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Several utilities have embraced trees as a solar-powered
demand-side management resource. What do we know so far
about the effects of shade trees on building energy performance?

M any utilities are serious about the
potential of shade trees as a

demand-side management (DSM)
resource. Tree planting and care part-
nerships with local community groups
can also provide benefits beyond cost-
effective energy savings. Shade tree pro-
grams offer opportunities for utilities to
take civic leadership roles with respect
to environmental issues, conservation
education, neighborhood revitalization,
and job training (see “Utilities Grow
Energy Savings,” p.14). i

Shade trees reduce solar heat gain by
transferring the active heat-absorbing
surface from an inert building envelope
to living foliage. Because the heat
capacity of leaves is low, most of this
energy is transferred to the surround-
ing air. If ample soil moisture is present
and environmental conditions are suit-
able, water in the leaves evaporates in a
process known as evapotranspiration
and the air is cooled.

The evapotranspirational cooling
produced by a single tree is difficult to
measure because the cool air is rapidly
diffused into the larger volume of air
moving through the tree crown. How-
ever, large parks or residential neigh-
borhoods with extensive vegetation can
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Researchers measure tree
trunk diameter while gather-
ing data for the Chicago
Urban Forest Climate Project.

produce air temperature reductions as
great as 10°F compared to nearby areas
with little vegetation. At this neighbor-
hood scale, large trees increase the
aerodynamic roughness of the urban
canopy layer, thereby reducing wind
speeds by as much as 50%. Individual
trees or massings near buildings can
further modify air flow near buildings.
Windspeed and air temperature modi-
fications due to the aggregate effect of
trees at the scale of a neighborhood are
called “indirect effects.” Shading of a
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building by trees, on the other hand, is
a “direct effect.”

Trees can increase or decrease
energy used for space conditioning.
Shade is beneficial when it reduces
solar heat gain during the cooling sea-
son, but detrimental in the heating sea-
son. Trees that overhang roofs can
reduce radiative longwave infrared heat
loss, especially to the cool summer sky
at night, although the benefits of day-
time shade outweigh this penalty. Wind
shielding that reduces air infiltration
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Micropas 4.0 to obtain estimates of
energy savings. Computer simulations
for cities across the United States indi-
cate that shade from a single well-
placed, mature tree (about 25-ft crown

diameter) reduces annual air condi-

tioning use by 2%-8% (40-300 kWh)
and peak cooling demand by 2%-10%
(0.15-0.5 kW). Simulations indicate
that air temperature reductions associ-
ated with evapotranspirational cooling
reduce annual cooling. energy . by
2%—8%, and reduce peak cooling by
1%-10% per tree. These findings sug-
gest evapotranspirational cooling can
produce air conditioning savings that
rival those attributed to tree shade.
Wind shielding from a single tree is
projected to reduce annual use of nat-
ural gas for space heating by 1%-5%.

Shady Characters in
California

In a study of the five climate zones
found in the service territory of Pacific
Gas and Electric Company (PG&E) in
central and northern California (Santa
Rosa, Sunnyvale, Red Bluff, Sacra-
mento, and Fresno areas), we simulated
the effects of tree shade on peak and
annual cooling and heating loads with
computer models. Typical 5-, 10-, and
15-year-old trees were located singly and
in groups on east, south and west sides
of a single-story residence. We calcu-
lated peak and annual space condition-
ing energy use for the various shading
and climate scenarios. In addition, we
used three levels of wall and ceiling

" insulation: no insulation, R-19 in ceiling
only, and R-38 in ceiling and R-19 in

walls. This conservative analysis did not

incorporate the effects of lower air tem-
peratures and wind speeds often associ-
ated with increased urban tree cover.

We modeled a typical single-story
frame house with characteristics consis-
tent with California Energy Efficiency
Standards (Title 24) for residential
buildings as a test structure. Floor area
was 1,500 i (slab-on-grade) and win-
dows were evenly distributed (16% of
floor area). Gas furnace efficiency was
78%, and the air conditioner SEER
(Seasonal Energy Efficiency Rating) was
10. We assumed that cooling by natural
ventilation occurred when outside tem-
peratures dropped below the thermo-
stat set point of 78°F.

