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Abstract-We have investigated the potential of using vesetation and high·albedo 
materials in Toronto, Edmonto.o. Montreal, and Vancouver, c&nada, to modify the urban 
microclimate, thereby saving residential heatins and cooling energy 11$e. Parametric 
computer simulations of microclimates and ener1y perfonnance of prototypical houses 
were our primary analysis tools. The building prototypes included a detached one-story 
and a detached two-story single family house, as well as a row house. The simulations 
indicated that by increasing the vegetative cover of the neighborhood by 30% (cor
responding to about three trees per house) and increasing the albedo of the houses by 20% 
(from moderate-dark to medium-light QOlor), the heating energy in Toront.o can be 
reduced by about 10% in urban houses and 20% in rural houses, whereas cooling energy 
can be reduced by 40 and 30%, respcaively. The annual savings in heating and cooling 
costs for different houses ranged from $30 to $180 in urban areas and from $60 to S400 in 
rural zones. In urban houses of Edmonton, Montreal, and Vancouver, savings in heatin1 
energy use were about 10%. Cooling energy can be totally offset in Edmonton and 
Vancouver, and average savings of 35% can be achieved in Montreal. 

INTRODUCTION 

The Canadian climate is dominated by high heating demands during the winter and moderate 
cooling needs during the summer. But because of rapid penetration of residential air
conditioning, the cooling energy costs are also becoming important in the region. In fact. data 
from Ontario Hydro indicate that the system-wide peak load in the summer is comparable to 
the winter peak load. We need, therefore, to consider potential savings in heating and cooling 
energy equally. Microclimate modification strategies are especially suitable for this purpose. In 
particular, tree planting and high-albedo* materials appear to be two efficient and easily 
implemented strategies. 1•

2 

City administrators are more aware of their urban climates and heat islands than they were a 
decade ago, and urban planners and policy makers are now more willing to implement 
strategies that can modify the urban climate and save energy on the city scale. Today, there is a 
trend towards urban tree planting and many cities have actually inaugurated such programs. A 
striking example is the city of Los Angeles, California, where 1 million trees were planted for 
the 1984 Olympics.§ 

While there has been considerable attention directed towards vegetation, urban reforesta
tion, and research on the effects of trees on microclimate and energy use in buildings, little has 
been done to study and implement high-albedo materials in the built environment. So far, 
computer simulation of the effects of whiter surfaces has been the main tool for energy savings 
estimations. 2•

3 

tTo whom all comspondencc should be addressed. 
tThe albedo is the space- and wavelength-integrated reftectivity. In this study, Wf! arc especially interested in the solar 

spectrum between 0.1 and 4 µm. 
§Repons indicate tbat, unfonunately, many of the trees plantt:d in '...os Angeles in 1984 did not survive. 
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f,~h this ~aper, we';}~vestigate bot~ t.he , influe~ce of veg~~Jtion ~d wh~ter surfaces in the 
. context o1 Canada's climate and building prototypes. We s1mulate tbl m1croclimate '~hanges 

;;
1
" ~~led . with increasing ,the vegetative cover a~d surface albedo in res~dential neI_ghbor

hoods', u'sjng modelsl hat we developed to simulate the ~.ne'rgy and moistur~ balance of tree 
microclimates11anchti~'eflects of changing surface albedo i~ urban areasr.' To study the energy 
~~ of buildings ili t'tl~ various climates of Canad~ ..>1

we.·simulate several prototypes and thermal 
integrity/fuel opti~!\s with the DOE-2.ld' building·\' •h gy analrsis program. 09E-~,. 10 is a 

·1, public domain program developed under t~s ' lea~ersbp of the . u«.rence Berkele.Y, Laboratory. 
It can be used to simulate the hourly pe'ft'6rmance' of heatrt\'i and cooling systems and the 

~>I'' ... 

inaoor environmental conditions for any building/system c6tiiiguration. Y 
,r"'-b' ·'" :1 

1 '.· ··./ 

., . -" ~, . 
We gllthered infofflaation on common ,Mousing stock in the·.iSector served by 1 the Ontario 

Hydro utility. ·we Used the most common house configurations based on information from 
OntaM HydrotOntario Ministry of Energy, and published literature.4

•5 The prototypes we 
simulated include detached one-story, detached two~story single family residences, and 
two-story row houses. Table 1 summarizes the general characteristics of the three prototypical 
buildings. 

Table 2 shows the thermal integrity of each prototype, considering three fuel/integrity 
options: (a) gas-heated houses, (b) electric-heated houses, and (c) R-2000 gas houses. The 
~en R-~alues correspond to ad<iit1oni:1 insulation on walls of'toofs. For example, the R-0 

1
' values at t·he cxterior ·walls, baseffi~nt walls, and basement ftoors of existing gas-heated homes 

ittdicate that there is no additional inlSulation on the concrete walls 6r ftoo~. All prototypes 
have full basements, the detached houses are exposed on all four sides, whereas the row houses 
have only northern and s~uthetn expos~res as their east and, west walls are fully shielded by 
neighboring buildings (this 1atte~ 'assull'lption1 was made so that row buildings benefit from the 

south ~:posure). . i , i:>· ')i;, . _, ~· • .. ::• '· 

.. ·.Hi.~ ,t Table ~O~~din& _typeS·(partly based on data fro~ .. Rcf. 4). 

II uildin& type :· Floorara !i~wall Roofarea11 Winl'IDw '\iac 0oor·~ . W~etet • l . ,.· :-.length .6~ 

. Jr!> (f~j •;' ' ' 
(fi2) (ft2> (ft2) (fl), 

Rollr:·houses11 .. 1716 <.>iJ956 .:9'6 tt08 ~' 3S , Ull (26><33) 
1200. ~heel, l·StprY 10ll4 Q .1367 ·- ,.100 ...3S .,

0 
.l~i(27.8><39) 

Deciehed, 2-•llry 21"7b . '246S 12ocr ., ' '21S ~S .. ''34 (li.8><39) 
' ' ~,. 

