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FOREWORD
."-

This instructional manual was prepared by the Department of Community

Colleges' as a part ef,its plan to provide courses on energy conservation

for curriculum and extension prograMs. The purpose of this manual,is to

teach the use of.the elements of the environment to make landscaping and

nursery design and operation more energy efficient. Uandforms:vegetation,

water bodies ?climate and solar radiation cap be analyzed and used to

desigri an energy conserving Jandscapeand horticulture operation. Individ-
.,

uaA who complete thee course'. will hive a better understanding of energy

conservation techniques and skills tha't can be used to reduce the consumption .

of scarce energy sources:

;
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This manual consists Of five sections.

CORE - How to make a site analysisin preparati9n,for energy conserving
landscaping, construction or setting up of a nursery operation. ,

.
.

Upon completion of this section, the student will be able to do the
following: 4 -

1. Make a site analysis ofa given site.. ...

2. Prepare a slope map given a topographical map'of a site. .:

a. Calculate percentage Of slope givenerise and run of contour/
-intervals on a map. .

.

b. Calculate horizontal distance between contours on a slope map.
c. Analyze slope map to determine location of three types of

_, - slOpes7.good, workable, arid those requiring excessive grading.
3. Locate soil survey through U.S. Conservation Service for given 'site

. .and prepare soil map for site. e
4. Prepare vegetation map of site.
5. Prepare architectural map of site.
.6. Prepare hydeologiCal map of 'site.
7. Calculate .amount of solar radiation for a given month falling_ on

horzontial, vertical and certain inclined surfaces at a given
. - latitude. . .

8 Plot, skyline for-a given. ite on a sun chart to determine obstructiim
,

to solar gain. .

.

1ANDSCAPrNG FOR ENERGY CONSERVATION - A POication of site analysis to.'
--to plan energy' conserving landscaping or -alter present landscaping to
make it more energy conserving. . -

.

. Upon Completion of this section, the student willbe able to do the
following: - .-

.

. .

1.- Determine proper placement of a building 'On a given site in order
.

to utilize:Psolar gain.
.

2. Analyze site to-determine its-positive and negative energy
conserOtivfeatures. , ,

.

3. 'Analyze site and recommend planting or' cutting of existing plants
to utilize solar gain, alter.humiditiaad deflect or channel-winds.

...

ENERGIFFICIENT,GRUNMOUSE5 - Orientation of .greenhouses in relat ion
to site and design of greenhouses as a pasOve solar heating/cooling

.

systeM.

Upon completion of this%sectimi, the student will be able to do the
following:.

1. Determine proper orientation of a: greenhouse.on a given' site .in

order to get maximum solar gain.
2. -Calculate ideal angle of south wall and/or roof (r maximum solar ,

gain during a given month in a given latitude.
3. Analyze available or proposed greenhouse-plans according to

. expandibility, spatial efficiency, insulation, glazing material
and solar efficiency.

4. Given a solar greenhouse, can analyze heat collection and storage
system according to types of passive solar systems: direct gain,
indirect gain ancr isolated gain.

I
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5. Calculate optimum area and thickness of a thermal storage wall
given the floor area to be heated, average outdoor temperature'
and material to be used to construct wall.

6,, RecoMmend-apriropriate insulation techniques for a given greenhol]se,
e.g., placemeht sfvegetation, berming, use of vestibules, movable
insulation, shade cloths, reflective films, etc:

e

NURSERY DESIGN AND OPERATfbN FO$ ENERGY CONSERVATION - Design of a
'nursery and its operation or analysis of an existing operation to
increase the energy efficiency'of the operation.

#

Upon otletiOn of this section, the student will be able to do the
follawi g:
1. Recor4-existing natural conditions and resources of a given proposed

nursery site. -

a.' Determine location of access.
b. petermine which vegetation can be used and should remain.
c. Determine if exi's'ting structures can be salvaged or -how to use

them.

d. Map slopes to determine drainage and suitable locations for
development.

e. Map path of sun taken across-property during winter and summer.
f. Calculate path of find across' Property' winter and summer in

relation to existing windbreaks and need for wikid.protectibn.
2. Given a proposed nursery site and record of existing,natural

conditions and resources, can,'plan a nursery operation.layou0.
, 3. Can-analyze existing nursery' operation' and design an energy

'conservation plan'.

EXERCISE A set of site maps and suggested ways to use them within a.c
classroom to apply the principles discussed in the previous lour sections.

O

The sections of.lrhis inarival can be used to.teach hree separate courses on
landscaping, greenhouse. design and operation, and nurser4 design and operation
v used to teach any,combination of these three The "Core" section is intended
as a reference tidd for all the courses or it may be taught as backgiound
material for.th coues. The ?Exercises" section is provided as instructional_ ,

assistance material. .

I
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introduction
'Since the discoVery,of fossil fuel, over a century ago, man has sought th'e
solutions to his problems through a highly developed technology. Technology,
like mankind, requires energy in order to function.

"OBSERVATIONS:

1/ Mankind is dependent on technology.

2/ Technolbgy reliabon non-renewable energy.

3/ Non-renewable energy reserves are finite and wasteful'

4/ As energy reserves drop and demand increases, prices for
remaining supplies escalate.

- 5/ Rising prices contribute to' inflation and unemployadlit

6/ ,Inflation and unemployment are problems.

CONCLUSIONS:
. -

We are not solving out...problems. The real problem lies in the
reliance of technology on non - renewable energy. Ibis means that
either new sources of energy must be found, or that new ways of"
harnessing old sources must be created:-

, . .

Science,'physics ind.engineering,will be instrumental in accomplishing the
taskof,discovering and implementing new 'forms of energy. In the eantime, -
our remaining resources Must be tcmseryed. One way to accompl4 ntervation
-is to cut-down oncpnsumption. Anothersolution would-be to d ise methods
of making more efficient use of present energy reserves.

. .

Every living organism is dependent upon energy for survival. The earth li-Yes

on Power supplied by natural systems of the universe. When combined, these
systems, functioning as a whole, become self-perpetuating.- All elements of
nature share a symbiotic relationship, each one affecting the other. Without
this integration there would be waste, and the system would cease to regenerate
itself,

Technology, likera hying organism, requires energy in order to function.
Isolated from the forces of nature, technalogy becomes limited to a finite
source of'energy. Waste is an unfavorable aspect of nonrenewable systems.
This waste not only causes environmental.problems, bu't is extreiiely costly to
monitor and control. Depending on nonrenewable energy is costly. As energy.
reserves drop.and demand increases, prices for remaining supplies escalate.
The true problem of the energy crisis in terms of buildings and utilttiesis
not energy supply, but father the method used in theapplication of these
sources, .Money is required to effect changes. SOmemethods of application
are readily cost-effective. Others require greater amounts.of time before the
cost of the changes has cancelled itself through savings in energy expenditures.

This Core Course isyan introduction to the Natural Systems of the Earth. If

we-are to successfully integrate our technologies with renewable resources,.a
.full working knowledge of the relationships of these natural forces as essential.'
Through understanding we can/begin to create dynamic systems which chalwge in
response to the environment, and ultimately to our own needs.

z)
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natural -systems
I. Landform. A landform as it exists in nature'consists of many natural systems

wbrking together to make one complete living and changing system. The natural
system of a landform consists' of these elements:
A. Geology is the study of earth's history stored in rock. It is the study,of

the mineral composition and the'pressure formation of rockia& the study of
three different types, of rock: metamorphic, Igneous and 'sedimentary

. and their structural characteristics.
B. Soil horizons-the study of the layering and types of'soils composing each ,

horizon or layer. Soil horizons comprise the majority of earth-above the
',,tedrock

C.Iydrology. the study ofthe amount and moveient.of'water owtlie earth; the
study of flooding and average large yeaily rainfalls; and the study of
drainage pa. slopes.

D. Vegetation -the study of the deveibpmene, staie of sUccessioh and associa-
tion of plants growing in different ecological zones. .

E. Built structures -the.documentation of the manmade structures in the
lamdstabe (for example': underground Wires and pipes, walks, streets and ,

bdildingi)."

F. Climate- the study.of weather.chartes in a geographical atea, such as in
temperature,-rainfall, snowfall,wilid and sun angle.

$

. II. Site Analysis. A site analysiscOnsists of a cotredtion of naps priseating
data on 'the previbus natural systems which make up ,a, A site .

,- analysis usually consists of the followidg maps:,
A. Site,boundaries ,'

ImMr., ,-. 1,4opological study
.

... ,, 'C.,S1opd-studY , `

,- <'..D. Soils study.'

E. VegetatiOStudy
,

F: Architectural .study , t.

'... G( Hydrological study
H. Geological. study
I. Climatological study < -

J. Wind study
.

K. Solar Study .

'Noe of the previous studies can be combided onto one map, but most need to
be mapped individually. An explanation of each of the studies will follow.)

<1r
.

V

.

III. Site Boundaries. Site boundaries determine the. size. and ownership of a parcel
of land and are deterMined by specific survey data. -

A.'Survey data consists of reference points and line bearings.
1) Reference points. From a. reference poirt on a site map a surveyor can

determine all the remaining reference points by using bearings.
2) The bearing gives the surveyor-the degree of the angle of a line

'directly off a lineeither direct north or, south. Forexample, "North
90 degrees East 51" means that a surveyortwould point the. equipment
due north and then swing it 90 degrees east and the next point would be
51' in this direction: (For illustration see Figure 3.1)

B. Due to the need.for technical equipmentand the problems which might arse
if the survey isnot entirely correct, a planner should use a professional

.

r
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41,

Iv. Topological Study Mips and -Slope Maps.

A. Contours- a line on which all points on that line exist at the same'.
elevation. Der contour line closes onittiself, either within or beyond.

. the limits of th map. (See Figure 4.1) -dr
0
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1) A set of contours which close on themselves in a certain area of a map.
can depict either a low,point (L.P.) (See Figure 4,2) or as high,point

(HLP.) (See Figure 4.3).

LOWPOINT(PLAN VIEW)

LOWPOINT
(ELEVATION)

ii

_40

39-

38

-36

.fig. 4.2

owavo....,
H1GHPOINT (PLAN VIEW)

HIGHPOINT
(ELEVATION)

fig. 4.

0,
2) Oni can determine Whether it is- a low point or a high pOint by looking ,

at the procession of numbers on the, contours. If the numbers get higher
towards the center it is. a high, point; andif the numbers get lower
towards the center it is a low.point. ,

..

.3) Contours never cross except in the instance of an overhang. .(See'
Figure 4.4)

sa3zs,..$)
N\..\\s

od.

OVERHANG

OVERHANG
(ELE1+14TION) \

fig. 4.4

N.
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4) Contour intervals. Measurethe vertical distance between the contours.
The larger the contour nterval the fewer contours-which will appear on
the topography map. The smaller the contour interval the more contours'
that will occur on themap.' Larger contour intervals are frequentlx
used on maps of sites with large acreage. (See Figure 4.5)
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15
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fig. 4.5

B. B. 10vography. TA word topography describes a set of contours which determine

thesurface features or relief of a site. By learning to read a
topographical map you will learn how to recognize such land as

, low points (See Figure 4.2), high points (See Figure 4.5), ridges, creek
and river beds.(See Figure 4.6).

. ,
.

SWALE
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fig. 4.6
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.1) The study of topography helps in determining the direction and effect
of wind and water on a site.

2) One of the best methods forstudying topography is through the use.of.a
slope map.

C. A topographical map contains complete topographic information (of a site)
such as all contours at their correct interval and elevation points
showing high and low elevations and building and road elevations.

D. Slopes. A slope is determined by vertical rise divided by the horizontal
run of a contour interval. The number arrived at here is then changed to
a percentage by moving the decimal placi two figures tothe right. Thus
we arrive at this equation:

Rise . Percentage of Slope 4

Run

1) For example, think of a strip of 1 and a hundred feet long. 'If the strip
is part of a hill and there is oot of rise 'in this 100 feet, then
this land has a 10% slope. This means for every-400 feet bf run there
'is 10 feet of rise or for ever 10 feet of run there is 1..foot of rise.

Rise = 10 = 1 = ..1 or 10%
TIT. TOIT

2) Example: Where "a" and *b" are consecutive contours,.thesdifference
between "a! and "b", "b" being the highest-elevation, equil the rise
f4ctor in the above equation. The horizontal factor can be determined'

.by'actually measuring with a scale between the two contours. Thus you
will now have derived factors to plug into your equation. .

1 32-31 = 1 = ;1 or 10% ,.

^
b ='32 10
un.= 10

. .
S .

E, Slope maps. A s lope Aap is the two dimensiOnai mapping of threi basic .
slopes: good or gradual slopes, workable slopes, and steep slopes. .This -:
mapping, system helps the plannet-to doter hive good building areas,.

difficult grading areas and flog:plains.
..

How to make 'a slope map' 1 J

1)' You must start Iiith a complete topographic map.
2) You iust,theh ditermine 'the location on this marl of the three slopes..

or gradients most worked with: .

0-8% a good .or gradual slope

8.1 -15 %. a workable slope. .

15.1% and over requires major grading
.

3) A general rule to remember is that as Cot-hours get closer together,'
the slope becomes steeper and the, percentage of slope becomes larger.

4) In order for a piannerto determine what an 8% slope woulij look like
on a particular topographic map, he/she must first determine the
hori2ontal distance that an 8% slope would occupy between contours.
Find the contour interval (CI) of your map (which'equals the rise
factor). Thep for this map will be 1 foot.

100 X CI
= Horizontal' Distance

Between ContoursPercentage of Slope

100 % 1' _ v

"

100
= 12.5'

Therefore, everywhere the measured horizontal distance between
Contours equals 12.5', there is an 8% slope.

it

.
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: 5) Now solh the above equation for 1St and then rising a scale equal .
to the one used on yotif topographic map make' a guide rule of ', ..-

cardboard or some Other sturdy material. (See Fiure64.7)

8.1 -15 %

15.1 % ANQ OVER

GUIDE RULE MADE FOR:

fig. 4.7

.$

scALi: 1" =

.0-8 °% t...

SCALE III L-.201
I' CONTOUR INTERVALS

.
6) Use your marked guide to run 'along the contours- in a perpendicular

motion. Mark off the'areaS belonging to each set of -slope .
measurements. (See ,Fi gure 4.8)

35

36
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\
\:\fi11/

1111111
ii;1//1/)/

.

11/////\ \\ L11111

34

.39 40 . 41
.

43 42 41 40. 39
. '

Ej 0-81%'1EXCELLENT SLOPE

8.1-15%*ORKABLE\`

1111 15.1% AND' OVER REQUIRES ExpEstiVE GRADING

N.

fig. 4.8

V. Soils. Soils make up the loose Surfac' material *of the earth' in which plants

grow. Soils are comprised of deComposinq -organic and inorganic materials
and contain hitrogen and oxygen gases water 'minerals and living orPanisms..
Soils occur invertal _layers or horizons stove the bedrock layer. Each

horizon will have some difference in .iti,mirieral land particle composiypn.

r:

J
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A. -Sails are-01a0fiettly.their partiCle size-. r . -

1) Sand has a very large particle siie, is highly aerated but h-s low
water holding, capabi 1 i ty. .

2) Silt has a medium particle size, low aeration and a medium water
holding ability. . , .

3) Clay has.'S small particle size, low aer Lion but a very high water'
holding ability. .4.'

. ., . .
.

B. The'aernion 'of a soil.is equal to the volume of air contained in.that'
soil. -`, -
. . ,

. .

C. Hydration of a soil refers to the _volume of water retained in that
.,

rsoil,
,.,.-.. - .D. The, organic matter contained_in de soil provides-food for micro-d4anisms

which in turn_are necessary for ._nitrogen fixation. - . -. '', 4,.. _ . --,. . . .

. E. The mineral's in pie.soil are fro'ken down and util,ized by plants or growth.
Se

.

.

...F. Plants depend on nitrogen for the production of food', on phosphorul.:_10
-stimulate root.-growth., flowering and fruiting; and.oa potash as a cafal'aist
for nitogen fixation. .., . 0 -.

G. Soil surveys ,

I) A soil survey will usually givethe planner all the informatibn heyshe-
could need oh:the soils in his/her areas. A soil'survey is usually'dohe

- by county and can le found titriough. the U.S.Conservation Service in
l your county. YoU will have to locate site on the survey and' d : ''record the contesponding soils onto your soils map.
2) Check the abbreviation of each soil and match it to the correspqndine.
. name in the survey. Under the name.you will fi-nd such information. as .

the fertility, building,capabilities and composition.. ' . '- e
Zt. ,. . V. - ..

H, ',Soil maps. . . . . .

'1).A soilsmap is composed of your site overlaid with its corresponding '` ,

wilt-. - r .
2) T,his.mapiiill-enab)e the planner to-easily locate and_ devilop the ' 7

soili to "their be§t'usage.

