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Abstract—We have investigated the potential of using vegetation and high-gibedo
materials in Toronto, Edmonton, Montreal, and Vancouver, Canada, to modify the urban
microclimate, thereby saving residential heating and cooling energy use. Parametric
computer simulations of microclimates and energy performance 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-
mesponding to about three trees per house) and increasing the albedo of the houses by 20%
(from moderate-dark to medium-light color), the heating energy in Toronto can be
reduced by about 10% in urban houses and 20% in rural houses, whereas cooling energy
can be reduced by 40 and 30%, respectively. The annual savings in heating and cooling
costs for different houses ranged from $30 to $180 in urban areas and from $60 to $400 in
rural zones. In urban houses of Edmonton, Montreal, and Vancouver, savings in heating
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
particuiar, tree planting and high-albedot materials appear to be two efficient and easily
implemented strategies.'?

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
peen done to study and implement hLigh-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.?

t+To whom all correspondence should be addressed.
{The albedo is the space- and wavelength-integrated reflectivity. In this study, we are especially interested in the solar
spectrum between 0.1 and 4 pm.
§P.eports indicate that, unfortunately, many of the trees planted in Los Angeles in 1984 did not survive.
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lh this_paper, we mvestlgatc both the :nﬂuence of vegetdtion and whiter surfaces in the
context o? Canada’s climate and building prototypes. We simulate thé microclimate ° hanges
' associated with increasing the vegetative cover and surface albedo in residential nei’ghbor-
hoods, using models that we developed to simulate the energy and mmsture balance of tree
n'ucrochmatcs and the effects of changing surfice albedo it urban areas. To study the energy
use of buildings in the various climates of Canada. we snmu!ate several prototypes and thermal
integrity/fuel opnéms with the DOE-2.1D' building egergy analysis program. DOE-2.1D is a
. public domain program developed under the leadership of the Larence Berkeley Laboratory
. It can be used to simulate the hourly peﬂ‘bnﬁance of heatiﬁﬁ and cooling systcms and the
1nl:|ogr environmental conditions for any building/ system obnﬁgurauon

{

s -' 7% "PROTOTYPE HOUSE BESCRIPTIONS"

#"  We gathéred inféfthation on common Housing stock in the$kctor served by'the Ontario
Hydro utility. We used the most common house configurations based on information from
Ontari6- Hydro/: Ontario Ministry of Energy, and published literature.*s 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
gliven R-values correspond to addinonll insulation on walls or todfs. For example, the R-0

“* values at the exterior walls, baserhent walls, and basétnent floors of exlstmg gas-heated homes
indicate that there is no additional indulation on the concrete walls &r floors. All prototypes
have full basements, the detached houses are exposed on all four sides, whereas the row houses
have only northern and southern exposures as their east and west walls are fully shielded by
neighboring buildings (thfs‘iattc? assumptlon was made so that row buildings benefit from the
south g;tposure]

s ¢ Table 1, Byilding :;p;(pamy based on data fro:n Rt .
L " Building type ~ | Floorares Expdﬁ'd.wm Roof area® | Window krea® | Door kred | wallferimeter
& e :(’fi?) @ e (i) " i
o | me | cusss 2046 08 [x 35 . | L8263
e E 2 [ E] 8 [

All buildings hlive full basemnis. 'mscolumn‘imlmmembrmdomufdexmmm Benis is the
lclu! area of lﬁe gable (inclined) ¥66f: Suniformly distributed on all expdsed waill¥; “Row houses have two stories. %

A A Tl E] v
$able 2. Ther&ll.l l.nl.egrftjf Iain.ﬂly based 3n data from Ref. 4). The R- vﬁiﬁel given here are for additional
e -Lit., insulation on walls and roofs. topoipen

nmum; type " |Root ins.| Exposed | Exterior |Windows® | Doors| almect | Baasrmest| icesiiony
ceiling ins. [ walls ins, ‘Walls floor | ventilation

®R) ®R) ®R) ®) ®) ®) ®) (cfm)