All buildinp h\'w full tueaiind.' -tius column CUic1u.des die lnU bf. windows''.,<ci e~lenor doors; 11111\is is &e 
actual area of IAe pblc (inclUieO) fotm~ormly diktfibuied on all expd!ilel "t\dl; 11R.ow houses have two siories. • :-

. ,r,~ . . JJ" ~ ~ .·:.· 

it'ab.C 2. Tbc.ial intcgtf~ w;.,uy biscd ·oll data trom Ref. 4). The R-vidiies given here are for additional 
'! ~ ~:i ' "· ·1! ·t .. insulation on walls and roofs. • r ·!J•~"i 

- -
' ' , 

Rd·~. Windbws1 " Buildinl type Exposed Exierior Doors Bucment Basement lnfil111tion/ 
ceiling ins. walls ins. 

,. ~ . . ' 
·aill1s floor ventilation 

(R) (R) (R) (R) (R) (R) (R) (cfm) 

Existina (lll-elecaic) 29 32 12 2 .. II 6c o.s 110 3.Sll 
(Ju-healed) 19 30 0 2- 3.S 0 ~ · 0 110 

R-2000 (elec~ and ga.!)11 40 32 20 2 4 12-· ... s 10• 

1 Double_ &lazing; 111
. wood sash widl storm; caverage value; 

11
insttad of 'daailcd e~.t!F.f6pc~i6cation, the R-2000 

code can be aJldmativcly ~t by observing prc·set IOlll anriual ~iY· &argets:lfl" ltW ,tar (Ref. 4) as follows: 
Windsor· 18700, Yoronw • 19600, Ouawa · 20700, North Bay· 21900, Thwiac!r ~ay .' 700. Timmins. 23SOO, 
Moosonce • 24$i Trout Lake • 26300; 'cfm/roo:n, or < 0.4S ach (whichever i~JtiaH'erY; additional requirements: 
leakage area. I In /100 fr (existing ... 3 in 2/t00 rt2) .- ~ ,. - · .~ , : .:.!'.:~ ... ~ ·· 
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We divided the housing stock into two groups-those uoder and those over 180 l'll2 ftoor 
are~ . For prototype houses under 180 m2 we assumed one _75 ,000 Btu/h gas tuil,~ce and one 
36,~ Btu/h .. air co~dirioqer. 4i electrical houses, the gas '·furnace was replaced. with ~ey~itric 
reefi~tance heaters totaling 12 kW. Other equipment in the building amounted to ~ t6tal of 0.5 

,. '\ 2 f ~ F 1l1 
average kW. rn· houses over, k80 m , we; . JlSSUm,ed two 75 ,000 Btu/.~ g~ furnaces an~ two 
36,000 ~tu/h air conditioners . In el~t!lC ·~ouses,:; the gas heaters we~i r~placed 'A'.ith el~~tric 
resistanc~ heaters totalipg 18 kW. Ot ner electrical equipment amounte<l J.o 0.75 aver age kW. 

Wef categorized the bt.\~~ding stJgk as ~ither existing standard or R~Woo standard. In t~ . · 
exis~ i~g b~iJdings, we assurq~lo; .a gas.'fumace ~~iency ot65"% , a~ air conditioner coefficieht of 
performance (COP) of 2.1 t;~"!~ electric resistance heater efficiency of 100%. In the ~:2000 
stock, we assumed a gas fu~aace efficiency of 78%, ·an air conditioner COP of 2. 7, ancf electric 
heater efficiency of 100%. Finally, we assumed that each house has a lighting intensity of 
5.4 W /m2

, a cooling thermostat settiq.J1l',f 25.~°C,_ ~rui'fl, heating thermostat setting of 21°C with 
a nighttime setback to 15 .6°C between 11 p.m. and 7 a.m. 

Qur parametric simulat~ons were performed .~sing a SMART algo,m~m ~or .air~nditioning 
control. We adopted the term SMART to indicate the ope~ation of a buiJdh1g that is ~aturally 
cooled and ventilated by opening the windows whenever the outside temperature ag4. moisture 
allowed such natural cooling of the building. .. . Jf·: 

·~ . 
', .... 

WEATHER 0.A:T A 
· ·• : t 

. ·. !.J ·~ !! ' ·?" ·.j \ ,, ', ~ !T~.-

In order to conduct .. ,c;>Uf,. microclimate simulatipns, ;_tw.~ u5ed weather data ;fo_r Torpnto, 
Edmonton, Montreal, and Vancouv~ from WYEC . (W~ather Year for· Energy Calculation) 
tapes. A we~per summary for these clties is given iP;i Table 3. .. .i.• ·:;~ .. 

" . .. oj I . r •• 

I • !). --~ 1 ., .,._ ,, 

s1MuLAT10N AND AssuMrhoN-s~ . ' l . 
. f · 

{ < ·c . 
••'(I ·.1 

Generally speaking, vegetation affects the microclimate via three major processe's: ·shading, 
wind speed reduction (wina shielding), and evap0transpiraflon. 1

•
3 Albedo, on the other band, 

affects ~ micr~mate by.redJ_Wing the absorbed s0:\M;·~~diation at the surface l~ question.2 

We first "Studied the effects of each process separately; then we studied the simuitaneous 
impac.ts of a combination of these processes. As mcntjpped earlier, we µsed the DOE·2.1D 
building energy analysis program for the CJ1ergy simulations and . we used a weather proce$SOr 
that ~e-;d~,eloped ~through heat isl~nd ··'~e5earch at~J.he Lawr,nce Ber~eley Ltr.boratory to 
simulate the mi;rodimate modifications. 2•

3
•
6 

. . . • 

.. the attenuation of ~lar ~adiatipn by vegeta~ipn was acq:>un,t~~ for by siplulating the shadow 
'·· 0·. ~, ''••: i I'• ,L-. ,' . , , __( . . (~ ~ . • -

case by trees on the walls and windows of the buildings. Since ~ simulatiQns were intended to 
show average conditions for the· majority o( houses, we. assumed that any given vegetative 
cover would be unifo~ly ~stributed on all orientations .. (in te~, .. pf cool~g energy. PIK• this is 
a conservative assumption since tree shade can be optimiied to maximize energy savings by 
positioning the trees on tire · 59uth;~d west sides of buil~). The trees let in 70% of the 
sunlight in. winter but 0,p'y 10% in·~~inmer. ·K Z>. 