.

OPSOIL

:HORIZON
nAu

-,;(=r1),-

fig. 5.1 4

V 7

HORIZON "B"

HORIZON "C"

NOTE: In the earth, soils occur in layers called horizons', Each horizon is
usually composed of some of the same organic matter and minerals as the
horiions surrounding It, but will differ in age and formation. '(see

13
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VI. Vegetation

A. The study:pf.vegetition on a site take's an accounting of 'all types of

plants appearing on the. site.' Large.ttees, small trees.. sHrubs, grasses.
'vines and herbsshould be listed in study. 'The amount, size and type
of Vegetation will affect the movement and changes wind and water have on
the site:,

.

1) Evergreens are plants which maintairl thiir foliage all year around,

2) Deciduous plants lose thejr foliage 'during seasonal changes such as a
`Iower'temperatare and a shorter daylight period.

3) Specifications affecting the usage o,f plants.'
(a) Size

1, Height (See Figure 6.1)
2. Dripline, or the ci rcumferenpp of canopy (See Figure 6.1)

(b) Density.
1. Leaf size

Surface texture
. 3: Branching texture

(c) Root structure

HEIGHT

'. fig. 6.1-.

t.
i.

1

'.

DRIPLINE

B. Vegetation maps-
1) A vegetation map lists' and locates all the,majo'r plants and trees on

the site. Lt either gives the,common Or bcihnical name on the location
of the plant, and then lists bath names in-the key along with other
information about the particular specimen.

'2) A vegetation map enables the planner to save important trees or plants
an the site for'the beneficial use of the. entire plan

Architectoral Study '

An architectural study provides. information and locaticnof all built
structures on the site. BUilt structures include buildings. walks. steeets,

wiring and underground pipi.

A. Architectural maps should include such information as the orientation of
buildings andthe location,of windows in these buildings. 1

23



B. Orientatiqn. The,orientation of a building gives the location of the face
bf the building and indicates the route the sun will take in relationship
to the building. It will help plot the direction seasonal winds will take
in regard to the building.

C. Usage. An architectural study 'should include the usage or function of the
buildings, walls, streets and underground utilities. This infdrmation. _
wi I enable the planner to incorporate the needs of these functions into
thkdesign...

D. Energy efficiency,
building; one must
the type of energy

utilize any of the

In order to determine the energy'efficiency of a
determine the insulation factor of building materials,
used in the building, and if-the building or buildings
surrounding natural systems..

.

VIII. Hydrological Study -.. The study of the physical movement of wiier.on the site

both temporary, (due td rainfall) and constant (due t e'eeks'ind rivers),
A. t'planner uses a hydrology map to aid in erosion-control and in flood

""-- coptrot. , .

. ,1) Erosioh is the gradual Wearing away and removing ,of the earth's.so41
by either wind or. water. ..' 4

4) Controlling flooding is. one. .or.tbe most important ;Ipeets df,deSig
By determining areas which are,most likely to flood, the planner can
refrain from'bbilding in.thete 'areas, By considering the situation .

. , and planning-for gqpd drainage, in times of large rains-, the planner
, canbetter control, flOAttiAters. . .

B. .A..hydrologilnalrcan be'calcOated.inlOnt of two:viays: I., By :Using a slope
-,.map,- of 2.-By.studyinq a cdritour maps ,' '' '.

r) By using a slope map' .determine the flow of fain waters off
-steep'slopes=ontolOw.plains, the planner can begin to map areas'
which migg_flood. .fti.should also map areas where there is a
continuous-flow cif watee.. Mirk.the direction you think the water
woUld move Coming off the 'slope, remembering that fn theory water

....., runs perpendicular to,the contours and always takes the easiest
: . route.

2) One would-uie a contour map much like a-slope map. Follow steep areas
'6'. (or areas with close conto.urs into' low plains (or areas where

contours are further apart) and map these areas using arrowsto give
the direWon of the water. Also Mapareas where there is a'

(--'\
:continuous flow o water.

_, .

. .

IX. Geological Study .A study of the roskAnd minerals lying beneath the soil
layer-on the site. ,This study includes irtformation on the building
potential of the bedrock layer in the area: .

'A. The planner`cannot do this study alone, and therefore must rely on
U.S: Geological Survey data.

K. Locate and secure a map of your county from the U.S Geological Service
and-pinpoint ydur site on this map using7such landmarks as railroads,
highways, creeks and rivers. .

.

C.: In most cases a geo)ogical survey is not needed' unless the site is very
large (200 acres or so) oV there will be an extensive building program
in the development of the:site. -

. .
, ,.,..

X. Climatological Study- The study_of the average snowfall, rainfall and
temperatures in the'seasonal changes ofan area. You willbe able to find
this material from the local weather service. This material will probably
be compiled in a 'small booklet whickwill explain weathentoccurrences in thearea. .

A. Snowfall. The information about_the average-snowfall' will help in solar

estimations. ,, .
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B. Rainfall. Knowing the amount of rainfall in an area will enable you to
calculate the number of overcast days.

C. It is very importanb to know the average temperature in each season in
.order to calculat4 the use of natural systems and the energy of natural
systems. One important factor not mentioned in most weather books is the
effect of humidity on the temperature. These diffvences can be detected
throught the use of dry bulb and wet bulb thermometers.
1. A wet bulb thermometer can be Mae by placing the bulb of the

thermometer into cotton puze and then into a saucer of water. (See-
-'Figure 10.1)

fig. 10'. I

THERMOMETER''

.

-GAUZE
"'BOWL WITH WATER

f

2. A dry bulb thermometer is any comMon-thermometer,found rn a store.
. The wet bulb/dry bulb relationship is best demonstrated by a theoretical.

example. When the dry bulb readings of Phoenix, Arizona (dry climate/
tow humidity) and Savannah, Georgia (wet climate/high humidity) are both

. 70 degrees'Fahrenheit, the.wet bulb temperatures can differ by as much
as 15 degrees. Phoenix, Arizona Might be 60 degrees, because moisture

- from the -wet bulb reading evaporates into the air, which causes a
cooling effect., Savannah, on the other hand, has such high humidity
that there is.less air space for moisture to.evaporate.into; thus, ,

there will,be little difference between we. and dry butt) readings. Wet -

bulb measurements in Phoeriix could be 60 degiees, Spannah might
-0 68.degrees. (See Figures 10.2 & .10n) .



3. High humidity is seldom a desired factor in any temperature, la the

summer. Jays are. "muggy" because highly saturated air prevents
evaporation, which is necessary. for-natural cooling. In the winter,
the moisture in the air will .cool and fall to the ground as frost.

Xl..Wind,Study - The study of the seasonal changes in direction and intensity in
the wind. Charts'of wind direction And intensity can be obtained for .

particular areas from the National Oceanicand Atmospheric'Administration,
NationarClimatic CenteroAsheville,Xorth Carolina. .

.

A. Direction. In North Carolina, the windi are generally from the southwest,
but during'August,.SeptAENLEAndjsLober, the wind direction reverses and
comes from the northeast.

.

.

8. Wind Principles, Two properties of air;4ressure and velocity, will
change inversely when the current..encounters an obstacle.

,, I. When velocity increases, pressureArops. .

2. When 'velocity, decreases, pressure will increase. (See rigOre ILI)
....

.

. jA -

high prettlire
low velocity

4

high pressure
low velocity

fig. !1.1

low preisure
high velocity

C' Sometiges referred to as the Venturi Effect, this channeling of wind to
increase air speed is often used4o enhance the performance of wind
generators.
I. Winds always will follow the course of least resistance.
2. Wind currents can be classified as either laminar or turbulent.

(See Figure 11.2)

-r I

f'
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3.*Ways in which wind can be Controlled:
a. deflected (See Figures 11.3)
b. filtered (See Figure 11.4) '
c. blocked.(ke Figure 11.5)

. . .. fig. 11.4



.. XII. Sun Study .

The sun's path, though complex, is predictable for any geographic area, Knowledge
of the sun's movement across the sky will enable you to manipulate landforms,
e99tation and the built environment in order to meet the needs and requirements
of a particular region. Knowing the degree to which the site is affected by the
Sun throughout the year will allow you, the designer, to create a successful
.system, without the need of guess work.

,-..

A. Orientation is critical in order to accurately plot the sun's path. There are two
different north directions. Most maps, unless otherwise specified, are oriented
to magnetic north. True north is considered correct when charting the actual
solar path in reference to a particular site acua north can be derived from
magnetic north by using the adjustment figure which corresponds to the geographic
location of the site, (See.figure 12.01)

t

0

: 1 LINE := I° CORRECTION fig; 12.01'

In fig. 12:.01 the line labeled correct 0 is the only regionin which truer
north and magnetic north are one in the same. All other areas will need to '

add An additional arrow designated "true north".

A base map (magnetic north orientation) can be corrected to true north by':
1. Finding the site location on the U.S, map.
2. Finding the adjustment figure which corresponds to site location.
3. Adding this figure to the existing north orientation angle and

'adding anew true north arrow. (Use true north for solar; use
magnetic north arrow for other site work.)

B. The latitude of a site is another determinate when plotting the.suns
movement. Latitude determines the solar angle(altitude) as well as the

' solar path(azmuith). See fig. 12.02 & 12.03.

19
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t. Summer days are longer and winter days shorter because of variations in the sun's
path throughout the seasdns. (See figure 12.02) .;

4
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D. The sun always rises to its greatest height in the sky during the summer months
:of'llune, July and August. In the months of November, December and January the
sun is at its lowest point in the sky. (See Figure 12,03)

et , .
31
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E. The total number of solar hours in a day is directly proportional to the sun's
angle in the sky. In the summer months (June, July and August) the total of
solar hours is greater than in any other (See Figure 12.04)

4
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F. Solar radiation is filtered by earths atmosphere before it reaches thi,planet's
surface. The remaining light, which we call sunliight,ls coMprised.of Ultra-
violet radiation, visible light and infra-:red light. Ulttl-violet light causes
sunburn as well as discoloration and fading of materials. Visible light contains.,
all the colors` of the spectrum. Infra-red provides the major ,source of heat ",

found in sunlight. (See Figure'12.06).
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G. The degree to which:available sunlight is filtered depends on the clearness of the

day. Albuquerque, New Mexico, while located on the same latitude as Raleigh, %
North Carolina, receives npe solar radiation than Raleigh because the days are .

not as humid and, therefore,lot as. cloudy-in New Mexico." The degree of
-cloudiness for idly area is noted as4rt, whi h is"9alled the cloudiness index.
(See Figirt 12.07).
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The sum of all fbrms of radiation falling on a given surface is defined
as the Total Solar Heat Gain, and is expressed in square feet. There are
two variables affecting Total Solar Heat Gain.

Month
Surface Orientation

Knowing the effect which each of these variables have, alone and in
combination, will allow you to make use of passive energy ginciples fOr
heating and cooling aswell.

Using Greensboro, North CarOlina, as an example:
Greensboro, Nel Latitude 36° 05' N.; Elevation 891 ft.:

Month A 4 Days

Jan 743.9 .46 31

Feb 1031.7 .499 9

Mar 1323.2 .499 PI

Apr 1755.3 .543 30

May 1988.5 .554 31

Jun 2111.4 .563 30
Jul 2033.9 .552 31 taken from SOLAR RADIATION DATA FOR
Aug 1810.3 %.538 -31 HORIZONTAL SURFACES. PAGES 59-64.
Sep 1517.3 .527 30

Oct 1202.6 .531 31

Nov 908.1 .501 30

Dec 690.8 .479 31

This information was taken from the tables at the back of this section which list
the average daily solar radiation (A) for each month. In addition, the tables
list the cloudiness index for each month. A large Rt (cloudiness index) Value
indicates sunny/clear days. A small Rt value represents cloudy overcast weather.

The monthly valuegiven for A (monthly average daily total radiation on a*
horizontal surface), have already taken the cloudiness index into account;

To find the total amount of radiation falling on a horizontal surface fdr an
entire-month, simply multiply Ff (monthly average daily total radiation on a

-.horizontal surface) by the number of plays in that month. For instance, on an
average day in January 743.9 8111s /ft' fall on a horizontal surface.

January = 31 days ,

(AD X (number of days in month) = Rt (monthly total)
(743.9) X (31) = 23060.9 8TUs/ft2

Completing the table will give the total solar radiation falling on a
horizontal surface for each month.

Month

4
Jan
Feb
Mar
Apr
May
Jun.

Jul

Aug

Sep
Oct
Nov
Dec

Ht

23060.9
29919.3
41019.2-
52659.0
61643.5
63342.0
63050.9
56119.3
45519.0 2:
37280.6 '47,

27243.0 0". . '

21414.8 0

'
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C'
This graph shows the total yolar radiation per square foot, falling on a
horizontal surface, for each month of'an average oar.
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H. The calculations convert K factors to factors (average daily radiation on ,

a given tilted surface). This has been done for you for various latitudes,
and tilts in the SOLAR BADIATION DATA FOR INCLINED SURFACES section (pp.55-
70). Having found the R factor for ,a desired latitude and tilted surface,
one can m the following formula to calculate the total solar radiation
falling on,a tilted surface for a given month.

(fl X 11) X (days of month) = BTU/ft2

Using: Latitude 36° 5'N, Greensboro, NC. (Use Latitude chart for 35°) °

Vertical Tilt, 90°

The\values of Rt for each month when converted to K(R= vertical tilt) are:

Month IT* Rt
Days

'Jan 1.35 743.9 .469 31
Feb 1-.15 1031,7 .499 29
Mar .8 1323.2 .499 31

Apr .55 1755.3 .543 30

May 0.4 1988.5 .554 31

Jun .32 2111.4 .563 30

Jul .36 2033.9 .552 31 taken from SOLAR RADIATION DATA FOR

Aug .48 1810.3 .538 31 INCLINED SURFACES./ PAGES 65-82.
Sep .68 1517.3 .527 30
Oct 1.03 _ 1202.6 .531 31

NOV 1.28 908.1 .501 30

Dec 1:48 690.8 .479 31

* The values fors Ff remain the same.

To find the total solar radiation falling on a vertical surface the equation is:

OT X 1p X (days of month) = BTU/ft2

Example: January

prx X (days of month) = BTUJft2
(743.9 X 1.35) X (311 = BTU/ft2
j004.2 X 31 = BTlyft4
.31132.2 = BTU /ft

This figure represents the total solar energy falling on a vertical surface for
the month.of January (in Greensboro, North Carolina).

war
Compleiing the table for these values gives:

Month Fit .

Jan.' 31132.2
Feb 34407.1
Mar 32815.3
Apr 28962.4
May 24657.4
Jun 20269.4
Jul 22698.3

Aug 26937.2 .0,

Sep 30952.9 ::
Oct 38399.0 10'

Nov ,34871.0
Dec 31693.9

43
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Adding the vertical tilt data to the previous chart:

EITUy ,

rnonth-ft2

70,000

36°NL

10,000

N

w ty 8u., § a t
-) -3

a 0w z 0.

VERTICAL '

HORIZONTAL

This graph shows the totII solar radiation per square foot falling on both
horizontal and vertical lurfack for each month of an average year.
/-*% ,.
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Additional data for surfaces with 500 tilt, 350 tilt, and 200 tilt can be
calculated and added to this graph to give a total picture of the relationship
of tilt to available solar energy:

month FI kt
ToTAL

Jan 743.9 .469 1.56 35975.0
Feb 1031.7 .499 1.42 42485.4
Mar 1323.2 .499 1.15 47172.0
Apr 1755.3 .543 .95 50026.0
May 1988.5 .554 .85 52396.9
Jun 211E4 .563 .77 48773.3
Jul 2033.9 .552 .79 49810.2
Aug 1810.3
Sep 1617.3

.538

.527

.88.

1.07

49384.9 44
48705.3

Oct 1202.6 .531 1.33 49583.1

Nov 908.1 .501 1.51 ` 45495.8

Dec 690.8 .479 1.67 35762.7

Jan 743.9 .469 1.47 33899.6
Feb 1031.7 .499 1.37 40989.4
Mar 1323.2 .499 ,1.17 47992.4
Apr 1755,3 .543 1.03 63492.8
May 1988.5 .554 .93 57328.4
Jun 2111.4 .563 .88 55740.9

Jul 2033.9 .552 .90 56745.8
Aug 1810.3 .538 .98 5499i.9
Sep 1517.3 .527 1.1.2 50981".2

Oct 1202.6 .531 1.33 44583.1
Nov

Dec

908.1

690.8
.501

.479

1.45

1.63

39502.3
34906.1

owl

t-45

Jan 743.9 .469 1.32 30440.5

Feb 1031.7 .499 1.27 37997.5
Mar 1323.2 .499 1.14. 467.61.8

Apr 1755.3 .543, 1.00 55818.5
May 1988.5 .554 .98 60404.5
Jun 2111.4 .563 .96 60808%3
Jul 2033.9 .552 .97 61159.3
Aug 1810.3 .538 1.03 57802.8
Sep 1517.3 .527 1.12 50981.2 .44

Oct 1202.6 .531 1.23 45855.1 13
Nov 908.1 .501 1.22 33236.4 0
Dec 690.8 .479 1.37 29338.2 R

Imposing all five sets of data onto the. same graph will show the relationships of
solar absorption to the incline of surfaces

4r-
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the data for tilted surfaces demonstrates why attics are extremely hot during the

summertime, in most conventional housing. The walls and windows (vertical angle)
of a typical home, on the other band, are extremely efficient and well suited to
summer conditions.