Existing (all-electric) 29 32 12 2. |ash] € 0.5 110

(gas-heated) 19 30 0 2 35 0 =~ 0 110

R-2000 (electric and gas)®| 40 2 20 2 4 12e |- § 10°

'Double glazing; ®wood sash with storm; “average value; Yinsiead of detailed envelopa ification, the R-2000
code can be ively met by observing pre-sel total annwal enetgy targets 'iff kW (Ref. 4) as follows:
Windsor - 1 , Torontwo - 19600, Ouawa 20700, North Bay - 21900, Thunaer Bay - 22700, Timmins - 23500,
Moosonee - 249¢0iTrour. Lake - 26300; *cfm/room, or < 0.45 ach (whx:hever is s]hnru) additional requirements:
leakage area = 1 in®/100 ft? (existing =-3 in¥/100 %), N &2
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We divided the housing s[ock into two groups—those under and those over 180 m* floor
area. For prototype houses under 180 m* we assumed one 75,000 Btu/h gas fumace and one
36 DOO Btu/h air conditioner. In electrical houses, the gas furnace was replaced with eiectnc
resistance heaters totaling 12 kW. Other equipment in the building amounted to a total of 0.5
average kW. In houses over, 180 m?, we assumed two 75,000 Btu/h gas furnaces and two
36,000 Btu/h air conditioners. In electric ‘houses, the gas heaters wcr; rcpiaced with electric
res:stance heaters totaling 18 kW. Other electrical equipment amounted 0 0.75 average kW,

We categonzed the building stock as either existing standard or R-2000 standard. In the
existing btpldmgs, we assurg d a gas furnace efficiency of 65%, an air conditioner coefficient of
performance (COP) of 2.1 apg electric resistance heater efficiency of 100%. In the R-2000
stock, we assumed a gas furriace efficiency of 78%, an air conditioner COP of 2.7, and éfectric
heater efficiency of 100%. Finally, we assumed that each house has a lighting intensity of
5.4 W/m?, a cooling thermostat settipg of 25.5°C, and,a heating thermostat setting of 21°C with
a nighttime setback to 15.6°C between 11 p.m. and 7 a.m.

Qur parametric simulatjions were performed.using a SMART algogithm for.airconditioning
control. We adopted the term SMART to indicate the operation of a building that is naturally
cooled and ventilated by opening the windows whenever the outside temperature ang moisture
allowed such natural cooling of the building. i

b 4

TR
sey

WEATHER DATA - ; .ot

T R e

In order to conduct. ,out, microclimate simulations, ;we used weather data for Torpnto.
Edmonton, Montreal, and Vancouver from WYEC (Wgather Year for Energy Calculatlon)
tapes. A weather summary for these cities is given ip.Table 3. %t e
¢ . iy ' 2 5 Rt s |
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5 SIMULATION AND ASSUMFI’TIONS

Generally speaking, vegetation affects the microclimate via three major processe; shading,
wind speed reduction (wind shielding), and evapétranspiration.'> Albedo, on the other hand,
affects the microglimate by reduging the absorbed solar, radiation at the surface in question,’
We first *studied the effects of each process separately; then we studied the simultaneous
impacts of a combination of these processes. As mentioped earlier, we used the DOE-2.1D
building energy analysm program for the energy simulations and we used a weather processor
that we.. di-,v.cloped ‘through heat island“fesearch at, the I.awrcnce Bcrkcley thoratory to
simulate the micsoclimate modifications.>*¢ ... o Z,

.4 he attenuation of solar radiation by vegetanpn was aceount&d for by slinulatlng the shadow
case by trees on the walls and windows of the. bulldmgs Since our simulations were intended to
show average conditions for the majority of houses, we assumed that any given vegetative
cover would be uniformly distributed on all orientations (in terms of cooling energy pge, this is
a conservative assumption since tree shade can be optimized to maximize energy savings by
positioning the trees on the: south‘und west sides of bmldmgs) The trees let in 70% of the
sunlight in winter but onﬁy 10% in ‘summer.

Table 3. Weather data summary.

Parameter | Edmonion | Monueal | Toronto | Vancouver
_ [Avg- Drybuld Temp. (F) H.7 437 459
Avg. Wetbulb Temp. (F) 20.8 236 3.2 464
_+| Max, Drybylb Temp. (F) .. el 78
; i mbwlwlb Temp. (F), M -17 -10 &g
" No. of Cloudy Days : 84" 78 80
Heating Deg. Days ('Bnatm 11247 8244 | 7347 5734
Cooling Dég. Days (Base 65) 20 M6 | 372 k]
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The wind reduction (shielding) caused by trees was simulated based on empirical correlations
between tree/buyilding density and wind speed in residential neighborhoods. The empirical data
distinguish between the wind effects of trees in full leaf and the effects of trees with no leaves.
For this purpose, we assumed that trees are in full leaf between 1 April and 1 October.

