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Evaluating the Cost
Effectiveness of Shade Trees
for Demand-Side Management

Proper planning and placement of trees as part of a utility
DSM strategy offers a number of benefits to utilities and
their customers in certain markets. When all of the
benefits — including those not easily quantified — are
counted, trees may be a resource and customer service tool

your utility should consider.

E. Gregory McPherson

lectric utilities are placing

greater emphasis on demand-
side management programs to de-
fer construction of new generat-
ing facilities. Shade trees that are
wisely selected and located can
conserve cooling energy by di-
rectly shading buildings, as well
as by lowering summertime tem-
peratures via evapotranspira-
tional (ET) cooling.! Several utili-
ties have found trees to be cost-
effective energy conservation
measures and have invested in
shade tree programs for DSM.
Also, urban trees are becoming
part of electric utilities emission

offset programs because of their
ability to sequester carbon diox-
ide, intercept particulates, and ab-
sorb gaseous pollutants.
However, the environmental,
economic, and social benefits
trees provide can be offset by
costs associated with planting,
pruning, removal and replace-
ment of dead trees, disposal of
green waste, water use, and bio-
genic hydrocarbon emissions.?
The cost effectiveness of trees for
DSM is difficult to evaluate be-
cause few studies have docu-
mented avoided energy costs as
trees mature, tree loss rates, cur-
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rent saturation, and potential
penetration of new energy con-
serving plantings. This article pre-
sents information on these topics
to assist electric utilities interested
in evaluating shade trees as a
DSM option.

I. Avoided Energy Costs

The magnitude of cooling en-
ergy savings from a tree depends
on its placement (west shade is
best), crown shape (a broad,
spreading crown is best), crown
density (75% or greater blockage
of incoming sunlight is best),
growth rate, and longevity. To ac-
count for reduced irradiance
through tree crowns, we simu-
lated energy savings from tree
shade using the Shadow Pattern
Simulator (SPS).3 Micropas4, a
commercially available building
energy analysis program,* esti-
mated hourly cooling loads using
hourly shading coefficients from
SPS and data regarding building
and occupant characteristics of
the two story, energy efficient
base-case residence.

Simulated annual air-condition-
ing energy savings and peak sav-
ings are shown in Figures 1and 2
at five-year intervals from a single
tree opposite the west wall of the
energy efficient 1,761 sq ft resi-
dence.’ The tree was assumed to
grow at a modest average rate of
1.2 ft per year, starting as a 6-ft tall
transplant (15 gal) and reaching
13 ft at year 5, 19 ft at year 10, and
24 ft at year 15. The deciduous
tree was assumed to obstruct 85%
of the incoming solar radiation
during the in-leaf period and 25%
during the leaf-off period.® Fif-

teen years after planting, air-con-
ditioning energy and capacity sav-
ings were projected to range from
50 to 400 kWh and 0.3 to 0.65 kW

per tree, respectively. Savings

shown in Figures 1 and 2 are con-

servative, in that only shading ef-
fects are considered. Some stud-
ies have found ET cooling effects
to be three to four times greater
than savings from direct shade.”
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Because ET cooling and wind
speed reductions are the aggre-
gate effects of neighborhood trees,
Forest Service researchers are
measuring relations between the
extent of tree canopy cover and
the magnitude of these indirect ef-
fects. Limited data suggest that a
5% increase in canopy cover
could reduce summertime air tem-
peratures and wind speeds by as
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Figure 1. Simulated annual air-conditioning savings due to shade from one deciduous tree op-
posite the west wall of an energy efficient, two story home at year 5 (13 ft tall), year 10 (19 ft),

and year 15 (24 ft).
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Figure 2. Simulated peak demand savings for air~condiﬁdning savings due to shade from one
deciduous tree opposite the west wall of an energy efficient, two story home at year 5 (13 #

tall), year 10 (19 ft), and year 15 (24 ft).
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much as 2-4°F (1-2°C) and 10%, re-
spectively? Using these assump-
tions, annual heating and cooling
savings from three 25-ft tall trees
(two on the west and one on the
east) were simulated for the en-
ergy efficient two story structure.
On an average per tree basis, total
annual heating and cooling en-
ergy savings ranged from 2 to 9%
($7-50), with the greatest dollar
savings in the warmest climates
(Figure 3).