1. Data should be analyzed and compared to the regdirements of the area Surface
orientation should be selected so that solar collection is minimized during warm
months and maximized during cold seasons.

A.

el

a
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J. During winter_ months the majority of useful solar radiation falls between
9:30 A.M. to 3:00 P.M. To insure the effectiveness of a solar structure,
adjacent areas should be free ofAny obstructions which would prevent or reduce
solar gain during months with outside temperatures below the comfort range
(68°F-78°F): This.does not mean that an area need be completely free of
'vegetation or other structures.. Overhang is an obstruction to summer solar gain,
but still permits sunlight to enter during winter. (See Figures 12.08 & 12.09)

#





K: A tool used to determine the position and height of objects in relatG to the
solar path and angle is called a sun chart. Sun charts for various latitude
positions are included at the end of this section, Each chart shows the path and
azimuth (angle) of the sun for each month. Each path includes'the sun's movement
from sunrise to sunset. (See Figure 12.10)

Example: 36° North Latitude

43
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Combining the altitude and azimuth angles locates the sun on the chart. The sun's
position tel that tilep date isOne 21 and the. time is- about 8:25 A.M,

51
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L, Determining the position and height of obstructions,on the sun chart will give the
months and times of day during which your reference point will be obstructed from
the sun's. rays.

To plot the skyline:

.1. Stand at the position where the-proposed building is to be
located(reference point)
To get a general feel of the site in terms of solar access,
a single reference point will work.

2. Mark the reference point with a rock, stick, golf tee, etc.

3. Using a common compass, find magnetic south.
4. Correct the orientation(using the chart on page 19 of the

core section) so that you are facing true south(solar south).
Mark the position of true south in relation to your:
reference point.

5. Kndwing the true south direction and the reference point,

4
mark also the north, east, and west directions.

6. You are now ready to translate the surrounding site features
onto the sun chart.

7. First, locate objects which are closest to the reference

point.
You need only locate objects which lie to the east, south,

and west directions.. from the reference point.

8. Using the compass, stand at the reference point and pick
an object on the east/south/west horizon.
Which axis is that object closest to (east? west? south?)
In figure 12.12, for example, notice the building close to

the west axis.
One corner of the structure lies on the west axis. The other

corner lies 20 degrees south of true west.
Mark these two coordinates on your sun chart(see figure
12.14)
Follow this same process to locate other objects.

9. Now calculate the height of the building. ,

Standing at the reference point, look straight at the
building,
Nbwt raise your line of sight to the top(roof) of that
structure.
How many degrees difference is there between a level line
of sight and a line of sight directed at the roof? (Estimate)
In this instance(see,figure 12,13) only 10 degrees of angle
exists between eye level and an Imaginary line touching the
top of the roof.

or
Mark this on the sun chart as well. .

10. You can now approximate the height and location of that
structure on the sum chart.

11, Follow this process to locate and calculate the,rough height
, of other objects .

12. Remember, perfectipn is not necessary. We are merely trying
to estimate the location of relative objects in order to
determine how they will affect thikamount of sunlight the
reference point will receive and during what times of the
year this will come into play.

42
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M. This diagram shows how a compass can be used to grapb the-size (length) of an
object by taking two readings: one reading taken*by locating the extreme left of
the shape and one taken from the right hand margin.(See Figure 12.12)

S

\\ /////,

point
reference

fig. 12.12

n. This diagram demonstrates how to determins the height of an object by estimating
the angle it makes to an imaginary horizontal plane located at eye level.
(See Figure 12.13!

*/
eye level 48°
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26° siS ?Po
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fig. 12.13
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. O. Imposing the objects onto the sup chart, shows only the large tree as an
obstruction to solar gain in the winter months. This tree is deciduous, however,
and should be indicated with a dotted line since it 'drops its leaves at the
beginning'of the cold season (close groupings of deciduous trees will pose an
obstruction to solar gain, even in the winter). (See Figure 12.14)
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RADIATION AND OTHER DATA FOR BO LOCATIONS IN THE UNITED STATES AND CANADA
(11 = Monthly average daily total radiationon a horizontal. surface, 8tu/day-ft 2 ;

Kt = the fraction of the extra terrestrial radiation transmitted through the
atmosphere; to = ambient temperature, deg.F.)

Albuquert Inc. N. M.
t1t 33'03 N.
.5414 It

Armen* la.. Alegi&
Lat. 55'02' N.
El. HO It

Laalashieola. Florida

t. trIr N.
EL 33 ft

Astons. Ores**
Lat. 4612' N.
El. 8 ft

Atlanta. Georgia
Lat. 3319 N.
El. 976 ft

Barrow. Alaska
Lat. 71120' N.
El. VI ft

Bwroarek, N. D.
Lat. 46'47' N.
El. 1460 ft

Blue Hill. Mau.
Lat. 42.13. Y.
El 621 ft

1 jula 2......._6 4to I Me I Mor Jim I /sr Ale I So F Orc $4. Der-1-- -. ---
R 1150.9 1453.9 1925 41 2343.$ 23609; 2737.5t 2561.2. 2387.14 2120 3 1639.14 1274.2 1061.8

'. Jr, 0.704 0 641 0.719 1 0.722 1 0.713 0.737 ; 0 696 0.704 0.724 0.711 0.684 0.701
io 37.3 43.3 53.1 59.6 ' 89 4 79.1 1 82.8 30.6 73.6 62.1 47.8 22.4

I t

it 234:2 424.4 883.4 1357.21 1634.7 1638.7 1632.1 1260.4' 062 434.6 220.3 132

6 33.8 37.3 39.7
K. 0.427 0.413 0.492 0.307 10.484 0 441 0.434 0.427 0.449 0.347

:1.434;

0.361
44.4 1 31.0 66.2 58.6 39.8 34.8 48.2

1! 1107 13711.21 1634. 2040.9 2268 6 2193.9 1978 6. 1912.9 1703.2 1444. 1243.2 982.3

.

, 1 41'.377 0 384 0.378 0.612 0.630 0.504 0.542 0 538 0.540 0.608 0.374 0.343
4. 37.3 30.0 62.9 80.4 76.4 31.8 83.1 83.1 80.6 73.2 63.7 58.5

8 304.4 607 1008.3
IC, 0.330 0.357 0.454
6 41.3 44.7 46.9

/7 us logo.I 1424 9
Ks 0.493 0 496 .0.522
4. 47.2 49.6 44.9

.1! 13.3 143.2 713.3
0.776 0.773

6 -13.2 --IS. -32.7

487.4
0 394

lo 12.4

09044.3

13

1328.4
0.603
29.7

as 797 1112.
Its 0.443 0.458 0.447
4. 28.3 28.3 38 9

Boise. Idaho 318.8 8$4.9
LA. 43'34' N. 0.S, 0446 0:
F.1.2844 ft 6, 20.3 36.3

Bostoo. Nlass. // 1-503.5 738
Lat. 42.22'N. it, 0.410 0 426
EL 29 ft. 6 31.4 31.4

Brownsville. Item
Law. 14113'N.
El. 20 ft

Caribou, Mamas
Lat 4611r N.
El 628 ft

Charleston. 11. C.
Lat. N.
a 46 ft

Cleveland. Ohio
La. 4114' N.
EL/MIL

Columbia. 340.
A Lat. 31118' Ne

13. 783 ft

Columbus. Ohio
Lat. 40110 N.
83. 833 ft

Dieu. Calif.
Lat. 3813' N.
F.1.44 ft

Dodge City has.,_

Lat. 37'46'

El 2392 ft

East Lansing, Mishigas
Lat. 4r44' t.
El 246 ft

It 1105.9 1262 7
0.317 0.500

6 63.3 66.7

f/ 49
.s7 579

841.6
R, o. at, 0.

ro 11.3 12.8

I'

1;
Co

Jt,

$4

946.1
0 341

33.6

466.8
0.361

30.8

631 3

0 458
32.3

11, 486.3
K 0.356
to 32.1

1!,499.2

0 416
4, 47.6

953.1
K 0 639
4 33.8

it 423.4
Ko 0
1. 26

36
0

1132.8
0.321
44.2

1280.4
0.448
43.0

1017.1
0.44
39.9

0.471 I 0.524 0 486 0.441
1401. 1838.2 .173331 I 2007.7

1'.3 44.0 39.3 62.6

1807 2018.1 2102. 2y04.9
0.351 0:581 0.344 0.543
63.0 73.2 80.9 82.4

1491.3 1883
0 726 0.463
2.1 20.3

1661.2 2046.1
0 383 0.388
46.6 65.6

1438 1776.4

0.484 0.305
44.9 38.3

1814 4
0.594
33.3

133(
0 438
49.3

1403 9 1714
0:505 0.309
70.7 76.2

2139'3
0 619
62.1

1721

0.538
43.6

459
1898.1
0
81.6

2053.3 1602.2 933.3
0.333 0 448 0.377
33.4 41.4 40.0

.21734
0.379
67.9

1943.9
0.316
67.2

2376.7
0 631

69.3

2305. 1929 1

341

0.634 0.606
76.1 73.3

1881. '1622.1
0.313 0.493
72.3 ,70.6'.

2500.3 2149.4
'0.684 0.680
19.6 77.2

1769 1864 Isep:s,

0.499 0 493 0.307
60.4 69 8 74.2

209241 2018 52345
0:384 1 9.627 0 660
81.4 1 85.1' 88.3

1360.1 1495.9f 1779.7 1779.7
0.619 0.307 0.509 0.473
24.4 37.3 1 31.8 61.6

1342.4
0.491'
40.4

681.9 1207
4.383 0.497
30.9 39.4

941 3 1313.11

0.492 0.320
38.3 43.9

744.3
0.401
33.7

945'
0.490
32.1

I186.3
0.301
38.7

739.1
0 431

25.4

1112.3
0.447
42.7

1504
0.591
56.8

1565.7
0.606
46.3

0 436
36.7

2063.4 2113.3
0.374 0 567

8 60.9

1443.91 1928 4

0.464 0 $43
30.2 62.4

1631 34 1999 6
0.214 0.549
47.7 06.7

1480. 1839.1
0 475 0.314
33.3 67.4

1939 23686
0.617 0 662

Ca 49 4.

2102.6
0 $59
72.7

2129 1
0.366
73.9

(2111)
(0 581)
74.2

2619
0 697
73.7

1370.1
b.480
73.8

1322.
0.323

4

62.2

780.4
0.433
33.7

413.6
0.336
48.3

1319.2 1290. 997.8
0.313 0.443 0.310
77.4 66.3 54.8

422.4

0.313
31.7

1141.3
0.381
61.8

1314

0.492
64.2

32.15 4 22.9
0.

18.6 2.6

I058.1 600.4
0.584 0.310
49.6 31.4'

195.2
0 332
43.9

731.6
0 474

47.7

-8.6

464.2
0.447
18.4 '

941 592.2 482.3
0.472 0.406 0 436
54.1 43.3, 31,3

1717.7" 1128.4 678.6 466.8
0.614 0 SW 0 494 0.442
66.7 56.3 42.3 331

1207.3 890 635 8 442 8
0.477 0 433 0 372 0 400
66.8 37.4 46.6, 34.9

2124 1774 9 1536.51 1104 8 9821
0 617 0 3661,0.370 0.468 0 484
S6.9 84.1 74 9 70.7 65.2

1898.1 1673. 1234 .793 413.3-4684
0.322 0.327 0 SO4 0.455 0.331 0 470
67.2 63.0 56.2 44 7 31.3 16.8

1849.4 1033.6 1331.2 1332.1 1073 4 932
0.454 0.569 0.325 0.444 0.339 0.486
82.9 82.3 79.1 69 8 59.8 44 0

2094 4 1840. 1410. 997 426.5 427 3
0.371 0 349 0 324 0 491 0.151 0.371
22.0 1.73.1 68.3 1 37.4 44.0 32 8

2148.ir 1943.1 1689 1202.6 820.3

6I

0 585 0.388 0 604 0.362 0 510
81.1 79.4 71.9 61.4 46.1

2041 1372.7 11893' 919.3 479

111

0.433 0 473 0 433 0.441 0.302
711 73 9 70.1 38 44.3

2543
0.697

6

81

1973. 2126.3 2439 2400.7
0 618 0.394 '0_635 0 662
37.7 45.7 77.2 81.8

1249 1732.8 1914 1884.5
0 406 0.489 0 308 0 314
48 4 39.8 70.3 74.

590.4
0 437
33.8

430.2
0.331

34.0

2257. 1866 1288.3, 795.6 350.5
0.687 0.664 0.398 ' 0.477 0 421
79.4 76.7 67.8 47 48.2

2210. 1841.7 1421 1065.3 272 8
0.663 0 654 0 640 0.623 0 662
82.4 73.7 61.7 46.3 36.8

1627.7 1303 3
2.492 0.443
2.4 65.0

489I.3

0.455
33.3

473.1
0.333
40.0

379.7
0 349
29.0

* Liu, 8.Y .H. and Jordan, R.C., "A Rational Procedure for Predicting The
/Long-Term-Average. Performance of FlatPlate SolarEnergy Collectors."
Solar Energy, Vol. 1, No. 2. pp. 71-74, 1963. .
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las etc

East Wareham, Mum.'
Lit. 4116' N.
EL, 18 ft

Edotootoa Alberta,
Lit. 3313.11.
El. 2219 ft

El Paso. Tema
Lit 3148' N.
El. 3916 ft -

Ely. Nevada
Lit. 3917.'. N.
El. 6262 It

Fairbaolut. Alaska
Lat. 61'49' K.
El. 436 ft

Fort worth. Texas
4 Lat. woo, N.

El. 544 It.

Fresno. Calif.
Lit. 36'46' N.
El. 331 K.

Gainesville. Fla.
Lit. 2934' N.
El. 166 ft

-

Glasgow. Moat.
Lit. 48'13' N.
El. 2277 ft

Graorluactioo. Colorado
Lit. 3907' N.
El. 049 ft

. Lat. 40'13' N.
El. ft

GteLake. Cob. -

Grist Falls, Moot.
Lit. 47'29' N.
El. 3664 ft

Greensboro. N. C.
Lit. 36'08''4
El. 11111 ft -

Griffis: G4orgia
Lat. ans. N.
El. 980 ft

Hatteras. K.
Lit. 33'13' N
El. 7 ft

Indianapolis. Ind.
Las. 39°44' N.
EL 793 ft ,

loyOkero. Calif.
Lit. 33-30.
El. 2440 ft

Ithaca. N Y.
Lit. 42'27' N.
El. 950 it

Lake Charles. Li.
Lit. 30'13' N.
81. 12 ft

Fader. Wyo
Lit. 4216' N.
El. 5370 ft

62

ff 304.4lr 0.39$
I. 32.2

331.7
K 0.329
4. 10.4

4, 1247.6
oir 0.686
to 47.1

A 871.6
R. 0.618
14 21.3

f, "0639
..7.0

4, 936.2
JC 0.330
to 48.1

A 712.9

ito 0.462
to 47.3

R., 1036.9
or 0.535
to 82.1

572.i
0.621

to 13.3

At 848
Rt 1 0.397
14 26.9

A 735
R. 0.341

I: 3240.332
to 25.4

id143.9
0.469

to 42.0

899.6
ir 0.313
1. 411.0

4 891.9
Jr 0.346
14 49.9

It326.2
0.360

to 31.3

t1148.7
0.716

to ' 47.3

434.3
0.351
2/.2

A 899.2
R,. 0.473
1. 36.3

8"
786.3
0 6S

t. 20.2

762.4
0.431
31.6

652.4
0.583
14

1612.
0.714

1255
0.660
32.1

283.4
0.556
0.3

1132.1
0.469
39.0

1163.3
0.624
86.'3'

2048.7
0.730
31.7

1749.;
0.692
39.3

860.3
0.674
13.0

Ayr leer lea I Mr

0.449
4.3
1341.7
0.564
42.9

1704.8

2447.2
0.741
67.3

2103.3 .1
0. .649
4.3 37.0

1431.2i
0.647
32.2

1196.3 1597.81 1829.1
I0.341 0.577 0.356

52.3 39.8 1 68.8

1116.
0.361
53.9

1324.
0.36
.63.1

963.7
0.678
17.3

1210.
0.633
33.0

180$.
0.346
50.3

0.320
67.3

19104
0.314
61.3

2731
0.733
84.2

2649
0.704
65.4

he Oct NMI Doc

1873.
0.311
74.1

1961.9
0.349
66.6

2391.1
0.632
84.9

2417
0.656
74.3

1970. 1702 9
0.329 0.483
62.4 63.8

1607.4
0.489
72.8

1328
0.306
63.2

M5066.3
0 9
83.4

2307.7
0.693
72.3

1247.64
0.463 0.419
38,3 47.1

1363.8.996.7
0.504 0.496
65.9 36

1115.3 704.4
0.306 0.504
34.2 44.1

2077.5 1704.
0 693 0.695
78.3 69.0

1935
0.696
63.7
ti

2103.1 2437; 2293 3 22164
0.585 0.154 0.624 0.653
73.9 84.0 87.7 88.6

1642.& 2049.4, 2409.
0.632 0.638 0.672
.59.1 65.6 73.3

1635 19.56. 1934.7
0.568 0.387 0.338
67.3 72.8 79.4

1437. 1741.
0.672 t 0.597
31.1 1 47.8

3622'.91 2002.
0 643 ; 0 632
44.6 35.8.

