÂR HEÀÎING

Integral
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Sun
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Sun
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conductlYe

Sun
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sourc€lr solar Por Your Pr€sent For¡e, C"S'-Barnaby, ct â1" (Berkel€y Solar Group'

@;P. 13.

Pasaivè solar Heatlnq ln Canadar À Dlscu8slon-33!å BrucG D' Gough'
. 29.

FIGLTRE B: GENERIC CLASSIFICATION OF TASSTVE SCLAR I]XATTìIG SY'TE]'S

áJ'\Y¿;::^'l
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high thermal capacity waì'ls and floors that have solar exposure' using

water and/or high mass solids as the storage medium. Daytime overheating

of the living space can be minimized if there is a relatively large

storage mass to window collection area ratio, suitable shading of the

collection surface by overhangs, and adequate external ventilation to

prevent overheating during the summer. Insulating shades or screens are

also required to minimíze heat loss at night; double or triple-glazing

of the window coilection area arso reduces night-time heat loss'

Passive solar heat gains through windows are intrinsic with the

construction of any building, and already contribute L2'5% of the gross

annual residential heating energy requiretnent of the existing residen-

tial building stock " or 2.26% of the total annual enerfly consumption in

Canada.T 0n an annuaì basis, c'lear, vertical south-facing doubìe and

triple glazing t,ransmit more usable energy than the amount lost by con-

duction at all maior locations in Canada'8 |.Jith careful design and con-

servation measures as outlined above, this passive solar system type can

contribute between 30 to 507, of the annual residential heating require-

ments.g In an existing wood frame construction house with gypsum wall-

board, the south-facing window area should be limited t'o about 6% of the

floorarea(fortheCanadianPrairieclimat,e).Ifextramassstorageis

added to the walls and floors, and overall insu'lat'ion levels are up-

graded,

area "

then the wi ndow col 1 ecti on area shoul d exceed 6% of the fl oor

7 Bruce D. Gough, p. 2.

B Ibid., p.3.
9

Saskatch
Ene Efficient Housin - A Prairie A roach,

ewan ep .0 nr ca

(UnìversitY of
search Devel oP-

ment, Group, January 1981) , P. 2l'
n neer fl9' nergy
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(ii) Attached Suns ace or Greenhouse:

Greenhouses 0r Sunspaces can be added to existing houses (or incor-

porated into new house designs) on south-facing wa]ls, trapping radiated

solar heat and using the existing south common wall for heat storage'

Thermal storage can al so be accompl i shed by means of masonry f1 oors '

water containers or rock beds. Greenhouse designs require double g'lass

panes, ground i nsu'l at,i on, and i nsul ati on of the common wal I on the

interíor side of the house, so that the house does not lose heat t'o the

greenhouse at night.10 To prevent the attached greenhouse from becoming

a net heat loser, insulation fon the glazed area is required at night'

To prevent overheating during the summer, on'ly half of the roof depth of

the greenhouse should be glazed to accomp'lish some shading' and there

shouldbeadequateventilationtot,heexterior.

This type of passive systetn requires a south-facÍng g'lass enclosed

collection space thermally linked to a therma'l storage mass' and with an

interface to the house to allow radiative, convectiVe or conductive heat

gain. The additjon of a sunspace to an existing dwel'ling has great'

retrofit potential, given an optimal orientation and t'he absence of

physical barriers causing shading during the winter, and can be'inte-

grated i nto a house desi gn i n the fonn of a gl azed court or atri um 0r

added as a lean-to (see Figure 9). Long, narrow shapes facing south

allow the sun to reach the back wall of the greenhouse/sunspace, heating

all of the space. Recommended length to width radios for a greenhouse

in lower Canadian latitudes are between 2.0 and 1'5:1'0' The greenhouse

i0 Hannah Pavl i k, P . 2.
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0

A house ç'ith a retrofit eolar greenhouse'

glazing

¡nsulation

clra¡nage

The greenhouse can eithor be attached or free standing'
where it is attacrred to the south wall of a bulldlng, theheat
!üiõiùt obtained on very sunny days can be used for

heating the building'

The design of the greenhouse-should also involve several

energy conõervation measures. These can lnclude:

- insulated moveable shutters

- insulatod foundations and ground

- alr tight constructlon

- solid insulated north wall

lri ¡l ")

SourctB r ffi; i:w,
S. Bôrnaby, et ¡1., (

6{

(Energy, Hin€g ând

insulated blind

heat storago
oil drum tor

CÀn{gl, ;,:.r,,: ì : ;l:Ì

je

FIGURE 9: ATTACHED SUNSPACE / cnreNnousu
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can be oriented within 45" to the east or west of south' but an optima'l

orientation would be between 15o and 30o east of south, to minimize

overheating during summer afternoons with a westerly orientation'11

2\ Indi rect Gain SYstems:

(i ) Mass hlal l :

A glass covered mass wall collects and stores heat dírectly frotn

the Sun, then Iater transfers heat, "indirectly" t'o the bui1ding Space

primarily by means of radiation, but also by convection-controlled air

dampers. This system requires a south facing g'lass wall with double or

triple glazing to prevent heat loss, and a thermal storage mass of

either masonry (Trornbe wal1) or water (tube wall)' If these mass walls

are contai ned wi thi n the ì i vi ng space, such as wi th water col umns 0r

rack-mounted water ,Jrums, these are more correctly classified as "direct

gain"systems as they are not external to the living space'

A Trombe wal 1 SyStem uti I i zes an exteri or storage mass of masonry

or concrete, with appropriate time lag of heat transfer' providing heat

to the building int,erior by radjation and possibly convection' vents

withdamperscanbe]ocatedatthetopandbottornoftheTrombewallto

control convective heat gain into the living space' Exterior insulating

devices can also be provided for the exterior glass to diminish night-

time heat loss, and control of overhangs can prevent unwanted summertime

11 ',Attached Solar Greenhouses (Sunspaces)^,",. !loyd |¡|a'lker,

(Colorado State--Ùniverllty rxtension Service, Fort Coì1ins' Colorado'

January 1980), p. !,2: Tryt ãriteria of orientation is explained

diagramaticaìly in Sãéiion 3.3 i'Criteria for Residentìal Retrofit" '



43

heating of the thermal storage mass (unless it is being used as a means

of hot water pre-heating which would be required in the summer)'

Trombe collector walls have achieved seasonal efficiencies of 30 to

357o " compari ng favourably wi th the seasonal performance of acti ve Sol ar

heati ng sVstems.l2 Qne i nteresti ng characteri stic of the mass !'ra'Ì1

systems (masonry or water) is the heat capacity and transfer time lag of

heat transfer by radiation to the adiacent bui'lding space air' Figure

10 i I I ustrates t,he time-'lag transfer ef fect for a 8" concrete bl ock

storage walì and for a 4" water wall (which has characteristics similar

to a 1.0" water can storage system) . These performance charts urere

developed by monitoring passive solar homes in Davis, California' Qne

interesting aspect of these tests was that increasing the thickness of a

concrete block storage wal1 beyond B" e45 mm) did not result in any

increase of heat storage capacity'13

Retrofittingofthemasswallsystemtoexistinghousesisparticu-

larly suitable for older brick or stone wall construction of sufficient

thickness, which can then be covered by a glass wall curtain (facing

south) with an air space between and the optional use of darnpers to

allow heat, transmission by convection, in addition to radiative heat

transfer.

LZ Bruce D. Gough, p.38. "Efficigncy" is defined as the rat'io of

col I ected energy tò i-nii rient or avai l abl e 
-energy, and i s. a ,measure of

the performance of a system. Highly_efficient.systems collect,a greater

oercentage of the i-nci dent ( ãvai I abl e) sol ar energy strí k'i ng the

tol lector surface.

rt: Practical Use of the Sun13
(Dept. of
p. 81.

Davi s Ene Conservat,i on

ous ng an r an ve opmen s ng t r t
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Heat Capacity and Transfer of a B" concrete
block
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(ii) Mass Roof System:

]ntlirect gain mass roof systems, or roof ponds, consist of a pond

of water encrosed in dark plastìc (to absorb sorar radiation)'laid upon

horizontal metal ceilings.14 Roof shutters above the pond permit solar

radiation gain during winter days, which is then re-radiat'ed down into

the]ivingspaceatnightwhentheroofshuttersareclosed.Thissystetn

can also be used for cooling in the summer when the process is reversed,

and the water absorbs excess heat from the i nt'eri or' However' thi s

system requires high winter sun angles and clear skies to facilitate

radiative summer níght cooling. These factors, combined with a high

cooling load, make these systems most adaptable for areas of t'he south-

westernUnitedstateswithoutnight.timefrostandnotadaptab.|ein

Canada due to low night-time temperatures and seasonal freezing'

This system is probably the least adaptable of the pass'ive system

types to exist,ing house const'ruction' as it

support modification and mechanical (or manual)

shutters for oPening and closing'

requires extensive roof

activatíon of the roof

(iii) Isolated Gain Thermosi phon System:

Anisolatedsolargainsysternisoftenusedwhenthebes'|orienta.

tion cannot be achieved by incorporating the system int'o the house' due

to]ackofco]]ectorsurfaceareaorshadingeffects.

The isolated heat gain system utilizes the principle of convection'

either with a'liquid or a gas, allowing the heated water or air t'o rise

L4 Bruce D. Gough, P. 40.
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while being replaced by cooler water or air in a convectìve loop' ThÍs

syst,em can be used for the preheating of domestic water if t'he hot water

tank is ìocated above the collection area, as no mechanical means are

used to pump the water. This type of system is similar in appearance to

an active hot water system, except that a thermosiphon system is usua'l]y

located at ground level at the base of a house wall in order to be below

the storage tank of the transrnitting medium (see Figure 11)'

Themosiphon water systems rnay not be easily retrofitted t'o existing

houses if the hot water tank requires relocation from the basernent to

the first floor or attic, or if solar access is not available down to

the base of the house due to the cast,ing of shadows from the 1ow angle

of the winter sun. In addition, if this isolated gain system is located

away from the building in order to gain proper solar access, there is a

probl em of heat I oss between

Thi s type of i sol ated gai n

the unit and the house during the wint'er'

system, however, is more likely to be an

"active" system with mechanical means of pumping and storing t'he heated

fluÍd or gas, as a thermosiphon must be located adiacent' to the space 0r

water tank to be heated j n order f or the convec'Ei ve 'l oop pri nci p'le to

operate efficient'lY.

si te-fabri cated ai r thermos'iphon systerns produc'ing I ow temperature

(20.30.c)heatforspaceheatingcanbebuiltint,oahouse,butrequire

careful thermal planning of the'locat,ion of all components and controls'

To prevent reverse thermosiphoning heat storage must be placed above t'he

collector area, while the heat storage area should be'ideally located

below the space to be heated.lS When combined with an electric fan to

15 Bruce D. Gough, P. 42.
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hot wat€r outl€t

tank

cold water ¡nlet

coll€ctor

Thrrmo¡yphon W¡l¡r H¡¡l¡r

With "forced" circulatlon, an outside source of energy

t¡.å., ä pump oi tan) is required to drive the fluid through the
;ñiñ. ¡itnousn' the thermosyphon option does n9!
;ñ;iä aoãit¡ónãl energy, from the viewpoint of overall

"if-ici"ncy, 
it is probably botterto install a small pump'

tempefatufe
moderating valve

collector
cold water
¡nlet

domestic
hot water

auxiliary
heating
elemenl

hot waler preheat coil

Solar W¡tor Praholter

Sou¡colt ffi,"l.i: ".'n*y, 
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(Energy, litl.nes ànd Reloutcea crn¡d¡'

storage
tank

FIGURE 11: ISOLATED GAIN THERMOSIPHON SYSTEM



draw the heated air frorn storage,

the active air sYstem - the onlY

4B

thi s becomes essenti a'l 1y a hybri d of

difference being that the convect'ive

'l oop pri nci pl e requi res the I ocati on of the col l ector area to be bel ow

that of the storage area.

2 "5 ACTIVE $LAR EIIERGY SYSTEI-Is

2.5 .L Def i n ition and Components

Active solar systems utilize similar principles of heat collection

and storage. as passive systems, but require mechanical assistance for

heat transfer from col 1 ector to the st'orage uni t, and from storage to

t,he 'l i vi ng space. Acti ve so] ar systems are based ei ther olì I i qui d,

(water, or water and glycol) or gas (air) as the thermal transfer

medium, and are generally more sophisticated than passive systems'

Therearefourmaincomponentstoanactivesystem:

col'lector

storage

di stri butí on and control s

auxi I i ary energY suPPlY.

In typica'l heating and cooling systems, solar energy incident on a col-

lector surface is converted to thermal energy in a working fluid (com-

monìy water or air). This working flu'id delivers the heat energy to

thermal energy storage equipment and then to the building space' to

heat-operated refrigeration equipment for space cooling, or to heat

water for use i n t'he bui I di ng ' 
16 In addi ti on to these sol ar hea'Ei ng

I

2

3

4

16 Sol ar Ener Project In endence, P. I-15.
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systeïn concepts, several "hybrid" systems have been deve'loped to use

solar heat in coniunction with heat pumps to produce a moderate tempera-

ture heat source (50'F) from which heat can be extracted' or to drive a

reversible mechanical heat pump to provide heating or cooling'17

Most active systems, as with passive systerns, incorporate some form

of auxiliary heat to provide for prolonged periods of low solar insola-

tion and/or high heat demand. It is technologicaìly possibìe to design

a soìar energy system to futly meet a building's space and water heaüing

requirements, but studies have indicated that is not currently cost-

efficient.l8 Short-term demand (2-3 days) can be achieved with an active

system designed to meet a fraction of the total heat dernand (zo to 70%

dependi ng on t,he system type and cl i¡nate) , suppl etnented by a backup

heating system using conventional fuels such as oi'1, natural gas and

electricity" The degree to which solar heating is supplemented by

auxiliary energy sources wilt have implications for the pìanning of

capacity by the utilities (natural gas and electricity) and the c0n-

tinued market presence of home oil '

Figure LZ illustrates the components used in an active solar energy

system and the schematic flow of heat, energy by which a system operates'

Thepartsofasolarsystem-collector,storage,distributionandcon-

trols, and auxiliary energy supply - may vary widely in design' qpera-

tion and performance. These components may be arranged in numerous com-

n America's Future: A PrE I imi nary Assessment,t7
p. 15.

18

Sol ar Ener (¡y I

1 ementi n a Sol ar Technol i n Canada: Summa t

1
Berkow'i tz,

I
nergy, nes an es0urces ana t p

M.K.
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Iransport

controls

conlrols

I
I

I

t-
I

L
I

-o
l¡ving speco

auxil¡8ry
onorgy soufce

Actrve solar energy system

Sourcea r .solar Encrgys Àpplled to nural Houslngr¡ (Elalna G' u{}tlr noü' ¡nd
cã-ünrli oóil.gn i¡i."ãñ,ãr¡""à ÀEr!'cuÍiurc, EdEonton, t9??)' P' 2 ¡ 3'

.Solrr Enorgy Technologyr' Ens):gy.conscrvatlon Randbook, (Royal Àrcl¡lt€cturtl
Inrtltute of Canada, Ottaera, 19/Y¡.

StOragÐ

glass

absorber

rad-Etbn,
cdEtin

FIGURE 12: ACTIVE SYSTEMS: OPERATIONAL PRINCIPLES AND COMPONENTS
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binations dependent on function, component compatability, climate

conditions, required use and performance, site characteristics' and

architectural requírements imposed by the building itse'lf'

1) Collector: consists of an absorber plate or tube, usua'lly

fabricated of metal and coated black to increase solar

absorption. The collector is insu'lated underneath and

covered by one or more transparent cover pl ates t,<¡ trap

heat and reduce convective losses from the absorber plate'

The heat transfer fluid, usually wat,er or air, is heated as

itpassesthroughorneartheabsorberplateandisthen

transportedbymechanicalmeans(pumporfan)djrect]yto

the poi nt of use ' or to storage, dependi ng on energy

demand.19

2) Storage: storage of the captured thermal energy is re-

qui red to provi de heat duri ng the seasonal heati ng season '

thelengthandamountofwhichvariesbyregion.Heatis

stored when energy delivered by the collector exceeds the

demand at, the poi nt, of use. Transfer to storage can ,0e

made by direct contact of the heat, transfer fluid with the

storage medium (water to water), oF by means of a heat

exchanger (most commonly water to air)'

19

i ng Info
Sol ar Hof t/ater and Your Home, National Soìar Heating and Cool-

(date unknown), p.2.
rma 0n en Fêt V e,
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3) Di stri buti on and Control s: the di stri buti on component

the col I ect,or or storage, and
recei ves heat energY from

di stri l¡utes i t, at poi nts of use as hot water for space and/

or water heating needs, or as heated air for space heating

ai r di stribution) . The control s perform t'he

eval uati on and response functi ons requi red t0

thesysteminthedesiredmode,thusma.intaining

( forced

sensi ng,

operate

the occupants' colnfort level '20

4) Auxil ia stem: i s requi red when the stored supp'ly of

energy i s dePl eted bY I ack

demand exceeds the collected

unless there is L00% seasonal

back-up heating sYstem Provides

agai n matches or exceeds energy

of insolation or if energy

energy (verY cold weather),

storage capabilitY.2t The

heat until collected energy

demand.

No one sYstem has

collector tYPes,

evo]vedfromallofthesepossiblecombinationsof

heat transfer , medi ums, storage types or auxi'l i ary

systems. However, it is ìikely that certain systern types will evolve to

rneet specific building types, geographic locatìon' and predo¡ninant back-

up source of energy, ifì order to maximize collector efficiency and

become cost-effective on a life cycle basis'

20 Sol ar Hot l,later and -Your Home, . Nati onal Sol ar Heat'i ng and Cooì -
.ing tnro.-(Date Unknown), p.2.

ZL Seasonal storage collects a ìarge port'ion of the heat in the

summer when sorar insoration i;-ál á maximum, and stores the energy in

ìarge water tan[s. Thir .on..pf-it lno* applicable to group heating

uppíi cati ons i nvol vi ng ì arge-scal e central storage '
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2 .5 .2 Generi c s and 0perat ional PrinciPles

This section presents the range of generic types and theìr charac-

teristics, and analyzes in detail those systems most applicable to

residential space and water heating. There are a number of active solar

energy systems that are current'ly being marketed, ranging from low-cost

flat p'late air or water systems to high'ly technical, expensive parabolic

focusing and t,racking collectors'

Active systems can be classified by their collector type (flat-

plate, evacuated tube, focussing, tracking), their heat transfer rnedium

(water, air), and their application (resjdential hot water' space heat-

ing, space and water heating). Table 7 summarizes the active syst'em

types currently available by these .class'ification 
criteria and their

typical end use. 0f these systems, f1at, plate air or water systems' and

evacuated tube systems to a more limited extent, are most commonly used

in naciáanÈi¡l .annl icat-ionS"
lll l9Jlsvr.vrsr -rr"

1) Flat-Plate Liqu id Systems:

The flat, plat, lÍqujd system using water, or a tnixture of water and

glycol anti-freeze, is the tnost common active system current'ly used'

The flat pìate collect,or has a solid, tube filled absorbing surface and

energy i s removed by the 1i qu'id transfer medi um fl owi ng through 'it'

Alternativeìy, the coìlector can be a trickle-type allowing water to run

openly down channels in the collector, but this met'hod cannot be used in

the winter due to freezing probìems.22 Storage consists of an insulated

22 Thi s rnethod i s commonly used for summer only heat'ing of swim-

ming pool s.