The effects of evapotranspiration were accounted for by simulating the impact of trees’
evaporative cooling on ambient air temperature and atmospheri¢ moisture.’ For this purpose,
we assumed that trees transpire only above ambient air temperatures of 10°C, and that
evapotranspiration is insignificant between October and April. * o

Only the direct effect of changing,albedo were simulated, by’ modifying the color of a
building’s walls and roof from moderate dark (albedo = 30%) to medium light (albedo = 50%).

We analyzed the cost savings of trees and light-colored surfaces only for Toronto, using a
rate of 6¢/I:Wh for electricity and a base rate of $6/month plus 19¢/m’ for gas.®

L

Lol B

BASE EASES Vs I'ARAME'rmc smux.;-moms'r A

In addition to vanous building types and fuei!thermal mtegnty vanams, we defined two
climate base cases for Toronto. The first climate base case concspondsfto an urban residential
area devoid of trees (no shade. or evapotransplranon effects) but with a building cover
equivalent to 20% The bmldmgs have an albedo,of 30%, which corresponds to a dark brown
or dark gray. color. ;

The second cllmate base case is more similar in characteristics to an alrport location with
small roughness or tree,effects. This base case thus corresponds to a vegetation-free rural
residential neighborhood that is relatively more open (sparse bmldmgs) than the urban
residential neighborhood. The buildings have an albedo of 30% .- 3

For Torontc, we performed simulations for both urban and rural houses. For the other cities
(Equnton, Momr?al and Vancouver), we performed simulations for urban houses only. The
vegetation parametric simulations were performed with the assumptlon that a 30% uniformly
distributed tree cover was installed at the site. This cover, corresponding- to about three trees
per house, ¢auses shading, wind shielding, and evapotranspiration -effects. In the urban
neighborhoods, the. 30% foliage increase in cover is added to the 20%: alent building
cover in the base case, and that results in a total ‘cover of 50% “for wind speed reduction
calculations. In the rural neighborhoods, the 30% increase in cover is the only; addmon relative
to the base case. ! s

In the albedo parametric simulations, cthe albedo of the bmldmgs waa measod»from 30 to

50%, with the Iattcr Qorrespondmg toa medmm-hght color such. as cream or yellow
A s K La Y -
M hieag

RESULTS

Toronto (urban residential sites) ;- 1 . - i s
Tables 4 and 5 summarize our s:mulauon results for res:denttal sites m the urban and rural

. areas of Toronto. Table 4 presents the energy and peak implications-6f climate modifications
i.-via 'the processes-mentioned &arlier, whereas Table S gives results for’combined simulations as

' welk as corresporiding energy costs and savingsi In Table 4, the first column represents the base

it

f

itase energy consumption or peak power for heating and cooling for each:prototype. The next

five-columns relate to trees. The columns labeled “Shade”, “Shield”, and “Evapo.” 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 enrgy savings; numbers
in parentheses () indicate energy penalties rather than savings. The. column labeled “Total”
gives the total effect of trees on energy:use or peak' power. This total includes the simuitaneous
effects of shading, wind shielding, and evapotranspiration. The columns labeled “A" and
“A%" give absolste and percentage changes from the base case: Finmally, the column labeled
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3t Cooling eléctricity GJ yr™! 305 | 060 | 0 044 [“381°| 266 *1
« Peak heating gas kW equivalent 21.0 0 |10 0 “ 110 | 50 0
Peak cooling electricity kW 2.2 04 | 009 | 01 064 | 290 0 0 40
TﬁW‘ﬁUU‘S’E GAS ' '
Heating gas consumption GJ yr™! || 1109 [ ©0.7)7 13.0 | (0.5) [ 120 | 106 || (04) 0.4)
Cooling electricity GJ yr™! 308 || 035 | .0 046 | 065|204 025 79
Peak heating gas kW equivalent 242 0 21 ] 213 | 88 0 U
ik Peak coolinig electricity kW2 28 02 | 02 0.1 046 | 1938 |- 0:1 8.3
o) IC = i ¥
= Heating eloclncuy G yr | 42 9 0.4) 74 (0.2) 67 | 150 | 1) 0.2)
*|*Cooling electricity &F yr™! : 2% || 030 | 0 028 | 049 | i7.1 || G11 3.8
Peak heating elpctricity kW b1 l i T 12 |0 L2 | 10 00 0
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Table 4. Simulated energy use and peak power demand for the urban sites in Toronto.