L 

" 

v1. bulb emp. (F) 
Ava;. Wet.bulb Temp. (P) 

.).\ ~~ ~.._llTemp._.(P) ,. 
Mm. Dl'Yl!'"u Temp. (Ji).,. 
NO: of Cl!)Udy Days '. 
H~ 4e.1. _Days (Bue 6S) 
Coollii · 'be: . Da s (Base 6S) 

46.4 
78 

l~ 
S734 

33 
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The w.i~d redu~tion (shiet<ling) caused.by trees was simulated' based on empirical correlations 
betwec~ -~~/bL1ilding density and wi~'!. $pee_~, in residential neighborhoods. The empirical data 
dis!i:ftg~ish between the wind effects of:~rees in full leaf and the effects of tr~s with no leaves. 
For t~is purpose, we assumed that trees are in full lea( betwe~n 1 April and· l Octo~r. 

The effects of evapotranspiration were accounted for by simulatin1 the impact of trees' 
evaporati".e cooling on arftbient air temperature and ;atmosphe~ri~ moistl1re. 1 For this purpose, 
we assumed' that trees transpire only above ambi~t air t~perlJtures of . lO"C, and that 
cvapotranspiratiori is insignificant between October and April. ~ . 0 

Only the dircrct. :·effect . of changing ~ albedo were simulat~;r.t;>,i',. m.¥lQ1ing the color of a 
building's.walls al}"d roof from modc;rate dark (al~do • 30%) to medium light (albedo• 50%). 

We analyze,~ the cost savings of trees and light-colored surfaces onl~ for Toronto, using a 
rate of 6f./W.,Wb for electricity and a base rate iqf S6/month plus 19¢/m3 for gas.8 

,0 

BASE .,C>,SES VS . PARA~ETRIC SIMULATIONS1
; ·:. 

·• .· .. · ' ..... . 
In addition to vario~ · building types and fuel/thermal integrity ~ariants• .we d~fined two 

climate base cases for Toron~- -The first clim~te base case correslfo~flO af¥ urban residential 
area devoid · of trees (no ~bade . or evapotranspiration effects) but with a building cover 
equivalent to) ~O~. Th~~.b'¥ildings have an albedo ,:of ~%.which corresponds to a dark brown 
or dark gray.color: t , ···" • 

The seco.nd climate base- ease··15 more similar in characteristics to an ai€Po-n location with 
small rougbtt~S:S Qt tree; ~ffects. This base case thus con:esponds to ~ "yq;getation-ft;ee rural 
residential' neighborhood that is relatively more open '(sparse buildings) than the urban 
residential neighborhood. The buildings have an albedo of 30% ,..: . · -1 

For Toronto, we performed simulations for both urban and rural houses. For the. other cities 
(Edm~nton, ~ontr~al, and Vancouver),. we perform~d simul~t~~ns for urb~,~iiies only. The 
vegetation par.a.metric simulations were performed with the assumption th~t a 30% uniformly 
distributed tree cover was installed at the site. This cover, correspottcfing ."fo about three trees 
per house, ~-~'*hading, wind shielding, and ~apotranspiratioil :~fl~. In the urban 
neighborhoods~ the;_30% :foliage increase in cover is added to the,, .;<>~.~ ~alent building 
cover in .the base case, and that results in a to:tal cover· of 50% :for Wind :?ed reduction 
calculations. In the rural neighborhoods, the 30% increase in cover is the only;i.ddition relative 
to the base case. r : J,J,,, /> :}s; . 

In the al~~o _par~etric simula~~~~~~;~the albedo of the buildings was ,~i.~~e.cf-from 30 to 
50o/(l,with the la~1 @rresponding to ·a :medium-light color such"115 ;cream or. )Lellow. 

'•• 

~ • .. u; J< ~ .. · , .. ~~.! ' -·~e: •;.~. ~ --· 

IJ .~ 

' .. . ' 

!"lf. I 
Ji. 

RESULTS 

Tables 4 and S summarize our simulation results for residential sites hi the urban and rural 
., arus-:Of Torontoi. Table 4"" presents the energy and peat implicationlitsf climate- modifications 

'; i: ,, via the procesSeS\'m~ntioned ~artier, whereas Table .S gives results for'eombined simulations as 
•: .;\ well as corresporlding energy costs and savingsl In Table 4, the first column represents the base 

·;, 1:case energy consumption or peak power for heating and cooling for eacbiprototypt. 11'he·next 
v;:: live-columns relate to trees. The cadumns labeled "Shade", ·~Shield", and "'Evapo:n give the 

relative changes in energy or peak power, with respect to the base case, resulting from -shading, 
wind shielding, and evapotranspiration of trees. The numbers indicate elltrgy savings; numbers 
in pa,rentheses () indicate energy penalties rather than savings. "Tht. column label.ed "Total" 
gives the total effect of trees on energy ·u~ or peak· power. This total includes the simultaneous 
effects of shading, wind shielding, and evapotranspiration. The columns· labeled · ~4" and 
' '.4%'' gi:ve absohlte and per~ntage changes from the base case~1 :Fin'ally, the column labeled 
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Table 4. Simulated energy \l,se and pealf_pow~r demand for tb4; urban sil~.in Toron!~~ 
I .. 

. ~ Shadt~' ··Shield 
TREES 

Al~o \1ishow Evapo. Toi.al 
r "'.!',)l' ·Basecase 4 YH\ l 4 4 4% 4 · ,. 41'llL 

,DETACHED, l·SlURY.GAS .J" m'..s'J , _,Jll :' '''. 

