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Abstract

Man has created SlImmer heat islands of daily average intensity of 3-5 0 C,
adding to discomfort and increasing in air conditioning loads@ (For example the
Los Angeles basin uses 5 GW of air conditioning, thus tying up $10 billion of
power plants and another $5-10 billion in HVAC equipment)e We have been
studying how to mitigate this heat, with increasing the amount of urban vegeta­
tion as an examplee

We first discuss the major factors that create the heat island, its magnitude
and impact on residential cooling energy use, and mitigation techniques .. We then
simulate building cooling demand as a function of the heat island intensity~ Sim­
ple heat island energy balance models are used to predict the changes in dry bulb
temperatures that are then used as input to DOE-2 hourly simulations.. The

results enable us to rank measures for preventing the urban heat island"

preliminary results indicate that planting trees can save as much as 34,
and 44% of residential cooling demand on a hot summer day in Sacramento
Phoenix and (os Angeles CA, respectively. The cooling energy savings

and ~ 0% ~ Direct shading of a house itself yields only 11, 6, and
savings in peak the same locations.,

I~

phen_omenon [Landsberg
the city, the more intense is the summer heat

and hence magnitude of discomfort and air conditioning
load" instance for St" Louis, Missouri, the summer heat island intensity is
4 C during nighttime and 1 0 Cat noon [Vukovich et al., 1979)"

Researchers have started to look at the causes and implications of the heat
and have correlated its magnitude to the activities within and physical

$ The work deseribed in this report was funded by the Assistant Secretary for Conservation and Renewable Energy, Office
of Building and Community System, Buildings Systems Division of the U. S. Department of Energy under Contract No.
D&AC0376SFOO098.

t Study of the air conditioning control strategies for Los Angeles have yielded in a. saving of 7% in peak power and 88%
in the annual cooling energy by simply switching from the present indoor temperature control to "smart" dual

outdoorlindoor temperature control.
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characteristics of the city, such as its rate of anthropogenic heat release [Torrance
and Shum 1975], concentration of pollutants [Bennett and Saab 1982, Bornstein
1968, Vukovich et aL~ 1979], and thermal storage capacity [Myrup 1969, Atwater
1972]& The urban energy balance has been related to the canyon geometry of city
streets [Nunez and Oke 1976] and to urban physical characteristics [Ojima and
Moriyama 1982]; its nocturnal intensity has been related to the sky view factor
[Barring and Mattsson 1985]0

In fact, all the above variables work together to create the urban heat island,
which makes it desirable to closely investigate their interactions so as to isolate
the important causes and, if at all possible, to avoid them<9 In the last two
decades researchers have attempted to simulate the urban heat island with one,
two and three dimensional modelse For an overview of the heat island history
and models, the reader is referred to [Landsberg 1981 and Bornstein 1984b]0

On a qualitative level, traditional and scientific observations indicate there
are simple tools to alleviate the microclimate problems associated with cities40
Traditional urban architects in hot climates have used whitewashed exterior walls,
central courtyards, fountains, plants , windtowers, air scoops, masonry and heavy
materials to control the quality of the indoor and outdoor micro-climates0 The
effects of these simple techniques, however, have never been quantified, nor do
they specifically address changing the microclimate of an entire urban area0

The objective of our work is to quantify the potential of strategies such as
evapotranspiration and shading to mitigate the summer heat island and reduce
cooling energy use6 We have used the DOE-2GIC program to simulate the reduc­
tion in cooling energies due to the application of these strategies0

The best way to understand the formation of urban heat island is to look at
basic surface energy balance equation:

A + Rs - RL == A + == LE + H + G

is the anthropogenic heat release,
is the total absorbed shortwave radiation (direct and diffuse) at the surface,

RL is the net outgoing longwave radiation at the surface,
is net shortwave and longwave radiation at the surface == Rs - RL ,

is the latent heat flux away from the surface,
is the sensible heat fl UX, and
is the downward ground heat flux.

a cloudless summer day, the average insolation is about 500 W 1m 2 (with a
maximum of about 800 W l'ln 2 ), and is the dominant term in heating the city as
well as the countryside~ Urbanization acts to attenuate Rs by about 15-20%
[Landsberg,19S1], reducing the intensity of direct solar energy by absorption,
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reflection and scattering, but the urban surface albedo (,-...., 15%) is lower than the
rural values (,-...., 25%)a Man-made heat, A, is usually an order of magnitude lower
than the solar gain& During the winter in mid/high latitude cities, man-made
heat constitutes an important term but in the summer its effect is overshadowed
by other features of the city that intensify solar gain, such as lowered albedo and
evapotranspiration due to the reduced amount of trees and vegetationa