TREES G Rlh
o : Shade™ "“Shield Evam Total Albédo W/show
A ‘Basecase A 18l A A% || A C A%
m'r GAS w5 app
Heating gas consumption GJ yit || 15187 || 07 | 100 ©4) | 89 | s8fln | “©%
Cooling electricity GJ yr™! . 1.76 041 | (0.08) | 049 :p-0.70 | 39.7 || 0377 210
Peak heating gas kW equivalent 243 .4 0 14 0 143 590 | .0

Peak cooling electricity kW' 23" || 03 0.07 0.2 052228 02 | 83
DETA D, 2- RY,GAS - T PP (3
Heating gas consumption GJ ! || 2634 (12) | 185 (0.8) | 164 .| 62| (L2)-| +(0.5:

Cooling elecmc‘w Gl yr, . 447 || 0.82 (01)‘ 108 1.52 | 340 || 0.72 16.1
Peak heating gas kW equivalent’ || 452 [0 o 251 | 56770 0
Peak cooli emn kW w44 05 oz £l 03 | o098 |22aif 03..] 72
ETACHED, 1- o T 5 =
Hutmge!ecmtyGJ yr" s34 |05 |54 | ©b [Ya7 | 602 | ©3
Cooling electricity GJ yr™* 135 | 036 | ©on | 029 | 050 | 370/ 047 |« 1256
Peak heating electricity kKW 100 | o 08 | o 081 | 80| 0 0
Peak cooling electricity kW 17 | 03 | o1 01 | 055|315 o1 5.8
"DETACHED  3-STORY, ELEC. - -
Heating electicity GJ yr! 828 (W07 | 98 | ©3 %87 [w02]©03 | ©3
Cooling electricity GJ yr™* 3ss | 075 | o 066 | 110|310/ 030 | 85
-} 1 Peak heating electricity kW 178 | .0 13 0, | 130 3llo 0
Peak cooling electricity kW 33,1 06 | 02 | 02 ] 095|290 01 | 45
DETACHED, 1- ' = i >

-2000 :
Hewnggasconsumwm Glyr' || 510 ©06) | 3.7 | @1y i 294 | 5602 b (03)
Cooling electricity GJ yr™! 2109 1. 024 | (0.01) g.n_;; 033, 303,009 |.,
Peak heating gas kW equivalent 11.5 0 06 ' 59| s2f o
1.1

Peak cooling electricity kW ; 0.2 0.04 0.07 0.32 | 28.7 006.‘|- S.I
BETAE-ﬂﬁ%Ei-g iﬁa%,ﬁ-m : il I

Heating gas consumption GI yr™' || - 79.0 || (1) 69 | ©5) |.53 | 65 R 3) (0.3)
6.2

RPelk mm;i elecmcitz kW fl. 0.2 02 . . 0.1 044 | 225l 0.06 3.1

:*Heating gas consumption GI yriifl 32369 ° || (0.5) 5.05C[10.3) 42 (408 |F(0.1) (0.3)
Cooling electricity GJ yr™ 272 03 | 0 0.24 043 [ 158 (008} 29
Peak heating gas kW equivalent 128 0 0.9 0 087 | 69| 0 0
Peiikceolinglectricity kW 1.4 0.1 |*'089c) 007 029+ 21.1 || 0042t 29
The houses labeled GAS sve. heated with & ‘gas heater and ‘cooléd with an ‘électric”gir-conhditioner. The houses
labeled ELEC. are all-electric homes. We assumed that the R-2000 houses are gas-heated. The basecase column
reports the energy use of buildings without any microclimate control strategy. The following columns report the
absolute change in energy use (A) and the percent change in energy use (A%) compared 10 the basecase column.
The bracketed numbers indicate a penalty (increase) rather than savings in energy use.

“Albedo, w/snow” represent the impact of albedo modifications with respect to‘a base case

.. with snow cover in winter. - " i < .

The effect of lightening the colar of a bu:ldmg on heating .energy is almost ml bemnse the
building’s albedoris-high in winter anyway.as the roofs and;portions.of -walls get covered with
snow. Hence, for all practical purposes, lightening the color-of a house reduces summer cooling
loads without- significantly affecting winter heating energy needs. On the other hand, if
buildings-have no snow oovcr, the effect of higher albedo on winter heating energy is relmvely
hlgher L8 . Bl el e i

Some general obseruanons can be made for Table 4. One can:see that the total effect of trees

is!always a'net saving:; The-negative effects (penalties) of albedo on heating energy is about
0.4% .7Theeffects of all strategies on peak power:are always net savings.