• Heating gas consumption GJ yr-• (0.7) 10.0 (0.4) 8.9 5.8 (0.7) (0.S) 
Coolin& eleclrici~ OJ yr-• . 1.76 0.41 (0:08) 0!49 ~ . 0.70 39.7 0.37 . : 21.0 
Peak healing gas ~W equiv~~t 24~ ·~ 0 1.4 0 ; ~43 5.9 0 ,·. ,0 
Peak coolina eleeiricity kW" 2.3 _, . 0.3 0.07 0.2 .52 22.8 0.2. ···' . 8.3 

DETACHED, 2-STORY, GA& ,. .... l ll . ..... 
Heating gas consumption GJ yr-1 263.4 (1.2) 18.5 ,(0.8) 16.4 . 6.2 (!.2)- i(Q.5-); 
Cooling elec~ QI Yf ~, , , . 4.47 .,0.82 (0.11] • 1.08 1.52 34.0 0.72 16.l 
Peak heating 1cW e<alfa\lal~' · 45.2 " O 2.5 -' . 0 2.51 ·s.6 ·. ' ' o· 0 
Peak cool~ electricily kW {( 4.4 ·' 0.5 0.2 'f ' .. 0.3 0.98 2Z;Q1 · 0.3 .... 7.2 

DETACHED, l-~1uRY,EUC. ?: 
~'.5) . ·l , ... 

(0.:2) 
ff 

. 
I 

Heating elecaicity OJ yr-1 
" 53.4 5.4 4.7 8.6 (0:'2~ . (0.3) 

Cooling eleclricity OJ yr-1 
• 1.35 0136 (0.01) 0.29 ·. 0.50 37.0i O.t , ~-" 12.6 

Peak healing elecuicity kW 10.0 0 0.8 0 0.81 8.0 0 0 
Peak cooling elecuicity kW 1.7 0.3 0.1 0.1 o.ss 31.5 0.1 S.8 

DETACHED, 2-s;roRY, ELEC. 
· ~.7) 

.. 
::i. 8.7 Heatin1 elecaiclty OJ yr-1 82.8 9.8 (0.3) . 10.2 (0.3) (0.3) 

Cooling eleclricity OJ yr-1 3.55 0.75 0 0.66 1.10 31.0 0.30 8.5 
, 1:1'.ukileating electricity kW 17.8 ,or 1.3 0 1.301., 7.3 0 .. 0 

Peak coolimr: elecuicitY. ~ 3.3. " 0.6 0.2 0.2 •. 0.95- 29.0 0.1 4.5 
DETACHED, l·:.tuKY,'R-2000 -· . .. . ~ 

Heating gas consumption OJ yr-1 51.0 (0.6) 3.7 • (().l'). ·i 2.94 5.6~ (0.2) >r(0.3) 
Cooling eleclricity OJ yr-1 ~ 1.09 . .. 0.24 (0.01) g-.n 1~ ,-0,33.., 30.3, 1 0-~ . t1 8.3 
Peak healing aas kW equivalent ·11.s · • '· 0 0.6 ' "1>.59' S.2' ·o . 0 
Peak cooling elecuicity kW 1.1 0.2 0.04 0.07 0.32 28.7 0,()6. 5.1 
DETAC~ij£i-STORY, R-2000 ' . I ~; ! .~~ b: . . 
H.eating g4.!_CQ11sumption GJ yr-1 

, 79.0 (1) 6.9 (0.5) ' ~.3 • . 6,S .<~ ... (0.3) 
: Cboling ebicity GJ yr-• :i · 3.05 0.60 0 0.44 1.u o.81 " 26.'6 ' ... 6.2 
• Peak healing I"' kW equivalent • 21.0 0 .,, '.,,,J.O 0 ' 1.10 s.o 0 · ~ ; 0 

Peak cooling eleclricitv kW 2.2 0.4 .0.09 0.1 0.64 29.0 0.09 4.0 
ROW·HOUSE. GAS . 

. 

Hcadng aas consumption GI yr~ 1 J 10.9 (0.7) 'i 13.0 (0.5) 12.0 10.6 (<JA) (0.4) 
Cooli111~lectrici1y OJ yr-• 3.18 0.35 _,o 0.46 0.65 20.4 0~5 )7.9 
Peak Ilea ·ng &as kW equivalent 24.~ 0 n 0 2.13 8.8 o" b" ' 
Peak cooliiil eleclrie:itv kW'/.~::: 2'B 0.2 0.2 0.1 0.46 1"9:8· ;10:1 .. :s.3 

IJ..OW-HOUSE, ~BCTRIC . , .. ~. 7e l 
Heating elec~<:,ily G! yr-• 4{9 (0.4) 7.4 (0.2) 6.7 ·1s.o (0.1) (0.2) 

• 11 tooling electricity fJJ yr· • 2~'8'6 0.30 0 0.28 0.49 17.i ·<f.1'1 3.8 
Peak ~Jing e~ujcity kW ti~. 11.5, ; i(} 1.2 !"l 0 . ~1.2' -: .l~ 0 'r:., 0 
Peak coof111g electri~i.lY kW .~.p ' .. 0.2 0.2 . 0.1 .0.44 22.5 ., 0.06 . 3.1 

ROW-HOUSE, R·2UUU - ....... ,. 

::Heatin1;gas consumption OJ yr-1, ;.l.-!36.9 . (0.5) 5.0'>-t,;. :•f(0.3) 4.2 :4().8 l(0.1) (0.3) 
Cooling eleclricity GJ yr-1 2.72 0.30 0 0.24 0.43 15.8 .Q.08 2.9 
Peak healing gas kW equivalent 12.8 0 0.9 0 0.87 6.9 

. .. 0 . .. 
0 

• Peik;eodlinlf"eleclricily .kW L4 0.1 ' :o.ogt:: . 0.07 0.2911 21.1 (();04J t 2.9 

The hO~ labeled OAS are. healed wilh a' '.gas heater and 'cooraa wilh an~lectric'.eir~ctilioner. The houses 
labeled EUC. are all-electric homes. We assumed that the R-2000 houses arc ga.5-heatcd. The basecasc column 
reports the enetl)' use of buildings without any microclimaLC control saat.cgy. The following columns rcpon lhc 
absolut.c change in energy use (.1) and lhe percent change in energy use (4~) compared 10 the basecase column. 
The bntckeled numbers indicate a penalty (increase) rather than savings in energy use. 