Table 7: Astive Svste¡re: @neric TYPes

Col lector Type*

FLAT-PLATE
(Tube or Trickle)

(Tube or Matrix)

EVACUATED TUBE

FOCUSS I NG

(Linear Focus)

TRACK I NG

(Central Focus)

PHOTOVOLTA I C

(Flat-Plate)

tÉ

Capture/Trans fer
Med i um

Vlater

Alr

lllater

trlater or Photo-
vollaic cells

lrlater
Steam

Si I icon (or other)
cells

Storage

lnsulated water tank
!{afer tank în nock bed

Rock bed

Eutectic Salts

I nsu I aled waler tank
Water tank ¡n !-ock bed

SaÍìe as f lat-P late

Large central storage

Direct feed Power
storage cel ls

Distribution
System Appl ication

l-lof water on lY

Radlant PiPe
Forced air or heat

exchange coi I

Water and,/or space heating

Forced air Space heating

Sane as flat-Plate Water & sPace heating

Sane as flat-Plate Waler & sPace heating

Radiant heal & hot
water (disfrict)

lndustrial & Ufi litY

ElectricitY I ines lndustrial & Uti lilY
Limiled Residential

în order of increasing technology and cost'

(tr
Þ
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v,rater tank approximate'ly the same size as the existing hot water tank if

the system is being used for hot water heating only, or a larger insu-

lated water tank which can be buried in a rock bed for additional

thermal capaci ty. Di stri buti on for space heati ng i s achi eved by

radiants (hot water pipes) or by means of a water-air heat' exchanger to

preheat a forced air furnace system. Sensors and thermostats monitor

the system operati on and an aux'i1i ary energy source (usual'ly the exi st-

ing mode of heat suPPlY)

collected energy.

i s requi red when energy demand exceeds the

sizing of the collector area will depend upon whether the system is

used for water heating onìy, or for water and space heating combined'

Collector areas of 50 to 100 square feet are common for domest'ic hot

water heating in canada, and usually do not present problems in terms of

roof(orwal])spaceavailab]eforsingle.fami'lydweìlingsifso]ar

access is guaranteed in the winter. Liquid flat-p1ate collector systems

used only for pre-heating of domestic hot water can provide up to 75% of

the energy requìred, depending upon the collector efficiency and the

daily hot water demand pattern. Figure 13 illustrates schematically two

types of water systems: 'liquid flat, plate space heatìng and domestic

hot water supp'ly . An al t,ernati ve heat storage rnethod j s to pl ace t'he

water tank in a rock bed.

2) Evacua ted Tube Collector:

The evacuated tube collector system is identical in principle to

the ìiquid flat-pìate system in terms of heat t'ransfer medjum (water)'

storage, and distribution. The collector, instead of bejng a tube or
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t ?I distribution

t

ö

storage

pump

domestic
hot water

auxiliarY
energy source

Liquid fIat plate space heating system

Sourcêr ¡solar Energy Technol0gy,. Energy con8ervttlon Rândbook, (ROyal Àrchltectu¡Àl
Inltltute of Canada, Ottaea, 1979).

FIGURE 13: FLAT PI.ATE LIQUTD COLLECTOR SYSTEM
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trickle-type flat plate, consists of a'long thin glass tube with an

absorber (a tube through which the heat transfer fluid flows) inside

it. A vacuum is created within the tube and the heat loss frotn the

absorber tube is greatly reduced, resulting in a much higher collector

ef f i ci ency than the f'l at-pl ate systems '23 Thus, the rat,i o of col I ect'or

fl at pl ate) i s reduced, and
surface area to living space (1:4 for

smaller usable roof (or wall) areas are required to produce the equivaì-

ent amount of heat provided by a flat plate water system' Alternative-

ly, an even higher fraction (60%) of the space and water heating load

can be provided but with dirninishing returns on extra costs'

The evacuated tube col 1 ector system has si gni fi cant retrofi t

potentiaì for existing houses where the usable roof or wall area (with

proper orientation and solar access) is not sufficient for a flat-plate

collector system, and a usable solar fraction (40-607") of the existing

space and water heating load is still desired. However, capital and

operating (i.e. breakage) costs may be higher than f'ìat-plate systems'

3) Flat Plate Air C o'll ector SYstem:

Flat plate air collectors are typically used for space heating

applications, and do not have the freezing problems associated with

liquid systens. water has a higher thermal storage capacity per unit

volume, and thus air systems require large thermal storage (i'e' rock

beds)inordertoretainanequivalentamountofenergy.

23

Canada, 0
Sol ar Heati n

a, , P'
Catal ue No. 2, (Energy, Mines and Resources
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The flat plate air collector has a solid absorbing surface and

energy is removed by the t,ransport medium (air) flowing in ducts below

the absorber plate. Hot air is distributed directly to the living space

or to storage dependent upon seasonal and dai ly heati ng demands '

Storage consists of rocks 20 to 40 mm (314" to l' L/2") in diameter in an

insulated container, or by rneans of phase-change eutectic sal ts'24 An

auxiliary energy system provides back-up heat directly to the storage

(i.e" electric resistance wires embedded in rock storage) or to the

living spaces via conventional forced air ducts when space heat' demand

is not met by the collector system, as iltustrated in Figure 14'

Sensors and thermostats moni tor the system to provi de control and oper-

ate motors and damPers.

The use of phase-change eutectic sales as an alternate storage

medi um has i nteresti ng rami fi cati ons for storage retrofi tti ng i n

exíst,ing houses. A rock volume of .15 cubic metres per square meter

(0.5 cubic feet per square foot) of collector is required to provide

adequate short term storage, resulting in a storage volume of about 200

cubic feet for a 1600 square foot, energy-efficient house' If this

storagevolumeisnotavai]ableinanexjstingbasementorjf.itistoo

costly to excavate and place the rock

then the smal I er storage vol ume of

storage container underground,

eutectic sal ts i s a sui table

24 Blaine G. Marler, p. 7. Eutectic salts, mined jn Saskatchewan'

are mixed with chernicals, water and peat moss to'improve consistency'

The salts have tñe-ðapácity to store h'eat until they reach a.temperature

which converts the eutecti. tãiit- t; a liquid' During this "phase

ärruñg.'i n.ut 'is released for space heat'ing'



59

controls3o

t
û-

É
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iary
energy source

domestic
hot water

storage

Air f lat plate heating sYStem

SouEce¡ ;'":lìl"".:":i%i;:åÏ'ni*.#,(Royâ1Àrchicecturrl

FIGURE 14: FLAT PLATE AIR SYSTEM



alternat,iue.25 The cost of phase-change eutectic or Glauber salt stor-

age is about one-third that of rocks, requires less volume, but Can

require replacement due to a shorter storage "life" than rocks'26

Houses retrofitted with such a flat plate, space heating-sa1t storage

system can typically obtain up to 40"a of their heat,ing demands'27

?.6 SUt{l.lARY

This chapter has presented the generic types of passive and act'ive

60

systems aPPlicable to

photovol taic sYstems) ,

work "

A passive system can provide a significant percentage of a bujld-

i ng' s space heati ng requi rements i f si ti ng, structure ' acti vi ty accommo-

dation and cost are carefully considered. It' should be noted that

,,whi'le passive solar heating appears to be conceptuaì1y straíghtforward'

i t i s thennodynami cal ly cornpl ex and the devel opment of mathe¡nati cal

models for predictíng the performance of a passive solar heated buììdÍng

space and water heating (not including "djrect"

and has defined the principles by which they

"A common Problem with Phase change materials is that after
g state a number of times, a breakdown i n the chemi cal structure

and the ph ase change fail s to occur. To prevent thi s, new

I s have been deveì oped where the Phase change materi al s are con-

with the cells of light weight polYmer concrete. Source: Sol ar

25 Ibid., p. B. Air Collectors require sirnilar ratios to flat-
olate water colleliors of L:4 for collectoþ area to living area for an

iläöy":iîi.ìänt houru. Thus, a 1600 squa.re foot house would require

400 square feet of còllector u..u-ui,¿ ãOO'ðuUic feet (400 x 0'5) of rock

storage.

26

changi n

occurs
materi a

tai ned
Heati ng

il

Catal o ue No. 2, P. 119.

27 ,,Archi tects staki ng thei r future on sun and Sa]t,"

Journa-t, n."nijúuðiiã, in¿*onion, August 15, 1980), p. G-i'
Edmonton
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remai ns an obstacl e to the 'i ndustry-rvi de recogni ti on and appl i cati on of

passive solar heating"'28 Complementary to the use of passive solar

energy are conservation measures to reduce existing heat'ing and cooling

loads, so that the solar"energy gained by passive means can contribute a

l arger percentage of a

basi s.

building's energy dernand on a cost-effective

l¡lith active solar energy systems proper s'izing of alì components

and setting of controls is very irnportant to overall systetn efficiency'

Efficient, properly installed and maintained space and water systems can

contribute from 40 to 60"a of dornest,ic heat needs in canada' In order to

provide this percentage of the heating load in an energy efficient

house, a ratio of 1:4 for coìlector area (net of frame) t'o living space

area is requìred. Existing housing stock with higher heat loads (less

energy efficient) require more collector area and storage vglume' two to

three times as much in rnost cases.29 Thus, the amount of usable roof

(or wall) area with proper orient,ation and winter solar access requ'ired

for a dornestic space and water heating system of this nature may exceed

the roof (or watl) area of an existing house' Either both roof and wall

surfaces must be used as collector areas, or the consumer must accept a

system that cont,ributes a lower fraction of the house's heating ìoad

(i.e. domestic hot water on'lY) '

This illustrates the importance of thermally upgrading an existing

house before examining the appticability of an active or passive soìar

heating system as an alternate energy source'

28 Bruce D. Gough, P. 3.

29 Blaine G. Marler, P. 9.
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CHAPTER 3: RETROFIT EVALUATION OF SOLAR ENERGY SYSTEMS

Solar Energy
As a Resource

System TyPes
'Passive
'Active

Financial
Evaluation

SummarY

STRUCTURE
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3.1 IIITR0DUCTIOI'|

Most studies to date have focused on the application of solar

energy to new housing design and subdivision'layout, while minimizing

the enormous potentiaì of solar energy for the existing housing market

given the growth rate and small percentage of new housing in the overal'l

housi ng market.

current constrai nts or barri ers to the impl ementati on of sol ar

heating for the existíng housing stock need to be identified so that

appropriate policies and incentives can be created' Factors affect'ing

the suitable retro-fitting of urban areas are illustrated by the results

of a cross-canada survey conducted by w.R.D' sewell of the university of

victoria, indicating the ranking of barriers to the implementation of

solar energy. Table I indicates that the cost of purchase and instal-

lation had a ranking of 1, and compatability with older struct'ures had a

rankÍng of 3 as wide-spread barriers to the successful implementation of

solar energy. It is these two primary factors of physica'l retrofit and

'Financial evaluation that t,his thesis will examine in the following two

chapters.



Table 8: Perceived
of Solar

Barriers to the l{ider AccePtance

64

RANK

1

2
4
8

15
L7
20
?5
26
27

Space Heatinq in Canada

Cost of Purchase and i nstal I ati on

Publ ic wi I I i ngness to PaY

Lack of federal suPPort
Financial agency suPPort
Possibilìty of higher property- taxes
Compari son wi th other energy Ïorms
Mai ntenance cost
Operati ng di fficul ties
Operating time
Soci al costs

TYPE OF BARRIER

Fi nanci al

Physi cal

I nstitutional & Other

Deri ved f roln Tabl e 2 ,

and ProsPects, H.D. Fos

Publ i c envi ronmental aPathY

Avai I abi 1 i tY of i nformati on

Conservati on of bui I di ng trades
Scientific suPPort
DifficultY of return to status quo

Lack of cónstructi onal ski 1 I s

tegal factors, building codes

Cré¿i bi'l i ty of advocates
Li festyl e irnPacts
Aestheti cs
itóãôt on adoption of other innovations
Envi ronmental ImPact

Compat,abi 1 i ty wi th ol der structures
ðórbãtuuility with building techniques
Ãuuilability of materials and p.arts

inðonvenienie and time required to instaìl
Cl imatic dePendence

3
!=

11
13
13

3
fi,=

$=
$=

t2
14
16
18
?L
22
24
28

= jndicates an equivalent ranking. Rank t has the most importance'

Sol ar Home Heati n in Canada: Problems
r,Source:

ewe a,



For Purposes of thi s thesi s,

sol ar energy sYstems for exi sti ng

fol I owi ng manner:

Factors (Barriers)

1) PhYsica'l (ChaPter 3)

2l Financial (Chapter 4)

Constraints (Sub-Factors)

barri ers to

housi ng wi'11
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the 'impl ementat,i on of

be categorized in the

a) Locational (ie. solar access)
üi Tñiiitutional (1egal mechanisms)
ci Attítudinal (aesthetics)

a) Institutional (government/banks)
ti Ãiiit,iãinal (coñsumer conri dence)

This differs from the l¡¡.R.D. Sewell classification in that "inst'itu-

tional" or "attitudinal" factors are Seen aS a constraint or sub-faCt'ors

of the maior factors of cost and physical barriers' For examp'le' the

existence or non-exjstence of 'legal mechanisms to protect, solar access

are institutional constraints to the physicaì implernent,ation of solar

energy sYstems.

Thus,chapter4on"FinancialEValuation"willincorporateinstìtu-

tional constraints affecting life-cycìe costing and pay-back periods

into the "Financial Factors" category -- such as mortgage rates and the

inclusion of a solar energy system into a house's property tax assess-

lnent. In addition, certain "institutional" constraints wiII arise out

of the case study ana'lysi s i n Chapter 3, such as mun'ici pal zoni ng set-

back requirements and lack of solar zoning protection, and will thus

influence the policy conc'lusions reached

The inherent chal'lenge in the retrofitting of passive or active

solar collection to existìng housing stock, particuìar]y older houses'

1ies in the identificat,ion of houses having optimal orientation to

utì I .ize sol ar co1 l ecti on, suf f i ci ent i nsul at'i on l evel s, and the absence
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of physical barriers prevent'ing shading of the solar collection "unit'"

As a result, the following Section 3.2 will out'line the design consider-

ations and maior factors affecting the retrofi t sui tabi I i tY of sol ar

Secti on 3 .3 wi I I outl i ne the
energy systems to existing housing stock'

cri teri a for choosi ng two resi denti al study areas i n I'li nni peg ' and

section 3.4 witl examine specific retrofit criteria in detai'l with

respect to t,he overall residential layout of the two study areas'

specific legal mechanisms to protect solar access will be outlined in

Section 3.5, leading to conclusions and policy recommendations specific

to each case study area - wi th extrapol ati on to thg urban context' of

Winnipeg as a whole.

3.2 CRITERIA FOR RESIDEIITIAL RETROFIT

The adaptabÍlity of the existing housing stock to act'ive or passive

solar systerns is highly dependent on the interface between the system

type and the type of dwelling to be retrofitted. Thus, design charac.

teristics of a partÍcular type of solar energy system wil] influence'its

location in or on the house, or even its feasibility. In turn, charac-

teristics of the existing house will affect the choice of system and its

operating efficiency. A number of retrofit criteria will be reviewed in

terms of the active and passive system types and their characteristics'

i n order to determi ne a Proper

exi sti ng house.

i nterface between system t'ypes and an

Cri teri a for Active and Pas si ve Sy stems3.2.L

The principal factors which influence, negat'ively or positiveìy'
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the retrofit suitability of active or passive systems with respect to

exìsting housing stock are:

1) Solar Access: (a)
(b)
(c)

I of ori entati on
sol ar al titude
iñuãing by adiacent buildings and/or trees

Y
Y
Y

ES
ES
CS

Y
Y
Y

es
es
es

Roof Form/Angle
Heat Storage
Thermal insulation
Heating SYstem/Fue'l rYPe

An additional criteria in terms of physica] retrofit evaluation is the

effect of building codes on the construction of solar energy systems'

Items such as opening design, fire and electrical codes, roof design'

mechanical components, etc. will influence both the feas'ibility of a

solar energy system design and related construction' costs - this is

particularly true of retrofit cases. Moreover, building codes vary from

municipality to municipality, and this will not be explored in detail in

the case study evaluation to follow, as the criteria to be explored are

intended to be more "universal" in nature'

The followÍng table indicates the relat'ionship between the factors

listed above and active and passive systems, ie' whether or not specific

criteria are important to the retrofit installation of a solar energy

sy stem.

Table 9: Retrofit Suitabili Criteria

CRTTERIA REQUIRËD: SYSTEM TYPE

Acti ve Passi ve

i)

2l
3)
4)
5)

lËj'

r Access:
1 ot ori entati o
sol ar al ti tu49

B[î1åîfln3r.fi8,

n

acent
or trees

ù Roof Form/Angl e

3 ) Heat Storage

4 ) Thermal I nsul at,i on

Storage volume
for tvDe 01
activê'system
I nsul at,i on I evel s
vs. svstem
eff i cì ency

Thermal mass -
óassi ve heat
ret,enti on

Insul ati on I evel s

Yes

ñtertace )
s
nterface )

Summer shadof ql ass c
ti on- surfac
some extent

inq
o1 Tec-
e (to
)

vs. sv
effi cì

stem
ency

5) 
liiiu"fl.FfiÊ
( iì ) water

es
to some extent)

f3 to,n. extent)

ti nqI Type
Ye(i
IÎ

I
I



Each of these criteria wil'l be reviewed in detail in t'he

sectionswithrespectt,oactiveandpassivesystemtypes,

interfacebetweensystemtypeandexist,inghousing.

6B

fo1 I owi ng

and the

1) Sol ar Access:

"Solar aCCeSS" iS a cOmbined function of Iof Orient'ation' solar

altitude, and possible shading effects of adiacent buildings' roof

forms, and t,rees. In order fOr wall or roof-mounted solar energy

systems to be effect,ive, uninterrupted access to solar radiation must be

guaranteed during the winter heating season'

orientation: A collector orjentation of 20 degrees to eíther(a)

side of true sout,h is acceptable, wíth litt]e drop-off in collector per-

formance. Wider deviations up to t30o of south are possible' with some

reduction in drop off in collector performance of less than I0%' as

indicated in Figure 15.1 Colìectors can be mounted on eit'her south-

facing wall faces or roof surfaces (or both) as illustrated in Figure

L7.

(b) Solar Altitude: Typicaìly, if solar access is not obstructed

on December 22nd (winter solstice), the day on which the altitude of t'he

sun is lowest during the year, then solar access will be guarant'eed for

the rest of the heating season'

The sun path chart i n Fi gure 16 i s representati ve of l'li nni peg

I sol ar Ho t tlater and Your Home, P. 4.
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SUN EMT

THE SUN WINDOW IS AN OPENING CUT TN AN IMAGINARY SKYDOME: ANY

óssrnuctlox sy A NATURAL oR MAN'MADE oBIEcr coul,D MAKE AN Acrwp
Ãñpón iÀss¡ÍE soLAR sfsrpm INEFFEcTIvE. rtrE suN wINDow IS A

Þirisic¡¡" nppREsENTATIoN oF 'THE RIcHT 10 suN LIcHl"'

Fígure ; Any smooth, generally-south'facing area

shôuld b€ prôspected. The dotted lines indicate
possible collection areas.

Sourcar ffi; C.S. Barnaby, et al., (Berk€Iey solâr GrouP'

P. 38.

FIGURE 17: SOLAR ACCESS
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( sl i ghtly north of 49'N . ) and the " sol ar enveì ope" resu'l ti ng from thi s

sun path chart can also be used for other Canadian cities at or close to

49" latitude, i.ê. Vancouver, Lethbridge, Regina, Thunder Bay' etc"

Cities north of 49" latitude (i.e. Edmonton) will require longer "solar

envelopes" to guarantee winter solar access due to the lower a'ltitude of

the sun on December 22nd. Conversely, cities south of 49" latitude

(Í.e. Toronto) will require smaller "solar envelopes" t'o guarantee

winter solar access, thus perrnitting closer spacing of houses (of equi-

valent height) than in cities further north' Figure 16 indicates that'

for a city located at 49o N. latitude, that the maximum solar altitude

on Decernber ?lst will be 17.6", and that the solar altitude on Decernber

2l.st witl exceed 12o only between 10 AM and 2 PM' This minimum solar

a'ltitude of 12" is the minimum solar angle at whicn solar energy can be

coll ected efficientlY.