In the. urbap .sites of Toronto, the simultaneous implementation of trees and albedo
strategies in detached -one- and two-story gas-heated homes-saves.an average 6% in heating
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Tabie S Energy and cost savings of !rees and whne surt‘aees for the urban and rural sites in Toronto.

7 Urbm sites ; Rural sites
Basecase  [Savings (Trees + Albedo®)| Basecase [Savings (Trees + Albedo®)
Energy| Cost® Energy Cost EwsyCost‘ Enetgy Cost
GIyr!| $/Yr GIyr'| A% | $/Yr GBIy |S/YriGIycY A% | §/Yr

ETACHED, 1-STORY, GAS

|, Heating gas consumption 518 | 846 8.2 54 42 [168.2 | 930/226 | 133 115
i " Cooling elecmcuy ll| 1.76| 29 1.08 613 |- 18 1.68| 28 0.79| 470 13
[Tétal it '[153.6 | 875 9.3 6.4 60 [1169.9 | 958234 | 138 128

DETACHED, 2. S'IORY GAS || =
Heating gas consumpiion D634 1415 152 | 57 71 |R9%.7 [1570b419 | 1842 | 213

Cooling electricity - 447 22474 50.1 37 |43 72| 1.75| 405 29
Total R67.9 [912 [174 | 65 | 114 [P980 [1642]437 | 147 | 242
DETACHED, 1- Y. ;
ting electricity . 534 (890 | 45 [ 83 | 75 o 625 (1042|129 | 20| 215
Cooling electricity 1= 1.35| 22 | 067| 496 11, léﬁ 1, 22| 0.55| 40.7 9
Tol . sag 1912 | 52 | 95 | 86 | 635 [1b6af135 | 135 | 224
DETACHED, i-ﬁ'ﬁk'r_. ELEC.| - >
Heating electricity 82.8 1379 85 | 100 141 |{ 99.4 |1657/23.5 | 23.1 391
Cooling electrigity & 3.55| .60 | 141| 39,7 24 | 362| 60| 1.26| 348 21
Total Yo ll86.6 1439 | 99 | 11:4 | 165 [103.0 1717{248 | 241 | 412
“PETACHED, 1-STORY,R-2 P
| Heating gag-consumption pJ0 (332 | 28 |. 56 | 14 (573|364 94 | 160 48
o Coo!mgelocmcny 1.09) 18 | 042| 385 7 1.09| 18| 034 312 8
=+ | Total? s Lrfbs2a 350 | 32 | ea 21 || 584 | 382/°9.7 | 166 56
:« DETAGHED, 2-STORY, R iotx s
Healing gas consumpLion 790 | 475 62 | 26 [ 904|s83[173 | 185 | 88

5.1

Caolmgel&':mcuy w 305 52 | 100| 328 17 || 3.13) ~52| 0.91| 294 15
Total 81527 | 61 | 74 43 |[93.4 [ 585(182 | 195 | 103
ROW-HOUSE, GAS

Healing gas consumption 109 [638 |11.6 | 103 59 [133.0 | 750307 | 227 | 157
Cooling electricity :||31s 53 | 091 286 15 || 3.19) 53] 0.79| 248..| .13
Total . 114.1 | 691 (125 | 110 74 [h36.2 | 803|315 | 23.1° | 170
E_ﬁb_‘t’rs_ow-_ JUSE, ELECTRIC
‘Heating eféctricity 429 [115 | 66 | 147 }-r10 || 556 | 927[17.7 | 309 | 296
‘3 Coolmgelgcmcny 286 48 | 060| 209 10 || 291 48 061 209 | 10
458 (763 | 72 | 157 | 120 [ 585 |975/183 | 31.3: | 306
EOW H6U§ER2000 f y " A b
Heating gas consumption 369 (260 | 4.1 | 304 |, 21 |[454 | 303127 | 265 65
Cooling elegricity 272 45 | 051| 187 9 || 274 46| 048] 175 | -8
Total 3960305 | 46 | 116°| 30 [ 481 | 349(13.2 | 274 73