145 

"Albedo, w /snow" represent the impact of albedo modifications with respect' to (a base case 
.r. with snow cover m winter. .. ' ,; ~ +: :;~ 

::.-· The effeq of liglltening the colar .of a building on heating .,energy is aJmost -·nil because the 
building's albed<>r~~high in winter anyway ,a.s the roofs and.;portioll$,of :waUs get covered with 
snow, ~11ce, f0:.r all practical purposes, lightening the color-of a house reduces. summet cooling 
10:.ad.$ w~ut .. ~ignificantly affecting winter heating energy needs. On the other band, if 
building11,hay~ no snow cover, the effect of higher albedo on winter heating energy is relatively 
higher-. t ,:' , ., '.>1.r '"- '~ · 1 ... ' !;.1 

Some. general ·ot>se~ations can be.. made for Table 4. One canisee that the total effect .of trees 
is! always ,ainet ~vin1.rI'h~neptive effects (penalties) of albedo on heating cnerg¥ is about 
0.4%.rrThe~ffeqls' of all strategies on peak powet".are always net savings. 

In tha, urban !.sites of Toronto, the simultaneous intplemf:ntation of trees and albedo 
strategies in d¢tached -one~ and two-story gas-heated homes·,saves . .an average 6~ in heating 
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. , . i 

Ia91e 5, Energy and cost savings of trees) and white surfaces for th~, urban a~'d · rural siits in Toronto 
_l(.,,.L 

~ ·-J l.__J ~ ' ' I f . 
!. . . Urban sites Rural sites 

Ba5ecase ISavings (Trees + Al~· B~ .
1 
ISavings (Trees + Albedo•) 

Energy Cost" Energy Cost Energy~ost Energy Cost 
OJ YT-1 S/Yr OJ yr-1 6% S/Yr ::iJ vr-1 S/YrOJ vr-1 6% $/Yr 

DETACHED, !·STORY, GAS 
Heating gas consumption 151.8 846 8.2 5,4 , 42 168.2 930 22.6 13.3 115 

• 'Cooling electricity · · 1.76 29 1.08 61:3 " 18 1:68 28 0.79 47.0 13 
1.JJ'6tal .. • \ " . 153.6 875 9 .. 3 6 .• -i. 60 169.9 958 23.4 , 13.8 128 •-#•· '· 
DET ACHED,.2,STO!tY. GAS < 

Healing gas consumpiion 1263.4 1415 TS.2 5.7 77 t293'.;,7 1570 ~41.9 14.2 213 
Cooling e eclricity ' . 4.47 2.24 74 SQ.I 37 ' 4;l2 72 1.75 40.5 29 
Total : .. 1267.9 912 17.4 6.5 114 •98:0 1642 43.7 14.7 242 
DETAC~D, l·STORY,El.EC. 
: H~ling et&mdcy : • • - · 53.4 890 4.5 8.3 75 62.5' 1()112 12.9 20.3.J ; 215 
Cooling elecU!icity n .';.i1~ ; 1.35 22 0.67 49.6 11 ' ·6H~ ~~ 0.55 40.7 9 
Total 54.8 912 5.2 9.5 86 . 13.5 13.5 224 

DETACHED, 2-'STORY, El.EC. . ' . I< .. 

Heating elccaicity 82.8 1379 8.5 10.0 141 99.4 1657 23.5 23.1 391 
Cooling eleclri~ity 

.1 ~(1 
3.55 14~ '" 1.41 39i 24 3.62 60 1.26 34.8 21 

Total " 86.6' 9.9 n: . 165 103.0 1717 24.8 24.1 412 
·PETACHED, l·STORY','R-2w. .,,. . ,, . ; 

· ;Heiating. ~·consumption ~JO 332 2.8 •· 5.6 1 
14 57.3 364 9.4 16.0 48 

Coolin~ electricity · .. . l.09 18 0.42 38.5 . 1 1.09 18 0.34 0 3T.2 8 
Toial:::' ' •' "' ~-

... 52.l 350 3.2 6.l 21 58.4 ·~ ~ 9.7 16.6 56 
DETAeHED. 2~$TO!Q'. R.·ZIJUI. 

79.0 :S13 Heal.ir!u~~ co~umption 475 5.1 6.2 26 90.4 17.3 18.5 88 
Cooling'~lricity ~ · ' 3.05 52 1.00 32.8 17 3.13 i''!l2 0.91 29.1 15 
Total .. ; ! · .. •;} ' 8:2' I• 527 6.1 7.4 43 93.4 585 18.2 19.5 103 

ROW-HOUSE, GAS 
Heating gas consumption ~10.9 638 11.6 10.3 59 133.0 750 30.7 22.7 .. 1'57 
Cooling electricity , 3.18 53 0.91 28.6 15 3.19 53 0.79 24.8. ' 13 
Total .· ' ... 114.1 69,1 12.5 11,0 74 136.2 803 31.5 23.l' 170 

ROW-HOUSE, ELECTRIC 
Heatiftg el&tricicy 42.9 715 6.6 14.7 . :cUO 55.6 927 17.7 30.9 296 
Cooling el~r.ricity 2.86 48 0.60 20.9 10 2.91 48 0.61 20.9 10 
Total 45.8 763 7.2 15.7 120 58.5 975 18.3 31.30 .. 3n6 

WW-HOUSE; R-2000 ... .. . - h . 
Heating ga.s consumption 36.9 260 4.1 ., ,0.4 

' ' 
21 45 .•. 303 12.7 ' ~.5 ., 65 

Cooling e~~ity 2.72 45 0.51 18.7 9 2.7'4 46 0.48· 17.5 .. 8 
Total .. i:. . 39.6 305 4.6 11'.6 ; 30 411;f 349 13.2' .. 27.4 ' 73 