1133.4 1379. 1876.7
0.613 0.637 0.597
21.1 28.3 1 39.1

0.396 0.631 0.361
21.6 '384 47.7

1031. 1323.

1621.4

1736.3
0.499 0.499 0.343
44.2 31.7 60.8

1133. 1430.91 1923.6
0.317 0.586
011.0, 69.1 14.7

2127.3
0.611
59.3

1473
0.691
52.1

323.6
0.416
29.6

1880.8 1176
0.634 0 612
81.3 71.3

636.2
0.431
46

413.6
0.310
M.7

321
0 461
)4.8
243
0.492
14.0

1374.7
0.647 0.62e
.56.0 48.3

1078.6 814.8
0.658 0.64
39.9 31.1

104.1 20.3
0.47 0.438
3.3 -6.6
1147.6 1 913.6
0.376 0.503
38.8 . 50.8

2641.71 2312 24 2300 1897 8 1413.3 906.6 616.6
0.703 ; 0.682 0.686 0 663 0.633 0.312 0 44
80.7 187.3 -84.9 78.6 68.7 37.3 :$4, 48.9

1980.91 1893.8o 1873 8 1813.1 13121b 1169 7 1 919.3
0.531 0.319 0.347 0329 0.314 0.337 0'.308
83 4 83.8 84.1 82 73.7 67.2 62.4

2261.0 2414.7 1980.3 1531 997 371.9 428.4
0.602 0.666 0.630 0.629 0.316 0.34*
67.3 76 71 73.2 81.2 49:2 31.0 P 18.6

2300,3 2643:4 M17. 2157.2 1957.3 1394. 969.7 793:4
`0.643 0.704 0.690 0.65 0.706 0.634 0.39 0.621
66.3 73:7 82.3 7W.6 71.4 58.3 42.0 31.4

1971.9 2309.7 2103.3 1708.3 1713.8. 1212. 773.8 680 3'

0.3420.553 0.63
48.7 36.8

1970.81 2179.
0.363 0.580

.57.3 64.3

19M.5. 2111.4
0.354 0.363
69.9 78.0

2163.1 2176
0.601 0.583
74.6 81.2

1184.1 1390.4 2128 14376.4 2438
0.563 0.393 0.653 0.661 0.02
40.3 54.7 01.3 69.9 77,2

/97.4 1184.1 141.2 1828 20.42
0.424 0.472 0.47 I 0.311 0.543
33.9 43.0 54.1 64.0 74.8

1354. 2136. 2594.& 2925.4 3109.,

0.745 0.803 0.11 0:313 0.830
53.9 39.1 1 65.6 73.3 80.7

0.372 0.316 0.626 0.583 0.494
82.8 61.3 36.3 45.2 [30.3

2383 1986.3 1336. 984.9 573.3
0.655 0.627 0.626 .0.374 '0.503
73.8 71.3 60.6 31.4 38.0

2033 9 1810. 1317.3 1202. 908.1
0.353 0.531 0.501
80.2 78.9 73.9 62.7 31.3

2064.9 1961. 1605. 1352 4 1073 78
0,562 0.378 0.543 0.565 0.545

01420.

29.1.

690.8
0.479
43.,

781.5
0.467

831). 82.2 8 I 68 34.3 49.4

2334.3
0.634
80.0

10305
0.534
796

2015 1738.31
0.619 0.605
'79.8 76.7

1832.1 1313.3
0.362 0.349
77.4 70.6

1337.6- 1053.3 798.1
0.511 0 333
67.9 .1 31.3

1094.4 662.4 491.1
0.320 0 413 0.391
59.3 i 44.2 33.4

2908.8 2739.4 2409.20 1819 21 1374.1 1004 4
0.790 0.820 0.831 0.793 0143 0-742
87.3 84 9 78.6 68.7 37.3. 48.9

736 1074 1 1322. 1779.3 2023.111 2031 31.1736.9 1320. 918,4 466.4 370.8
0436 0.45 0.428 0.502 0.538 ' 0.354 0:630 0 497 0 463 0.324' 0 337
26.3 36 4.4 39.6 88.9 73.9. 71.9 "i4.2 53.6 41.3 . ' 29.6

1145.7 H117 4! 1801.& 2080 4 =13.3 1968.019110.3 1678 2' 1306.3 1I2 *.1 873 6'
0.492 0.321 -0.342. 0.378 0.397 0 538 . 0534 0 533 0.597 0.324 Q 494
38.7 63.3 70.9 77.4 83.4 84.8 85.0 111.3 73.8 62.6 14 9

. :
1146.1 1638 19113 2114 2492.2 2438 4 2120 6 1712 9 1301 8 837 3 . 694 8

.0.672 0.691 0.647 0.307 0 662 0 645 0.649 0.617 0 666' 0 389 0 643
26.3 34 7 43.3 36 0 1 65.4 74.6 72.3 I 61.4 ,48.3 33 4 21 8
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. 7w feb Ws Alt 16, JI 7 As* So act
1se* 1 Det

--

Lao 1regm, Nov.
1.14. 36105'N.
D.21011

!Anew. Mao'.
Wit. 41'40'N.
E3.611$ 1t

yealagtos, Icy.
Lis.neorh.
E2.079 It

J
Liscols, Neb.
1.414.44111' N.

El. 1114t1s

Little &mat. Ault.

.14.3444')I.
£3. 265 It

totAsslIss.Ca111. (WBAS)
Lst.3316' N.
£3.99

Los Ausimiss,U111. (171110)

Lat. 34 N.

1ladimm,189s.
Lst.4308 N.
£1.866 (t

NIstsaos(ts;13asks
Lat.111430' N.
E1. 18111It

Medford, °repo
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El. 1329 ft
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Lit. 31.36' N.
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Lat. 4119' N.
El. 60 It
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Lat. 40'46' )1.

F. 52 ft

)sk 114141. Tess.
Lat. 36'01' N.

4.906 ft

)kIlhorma City, Oklahoma
Lat. 33'24' N.

D. 1304 ft

Maws, Ontario
14(.4310' N. ,
E1.339 ft
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...at.3326' 21.

E1. 1112 ft

Cari1sed. %Isis.
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1036.8
0.664
47.3

ago)
(0.456)
28.9

58.5

7124
0.142
27.8

704.4
0.424
44.6

930.6
0.347
56.2

911.8
0.538
57.9

564.6
0.49
21.5

119.2
0.313
13.9

436.4
0.343
39.4

1292.2
0.604
71.6

1066:4
0.387
47.9

589.7
0.373
42.6

566.7
0.438
29.3

339.3
0.406
33.0

604
0.382
41.9

938
0.662
40.1

536
0.499
14.6

1126.6

0.64
54.2

4414
482

21.7 1

1438
0.697
53.9

0

44,1

965.?
0.528
32.1
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0.468
46.3

1284.1
0.406
56.9

1223..'

0.568
50.2

812.2
0.475
24.6

346
0:408
21.0

804.4
0.464
45.4

1554.
0.636
72.0

1345.
0.396
32.8

907
0.440
45!1

856.4

O.

32.0

190.8
0.431
34.9

895.9
0.435
44.2

1192.

0.371
45.0

862.4
0
13.6
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0.691
68.11

874.3
0.324
24.3
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.

1926.

0.724
60.3

1264.7

0.323
39.3

47.4

1299
0.532
42.4

13351

0.496
86.0

1729.

0.635
69.2

1440
0.602
61.5

1232.1
0.322
35.3

,

27.4

12.4.44,1807.41

0.327
63.5

18284
0.612
13.8

1184.8
0.638
60.0

1246.8
0.4I2
52.9

1231.

0.307
39.6

1180.4

0.480
43.1

1311.7
0.471

51,7

1334.11.

0.576
53.2

1250.5
0 554
27.7

1967.1

.716

1329.
0.569
34.4

,r..--......----

2322.
0.719
69,3

1411.

0.477
44.7

57.8

1534.

47.

1587.

0.507
55.11

1669.4
0.313
65.8

1948
0.596
61.4

1866.
0.371

3

1155.,
0.474
49.0

1327..

0.545
38.6

0.384'0.623
36.3

2020..
4:600
77.0.

2695.1
0.617
MA
1862.
0.614
63.0

1484..
0.477
48.2

1428.

0.455
52.3

1889..

0.524
61.4

1$49.4t
0.370
0.6

1506.

0.502
43.3

2388.

0.721
72.2

13211 4.

500 1
44.8 135.4

2429.3
0.732
78.3

W
1866
.323

69.2

,2171.

0.618
.87.5

.1856.1
0.322
66.8

1960.1
0.446
73.1
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0.610
64.2

2061.
0.373
67.6

1?45.4
0.493
61.0

1628.4
0.494
50.3

2216.

63.1

20484
0.37$
79.9

2301.1
0.639
77.2

1097
0 356
71.4

1849
0.320
38.6

1738.4

0.484
83.3

1942.
o 541
69:8

2006.1
0.558
71.2

107.2
0.320
37.3

2709.
0.753
80.5

1923
0.344

2799.

0.746
58.2

2041.7
0.542
70.8

-.
76.2

2040..
0.542
76.0

2091.
0.354
76.7

2272.3
0.608
66.7

2239
0.606
70.7

2031.7
0.340
70.9

172/.6
0.466
57.6

2440.6
0 644
69.4

1991.
0.54.5
42.9

inr:Ir
0.622
83.9

2149.4
0.373
80.1

'2019.2
0.536
67.0

1904.1
0.53
72.2

2066.4
0.531
77.8

2336
0.629
80.6

2084.
0 544
67.3

2751.
0.743
89.2

2017.8
0.536
65.1

2324
0.685
96.0

1990.81

0.542
73.6

2246.
0.610
79.8

'2D1I.

0.547
82.6

2081.
0.366
86.1

2413.6
0.637
69.6

2428.
0.66
73.5

2046.
0.669
76.8

1326.

0.434
60.1

2647.4
0.710
76.9

1992.
0.532
84.1

2331.
0.826
86.7

2079.
0.366
83.2

1942.

0.329
72,2 1

1938.71
0.528
76.9

1972.
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80.2

2273.
0.815
85.3

2045.4
0.560
71.9

2450.3
0.667
94.6

2096.6
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71.1

...--....

2342
0.697
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1836.

0.354
74.3.

2064.
0.619
75.2
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86.6
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70.2

2144.
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76.1
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74.4
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0.419
51.1

2261.
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76.4
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34.3
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2062
0.716
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92.8
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71.3
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78.3

18911.1

0.841
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0.643
74.2

1443.9
0.549
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0.401
50.2

1672.

0.628
69.6
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' 0.523
83.3
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0.642
75.9

1600.7,
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76.6
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66.7

1349 4
0.300,
69.3
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77.4
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61.3

2131.3
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71.7
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37.6
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0.604
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i213.

0.596
59.9
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67.9

1372.
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66.1
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69.6
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38.7

1436.
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1036.4
0.312
36.2

917.5
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62.7
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66.3

826.9
0.430
48.9
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0.708
73.8
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31.8
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43.0

--
--
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34.7
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0.372
22.9
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47.1
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56.6
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52.3
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0.44
46.3

596.1
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48.3
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0.438
50.4
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0 588
32.2
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63.6
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46.7
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0.366
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0.364
13.9
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0.313
40.3
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49.1
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0.426
44.3

327.7
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34.4
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37.7
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RapW Car. S. L.
Lat. 44'09 N.
E3. 3216 ft

Riverside. Calif.
Lat. 3317' N. .
El. 1020 ft

Use Cloud. Mien.
Lat. 4415' N.
EL 1034 It

Salt Lake City, Utah
Lat. 40'46' N.
EL 4221 ft

Sas Antonio, Tex.
Lat. 29'72' h.

_EL 794 It

!Santa Maria Calif.
Lat. 34541 34.

El. 238 ft

Sault Sts. Marie, 141i Chips

Lat. 44'22 N.
EL 724 (t

Sayville. N. Y.
Lat. 40'30' N.

El. 20 It

Scheseetady, N. Y. 0
Lat 42'30' N.
El. 217 It

Seattle- Wash.
Lot. 47'27' N.

EL 386 ft

Seattle. Wash.
Lat. 47311' N.
EL 16 ft

Seabrook. N. J.
Lat. 3230' N.
El. 100 ft

Spokane. Wash.
Lat. 4740' N.
El. 1968

State College. Ps.
Lat. 4048' N.
El. 1173 ft

Stillwater, Okla.
Lat. 35'09' N.:
EL 410 ft

Tampa. Fla.
Lat. 2142 N.
El. 11 ft

Terence. 04tario
Lat. 43'41' N.
El 371 ft

Tues.., Amens
Lae.Lat. 32'N' N.
EL 3636 ft

Upton. N. T.
Lat. 40'W N.
EL 76 ft

Washieros. D. C. (WRCO).
Lat. 38 31' N.
El 114 ft

*is . Mae.
054' N.
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167.6
0.601

24.7

999.6
0.589
36.3

432.6
0.392
13.6

622.1
0.468
29.4

1046
0.541

$2.7

913.6
0.59$
54.1

4811.6
0.490
16.3

.1
0.440253

36

488.2
0.406
24.7

287.6
0.290
42.1

252
0.266
38 :1

581.1
0.426

39.6,.

0.478
29.3

301.3
0.361'
31.3

0.484
41.2

1223.4
0.606
64.2

61.3
0.388
24.3

Ant

1032.
0.627
27.4

1333
0.611
37.0

976.7
0.628
16.1

946
0.909
'36.2

1299.
0.530
38.4

1296.
0.613

55.3

843.4
0.560
16.2

238.

0.311
2

34.0

75.
0.441
24.6

320.
0.365

6

45.0.

471.6
0.324
42.$

846.
0.433

2

37.6

1303.7
0.649
34.7

1730.

0.643
40.6

1383
0.114

20.6

1301.1
0.329

1460.1
0.542
65.0

1146.
0.671

37.6

1336..
0.606
25.6

1259.4
0.310
43.1

1026.
0.433
34.11

992.2
0.436
41.4

1.3
.0$.7423

46.$

237.6
0.379
31.7

749.1
0.413
31.41

1041. 1403.
0.527 0.466
45.6 43.8

1461 1771.
0.600 0 006
63.7 68.8

1106.

0.476
43.$

1100-

11.111,0611Now

Pm 1 Nly i Avit kg. I On ! xe. t pet
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-...-..- -....-..-61.............-- -.- -I _

1807 248 2143.1 2233 2019 1623 117$ 3' 763.1 593.4
0.394 0.374 0.683 0 612 0.522 0.028 0.624 0.216. 0.588
48.2 66.3 67.3 76.3 73.0 64.7 32.4 38.1 29.2

1943.

0.394
63.0

1698.1

0.334
44.2

2282.

0.026
694

18513.4

0.530
58.8

1813.

0.378
$3.$ 113.1

1604.

0.300
72.2

2067.
0.636
39.3

1550.4

0.326
30.3

2024.7
0.463
19.2

1073.

0.641
61.2

1162.

0.560
52.1

0.498 0.322
32.3 63.3

1400 1857.

12r21, 1533.1
0.413 0.438
48.3 61.7

16W7- 1841.
0.310 0.538
54.1 59.6

1373.6 1664.
0.468 0.477
41.11 511.1

1316. 1800.7
0.461 0.304
54.7 64.1

2422.

0.667
74.0

2003.