The longwave radiation budget depends on the balance between the incoming
and outgoing radiation to the surface.. The incoming longwave radiation is about
5% higher in the city as compared to rural area [Landberg, 1981]0 The outgoing
radiation primarily is a function of the surface temperature which in turn is being
determine by the heat balance equation0 Lower vegetation (urban areas) result in
higher surface temperature and, hence, higher outgoing radiatione This in turn
would result in lower absorbed net radiation R" in less vegetated areas.. By con....
trast, higher vegetation would result in higher net absorbed radiation ..

The net absorbed radiation Rn is channeled into three major fluxes: LEJ H,
and is the division of the net incoming flux into these fluxes that determines
the intensity of the heat island~ In areas where evapotranspiration is high
(vegetated areas, forests and lakes) most of the incoming energy goes to evaporat­
ing water.. Therefore less energy is left for sensible heat, resulting in lower daytime
temperatures .. In these conditions, usually more than 50% of R n will go to latent
heat fluxes and the other 50% is almost equally divided into sensible and ground
Ai...&"-A.J.~'V"-'e This is a typical condition of green areas [Kalanda and Oke, 1980]~

desert areas, sensible heat flux is the dominant element of the
energy balance and carries off more than 50% the net incoming radiation Rn ..

The ground heat flux usually accounts for 300/0-40% of the heat gain and the
latent heat flux is limited to the remaining 100/0-20% or even much lower than
that~ This is a condition for desert areas where it is extremely hot during the day
and cools off rather rapidly after sunset~

areas carry their own characteristics the energy balance equation<9
construction materials and buildings results in a
storage capacity~ During the a substantial amount of energy

the building materials and released slowly during the night0 Stored
Jf,. ....... .R\. ..... .I!.A.v.LJtIJf,. to cooling requirements0 The

storage delays temperature rise, and thus the cooling energy and
peak cooling demand during the day.. The slow release of the stored heat during
the however, will tend to accentuate the nighttime heat island~ It is this

1I'¥~11~".A";:1-I of stored energy which causes the maximum heat island to occur dur...
when the rural areas with their small heat storage capacity have

to cooL,

important than thermal storage at least in dry climate is the lower con­
centration of vegetation and tllerefore, lower sources for evapotranspiration,.

the day, more energy goes into the sensible and storage fluxes [Nunez and
, resulting in higher temperatures in the city as compared to the rural

areaso American cities, the daytime peaks are higher only by "'" 2 0 C, but in
some Latin American cities with little urban vegetation, 8- 0 C daytime heat
islands have been recorded [Lombardo, 1985]$ desert cities, tree planting may
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produce more evapotranspiration than the surrounding areas, actually lowering
tenlperature in the city.. This is referred to as the "oasis" effect [Oke 1978, Rosen­
berg 1974].. Smaller urban factors include the increased rate of artificial heat
release and lowered albedos due to use of dark colors on roofs and walls ..

To reduce the intensity of the heat island during the day, we have focused on
strategies that reduce the sensible heat component and increase the latent heat
flux.. These strategies will decrease daytime sensible heat gain, and thus, minimize
thermal discomfort and cooling energy use.. Our analysis of the energy balance in
the city suggests the following energy and peak power conservation measures may
be effective:

($) Increase shading with natural or man-made elements, with careful considera­
tion of the orientation of buildings and urban blocks so as not to block the
sun when needed in the winter [I(nowles 1982]0

e Increase evaporation, such as by sprinkling water on rooftops, using ponds
and fountains in urban places, and by promoting trees and vegetative covere

e Increase the thermal mass of building superstructures through using masonry
(where appropriate to climate) instead of the lightweight curtain walls and
glass-box architecture.. This allows heat to be stored in the structures during
the day, and to be flushed at night, when conditions permit.. AB discussed
earlier, the use of the thermal mass can be either beneficial and detrimental ..
Further analysis is required to correctly assess the effect of the thermal mass
on the electric cooling energy and power0

@ Increase the urban albedo through the use of light color finishes and whi­
tewashed buildings, keeping in mind problems of glare and other visual and
thermal aspectslO Light-color concrete pavements can be also substituted for
asphalt$