X *Albedo with snow; bformula for annual gas costs: $72 + 19¢/m® (we assumed 35300 Baw/m® of gas); for electricity
costs, w' used 6¢/kWh. In these simulations, vegetation and*albedo parameters were simultancously changed. The
energy saving columns show the coresponding changes in energy use with respect to the basecase.

gas and 55% in cooling electricity (see Table 5). In the detached electrical homes, the savings
are about 9 and 45% for heating and cooling electricity, gespectively. Since the. R-2000 houses
...are better insulated than the gas and e]ectnc ones, the percentage savings are lower, 6 and 40%
.-on heating gas and cooling eiectncuty In the gas-heated row houses, these savings are 10 and
29% on heating gas and cooling elecmcuy. in electric row houses the savings are 15 and 21%
on heating electricity and .cooling elccmcuy, respectwcly Fmaliy, in the R 2000 row-houses,
the savings are 10 and 19% on heating gas and cooling elecmc:ty
1In terms of peak power, the savings are also considerable. ln the detached gas homes, the
.average savings in heating peak power and cooling peak power are, respectively, 6 and 30%. In
the detached electrical homes, the savings are 8 and 35% for the heaung peak and cooling
peak, respectively. lu the detached R-2000 houses, these savings are 5 and 33%; in the
gas-heated row houses, they are 9 and 25% on heating and cooling peaks, respectively. In
electric row hquses, the savings are 10 and 26% and in the R—ZOOO row-houses, the savings are
7 and 24% for the heating and cooling peaks, respectively. ~ ~ °°
Table 5 also contains energy costs associated with ope;atmg these bulldmgs and the savings
resulting from applying the strategles mentioned earlier. The "Cost" column under “Basecase”
represents the annual dollar amounts required to heat and"cool the buildings whereas the
_*$/Yr".column under "Savmg& gives the annual dollars savéd by appiysng the combined
", sg;ategles The first | five columns in Table '5 indicate’ poss:hle epcrgy savings of up to 15% in
heating energy and up to 61% in cooling energy use for the urban sites. “The mean is 8%
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savings in heating energy and 37% savmgs in coohng energy. The total annual dollar savings
can be as high as $165.and the mean is $79. Of ‘course, one has to weigh’ these savings by
building stock size to estimate, potential savings for the entire city.

A ‘.‘

Toronto (rural resrdennal»sues ) .

Table 5 also summarizes the results “of our simulations for the Toronto rural areas. The net
impact of microclimate modification on enefgy use is larger in rural areas than in-urban zones.
Savings in heating energy,in rural Toronto can be as high as 31% (compared to 15%) and
savings in cooling energy can be as large as 47% (compared to 61%). The mean savings are
21% in heating energy (compared to 8%) and 31% in cooling enetgy (compared to 37%). The
main reason why rucal- aeas have larger heating energy savings but. §maller eoiollng energy
savings .is because of tbe larger impact of wind shielding in open rural>areas than in denser
urban zones. Slower winds relieve the need for heaung in.winter -but increase the need for
cooling in summer. : I

The implementation of trees and albedo strategles in detached one- and two-story gas homes
saves about 14% in heating gas and 44% in coolmg electricity. In.the;detached electrical
homes, the savings, are about 22 dnd 38% for heating and cooling elecmctty. 'respectwely In
the detached R-2080 houses, these savings approach 17 and 30% on heatlng gas and cooling
electricity. In the gas-heated row houses, these savings aré 23 and 25% on heating gas and
cooling electricity, in electric row houses the savings are 31 and’ 21% « on ‘heating electricity and
cooling electricity, respectively. Finally, in the R-2000 tow-houses, the savmgs are 27 and 17%
on heating gas and cooling electricity. .

“Rural peak power savings are also substantial (not shown m table).s ln the detached
gas-heated homes the savings in heatlng peak power and cooling peak power .are respectively
about 12 and 35%. In the detached electrical homes, the savings are on ay@rage '10 and 37% for
heating and cooling peak, respectively. In the detached R-2000 houses, these savings are about
- 11 and 35% on heating and cooling peaks; and in the gas-heated row houses, they are 18 and
32% on 2}terttu'lg and qoollng peaks, mPeetwely In electric row houses the savings are 20 and

_mspecwely S fe
“ Finallyy . the net doi-lar savings are much hlgher in the rural sites than i IJI;, ﬂae urban ones. The
annual dolfar'savings.cafi be as high'as $412 (¢éempared to $165); the mean-for all prototypes is

$190. ' . )