0.533
68.3

2443.

1

2263.

48

0.665 0.068
81.0 81.0

1087. 1828.
0.373 0.570
74.4 71.1

71.7 81.3

814.8
0.220
85.0

2699.5
0.09$
63.3

2064.
0.34$
61.6

2110.

0.564
72.2

1687.
0.448
70.8

1909.

0.506
64.4

1724

0.459
62.6

1964.
0.322
74.1

2364.
0.647
87.4

2340.

0.690
63.3

0
214$.

$90
67.3

2040.

0.563
76.1

1662.
0.454
76.4

2110.7
0.661

68.4

1802.1
0.406
67.2

1940.8
0.530

71.8

1200 1763.2 2104.1 2226. 2479.7

0.356 0.642 0.403 0.593 CLAM
40.3 46.2 ST.10 44.6 1 13.4

1106. 1399. 1154.6 2027.10 1968.

31.3 63.4 71.8 73.811.11

0,431, 0.448 0.4673 0.539 0436
3

60 74.3

406
16.0

1088.
0.467
34.2

3702.6
0.328
84.2

2016.
0.602 0.620
74.3 79.4

1953.3

0.8
786.3

6

1369.4
0.131)

82.3

1689.3
0.621
68.7

2184. 1844.11

0.637 0.003
87.8 82.6

2293.
066.678

.7

1767.

0.534
66.0

1734.7
0.524
73.3

1494.
0.458
73.7

1688.
0.333

1617
0.311
66.7

1963.7
0.074
65.13 .

1107
0 481
37.4

1448
0.330
69.5

1124.7
0.426
64.6

1211.
0.492
63.3

1129.1
0.439
61.6

1409.

0.634
71.0

1123.4

0.490
50.2

1150.

0 610
37.0

1149
0.606

93.1

543 4
0.435
32.1

42.3

1487.41 1104.4
0.384 0.407
74.7 63.3

1306.4 1169
0 676 0 024
64.1 60.8

809.2
0.437
46.6

1067.4
0.327
39.3

820.6
0.420
53.1

702.2
0.407
36.3

4872
64.0

1713 1445.7 1071.
0.317 0.324 0.408
77.7 69.7 '61.2

2076 1311 844.6
0.656 0.616 0 494
71.7 62.1 31.3

1600
0.312
13.4

1874.3 2235.6 2224.2 2039.1
0.423 0.196 I 0,407
71 6 840 86.1 85.4

2224 2146.3 1991. 1343

1386.
0 448
46.3

,1711.5.

0.306
SS

0.583

13.0

1941.7
0.316

0.348
84.0

194.6
0.539

71

0.337
84.4 .

rigis
11.0

1336.1 1017
0.492 0 490
66.1 43.6

1724.3 1314
0.399 0.481
77.3 6/.6

1657.

0
12..5461

1284.1
0:493
64.3

312 2
0 323
33.4

607.8
0 450
41.3

430.2
0.309
40.1

386.3
.0.336
48.4

325 3
0.234
45 7

721.8
0.44$
46.3

486.3
0 428
37.4

0 074
43.2

901 3
0 448
32.6

1493.3 1318.4
0 372 0.390
77.2 69.6

835 , 468.3
0.138 0.336
52.6 40.1

1171.4 1453. -- 2434.71 -- 2601.41 2292. 2179,7 1640 1322.1
0446 0.646 0.731 '-- 0.696 1 0.62$ 0.640 0 672 0 640

t. 53.7 37.3 62.3 1,69.7 76.0 87.0 90.1 87.4 64 73 4 62.3

K.
513 172.1 1230 4 1409. 1$91 3 2159- 2044. 1139.6 14 7 1102 4 A$6 7

1, 35.0 34.1 43.1 52.3 63:3 72.2 76.03, 74 3 . .69 3 39.3 44.3
0.444 0.483 0.322 41 444 0.332 0.374 0.437 0 342 0.3 0 538 0 448

4 1 632.4 ; 101.4 i 1204 ' 1660 4' 1840.8 2060 1929. . 1712 ? 1446 1 1083 4 763.3 594 1

1117$ 7

0.626
37.2

463.1

0.504
16.3

542 8
0.467
34.0

944.6
0.528
36.3

243 $
0.627
36.1

359 8
0.408
21.11

533.$
0.447
37.7 '

356.8
0.331
28.0

239.
0.2)2

3

44.4

218 1
0.26$
41.3

322 3
0 436
30.3

279
0.343
30.3

443.4
0.376
32.6

'783
0.444
43.$

1111.5
0.380
65.3

352.6

30
0.346

1132.1
0 670.
56.1

551.3

0 4017
31.

K. 1 0.443 , 0.470 1 0.496 0 404 0,316 0.633 0.324 1 0 316 0 329 0 446 0 464 CO 4e0f i 36.4' 30.6 : 48.1 37.3 10 7 76.2 k 7111 4 77.1 72 2. 609 30.2 : 43.2

2
! 486.2 1 104.4 1354 2 1641.3 1404.4 1962 2123.6-1741 2 1100 4 767 3 444 6 343

A. 1 0 601 ; 0 cm 0 661 1 0 374 0.340 0 324

A. 1 3.2 1 1.1 21 3_ 40.1 , 45 $ 65.3

0

0 367 0 667 :10 404 0 462' 0 436
71 4 . 69 4 56 6 AS 0 23 2

0 301
(0 1
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P.

measures
Metric Prefix

.nano

micro 4

milli
centi

kilo
mega

energy
1 British Thermal Unit

1 calorie
1 foot-pound
1 joule
1 kilowatt-hour

V

Common Usage

1 billionth
1 millionth
1 thousandth.
1 hundredth

1 thousand
I million

Scientific Notation

.10_3

110-2 ,0

106

10

(Btu) = 251.99 calories
= 1055.06 joules
= .0002287 104,stt-hours
= 003968 Btu
,..e4048
= watt sec

\= 3414.43 Btu

...energY density*
1 c00;07sq. cm. = 3.68669 Btu/sq. ft.

1 tto /square foot = .271246 calories/sq.

1 langley. = 1 calorie/sq, cm. ,

4

powerr-siefeniiity .

1 cal. /sq. cm./min. 221.2 Btu/sq. ft./hour
1 watt/sq. cm: =,3172 Btu/sq. ft./hour

power n.

I Btu/hour
-

1 watt

flow Vet&
1 cobic foot/minute
1 liter/minute

velocity
1 foot/minute
1 milehbour
1 kilometer4hour-i/C

-at

=4.2 calories/minute
= :292875 watts
= 1 joule/sec

.471.947 cubic cm./second
= .0353 cubic feet/minute

= .2642 gallons/minute
;

.508 centimeter/second'
1.6093 kflometer/hoist.

.621 mph
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inass/weight
1 pound

i)ton
1 kilogram
1 metric ton

6

liquid 'volume
1 gallon

1 quart
1 liiter

dry volume
1 cubic foot
1 cubic yard
1 cubic inch,-

. 1 cubic centimeter
Iibic meter

area
1 square mile

1 square yard

. 1 square foot,
1 square inch
1 square centimeter
1 square meter

1 square kilometer
1 acre

length
1 mile

1 kilometer

Jwyard
1 meter

a/ . 1 centimeter
1 inch .

1 foot

1 angstrom

t.

temperature

9,3

= 16 ounces

.45359 kilograms
907 kilograms

= 2.2046 pounds
= 1000 kilograms
= 2204.6 pounds

A

- 4 quarts
3.7854 liters

= 231 cubic inches
. .9463 liters

1000 cubic centimeters
1.0567 quarts

% .2642 gallons

I

= 28317 liters
.7645 cubic meter

= 16.387 cubic centimeters
= .06102 cubic inches i
= 35.3145 cubic feet
= 1000 liters
1.358 cubicSards

= 640 acres
= 2.59 square kilometers
. :836 square meters
= .0929 square meters
= 6,4516 square centimeters
=, .155 ,square inches'

10.7639 square feet
= 1.196 square yards
= .3861 square miles
= 43,560 square feet
= 4047 square meters

A

=5280 feet
= 1.6093 kilometers
= 1760 yards
= .621 .miles
= 1000 meters

.9144 meters.
= 39.37 inches
= 3.28 feet
m .3937 inch

= 2.54 'centimeters

_ .3048 meter
1X14

-8
centimeters

=5/9 ( -32)
= 9/5 ( C +32)

4
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41.

_ .

Plants can be used not only as*design elements but as functional units that can
have significant impact: on the amount of energy required to heat or cool buildings.
This concept is not a new idea, for it has, been practiced by.man throughout
history. .During recent yearf, the gen'erti -public and the professional designers

have not shown any interest in this concept because energy was cheap and readily
available. This is no longer the case, and the use of landscaping for energy
conservation must receive recognition'on the, basisof sheer economics. The U.S
General Services Administration predicts energy costs will double in the next,five
pars. Energy optimized buildings will be a necessity for survival.
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History. Early American Indians demonstrated an acute awareness of the earth-
sun relationship in her desert cliff villages. Note the use of the landforOP

as a passive solar system. (See Figure 1.1) kot

The ledge above shields the cavern dwellings from high summer sun-the mass of the,

walls feels cool to the touch. This works only. with south facing openin,gs. Not

onl is it very comfortable in the summer; but in the winter the, sun i lowerin,. .

i south, filling the cliff dwellings with sun. During the day, the sun ,414

wa the stone walls which hold the heat for night* release.' Indiarelpick or geniis
4 °
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II. Energy Consumption Cost Analysis (See Figure 2.1). This analysis is based on

Carolina Power and Light Company data for the Raleigh area Note that the
typical cooling cost is 40%, the typical heating cost is 25%, the typical
lighting cost is 25%."with the other cost at 10% for a typical facility.
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According to another source, spaceheating and coolink represents 32% of
nation's energy consumption. Proper use of landscape plantings, the proper
orientation of-buildings and building openings, and the proper insulation of
windows could save 20 to 25% of the energy required lor heating and Cooling:
Carrying this concept further, we can identify one other area for energyy'

conservations the use of lighting only in areas where a task is being
performed as opposed to a large generalized use of lighting, which creates
a lot of heat. This heat works well in the winter months, but in the summer-
months this fighting energy must be et:Wed by cooling energy.
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light = heat
- 0

Remember this formula
energy' Conservation.
lower heating/cooling

, course primarily with

fit

100

./

$

.

0

... .

. .

for it will controT all of,your conscious thoughts about
There are four areas which-are-instrumental in achieving /
costs. (See Figure 2.3) Wewill be dealing 1p this
concepts pertaining to landscape and orientation,
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NERGY OPTIMIZED B DINGS

orientation

window insulation

area lighting.
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III, Site Orientation. In North Carolina, we are located within'the Solar Bele(Se
Figure 3.1), The Solar Belt is defined as the area within which the amount of
solar energy in houri-per'year reaches at least 2,800-3,600, an amount which
can be significantly *tiled as a positive energy source or must be coped with as
a neglItive force requiring energy,to cool our environment for living and working.

.

t

n



t.,

-39600
ours annually

JI.

s

..rk 04



t

s

-

104

,

s

I
.

S

t

.

.

Sun angles and sun paths vary from summer to winter.

,.. i -..
#

0 1 ,

sL

(See Figures 3 2 and 3.3j
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sun angle , 1.
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sun .path fig. 3.3.

For example, if a typical house ,is built in our piedmont. every §0 square feet
of unshaded west facing window space in the house will increase the; peak air
conditibning demand in'the house by approximately a ton. The se* happens to
a lesser degree on the eastdfacihg window space when the low angle spring and
fall sun strikes the glass surface. A'See Figures 3.4 and.3.5)

As the sun's path is shortened or extended, depending on'the season, certain
facades of the building will receive varying amounts of-direct sunlight. On
a true south oriented structure, the south face receives$4pproximately the
same number of solar hours regardless of the season. The east and west faces,
however, receive much less sunlightin the winter than in the summer. In the

Piedmont, on a true south facing building, the south facade will collect
approximately six hours of direct sun every day of the year. The east and
west faces combined will collect approximately four hours in the winter and
eight hours in the summer.

a

By interpolation wecan see that.the east and west. faces receiveapproximately
six hours of heated low angle sun in thespring and fall months. It-is not
uncommon for many of oar buildings to be running a cooling cycle for eight
months out of. the year, versus a heating cycle of only four months. To reduce
summer cooling expenses. plant deciduous'trees.on east and west facades as
well as the south face.
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When selecting a site for evelopment, certain qualities should be kept in
mind. . .

1. Site orientation for southern exposure is desirablg. Solar energy and
attention to natur systems and forces,can be beneficial to conventional
buildings as well .s "solar" structures. A desirable site will receive
direct sunlight.

2, If the site hal a slope, it preferably should be south or near south facing.
3. The proposed tiding locat on(s) should not be obstructed' from solar

gain byist ures on adja e
4. Wooded site With large t ees already established are most valuabli,/nt properties.

providing he trees can be preserved.
5. The site hould be well !drained. Water resources which originate or

cross a ite are 41so generally desirable. .

6. Soils re also a consideration in site selection.Af the 'site is partially
fill irt, it should be well settled before any building takes place.

Sol composition should not be extreme(i.e.,,sand or clay). Plant growth

a drainage are the prime concerns relating to soil composition. For
curate analysis; 401 tests and borings can be taken, to determine the

quality of questionable soil., t

IV, Influencing Factors. The major factors that affect human comfort are air
twerature, solar radiation, wind and humidity. Perception of heat or cold
don be a result of any one or a combination of these influences. The bottom
line for the use of energy in buildings k to establish a feeling of comfort.,
Through the use of proper plantings and landscape design, a comfort zone can
be Created inside'the building. For example, the direct sun rays coming into
a building through glass areas which have no protective overhang or tree cover
(See Figure 4.1). Create, inside the building; a hot glarish climatic zone to

,work in with colder areas just beyond. These areas are termed microclimatic
variations for they exist as smaller climates within the larger;building climate.
The only control in the building is through internal Means or by changing clothing.
Through landscape design the impact of microclimatic variations can be tempered
to help insure one's feeling of thermal comfort.

Screen plantings and earthforms can be utilized on northern exposures.and
entrances to insulate from winter winds. Deciduous trees can be used to filter
light and provide shade in summer time, while allowing penetration of direct
sunlight in winter. Groundcovers and shrubs can bemused to cut glare from hard

paved surfaces.
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V. The Diffev'ence Betweem Climate and Microclimate. -There is an important
distinction between climate and microclimate wOiEh must be understood before 1

effective landicape design can be accomplished.
,

Climate refefs 0 the eneral Character of temperature; solar radiatiqn,
humidity, wind, and pr capitation that prevails over a region of conliderable./
geographical area.

Microclimate refers to
elements as they are
vegetation, presence
as fencet; walls and
should be used to cre
client,

the specific or localized character of each of hese
dified by local typography, slope., orientation,,
f water, burnings,:and other-landscape elements such
avements. All site charaCteristics are tools Which
to amicroclimate bestsuited to the needs of the

VI. Temperature. The no
80 degrees. If the
is required. The a
structures and huma
Figure 6.1). Depi

1) Direct r
2) Reflecte
3) Diffused

mal tolera6le.average temperature range is between 60 to
average 'falls above or below thispne,.heating or cooling
ount and duration of sunlight affects haat radfation'on.
s. There are several different types. of radiation (See
ed are: -

diations from the sun. .

radiations from light ground surfaces, . ,

radiations from and through clouds',

types of radiation *fig. 6.1
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VII. Radiation. .

,

It takes a careful evaluation of natulel a d structural to understand-:' -/
the full impact of these various types of adiation. However, certain baste. s

assumptions can be made. The most simple relationship is the one which . .
.

involves the selection of plant materials which will screen or deflect the' '
0

direct and diffused radiations from strikidg the grdund or building-surfaces. "
a,

Obviously, the placing of till deciduous trees tikwien the welt, south and east
. ,

faces of the building would keep these building faces shaded ?from the ,t

idiations in the spring, summer and fallwhile allowing the warming winter
radiations through es the leaves are naturally drpOped from the trees.

Y

.Trees must be selected whell 041 grow fast and tall. The maples and oaks,

, for example, will grow.to a height of sixty ,feet in thirty-years;whereas,
Japanese maples and dogwoods,011 only reach twenty feet in thirty years.
Fifty years would find the maples and oaks reaching.a hei9htof seventy to .

i.

eighty feet,"whereaS the smallerjapanese maples and.dogwoods'would remain at..}%
. about twenty feet in height. A deciduous tree, as it changes throughout the

, .All seasons, can be considered a passive system within itself. (See.Figyres 7:1 ; ,v , -13""

and 7.2) The maximum height end rate of groWth are critical factors fit the s' .'', .