@ Reduce the artificial heat release within the city, such as by reducing the
traffic load or relocating heat sources such as factories ..

this preliminary work, we have decided to quantify only one of the above
strategies - the effects of shading and evapotranspiration in reducing the daytime

therefore cooling power and energy required in hot
cities0 have sttldied tllese effects for both a hot-arid location (Phoenix) and
two temperate locations (Los Angeles and Sacramento)$ A quantitative model has
been developed to calculate the micro-climatic effects of tree evapotranspiration
and to generate modified weather tapes.. The cooling electricity use for a typical
house each location is then calculated for the modified weather, using the

C building energy simulation program$ A simplified economic models
along with the estimates of possible power and energy savings for each conserva-

scenario, is used to calculate the Cost of Conserved Energy (CCE) and the
Cost of Avoided Peak Power (CAPP)*.

AnnuaUzed Investment ($ / yr)
* Cost of Conserved Energy (CeE) = S d A I E (kUTh / ).ave nnua "neJgy Yr, yr

Annualized Investment = Total Investment X .
1 - (1 +- d)-n
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1119 MODELING
A. Shade

Two shading scenarios are modeled, the addition of one tree or three trees
near each house~ We have placed the trees on the west and south sides of the
house so as to maximize shading effects and to minimize the peak power consump­
tion of the housee The tree shading model is restricted to the reduction of the
solar radiation on the building envelope, while in actuality, trees will also affect
the ambient temperatures, wind speeds and humidity ratios<t Those changes are
simulated in other models we have developed that will be explained later0

We have assumed that each mature tree has a top view projection area of 50
m 2

, and that the suburban housing density is one house per 500 m 2 of land,. There­
fore, an increase of one tree per house is equivalent to a 10% increase in the urban
tree canopy0

We have modeled the location of the trees relative to the prototype house
such that the canopy does not overlap the roof and extends from 3 to 10 meters
above ground surface (see Figure 1)0 This location maximizes window shading
without seriously reducing night sky radiation from the roof~

Wind Modification

Depending on its position upwind of a reference point, a barrier might
increase or reduce the wind speed and turbulence.. our work, we have assumed
that the trees are close enough to the building envelope so that their effect is to

wind flow 0 the city scale, the effect of the increased roughness is to
decrease the wind speed at the surface.. both cases we have used a wind speed
reduction formula derived by McGinn in his study of the vegetation and canopy
effects at California [McGinn 1982]0

Evapotranspiration

Estimating the effect of evapotranspiration of trees on the ambient conditions
the solution the transport equation three dimensions~ The authors

are not aware a verified model to analyze moisture migration and its effect on
an effect, we have devised a

which assumes adiabatic evaporation" Given the unperturbed
ambient as available from weather tapes and the added amount of tree
cover, we use agricultural data to estimate the evapotranspiration rate as a func­

dry-bulb temperature.. The heat of evaporation is assumed
the ambient air" The air volume (per unit width) contribut­

process is estimated as the product of the wind speed and the urban
L.&..&.J1.,.tv..Jl.A.JlbJ-. height which is calculated for each hour~ The mixing height is a function

many ambient variables including wind speed, anthropogenic heat release, heat

Total Investment
Cost of Avoided Peak Power (CAPP) = ---------:.......-'--- normalized for life of a nominal power

Avo£ded Peak Power
plant (normally 20 years).
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island intensity, rural lapse rate UpWilld of city and surface roughnesso> We have
assumed a complete mixing of ambient air in this volume.. Details of this model
are described in [Huang 1986a]e An example of the original and modified dry bulb
temperature for some trees covers for Sacramento is shown in Figure