Thus, a solar "envelope" can be defined for the winter solst'ice

between 10 AM and 2 PM, wíth a lnaximum so]ar altitude of 17 '6" at noon'

into which no other building or obiect should intrude'in order for solar

access to be guaranteed for the wi nter heati ng season ' Shadow patterns

can then be developed for typical house he'ights (bungalow:16" split-

I evel : 20 
, , and 2- storey z 26' ) for the wi nter sol sti ce. Specj fi c

Shadow patterns or "Solar envelOpeS" for two lilinnipeg case study areas

will be developed in section 3.4, showing the relationship between

building height, lot orientation and shadow pattern' Figure L7 jllus-

trates the concept of a "sun window" showing the three-dimensional solar

access requÍrements for agtiVe and passive solar systerns' over which

shading by adjacent buildings and/or trees should not intrude'
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(c) shading: Solar access to the coì'lector area should be guaran-

teed between 8 AM and 3 PM (or above a mínimum solar ang'le of 12o to the

horizon) on December 2l"st. Solar access can be affected by shading frorn

adjacent coniferous trees, houses or buildings, reducing the usable

collector area or blocking ït entirely' Positive shading may gccur

where deciduous trees shade space-heating, wall-mounted active collec-

tors in the summer (when they are not requ'ired)' obiects obstructing

solar access during the winter heating season when the altitude of the

sun is low are usually other bui'ldings (adiacent houses or high-rise

,buildings) or t,rees casting shadows' Coniferous trees located to the

south of a house can effectively reduce the amount of solar radiat'ion

incident on a collect,or surface, reducing a solar energy system to a

marginal or non cost-effective status. h|hile deciduous trees lose t'heir

leaves during the winter heating season, the loss of leaves for certain

tree species may not correspond to the start of the heat'ing system' or

dense branch patterns of certain species may reduce winter Solar rad'ia-

ti on i nci dent on a co] I ector surf ace by as tnuch as 50% '2 Thi s wi I ì be

dependent on the I ocati on of t,he tree ( or trees ) i n re] atj on to t'he

house's solar collector area, the species type, íts height (maturit'y)

and individual branch pattern, as indicated by Figure 18'

2\ Roof Form:

Active systems for the provision of domestic hot water have maxlmum

2 Source: Professor John ¡¡el ch, Dep-artment' of Envi ronmental

Studi es, Facul ty of Archi tecture, Uni versi ty of Mani toba, Wi nni peg '
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OPIIMAL OEGREE OF #ANGLE otlr
oc . roo Of LATIfUOE

NO HAJOF
CHANGE WIÎHIN
loo aRc

NO UAJOR
CHAÑGE WIIhI¡
2Oo anc

COLLfCIOB lILT FOR WAlEN HEAfING

COLLECTOñ TILT FOR SPACE HCAÍING

COLLECTORS

Shading of Collector by Building Elements. Chimneys, parapets, fire
walls, dormers, and other building elements can cast shadows on
adjacent roof-mounled solar collectors, as well as on verlical wafl
collectors. The drawing to the right shows a house with a 45o south-
facing collector at lat¡tude 4Oo North. By mid-afternoon portions of the
collector are shaded by the chimney, dormer. and the offset between
the collector on the garage. Careful attention to the placement of
building elements and to floor plan arrangement is requ¡red to assure
that unwanted collector shading does not occur.

source!¡sol¡rEnergY,(D.c.Ilydro.EnergyConaervatlonDt.vlrfoa,vù¡couver,B.c.,
Àprll I9ÜU¡ t P. I & 7.

Turn on the sun, (ont¡rlo Mlnlstry of Encrgy, Toronto, octob€r 1978) ' P' 12

So1àr Hot llater and Your Eome,
@

(Natlonal Solåt reâtlng and coollDg Infornrtioo
9?9) , P. 5.

FiGUB.E 19: ROOF FOR-Ì{ AND COLLECTOR- TILT



(i)
(ii)
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The orientat,ion of roof surfaces'

shading of roof surfaces by the roof form itself (i'e' hip

roofs, dormer wi ndows, etc. ) .

Heíght and angìe of adiacent unit roof forms causing shading

of the roof surface.

Usable roof surface area that is optimal]y oriented and shade-

free to allow insta]lation of active solar collectors (flat

plate or evacuated tube).

The predominant roof slope and construction as it may affect'

the optimaì solar collecting angle and type of installation

(interface between collector and roof) "

(iii)

(iv)

(v)

(vi) Roof form, i.e. eaves, frôY or may'not assist in the summer

shading of wall-mounted active collectors or passive glass

col I ecti on surfaces.

3) Heat Slgrage:

Any solar energy collection system requires sorne degree of thermal

storage in order to Serve as a heat Source when heat demand exceeds the

i¡nmediate heat, output of the collection systein' Most heat st'orage

volumes are sized to suppìy the equivalent of two to three days heat

demand (i.e. space heating). Some space heating systems can be designed

to include seasonal storage volumes, but these require very large "heat

sinks,, and are not cost-efficíent for resident,ial purposes' Seasonal

heat storage vo]umes such as water tanks, collect excess heat energy

produced in the summer and utilize the,heat during the winter when there

is a net heat demand. To date, large seasonal heat storage vo'lumes have
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been used on a limited basis for commercial buildings in canada, notably

the gntario Hydro building in Toronto and the Gulf building in Calgary'

Table 10 outlines the types and sÍzes of heat storage that can be

used in residential solar retrofits, as a function of system type'

Table 10: s and Sizes of Heat red

System TYPe

ACTIVE

(i)
hot water heat

Storage Vol ume Requi red Possible Location

Water tank of equi val ent
vol ume to Present hot
hot water tank

(ii)
space heat

- water tYPe:

- air type: Large rock bed storage

PASSTVE

Large i nsul ated water
tank chamber bY i tsel f
or embedded in rock
storage

Water tank of equi va'lent
vol ume to present hot
water tank

8" masonry floor &

8" masonry wal l

Adjacent, to mechanical
room (basement)

Adjacent to rnechanical
roóm garage/shed (insu-
lated). Buried in Yard
near home.

Adjacent to mechanical
room (if sufficient
space) under basetrent.
Buri ed i n Yard near
house.

(i)
hot water
thermosi phon

(ii)
space heati nq

- mass wall
( Trombe)

- tube wal I

- wi ndow wal I
& sunspace

Masonry walI 8" thick ImmediatelY adiacent to
1 i vi ng space to be heated

4" water cube columns (As above)

Mechanical room or
adjacent space

In 'living
adj acent

space 0r
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Depending upon the system type and its application, the storage volume

and its locat'ion relative to the space (or water tank) to be heated can

be a limiting factor in the choice of a solar energy collection system

for retrofi t purposes. Addi ti onal costs requi red to achi eve t'he

necessary storage volume may reduce a solar retrofit System to a mar-

ginal or cost-ineffective status, and the storage volume available may

limit the percentage of total heat demand (i.e. 40% to 60% for space

heati ng ) t,hat can be achi eved.

Flat-pìate air systems requfre consìderably more storage volume

(0"5 cubic feet, per square foot of eollector area for rock bed.storage)

than flat-ptate water systems, unless eutectic salts are used' The

choice of an air system for space heating may be eliminated in a retro-

fit application if sufficient, volume is not available in the house for

storage. Figure 20 illustrates the type and size of rock bed storage

for an active air heating system. Domestic hot water systems require

the least amount of storage volume (equivalent, to the exístjng hot water

heater) and are the easiest to retrofit'

4) Therma'l I nsuì ati on :

The thermal efficiency of a house dramaticaì]y affects the fract'ion

of the total heating load that can be met by an active or passive

system. Energy inefficient houses may require collection areas and

storage volumes greater than can be retrofitted into an existing house'

Reducing infiìtration, upgrading insulation and improving opening design

shoul d be a Pri ori tY before

passìve space-heating sYstem

eval uati ng the retrofi t of an

to an ex'i sti ng house. Thi s

acti ve or

is a more
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FIGUP.E 20: HEAT STORAGE VOLIJì{E
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important considerat,ion for space-heating systems than systems used

exclusively for domestic hot water.

This criteria of thermal insulation in existing houses will be

examined in greater detail with respect t'o two Winnipeg study areas in

Section 3.4

5) Heati stem/Fuel

The exi sti ng space heati ng di stri buti on system ( radi ant or forced

air) may influence the choice of active water or air systems in terms of

compatabi'lity; e.g. an air system is not compatible with an existing

radiant heating system of an older house. The exist,ing fuel (oil, gas

or hydro) will dictate to some extent the size and cost of the system

chosen due to its effect on the payback period'4

The types of heating systems (distribution) and fuel types for two

I¡¡innipeg study areas will be further examined in Section 3.4, with

respect to compatability with active and passive solar systems'

3 "2.2 Passi ve Systems: Retrofit Suitabilitv

Retrof i t sui tabi'l i ty of the generi c types of passi ve systerns pre-

viously reviewed can then be examined in terms of the principal factors

of Solar access, orientation, heat storage (thermal maSS) and 'insula-

tion. Table 1i summarizes the advantages and disadvantages of the

system types revi ewed i n Chapter 2 (direct v',i ndow, sunspace , i ndi rect

4 The concept of payback periods is defined in Chapter 4 on

"F'i nanci a'l Eval uati on" .



) DIRECT

(¡) Window + Storage:

.Orientation & Solar Access

. Therma I Mass,/l nsu lation

(¡¡) Attached Greenhouse

. Orientation & Solar Access

. Therma I Mass,/ I nsu I at i on

Table I l: Passive Systens Retrofit Suitabi litY

Advanta

" Col lection glass area provides light to

living sPace and Plants
. Existing deciduous trees to soufh can shade

window area ¡n sumÍÞr

. Solar window wall is lntegral part of house

construct i on

. Can provide 30!l or more of space heating load

. Design flexibilitY

. Sfandard materials aval lable

Main house wal I orientation not dictated by

sun posilion
Plant growi ng caPabi I ities
Existing deciduous trees to south can shade

window area in sumr¡ìer

. Good retrofit capabi I ities (reduces) infi l-
tralion and heat loss by conduction)

. Can provi de 30-50% of space heating load

. Desi gn f lexibi I itY

D I sadvantages

. Window wal I orientation Ìo be wilhin 130" of

soulh, preferablY 15-20" of south

. Surnmer glare and overheating withouf sufficient
overhangs and confrols

. Existing coniferous trees to south may shade in

w i nter

Conventlonal construction has low thermal mass

and insu lation
lnternal walls and floor require large thermal

mass and hlgh thermal conductlvity if
south-facing window area > 6Í of the floor area

. Orientation of long face t45o of soufh,

preferablY east of south

. Should receive unobstructed sunlighf from 9 AM

to 5 PM in winter

" Existing coniferous trees to south may shade in

w I nter
. Snow accumulation on sloped glass may reduce

winter solar gain

" Existing comftcn wal I may nof have sufficient
thermal mass

. Larç glass area requires night insulation and

double or triple pane glass to prevenl heat loss

. May requirê addifional heating if used for
p I ants Ço

f\)



Table I l: Passive Systems

2' INDIRECT

( ¡ ) Mass Wal l:

. Orientation & Solar Access

. Therma I Mass,/ I nsu latl on

(¡¡) ThermosiPhon:

Orienlation & Solar Access

. Therma I Mass./ I nsu I at i on

Refrofit Suitabi I itY (Conttd)

Advantages

. Better protection from glare than direct
system

. Existing declduous trees to south may

shade in summer to prevent overheating

. Tin¡e lag between collected energy and

distribution to living sPace - controls
less crucial

. Exterior thermal mass rr{all can be integ-
rated into light construction house design

. Sultable for exîsting solld masonry wall

construct i on

Building wall orientation not dictated by

sun position as system can be positioned
away from house

D i sadvantages

. Bullding orientation dictated by sun; usable

col lection wal I to be oriented toward È30" of

south
. Reduces dlrect natural solar gain and light

avai lable for interior sPaces

" Exlsting con¡ferous trees lo south may shade in

winter when solar gain required

. Cavity and thin masonry wall construction not

sufflcient thermal mass for sïorage
. i,llll not provide heat to non-adjacent living

spaces unless additional forced convective

distrlbution
. tll¡ll overheat ln summer unless insulated and

shaded
. V{¡ll lose heat during winter nights unless

exterior lnsulated

. lf system is located at base of house wall,
requlres guaranleed solar access for soulh wal I

durlngwinter9AM-3PM
" System orientation fo be within t50o of soulh

for col lector efficiencY
. Exlsting deciduous trees to south may shade col-

lector in summer when water heating is required

. lf located away from house, separate storage

mass required
. Son¡e heat loss between system and house during

w i nler

Existing house may not require extra
fhermal mass due to isolated gain feature
Wel I suited to water heating, produclng

high water lemPerature @(¡)
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mass walI, and thermosiphon) in terms of the principal "adapt'abi1ity"

factors of an existing house.5

poor orientation and thermal mass (insulation 0r heavy mass con-

struction) in an existing house may make the adaptation of a passive

systern only marginally cost-effective, while lack of solar access due to

shading or very poor orientation may preclude the use of a passive

system altogether. Lack of these criteria, however, do not necessarily

mean that an active solar system cannot be used. For example' a roof

mounted, active water heating system may be able to be used on a house

which has poor 14all orientation, shading of wal'l collection surfaces

during the winter, and lack of thermal storage mass necessary for a

passive space heating sYstem

3.2.3 Active SYstems: Retrofi t Su itability

As with pass'ive systems, the retrofit suitability of active systems

for t,he existing housing stock is highly dependent on the interface

between the system type and the type of dwe'l 
'l i ng to be retrof i tted.

Desi gn characteri st,i cs speci f i c to an acti ve system type wi 
'l ì i nfl uence

its collector area size and location on the roof or exterior walls, the

size and location of its storage medium, and the distribution systetn

required. In turn, the characteristics of the existing house will

affect the choice of system, its apptication in terms of space or water

heating, its operating efficiency and even its feasibility.

5 Because the passive mass roof system is not well suited for
Canadian latitu¿.i,-ii will not be includód in the retrofit suitabììity
übìã. The i ssuã'of costs and benef i t,s ( i .e. payback period) wi I I be

discussed in Crrapler +- an¿ ii not used as a prime criteria for physical

amenabi 1 i ty.



Svstem Type & Criterla

FLAT PLATE [''IATER:

Domestic Water 0nlY:

I ) 0rientation:

2t Solar Access

5) Roof Form:

4) Storage Volume:

5, Existing Heating

FLAT PLATE WATER:

I ) Orientalion

2, Solar Access:

l) Roof Form

Table 12: Asfive SYstens Retrofit SuitabilitY

Potential Advantages

. can have son¡e winter shadlng as it is a

Í of heating needs

" ti l+ angle = lafitude t2O" means lt can be

n¡ounted on low sloPe roof
. col lector area required ls smal I

. smal I tank required

. no interface problem with exlstlng fuel

supplying hol water heat

. can reduce fuel cost bY uP lo 75fr

. deciduous tree shading ln summer when

space heating not needed

. medlum-size storaç volune required (less

than air sYstem)

Pofenti a I D i sadvantaqes

. to be wlthln tZQ" of true south

. cannot be used if wal ls and roof shaded al I year

by obstructions

. col lector ti lt angle less than 40" may col lect
snow ln wlnter

plping between col lector and storage should be

minimlzed to Prevent heat loss

. does not Provide sPace heating

. to be wlthln !2Ol of true south

. potential shading by obstructlons or roof form'

critical in winter between 9 Al4 and f PM

. f¡lf angle = latitude +15" requires steeper

pitched roof (65o)

. may require strr.lctural strengthening of roof

. col lector area required is large - t'usablert roof

and/or wall area may not be aval lable

æ(tî4, Stora$e Volume



Table 12: Asfive

System TYPe & Criteria

5, Existing Heating:

FLAT Pt-ATE AIR

1 ) Orientation:

2, Solar Access:

3l Roof Form

4, Storage Volume:

5) Exlstlng Heating:

EVACUATED TUBE (Water):

Criteria 11, 2), 5')

3) Roof Form;

Refrofit Suitabi I i (Cont' d )

Potential Advantages

. compatible with radlant or forced alr dis-
trlbution (with heat exchanger), can provide

4}-60fr of heating needs

. deciduous tree shading in summer when space

heating nol needed

. collector- Panels are lighfwelght, usually not

requiring structural strengthening of roof

. alfernate eutectic salt storage volume is

smal ler, easler to retrofit

. compatible with forced alr distribution
systems

. can provi de 40-60l of space heating

Same as flat Plate wafer collector

. requires smal ler col lector area due to

higher efficiencY

. requires less storage volunp than flat
plate water due to higher col lected
temperatures

Potent ial Disadvantages

. to be wlthin 120" of true south

. potential shading by obstructions or roof form'

crltical ln winler befween 9 AM and 3 PM

. t¡lt angle = latilude +15" requires steeper

pitched roof (65")

. col lector area requ¡red ls large - trusuabletl

roof and,/or wal I area may not be available

. rock bed storage volume is large and costly to
retrof I t

. eutectic salf slorage requlres replacement after
degradat I on

. requlres large alr heat exchançr

. not compalible with radlant wanter distrlbution
system

. cannot provide domestic hot water

. 65" tilt angle requires steep pitched roof

higher col lected wôter temPeratures requires
co
Or4) Storage Vol ume

n¡cre controls
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Table L2 summarizes the advantages and disadvantages of the active

system types (flat-plate air or water, and evacuated tube) reviewed'in

chapter z, in terms of the principal criteria of orient'ation, solar

access,roofform,heatstorageandexistingheatingsystem.

3.3 CASE STUDY: SELECTI0II 0F CASE STUDY AREAS

Asanextensionoftheretrofìtsuitabilitycriteriajdentifiedin

Section 3.2 for passÍve and active systems, two study areas in Winnipeg

vJere selected in order to determine what overall characteristics at the

,,neighbourhood" level would influence solar retrofit potential ' ulti-

mately this type of study could be extended to an entire urban area'

recognizing the fact that such factors as exist'ing street layout'

housing type distribution, housing age, and orientation will ultimately

affect the solar retrofit potential for each area'

Twostudyareasll,erechoseninìilinnipegonthebasisofthe

fol ì owi ng criteri a:

1) Lot orientation: (a function of street layout):

0ne neighbourhood to have predominantly east-west streets,

resul ti ng i n a north-south lot ori entation ( I ongi tud'i nal axi s) ;

the other nei ghbourhood to have predomi nantly north-south

streets, resulting in an east-west 'lot' or orientation (longitu-

di nal axi s) .

2) Size:

EachneighbourhoodtobeapproximatelytheSameareaand

densi ty, w'i th nearly equal popuì ati ons ( number of dwel I i ngs) '
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3) Housing TYPe:

Each neíghbourhood to have approximately the same distribution

of housing type, and to be reasonably close to the city norm in

terms of distribution of housing type (single family, detached,

row, etc.). A preference was indicated for neighbourhoods with

a percentage of single-fami1y dwel1ings higher than the city

average, as higher density dwelling types use less energy per

unit and t,he current potential of solar energy is greatest for

singì e-familY dwel 1 i ngs.

4) Housinq Aqe:

Each neighbourhood to have approximately the same djstribution

of dwellings by housing age, and to be reasonab'ly close to the

city norm in terms of distribution by housing age'

5) Nei sh bourhood StabilitY:

E,ach nei ghbourhood to have hi gher than ci ty average vaì ues for

unit ownership vs. rental and for length of unit ownership'

Neighbourhoods having these charact,eristics would have a higher

t,han average potenti a1 f or sol ar access ) ' aS retrof i tt'i ng

acti vi ty wou'l d more 'l i kely be bi ased towards home owners wi th

low turnover rates.

6) Availabil i of Data:

The ,,neighbourhoods" chosen are administrative areas defined by

the Ci ty of lili nni peg and thus have ama'l gamated data for the

above criteria.

I t shoul d be noted that se] ecti on of two "nei ghbourhoods" ( or

admi ni strati ve areas) havi ng predomi nant'ly uni form street and I ot

;:t'
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ori entati onS al I oÌ.Js the study of representati ve smal ì er areas ( i ' e '

several bìocks or at the unit level) and the extrapolation of data 0r

conc.rusions about these areas back up to the "neighbourhood" 'level.

Newer subdivision areas of the city with multiple street and lot orient-

ations would not be amenable to this type of sampling and extrapolation

to a I arger area, and woul d a'l so not be aS representat'i ve of ci ty-wi de

existing housing stock on the basis of age and dwelling type'6

0n the basi s of the above cri teri a, two l,li nni peg study areas were

selected: Riverview and Sargent Park. Figure 2L, "Area Characteriza-

tion", illustrates the classification of areas by the City of T'linnipeg -

both Sargent Park and Riverview are classified as "conservation" areas

and are approximately equi-distant from the downtown core' Both of

these neighbourhoods exhibit the following characteristics:7

i) majority of housing stock is in good condition rc0'70"/")

ii) age of housing stock is beyond 25 years

i i i ) few redevel oPment Pressures

iv) a relatively high degree of self-sufficiency of the resident

PoPul ati on

v)tand/buíldingvaluesforthemostpartarestab]e

The city of winnipeg's poticy strategy for these areas is one of "mini-

mal pubìic capital support combined with selective minimum standards

6 it is recognized, however, that newer areas are likely to have a

higher percentagï"äi-.*tgy-efficient housing stock and thus be more

amõnable to near-term solar retrofit'

7 ,'I.linnipeg Area Characterization Study." Information l'linnipeg'
(Departmentofrn"ui.'oñ*.ÀiulPl;;;i;õ'_citvoi,t.li@.
2.



I
¡

I

,t

AREA FIGURE 2I

ITI
En
ffiirfffii{

REDEVELOPMENT

MAJOR IMPROVEMENT

REHABILITATION

CONSERVATION

STABLE

EMERGING
\0o

Source¡ DopÀrt¡nent of Envlronmental Planning, City of l{lnnlpeg, JuIy I979.