• Albed.o r,i~ .si:iow; 11Cormula for annual ga.s cosu: $72 + 19¢/m' (we assu.med 35300 Btu/m3 of gas), ·(0r eleeiricity 
costs. ~e USed ~/kWh. In these simulatlons, vegetation an<f.albedo peramtl.Crs~ simulrancOUsly clW'lged. The 
energy .silvjng columns show the comsponding <;J:!angcs in ener&Y use wit'?-.!!Sffift.to the basecm .. 

gas and 55% in cooling electricity (see Table 5). In the detached electrical homes, the savings - I 
are about 9 and 45% for heating and: epoling ele~tjcity, ~spectively. S~pce th~,.R-2()()() houses 

! :1~re better insµlated than the g~ an4 c;Jectric ones, the percentage S!lvings are lower, 6 and 40% 
.... ~n~ heating gel.$ and cooling ele.ctrif_lty

1
; .tn the gas-heated row house's;_'these savin~. are 10 and 

29% on _qy~~ing. gas and .cooling ~·~~tricity: in electJic r9w. houses th~ savings are' 'l'5 and 21 % .,. 
.... Q!l i!e.a~~ing F.l~c.~ricity ancl_1€09lin,g e.iectrjc~ty, respe~tive~y". - Fi.n~lly .1'.1in !lthe t.~~ r~~-houses , 
·;r .: the s._y.i,og~ ar~ .10 and 19% on IJFallQg_.gas and coo!/V.8 electnct~Y,; . , >. .. • • • 

·In terms o( ,peak power, the savings are also COl)sji:lerable. I~}he detacned gas homes, the 
·; ~verage saving~ .in beating ~a~p.p,wer a?d cooling peak)~wer a1.te, respectively , 6 and 30%. In 
the de~ached ~lectf\c~ I ~homes, the savings are. 8 and 3~~~ for t_he ; ~§ating pea~ . ~d c~oling 
peak_, ! respect1ve~y. l? the detachM. R-2000 houses, these savings are 5 and 33%; m the 
gas-hctated row .:t.ouses, they are 9 and 25% , on beating an~ cooling, peaks, respectively. In 
e'<:fttic row .!lq~ses, the savings are 10 and 26% and in the It,~ .r~.w-h~uses, the savmgs are 
1 ;md 24% for the beating and cooling peaks, respectively. · ~-~ · ·" · 

• • rl · Table 5 also contains ene~gy ~psts associated with ope
1fatfut these b~iJdings ind the savings 

.... ,.. • ( • ~- • ~ c.. i/ •· I 
rf!sulting from applying the str~tegi.~s mentioned earlier. The "'Cost" column under "Basecase" 

. . • l :)1 • • ., 1 • 
reprt'!sents the annual dollar amounts r~quired . to heat and cool the · t5uild'ings whereas the 

~:"S/Yr'.'.~ column u~der "Savin&$." gives the annua , dollars' s~vJH b'y itppl'y°ing 'th'e combined 
•• (. I } , • • •:li - 'f •1 , J "1 l I• 

, , ~Jategi.e . 
1
The fiISJ 1five co.lwnns -in T~ble ~ indic.ate _possibte en~rgy savings of up to 15% in 

heating erie;gy and 'up to 61% in ooolitig energy use ror- the
1 'urba'n ~ites. ~The mean is 8% 
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savings in heating energy and 37% savings in cooling energy. The total annual dollar savings 
can be as hlgh as_.Sl65 __ and the 'me~njs $79. Of 'c9~rse, one has to weigh ''these savings by 
building stock size to e~timat~npotential savings for t~~ entire city. - - · 

Toronto (rural residenti~l;si1es) 
.· i --

. : I. i· 

Table 5 also summariZes the results ·of our simulations for the Toronto rural areas. The net 
impact of microclimate m_Qdification,..;il enefgy use is larger _in rural areas than iii~rban zones. 
Savings in heating energ¥,,!_in rural Toronto .pan be .as hi·gh· as 31:°% ~(~~mpared to 15%) and 
savings in cooling ener.gy can be as large as 47% (compared to 61%).'. Tbe mean savings are 
21% in heating energy .. (compared to 8%) and 31% in cooling ene~y (co?:'pared :t~ 37%). The 
main reason why rural• ai;e~ have larger heating energy savings but .. ~'1),allcr ;~ling energy 
savings is because· 'CJ.f

1 
:t~~ liu'ger impact of wind shielding in open rurabareas than in denser 

urbarCzones. Slower winds relieve the need for heating in .wiriter l;>~t -increase the need for 
cooling in summer. · ~ ,. . . 1. 

The implementation of trees and albedo straiegl~s i9: detached one- and two-story gas homes 
saves about 14% in heating gas and 44% in cooling electricity. lrl theActach:ed electrical 
homes,. ttle savip11s, are about 22 ~nd 38% 'for heating j{nd coohng el~et·n~f'V·l:'l'espcctively. In 

- · 
1 Ci'.11 

1 1 ll.-r. U1rer 
the detached R~2~ houses, these savings approach 17 and 30% on heating:' gas and cooling 
electricity. In the g~-heated row houses, these savin$s. il=€' 23 •nd=::2s%'.Stf'heating gas and 
cooling electricity ::10 electric row houses the savings are 31 and4ii% 'o"A;!l..e.~t1:ng electricity and 
cooling electricity, respectively. Finally, in the R-2000'(~·hou~~$. .. ~h~. savings are 27 and 17% 
o.n h~ating gas and cooling electricity. . · ~. "~:' ,: .. _ · 
· Rural i>eak power savings are also substantial (not shown in ... :table)/ In the detached 

gas-heated homes the savings in heiting peak power and cooling peak power'.~re respectively 
about 12 and 35%. In the detached electrical homes, the savings are on a~i~g~~lU and 37% for 
heating and cooling peak, respectively. In the detached R-2000 houses, t~se savings are about 