Projected annual and peak air
conditioning savings varied
across climate regions. Correct
tree placement is most important
in hot arid and cold climates. In
the former, shade is the predomi-
nant factor contributing to cooling
savings. In the latter case, even
shade from bare branches during
winter can substantially increase
heating costs. The role of ET cool-
ing appears to be relatively
greater in temperate and hot hu-
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mid climate regions with greater
amounts of summertime cloud
cover. As expected, reduced wind
speeds from increased tree cover
resulted in greatest heating sav-
ings in cool climate cities. For in-
stance, in Boston and Minneapolis
heating savings attributed to re-
duced wind speeds accounted for
over 50% of the total annual en-
ergy savings. However, shade
from deciduous trees located to
shade east walls increased heating
costs more than it reduced cooling
costs in Boston, Minneapolis, and
Portland.’ Therefore, the poten-
tial energy costs of trees improp-
erly located near buildings are
greatest in cool climates, while
their potential energy savings are
greatest in warm climates. Other
findings from computer simula-
tions™ are:

o Greatest cooling savings
come from a tree on the west in

all cities.
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Figure 3. Simulated total annual heating and cooling savings from one 25-ft deciduous tree
(calculated as the average of 2 trees on the west and 1 tree on the east).

e For the buildings studied, the
best location for a second tree was
also west of the residence, except
in Miami, where afternoon sum-
mer thunderstorms make east
shade more valuable.

e Even deciduous trees to the
south of buildings may increase
heating demand more than they
reduce cooling loads. South
shade has the potential to obstruct
solar access to roof-mounted hot
water collectors and photovoltaic

- systems.

e When shading and indirect ef-
fects were modeled, annual air-
conditioning savings from the 25-
ft deciduous tree (about 15 years
after planting) were projected to
range from 100 to 400 kWh (10-
15%), and peak demand savings
ranged from 0.3 to 0.6 kW (8-10%)
in most cities.

Relatively few studies have
monitored effects of trees on elec-
tric air-conditioning consumption
of individual buildings,” but data
to test the accuracy of modeled
savings are forthcoming as more
utilities begin evaluating trees as a
DSM option. Actual savings are
likely to be less than described
above because of less-than-opti-
mal tree location and growth. In
fact, the availability of space for
energy conserving tree plantings
varies widely depending on land
use characteristics.

II. Technical Potential,
Saturation, and Natural
Adoption Rates

If measured and simulated en-
ergy savings suggest that a shade
tree program could provide sig-
nificant energy savings, more de-
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tailed analysis first requires defin-
ing and identifying the technical
potential for shade trees. Energy
conserving planting sites, includ-
ing sites occupied by existing
trees, can be defined as having
technical potential. Once the tech-
nical potential is known, current
saturation is determined as the
percentage of technical potential
occupied by trees. Low technical
potential and high saturations in-
dicate low potential for energy
conserving tree plantings.
Natural adoption refers to the
rate that residents will adopt a
DSM option in the absence of
DSM incentives. The natural
adoption rate (NAR) for shade
trees is the rate that energy con-
serving planting space is filled
due to new plantings or the
growth of existing trees in the
absence of a shade tree program.
Because urban landscapes are
heterogeneous and trees are dy-
namic, continuously growing, dy-
ing, and being planted, evaluating
these rates for energy conserving
tree planting can be more difficult
than it is for other DSM measures.

A. Technical Potential

In regions with large cooling
loads, technical potential could in-
clude planting sites to the west,
east, and south of buildings. We
have interpreted aerial photo-
graphs of 18 California cities us-
ing this definition to estimate the
amount of space available for en-
ergy conserving tree plantings
around single-family residential
buildings. Initial analysis indi-
cates that the technical potential
averaged 21% of total residential

land area for all cities, with values
ranging from 16 to 30%. Hence,
in this sample about one-fifth of
all residential land area could con-
tain trees located to provide bene-
ficial building shade.

Technical potential was defined
differently in a Forest Service
study conducted in cooperation
with San Diego Gas & Electric Co.
Results of initial tree shading
simulations using weather data
for several climate zones in the
SDG&E service area indicated
that adding more than one tree to
the west of homes was marginally
cost effective.’? Therefore, techni-
cal potential was more narrowly
defined as the number of single-
family detached residences with

planting space for at least one tree

no closer than 12 feet and no fur-
ther than 40 feet from the west-
facing wall.
rom aerial photographs of
- four largely residential cen-
sus tracts we noted if there was
potential for new tree planting

 (Table 1). For buildings without
- tree-planting potential, we deter-

mined if restrictions were due to
presence of other trees, buildings,
or paving/fences. Of the 6,610
single-family buildings surveyed,
61% were air-conditioned and

56% had technical potential for
shade trees.

B. Saturation

Current saturation ranged from
8 to 44%, increasing with the me-
dian age of buildings in each
tract. Trees are usually planted
soon after homes are constructed,

. s0 it is not surprising that more

growing space is occupied by
trees in older neighborhoods than
in newer neighborhoods. This re-

- lationship between saturation and

building age blurs in neighbor-
hoods over 30 years old, where
one generation of trees may be
gradually replaced. Urban forest
stands in older neighborhoods are
often characterized by their di-
verse age structure due to the in-
termittent replacement of trees
planted 30 or more years ago.