We used a single
deciduous tree species,
the Chinese Lantern
Tree (Koelreuteria bipin-
nata), to represent all
trees in these simula-
tions, and assumed the
trees blocked 85% of
incoming solar radia-
tion when in leaf from
April through Novem-
ber, and 30% during the
December to March
leaf-off period. At plant-.
ing (15gallon stock)
and years five, ten and
15, tree height and
crown diameter were 6-,
13-, 19, and 24,
respectively. The rate of
growth decreased with
age from 1.5 to 1 ft per
year, an extremely con-
servative growth rate for

this tree in California. We investigated
the impact of shade from individual trees
on building energy use for trees growing
opposite east, south, and west walls. We
excluded the north wall because of the
negligible shading that occurs there. We
also simulated the effect of two trees on
the west, and two on the west combined
with one on the east. _

Trees shading a west exposure had
the largest impact on cooling savings

(see Figure 2). In Sacramento, annual

savings for a single 15-year-old tree on
the west were up to 15% compared to
the no shade case, or 450 kWh ($50).
The addition of a second tree on the
west was 80% of savings from the first
tree on the west; savings from east and
west trees were approximately additive.
Savings for younger trees decreased in
proportion to tree age, since younger
trees shaded less wall area than the
older trees with larger crowns.

Annual cooling savings were partially
offset by small negative impacts of
shade that reduced winter solar access
and increased heating requirements.
This energy penalty 'was most pro-
nounced for trees on the south,-and in
near-coastal climates, where increases in
heating load were larger than annual
cooling savings, sometimes resulting in
an increase in net space-conditioning
costs. Obstruction of irradiance during
the heating season by trees to the south
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A weather station set up in the backyard of this southern California
home measures temperature, wind speed and relative humidity. This
particular set of instruments is gathering information used to deter-
mine the influences of tree cover on building microclimates.
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COURTESY OF ANAHEIM PUBLIC UTILITIES TREEPOWER PROGRAM

Two young volunteers plant a tree for a very
pleased resident.

program for 27 years, planting trees in
right of ways near businesses and resi-
dences by request. Denison (Iowa) Munic-
ipal Utilities was a 1993 recipient of
APPA’s Golden Tree Award, and has
already planted 2,900 trees. The Golden
Tree Award is given to utilities who plant
one tree for every public power customer
in its service area. The Sanborn, lowa
Municipal Light Plant plans to develop a
program that will plant four to five trees
for each utility customer, and has estab-
lished a municipal tree nursery to support
that effort. In Rochester, Minnesota, the
municipal utility is distributing coupons
that customers can use toward the pur-
chase of a tree at local nurseries. City Util-
ities of Springfield, Missouri has created
the Tree Management Program operated
by three full-time staff foresters. Cus-
tomers of the City of Manassas, Virginia
Electric Department buy trees at a 25%
discount from participating nurseries, and
get $10 off their next electric bill for plant-
ing it.

Trees Forever is a non-profit working
with 300 communities, six investor-owned
utilities, and seven municipal utilities in

- Towa. According to Trees Forever presi-

dent Shannon Ramsey, the organization
has distributed 50,000 landscape size trees,
roughly half of which are placed directly
for energy efficiency. Trees Forever,
started in 1989, had 25,000 volunteers in
1993, and more than 10,000 youths were
involved. :

-—Abba Anderson

Abba Anderson is a freelance writer based in
Forestuville, California.

and east can be minimized by selecting
“solar friendly” species such as redbud,
green ash, and honey locust that have

-open crowns during the leaf-off period,

drop their leaves relatively early during
the fall, and leaf out in late spring.
In-leaf crown density and tree form
influence the amount of building sur-
face area shaded and air-conditioning
savings. When selecting trees to maxi-
mize shade, tree form may be more
important than crown density. For

", example, crown diameters of mature
" . tree species can range from 10 to 50 ft,
_but the range of summer crown densi-

ties is relatively less, 60%-90% attenua-
tion. A tall, narrow tree with a dense
crown could produce less shade than a
broad spreading, open-crowned tree in
the same location. Trees with broad
crowns and dense foliage provide the
greatest shade.