··· fr ana 35% on h,eating and cooling·peaks; an·d in the gas-heated row ·1touses, they are 18 and 
~2% on !\teatJng' ind qQ<>ling peaks, 're$pectivcly. In electric row houses the savings are 20 and 
~~~. and in tbe R-~~ :•ow-houscs,, the savings are 14 and 27% on heii'.fing and cooling peaks, 

. f:~£~i~elyh ._,~; ;, ,c . -~ • ;. . · ~ ... 
·· · Finally\-.thenet dollar-savings are niuch hlg~er in the rural sites than ~q; tlje urban ones. The 
annual dolfii''savirigs:cafi be as high:as $412 (cQmpared to $165); the mean,for all prototypes is 
$190. .. ..."' -

c' :!it. . f 
l"::J" ,,, r; 

' ~ ~ . . . ici~&nton, Montreal;"and VlJncouve}(l(urban rtsidential sites) 'ii .. . 
,, :'.tT~bl~· ' 6 "iµfii'riiarttes the'· · ~n~rgy performanc~ of t:>'U\Ydings in Edmdriton, Montreal, and 

Vanco'u'ver. i~ Edmonton only a small amount; 16!1 cooling is needed :m· detachecf!·two-story 
~pus~~f.: ~~

1 

.othef
1
prototyperen ~ cooled .~ithr~1'~_ral vent~~ation.; Al~~~- beca~se _this city is 

the coldest of the four considered, the adlt'1tion ·of ttees Hffsets the coobng ·needs m the two 
prot,otype~ . After tre'es have be"e~-~added, ·ther~ · is 1fo ne~d to use 'hiSh' albedo on building 
surfaces (to' 'Savc d:,or?ng eners1f because the cooling load is either non~existent or is already 

,:.: met by the s~~.4,i.~g ~a cv~J>orative ~ooling e®cts of tr~es. The heating energy use, of course, 
is higher than tb'a~ in Toro~to: The savings in

1 ~eating energy use.t esulting from wind-shielding 
'· •\ . ~ 1. . r • 

effect of trees can be as high as 11 % . The avera~e .. savings in heatinf cnergy in detached one-
and two-st~ry g~ houses is 5%, where~ the savings in the electric Mbuses arc 8% on average. 
In the R-2cx'.>o Ji~u.ses the average savings are 4.5%. In the gas row houses, the savings are 8%, 
in the electric row-houses, they are 12% , and in the R-2000 row hou~s. the savin~ in beating 
energy are ~°(a -~-" a~rpge.,,;Por those ~r~ '<;>,types·~-~~~~·Cboling energy was not met with trees 
alone •. !1.i§h~.cllb!:~o ~a~erials :-v~rc ~~d '(see .''Trees+ Al~_do" column). 
~oh~rea!lq~ ~,1cl~~.1ate that is clos~r to t~at of Toro~to and, as. a result, we se~ somewhat the 

same kind of e.nergy performance and savings. In tetrns of heating energy, savings from trees 
ca~ be :as high as 14% and savings in coo'iing energy as 'lliifl a5 100% (coinple'teW-:dffsct). The 

• - ' I ... ~ ~ f • ' • ) ~J ' • I •' • ff, .. ~ 
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Table 6. Energy savings for the urban sil~s in Edmonton, Montreal, and Vancouver. 

' Jj~ Edmonton• . : i ' Montreal ~-( ~ f ~ • Vancouver8 
·I;. ! Ba.sccase SavinJ~ Bascc~ Savings Basecase Savings . Trees ·' Trees Trees+ Albedob Trees 

•• 1 ,j 

. GJ yr· 1 GJ yr-1 11% GJ yr~ 61 yr-1 '--• 11% GJ yr-i... 11% GJ yr-1 GJ yr- 1 11% 
PETAC,tWD,. 11 -Sll?~Y· GAS ... 
Heating ~ t:anSUll)J>UOn 221 :13 9.72 4.38 173.35 9.94 5.70 9.26 5.31 101.32 4.11 4.00 
Cooling ecuicity 1•1

•• • C>:OO . 1.02 · 1-, 0.48- 46.81 0.76 ll'IS:18 0.00 . -
DETACHED, 2-S~I<Y;'GAS .. ,- ..,, 

c Heating gas cons~mption b; 375.80 18.08 4.78 299.72 18.46: 6.11 17.32 5.73 176.78 7.35 4.09 
' ·coolin2 electricity1 1 0.69 0.69 100.0 . . H.7 I.SS 68.30 2.11 92.71 0.00 . 
DETACHED, 1-STORY, ELEC. J 

Heatin&#Cfajfity , 83.51 }.19 6.36 62.50 5.38 8.47 . . 32.41 2.19 6.50 
Cooling eleetrici1y · o.oo . 0.78 0.78 100.0 . 0.00 

DETACHED, 2-STORY, El.EC. <), : 
•.. 

, . Heating eh;c;tricity ; 125.18 9.6,1 7.7.J, 96.80 10.02 10.12 9.76 9.85 49.31 4.00 7.65 
·cooling electricity 0.55 · o.:S5 100.0'' 1.80 l.26 69.66 l.49 82.63 0.00 
DETACHED, l·STORY.;R~'lWU . : 
Heaw,g gas-cqnsumptipn -, 81.85 3.26, ).90 . 60.32 3.39 5.47 ,, ' . 30.46 0.97 2.98 
Cooling elecuicity 0.00 0.63 0.63 100.0 . 0.00 

DETACru:.D, 2-STORY, R-2000 
' [ Heatina gas consvroptio11 U3.59 6.28 4.94 93.23 6.42 6.(13 - 46.42 2.15 4.21 

Cooli'ng elec~ily , . . 0.00 . . 1.48 l.48 100.0 . . 0.00 
ROW-HOUSE;G.l:S ·--
Heating gas oo~fnption ;t i : 163.61 13.49 ' '; 8.11 129.56 13.86 ;U),50 13.42 10.16 64.85 S.90 8.66 
Coolina.el~trjcity. _ ., 0.00 . eo • l.50 Q,90 60.10 I.SO 100.0 0.00 . 

ROW-HUU:SE, f.l.El."~lC -
Heating clectridny k·-~~· ' }!J f 65.41 7.52 11.1 l <i s-l,67 '~.80 14.50 '),!/(}' 14.32 21.52 3.20 13.20 

. ,. Cooling elecaici1v " , d ~~I' 0.00 0.84 0:30 35.19 0.37 44.64 0.00 -
ROW-HOUSE, R-2wu 

.~ 
Heating gas'ionsumption 62,36 5.00 7.58 45.59 4.99 10.28 ... .. . 17.05 1.79 8.66 

. \ · ' ) . Coolin2 tleCujcitYJ t~ O;OQ - 1- rpm 0.73 100.0 : - 0.00 . . 
.. •Note that in 0\1s~1· we d .not need lo use ligh1-colorcd m8lerials because I.here is gtnuallfino cooling need (all but two 

; ' f• f~ . 

. L 
' r'r._i '. -' 

: cases) and whCJl ~ is one._~ offset all the CQl?ling need. Besides being usel~,in_ fur.thcr deoeasing the cooling load. 
I.be implementation'l>f high albi!ao will increase the heating load and result in penalties; b albedo with snow . . , .,, . ... ,._... ' 