C. Natural Adoption Rate

The NAR of trees opposite the
west side of homes with technical
potential was estimated to be 2 to
3% per year, regardless of neigh-
borhood age. This calculation as-
sumes a linear annual penetration
rate, and largely reflects the in-
creasing size of existing trees. In
neighborhoods older than the old-
est one in this study (20 years),

Table 1: Technical Potential for Energy Conserving Tree Planting on the West Side of
Single-Family Residences in Four San Diego Census Tracts

Census No.S.F. Median % AC %w/Tech. %Cument % Annual
Tract No. Residences Age(yrs) Saturaton  Potential  Saturation Penetration
170.06 821 20 65 68 44 2
83.2 1393 18 67 A4 4 2
170.26 2014 6 59 53 19 3
170.97 2382 5 59 &7 8 2
Totals 6610 10 61 56 20 2
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rates of tree removal and replace-
ment planting could drastically al-
ter past annual penetration rates,
as well as future saturation. Stud-
ies are underway to investigate
how the age structure, mature
sizes, and growth rates of tree spe-
cies occupying energy conserving
sites influence annual penetration
and future saturation.

This shade tree market analysis
suggested that there was ample
opportunity for a DSM shade tree
program to conserve cooling en-
ergy via tree planting around
these types of San Diego resi-
dences. There was space for
planting trees opposite the west
walls of more than half of the
6,610 houses surveyed. On aver-
age, only one in five of the resi-
dences with technical potential
has trees that occupy the targeted
planting space. Thus, over 40% of
all houses surveyed have space
available for a shade tree opposite
their west wall. Because the NAR
is only 2 to 3% each year, a DSM
program could substantially in-
crease the amount of tree shade
on west walls.

III. Cost Effectiveness

Shade trees require large initial
investments for planting, while
energy benefits are relatively
small until the tree crowns have
grown large and dense. Other
DSM options usually provide im-
mediate energy savings upon im-
plementation, and those benefits
usually diminish as equipment
ages. Cost/benefit analyses used
to compare DSM options usually
discount future benefits and costs
to determine net present values.

Shade trees could be expected to
perform poorly in these analyses
because the present values of
large up-front planting and estab-
lishment costs are relatively great
while the present values of future
energy savings become relatively
small. Despite this disadvantage,
shade trees have been found to be
cost effective.

In a cost/benefit analysis of six
conservation treatments con-
ducted by Arizona Corporation
Commission staff,”® small shade
trees were second to increased at-
tic insulation in cost effectiveness.

The present value in 1993 of three
small shade trees was $50 for the
target home cooled by air condi-
tioner or heat pump only, and
$200 for the same home assuming
dual cooling. The analysis as-
sumed planting costs of $45 per
tree and annual maintenance
costs of $6.67 during the first 5
years, increasing to $10 during
each of the remaining 25 years.
Expected annual cooling savings
were assumed to be negligible
during the first five years, then

048 kW and 717 kWh for the
home with air conditioning or
heat pump and 0.24 kW and 1,600
kWh for the home with dual cool-
ing. Areal discount rate of 7%
was assumed. Installation of
large shade trees ($382 to plant
each) was not cost effective due to
greater initial costs than for
smaller trees.

DG&E has proposed a pilot

shade tree program for 1993
aimed at doubling the NAR by
planting about 5,000 trees (15 gal-
lon) in neighborhoods where
most households have air condi-
tioning and tree saturation is low.
Atotal budget of $237,800 is pro-
jected (about $48 per tree), with
participants contributing an addi-
tional $10 per tree. The program
is estimated to reduce demand at
least 0.07 MW within the first six
years and nearly 1 MW over a 20-
year period. An average annual
cooling savings of about 80 kWh
per tree is anticipated. Annual
avoided capacity and energy
benefits are projected to average
$62 and $53 per tree, respectively.
The overall cost-benefit ratio for
the 1993 pilot is 1.54.

The program is likely to be a
joint effort between SDG&E and a
local non-profit tree planting
group. Similar arrangements
have proven successful in Sacra-
mento, where the Sacramento Mu-
nicipal Utility District and the Sac-
ramento Tree Foundation are
planting 1,000 trees per week, as
well as in Jowa, where utilities are
supporting planting of trees for
energy conservation in over 200
communities under the direction
of Trees Forever.
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Our cost/benefit study of pro-
posed yard tree plantings in 12
U.S. cities assumed a 10% cost of
capital and 30-ye

ar planning pe-

cation, and planting can be

achieved through workshops and

training sessions that provide
hands-on education to all partici-
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of a mailed questionnaire used to
track tree survival and health, in-~
vitations to tree care workshops,
or site visits.
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