W ned STt i -1 : TE
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' E&mﬁnmn, Momrea’f and Vidncouv¥¥ (urban residential sites) i

'I‘able 6 summanzes the energy performanéé of buildings in Edmonton, Montreal, and
Vancouver In Edmonton, only a small amount: 6’ cooling is needed in’ detached™two-story
hpuse,s, th;: other prototypcs can be cooled with n*’dtural ventilation. ' Also? because this city is
the coldest of the four consndered "the addition of tfees Offséts the coohng neéds in the two
prototypes. After trees have been ‘added, theré is fio need to use high albedo on building
surfaces (to save ooolmg energy) ‘because the cooling load is either non-existent or is already
. met by the shading and evaporative ooling effects of trées. The heating energy use, of course,

is higher than that in Toronto The savings in heating energy use ‘resulting from wind-shielding
effect of trees can be as hlgh as 11%. The avera@e savings in héating“energy in detached one-
and two-story gas houses is 5%, whereas the savings in the electric tibuses are 8% on average.
In the R-2000 houses the average savings are 4.5%. In the gas row hoiises, the savings are 8%,
in the electric row-houses, thcy are 12%, and in the R-2000 row houses, the savings in heating
energy are 8% on aver)age “For those prototypcs wli’ere cbohng energy was not met with trees
alone, high- albedo materials were used (see "Trees + Albedo” column).

Montreal has a c!;mate that is closer to that of 'I‘oronto and, as 2 result, we see somewhat the
same kind of energy performance and savings. In tefins of heating energy, savings from trees
can be as high as 14% and savings in cooling energy as hzgh as 100% (eompletcly‘oﬁset) The
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Table 6. Energy savings for the urban sites in Edmonton, Montreal, and Vancouver.

te iz Edmon;on' o A : Monu'sea.ll i ?%B Vancouver*
2 L . Basecase avings asecast avings asecase  Savings
! o d Trees ; Trees  [Trees + Albedo® Traeg
Glyr” |GIlyr™| A% [|GIyr' {GIyr'[-a% |Glyr|.- A% ||GIyr" |Glyr™| A%
DETACHED, I-STORY, GAS . =
Heating consumpuon 22113 | 972 | 4381(17335 | 994 | 5.70| 926 | 531 101.32 | 4.11 |4.00
: Cooling electric 000 | - - 102" 0481 46.81| 0.76 | 175.18| 000 | - -

EETAE% ié%}w ‘GAS ¥ )

; He.aunggaswns:.\mpucn .. || 375.80 | 18.08 | 4.78 (| 299.72 1846 | 6.11]1732| 573/ 176.78 | 735 | 4.09
| Cooling electricity’’ 0.69 | 0.69 1000 || 227 | 1.55[68.30) 211 9271{| 000| - :

ETACHED, 1-STORY, ELEC. ]

Heating glegtricity . 83.51 | 5.19| 6.36|( 6250 | 5.38 | 847 - - 3241 | 2.19 |6.50

Cooling electricit 000 |~ - - 0.78 | 0.78 100.0 - - 0.00 | - .
‘ DETA@IHED 2 ?y"%ORY. ELEC. O : -

.Heating elggtricity 125.18 | 9.61| 7.77,| 96.80 | 10.02 | 10.12| 9.76 | 9.85|f 49.31 | 400 | 7.65
| Cooling electricity 0.55 | 0.55 [100.0° 1.80 | 1.26 |69.66| 149 | 82.63 000 | - -
BETAth 1-STORY,, R-2000]| oot :

Healing gas consumption . 81.85 | 3.265) 3904 6032 | 339 | 547( - - 30.46 | 097 | 298

Cooling electricity . 000 | - - 0.63 | 0.63 100.0 - - 000 | - -
DETA%&D, 2-STORY, R-2000 j

Heating gas consuroplion 12359 | 628 | 494 9323 | 642 | 6.63| - - 4642 | 2.15 | 4.21

Cooling electricity . 7 000 | - - 148 | 148 1000 | - - 000 | - 3
ROW-HOUSE GAs -

Heating gds consumption 51 - || 163.61 | 13.49' =B.11 || 129.56 | 13.86 :10.50| 13.42 | 10.16 | 64.85 | 590 | 8.66