D. Prototypical House

To estimate the energy savings due to increased tree canopy, we used DOE­
2..1C to calculate the air conditioning usage for a prototypical house in three ·cities
under varying canopy conditions.. The prototypical house is a one story house
with m 2 of floor area and a window-to-floor ratio of 10%.. 0 ..6 m roof
overhang is assumed on the south" Construction details are standard DeS.. building
practices and the operating conditions as well as the infiltration rates are based on
statistical surveys of current typical houses [NAHB 1979]0 The house has R=3 ..34
W j(m2K) roof insulation, R=1,,9S wall insulation, and single-pane windowse The
assumed equipment is an air conditioner of SEER 9..2 and capacity dependent on
the climate.. For peak air conditioning demands see Tables 1 and Thermostat
is set at 25405 0 C for cooling and it is assumed that the occupants or a "smart"
control system turns off the air conditioner and open the windows whenever the
temperature and enthalpy of the outside air is lower than that of the indoors, and
cooling loads can be met by ambient air at 10 air changes per hour~ To account
for venetian blinds, curtains, etc, a shading coefficient of 0 .. 63 is assumed for all
windows~ The shading on the south and west windows due to trees is calculated
automatically by the C program .. This house has been used in many pre­
vious studies to simulate energy performance of houses in different climates,. The
details of this prototype house are fully explained in [Huang 19S6b] ..

DISCUSSIO S

sets of analyses were performed for one tree or three trees per house ..
The addition of three trees per house will probably cancel out the urban heat
island, restore the original rural climate, and perhaps even introduce an "oasis"
effect.. preliminary parametric analysis performed for Los Angeles confirmed

trees shading the west window produced the largest peak power savings .. *
simulation results for both the one-tree and three-trees cases in the three

A......., ....... 'l...lJVA~ ..... .R..Al. ...... are Table 1$ It may be surprising that Table 1 shows only
cooling hours per year for the base case house with no additional trees in Los

Angeles (all which, incidentally, occur on only 10 days}, This low number is due
to our assumption of diligent occupants or a "smart control" that opens windows

$ The impact of tree location on the peak power of a typical house in Los Angeles with "smart" air-conditioning control is
as foHows:

The peak power reduction due to trees on the south is relatively small because it is assumed that a south overhang already
exists.
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to allow natural venting whenever the outside conditions are suitable.. If we had
assumed air conditioning control without natural ventilation, the number of cool­
ing hours would have been increased more than tenfold (see Appendix; a more
detailed description of air conditioning control strategies and their effects on
energy and power consumption is the subject of a forthcoming paper}~

The following observations are made from Table 1 :

4» Percentage power savings potential is highest for Los Angeles with 44%, fol­
lowed by Sacramento with 34%, and Phoenix with only 18%~ In terms of
absolute power saved, the potential is highest in Sacramento with 2044 kW,
second in Los Angeles with 1096 kW, and finally Phoenix with 11857 kW0

@ Percentage energy savings potential is highest for Sacramento with 53% fol­
lowed by Phoenix with 33%0 Potential energy savings Los Angeles is
negligiblec; As we discussed earlier, most of cooling energy use in Los Angeles
can be overcome by ventilation cooling ..

• In all cases the effect of having two trees to the south and one to the west
(=30% cover) is about twice as effective as a single tree on the west (10%
cover), thus clearly showing the importance of orientation in trees placemente

@) In Los Angeles, 30% cover reduces the number of cooling hours by 84% ,
bringing them down to only 10 hours, or one day during the whole cooling
season!) Sacramento, the curtailment is of the order of 56%, down to 390
hours from an original of g04 cooling hours .. In Phoenix, the reduction is
17%, down to 3028 hoursl>

@ net effect of wind reduction on the cooling load (both peak and energy)
is negligible 1%$

page
to full size!)
each tree~

water consumption a beech tree is estimated to be "-' 1 kg/h
[Berustzky, 1982]$ This would translate to an annual consumption of "-' 2000
gaI!yeare Current prices of water varies between 7-10 cent per hundred gallons* ..
Therefore, total water consumption of a tree is about $2/yrQ In addition to the
above, we have made the following assumptions:

The Present Value (PV) of the power and energy saved by planting trees for
two scenarios are shown in Table 2~ These two scenarios are based on the age of
trees and their prices; we expect these two cases provide upper and lower limits
for cost of conserved energy and powere For the first case we assume planting see-
dlings a price $5 per tree [McPherson 1984, pe 173]; it takes 10 years for the
seedling to [McPherson p~ 159]10 For the second case, we assume

trees at a $60 including labor costs [McPherson
; we estimate that it would take 7 years for the 5-ft tree to grow
add this cost to the water cost in order to obtain the total cost of

*The current price of water from the San Francisco East Bay Municipal Utility District is 63.5 cents per one hundred cubic

feet.
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• The energy and power conservation potential of trees during the growing
period is neglectede

liD As trees mature, their roots grow deep in the ground and for most parts of
the country they will become self-sufficient in absorbing water from ground;
they do not need further watering~