. selection of plantings for controlling.radiation. (See Figure-7.3) %Aneven,..
t.. s .,

more effective screening of buildings can be accomplished by careful placement ,
, ..-

.
. of mosses of deciduous shade, trees. (See Figure 7.4) .

.
. .

.

. .

Vines have a potential when underStood. With proper structural,
support vinescan prOvide overhead shade. They can ,also reduce the .

amount of heat gain when growingion building wells. For example,
deciduous vines such as Bos,top Ivy could cover the masonry:areas.of'
a building and their: green foliage massbecomes an insulating
blanket,for keeping the structure, cool in the Summer. In the winter
the leaves would fall off, leaving the masonry elements open tb the
sun's rays which would then allow' the storage ofwarmth-in these
elements by day to become a thermal hUffer during the nighttime.

.(See figures 7:6, 7.6 and 7,7). ;
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The examples shown infigure.7.7 depicP vines.growing directly on masonary
wails. An alternative method would involve the attachment of a trellis to
the wall for the vines to climb on This method minimizes damage to the
masonary, since to roots are attached to the climbing structure. Spacing
of boards on the rel3is should be generous (1' - 11/2') so that solar
gain is not seriously reduced.
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VIII. Humieity.Aigh levels of moisture in the air will detract from human
comfort. Since evaporation/cooling involves the release of moisture into
the air, highly saturated air will retard evaporation and prevent cooling
Dry air is a better insulator than wet air. Moist air as a conductor will
allow cold to penetrate, thus reducing the effectiveness of insulating
materials. Areasyith a high percentage of moisture in the atmosphere
require plant materials that encourage air circulation, while areas
lacking humidity need td exploit landscape features that will add to
the moisture content.

Air circulation can be created by using plant screens to divert and
channel breezes to areas otherwise sheitered.from wind Currents. This
will reduce humidity by forced evaporation. Plantings should be
used to deflect rather than filter air flow. Reduce undergrowth to
'allow free flow of wind.

TO increase moisture content, several measures are available. Since
plants, particularly large broadleaf. trees, transpire large quantities
of water in a days time, merely increasing the volume of plant materials
will add to moisture present in the air. OtherwiSe, bodies of water
may be incorporated to supplement humidity by evaporation. Refer to
Core Section (page 16) for humidity and temperature torrelations.

.I . Wind. Wind has tremendous influence. Its interaction with temperature

i

factors can result in either positive or negative impacts depending upon
the combination. By knowing the seaebnal and daily wind patterns in
combination with the orientation and shape df buildings, fences, earth
fbrum and plantings, the landscape designee can take the best advantage
of the wind forces or minimize them when the ,impact is negative. Ever- .

green windbreaks can be used as a protective device to screen off(See

figure 9 1) cold winter winds from the north Refer to the core section
(page 17) for wind flow patterns.
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Evergreen wipdbreAks can be used as a buffer to control or change wiI
patterns. (See Pigwes 9.2 and 9.3)

1

t.

fig. 9.2 wind filtration



wind deflection

Deciduous screen windbreaks can be likewiscused.to deflect warm
. breezes in the summer while allowing them to penetrate their
defoliated mass during the winter months,

t

fig. 9.3
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X. Thermodynamic Effeits, The final component to consider in energy
conservation design is the understanding of the thermodynamics of
mjcroclintstic factors. The laws of thermodynamics, maintain that
heat cannot move from the colder body or mass to the warmer one.
Rather, it is the wanner of the two bodies that loses Mat and the
colder one that gains. In fact, heat will seek out cold and there
is a constant attempt at equilibrium.

The two ways that proper tandscape design can minimize this heat
exchange is by using plant materials in an effqctive way to cut down
heat loss from a building in the winter and heat gain to a building
in the sunnier. 'We have mentioned wind previously for a reason. The
turbulent or laminar wind thrusts put pressures on all fixed elements
in their paths. In a building, the cracks or openings around windows
and doors allows this wind pressure to actually force heat or cold
into the interior "spaces.

Another remedy front, the past to 'tint down on hefitloss was the
vestibule. (See:Figure 10.1) This two-door,airlock cuts down on heat
lots or gain simply bsvcause it isolates .eneutral zone of heat and
aitl'pressure through Tvhich excessive"changes of temperature will riot

occur due to this buffer zone-.
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XI, Summation. Common sense is the basic 'plan for energy efficient
landscapes. Trees, shrubs. ground covers and turf are the'basic
tools that can be used to create aesthetically pleasing yet energy ,

conserving designs. A landscape that uses the sun's heat energy for
winter Space conditioning and.denies this same sun's heat energy for. '

summer spaceconaitioning is the best solution.

Deciduous trees are the Major plant element to minimize the negative
aspects of summer radiation while allowing the pos4tive aspects of
winter radiation when,the leaves have fallen.

Evergreen trees block the sun's radiation in all seasons; therefore,
they should not be close to a building in areas where the winter
solar heating is needed. Their chief value is as windbreak plant g

where their evergreen mass breaks up the cold winds, particularly
from the north.

.Shrubs are not as easy to use as climatic conditioning devices.
Their size and growth patterns make them suitable for use with

. taller tree plantings for the purposes of blocking, channeling o

deflecting. (See Figures 11 ,1 and 11.2)

Groundcovers are useful in stabilizing soils Additionally , groundcovers can
reduce reflected radiation when 4placed below windows and around buildings.-1--.

. Vines are also considered groundcovers as they serve the same functions.
Vines are additionally useful for radiation control because they are climbers
which can cover structures as well as ground. Some varieties are deciduous.
Deciduous vines perform best as solar radiation control tools. Evergreen
vines serve best as windbreaks when used on walls or fences. -

I .







['hint List for Energy Conservation*

PLANT

-' RED MAPLE
SUGAR MAPLE
WILLOW OAK
WATER OAK
fIN-OAK
MAGNOLIA
'HEMLOCK
RED CEDAR
WHITE PINE
CHIN. HOLLY
WAX MYRTLE
LIGUSTRUM
BOSTON IVY
ENGLISH IVY

TYPE USE

DEC, TREE
DEC, TREE
DEC, TREE
DEC. TREE
DEC. TREE

EMU TREE
EVERG TREE
EVERG TREE
EVERG TREE
EVERG SHRUB
EVERG SHRUB
EVERG SHRUB
DEC. VINE
EVERG VINE

SOLAR CONTROL
SOLAR CONTROL
SOLAR CONTROL
SOLAR CONTROL
SOLAR CONTROL
WIND SCREEN
WIND SCREEN
WIND SCREEN
WIND SCREEN
WIND CONTROL
WIND CONTROL
WIND CONTROL
SOLAR CONTROL
YEAR AROUND BLANKET

* The plants listed here were chosen because they are native to or grow well
in North Carolina, serve the purpose of energy conservation well and are
reasonably priced.

I
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greenhouse design
history
I. The greenhOuse has been a reality fdr the last 200 years. While the idea existed

for centuries, the refining of the original concept has just begun.
The Twentieth Century Unabridged Dictionary defines the pre-energy greenhouse:

greenhouse - A house, the roof and one or more sides of which consist
of glazed frames, for the purpose of cultivating exotic
plants, the temperature being kept up by means of
artificial heat. ,

The true greenhouse, or hot house, was originally developed for use in the
lowlands of Europe. The climate was mild and days were generally overcast. As a

result, summer overheating was not a problem, and winter temperatures were
moderate.

Paxton created the crystal palde for the 1851 World's Fair in Paris: The

structure was a metal frame completely covered with glass:. As an exhibit hall,
it protected from the elements, while adding a new dimension to the concept of
the greenhouse.

Shortages in conventional fuel reserves have expanded even Paxton's concept.
Today man views the greenhouse as a multifaceted structure capable of heating
his home, enhancing his environment and producing his food. We recognize the
correlation between man and his environment, as well as the effects of the .

manmade environment on this relationship. By understanding the way these factors
relate to one another, we can beg4n to design living/working sehces that take
full advantage of natural system$ while providing a greater variety and Wality
of space in terms of function and enjoyment.

problem definition
II. The first greenhouse was developed to function best under specific conditions.

The structure was designed to make best use of low intensity, diffuse radiation.
This,design is still found in commercial greenhouses which are used throughout a
variety of climatic regions. Some designs will work better in a particular area
than others. In order to insure the success of your system, fully define the
criteria which the design must fulfill,

G.

NEEDS & REQUIREMENTS
PROBLEM DEFINITION = +CONSTRAINTS

+RESOURCES

TIME
CONSTRAINTS = +MONEY

+THE SITE



RESOURCES = NATURAL RESOURCES
1)Landforms
2)Soils,

3)Vegetation
4)Natural Energies
5)Site Location

MANMAOE ASSETS
1)Existing Structures.

& Drainage Ways

+ Z)Roads & Access Ways

PRACTICAL QUESTIONS

1) What needs and requirements must the design fulfill?

2) Is there a priority of needs?

3) Are some needs more important than others?

4) What are the conditions under which the structure must function?

5) What are the constraints of the problem?

6) What resources are available to work with?

problem solving
-

III. The elements of a greenhouse system are interrelated in such a way that making

changes in only one part of the system cart cause all the others to be altered. 1111

AP/You analyze tlfe natural systems, the relationships willbecome more clear.
,Trade offs" (give and take between needs and pradticalitY, or needs and
importance) will begin to surface. This prefaces. a part of a decision making
process which can become futile unless goals are established early and followed
throughout.

4. .

The sun and wind are elements acting upon and responding to land rA, vegetation
and the built environment ("built environment" refers to manmade s ctures,

'including architecture). Consequently, by manipulating'these comp nents, the
designer can alter the natural forces to better suit the established needs
throughout the seasons. '

e

orientation

IV: Orientation to the site is extremely important. As the greenhouse concept is
based on interaction with the sun, it is essential for the structure to have
access to available solar energy.

A true solar south orientation(see page of the Core Course for ex-
planation of true solar north and south) will allow the gftatest possible
amount of sunlight to penetrate. (See Figure 4.0).

1 4 .
U
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fig. 4.0

maximum solar gairi efficiency

o

Buildings not facing the south will_receive less sun. (SeeFigure 4.1).

fig. 4.1

9596- solar. gain .efficiency ,

117

4%

,

133



r
80% solar gain efficiency
When speaking pf the attached greenhouse, orientation becomes more complex.
The structure to which the hothouse is attached should shelter it from cold
northern winds without obstructing transmission of the sun's rays. The

which it will be attached. (See 411,
optimum position for the proposed greenhouse must be xietqrmined by the
orientation of th *xisting structur#,to
Figure 4.3).

Ttue South Facing House (See Figure 4.3).

On a true south facing house, the greenhouse may be located on any portion o the

south wall.

h.
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Less-than 45 Eadt of South (See Figuoe 4,4). 4

1110
45' east of sodth (See Figure 4.5).
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Greater tan AS East of South (See Figure 4,6).

the greenhouse
v. In order to maintain a specific temperature range, heat must be added in winter

and taken away during summer. The alternative ways of beating and cooling can
be generally classified into the categories of active systems and passive
systems.

Today matt all permanent greenhouses are equipped With features which help to .

maintain a consistent tenlPerature and humidity. The way in which the system
accomplishes this will determine whether it is active,.oassive, or a blend of the
two.

11Ving in the sun would be a passive example of tanning, whilea sun laMp would

present the active system. Both achieve the samd effect. Active systems,
however, require the expenditure of additional energy. What dbes this additional

energy buy? It purchases the convenience,of tanning at night, on a cloudy d8,
etc.

Generally speaking, active systems are convenient to operate. Circulating fans .

Alld pumps can be switched on or off to maintain a constant temperature. Passive.'

systems require some advance planning, as well as a working knowledge of the ,
system, in order to function properly, Well designed passive systems "turn on"
and "shut off" throughout the seasons in response to the earth's natural systems.

the greenhouse shape
VI. Efficiency begins With the greenhouse shell itself.)ert4in sizes and shapes

will preform better than others, o



In terms of energy.effiCienci two.factors are,affected by building
configuration,

Solar Hitat,6ain

+Thermal Efficiency
= Energy Efficiency

I 0.

The key. to gOntrolling these factors lies in the size of the surface areas and'
their orientation to the sun.(See Figures 6.0 & 6.1).

thermal efficiency;

high solar 'gain

fig. 6.0

high thermal efficiency

low solar gain

fig: 6.1
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Another factor of configuration which affects the efficiency of the greenhouse
is the slope of the south and north walls.

Thq slope of the south wall is critical to solar gain.
'

The slope of the north wall is criticalto the thermal efficiency of the
building.

-

The amount of solar radiation passing through'a glazing system will depend upon
the angle at which'sunlight strikes the surface.

The sun's rays, for all intents and purposes, are parallel beams of lights.
Rays striking'a perpendicular surface impart the greatest possible amount'of-
eneegy to that surface. A change in the angle will result in less energy
falling on that surface.(See Figures 6.2 & 6.3).

perpendicular rays fig. 6.2

Oblique rays fig..6.3

152,



The angle at which a beam of light strikes a given surface is called the
angle of incidence. If all light is not absorbed by the surface, then there
will be a certain degree of reflectance. The angle of reflection will be
equal to the angle of incidence.(See Figure 6.4).

reflection angle = incidence ngle

fig. 6.4w reflection

South wall and /or roof angles should be oriented so that light strikes at

or near a 90 degree angle of incidence during winter months,

.

4
For exaMple, at latitude 36° the average height of the sun during the harsh
months of December, January, ind February is approximately 35°. Since we
know that right striking .a surface at 900 imparts the greatest amount of

energy, the south roof angle should complement the sun's angle so as to

maximize solar gain. In.this particular instance:

900 ideal angle of incidence
-350 solar angle
11751T south side angle

Increasing or decreasing this angle would shift the maximum optimization of

Solar, in to another set of months. While a 55 degree south angle .would 7

be optimum for 36 degrees north latitude, a variation may be necessary due

to construction limits'or materials availability. (See Figure 6.5).

4
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commercial designs
VII, Commercial designs can be discussed and evaluated iat this poiS-basib on

information previously discussed. Working systems for heating and cooling
will be dealt with later in this division. Criteria for evaluation of basic

designs will be as follows:'

SIZE: Most commercial designs are based on a modular system.
This allows a greater degree of flexibility in the
sizing of a greenhouse. Modular systeds.can allow ex-
pansion along the length and/or width of a standard
design.

a. Fixed size.- Definite-size restrictions by design
b. Modular - Flexible size by additions to design

SPATIAL EFFICIENCY: Refers to percentage of usable space. Radically/Sloped
walls, columns and braces are nqogatiye elements in terms
of spatial efficiency.

4 ye'

INSULATION: Pertains to glazing possibilities(number of layers)



41.

2

t.

vIA

a. single glazing
b. double glazing
c. triple glazing

GLAZING MATERIALS: a. plastic
b. fiberglass
c. glass

SOLAR EFFICIENCY: Slope of walls and
structures ability

(See Fioures 7,1, 7.2, 7.3,

building configuration determine the
to 4ccept and hold heat.

7. 4, 7. 5 , 7. 6, & 7. 7)

A

. fig. 7.1

4'

SIZE:

SPATIAL EFFICIENCY:
INSULATION:

GLAZING MATERIAL:
SOLAR EFFICIENCY

(g. 7.2'

.1/ 7 AILAV

4
SIZE

'SPATIAL EFFICIENCY)

INSULATION:
(LAZING MATERIAL:
SOLAR EFFICIENCY:

modular expandability in length and width
excellent
single or double glazing'
glass or fiberglass '
fair

fixed

fair '

single or double glazing
j4ais or fiberglass
excellent

155
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s

SIZE: modular expandallility of length.

SPATIAL EFFICIENCY: g9od
IN4ATION:.single, double or triple glazing

GLAZING MATERIAL: fiberglass or plastic
SOLAR EFFICIENCY: good

I. SIZE:

SPATIAL EFFICIENCY:
INSULATION:

GLAZING MATERIAL:
SQLAR EFFICIENCY:

modular.expandability of length and width
excellent
single, double or triple glazing
fiberglass or plastic
good



111

fig. 7.5 SIZE: modular expandability in height and diam.
SPATIAL EFFICIENCY: good

INSULATION: single or double glazing
GLAZING MATERIAL: glass or fiberglass
SOLAR EFFICIENCY: fair -

fig. 7.6
SIZE:

SPATIAL EFFICIENCY:
INSULATION:

GLAZING MATERIAL:
SOLAR EFFICIENCY:

fixed --

fair to good
single, doyble or triple glazing
glass, fiberglass or plastic
excellent

157
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fig, 7.7
SIZE:

SPATIAL EFFICIENCY:
INSULATION:

GLAZING MATERIAL:
SOLAR EFFICIENCY:

systems

fixed by dwelling size
good
single, double or triple glazing
glass, fiberglass or plas ic
excellent(given proper on tation to existing structure)

YIN. Siting and greenhouse structure and configuration have been examined in
reference to winter heating requirements. The next step involves the details
of greenhouse design in relationship to a heating and cooling system. Specifically

systems that utilize passive solar design will.be examined.