.'./

JULY ,1979



91

code enforcelnent and incentives to encourage increased private capital

support of the neighbourhoods."S Sargent Park and Riverview are both

further characterized by values for unit ownership vS' tenancy and for

length of occupancy above the city norm:

Tabte 13: Omershi YS (PrÍvate ed Dwelli s) t976

0wned:
Rented:
TOTAL

1910
415

ffi
82.3
17.8

T00n-

1360
430

T7E-0'

75.9
24.0

TOOT-

Ci tY..-T-_
h

8

Ci ty
-3-

Sar
o

ent Park Ri vervi ew

NO lo

5B
41

1

T0'0,n

Table 14: Length of 1971 (Ho. ot Dwellings)t

Sarqent Parkro:---f-
Ri vervi ew

NO. loNo. of Years

1

L-2
3-5
6- 10
1.0+

TOTAL

16.0
10.9
L2 "9
15.7
44.9

T0-0-m

20.3
16"1
15 .1
15.4
33 "0

1¡OT-

270
260
250
315

1175mî

11.9
11.4
11"0
13.9
51.8

m.a

285
195
230
280
800

T7t0

source: Department of Environmental Planning, 9ilv, of- l'linnipeg
(Statitiiðt Cäna¿ãi. ¡,t: Totals may noï rnatch due to rounding

of numbers to the nearlst 5'

It can be seen that both areas have approximately the same numlrer

of dwellings f¿325 vs 1970 in Table 15), and have quite similar distri-

bution of values for length of occupancy and unit ownership vs' tenancy'

8 Housín and Nei hbourhood Strate es (Envi rontnental Pl anni ng

Departmen t nn Pe9 '
gus ' P' tB.



Table 15: Structura I Type, 1976 (ìlo. of Dwellings)

Sa nt Park Ri vervi ew
o.

92

Ci tY.-nr-
loStructura'l TYPe

Si ng1 e Detached
Si ngl e Attached
Dupl ex
Apartment
Mobi I e

TOTAL

1955
35
85

245

1400
20
40

330

B4 .0
.5
.6
.5

57 .5
6.3
3.8

31.9

78.2
1.1
2,2

18.4

1

3
10

825 13T:0- T290. îm-;0, mo,a

Ci ty of l^li nni PegSource: Department of Envi ronmental
(statistics Canada).

P1 anni ng,

Values for the distribution by period of construction (age) will be

presented in the next section as characteristic of thermal efficiency

(one of the retrofit criteria) at the study area level" Thus' both

areas are similar except with respect to predominant lot, orientation,

and other minor variations such as dwelìing size (living area), roof

form, and use of materials. These factors will be examined in det'ail in

the next section on the retrofit suitability of the two case study

areas.

3.4 RETROFIT SUITABILITY OF CASE STUDY AREAS

in section 3.2, a number of physicat retrofit criteria \^rere

developed for both passíve and actÍve solar energy systems. It was con-

cluded that it was the interface between the design characteristics of

the system types and the construction, placement and orientation of an

existing house that ultimate'ly decided the retrofit potentiaì of a solar

energy system.
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The two case study areas (Sargent Park and Riverview) that have

been selected will be evaluated in terms of the physical retrofit

criteria identified in section 3.2.. The criteria will be reviewed in

the same order as in Section 3.2:

1) Solar Access:

( a) lot, orientation

( b) sol ar al ti tude

(c) shading by adiacent buildings and/or trees

2l Roof Form/Angle

3) Heat Storage

4 ) Thermal I nsul ati on

5) Heating SYstem/Fuel TYPe

1) Sol ar Access:

(a) Lot Orientation: The ret,rofit criteria of lot and house

orientation vras identified in Section 3.2 as critical to the retrofit

su.itability of both active and passive systems. This criteria was also

one of the dete¡nining factors in the selection of the two study areas.

Sargent Park was chosen as virtually all of the lots in this area are

oriented east-west (tongitudina'l axis) as a function of the predominant

north-south orientation of the street layout. Riverview u,as selected as

all of its lots are oriented within 25" east of the north-south axis,

and ¡¡as thus deemed to be an "optÍmal" orientation for passive and/or

active solar retrofit, while Sargent Park would be representative of a

,'poor,' ori entat,i on for passi ve sol ar retrof i t i n parti cul ar. Ini ti aì ly 
'

this classifícation of "neighbourhood" retrofit suitability as a pre-
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dominant function of lot orientation would appear to be true, but other

factors Such as roof form and solar access can have mitigating effects

on overalI "neighbourhood" suitabi1ity for solar retrofit'

Figure 22 jllustrates the land use pattern and lot/house orienta-

tion of the Riverview area. Lot,s in this area are oriented approximate-

ly 20 to 25" east of south, which was identified as a close to optimal

orientat,ion in chapter II for passive and/or active systems' Houses

with their front or back face (sides normally having t'he largest per-

centage of window area) to the east of south, collect so]ar energy

earlier in the morning while minimizing summer overheating in the after-

noon. summer overheating occurs if t,he prirnary window faces are

oriented to the west of south and maior g]ass collection surfaces are

notshaded.l,lhi]eduesouthistheoptimalorientationforactive
coì1ect,ors, there is ìittle decline in solar radiation collection within

t30o of south. As can be seen in Figure 22, Riverview is predominantly

low-density single family housing, with some multiple-fami]y housìng

alongtheeastsideof0sborneStreet.Thisdistributionof]anduse

should allow for uninterrupted solar access for most south-facing wall

surfaces in Riverview.

Figure23il.lustratesthelandusepatternandlot/houseorienta-

tion of the sargent Park area. Lots in this area are oriented east-

west, with the primary window faces (front or back) of t'he houses facing

either due west or east. There are a small percent'age of lots which are

oriented south in sargent Park, such as located on bays off clifton

Street and Valour Road in the western half of the area - but these lots

represent less than 5o/o of all lots in Sargent Park' The predominant'
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east-v^Jest ori entati on of houses i n thi s area i s poor f rotn the poi nt of

view of passive solar collection, with minimal opportunities for passive

solar retrofit. The Sargent Park area is characterized by narrow lots

with minimal separation distances between houses, and by shaded south

wall faces with few or no windows due to sideyard and separat'ion dis-

tance restrict,ions. In terms of active solar retrofit' again the east-

west orientation of prirnary window faces mini¡nizes the amount of soìar

radiation that can be collected by the wal'l surfaces; however, roof form

in this area does allow some active solar collection due to south-facing

roof surfaces. This factor will be later examined in the section on

roof form (one of the five retrofit criteria previously identified) '

b) Solar Altitude: This factor will be combined with (c) shading

to determine "solar enveìopes" or shadow patterns for both study areas'

c) Shadi n acent Buil di san or Trees: A key factor i n

both study areas is the possibìe shading of south-facing surfaces by

adjacent buildings during the winter heating season, particularly at the

winter solstice (December 22nd\. In order to determine the extent to

which this shading occurs and its positive or negative effects upon

SOuth-faCing cOllector sUrfaCes, a "solar enveìOpe" can be determined'

This "so]ar envelope" is a function of 1atitude and solar altitude and

specifies a three-dimensional space in which solar collection devices

should not intrude, if solar access is tO be guaranteed to a house

utilizing a soìar energy sYstem'

Typicaìly, these shadow pat,terns developed for winter solar access
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have been used to determine minimum separation distances in new sub-

divisions incorporating passive solar design. However, jn existing

neighbourhoods such as Riverview and Sargent Park, there is a given

situation of lot, and house orientation and placement' In t'his case'

optimal shadow patterns can be applied to the existing situation' to

determine the retrofit suitability at the "neighbourhood" level as a

function of solar access.

Fi gure 24 i I l ustrates the shadow patterns devel oped f or Ì^li nni peg

for three typical house height,s (bungalow, spl it-leve'l , and 2-storey) on

December 22, the winter solstice. The hÍgher the house (measured at the

roof peak), the longer the shadow pattern - thus increasing the minimum

separation distance between houses in order to guarant'ee winter so'lar

access. The lot size used in these shadow pattern examples is a typical

50 feet wide by 100 feet deep" Lots in sargent Park and Riverview vary

from 30 feet by 90 feet to 50 by 100 feet or greater, and in addition

there is some mix of house height,s, particularìy in Riverview'

The December 22nd shadow pattern for 49oN. latitude can t'hen be

applied to the two study areas to determine to what extent shading by

adjacent houses interferes with solar access. The shadow pattern for a

single-storey 16' high bungalow was used for Sargent park as this iS the

predominant housing type, while the shadow pat'tern for a split-level 20'

high house was used for Riverview as this was more representative of the

average house height in t'he area.

it can be seen that when the shadow pattern is applied to a repre-

sentative four block area jn sargent Park (Figure 25), that south-facing

walls have no solar access during the winter heat'ing season, ruling out
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passive Solar collection or wall-mounted active collectors'
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In addi-

tion, free-standing Solar collector furnaces in front or rear yards are

also large'ly ruled out due to winter shading patterns.

Figure 26 also applies the 49oN. latitude shadow pattern for

Riverview in a 5 b]ock representative area. It can be seen that in this

case, due to the favourable lot/house orientation (20"E. of south) there

is little or no shading of adiacent south-facing wall surfaces, thus

allowing soìar access for passive or active solar energy systems' l¡lhile

the lot/house orientation in Sargent Park would limit' active soìar

collection to south-facing, non-shaded roof surfaces, the orientation in

Riverview permits wall or roof-mounted active systems (given the correct

roof orientation) and passive collection systems integrated in south-

faci ng waì1 s, ê9. greenhouses or wí ndow wal I s '

In Section 3.2.L, Figure 18 illustrated the pot'ential shading

effects of trees as a funct'ion of height and species' Both Riverview

and Sargent Park, being existing bui'lt-up areas' are characterized by

mature street trees, predominantly elm and map'le, with the occasional

orna¡nental coni ferous tree. These deci duous trees provi de desi red

summer shading to prevent overheating, while losing thejr leaves during

season and al 1 owi ng sol ar penetrati on i nto 1 i vi ng

passive solar sYstems.sol ar access for acti ve or

The extent of ll,inter shading by tree branch patterns should be measured

on an individual basis, and this can be checked through the use of a

pyranomet,er which measures solar radiation incident upon a potential

collector surface, ifì order to determine the future efficiency of a

solar energy system. while the winter shading by trees appears to be a

the wi nter heati ng

spaces, and winter
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minor factor in both Riverview and Sargent Park, in jndividual cases

this factor may be enough to reduce the collection efficiency of a solar

energy system to a marginal or cost-ineffective status.

2) Roof Form/Anqle:

As discussed in the previous section on soìar access, roof form has

an effect on the potentiaì for retrofit of a solar energy system.

Figure 27 illustrates the relationship between roof surface orientation

and lot orientation for Sargent Park and Riverview, and how thÍs affects

retrofÍt potential for roof-mounted active solar collectors.

In Sargent park, where 95% of the lots are oriented east-west

('longi tudi nal axi s) , approximately 75% of the houses are of the simp'le

gable-roof type with ha'lf of the roof surface oriented due south. This

condition is ideal for roof-mounted active solar coìlectors for hot

water heatíng, and for space heating íf sufficÍent roof area is avail-

able" For example, Z5O square feet of collector area (1:4 ratio) is

requi red to provi,Je 40 to 60% of the space heati ng dernand. 0ther

orientations of roof surfaces in Sargent Park result in no south-facing

areas available for collectors, thereby eliminating any active or

passive solar retrofit potential.

In Riverview, virtually lO0% of the lots are oriented wÍthin 25"

east of the north-south axis. There is a wider range of roof forms and

roof surface orientations than in Sargent Park. Approximately 75% of

the houses in Riverview have gable-type roofs with one major surface

facing south, thus a'llowing roof-mounted active water and/or space

heating collectors, gther roof types with no south-facing surfaces
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!,rou'ld result in Rìverview houses only able to utilize active wall-

mounted collectors, passive wall systems, or potentially solar furnaces

located in yards havÍng solar access.

one additional fact,or that is characteristic only to Sargent Park

is that south-facing roof surfaces may be shaded by an adiacent house

whose roof peak is higher. Figure 28 illustrates t'he effect of roof

height on shading patterns between adiacent units. Ì'lhere a 2-storey

house is located beside a l-storey house, partial or complete shading of

south-facing roof surfaces will occur. This additional factor decreases

the percentage of Sargent Park houses having roof surfaces suitable for

actíve collectors from 757" l.o approximately 607, of all houses'

prior to the consideration of any solar collector installation' an

analysis should be carried out to determine the area of south-facing

roof surfaces that are shade-free at the wint'er solstice, and whether

this area is sufficient, for space heating or water heat,ing purposes

only. As previously mentioned, the potential shading effect of street

trees on solar collector surfaces should be also be taken into account'

3) Heat Storage:

It is difficult to estimate to what degree heat storage volume

would be a limiting factor in the two case study areas of Riverview and

sargent Park. visits to houses in both of these areas reveal that most

people have undertaken complete finishing of their basements' thus

'limiting the amount of space available for large insulated water t'anks

or rock l¡eds for acti ve space heati ng systems - unl ess they are p'laced

adjacent to t,he house, either underground or in insulated beds' Storage
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volume for hot water domestic heating wou'ld present few problems in

terms of space, whi'le eutectic salt storage (in trays) is the most

space-efficient means of heat storage for active air systems, ôt a

stight premium in operational costs. However, the most space-efficient

and convenient means of heat storage may not be compatibìe with t'he

existing means of heat distribution - i.e. an active air system employ-

ing eutectic salt storage would not be compatibìe for a house with

existing radiant water heating. This additional factor wi'lI be examined

in a further section on existing heating systems and fuel types'

in terms of passive heat storage, it appears that there would be

little opportunity to capita]ize on existing masonry construction as a

means of heat storage for a mass wall system, as existing construction

in both Riverview and Sargent Park is predominantly wood-frame' A

,,windshield survey" of these two areas indicates there is a higher per-

centage of existing masonry construction in Riverview than in sargent

park, but that probab'ly does not represent more than 5 to 10% of exist-

ing housing in this area. As noted in Chapter II, the existence of

masonry construction (brick or stone) as a means of passive thermal

storage may still not be adequate, if these masonry walls are not of

adequate thi ckness, constructi on type ( i . e. cavi ty wal 1 ) 0r are not

south-facing walls. It is important to assess the potential of this type

of passive heat storage on a case-by-case basis. However, this does not

eliminate the possibility of constructing a new masonry wall or water

tube walI adiacent to an existing wood-frame walI (ürat is well

i nsul ated) i f one wi shes to use thi s type of pass'ive heat,i ng system to

heat as adiacent living space.
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4) Thermal Insulation:

As outl i ned i n secti on 3 .2.1, the si zi n9 of a so'l ar energv col -

lection systern for an exísting house will be dependent on the house's

present thermal efficiency. The greater the level of energy consumption

for space heating, i.e. the more thermal'ly inefficient the house is, the

greater the collector area and thermal storage volume required for a

solar systern. The design and construction of a house to be retrofitted

may place limits on the usable collector available and sufficient stor-

age volume available (i.e. a storage container in the basement). Due to

these límitations, the solar energy system will provide a lower fraction

of the total heat demand and will certainly be less cost-effective.

Thus, greater importance should be placed on the thermal upgrading of

existing "neighbourhoods" prior to any consideration of solar energy

collection. For an existing house, thermal upgrading is the most cost-

effective first investment, and would include such items as reduction in

air infilt,ration, attic and wall insulation addition, triple-glazed

wi ndouls, etc .9

whi I e housi ng age Í s not di rectly correl ated wi th thermal

efficiency, it is an indicator of insulation levels as a function of

changes in the National Building Code and construction practices at the

tirne of house constructì on. Tabl e 16 i I ì ustrates the di st,ri buti on by

age for Sargent park and Riverview up to 1971, indicating that for both

these neighbourhoods approximately 97"/" of the housing u,as built prior to

1960 and that both neighbourhoods are older than the city average.

9 See Ajma'l Mohammed's thesis
University of Manitoba, 1980.

Conservation of E nerqy in Housing,



Table 16: Peri od of Construction

Sargent ?3I! Ri vervi ew

Xo. % NO. lo
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Ci ty--î-
lo

Peri od

Before 1920
1921 - 1945
1945 - 1950
1951 - 1960
1961 - 1965
1966 - 1971

TOTAL

255
1075
450
400

45
40

ffi
Departrnent of Envi ronmental

(statistics Canada).

TT.2
47 .4
19.8
L7 .6
1.9
1.6

415
465
400
455

40

1TT5

23.3
1

5
6

20 .1
2r.4
tI.2
22.0
i1.7
L3.2

26
22
25

T00.0'

2.2

mo'a m0;0'

Ci ty of ll,li nni PegP1 anni ng,Source:

In 1979, Scanada cOnsultants completed a study for the canada

Mortgage and Housi ng Corporati on on i nsul ati on I evel s i n exi sti ng

housing across Canada, and arrived at the fo'llowing average levels of

insulation ("R" value) and percentage distribution as a function of

period of construction for llinnipeg, as shown in Table 17'

Table 17: t{all and Attic Insulati on Levels and occurrence (l{inniPeg)

Period of Construction

Before 1945 (UN)
( iN)

1e45 - 1es0 (uN)
( IN)

1950 - 1960
1960 - 1975
After L975

lial I I nsul ati on
"R" Yatue

ql
n

Atti c Insu'l ati onw
I4.

9.
4.
8. 13 .1

13 .1
t4.2
L4.2

3
I
3
0
0
0
5

26
74
10
92

100
100
100

3.1
t?.6 92

100
100
100
100

i0.
10.
13.

(ut'l) : Uni nsul ated

tr R¡r Val ues are i n
ENERSAVE (CMHC).

Source: Derived from tables in Heatin Canadi an Houses: C

mance and Potenti al for rovemen o cy

v S

(tl,¡) : Insul ated

(gtu/hr .ft.Z "F.)-1. Estimated values are based on

urrent Perfor-
ve 0prÎen

& 35.
o[t an 0nsu n s, ttawa, Ma rch 1979), pps. 34
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As 78.4% of the housing in Sargent, Park and 7L'9% of the housing in

Ri vervi e!.r vras bui I t, pri or to 1950 , i t appears that much useful thermal

upgrading of insu'latíon would be necessary prior to any consideration of

solar energy collection systems. Figure 29 indicates the dramatic

effect of the energy savings due to additional insulation contribution

( Graph 1 ) , and the subsequent contri buti on that can be made by a sol ar

space-heati ng system (,45% sol ar fraction) to t'he therma'l ly upgraded

house.

A detailed, area-specific insulation level study could be conducted

for both sargent, Park and Riverview through the use of aerial thermo-

grams, revealing the present level of at,tic heat loss (as a function of

insulation levels and air infiltration). Appendix A-L outlines such a

program in Toronto. This type of study could then further identify

those houses most suitable for solar energy retrofit as a function of

lowest relat,ive heat loss in the case study areas, given that other con-

ditions such as solar access and cost-efficiency have been met. It is

recognized, however, that this method of aerial thermogratns on'ly identi-

fies roof heat 1oss, and not wall heat loss or the existing level of air

infiltration in a house - two other problem areas that should be

resolved prior to evaluating the retrofit of a solar energy system.

5) Exi sti Heati n stem and Fuel

As previously noted, the existing type of heat distribution and

fuel market penetration for an area will influence both the physica] and

economic suitabitity of a solar energy collection system for retrofit

purposes. Table lB indicates the present distribution of heating systetn
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Using the sorksheets and data to be fow¡d in SoLPLÀN 2, an analysis was carried out for' the exanqrle
housã. The re6ults of tt¡e work to be done on the house are suÍunarized in Graphs 1 and 2.
lnsulation is by far the best possible investment to Cut heating bills'

Graph 2 showe .the solar contribution to the reducect heat load of the house. our calculations
ahow that the sun shoutd contribute about 45t of annual heating requirernent. Às this work is
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ot a major building program, yrithout a rnajor investment in expensive
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Table

"/" lJti 1 i zi ng

Space Heati ng ìIater Heati ng

DISTRIBUTION TYPE

Hydronic (water radiant)
Forced Ai r
El ectri c Radi ant
0ther

FUEL TYPE

Natural Gas
El ect,ri ci tY

6.0
76 "0
13.0
5.0

84.0
16.0 (mostìY
el ectri ci tY)

0il
0ther (Coal, Wood, etc.)

T00-.o

Source: Household FacilitÍes and Equipment, Statistics Canada' ottawa'
MaY 1978.

types and fuel used for l|Jinnipeg, values for which both Riverview and

Sargent Park should be close to as they were selected aS areas "repre-

sentive" of r,,linnipeg. Both Sargent Park and Riverview areas are L}Q"L

served by naturaì gas utility lines, but actual natural gas rnarket pene-

trati on i n these areas i s estimated to be 85 t'o 90% (s'li ghtly hi gher

than the l¡linnipeg average) with t,he remaining share of the market' served

by electricity and oil.10 In some cases, houses in these areas may have

two different fuel sources for space and water heating, i.e. natural gas

for spacing heating and electricity for water heating, but data for t'his

type of distribution !{as not available. Generally, the primary fuel

chosen for space heati ng purposes wi I I al so be used for water heati ng

purposes.