• Even though the average life span of a tree is high (100 years) we have
assumed here a time horizon of 20 years, same as an average power plant~

• Interest rate is assumed to be 7% reaL

The results from this table are encouraging0 The cost of conserved energy
(CeE) and avoided peak power (CAPP) is between 003 to 403 ¢/kWh and 19 to
217 $/kW for all three locations studiede The present value of conserved energy is
much higher in Phoenix and Sacramento than Los Angeles@ The high but indeter­
minate values of conserved cooling energy in Los Angeles is due to use of "smart"
control algorithm where the initial annual air conditioning energy use is only 359
kWhe» It is interesting to note that the average price of electricity is about 8
¢/kWh, and major utilities in California offer a rebate of $100-$300 for each kW
of peak power avoidede Therefore, even with the upper limit cost of trees the
ceE and CAPP seem extremely appealing~

To obtain the actual power savings in each of these Ioeations, three essential
data are requirede This data include the number of households that may undergo
tree planting project, the saturation and average size of actual air conditioning
units used in houses, and the coincident factors for use of air conditioning units
for each location6 Presently, we do not have enough data to make a detailed cal­
culation.. Alternatively, we assume that one million air-conditioned houses in Los
Angeles, and 250,000 each Sacramento and Phoenix will plant treeS6 Table 1
can then be transformed into Table 30 The results obtained for power and energy
savings each location is encouraging; Los Angeles ~ 2 GW (equivalent to 2
standard GW power plants) could be unloaded~ Peak power savings in
Sacramento and Phoenix are about 0 .. 6 GW and 0 ..4 GW, respectively.. These
encouraging results warrants further investigation of this subject ..

v~

major factors that create the heat island, its magnitude and impact on
residential cooling energy use, and mitigation techniques are discussed.. We have
correlated the effect of planting trees on residential cooling energy and power, with
specific case studies for three U ..S.. cities.. The effects of two selected strategies
(evapotranspiration and shading) and their potential in reducing the heat-island
induced cooling load have been simulatede

Simulations were performed using DOE-2 building energy analysis program,
conjunction with some simple models to predict the effect of planting trees on

atmospheric dry-bulb temperature and humidity ratio~ These simulations
were done for three locations: Sacramento CA, Los Angeles CA, and Phoenix AZ@

location of trees is optill1ized with respect to the house so as to maximize the
effects of shading and evaporative cooling ..
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OUf work suggests potential energy and power savings can be realized by use
the simple strategy of planting trees 0 * In the cities studied, the effect of planting
three trees around the house can save 180/0-44% of the peak power, and up to
53% of the total annual cooling electricity use$ The present value of the saved
peak power and the saved electricity are 29-217 $/kW and 093-4 ..3 ¢/kWh for
three seedling or three trees.. Planting three trees for the approximately one mil­
lion houses in the Los Angeles area can save up to 2 GW peak power~ For the
other two cities, 250,000 trees can save"'" 1 GWG

At this stage, we believe the following topics deserve further investigation:

lij) Study the effect of changing the thermal mass of building materialso

2.. Study the effect of changing the city albedo by substituting concrete pave­
ments for asphalts, and by painting foofs and city surfaces in light colors"

30 Refine the evapotranspiration model used in this work and analyze its effect
on temperature depressionll

Refine the evapotranspiration model to consider differences between local and
obal effectsg Although shading is modeled on a local level, evapotranspira­

tion has been modeled assuming that the city is uniformly vegetated at the
given cover percentage~ . We need to know the effect of spatial variations in
vegetation canopy on the overall global as well as the local distribution of
temperature and humidity ratioe

Gather observational data to validate various aspects the heat island
model 10 This data should include quantification of urban and neighborhood
variations in surface conditions, including amounts of vegetative cover,
albedo, etcI" along with recorded variations in microclimate conditionse
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most places in the ventilation cooling is practical during much of
the cooling season.. The energy savings can be observed in Table A .. l where two
algorithms, mechanical cooling "dumb" and a combination of ventilation and
mechanical cooling "smart" are compared0 Use of the "smart" algorithm has

savings of watts of peak power" The reason for this saving is that
".4l.A.Il.''-4,AA.IIl.'''' is as its mass exposed to the cool ventilation air" There-

fore, although the loads are similar both "smart" and "dumb" modes, the
former requires less cooling power.. our simulations, we have assumed the
"smart" option to avoid overpredicting the energy savings for vegetation,
although we realize that windows most homes would not be operated in this
optimal fashion0

preliminary result on the savings of "smart" window ventilation is of
importance to utilities in Los geles area~ It shows that by changing the

control of the air conditioning unit from only the indoor temperature ("dumb"
control) to the dual control by both indoor and outdoor temperature ("smart"
control) the peak power and annual cooling energy use will be reduced by 7% and
88%, respectively~
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Table A$l Comparison of air conditioning without ventilation
("dumb") to combined air conditioning and ventilation with