The three basic approaches to passive solar heat collection and storage are as

1. Direct Gain
2. Indirect Gain
3. Isolated Gain

144



Direct gain is present in any structure where sunlight penetrates to the
interior% The interior space is directly heated by the sunlight. SometimeS
a thermal mass is added to absorb andAetain some of the heat gain. Glazing
area, material and colors will decidethe performance of the system. Trees,
curtains, shutters, etc. are effective controls for regulating heat gain,
(See Figure 8.0).

direct

145
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Indirect systems are placed between the sun and interior spaces. The sun
directly heats a storage mass, wflich in turn gives off(transmits) heat to
the interior.

In order to "turn on" or "shut off" an indirect gain system, the energy
must be interrupted before it is transmitted to the mass. Deciduous trees.

.curtains and shutters are applicable control devices.(See Figure 8.1).

fig. 8.1

I)

444".indiret gain



t li
Isolated systems are detached from the structure. Sunlight can fall on an
isolated system, but unless the heat is allowed to circulate to'storage
areas or to distribution Points, the system will impart no energy to the
interior of the structure. Valves and dampers are most commonly used as
control devices.(See Figure 8.2),

rP

.

I,

.4

o ated /gain

I.

/
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heat gain
These three approathes to passive solar design will be utilized in analyzing
and discussing the elements of a heating and cooling system for a greenhouse.
The elements of the system are heat storage/distribution, insulation/shading
devices, end ventilation.

re

09/0"
1600,

600,

4t*

greenhouse effect

heat storage/distribution
A, A six-inch well will absorb4the same amount of heat as a fifteen-inch wall.

The difference between the two is time. The heat.will pas quickly through

six inches of masonry, while it would take considerably' longer for the heat
to travel through a fifteen-inch masonry wall. The wall should be thick
enough to time the passage of the heat through the wall so that the heat
begins to be relleased from the interior side of the wall durip the cooler
hours of afternoon and night.

Factor's controlling the performance of thermal storage walli are:

I. Color, Dark colors absorb; light colors reflect, Use wall color to

fine-tune wall needs. For instance, if the wall is now black, and the 441
greenhouse is overheating, paint the wall a lighter shade.(See Figure 8.3).
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Ir absorption
2. Materials; The thickness of a thermal storage wall will be determined

by the material used to construct the wall. Sizing based on
material selection.

Water 6"

Brick . 12"

Concrete 16°

4

Rock 3-10 feet
..

(See Figures 13.4 & 8.5).' I

masonary wall. fig. 8.4

a

t

4,

I.

.
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water wall fig? 8.5

Size of thermal storage wall is determined by floor area to be heated.

Average
Winter

Outdoor
Temp.

% of sq, ft. of floor area

Masonry water

15 .85 .75

. 20 .75. .65

25 .70 .55

30 .60 .45

35 .45 .35

40 .35 .25 .

45 . .30 .20

s.

S

For example: for a 100 sq. ft. grienhouse in a climate with an average
winter outdoor temperature of '15 degrees, the thermal storage
wall must be 85 sq. ft. for masonry and J5 sq. ft:,10-ivater.

rJ

.

4



If the storage wall is a water type, translucent glazing is not necessary

since the natural convection currents of fluids will distribute heat
evenly across the length of the wall, Only in instances where the water

wail consists of masses of individual containers (jugs or drums), in a
stacked fashion, will .a water wall function better with a translucent

glazing. t.

.fn instances where a masonry storage wall is located behind a double

glazed wall, it may be advantageous to use a translucent glazing. Sun-

light.would pass directly through tie first layer of transparent glazing.
Upon striking the second translucent layer, the light rays would disperse.
This diffused light would allow the masonry wall to absorb heat evenly,
thus eliminating cold spots.

Once heat has been stored, a method of distribution must be
\

created in
order to keep the structure, within the comfort zone at night.

The simple wiy to redistribute heat is to place the storage system so that
radiant heat will be passively released, An example would be dmasonry
floor'or wall whi0i, after directly absorbing sunlight during the day,
would simply re-radiate the stored heat through natural thermodynamic
principles. A modification of this concept involves the placement of vents
along the top and bottom perimeters of the masonry wall. Cool air is drawn
in from the floor, heate as it contacts the masonry, and carried out through
the top vents. This col/ ection 16op will distribute heat to a greater
portion of the structure than will a simple masonry Wall.(Segrigures 8'.6 & 8.7).

6

trombe wall
Jed

t
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INTERIOR SHELL
EXTERIOR

solar envelope. a7

In"some areas where the cloudiness index obstructs solar gain for days
at a time, it might be advantageous to connect a wood/coal burning stove
to the system. The auxiliary heater would supplement the system on over-
cast days, as well as add extra energy for use when exceptionally cold
Nights are anticipated.

In a structure where the sole concern is the growing of plant materials,.
the main object is to heat the plant. Heating thtfair within is the
least effective method as hot air will migratewisKard leaving cooler air
surrounding the plants.

For plants, heating the beds directly will cause the least amount ot,heat
loss. This concept will involve the placement of heating pipes or a
single rock layer beneath the plant bed..'Stored heat in the form of hot
air can be channeled beneath the planting. Heat beneath the bed will

gradually move upward effectively maintaining a safe temperature by
warming the plant directly instead of the,air Surrounding it.
Essentially, this method of "hot beds" creates another microclimate,
within the already existing greenhouse climate.(See Figure 8.8)

1 t'rt

f ,
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hot beds fig. 8.8
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insulation

O
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r .

B. Insulation is required to mai,qtafn any temperature difference between exterior
and interior environments. The configuration of the structure and the type of
insulation used will largely 'determine the thermal efficiency of the greenhouse..

110insulation for heat retention
A well-insulated structure is essential 'for efficient use of stored heat.

Vegetation, as an insulating material against wind, has been discussed'atr
length in the Landscaping for Conservation Section.

4

i
Berms (earth piled to mounds) can be used to Cut down on heat loss through
the north, east, an west faces of the structure. Since the south face is.
the main access to soltr gain in the winter, it should be left open to sunlight.
Berms protect from north winds'primarily, 90 the north-facing side .0 the hot
house should be as complqtely covered 'as possible. Adequate drainage will be
required in some instances to prevent seepage into.the structure.itself. Wet

soil is a poor insulator. Drainage will keep the berm dry, thus alloi4ing it to

protect the interior space better. Rock mulch and vegetation should be used to

stabilize berms and steep slopes from erosion. (See Figure 8,9)°
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The depth to which the structure is set into the ground.cah help maintain a
safe termperature range. A structure below or close to the frost line (plane
,beneith the top soil,below which no freezing occurs) will conserve more
energy than one constructed with slab on grade (foundation flush with ground
level).(See Figure 8.10).

frost
line

fig: 8.10

4111 110111111 1N 11* 111 S11111= .Tme-p EVA,

!The vestibule concept, when used in major entrances, acts as a buffer zone
between the environment and the greenhouse microclimate. Vestibules should
be well insulated within themselves with all joints and gaps sealed with
weather strip or caulking. For commercial use,.vestible and vestibule doors
should 'accept trucks and other transport vehicles so that maintenance of
plants in.winter can take place without excessive heat loss. The vestibule
'can also be used asa storage area fbr frequently-needed materiali.

s.

A

The altirnative to an add-on vestibule would be simply to block off areas
adjacent to entrances within the greenhouse itself, thus creating an
internal vestibule., There would be considerably less cost in this method.
(See Figure 8:11).
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The average single-glazed greenhouse loses more heat in a winter day than
it gains. Even a hothouse with a built-in passive solar system will lose
in the long run if not properly insulated.

All glazed areas should be double glazed. Two layers of.glazing provide an
air space which helps to insulate. .Thus -solar gain is not significantly
hampered while heat loss is reduced.

Separation of double-glazed wa %ls can be built-in (structural) or can be
activated by A blower fan which expands the glazing layers by forced air
pressure.

All glazing should be sealed with caulking or weather stripping, This is
especially needed if the structural supports are of a highly conductive
material,(See Figures 8.12, 8.13, 8.14, & 8.15)

J.

O
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nails

glazing

extruded neoprene

fastelier

batten

framing

caulking in all joints

foundation

fig. 8.12

foundation wail detail side view /cross section
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fig. 8.13 wall detail top view / cross section
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Another type ofIllsulation which can pe used with double gazing
';.

insulation. ;

Types of insulation:

is movable

1. Fiber

2. Rigid foam
3. Particles

Structures with curved glazing surfaces will probably work best with a%

flexible fiber-typi blanket. The blanket would be)pulled aside during the

9 a.m. to 3 p.m. hours so that de unit is allowed to gain sunlight. Ins`

the afternoon, the blanket would be pulled over the unit and left until

the next jay.(See Figure 8.16).

I/4

BLANKET TYPE

a

movabl insulation
4

. fig. -846

4



Structures with flat glazing surfacesW114 work well with any type of
'movable insulation. The more rigid foam'and particle types will probably
last longer, however. These can be used as hinged panels which can be opened
or closed as needed,similar to (See Figure 8.17) .

HINGE TYPE

fig. 8.17

movable 6Iation
L .

a-

In ation between the floor and grourid of the structure., (if masonry or other
eat ftorage type) is not necessary unless the site is characteristic of wet
soil. Since wet soil will steal mdVe heat from the'floor tian will dry soil,
waterproofinsulation would pay for itself in mvet region.

St

Vertical masonry or water walls used for heat storage lose some heat to
the ground through the floor. This amount is not large enought to justify .

the added cost of insulation, unless conditions are extremely harsh.

1S3
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insulation for cooling
The greenhouse skin forms a partially isolated microclimate. Materials used
to retain heat inside the structure are classified as insulation against
heat loss. Materials used to keep heat outside are insulators against heat
gain(i.e. insulation for cooling).

A material used to insulate against
cloth or lattice.

Shade cloths are used predominately
overall amount of heat absorbed by
ambient natural light to penetrate.

solar gain is loosely called a shade

in the summer session to reduce the
the greenhouse while still allowing

Possible alternatives fbr.shade cover:

1. partially nkflective films
2. perforated plastic blankets

3., paint-on type bldck-out (whitewash)
4. metalized foils

louvered shades

Shade covers to block sunlight can be combined with ilovable insulating
panels or curtains to create one system cppable orsatisfying shading and
Insulating requirements-throughout the seasons.

SinCe the summer sun imparts the majority of its energy to the roof of a
structure, and the winr sun imparts the majority of its energy to the
walls, a complementary sys m is conceivable which would reduce
overheating without sign' antly impairing winter heat gain.

The concept involves le placement of reflective film or glass along the
roof line. This added material functions as a kiheof overhang, reflect-
ing high-angle Summer Sun aid allowing low-angle winter sun to penetrate.

(See Figures 8.18, 8.19, i 8,20).
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ventilation
C. Most all greenhouset.overheat to some degree during the warmer summer season.

Overheating can be dealt th.in several ways:

4110
Ventilation is the olde cept for removing heat from the structure

- by convection of wind cu, ents. .To accomplish ventilation
the hothouse must be provided' with windows, doors,'etc., which can be
opened toallow natural wind currents to exhaust the stored'heat.

Since anypart of the structure which opens (like a door) will be a
source of heat loss inthe winter, vent locations shOuld be placed -

carefully and minimized.,

The greatest amount of hot air will be founds 9,- the roof, A handful of
vents placed on the roof line will extract hot air by making use of the
thermodynamics principle (hot air rises, cool' air falls).

To enhance this'effect further, veget4tiiin can be placed to channel
summer breezes through the'structure instead of around it.(See Figure 8.21).

VENTS

t

v.

fig,

$n,

O
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Another principle usefill to summer cooling, involves the reversal of a
concept used for winter insuldtion.

double- glazed structure, the first0zone to gain heat through.solar
radiation is the space between the glazing. If this area is constantly
vented, the system will remove heat from the first zone before it can

di-each the interior, The same "squirrel cage" fan which is used to create
air space between glazing layers byinftaVon will function well as ah
exhaust fan, .

True exhaust fans recluire energy fhput and should be avoided unless
absolutely necessar .(See Figure 8,22)

forced air
cooling

N 180

-M-4000-

'fig. 8.22
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1

st

working systerni

a

A successful,greenhouse system will neutra;ize the extreme forces of
nature. Ihier degree of success will be determined by the energy required to

system and make it work. To design systems to combat force
is gehi iTO turn one force against another is Tess tiring. Attention to
t$ relat onships of natural and man-made systems will allow you, the

//tlesignee, to produce a more efficient, environmentally responsive strudture.
.

/ (See Figures 9.0 & %1).
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introduction
This bootcwill deal with the design of a proposed nurser' operation and with

the techn4wes for conserving energy in .the process. Each nurserylmrson must .;

be innovative in order to survive, so th6e will'be many new ideas brought
forth as we deal with our energy problems. This.t6t lists the peactical
,Cbncepts at this time.

process 4

F. 4 nursery Ss,a simple production unit to turn out first class plants
efficiently with minimum effort. Changes haVe been a way of life in our.

'technological society, and it isso today. During the past two.dicades
we-have seen' enormous changes in the nursery hotness as 0 result of

1.. New product3p-plastic film, plastic pots, peat pots, sophisticated
watering systems, digging machines, pine bark, growing mediums,
etc.;

2. An inexpensiveeneigy cost based on the-availability of natural gas,

oil, and electricity, then rapidly escalating energy costs;

3. -Expensive labor costs due to the rising costs of living correlated
with minimum wage standards;

4. Inerea3ed constraints imposed by social legiilation (OSHA, EPA,;
etc.); and

. ,

5. Improved chemicals or weed conirolt fertilization, and propaglitiori.
.

-We went from a labor intensive based production-and landscaping prbgram
to a technological intensive based production and landscaping
program.basedon the availability of inexpensive energyand products
which were primarily oil based. We can say that we changed from;human
nergy to oil energy.WvTiThce'dur inexpensive oil era is over, in ..

order to survive we must change again, and fast, to new energy systems.'
This change will involve initiative, risk, ingenuity, and leadershk
But that is what- business is all about! .

,

history
II. The nursery business in the thirties consisted of bedgrown-cuttings,

seedlings, and liners which were transplanted into rows ort beds in the
field, There they grew, were sold, were utilized in landscape pfantings,
were replanted further apart or were destroyed. The market was primarily

local,within a few miles of the nursery. The nurseryman was. a grower,

retailer, designer, and landscaper. Many nurserymen ran tightly knit
family operations which worked with known.plants. Sometimes, specialty'
items like fruit trees, pyramidal arborvitaeslegustrum; etc.became.
the mainstay af the business'. The nurserymen looked upon themselves as
independipt farming types,' Many times their personal relationship to
their product was one of deep affection, which they attempte4 to pass on
to their customers,

- .

(

.
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Since that day, with the advent of newer concepts of propagation, fertil-
ity, weed control, container production, and mass consumer markets, the
nurserymen have changed into sophisticated businessmen. They no longer
look on individual plants with affection but on thousands of plants
which must be nurtured, protected;, grown, and'sold to markets which were
previously set up. There is now no room for a hit-or-miss approach.

the nursery
III. There are many types of nukseries from the extremely large ones that cover

hundreds of acres and produce thousands of plants each year down to the
one- or two-acre nurseries which may produce only one type of plant, for
example, Japanese-Maples, In, great variety. The monies from one type
might be as great as frOmithe other. So larger does not necessarily mean
Better or even more produCtive and cost effective, , t

,) .*

,Therefore, the first queltion to ask ourselves is how big do Ilwant to
be? If you like the individual approach, then do it; but ifvou invision
yourself more in a management role, a leader of workers, then the larger
operation is probably where you will-go. In both cases, a wise utiliza-
tion of your natural andlhuman resources is necessary for supcess.

44

/

natural resources
IV. What are our natural resources and how can we efficiently/use these

resources?

First, we have the land. What are its natural characte istics--wocoded,
cut over, or cleared. What are its landforms--rolling, lat, steeply
sloped, deeply incised with gulleys. How does the dir feel--porous,
tight, filled with humO, moist, dry? How wide is it How long? What

'is its orientation? Where is north or south?

Second, We have the ve'etation and soils. Do the tees cast shadows?
Are the trees eyergree or deciduous? What is the chemistry of the

soil? Can we easily c ear the land--by manual la r or by bulldozer?

What do we destroy if /we use the bulldozer? Wha is the soil naturally
growing? Does the ex sting vegetation have a ma ket value? Can the

humus be used as a gr wing medium? Are there a y old sawdust piles?
Can the trees be cut 'p into building lumber?

i

Third,:do we have an available water supply-- n old well, an abandoned
ond, a running brook?