T0õ-.r-

T0ìr.0'

84 "0
13.0

8.0
1.0

10 Source (Fuel Type): Mr. W. Sa]o, Winnipeg Gas Company'

Wi nnipeg, 1981.
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Distribution of heating equipment and fuel type may also vary with

housing age (period of constructíon), but this data was not avai'lable

for the two study areas and might be obtained by specific surveys'

Table 18 does indicate, however, that the predominant type of space

heating in l¡linnípeg and the 2 study areas is natura'l gas, using a forced

air distributíon system (approximately B5%1. Thus, the largest space-

heating potential for solar retrofit is the Sargent Park and Riverview

areas would be for active air systems, tnost likely with space-efficient

eutectic salt storage. This does not rule out, however, the use of

'liquid-based solar collection systems as a water-air heat exchange

element can be used to preheat furnace air int'ake, in order to be com-

patibìe with an existing forced air heat distribution system. The pre-

dominant market penetration in vlinnipeg of natural gas for bot'h space

and water heating will most likely act as a deterrent to wide-scale

irnplementation of solar space heating systems, as naturaì gas currently

has a price advantage over competing fuels'

3.5 I{ECHA}IISMS TO PROTECT SOLAR ACCESS

other than cost-effectiveness, it can be seen that the lot/house

orientation and soìar access are the prime determinants of retrofit

suitability for both active and passive systems. There are a number of

legal and technical means of accomplishing the obiective of protect'Íng

solar access:

1 ) Sol ar overl aY zoni ng

2j Restrictive Covenants
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3) Private Agreements and Solar Rights

4)Zoningby.lawvariancesandSiteCertifications.

Each of these mechanÍsms will be defined and discussed in terms of their

effectiVeness in protecting so]ar access in existing urban areas'

1) Soì ar Overl ay Zoni ng:

Solar overìay zones can be used to protect solar access for bot'h

new and existing housing. Municipalities can define "solar zones" for

specific areas in whÍch existing solar access is a'lready beneficial, so

that future building construction will not shade solar collection

surfaces. solar zones are overlaid on existing residential zoning

categories, such as single-family "Rl"' accgmpanied by varied degrees of

protection. one of the means of implementing soìar zoning is through

the control of building permits for new construction in existing neigh-

bourhoods, by regulating building heights and spacing in order to mini-

mi ze shadi ng on pot,enti a'l sol ar col l ecti on surfaces ' Dependi ng on the

retrofit potential of an urban area, as determined through case studies

such as in Section 3.4, various degrees of prot'ection can be imp'letnented

by total 0r partial exemptions from existing zoning restrictions'11

Restri cti ons whi ch mi ght or mi ght not be granted coul d i ncl ude yard set-

backs, building height, vegetation height control, or 1ot coverage'

For existing areas such as Riverview, with good existing solar

access for south-facing wall and roof surface, and with little external

11

Toronto,
Pers ecti ves on Access 'to Sunl i

ep er ' P'

ht Ontario MinistrY of EnergY'
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development pressure, the maiority of the area could be class'ified as a

high-priority.,solarzone.,.Prob]emsthatcouìdbeincurredbysucha

mechanism would be the degree of protection granted - should the solar

zone protect access to all south-facing wall surfaces (or a fixed per-

centage of), or for roof surfaces only, and should exemptions be granted

for the construction of accessory structures such as garages? It is

also unlikely that this concept of solar zoning could be applied to

vegetation height control, particularly in an area with mature street

trees that provide beneficial summer shading' Solar zoning wìth accom-

panying building perrnit restrictions wouìd most likely be confíned to

physical structures and apply only to future construction' i'e' it could

not, be retroacti ve i n i ts appl i cati on '

For existing areas such as Sargent Park, which has minimal oppor-

tunity for protecting solar access, limited forms of "solar zoning"

could be appìied to protect only roof surfaces for domestic hot water

heating (small collection areas). This would not protect roof areas

current'ly shaded by adiacent taller houses, and might also prevent

second-storey additions to existing houses' "solar zones" may not l¡e

able to be appìied to all areas of the city due to existing physical

restrictions, and thus other mechanisms such.as private agreements 0r

restrictíve covenants may be more appropriate to protect solar access

where future potential for solar heating is limited' For other urban

areas, a hierarchy of soìar zones could be defined with decreasìng

'levels of solar access proection, as a function of existing "neighbour-

hood" physical characteristics. Areas such as Rjverview could have a

maximum.level of controìs, while areas such as Sargent Park with poor
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soìar access, or areas subject to development pressure from expand'ing

commercial districts, would have a minimum tevel of controls or no

control s.

2\ Re stri ct,i ve Covenants:

covenants are agreements between i ndi vi dual property owners and do

not affect future ouJners of the property (i.e' are not bindjng 0n the

title to the Iand), un'less they take the form of "restrictive coven-

ants."12 Restrictive covenants can be used t'o protect solar access to a

col,lector, by preventing construction of bui'ldings or additions above a

specified height, or by stipulating the retention of deciduous trees for

summer shading or the removal or trimming of coniferous trees shading

collection surfaces. This type of mechanism can be more easily acquired

in new subdivisions which have been optimally designed for passjve solar

collection, but may have only limited appticabílity for exist'ing neigh-

bourhoods - parti cul ar'ly wi th regard to enf orcement' Such agreetnents

may also be limited only to future building construction' and not to

existing g future vegetation growth. The property owner (or owners)

,'restricted" in such a fashion may also warrant compensation for loss of

development potential or privacy screening of property'

As restrictive covenants are carried with the title to the land'

and may be difficult to acquire and to enforce, it appears that they

have limited applicability to existing neighbourhoods' However' if no

other mechanisms to protect solar access are available (such as "So]ar

tz lbid., p. 6.
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zoning,,) then restrictive covenants may be the only way to accomplish

this objective. Implementation of restrictive covenants also becomes

increasingly difficult for existing areas having less t'han optimal solar

access, and for areas under redevelopment pressure from adiacent land

uses.

3) Private Agreements and Solar Riqhts:

Private agreements between affected property owners are a form of

covenant, but are not registerable agaínst the title to land' A con-

tract can be agreed upon between neighbours restricting future building

or vegetation, but it only binds the people that sign the agreeinent and

will not protect future property owners. In existing areas with high

turnover rates (length of ownership) this type of agreement would have

to be re-negotiated with new owners, thus decreasing t'he "permanance" of

such an agreement.

All of the previous conditions applying to the use of restrictive

covenants in existing areas r,lill also apply to private agreements - the

on'ly d'i f f erence bei ng the 1egal 1y enf orceabl e status of a restri cti ve

covenant. The use of private "Solar rìghts" wou'ld requìre authorized

legislation, and this already has been accomplished, in several u's'

states.l3 There are several advantages to the use of solar rights by

private agreement:14

13 lbid., p. L4 & 77. The State of colorado
States of Kansás, Nirylan¿ and North Dakota in L977

;;;¿iìon to private agieements for "solar rights"'

t4 Ibid., p. 16.

in L975, and the
gave l egi s1 at,i ve



118

(a) Solar rights can be obtained from adiacent affected property\s' 
õnnð.t pr'ior tó tne purchaser instalf ing a colIector'

(b) The content of a private agreement for so-lar rights 99n be as

extensive or as mìnimal as the property owners mutua'lly agree

to contract.

(c) The solar user, after complete analy-sis of a solar retrofit
i nstal I ati on, 

'iun- 
Aesi gn änd si ze tit s col l ector i n order to

miñi*ize the'impact upoñ adiacent affected property owners'

(d) solar rights negotiated by pri.vate agreem,ent can be sufficient-
ly flexible i;"accommodai.' tt',. usei's technical and economic

requirements,-putii.ular1y for retrofit installatìons'

( e) Sol ar ri ghts coul d be supp'l emented by other mechani sms to pro:

tect soì ar 
- u.l.ti, sucir' as " sol ai zoni ngu ; o.r . where such

mechanisms did not exist thii would be the oñly viable means of
protect,i ng sol ar access '

There are, however, potential disadvantages to the acquiríng of solar

rights by private agreement. Disadvantages could include: lack of

applicability for areas with poor existing solar access' compensation

required by affected property owners, 'lack of transferability to future

property owners (unless conveyed by authorizing legislation) ' and diffi-

culty in enforcement. The use of private agreements, though, does have

potential where few owners are invoìved, where mutual agreements can be

made, and where municipal governtnents have not yet provided any other

mechanism to protect solar access'

4) Zoninq BY-Law Varianc es and S ite Certifications:

where the use of passive and/or active solar energy collection

systems contravene specific regulations such as front yard setback

restri ct.i ons or hei ght rest,ri cti ons, the use of vari ance appea'l s by

municipalities can be implemented. It was determined in the case study

in Section 3.4 that in Rjverview the front-yard setback restrict'ion ('zs
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feet maximum under rrRlrr zoning) could effectively reduce the number of

houses capable of using certain types of solar collection by 50%' This

occurred where houses on the north síde of east-west streets were built

at the setback line, and use of passive collection systems on south wall

faces (such as tube walls or greenhouses) would encroach on the front-

yard setback.

Granting of variances for tube or trombe walls, thermosiphon

systems, oF fl at-pì ate col lectors coul d be easi ly granted where

encroachment on the front-yard setback was on'ly mi nimal ( í 'e' two

feet). However, the use of attached greenhouses or sunspaces encroach-

i ng by as ¡nuch as ten feet, wou'l d most 1i kely be opposed by adiacent

property ov,rners at pubìic hearings held for variance appeals' It is

difficult to separate the issues of additional "living space" obtained

by attached greenhouses and the passive solar energy that cou'ld be

collected by such an addition. It is likely that municipa]ities will

have to adopt sorne regul ati ons permi tti ng the use of passi ve sol ar

greenhouses up to certain specified dirnensions, depending on the exist-

ing zoning regulations and neighbourhood physicaì characteristics' For

,'neighbourhoods" such as Riverview, this particu]ar restriction appears

to be a maior deterrent for the implementation of certain types of solar

energy collection systems, particularly attached SunSpaceS on south-

facing wall surfaces.

In additÍon, upon the granting of such variances for solar systems

muni ci pa] i ti es coul d i ssue sol ar " si te certi fi cati on, " whi ch coul d

impose solar rights restrictions on adiacent propertìes that' rnight

potentialìy shade the certified site through future construction' The
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use of,,site certifications" could also be integrated with the property

tax assessrnent system, providing a means of documentation for exernption

of the value of a solar energy collectíon system fro¡n additionaì

property taxes.15 This particular mechanism of prot'ecting solar access

and encouraging the adoption of solar energy systems does hold promise

for existing areas with good solar access (such as Riverview), but would

be difficult to apply in areas with non-optirnal orientation'

3.6 C0Ì{CLUSIOIIS AtlD RECOI.ll'lEtlDATIONS

From the preceding case study of sargent Park and Riverv'iew' and

the identification of retrofit suitability criteria as a function of

solar system type and locational requÍretnents, it is possible to esti-

mate the potential for solar retrofit for the two study areas' Each

type of solar energy collection system will have factors limiting its

ultimate retrofit potential as a function of physical conditions such as

roOf area, Solar access, storage volume, materiaìs, etc" The physiCal

constraints identified in the case study of Riverview and sargent' Park

can be summarized as follows:

Physical Constraints:

1 Lack of soìar access as a function of existing. lot orien-
iãiioñ, ioof o.i-.-nt.ti on, and shadi ng by exi sti ng roof
form, buildings, and trees.

15 Ibid, p. 50-51.
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2. Lack of usable, south-facing collectjon surfaces (particu-

larly tor 
-ipui.--neating) hãving sufficient area, due to

.ii tii ng roof form and ori ent'ati on '

3.Lossinsolarcol]ectorefficiency.duetonon.optimal
existing roof angle_s, r.qui.ing aðditional instalI ation

costs or ì..g." õoltectton areas to obtain the same per-

centage of so-lar heat (solar fraction)'

4. Insufficient thermal storage volume for active space

hearing ,iïi.ri ãuä-to iiðr ór existins space, or at addi-

tional construction costi;-lãcf of .existíng masonry floor
ãnd wall 

-ðõnsiruction for-passive thermal storage'

5 . Imcompati bi 1 i ty between exi sti ng heati ng systerns (rnode of

distribution) 
-and 

solne types 
-of- active solar systems

availab'le for water and space heating'

6. InsuffiCient, insulation'levels in existing houses-result-
ing in iàrô.. cõitection J.eus and heat storage volumes in

order to õrovi¿e the solar fraction desired (i'e' 40 to
607,) .

7. Existing municipal zoning by.]aw.and code restrict.ions,
particuiarly nitf r.garã' to- front-yard setback restric-
tions, tñus elirninatiig or reducing the possibilitie-s for
passi u. 

-' 
uno¡ïr acti u." ipa.e heati ng .systems on 

. 
south-

facing nalii' built at the'JéiUacf liné (e'g' Riverview) '

8. Aesthetics: Design or visua]. integration of the col]ector
area, pãiiiuã oñ actíve, into. t,he .house and consumer

acceptability. Roof-mounted active collectors provide the

I east probl em i n terms ìt vi sual i ntegrati on, whi I e 
_wa1 

I -

mounted ããtiu. or passive collector añeas require careful
desi gn cònsi deratibn of 

-the 
exi sti ng facade ( el evat'i onal

t,reatment) .

Major ìimiting factors affecting market penetration, such as solar

access and roof orientation, were deter¡nined for two case study areas'

As a result, the two Winnípeg study areas of Riverview and Sargent Park

u'ltimately have different potentials for the retrofit of solar energy

systems, as a function of system type and physical characteristics of

the studY areas.

The retrofi t cri teri a i denti fi ed i n secti on 3 '2 can then be

revi ewed i n ter¡s of t,he common'ly used acti ve system types ( f 'l at-pl ate
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water or air, evacuated tube water) and their characteristics (storage,

coìIector areas, distribution system) in order to determine their retro-

fit potential. Table 19 outlines the percentage of units in t'he two

study areas that might be capab'le of using the different types of active

and passive systems. The percentages derived are estimates based on the

number of units that would meet the criteria, for example, of Solar

access to utilize a solar system efficiently'

From this Summary table, it can be seen that Riverview aS an area

has a greater pot,ential for solar retrofit than Sargent Park, and this

tends to support the initial selection of these two areas as "optimaì"

vs . ,,poor', . Sargent park has a great'ly I i mi ted potenti al to irnpl ement

any tneans of passi ve sol ar col'l ecti on due to sol ar access prob'lems '

other than a small percentage of separated thermosiphon systetns in rear

yards where solar access is available. contrary to first impressions,

sargent Park does have good potential for active systems (particu]arly

hot, water) given favourable roof surface orientations, and does have

some potential for active space heating systems iF efficient collectors

(i.e. evacuated tube) are used due to limitations in usable roof area

for solar collection.

Riverview, as initial]y perceived, has very good potential for both

active and passive solar collect,ion. There may be, in some cases,

Ínsufficient solar access due to tree shading or shading on wall sur-

faces by nearby houses or physical obiects ( fences' garages, etc' ) '

usable roof area with good orientation may also limit the percentage of

units capab'le of using active systems due to variations in roof form and

si ze. A mai or prob'l ern for passi ve sol ar col I ecti on i n Ri vervi ew are
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2\

SYSTEM TYPE

PASSIVE

Di rect

I'Ji ndow l^laì I
Sunspace

I ndi rect

1) Mass wal I : exi sti ng
masonry
new masonry

Tube wall
Therrnosi phon: i ntegrated

seParated

Table 19: S Area Retrofit Potential:

% OF UNITS CAPABLE OF

USING SYSTEM TYPE

Sargent Park Ri vervi ew

5%

L0%

Table

MAJOR LIMITING FACTORS

Exi sti ng facade; aesthet'i cs
Setback restrictions
(front yard); solar access

Exi sting construction
Solar access; construction
Solar access; construction
Solar access; setback restrictions
Solar access; rear Yard

Roof form and area
Roof form and area; sYstem

effi ci encY
Roof form and area; sYstem

efficiency; thermal storage

5%

5%

30%
40%

5%

50%
50%
40%

307"

2%

5%

2l
3)

ACTIVE

Flat Plate/ Evacuated Tube

ing
Hot Water
(Combi ned)

r
at
d
g

1)
2l
3)

Hot, Wate
Space He
Space an

Heati n

60%
30%

20%

ngHeati 80"/,

70%

601"

ts
t\)(¡)
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front yard setback restrictions limiting the construction of any means

of passi ve sol ar col I ecti on other than a wi ndow wal I ( such as an

attached sunspace, mass wall, etc.) intruding into the set'back space

under existing zoning bylaws. This could be the case for up t'o 50'/" of

all Riverview houses, where south-facing building walls on one side of a

street are built at the front, yard setback line (i'e' 25 feet under "R1"

zoni ng) . By rernovi ng thi s parti cu] ar f actor as a det'errent' to passi ve

solar collection, the percentage of uníts in Riverview able to use addi-

tional types of passive solar collection wou'ld be increased'

As a result of these specific physical constraints to the retrofit

use of solar energy systems, key policy recommendations can be made to

overcome or alleviate the effects of solne of these constraints' Table

20 indicates specific policy recommendatÍons, the mechanisins by which

they can be accompìished, and the responsibility area involved (i'e'

Ievel of government). Technical means to implement "physica'l" po1icy

recommendations, such as protecting solar access, 1tt almost exclusiveìy

the responsibility of municipal governments, other than enabling 'legis-

lation by provincial governlnents so t,hat local governments can adopt and

enforce new by-laws. ultimately, the implementation of solar energy

systems for existing housing will requÍre the active involvement by

individual home-owners, and government policy should recognize this

through demonstration and information dissemination prqgrams'

To Conclude, some brOad recOmmendationS can be rnade aS an outcome

of thi s study that wi l1 encourage the so] ar ret'rof i t of exi sti ng

housi ng:

1) Thermal upgradingofexisting'housingshouldbebroughtupt,o



Table 20: Pol icy Recomtendations for Physical Retrofit

RESPONSIBILITY AREAMECHANISMS

. sol ar overl ay zoni ng

. building code restrictions
(heighti, buiIdi ng permits)

. restrictive covenants or
easements

. pri vate agreeinents

. bnabl i ng 'legi sl ati on ( sol ar
ri ghts)

. by-l aws

. variance granting

. financial and technical
support; survey of existing
condi ti ons

POL ICY

Physi cal

1. Protect future solar
access to south-
facing surfaces

2. Allow certain tYPes
of passive and/or
act,ive systems to
encroach on the
front yard setback

3. Thermal upgradi ng
of existing houses
( i nsul ati on I evel s,
air infiltration)

Muni ci pa1

Government
Provi nci al
Government

Federal
Government 0ther

X

X

X

X

x
( '¡e. cHIP )

I ndi vi dual
Owners

I ndi vi dual
0wner

X

X

XX

f\)('r
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ne!.J housing Standards (or some other speci'tied standard) ' before a solar

retrofit instal'lation should be considered'

2\ The most effective mechan'isms of protecting solar access for

existing neighbourhoods shouìd be given enabling legis'lation and munici-

pat adoption - in particular the use of solar overlay zoning, solar

rights acquired by private agreements, and the adoption of zoning by-law

variances and solar site certification'
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Solar Energy
As a Resource

System Types
'Passive
'Active

Physical
Evaluation

Summary

CHAPTER 4: FINANCIAL EVALUATION OF SOLAR ENERGY SYSTEMS

STRUCTURE
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4.1 CRITERIA FOR FII{A¡{CIAI EVALUATIO}I

The cost of solar energy systems is still generally perceived as a

barrier to their implementation, due to t'he high initial capital costs

required and resistance by consumers to incur these costs' However'

there may be a consumer preference for sol ar energy for space and water

heating purposes due to potentiaì lower life-cycle costs versus cqn-

vent,ional energy sources of oi1, natural 9ôs, and hydro-electricity'

I,lhen eval uati ng the fi nanci al benef i ts of a sol ar energy system

there are essentially two methods of evaluating cost' The first is

,,payback period", which is defined as "the number of years required for

the cumulative net revenues (fuel savings) to equa'l the original capital

investment,,.1 The second method of evaluation ís "life cycle cost"'

which is ,,the tota'l amount of money which rnust be budgeted for at the

start of the first yean of operation to cover the initiaì capital cost

and all the operating costs over the useful life of the system"'2

Life.cyclecostingisessentiallyamoreaccuraternet,hodofcoln-

pari ng al ternati ve so'l ar energy systems, as i t takes i nto account inore

ful]y the stream of revenues and expendi tures on an annual basi s over

the economic lives (i.e. beyond the payback period) of the systems' The

values obtained for life cyc'le costs, however' are highly dependent on

the economic assumptions made concerning such factors aS real fuel

Turn on the Sun, (ontario Ministry of Energy, Toronto, September1

1977 \ ' P' Iþ'

2 lbid., p.15. Both methods will be exp'lained in more detail in
Sections 4.2 and 4.3.
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escal ati on rates and user di scount rates ( mortgage or al ternat'i ve

investment rate).3

soìar energy systems For solar poo'l heating, domestic hot water and

space heating can be competitive on a life-cycle basis, but this is

dependent on a number of factors - i ncl udi ng the type and si ze of system

chosen, its geographic location, its collector efficiency, the length of

term and mortgage rate set for repayment, operating costs, governtnent

subsidies, exemption from property tax assessment, and t'he cost of the

conventional fuel that the solar system replaces (other than the back-up

system) during the repayment term. Energy use is often constrained by

capi tal i nvestments i n fi xed equi pment, i 'ê ' an el ectri c hot' water

heater, and therefore the short-term demand for alternative heating

fuels has been relativeìy inelast,ic. once an investrnent is made for

residential heating equipment, it would take a great increase in the

price of the conventional fuel (oi'1, gas or hydro) before it would be

worthwhi I e to repl ace the exi sti ng equi pment and fuel as a backup

s0urce.