Effects of Climate Zone
and Insulation

Relations between cooling savings, cli-
mate, and building insulation level were
consistent. As cooling degree-days and
building insulation levels increased,
annual percentage savings increased
and absolute savings decreased. Three
24-ft tall shade trees reduced annual air-
conditioning energy use 20%-50%
(300-600 kWh, or $35-$70) for resi-
dences with R38/R19 insulation,
20%-40% (600-1,000 kWh, or $70-
$130) for residences with R19/R0 insu-
lation, and 10%-20% (800-1,100 kWh,
or $90-$140) for those with no insula-
tion. Annual air conditioning energy
savings (kWh) for heavily insulated
buildings were about 45% of the sav-
ings for uninsulated buildings, while
percentage savings were two to three
times greater for insulated compared
to uninsulated buildings as a result of
increased relative importance of solar
gain through glazing on insulated
structures.

Savings (kWh) in near coastal climates
were two-thirds of those in valley climates
because of the shorter cooling season
and relatively cooler air temperatures in
near-coastal climates. Percentage savings
were about 50% greater in near-coastal
climates since conductive gain is smaller
due to lower air temperatures, so that
solar gain becomes a relatively larger
portion of total cooling load.
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Figure 4. Simulated energy savings in dollars
due to shade, evapotranspiration, and reductions
in wind speed on a per-tree basis. (Shading sav-
ings are for single 36-ft tall and 24-ft wide decid-
uous trees opposite the west wall of each
base-case building. Changes in evapotranspiration
and wind speed are assumed to be associated
with a 10% increase in overall neighborhood tree
cover. Number of stories and front orientation
of base-case buildings are listed.)

Trees Break Wind
in Chicago

For residents of mid- and northern-
latitude cities who pay more for space
heating than cooling, wind protection
from trees may be more valuable than
summer shade. To evaluate potential
heating and cooling savings, we ran
computer simulations for five prototyp-
ical buildings: one-, two-, and three-
story brick buildings similar to
residences in Chicago, and one- and
two-story wood-frame buildings repre-
senting suburban construction. (We val-
idated energy performance of several
prototypes by calculating building per-
formance indices of occupied buildings
using whole-house metered data and
comparing results with indices of the
simulated prototypes.) We simulated
space heating and air conditioning sav-
ings due to tree shade, as well as evapo-
transpirational cooling, and wind
shielding associated with a 10%
increase in tree cover (corresponding
to about three trees per building).

We projected annual space-heating
savings of about $50 per tree (10 mil-
lion Btu, 1.5%) for the three-story (six
unit) buildings—$15-$20 more than
air conditioning savings. Heat transfer
in these large, old buildings (1930s con-
struction) is dominated by infiltration
and conduction. On the peak heating
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can be two to three times greater than
costs for tree planting and care. Many
of these benefits extend beyond the site
where a tree grows, to influence quality
of life in the local neighborhood, com-
munity, and region. Although the act of
planting a tree is simple, it has a multi-
tude of consequences that we are just
beginning to discover.

Shade trees that are carefully
selected, located, and maintained can
be cost-effective energy conservation
measures. However, the DSM benefits
are highly site-specific, with greatest sav-
ings in areas with relatively long cooling
seasons,  large numbers of air-condi-
tioned buildings, and ample space for
new tree planting.
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PROBLEM:
DUCT TAPE OR
SOLVENT-BASED
MASTICS

It could be costing you and your customers more

SOLUTION:
WATER-BASED
NON-TOXIC
RCD SEALANTS

than you think! Prevent costly callbacks and potential
safety hazards with RCD CORPORATION’S water-
based, non-flammable duct mastics. Carefully manufac-
tured to combine high quality and energy efficiency with
safety and ease of use, RCD Mastics are:
. » safer than flammable or toxic solvent-based
products
* more cost-effective and durable than tapes
* easy to use with all types of ductwork.

Start realizing your savings today! For
a free information package on RCD
Mastics (including detailed spec
sheets), call or write:

RCD

Manufacturing water-based sealants for
the HVAC industry since 1964.

Telephone: 407-422-0089
2310 Coolidge Ave. ¢ Orlando, FL 32804

Corporation
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