1

We should record the existing natural con .tions and resources and from
this information begin a plan. A good to °graphic map is a necessity,
so do not hesitate having one prepared b a surveyor: The plan can be
drawn on any kind of paper and at'any s le. The topography and the size
of the land unit determine the contour, ntervals and the scale. it/is
best to draw the total project. on one4heet of paper and the paper size
should not exceed 30 inches width by f2 inches length. Drawings on card-,

board can be photostatically put on tracing paper. The scale probably
will be one inch equals 20 .feet (1'120:, or perhaps 1°=30"or 1"401 or
1"a5D') with contour intervals of tido feet. The illustration (figure 4.1)
shows the proper order of placing .information on your paper.
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By a study of the existing conditions pen,we Caftdetermine the followi

.1. Access
\\0

.

. .

- .... .. . 1,

UR7i-th u10 theHmajor4driveways be placed for initial operations,
4A

then perlionent operationsr, ' ,

,.- \ . .

. ..-

. . .

.'2. Vegetation and Oth4i.;Natioril Features :

WhattreestShould remain? What.cap they be used for? The combination
of landlorrop (i.e., contours), oriehtation (i.e., solar and winds) ,
and existing vegetation determine thd net usable spaces on the land:
Fceexample a!rowrof densely:planfed evergreen trees and shrubs on
the north crres a protected .areaon the south. Tall trees, particu-
larly pines, become effective natural,lathhouses with lightshade.

'

.

-

3.. Structures

.

Can-the old hou e be used as.a, temporary dwelling, rehabilitated
into a permanen dwelling, used as An aux-illary building, moved to
a new location, teriarsalva-ged And reused, or material used as
firewood or temp rary erosion control'strtictures?

. .

4. laridforms .

.' Slopes and drainagel4ind the areas which are well drained and less''.-
than one Percent. gradient (i,e,, p.m* foot yertjtal change in a
10foothorizontal thhge); these areas are the easiest ones to
develop. . . f

S. Orientation , .

. , t

There are several pits of,knowledge that should be considered at.this
.ttage: . - -,. '

.

.

a. Solar. Th9 surf goes, from southeasttb'southwest in Vale winter
.

and northeast'to northwe t in'the summer. (See:Figure, 4.2 and 4..3)

1 a
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b. Winds: Winds combined with extremes in humidity and temperature can
severely damage unsheltered plant materials. Warm dry summer winds
(generally from the south to southeastYcan force plants to transpire
excessive amounts of water in order to maintain an equilibrium. The
plant will eventually 'dehydrate and die.
The rold'winds are from the north. Cold wet winter winds bring frost
and are also destructive. to plants. Extreme shifts in climate. can
be detrimental,'especially when Wkrm days are followed by a cold
snap.
Existing windbreaks of tightly grown evergreens on the north side of
the property can protect plants, people, and.structures from the
cold winds.
Windbreaks on the south and southeast quadrant can be used to re-
strict summer winds which cause dehydration. These plantings should
be .plated. sues- not-to-restiltct-rdlw-oain to" structure- -
winter months.

.

Swirling winds or small tornadoes can be very destructive to un-
secured or cheaply built structures. Windbreaks which either filter
or divert strong air currents will reduce damage caused by ti4
sheer force of the wind, -

c. Air Layering. Cold air normally migrates to the lowest part of the
land and, in some instances, will layer for several hours or days
what' could be terribly 'destructive to very sensitive plant
materials. Therefore, locating field stock in a depression or valley
to shelter it from cold northern winds would only create a new
prOblem. Natural earthforms will work well as ivind barriers provided
they are not extreme depressions into which cold air will settle
and become stagnant. ,

6. Temporary Assets

The .landforms and existing vegetatiowhich are on adjacent lands to
your.propert'y can be looked at as temporary assets. To base the lay-
outof your property on the existing situations beside you would be
hazardous since the'adjoining property could be changed through
grading or vegetative tutting at any time.)

- .
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Whet have we learned to this point that we can incorporate into our plan?
: -

1. Access. Good vision of approaching'or passing vehicles. /
access to house and business. .

2. getation. Pine,stand on north to remain; augment :with
e ergreen screen to shelter against north wilids. Pine stands /
o adjacent properties are good additionallbliffer areas.

Str cture. Repair the old house; add to 'rater on; or replife
at some future date.

- 4. LIforms.. Good slope and well - brained soils. /

-I
5. Orientation. Shade, sun, cold winds,.cold pockets!

.6. Ideal developable unit. .///

7. Temporary assets. Adjacent properties. ,//

2 )
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The layout of or veil nursery begins to.take on the following appearance

(See Figure 4.5)
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energy conseryat ion
V. The concept of energy pervade every aspect of your.

nursery design, construction, and perations.

A. Design as previously shown takes into account existing topography,
existing vegetation, solar orientation, maximum utilization of
natural resources, location of facilities, access and parking
requirements, prevailing winds (both winter cold and summer cooling),
water capacity, and land clearing. We can state the following
energy (i.e., Money) saving principles.

1. The existing vegetation'deh bean important fadtor in energy
'conservation., The following figure illustrates data from the
Twin Rivers, New Jersey, study by the U. S. Department of
Commerce (see figure 5.1).

a

A
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2, The.existing ve tation can be supplemented by large, medium',
and small' everg enshrubs,to effect a chAnneltng of wind yet
add beauty to ,.ur: landscape (see figure 5.2).

10 MP WIND' FROM *NORTHWEST

3

SCREEN ;PLANTINGS: .

.

PLANTINGS AS FUNCTIONAL/AESTHETIC* ELEMENTS

fig. 5.2

3. In the design of the house, sheds, and geperal structures which are
considered weatherproof, .you should enclose and insulate the sides
facing northwest to northeast. Open up the sides facing from the
southeast to southwest with window glass to allow solar(heat).to
penetrate in the winter months (see figure 5.3).
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4. Keep'or plant deciduous trees on the south faces of the
structures so that the trees will shade in the summer months, 1110
At allow solar heat in during the winter months (see
Figures 5.4a and 5.4b)

.fig. 5.4a deciduous' tree summer

fig. 5.4b deciduous tree - winter

1'1
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6. Utilize thedsame principles in the design .of your green-

hdusVi. Also, consider a more permanent greenhouid-with the
use of a double layer of plastic or a reflective plastic for
insulation which provides a greater insulatial value -up to
sixty percent. saving in heating (see figure 5.7).

do"
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7. Drainage of plant beds is important and should. be considered
at all times. However. the energy (costs) of a bulldozer'
will be ever increasing so the amount of grading should be
kept to a minimum (see figure 5:8). INAddition unecessary
grading can create the following problems.

a. PestrOys the growing horizon for most trees and plants;
expensive to replace,

b. Destroys root systems of trees.

c. Destroys the water holding capacity of the soils. Creates
destructive run-off and sediment pollutidn.

d. Destruction of trees which could be beneficial for summer
shade or winter screening. Expensive to replace, plus growing
time involved.

P
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B. The construction of buildings has'been. previsously discussed; however-
it should be emphasized again that a low building front-end cost may
lead to expensive maintenance and operation costs through the years
to come. Proper planning would be to design the building so that it
could be increasingly improved through the years by addition of
>insulation, filling in open cracks, tightening up of window and door
spaces, and additions of vestibules. Remember, heat oes to cold, so
every open cavity or crack is an escapraTEFforgiat-fini7g317-

C. Operations of a nursery must be based on efficient design and manage-
ment. Your profit 'potential can be maximized only by minimizing
waste in the growing process.,

The costs of operating labor-saving devices must be evaluated constantly
against the costs of labor.

1. The costs of labor must be evaluated constantly in terms of
maximization of

a. work patterns,
b, relationships of workers to equipment,
c, equips m. repairs, and.-
d, nursery'gNmotential.

2. The cost of labor-saving devices (i.e., mechanical equipment)
. must be evaluated in terms of

a. operating costs,
b. maintenance costs,

. c. relative productive, time, and
d. storage (weather protection) costs.

Transportation of materials, equipment, and personnel will became more

expensive; therefore. a, good layout is important. The following plan
shows Ina diagrammatic may,the relationship of elements (see figure 5.9).

;
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summaion
As the facts and figilres begin to tome in on your operatio , you Aill need
to analyze them and tke the necessary changes to maximize your vrofits.
The preparation of a eliel2yjeLpcovationlan will be a ust since,

before you can properly manage and conserve your resourcet, you must plan
how to do-so.% The e4rgy conservation plan should take Into account:

1, an analysis of prcenCtosts,
2. how to reduce energylwastes,
3. how to recycle wastes, and
4. a procedurat plan for efficient energy use.

Your energy conservation plan will not only be valuable to you, but will
be valuable to the nursery industry. New techniques for energy conser-
vation will come forth from now on4 and your solution to the problem could
be the next important step!

The following chart and methodology may be useful in evaluating the efficiency
of your operation

The performance chart is used to determine the degree of efficiency within
various systems and other related systems.

To uIe the performance chart:
1) determine if a relationship exists between two areas.
2) describe Ihe extent to which a particular system affects or interacts

with another. .

3) define measures which would inprove efficiency and decrease waste witnin the
relationship.

PERFORMANCE CHART

'STRUCTURES
LANDSCAPE__

LABOR*Tams--
TWO/AI-MN'

LAYOUT

* note: other input may need to be added; depending on the scope and size
of a part(cular nursery. operatien4

STRUCTURES/LANDSCAPE

Describe the immediate landscape in relation to the manmade structures on site.
Do these plants serve the function to which they are best suited? Are deciduous
trees located in the south quadrant? Are the windbreaks complete barriers? .



aio

STRUCTURES/LABOR 4

Describe daily work outines which relate to manmade structures. Does the layout
of a particular Strut ure help to fatilitate thework which takes place in'or
around that structure

STRUCTURES/MAINTENANC

Describe the extent of maintenance required on all structures. Do any structures
require excessive or repetitious repairs on a regular basis?'

STRUCTURES/TRANSPORTATI

Destribe the methods us to transport materials to androm structures, Do
the structures allow veh ties to move freely about?

STRUCTURES/LAYOUT

'S

Describe daily work routin s in relation to the layout of structures on the site.
Are structures located so to reduce wasted,laborand transport time? Are
storage sheds centrally loc ted?

LANDSCAPE/LABOR .

i Do the plants Used for energy gy conservation in your operation minimal or
excessive attention? Describ the amounts of labor and materialsrequired to
maintbin them.

111/ .

...

; . LANDSCAPE/MAINTENANCE
, .

Are the plant's which have been used in your operation healthy and groVing?
/.

, Plants should be selected which not only perform a function in terms of

..' lisami conservation, but also are Neartrffid well adapted to the conditions of a

/
; particular site, ,.

, . i: . ..'

LANDSCAPE/TRANSPORTATION

Are plantings and road systems torrectly sepaatedIrdm one another? A valuable,
shade tree can easily be destroyed by heavy equipment which will compacfsoil
arounroot systems,

LANDSCAPE/LAYOUT

.... .

Are plants whichare used for climitecontrol suited to .the operations and work
of each area? Forinstance, evergreen windbreaki,ivill work for mogcall
structures. .Large deciduous trees,on the other hind, may shade greenhouses .

: such that insufftcient light'is available, for 9r11Millg certain Want materials,

-..-
.. .

LABOR/MAINTENANCE,
.

Describe the areas in which lab* is most intensive, Do.workers. spend more time

in maintenance of facilities or in maintenance of OUrsery, stock?,

2.)"Y0.0 6
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LABOR/TRANSPORTATION
>

Are transportation methods suited to the size of your operation and to.the needl
of your labor force?

LABOR /LAYOUT

Are the facilities oriented to provide specialized areas of your work? For

instance, storage buildings should be located.near work areas.

MAINTENANCE /TRANSPORTATION

Would modifications in transportation of labor and materials improve the
efficiency of your operation? ,

. ,

TRANSPORTATION/LAYOUT

Does the layouC of your operation keep,thp need for mechanical 4raidportation
to a minimum?,

{

;
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OUTLINE FOR SITE.EXERCISES

I

a

This set of instructions and the corresponding maps can be used as, exercises for
any or all sections of this book.

1. "The Core Course"
2. "Landscaping for Conservation"
3. "Energy Efficient Greephouses"
4. "Nursery Design and Operation for Energy ,Conservation"

.

The maps which` are included With these instructions are at three separate scales:
the site mapsare at the Scale of l'=50"; the site analysis mapt are at l"=100",,
and the offs-Mkfeatures map is at 1"=200', The maps'ilescribe an actual 54.s
acre site. 4

-TO THE INSTRUCTOR:. ,

..1
. . . ,

(1) The instructor should detetmine whether a smaita4arcel
t

of land (snub -site)

within the 54.8 acre site should be selected f9r all'staents to work from. %,
or whether the selection cifa.sub-site will,be left tItheladiiidt@l'based
upon the size and *tope ofiproject which-he/she wishes tbtundert e. d-'

which to work, while, students interested In landscape-dr.,attdched g en!ith
ents interested in pursuing ,nursery operationt.will need lAarge

--.--houses will be dealiWWIth'eTeTrantial tize lot% %
-,4. ,

(2) The instruetorshould.decidd whethir the stuainti wiTlyork individUally,
collectively, or a combination.of.60th, -v . ''

.
,.. .. , -

(3) The instructor should sera schedule' for stddemts to follow in terms 'of
,time

,_time vs. procfss. , 4
.

o . ' ' '
110

i
. . 4

o

(4) The instructor shduld,decide areas offemphasiibased-upon ciass interest
and areas which he/she-feels are fooleell of 4pec.kalttentton.

. ,

,

(5) Students must decide th*.toe-(nursery, greenhouse or Ilhdscape) of project
which' they wigh to undiFtake., Students should'decide on' names for their

...

projects '
.

'

(6) Each student or group of Students hil'add t$Iheir'respective site(s),
an existing dwelling (house) bifore.begiiining tfig.design ptoces'i.

. .

$

..

1

O

4

4
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LANDSCAPE DESIGN FOR ENERGY CONSERVATION'

OBJECTIVES

a. Preliminary analysis of the site and existing conditions:
1. Off-site Features Analysis.
2. Slope Analysis .

3. Vegetative Analysis
4. Soils Analysis
5. Surface Drainage Analysis
6. Solar Analysis
7. Wind Analysis .00
8. Architectural Analysis

b: Siting.of the building onto the site with respect.to!
1. Landforms

2. Vegetation
3. Solar Energy
4. Drainage

c. Conceptual' master plan for the development gran Energy Efficient Lindscape
Design.

sd Preservation of the actual character of the land:

e. Integration of the site and structure so as to enhance the performance -and
. .

quality of both. 4.

f. Achieve a high aesthetic value as an element on the land.

g. Design' to supplement summer cooling /winter heating depands

14

ta.

200,
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GREENHOUSE DESIGN FOR ENERGY EFFICIENCY'

OBJECTIVES '

a. Preliminary analysis Of*the site and existing conditions:
'1. Off-site Features Analysis'
2. Slope Analysjs
3. VegeUtion Analysis
4. 'Sbils Analysis
5. Surface Drainage Malysis
6. Solar Analysis
7. Wind Analysis
8. Afchitectural Analysis

6b. Siting of the building onto the site with respect to:
I. Landfo'Pms

2. Vegetation '
?

3. Solar Energy
4. Drainage

c.. Conceptual plan for the deiign of an Energy Efficient Greenhouse'

' d.' Preseriation of the natural character of the site.

e. Integration of the greenhouse to the o*itting dwelling so as to enhance the
performance and quality of both.

f. Achieving high aesthetic value as an element on the land.

g. Design to supplement summer cooling/winter aiting'demands,

2.32
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-NURSERY DESIGN FOR ENERGY CONSERVATION

OBJECTIVES

a. Preliminary analysis of the site and existing conditions:
I. Off-site Features Analysis
2. Slope Analysis
3, Vegetation Analysis
4. Soils Analysis
5. Surface Drainage Analysis
6. Solar Analysis

7. Wind Analysis
8. 'Architectural Analysis

b. 'Siting of the building onto the site with respect to:
I. Landforms

' 2. Vegetation
3. Solar Energy
4, Drainage

,c. Conceptual master plan for the design of an Energy Efficient Nursery

Operation.

O. Preservation of the natural character of the site.

e. Intergration of structures and site so as to enhance theperformance and
operation of the facility.

f. Conceptual layout for efficient userof labor, materials and energy.

g-

h.

Aestherc value as ,an element oh the land.,

Design to supplement summer cooling/Winter heating demands.

202.*
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.7 MAPS DELETED DUE TO OVERSIZE.
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