To summarize, the following factors shouìd be taken into account

when evaluating the cost-benefit aspects of adapting a solar energy

system (active or passive) to a house:

1)Thesystemtypeused(waterand/orspaceheating).

ü The solar fraction supplie_d by the system (f of current energy

requiremàntsi.t SV tñ.e solar-system}, a function. of the system

type, äöìiããttt efficiãncy, anã the regional and annua'l vari-
abi I i ty of sol ar i nso'l ati on '

3 The current lnortgage rate is usually set as t'he user's discount

rate to calcul.iä- iirá 
-""fíesent value" costs and savings of a solar

energy system.
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fuel repl aced bY the3)

4) The projected real
fuel repl aced.

rate of cost escalation for the conventional

5) The downpayment and mortgage rate used if rnoney is borrowed to
finance capital costs of a solar system.

The 'length of the Ioan repayment tenn versus the_projected
length o=f ownership for the dwelling in which the solar system

will be installed.

The Ínclusion or non-inclusion of the market value of the solar
system to ì¡e installed in the local property tax system'

Governntent grants available to reduce initial capital outlay.

Deductibi'lity of capital and/or operating costs of the solar
tyti.t throúgh the' personal income tax schedule, including
cäpi tal cost ãl I owance ( depreci ati on) .

The existing dwelling construction and its effect, negatiYe 9r
pôiiiiuÀ, oñ injtallaiion and materials costs (capital outlay).

6)

7\

8)

e)

Inclusion or non-inclusion of these factors, and assumptions about their

future val ues, wi I I af fect the 1 i fe-cycl e cost t,otal and the 1 engt'h of

the payback period (ba'lance between negative cash flow in the early

years and positive cash flow in the later years). By determining which

of these factors (i.e. mortgage rate, initial cost, inclusion of value

in property tax assessrnent) have the most, effect on reducing life-cycle

costs, policy recommendations can be made so that cost becomes less of a

constrai nt to the use of a sol ar energy systetn.

Variables such as government grants, preferred 'loan rates, fuel

escalation rates, system capital costs, and net fuel savings will ulti-

mateìy affect the market penetration rate of a particu'lar solar system

type in a particular area. To summarize, the issue of cost as an argu-

rnent for implementing solar energy systems has both positive and nega-

tive aspects, dependent on the factors mentioned above.

The type and cost, of the conventional
solar-system (partial substitutes).

10)
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4.2 PAYBACK PERIOD

The simpler method used in examining alternatìve investments in

solar systems is the payback period, which has been defined as "the

number of years required for the cumulative net revenues (fuel savings)

to equa'l the originaì capital investment."4 In comparing a given

heating system wíth another which has a lower initial capital cost but

higher operating costs, the reduction in operating costs is regarded as

revenue and the incremental capital cost is regarded as the capitaì

investment. The length of the payback period will be affected by such

factors as the modifications required to an existing dwelling to insta'll

a solar system, or the type of fuel present'ly used. A maior disincen-

tive for most soìar energy systems is that investors usuaìly place a

high premium on early recovery of capital, i.e. a payback period of fÍve

years or less. Thus, a home owner may not choose the system having

lower cumulative ìife cycle costs, if the payback period on any incre-

rnental initial investrnent, is too long. This usually eliminates solar

space heating systems which current'ly have fairly long payback periods;

Some packaged, mass-produced domestic hot, water systems can have low

payback periods (5 years or less) if they replace high cost (relative to

gas) fuel s such as el ectri cí ty, and have I ow i ni ti al purchase and

installation costs. Consumers are often wary in making investments in

fixed heating equipment if the capital recovery period is 'longer than

they plan to'live in the house.S

Turn on the Sun,. P.. 15.
@tods.

Appendi x A-? i l l ustrates the rnethodol -4
usedgvo

5
ncti
i sti

on
This housinq ownershiP turnov
of the stãbi I i tY, áge, and
area.

fu
CX llg

er rate will be to some .extent,, a
population characteristics ot an
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A very useful graph has been developed by the Drawing-Room Graphic

Services Ltd. of Brit,ish Columbia, illustrating

influencing the length of the payback period'

some of the factors

Figure 30 illustrates

that for any given combination of an annual interest rate and an assumed

annual fuel inflation rate (left side of graph), that the rat'io of the

capital cost of a solar system to the first year fuel savings will yield

a certain payback period. In the example used, an annual fuel inflation

rate of 10% (i.e. home heating oi1) and an annual interest rate of tI%

(i.e. a preferretl loan rate) are used. A system having capital costs of

nine times the first years savings in fueì will yÍe1d a payback period

of 10 years , ê.9. ô domesti c hot water so] ar systein costi ng $2 '000

l$zø/¡t.z for 75 square feet of collectors) in start-up costs saving

$222 on the first year electrical utility bill' Assuming that the solar

energysystemint,hiscaseisprovidingS0%oftheannualdomestichot

water needs, the present electrical utility bill for hot water heating

would be $222 = 5277.50. Appendix A-3 illustrates some average costs for

T0'
sol ar systems ( swi mrni ng Pool , domestic water, and space heating) cal-

cul ated by B. C . hydro i rr 1980 dol I ars '

It should be recognized that any change

(interest rate, fuel escalation rate, ratio of

yearsavings)wìllresultindifferentpaybackperiods.

4.3 LIFE CYCLE COSTING

The l.if e-cyc'le cost of a heati ng system i s "the total amount of

money whi ch must, be budgeted for at the st,art of the fi rst year of

in the

capi tal

above fi gures

cost to fi rst
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operation to cover the initial capital cost and all the operating costs

over the usefuì Iife of the system."6 Life-cycle costing is an itnpor-

tant concept, for iustifying an investment in solar energy at a much

earlier date than would be possibìe on a current basis' It uses the

well-established financial procedure of "discounted cash f1ow," taking

into account, the present value of annual system costs (initial capital

and annual operating) and benefits (grants, tax savings, and convention-

al fuel savings). Costs incurred in t'he future are t'ranslated into

current dollars (present value) by means of a discount rate, usually the

mortgage rate.7

The prospective solar user should nake a comparison between the

present value of the lifetime sol.ar costs and the conventional energy

supply that the solar energy system replaces, just as the corporate

decision maker compares the present worths of mutually exclusive invest-

ment opportunities.S The higher initial costs and zero fuel costs

(other than operating costs) of solar energy systems introduce an empha-

sis on life-cycle cost,ing that wi'11 probably require special government

incentives, or participation by major utiìities (hydro, natura'l gas) in

order for the consumer to adapt sol ar energy to h'i s present holne ' A

number of solar heating applications can be economically feasible on a

life-cycle basis, such as solar heating of swimming poo'ls, domestic hot

6 Turn on the Sun, p. 15.

7 Private industry would normally expect a higher rate of return

than the mortgugå ìnlá.'.si rate in chõosing solar energy as an invest-
ment possibilitY. '

8

( Energy ,

I ementi Sol ar Technol o j n Canada, M.K. Berkowi tz,I
nes an s0urces na a, ' P'
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the cost-

effectiveness of these systems, particularly space heating apptications

supplying a large fraction (40 to 60%) of a dwelling's heating require-

ments, is highìy dependent on the method and factors included in the

life-cycle costing calculat,ion, as indicated in Section 4'L'

Appendix A-4 illustrates the life cycle costing methodology'

together wi th the yearly cost, cumul ati ve cost and cumu'l at'i ve present

value of owning and operating three types of active heating Systems: a

conventional electric heat,ing system, a custom-built solar heating

system with electrical back-up, and a packaged solar heating system (a

backyard solar furnace) with electrical auxiliary.9 The ìife-cyc'le cost

of the three systerns is the total cumulative present value of owning and

operating the systems over the economic life (twenty year amortization

peri od) . compari son of I i fe cycì e costs between the syst'ems wi I 1

determine which system is preferable (ìeast cost); the examples in

Appendix A-4 indicate that the packaged solar heating system has the

lowest cumulative present value costs over the 20 year amortization

period.l0 Figure 31 illustrates the graphic relatíonslrip between the

costs of these three sYstems.

Table 21" summarizes the composite life cycle costs for sing]e-

family residential so'lar space and vrater heating, or domestic hot water

9 Source: Turn on the Sun p. 42-43.

10 Ä<q,rrmnf.i onq i nc'l uded i n thi S exampl e: an annual fuel esCal a-

tion rate of iOZ fo. electricity; a 20 year amortization periocl ôt IU7'

per annum.
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only, on a regional basis in Canada.ll In order to accurate'ly determine

the regional cost-cornpetitiveness of solar space and/or water heating,

projected life-cycle costs for existing residentíal heating systems can

be cornpared as follows:

Table 21: of ite Life le Costs ($ 1978)
n,

REGION

Atl anti c
Quebec
Ontari o

Prai ri es
B.C .
Canada

SF

Space +

Water

15-
15-
14-

-14
-18

SF
( Retrofi t)
l,Jater

Refrofi t, - or
Conti ngency
Factor

t7%
187"
Lg"A

L9"/"

L5%

t5-t9%

SF
( New)
Water

4.8
4"6
4.7
4.4
4.7
4.4-4.81

4.1
3.9
4.0
8.7
4.1
3.7 -4

16
16
15
1816

13
13

Source: Solar Heating & The Oil, Gas and Electricity Industries, p. 69.

Given these figures, it, has been calculated that solar domestic hot

water heatÍ ng i s on the borderl í ne of becomi ng economi cal ly vi abl e under

certain condÍtions, but this will be mostly dependent on t,he type of

fuel rep'laced (0i1, gas or hydro).12 Solar domestic hot water systems

partially replacing low-cost natural gas water heaters may not be cur-

rently economically viable until such factors as capital grants, ìow

rnortgage rates (subsÍdized), and assumed high real fuel escalation rates

are brought into the calculation of life-cycle costs.

11 Tab'le derived from Table 6.1 of Solar Heatin and the 0i I , Gas

and Electrici Industries, (Energy, Mine s sources n a,

' P. ce an hot water system is assumed to meet 70% of
residential heati
to meet 50-75% of

ng needs. Domestic hot wa

of water heating needs.
ter onìy systerns are assumed

h

LZ Solar Heating Catqlqgl€_Xg._a.' (Energy, Mines and Resources
Canada, 0tTãwa, T9-I9), P. vi.
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An additional prohibitive factor for active solar system retrofits

of existing houses vs. new houses is the higher ínitial capital cost,

due to greater i nstal I ati on and materi al costs ( i . e. structural

strengthening of the roof, additional piping, modification of the base-

ment to accommodate heat storage tanks, etc.). Most ìife-cycle costing

comparisons of solar heating systems have been done for newly-construct-

ed houses, but a contingency factor of L5-20% can be added to the life-

cycìe costs (primarily first year capital costs) for retrofit cases, as

has been done in Table 21 for the domestic hot water retrofit, case.

Few detailed studfes have been done to date for passive solar

retrofitt,ing of exist,ing Canadian Housing. Costs can vary widely

depending upon the nature of the alterations tnade, the passive system

employed (window wall, attached greenhouse, mass wal'1, or thennosiphon),

the exi st'i ng constructi on of t,he house, and the amount of addi ti onal

useful solar gain that resu'lts. Life-cycle costs studies done for new

houses where the passive system (including high insulation levels) can

be incorporated at the design stage are not, st,rictly comparable to the

passive solar retrofitting of existing houses, due t0 the wide vari-

ability of factors cited above.

The passive solar ret,rofitting of a house can cost less than an

active space and water heating system, but will probably result in a

lower contribution G¡f" or less) to heating requirements than an active

liquid systern (+O to 60% or more). The capital cost for passive solar

retrofitting wilì be dependent on what advantages an existing house can

contribute, such as a south-facing solid masonry wa'l'l (mass wall system

or thermal storage for an attached greenhouse), or its suitabiìity for
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increasing the area of south-facing windows (window wall system) '

Tabl e 22 i I I ust,rates t,he rel ati onshi p between the present val ue

savings or costs and the choice of fuel escalation rates and social dis-

count rates (mortgage rate or other) for two types of passíve solar

homes i n l,li nni peg. Sol ar Home A represents an addi ti onal i nvestment of

$3,500 over a conventional house costÍng $70,000, whi'le Soìar Home B

represents an additjonal investrnent of $6,000 for the same house'13

solar Homes A and B yield present-va'lue ($rgzg) savings only under the

following conditions.

Table 22: Sunmary of Conditions
for Two Passive Solar

Yielding Present Yalue Savings
Houses

TYPE
(investlnent)

A
( $3 ,500 )

B
( $6 ,000 )

TERM

5 years
25 years
50 years

5 years
25 years
50 years

DISCOUNT RATE

< 18%
< 18%
< t8%

< t4%
<9%

REAL FUEL
ESCALATION
RATE*

> 2o/o

>-2%
>-2%

>2%
> -?To

* Annual inflation rate of B% was assumed'

greater than
less than

Source: Derived from Table 3-2, A Solar Ene Subdi vi si on: An Assess-

nt of Selected Insti ona r ers ar ne n

nn n

13 A Sol ar Ener Subdi vi si on: An Assessment of Selected Institu-
ti onal Barr ar ner ng flt a ra

esource

>=

50-52.
NS

ers
, n VCTS 0

n

an
n

a, nnipeg, April 1979), PPS.
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Hhi 1 e i t i s recogni zed that the present val ue savì ngs for the al ternate

investments of $3,500 (Type A) or $6,000 (Type B) ' are not strict'ly com-

parable to the passive solar retrofitting of an existing house' it can

be seen that the smaller investment yieìds present va]ue savings sooner

and under higher discount rates. It is also difficult to separate costs

no.t, strictìy included in a passive solar retrofít, such as added insula-

ti on or the benef i ts of addi ti onal fl oor area obt,ai ned 'i n an attached

sunspace. Thus, the investment attractiveness of a passive solar retro-

fit of an exist,ing house cannot be specified to the extent of that 0f an

active system retrofit (including a cost contingency factor), and shouìd

be examined on a house by house basis'

4.4 EYALUATIO}I OF FIIIANCIAL II{CEIITIYES

The higher ínitial capital costs and zero fuel costs of solar

systems wiìl introduce an emphasis on tife-cycle costing, most likely

requiring speciaì incentives to produce adequate market penetration'

The United States and Canadían experience to date in the solar tech-

nology de'livery system have been quite different' The united States

have placed a greater emphasis 0n the overall technoìogy delivery

system, particularly with respect to federal tax incentives and consumer

grants, while in Canada more preliminary emphasis has been pìaced on

funding support for manufacturers' research and development programs'

detnonstnati on i nstal I ati ons, and sal es tax í ncenti ves ' In both

countries, solar heating has been treated as a "consumer good rather

than a utility service," while ensuring that' the energy ut'i1ity com-
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panies do not "actively prevent the adoption of solar home heating

through punitive rate structures for back-up systems.t'14 In addition'

focus has been placed on the beneficiaì environmental impact of substi-

tuting solar energy for fossit fuels (as discussed in Chapter I)' and

the resultant effect on the supply-demand scenario for these convention-

al fuel s

Energy, Mi nes and Resources canada conducted a study in L977 on the

effect of financial incentives on the lifetime cost of standardized and

custom-designed solar systems for single and multiple family dwellings'

Thestudyconc]udedthatthefinancialincentivesthatwou]dhavethe
'largest effect of reducing life-cycle costs for a single-family stan-

dardized solar system, in decreasing order of irnportance were:15

1) Inclusion of the system value in property

Ð Mortgage interest tax deductil¡le'

3) Depreciation tax deductible'

4) Lump sum payment (capitat grant)'

5) Mortgage int,erest rate subsidized

6) Maintenance cost tax credit

7) Depreciation tax deductible (25 years)

B) Maintenance cost tax deductible

tax assessment.16

The study was conducted for a standardi zed space-heati ng system ( suppìy-

ing 70,A of the heat requirments) in a single-family Toronto residence'

14

15

16

M.t( . Berkowi tz, P . 30 .

M.K. Berkowitz, PPs. 32,34, 200

Theexampleusedforpropertytaxassess¡nentwasToronto.

ii:.,
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for both existing oil and electric space-heating systems.

Table 23 iìlustrates the lifetime costs of soìar vs' oil and solar

vs. electricity and the break-even values for mortgage rates and fuel

price escaìation rates. It is ínteresting to note that the standardized

solar space heating system had lifetime costs greater than that of the

oil heating system, but, signíficantly lower than that of the electric

heating system. Inclusion of the solar syst'em value in property tax

assessment resulted in lifetime costs L50% that of the oil heating

system, but still lower than the lifetime costs for the electric system

(about 87% of the electric lifetime costs)'17 Thus' the solar space-

heating system was not competÍtive with the conventional oi1-heat'ing

system whether includetl or not included in property tax assessment'

whiIe the solar system was more cornpetitive than the electric space-

heating System for both cases. However, exemption from property tax

assessment made the solar system more competitive when compared for both

the oi I and el ectri c hea'bi ng syst'ems.

it should be noted that higher mortgage rates will more heavily

discount future fuel savings, thus reducing the present value savings of

lifetime fuel saved. The soìar vs. electricity case requires a break-

even val ue for the mortgage rate of t6 .L%; mortgage rat'es hi gher t'han

t,his will make the solar space-heating system non-competitive with

respect to the electric heating system' even when the system value is

exempt from property tax assessment. In the solar vS' oil case' an

annual fuel escalation rate higher than the breakeven value of 9'l%

'17 
F

Techno'logy
igures were derived from Table 2-10, p' 32,
in Canada, M.K. Berkowitz, t977.

Imp I ementi ng Sol ar



Table 23: Standardized

CAPITAL COST ($ T9771

Annual Mortgage PaYment
Mortgage Rate

INITIAL ANNUAL FUEL BILL

Fuel Price Per Unit
Fuel Escalation Rate

Lifeti¡ne Cost son: Solar I

Sol ar vs. 0iI

$6,884

407

$ "69/gaì.
6.0%

$7,960 $6,600

$5,543
597

7.3%
$ .83/gal .