Cooling.glectricity. 000 | - - 1.50| 0,90 ]60.10{ 1.50] 100.0 000 | - -

W- C'I‘RIC S
Heating elecmd]!y Tl Bl 6541 | 7.52 | 1111 | 51.67 | 7.80 | 14.50| BJOA 1432 21,52 | 3.20 |13.20
- | Cooling electricity ,,;- 000 | - - 0.84 { 0:30]35.19| 037 ] 44.64 0.00 | - -
ROW-HOUSE, R-2000 4
Heating gasonsumption 6236 | 500 758 4559 | 499 )|1028| <~ - 17.05 | 1.79 | 8.66
3 Cooling ¢lectricity: . 000 | - [~- %73 | 0.73 100.0 - - 000 | - -

* Note that in this'@ase, we dd.not need 10 use light-colored materials because there is generally'no cooling need (all but two
. cases) and when there is one, offset all the cooling need. Besides being useless i in further decreasing the cooling load,
the unplemmmmnnf Iugh albe o will increase the heating load and result in pem.lues. albedo with snow.

average savings in heating energy in detached one- and two-story gas houses are 6% and the

. I savmgs in ,the eJectnc houses are 9% on average. In the R-2000 houses the average savings are

6% and in the: gas row houses, the savings.are ;_1% In the. electric row-houses, savings are
15%, and in the R-2000 row houses, the savings in heating energy-aré 10% on ‘average.

In Vancouver, all the cooling loads are totally met with natural ventilation, so neither trees
nor high albedo are needed for further 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 energy in detached ope- and two-story gas houses are 4%, whereas the savings in the
electric.thouses -are 7%. In the R-2000: houses the. average savings :are 3%. In the gas row
houses, the savings . arc 9%, whereas in the electric row-houses, they are 13% In the R-2000
row house:i,r ﬂiie avefggc savmgs;' in he“atmg energy are 9%. e

Cost of cousertied euefh? wo b

ton oo G Incan earher repart, Akbari et all have estimated -a cost of conscrved qnergy of less than

lékah for urban shade trees and white surfaces. A thorough-costibenefit analysis for the

- Chnadian cities i§ beyond the scope of the present study; howeve? m ‘the aba‘ence of a detailed
analysis, thc follomng simplified discussion is presented.

. Most ];\qucg arc painted .every 5-10 years; house -owners gould be encouraged to re-paint
the:r houses in llght colors,. Therefore, 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 the'most effective species and
planting locations. The initial and mainterance costs of a tree can vary from zero to over $100,

« -depending on the tree. species, the planter and the maintainer;of the .tree. Most literature,
" however, sité cost figures in the range-of $5-50 for a tree. Assuming these-costs, the simple
payback period for urban houses in Toronto is in the range of 2 weeks-2 years.

1
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CONCLUSIONS

We first note that the simulation results reported in this study involved only moderate

changes in tree cover and albedo.- Had thése 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 Substannal savings in the heating and cooling energy use in
buildings. Similarly, the albedo of houses can be increased to Iargcr valués than 50%. We have
investigated the cooling energy savmgs of surface colors up to 90% reflective, and the results
indicate large savings as well. In this study, we only simulated the direct effects of albedo. The
work of Taha et al® has indicated that the indirect effects of albedo are even more effective in
reducing cooling energy demand than the direct effects.t We investigated’the impacts of only
moderate changes in vegetation cover ind albedo to give conservative 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 penalties resulting from overdoing one or the other.
Also, the simulations were performed with our assumption that there exists a riighttime setback
in the heating thermostat setting (from 21 to 15.6°C). Without;this' setbaﬂ( the savings in
heating energy would ‘be much larger. Also, it can be atgued that:the case w1thout nighttime
setback is more likely to be closer to the actual operation of the bu:ldlﬂgs

Our simulations indicate that by implementing such snmple strategies as trec planting and

color changes, there is potential for lagge savings in building-energy’ cphwmphon in Canada.
The results show)that heating energy-in Toronto can be reduced by an-ayerage 10% in urban
residential neighborhoods and an average 20% in rural neighborhoods. ‘Cooling energy, on the
other hand, can be reduced by 40 and 30%, respectively. The annual $avings in heating and
cooling costs range from $30 to $180 in urban areasand from $60 to $400 in rural zones. In
urban residential neighborhoods of Edmonton, Montreal, and ‘Vangouxer, average savings in
heating energyuse-are 8, 11, and 10%, respectively. Cooﬁhg eher:gy ©in be totally offset in
Edmonton and Vancouver and average savings of 35% can "be.achieved in Montreal.
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temperature c2used by changing the albedo of an entire neighborhood.
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