"smart" controls in Los Angelese

Control strategy Peak kW Hours Cooling (annual) kWh/year
"dumb" 4.83 752 886
"smart" 4.46 65 108



south and west tree~

representation.

south tree representation
in DOE-2 simulations.
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Schematic sketch of the sirrlulated tree canopy~ It is simulated by
means of planar surfaces that approximate the tree effect"
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per house resulting from planting trees. All entries except the base-
column. \vind modification contributes little, and evapo-

that macro-effect of 10% coverage (1 tree/house) is to

of additional trees

None 1 tree == 10% cover 3 trees == 30% cover

savIngs Energy savings

Base case
energy use

Location not savings

Sacramento
kvV 0.66 1~24 17e5 0.76 0.81 2~44 34~4

Cooling hrs 904 36 165 18,,3 64 95 514 56 ..9
N kWh yr 1420 122 114 343 225 218 757 53&3
N
0

k\'V 0.47 0.53 0080 9.0 0.53 0.57 1.57
Cooling hrs 3647 18 16 151 4 ..3 86 79 619 17 ..0

k\Vh yr 6911 208 208 873 12..6 417 418 2289 33.1

Los Angeles
kW 4 ..46 0.43 0.45 0 ..90 20e2 0.53 0.55 1 ..96 43*9
Cooling hrs 65 12 8 6602 18 55 84 .. 6
k\Vh yr 359 f"VO I"JO f"V0 f'.IO t'.J0 f"V0 f"V0 f"V0



Each
\Vater ".,....'0"...... " ''''''''

and 7 years

is assumed

Location

N

N
t-' Los Angeles

CAPP ($jkW)
CCE (¢ k\Vh

power cooling energy in 1986 dollar for savings of Table 1.
corresponding to plan ting seedlings or trees at $5 and $60, respectively.

a growing tree is to average to 1'.1 for 10 years for the seedling

tree. A (n) of 20 years for trees and a discount rate (d) of 7% real

Number of additional trees

None 1 tree = 10% coverage 3 trees = 30% coverage

Present Value Present Value

shade shade+wind shade shade shade+wind
+wind +evapotrans only +wind +evapotrans

7~10

33-158 93-449 88-421 29-140
2.0-9.4 0 ..7-3 .. 1 3.1-14.3 . 3.2-14.8 0.9-4..3

124-598 45-217
1.1-5.2 0.3-1 ..2 1 1 0.3-1.4

Total Investment
tCost of Avoided Peak Power (CAPP) = normalized for life of a nominal power plant (nor-

Saved Power (kW)
mally 20 years).

Annualized Investment
tOost of Conserved Energy (CCE) = .

Saved Annual Energy (kWh/yr)

d
Annualized Investment = Total Investment X

1 - (1 + d)-n



Angeles
savings 'lJ....., ............ LJ,...., ...

power and energy savings resulting from planting trees near 1,000,000 houses in Los
in Sacramento and Pll0enix" entries except the base-case column are

No. of trees Base-case 1 tree = 10% cOV. 3 trees = 30% cov.
per house Savings Savings

Location Savings) shade shade+wind shade+wind+evap. shade shade+wind shade+wind+evap.

SACRAMENTO .6.= .6.= A= Ll = (%) .6.= .6.= ~= ~ = (%)
MW 1775 165 180 310 I1Ji 190 202 610 34.4
G\Vh/yr 355 30.5 28.5 85 ..8 24$2 56.3 54.5 189~3 53.3

PHOENIX
1vl\V 118 133 200 9 ..0 133 143 393 11.7
GWh/yr ., 52 52 218 1206 104 104 512 33.1

LOS ANGELES
MW 4460 430 450 900 20..2 530 550 1960 4309

GWh/yr 359 (">V 0 (">V 0 t'JO t'JO ("V 0 t'JO t'JO r-..;O