9.1%

vs. ElectricitY

696

$ .035/kwh
6.0%

$11,280

$ .025/kwh
0 .9"/"

Frqn Taxes

0'Á

40
10

7

Sol ar

$6,884

740
10.0%

$7 ,960

$10,136
1,090

L6.t%

LIFETIME COSTS

BREAK-EVEN VALUES

*

*Capi taì Cost/Month
Mortgage PaYment

*l4ortgage Rat'e
Fuel Price Per Unit

*Fuel Escalation Rate

Detenni ni ng Factors

Source: ImPl ementi ng Solar Technology in Canada, M.K. Berkowitz, p' 34'

I'lB: The standardized system used in this example is a solar space-heating system supplyingT0% of the annual

f'äãt-iÀqui r¡nent i n- a si ngl e-f ami ly Toront'o resi dence

Þ(¡)
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would make the solar system more competitive with respect to the oil

system, as the present value of lifetime fuel savings wou'ld be higher'

The Lg77 study by Energy, Mi nes and Resources Canada determi ned

that the inclusion of the value of a solar system in a property's tax

assessment was a prime determinant of a system's cost-effectiveness' A

range of financial incentives and the means by which they can be accom-

plished, will be presented in section 4.6 "Conclusions and Recommenda-

tions" indicating that financial incentives are 'largely the domain of

provi nci al and federa'l government,s "

4.5 EYATUATIOII OF CASE STUDY AREAS

Secti on 3 .4 eval uated the ret,rof i t sui tabi 'l i ty of two l'li nni peg case

study areas in terms of physical criteria such as solar access, roof

form/angl e, thermal í nsul ati on , heat storage voì ume , and the exi st'i ng

heating system and fuel type. As an outcome, Table 19 summarized the

retrofit potential for the study areas of sargent Park and Riverview for

passive and active solar energy systems. The evaluation of t'he above

physical criteria indicated that for Sargent Park, pass'ive retrofit

potential was very low due to poor solar access, however that active

retrofit potential for space and water heating systems ulas good (20 to

60f,) depending on the amount of south-facing roof area available' It

u,as concluded that in Riverview that passive systems had a retrofit

potential (market share) for 30 to 50% of al'l houses, while active

systems had an even higher retrofit potent'ial of 60 to 80% due to good

solar access and availability of south-facing collector areas'
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Chapt,er 4 has since explored the factors affecting the financial

evaluation of solar energy systems, which will in turn affect the per-

centage of houses that will adopt, a solar energy syst'em' Mathematically'

this can be exPressed as:

% of market share = To of houses with physica'l retrofit potential x

take-up rate due to financial factors

ie) for Active Water heating in Riverview:

% of market share = 80% (physical retrofit potent,ía'l) x 40"/" take-up rate

Therefore , % of rnarket share = 327o

This indicates that as a combination of physical and financial factors,

approxima1¿ely 32"/" of a'|1 houses in Riverview wou'ld adopt solar hot' water

heating systems. The 407, take-up rate assumed in t'he above sample is a

hypothetical rate, and could be higher or lower depending on a number of

economic factors. These factors have been previous'ly ident'ified as:

1. Capital costs of the solar heating system

2. OPerati ng costs

3. Collector effiCi ency (% contribution to space and/or water

heati ng 1 oad)

4. Governrnent grants (towards initial capital costs)

5, Preferred loan rates (government subsidized)

6, Exemption from property t'ax assessment

7. Cost of conventional fuel replaced and assumed price escalation

rate

8. Deductibility of capital and/or operating costs through tax

schedul e

I t can be seen t,hat as a resul t of the combi nati on of phys'i caì and
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financial factors, certain types of solar energy systetns (passive vS'

active, space vs. water heating) wiI1 tend to achieve market "niches" in

certain urban areas. In Sargent, Park, given financial suitability' a

market presence would likely be achieved first for active air systems

with eutectic sa'lt storage (due to space limitations), and secondly for

active water heating systems (given sufficient roof collector area)'

For Riverview, a market presence would 1ikely be achieved first for

passive attached sunspaces/greenhouses due to good solar access' and

secondly for active water and/or space heating systems due to the avajl-

ability of south-facÍng collector areas.

In both study areas, the current and projected cost for natural gas

(which has about 85 to 90% market share) will be a major deterrnining

factor for the financial viability of solar energy systems" An addi-

tional important factor that has been previously identified is the

housÍng age and thermal efficiency (insulation levels). It vl,as con-

cl uded that the thermal upgradi ng of exi sti ng housi ng l,ras necessary to

improve the cost and operating efficiency of a ret'rofit solar energy

system, so that the contribution to heating loads would be higher, and

capital requirement,s for collection areas and heat st'orage volumes would

be mi n i rni zed.

4.6 C0NCUSI0Iì|S Al{D REC0!|I,|EÌIDATI0NS

A number of important constraínts to implementation have been

identified in Chapter 4 through the analysis of financial factors

affect,ing life-cycle costs of solar energy collection' It can be con-
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heati ng sYstem
cluded then that the competitiveness for a solar space

with respect to a conventional systen (oil, electricity, or natural gas)

ís highly dependent upon the interaction between the values assumed for:

1 The high initial
heating sYstems,
payback Periods.

caoital costs of solar space and water
r.!uiii^g in extended or non-existant

2" The present high market penetration lll.to 907") of naturalc' 
i3;,Tff:gi, vj#l',,'.1 illîït"' i.niì ï'iril'1.'{i.::
tlon sysiemï ¿uà to the relatiùe price advantage of natur-

at gu, ouðr-oil, t'¿ro or-sõìa. ai a home heating fuel.

3.Highdiscountratesemptoyedtodeterminenetpresent
vatue ruîìngi-of ?uel, ái';"function of high inflation and

mortgage raies. Decreai.¿ ¿iscount rates increase present

value tuuinðã-ån¿-rãsuit-in decreased payback periods'

4. Lack of specific financial incentives to ìower life-cyc'le
costs and decrease payoaãr periods, -which could result in
increaseã *ãrrãi p"n,it.atioi of sblar energy collection
sYstems.

5.Existinghouseconstruct,ionanditseffect,negativeor
positiué,'õn intiãjiation, material costs' and solar com-

þonent sizing and IocatÍon'

6.Theprojectedfuelesca]ationratesforconventionalfue]s
(sas, oii-åñã ¡vã"oi : iñe ñigher the assumed fuel escala-

tion rate, the sooner 
-á 

solär energy collection system

becomes cost-effectÍve ldecrease¿ pãy¡act< period) ;, and'

the inu.J,iru.i .i proieite¿ fuel eicãlation rates due to

changi nð ör.i.mã'n1'p.i ãi ñé ryt i cie1, 
-9nd 

chansi ng supplv-

demañd ðoñ¿itions for conventional fuels'

7. Attitude: Public acceptance of solar systems, 9iven, the

ri ght, ti'nanciãl paybacks,. may sti 11 be a det'errant to
irnpl emeniaii on du'e 

-to 
I iif of consumer i nf ormati on ' I ack

of technologY credibilitY' etc'

The most effective financial incentives to lower life-cycìe system

costs to the consumer should be adopted, in particular removal from

property tax assessment and amortization of capital costs through the

income tax system. Selection of spec'ific fjnancial incentives will



Table 24: PolicY Reco¡mendations for Financial Incentives

POL I CY

Fi nanci al

1. Remove the val ue of
a solar energy col-
ìection system from
property tax assess-
rnents

2. No sal es tax on sol ar
equipment and related
control s.

3. Tax credi ts through
amortization of
capi tal costs

4. Preferred loan rates
to fi nance capi tal
costs of sol ar energy
systems

5. Capi tal grants/
subsi di es

MECHANISMS

. change I aws and enforce

. change I aws

. change i ncome tax
regul ati ons

. government loan
guarantees

. government programs
and matchi ng grants

. uti I i ti es to becorne
suppl i ers of sol ar
energy systems

. regulation by
governinent

RESPONSIBILITY AREA

Muni ci pal
Government

Provincial
Government

Federal
Government Other

x
lLe77 I

Mani toba

XX

X

X

X

X
( 1e7B:
U.S.)

X

( 1e7e :

U.S.)

X

( 1e75)
( c0sP )

6 . Capi taì system costs
arnorti zed by uti I i tY
bi I I payments

Fi nanci al
Insti tuti ons

Utilities
( gas, hydro)

Utilities
7 . Non-discriminatorY

uti I i ty rate price
structure for back-uP
supply

X

Þ
æ



149

depend on their net effect on the rate of solar market penetration' and

the net costs to government in terms of administration, environmental

impact, and net fuel savings.

Table 24 out,lÍnes specific policy recommendations that would permit

an increased rate of soìar retrofit of active and passive systems for

existing housing. It can be seen from Table 24 that financial incen-

tives to encourage the retrofit of solar energy collection systems fall

within the domain of the provincial and federal governments, and to a

limited extent can involve the participation by financial institutions

and energy utility companies. Table 24 also indicates which policy

recommendations (financial incentives), and the date of their irnplement-

ation, that have been partiatly adopted either in the United States or

i n Canada.

A critical aspect of the cost-effectiveness of solar system retro-

fits is that for a given sum of lnoney, how much should be used for redu-

cing overall energy consumption through therma'l upgrading and how much

should be used towards producing an additional source of energy (solar

retrofít)?18 If the present discounted value of a solar retrofit's

savings are less than the initial capital out'lay of the retrofit, then

greater economic benefit would be gained by investing in soine form of

energy conservation. The alternat,ive investment in energy conservation

measures would yleía a higher rate of return than the solar retrofit'

Thus, solar Space heating retrofits, either active or passive, should

only be considered after extensive thermal upgrading of the building'

18 Residential Solar Retrofit illqglggq, LBL Group, Hooper & Angus

Associate a, Ottawa' November 1979)'
p. 31.
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Solar Energy
As a Resource

System Types
'Passive
'Active

Financial
Evaluation

Physical
Evaluation

SUMMARY: PROSP ECTS FOR SOLAR ENERGY

STRUCTURE
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SUMI{ARY: PROSPECTS FOR SOLAR ENERGY

This thesis has identified three maior arguments for the ut'iliza-

tion of solar energy, particularly with respect to housing:

1 ) Envi ron¡nental impact mi ni mi zed

ù positive effect on gross energy demand and supply

3 ) Potent,i al cost attracti veness to the consumer on t'he basi s of

'l i f e-cycl e cost or payback peri od'

The potential for solar energy retrofit of exist,ing urban areas has been

outlined as a function of the physical and financial characteristics of

solar energy collection systems, and as a function of the design charac-

teri sti cs of exi sti ng "nei ghbourhoods" by means of a case study '

Limiting factors have been analyzed as to their effect on ultimate

retrofit potential, as det,ermined by active and passive syst'em types and

their int,erface with existing houses. Policy recommendations to encour-

age the adopti on of space and water heati ng þrere broadly cl assi fi ed i nto

"financial " and "physica] " categories. Certain mechanisms to implement

these recommendations were discussed, particularìy wlth regard to lega'l

rnechanisms (and their limitations) to protect solar access jn existing

urban areas and fi nanci al i ncenti ves to encourage the use of sol ar

energy systems. The market potential of solar energy for existing

housing wiII u1tímate'ly be a function of the Iocation and design of

built-up urban areas, the technology of solar energy collection systems

and their interface with existing houses, and the costs involved to

implement these sYstems.

l,¡hi I e the case study was conf i ned to two l¡l'inni peg "nei ghbourhoods"
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pritnarily as a function of lot orientation, ultimately this type of

study could be extended to entire urban areas' The solar "retrofit"

potential for certain cities could then be determined as function of

regional climate, latitude, physical layout, housing type and con-

struction, and existing fuel market penetration' It can be concluded

from the case study that certaÍn mechanisms to protect solar access in

existing areas, combined with the types and rate of implement'ation of

financial incentives, will ultimately determine the upper limits of

soìar market penetration. It was seen that certain lega'l mechanisms

were more appropríate for existing areas vs' new subdivision design ìn

order to provÍde some measure of protection for solar access' clearly,

certain urban areas will benefít more than others, because existing

physical conditions are lnore suitable for soìar ret'rofit' and stronger

degrees of control ( i.e. "solar overl ay zoning" categories) can be

extended to these areas. As a resu'lt, should the use of solar energy

for space and water heating have increased market penetration' cert'ain

urban areas will have different,ial benefits in terms of net fuel savings

to thei r property ov,,ners. It i s al so possi bl e that certai n types of

solar collection systems, active or passive, will find certain market

,,ni ches,, as a functi on of the sol ar economi cs and physi ca] character-

istics specific to an urban area. These market niches for solar system

types will a'lso vary by regÍon due to climatic differences (heating

season, soìar insolation) and the present fuel market penetration by

fuel type and mode of heat distríbution'

In a st,udy for Energy, Mines and Resources canada the Mitre

corporation, Metrek Division, developed a solar market penetration model
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based on the comparati ve costs of sol ar and conventi onal heati ng

systems, taking into account that the choice of a soìar ener$/ system

normaì1y involves the selection of a backup energy supp'ly. It is the

combined effect of the choice of backup fuel (with some inter-fuel sub-

stitution) and the substitution of conventional fuels by solar energy

that will determine the net impact on the demand for oil' gas and

electricity by solar heating. The Metrek market share function' as

illustrated in Figure 32, is derived from the hypothesis that the ulti-

mate capture potential of solar energy is a function of the ratio of

life cycle costs of a conventional energy system t'o that of a solar

energy system

The curves drawn in Figure 32 are based on mathematical values for

a "Figure of Merit" (F0M) which is defined as "a measure of the com-

petiveness of the new technology with respect to a conventional counter-

part,,, and is calculated as the ratio of the life cycle costs (LCC) of

competi ng technol ogies"1

LCC (Conventional )

FOM
LCC ( Sol ar)

Figure 32 itlUstrates the projected solar market shares for three values

1.0, 1.5) Índicating the market penetration response of

as a function of the ratio of conventional (0i1,9ôs, or

hydro) and solar life cycle costs.2 As solar energy system life cycìe

1 sol ar Heatin and the 0i I , Gas and Electrici Industries, P.

57.

of FOM ( .5,

soì ar energy

2 tife-cycle costs should be defined to include governrnent grants

and tax wri te-of f s to t,he consu*.. i n order to reduce i ni ti al capi ta]
out'lays and oPerating exPenses.
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costs decrease with respect to conventional energy systern
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costs (fOlvl

increasing), the market share captured by soìar energy increases'

The Metrek market share function was then used to derive market

shares for each type of solar technology (space and water heating' water

heati ng on]y , si ngl e farni ly vs. mul ti pì e fami ty ' new vs ' exi sti ng

housing) in re]ation to each of the conventional energy markets' This

is calculated by several formulas accounting for competition among back-

up fuels, system size, design options and the storage/collector ratio

(see Appendix A-5). Table 25 "Market Penetration Summary", illustrat'es

the degree of sol ar penetrati on ('l ow oi'l pri ce scenari o) i nto conven-

tional markets for the year 2000 on a regional basis' The talrle indi-

cates that within the next twenty years, the greatest market penetration

of solar energy will be in hot water only systems for new housing, with

market shares varying between 2O"67, (Prairies, gas) and 41.0% (0ntario'

electricity) depending on the regÍon and the existing fuel ' sing]e-

famity water heating retrofits will vary between a cumulative market

share of L2.6% (gas) and 20.7"/" (electricity) in the Prairie region,

assutning an annual retrofit rate of .?3% for the existing housing

stock. Due to the s'ize of the "existìng" housing market' relative to new

house construction, íncentives to increase this low annual retrofit rate

for existing stock would have a much greater effect on total residential

energy supply than the rate of implementation in the new housing sector'
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Table 25: Solar Market Penetration Sunma for the Year 2000
ow ce enar 0r

7o Penetrati on

ATLANTIC
0il
Gas
El ectri c

QUEBEC
0il
Gas
El ectri c

ONTARIO
0il
Gas
El ectri c

PRAI RI ES

0il
Gas
tl ectri c

B"C.
0il
Gas
El ectri c

Comb. SF/MF
S + I,l Total

( Annual )

L3.7

16.0

14.8
8"3

L5.2

SF: l^l

Retrofi t
( Cumul ati ve )

?4.5

26.8

27 .9
\9.7
27 .8

26.4
18.3
29.3

2t.5
14.0
24.6

MF: l.l
Retrofi t

( Cumul ati ve )

I
13.4

7

10
I

14

10.0
7.9

15.8

13.6
7"4

L6.7

4.8
3.6
7.4

7.0
5.2

11 .5

9.1
4.4

11.6

7

6
6

18
L2
20

11.8
6.5

14 .5

7

6
7

SF: Single FamilY
MF: Mul ti pl e Fami'lY
S: Space Heat,i ng
l.l: Water Heating

Source: Deri ved from Tabì e 6 .4 , Sol ar Heatin and the 0i l Gas and

El ectri ci Industri es, (

a, , P'
nergy, nes sources a
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The generai trends indicated by this market penetration summary

are:3

6)

These market proiections do indicate the extent to which solar heating

By the year 2000 on a cumulative basjs,-pr_oiections indi-
ãätã tf'ät betweân 1 in 4 and I in I single family dryel-

iings wlll rrave ¡een retrofitted with solar water heating'

Multiple famiìy solar water retrofits have a much slower

Cürùlãtiu. *aricei penetration, between 1 in 30 and I' jn 6

under the most optimistic circumstances'

For new multiple farnily buildings, solar. water heating
sñould capture'10.3 to iO.l% of tñe conventjonal market by

the year 2000.

Market shares for solar water heating systems in new

;i;;i. iá.ni1y ¿wã¡ings vary_ from 20% io 40%, larsest in
õuàú.. and ¡;tari o, a'i¿ TuÍ] est i n the Prai ri es as i t i s

äiificult for solar to displace natural gas, .where solar
.n.rgy market peneiration will be about two-thirds of that
ãchi ãie¿ i n th'e oi 1 and el ectri ci ty markets '

In all regions, solar heating disp]aces electrjc space

heating to-a gréater extent t,hat either gas or oil because

ôi-; irice ãdvantage. penetration into the gas space

ñåutìnö market iJ píoiecte¿ to be on'ly- half of that' for
oil anã hydro, due to the lower price of gas'

Depending on the location, fuel, and building typg' thq

;;i;;-tfä.. and water heating market share in silSle and

;riiìpiå-iãmily dwellings ranges from 4 .27" to L6.7% on an

ãñ^uuï basi s. 
- inã itpl.mentáti on rate i n si ngì e-fami'ly

ffiilings is on'ly sìigntty higher than that for multiple-
fami ly dwel I i ngs.

1)

2l

3)

4)

5)

can make a significant, contribution to residential space and

heating in canada by the year 2000. The market penetrat'ion

íllustrates that the projected annual and cumulative market shares (for

ner{ and retrofit applications, respectívely) are a function of region'

water

model

3 Sol ar Heati ng and the Oil, Gas & ElectricitY Industries, P. 75'



the type of conventional fueì dispìaced, the backup fuel
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chosen, the

type and application of the chosen solar energy system, and the housing

type (single or multiple-family). It must be recognized, however, that

consumer preference for short payback periods on solar retrofit instal-

lations tends to outweigh the use of life cycle costs in estimating the

future market potential of solar energy systems. In addition, the

physi cal constrai nts to retrof Í t outl i ned i n the l,li nni peg case study

will also tend to lower solar market penetration for certain urban areas

where solar access can not be guaranteed.

it is interesting,'at thÍs point, to postulat'e what degree of

importance solar energy will have in meeting future world energy needs'

The U.S. Energy Research & Development Administrat,ion in 1977 deveìoperl

a number of market share scenarios for world energy use, shown in

Figures 33 and 34. option A in Figure 33 represents the nuclear market'

share replacing fossil fuels by the year 2025, and assigns a declining

share of the market to nuclear energy after 2025, with solar replacing

nucìear by the year 2050. Figure 34 illustrates two addit,ional

scenarios, with srclar gradually replacing nuclear by 2050 (Option n);

and with solar replacing nuclear by 2100, but assuming a much higher

rate of growth for energy demand (non-conservation scenario)'

Ultimately, the "social acceptability of solar heating and cooling

systerns wil'l depend on their economic viabilíty, reliability, aesthetic

impact and their public irnage as a clear, convenient and suitable source

of comfort condi ti oni ng" .4 It i s recogni zed t'hat " ' ' ' over the next

4 sol ar Ene en
p

denc t
9.Admi ni stra 0[' a ng n,

Project In e ( U.S. Federal EnergY
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fifteen years renewable sources are likely to ¡nake a relatively small

impact on total energy consumption in Canada," aS the cost of a solar

energy system is still perceived as a maior constraint to its impìement-

ation - in particular the high initial capital costs required and the

ìengthy payback periods for certain system types and applications'5

Thi s i s parti cul ar]y true for acti ve space and þrater heati ng systems

which have high start-up costs, while for passive heating systems (ie'

attached sunspaces) which can be cost-efficient and provide an addition-

a'l amenity to an existing house, the maior constraint appears to be

public attitude or consumer acceptance. However, in light of the nega-

tive externalities of convent,ional fuels and the proportion of space and

water heati ng enerfly demand current'ly suppl i ed by these fuel s, i t i s

apparent t,hat a considerable contribution can be made by soìar energy if

physi cal , fi nanci al , and atti tudi nal constrai nts to i ts impl ementati on

are overcome.