avera~~ ... savings in heating enerp in detached one~ . and two-story gas houses ar~ 6% and the 
savi~gs m~t~e ~Jec~ric houses afe ,~% on average. I~ the R-2000 houses the avera~e savings are 
6% and in the• gas row houses, .. the savings~,are \1%. In the:, e.lectric row.~houses, savings are 
15%, and in the R-2000 row houses, the saWllgs in heating en·ergy:ar~ 10% on average. 

In Vancouver, all the cooling loads are totally met with natural ventilation, so neither trees 
nor high albedo are needed for f\lrth~r ,cooling energy savings. However, trees can still save 
heating energy, and in this case, the savings can be as high as 13%. The average savings in 
heating e.ne_rgy in detached Q~U~r, and two~~ory gas houses are 4%, w.tJere~ _t,pe sa~ings in the 
:electric. rhoi:Jses ,are 7%. In .tbe R-2000: .ihouses the. average savings cat.e ·,3% . In the gas row 
houses, the savings are 9%, whereas in the electric row-houses, they are 13%. In the R-2000 
row houses; th'c :averlge savings in heating energy are 9%~ _, 

~~1 .;{i_t ~~ · ~ ! ) , p '"f1·· . . J. ; 

Cost of cons'i!li>ed erl'efi:t :: rbw. -°' -, ; 
'<.'\:" ... ' ... . '- Fl . , , . <, ' 

,., J kt. an earlier -.rePQrt, Akbari et al' have estimated -a cost of con~(:Ved ~ergy of less than 
lcl/kWh for urban shade trees and white surfaces. A thorough '.Costi:Lberrefit- ·analysis for the 

· C~nadian cities is beyond the scope of the present study; howeve~, in 'the ab~ence of a detailed 
analysis, th~ following sm,plified discussion is presented. ,,_: · •-·· · ' 

• l I, -;. " ~ ·. ...., -1 

,,_ Most ~,qH~3: ar~ p~,intep, ,every 5-10 yeaf;s; .house .owners 3~ould be ~couraged to re-paint 
their ho~ses 1n light colorst);Jber.efore, one can argue that the incremental cost of changing the 
color of houses is nil. Also, many people plant trees in their yards for aesthetic reasons. In a 
low-cost information program, house owners 'can be advised of theirmost -effective species and 
planting locations. The initial and mainter!ance costs of a tree can vary from zero to over $100, 

... depending OQ the tree, species, th~ pl:anter and the maintainer;" of the· ,,tree. Most literature, 
: ' lioweve't;' site cost figures in the range 'of $5-50 for a tt'!e. Assuming these"cl')sts, the simple 

payback period for urban houses in Toronto i!t in the range of iweeks:._2 years. 

•• 
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We first note that the simulation results reported in this study involved only moderate 
changes in tree cover and albedo.- Had the$¢ modifications been made larger, which is easily 
possible, higher_ savings would have resulted. Increased vegetation cover of up to 60 or 80% in 
other climates produced su~~tantial savings in the heating a.~d~ cooling energy use in 
buildings. Similarly, the aloe.do of houses can be increased to larger·vaJµes han 50%. We have 
investigated the cooling ene'Jgy s avings of surface colors up to 90% ieftective, and the results 
indicate large savings as well. l~ thiS..study, we only simulated the'dir~ct eff~cts of albedo. The 
work of Taha et al2 has Indicated that the indirect effects of albedo are even more effective in 
reducing cooling energy demand than the direct effects. t We investigat~~''the impacts of only 
moderate changes in vegetation cover and albedo to give conservatiY~ results and also to suit 
the climate of Canada, where larger changes may·:not be needed. The changes in tree cover and 
albedo must be balanced to avoid energy penaltfes _resulting (rmn overdo~g {gne or the other. 
Also, the simulations were performed with our· assu-mption that the're exists a 'ffighttime setback 
in the heating thermostat setting (from 21 to 15.6°C). Without1--tJtis '. .setbii4~. the savings in 
heating energy would 'be much larger. Also, it can be atgued that=the -case! without nighttime 
setback is more likely to be closer to the actual operation -of the bui~,<Jhigs . ;) 

,,, Our simulations indicate that by implementing such :sitnple strategieS.-:~ tree planting and 
color changes, there is ~tefft~al for la~e savings in building.en~gy,' fu0~~¥sption in Canada. 
The results showi-$.hat heating energy; in Toronto can be reduced by !m;iY.e,r,ge 10% in urban 
residential neighborhoods and an average 20% in rural neighborhoods. ·.£<xjling energy, on the 
other hand, can be reduced by 40 and 30%, respectively. The ~nm1.af #vings in heating and 
cooling costs range from $30 to SlS:Q. in ur.t>an areas~!lnd from ._$60 .tQ ~in rural zones. In 
urban residen~ial neighborhoods of Edmonton, Montreal, !lnd .\f.aneourt:er, average savings in 
heating __ energy:•~~-~ -- ~~e 8, 11, and 10%, respectively. C<x,>~g .e~ef p iain be totally offset in 
Edmonton and Vancouver and average savings of 35% can oC.:adiieved in Montreal. 
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