5

( Energy,
Ener Conservati on i n ams

pnes an esources ana
Canada: Pro and Pers ecti ves,
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APPENDIX A-'1. LERIAL Trr¿RÌ'lOGRAl"tS: HEAT SAVL PLAN - TORONTO

Sourca¡ .Gl,obe and t{allrr Toronto, Januôry 29, 1982'

Thermogroms tell ínsulotío n stor¡

Heqt Sqve,Plon comes to Toronto
By MICHAEL KEATING

section of the citY will be

Ñü"d to specific sêssions bY

il;td, so' there will b€

änõuitt ãdvisers to sPend 2o

to 30'minutes with each one'-- 
in iotonto the Project will

"oi-i 
ã¡out $625,000 - $5'60

iõi eacn of the citY's lll,000
itãìJ.s. sinc. 85 Per cent of

ióiõnio's houses-were built
before 1930, officials e'Q9ct
õ ii"d pleirty of room for
increased insulation.---Thð 

ptogram is limited to
ttoui-el'tæc"au se, f o r te chnica I

neasons, it is difficult to aÞ
ôiv-to iareer buildings, the
-Pñersv 

tvtinistry saYs' Large
u-uüãíties can be insþected bY

soecial teams on request'
At the energy clinics' Peo-

ole will find thermograms
äivine rooftoP views of every
iãuãíe inch tif their neighbor-
hôods. These temPerature

-aoi snow rows õf black
recianeles. The þlack areas
äié ttrõ rooftops - and the
blacker they are the better'
b.cause thal means less heat
is õicãping through the roof''- 

sut'co;tParinþ one roof
with a neigirbor'l is just the

sta.t. fne Inermograms onlY

iãueát neat loss through the
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btaci<-a'nd-white television
set could save Ontario home-
õwnets 30 Per cent of their
heatine bills.
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travé ueen Produced ,for eY-
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saris Heat Save Program
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thid winter, that would
mean a S0Gmillion saving
òn ttte $&billion estimated
fuel bill for Ontario homes.

The Heat Save Program'
started in 1980, hasso too of the house.-Þeople 

are asked to bring
their house measurements
änã tatt Year's heating bill' A
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õtticiat will figure out how
much heat each house is los-

ine and make suggestions
äùiut now the situation could

which
far covered 13 cities. After
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free citizens'

are oroduced,
clinici are held.

where homeowners can see

how much heat is leaking
through their roofs and get

advice on improving their
cut their heatinginsulation to
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Accbrding to Heat Save
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the biggest discoveries Peo.
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ãnôush roof vents to let
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moìstute traPPed in the attic

""n-ãe.ttoY' 
ìnsulation and

bills. Attendance at the clin-
ics has averaged 40 to 50 Per
cent.

Toronto clinìcsThe first
will start MondaY' TheY
continue through the fall.

will

The Toronto meetings are

Thermogram
as rectangles

of homes in Toronto shows rooftops
Black mea ns good attic insulation.'

not being advertised because
oeoole rñisht flood them, an
ñärgy . îlinistry . official '

Jaid."hómeowners' in each rot the roof



APPENDI|K 2: PAYBACK PERIOD METHODOLOGIT

For example, a retrofit System connected to an electrical

back-up system for which the price of electricity Ís expected

to increase at an annual rate of g percent would result in a

FUEL EscALATToN RÀTE (e) expreased as a ratio:

e = 0.09

The DISCOUNT RATE (i), can rePresent the cost of borrowing

money determined by the Ínterest rate charged by the lender,

or the return on interest one could realize by investing the

capital spent on a retrofit in an alternate avenue of invest'-

ment. In this case, i exPressed as a ratio is:

i = 0.10 (or other investment/nortgage rate)

The ECONOMIC LIFE (n), of the solar ret'rof its is the expected

useful life of the solar system, i'e'

n = 20 years

ThC PRESENT DISCOT'NTED VALUE (PDV) I QT PRESENT WORTH (PW) 
' Of

a systemts fuel savings, gives the total amount of fuel saved

o\rer the lifeti¡ne of the systen expressed as a h¡np sum in

çuttêfit dollars. The PDV of equal fuel savings over time is

given by:

PDV savings = First Year Savings

¡rR(nn-rI
---R - r

v¡heres=1+eT:Ï



The term n tnl : i) , t'he PREsENT DrscouNrnD FAcroR, can be

evaluated for any particular set of values for i, e, and n'

rf the PDV of a solar retrofit,rs savings are less t'Ìran the

present day costs of the retrofit, Èhen from an economic

point of view, greater economic benefit could like}y be gained

by investing in an alternate energy conserving systeur.

The PAYBACK PERIOD fOr a solar system occurs when the PDV of

fuel saved by the system is equal to ttre incremental capital

cost of the system" Payback is determined by the following

expression:

PAI|BACK occurs when¡

Incremental CaPital = (Fuel Saved in First Year of operation)
x (Pnr for Fuel Saved)

Capital = FueI saved x R(Rf - 1); where R =ñ--:r
f,=n R x (R-1 +1 ; where R = câPital cost of solar

sYstem

and S = FueI saved in First Year
of OPeration

I + escalation
L + discoun t

Sourcar Rêsidt€ntlal solar Rctrofit fn eânada, fBt GrouP, (FooPer ÀDd À'ngu8 Àaaocl'atêa'
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APPENDIX A-3: TYPICAL COSTS OF ACTIVE SOLAR SYSTEMS

The above has been prepared for information only and B.C. Hydro does not in any way warrant

or guarantee the accuracy of this material.

.@ ."to APRTL: DvBtsFL
energy conservation divrslon

B.C. irvc.o
energy use engineertng deparlment

(8.c. flydro, Energy Con8ervatlon Dtvfslon, vâncouve8, 8.c.,
P. S-I.

APPLICATTON

PRE.SOLAR
CONSERVATIOn-
RECOMME¡.DATIONS

SYSTEM
DESCRIPTION

AVERAGE COST
OF SOLAR
INSTALLATIOI{

SWIMMING POOL
HEATING

Use of pool cover Inground outdoor
pool 5xl0metres
(16 x 32 feet). Col-
Iector area equal to
6090 pool area.

$2,500 - s3,500

DOMESTIC \TATER
HEATING

Wrap tank with minimum ol
RSI 1.75 (R10) fìbreglass
batt. r+

Wrap hot water piping with
12 mm (0.5 inch) of
fibreglass batt.

Two to four panels $2,000 - S4,00O
preheat storage
tank; controls,
pump.

SPACE HEATING Insulate and glaze to
optimum recommendations.
In the case of new construc-
t.ion, orient the main
windo*' area southward, use
appropriate shading from
overhangs or eaves and use

insulated shutters,

As per experienced
designer.

$160 - $380 per
square metre.
$15 - $35 per
square foot or
$10,000 - s20,000

' The above recommendations are lisled in order of economic viability.
** DO NOT cover the conrrols. Further, in the case of gas and oil water heaters, DO NOT obstruct

the vent connections or combustion air openings.

Sourc€ r solar Energy'
ÃFrrrrvdõT;



APPENDIX A-4: LIFE CYCLE COSTING METHODOLOGY

Life Cycle Costing MethodologY
The life cycle cost of a building heatíng system is the total amount of money

which mult be set asido, at the start of the first year of operation,.in order to

cover ¡he initial costs and all the operating costs over the life of the'systom'
The ôeneral form of the life cycle costing equations for conventional and sola¡

buildiog heating systems is given below.
The life-cycle cóst of a conventional building heating system is defined as:

The payback period of a proiect is the number of years required for lhe cumula-
tive nei revenue to equal the original capital investment. This definition can be

set out rather simply, using the previously defined parameters:

lf PBP is the payback period (measured in.years) then:

PBP_1

D
PBP-1

(PC¡rEC - PB¡rEB) + | (MC¡ - MRr)

t=1
N (Ec'Pcr + MCr)

(1) *" 
i 3' -- d *r),

The life cycle cost of a solar building heating system is defined as PBP PBF
<KR- Kc.Ð (PC¡rEC-PB¡rEB) + I (Mcr - MR¡)

t;1 t=1

As an example, a conventional electric heating system, a custom-built solar

heating system with electrical back-up, and a packaged solar heating system

1a Uaclyaia solar furnace), also with an electrical auxiliary, are compared unde¡

the following assumptions.
The capital cost of the conventional heating system is estimated at $1,905 and

requires $1 5 for maintenance cost each year, which escalates al 7To pet yeat.

Thä conventional system requires 14,950 kWh of enefgy per year which is
estimated to cost 3.6Ç per kWh in 1980 and will escalate at 10% per year after

1980. The custom-bu¡h solar heating system, including the electr¡cal back-up.

has a capital cost (in 1980 dollars) of $1 5,575. This is equivalent lo a cap¡tal

cost of $1 0,950 in i 976 dollars for the sotaf system plus the conventional back-

up.system. Tho back-up system requires 4.1 30 kwh of energy per year' The

m.ini"nun"".ost ¡s $135 per annum escalating alTyopet year. The capital cost

of the packaged system, including ¡he electrical back-up is es¡imated at 55.440.

This sistem requires g,085 kWh of energy per year and the first year maintenance

cost ¡s $40 inflating at 1O% per year. The capital costs of all thtee systems wete

ãrirt¡."¿ ou"¡ u tñ"nry-yuãr period at 1O7o per annum resulting in lhe follow-
ing yeatly paynents:
a) Conventional System - 5 224 per annum
b) Custom Sôlar Heating System - $1 829 per annum
c) Packaged Solar Heating SYstem - S 639 per annum

Table No. 1 indicates the yearly cost of owning and operating each of the

systems. Table No. 2 indiòates the cumulativg 9os.!. in .curreht dollars, of

owning and operating each of the systems, which allows for the calculation
of the payback period. Finally. Table No. 3 indicates the cumulative pfesent

value, in 1980 dollars, of owning and operating each of the systems'

The life cycle cost of tho threo systems is the tO¡al cumulatlve present va.lue of

owning and operating the systems ovef the¡f life and can be. obtained from

Table No. 3.

N (re.ea, + MRr)
(2t ** *, 

3' ---¡ * ,,,
where. . .

N = ¡he cost¡ng horizon. The life of the.sYstem - that ¡s tho period aftor

which, duã to deterio¡ation or obsoléscence, the system must be dis:

carded - is usually used as the costing horizon'
The comparison oflalte¡nate heating systems us¡ng the above life cycle

cos¡¡ng equations is only valid when the cost¡ng horizon is assumed to

be thJsame for all of rhe alteinat¡ves unde¡ conside¡ation'
KC = the cap¡tal cost of the conventional building heating sysÍem. This cost

is assumed to be paid'at the start of the fi¡st year of operat¡on'

KR = rhe capiral 
"osr 

oi the solar building heating system, including, whue
: ' 

applicåble, the capital cost of a back-up çonventional heating system'

Thìs cosr is assumed to be paid at the stad of the first year of operation.

EC = the annual input energy requirement of the conventional building heat-

ing iy.r".. it¡is refteõis uòtn tne total hearing ene¡gy requifemenrs of
thã Ul¡tA¡ng and the conversion efficiency of the conventional system.

EB = the annual input energy requirement of the back-up system for the sola¡

building hearing sysr;m. This is based on rhe poftion of the bu¡ld¡ng's

toralenergyrequirementswhichwillnotbepfov¡dedbysolarenefgy
and the conve¡sion efficiency of the back-up system'

PCr = the un¡t cost. in year t. of lhe energy used for the.convent¡onal heat¡ng- 
system. This is assumed to be paid at the end of tho year'

pBt = rh;:unit cost, in year t, of the energy used for the back-up system to the. 
solar hearing system. This is assumed to be paid at {he end of lt¡e yeaf.

MC¡ = ¡¡" ma¡ntenance cost, ¡n year t. of the convenlional building heating

system. This is assumed to bo paid at the end of theryear' -

MRr = the mainrenance cost, in yeaf t, of .the solar building heating systom,

inàluding, whe¡e applicabiè, the maintenance cost of the back-up sys-

tem. Th¡s is assumed to be paid at the end of the year'

i = rhe annual discount rate.
Normally the cost of borrowing is used as the d¡scount rate'

Sourco ¡ Turn on thê sun, fontarfo ¡{fnlstry of Energy, loronto, october 1978)r P. a3.



Table No.1
Yearly Cost of Owning and Operating

l-leating SYstems
(Curent Dollars)

Conventional Custorn Solar Packaged Solar

Year Syslem tlcating System Healing Syslem

1980 777 2113 1006

1981 832 2137 1042

1982 892 2164 1081

1 983 958 2192 1 1 23

1 984 to32 2224 1 1 70

1985 1112 2257 1222

1986 t2o0 2295 1278
't 987 1297 2336 1340

l 988 I 404 2380 1 409

1989 1521 2428 1484

1 990 1 650 24ü 1 566

l99l 1792 2537 1656

r 992 1947 2600 1 755

1 993 21 18 2667 1 864

1994 2307 2742 1984

1995 2513 2822 2115

r 996 2741 291 1 2264

1 997 2991 3006 2418

r 998 3267 3112 2s92
1999 3570 3226 2784

Table No' 2
Ctrmt¡Native Cost of Owning and Operating

Packaged Solar
Heat¡ng SYslem

1 006
2048
31 29
4252
5422
6644
1922
9262

1 0671
12.l55
13721
15377
17 132
1 8996
20980
23035
25355
21773
30365
331 49

l-leating SYstenrs
(Ctrnent Dollars)

Conventional CústomSolar
Syslern lJeating SYslem

777 2113
1609 4250
2501 6414
3459 8606
4491 10830
5603 13087
6803 1 5382
8100 17718
9504 20098

11025 22526
1 2675 25007
14467 27544
1 641 4 301 44

I 8532 3281 1

20839 35553
23352 38375
26093 41286
29084 ¿4292

32351 47404
3s921 50630

Table No. 3
Cun' ¡lative Present Value of Owning artcl

OPerating Heating SYstenrs
(1980 Dollars)

Collvcnl¡on¡l CttstonrSolar PackaçleclSolar

Year Systom lleating Systcnr Heatinç¡ Systent

I 3ow 706 1 921 fll 5

1 981 1 394 3687 1776

1 982 2064 S31 3 2sBB

1983 2718 6810 3355

1 984 3359 8l 91 4081

1 985 3987 9465 411 t

1986 4603 10643 54?'1

1 987 5208 I 1 733 6052

1 988 5803 12742 661'0

1 989 6389 I 3678 7222

1 990 6967 1 4548 7171

1 991 7538 1 5356 8299

1992 8102 16109 8807

1 993 8660 1 68 I 1 9298

1 99¿ 9212 17467 97-13

1 995 9759 1 O8B1 1 0233

i égo 1 o3ot 1 86s7 I 0680

lõsu 10839 19198 11115

ióse 11373 19707 1153s

rSgS 11904 20187 119')3

Y_eâr

1 980
1 981
1 982
1 983
1 984
I 985
1 986
1 987
1 988
1 989
1 990
1 991
1 992
1 993
1 994
1 995
1 996
1 997
1 998
1 999



The Metrek market share function has the following characteristics:

I) an s-shaped, logistic curve with a rate of penetra-
tion in the early years which declínes until an
aslmptoÈe is reaêfrãa, and

2) simulation of a certain market share in the early
years even for a new technology which is not yet
competitive. ff competitiveness improves, its
market share grows, otherwíse Èhe markeÈ share
declines eventually to zero.

The rnarket share equation, then, is defined as:

P=I

where,

P.= fraction of market ca
applications and cumu

r = ((r-rol/ylz
I = fêêr projection desired,

To = year in which technology first becomes generally
available (based on sales)

t = time scale facÈor represenÈing the number of years
for the market to mature

Solar Heat and the Oil , Gas and Electrici In-

pt
La

ured, (annual market, for new
tive market, for retrofits)

dustries

-

APPENDIX A_5: METREK MARKET SHARE FUNCTION



Competi tion Amonq BackuP Fue1s

A consumer who decides to have solar energy in a new home

rm:st choose between several fuels available as backup for
the solar portion of the heating system. Four potential
backup fuels were identified: oil, gas, eJ-ectricíty (the
three "conventional" fuels) a¡rd wood. Gas and wood are
not, of course, valid options in all parts of the country
because of limitations on their availabÍlity (see Chapter
3.3.3) .
!,there a choíce of backup is possible, relative attractive-
ness was determined by the ratio of the inverse life cycle
costs. For example, the projected market shares for each

of the eight solar desigms with oil backup is given by
equatíon (21.

P
(L/Lcco)

o (2)
(L/LCC} + L/LCCI + L/I,CCE + L/Lc%)P

where:

Po the ¡narket share for a specific solar desigm with
oÍ1 backup

P total market for the solar design, índependent of
backup tyPe

IÍfe cycle cost of the solar design with backup
fuel (B) (oil, gas, electricity and wood)

KCB

Ttre market shares derived with equation (2) were used as

weights to estimate a representative or 'compQsite' life
cycle cost for each of the eight solar designs independent
of backup type, as shown in equatíon (3).

Sourcor 8olàr Heatlnq ând the otI, Gae and Electrlclty Indultrlê'' (Enargy, t{fuca

A?PENDIX A=5 (CONT. rD)



The following describes the manner in which the market for
solarspaceandwaterheatingwasdistribut'edamongthe
various design oPtions.

Svstem Size (i.e. SFI versus SF2, and MFI versus MF2

versus MF3)

Ttre relative penetratÍon or market share of two (or more)

solar designs of different sízes !úas assumed to be

inversely proportional to the composite lífe cycle cost
(í.e. including backup costs) of the optíons (e'g', sFl
a¡rd SF2) Ín the way shown in 5.2.3.L' If the two life
cyclecostsareLCCI,andLCC2thentherelativemarket
shares are proportional lo L/LCC¡ and L/LCCZ' If these
two solar designs are the only two available then the
solar market would be divided into the fractions F1 and F2

according to eguations (4) a¡rd (5).

L/I,CCL
(4)tr

(L/T'CC + (L/LcC2)I

L/LCC2
(s)

E1^z (L/LccL) + (L/LCC|)

where:

FI the market share for solar systems of design SFi
(í = 1,2)

LCC the composite life cycle cost* of SFt independent
of backuP tYPeI

*Calculated from equation (3) for each solar design'



IÆC LCCo LCCE LCCw

E

composite life cycle cost of the solar design
independent of backup fuel (N = SFt, sE2, MU,
SFWr MFI , .l/F2, ¡,1F3, MFW)

x P+LCC-x Px
Dtt-o 'c

Pxx P+
comprN

Pw

(3)

P

where:

LCC comp, N

In the case of retrofítted water systems or where the choice of
backup is limíted there was a slight deviation from this proce-
dure. For retrofitted solar domestic hrater heatíng, the
expectation is that there will be a tendency for ol{ners more
often to opt for a backup fuel which ís identical to the original
fuel used for conventional heating. fhís is not so in all cases
sínce many homeowners may be prepared to change heating fuels.
In order to approximate this phenomenon, a market preference of
25* f,ot the same backup fuel was assumed. For example, if market
shares were divided anongst three backup fuels by equation Ql as
.33, .33 and.33, the adjusted shares would be .42, .29 and .29,
the preferred fuel gaining 42t of the defined market. These
¡rpdified market sha¡es were then used to obtain the conrposite
life cycle cost independent of backup type.

lftre second variation in the method resulted from the physical
limitatíons to backup fuel availability. Íhis was discussed in
Chapter 3, and the assumed availabífity of each fuel for backup
is sholrn in Table 3.2. To adjust for this consideration, the
backup availability factors in Table 3.2 were multiplied by the
market, shares to yeild a revised market share consistent with the
regional availability of alternatíve fuels.

5.2.3.2 ComBetítion Among Design Optíons

The second type of competition Érmong solar technologies results
from the design variations possible for a given application.
For multiple family buildings there are three choices of system
size with a consequent range in the solar fraction. For single
family dwellings, there are tvro system sizes for short term
systems as well as a seasonal storage option', (the mini-utitity)
íncorporaÈing a different ratio of colLector area to storage
volume.



'The market shares from eguations (4) a¡rd (5) were used
as weights to estimate a new comPosít'e life cycle cost (in
similar fashion to equation (3) ) for single family sPace
a¡rd water heatíng systems (excludíng the mini-utility
system), and for multi-family space and water heating
systems independent of system size and backup t1æe.

Àn equivalent approach was used to estimate a composite
life cycle cost for solar space and water heating in multi-
fanily dwellings.

Storaqe/Collector Ratio (i"e. SFI and SF2 versus MU)

In the previous sections relative market shares of solar
systens with different desígms for the same application
were estÍ¡rated using the inverse of the life cycle costs.
Ttris approach is consistent with the METREK market share
fi¡¡rctíon but only for technologies that enter the market
at the sane time. In the present study the mini-utility
system Ì,tas assumed to become commercially available some
years after the índividual systeÍis. (See Àppendix K for
details.) Ttrerefore, it was necessary to make separate
projections of the market shares for the composíte singlê
famity space a¡rd water heating systems and the rnini-utility
system, both independent of backup t]æe. Tt¡ese ¡narket
sharesr'derived separately for penetration into the oil'
gas and electrÍcity markets' !Íere used in eguations (6) and
(7) to arrive at relatÍve market shares for systems with
different collector to storage ratíos.

P
MU

F +
(6)

MU P P
SFMU

P
SF

F + P
(7)

SF P
MU SF

where:

relative narket share for system is (Í =
MU, SF (composite of SFI and SF2) )

F
J.
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