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" This insirnctionalAEennal was prepared by the Department of'Cdmmunity
Col]eges as a part of ltS plan to prov1de courses on energy conservat1on _'
for curriculum and extension programs. The purpose of th]S manual Jis to
teach.the use of -the elements of the environment to make‘1andscaping and
) . nursery design and operation more energy eff1c1ent_ Uandforms, vegetat1on,
water bodles;J limate and solar rad1at10n can be analyzed and nsed to
eesfgn an enerqgy conserving Jandscape'end horticultuye operation, Individ-
uals who eomp]eté'eneée coufsee.will have a better understanding of energy ’ -
'conservatton techn1ques and ska]]s that can be used to reduce the consumpt1on

’ of scarce ehergy sources: o o ' ' N
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" This manual consists of five sections.

CORE - How to make a site analysis-in preparation for energy conserving

_ Jandscaping, construct10n or setting up of a nursery operation. <
Upon completion of this section, the student will be able to do the
following: . -
1. Make a site analysis of -a g1ven sites, - ‘
2. Prepare a slope map given a topographical -map of a site. o
. ~a. Calculate percentage of slope given rise and run of contoun// s
<intervals on a map.
b. Calculate horizontal distance between contours on a slope map.
Ana]yze slope map tQ determine location of three types of S
s slopes r. .good, workable, and those requiring excessive grading. K
© 3. Locate $0i) survey through U.S. Conservation Service for glven site
. .and prepare soil map for site. 7
4. Prepare vegetation map of site. '
5. Prepare architectural map of site.
" .6. Prepare hydrological map of Site. : .
7. Calculate .amount of solar radiation for a given month falling on ‘
. ® horizontial, vertical and certain inclined surfaces at a given T .
. - latitude,
8, Plot, sky11ne for-a given s1te on a sun chart to determ1ne obstruct1on ‘
. to solar gain. ) . . . o

1ANDSCAPING FOR ENERGY CONSERVATION - AppJication of s1te analys1s to.®
"-t0 plan energy canserving landscaping or. a]ter present }andscapIng to
make it more energy conserang
. Upon completion "of this sect10n the student willvbe ab]e ta do the
. followings
" 1. Determine proper placement of a bu11d1ng 0n a given s1te in order
to utilize:solar gain.
2. Analyze 3 site ta determine its positive and negat1ve energy
conserving features. . .
3. < Analyze site and recommend planting or’ Cutt1ng of existing plants
to ut1]12e solar gain, altew, humidity and deflect or channet winds.

ENERGY 'EFFICIENT GREENHOUSES - Orientation of .greenhouses in reldtion °
to site and des1gn of greenhouses as a passave solar heat1ng/coo]1ng -
system ) .

Upon compTetian of th1sasect10n, the student will be able to do the - -
following: :
1. Determine proper orientation of a:greenhouse on a given site in .

order to gét maximum solar gain.
2. -Calculate ideal angle of south wall and/or roof £Or maximum solar

gain during a given month in a given Tatitude. .
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 col]ect1on and storage
. system according to types of passwe solar systems: direct gain,
indirect gain and isalated gain. . ; .
| ' N ' '




-

. 5. Calculate optlmum arga and thickness of a thermal storage wall , .
given the floor area to be heated, average outdoor temperature )
ang material to be used to constyruct wall. .
6.. Recommend ‘appropriate insulation technigues for a g1ven greenhouse,
- e.g., placemedt of “vegetation, berming, use of vestibules, movable
1nsu1atlon, shade cloths, ref]ect:ue films, etc:

-

NURSERY DESIGN AND UPERAbeN FOR ENERGY CONSERVATION - Deslgn of a %
nursery and its pperation or analys1s of an existing operation to
> lncrease the energy eff101ency ‘of the operatlon.

Upon 1et10n of this section, the student will be able to do the *
followifg:
* 1. Recorg ex1st1ng natural condmtlons and resources of a g1ven proposed
nursery site. | .- -
a.. Determine location of access. " : ’ :
b. Determiné which vegetation can be used and shou]d remain.
¢. Determine if existing structures can be salvaged or- how to use

- them,
- d. Map slopes to determlne draanage and su1t@ble locations for
- development, < .

e. Map path of sun taken across- property durlng winter and summer.
f. Calculate path of wind across property winter and symmer in

. relation to existing windbreaks and néed for w1nd protection, -
2. Given a proposed nursery site and record of exlstwng natural
*  conditions and resources, can.plan a nursery operation Jlayout? . -
3. Can-.analyze existing nursery’ operatlon and design ‘an energy o .
_‘conservation plan. . .

. ‘EXERCISE = A set of slte maps and suggested ways to use thep within a.
v c]assroom to apply the principles dlscussed in the previous “four sect10ns

The sections of . hls-manua1 can be used to.teach ‘three separate courses on
landscaping, greenhouse.design and operation, and nursery design and operation

r used to teach any combination of thése three. The "Core® section is intended
as a reference Quidé€ for all the.courses or it may be taught as background - -
material for.the courses. The "Exercises" section is provided as 1nstruct10na1 :
assistance material. ,

. . v
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introduction

‘Since the discovery of fossil fuel, over a century ago, man has soﬁght the
solutions to his problems through a highly develoPed techno10gy Techno]ogy,

Yike mankind, requ1res energy in order to function. . -
‘OBSERVATIONS : . ) - » )
LS ¢ . . Y 4
- " 1/ Mankind is dependent on technology. .

2} Technolbdgy reliedon non-renewable enerqgy.
3/ Non-renewable energy reserves are f{nite and wasteful.

. 4} As energy reserves drop and demand \ncreases, pr\ces for
v remaining supplies escalate ]

5/ Rising prices contribute }o'iﬁflation "and unemploymént.
6/ Inflation and unemployment are problems. - -

CONCLUSIONS : .
We are not solving our. problens The real prob]em lies in the -
relfance of technology on non-renewable energy. This means that

either new sources of energy must be found, or that new ways af* :
harneSSIng oid sources must be created..

.

Science, physics and eng1ne$r1ng w111 be 1nstrunenta1 in accomplishing the *

task "of ;discovering and impiementing new forms of energy. In the.meantime, - °.
our remaaning resources must be ‘conserved. One way to accomplish cpnServation
-is to cut. down on-cgnsumption, Another ‘solution would be to d ise 'methods

of making more eff1cient use of present energy reserves. \ e .

Every living organism is dependent upon energy for Survival. The earth lives
on power supplied by natural systems of the universe.. When coiibined, these
systems, functfioning 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. ’ v

Technology, likeva Tiying organism, requires energy in order to function.
Isolated from the forces of nature, technology becomes limited to a finite -
source of "energy. Waste is an unfavorable aspect of nonrenewable systems,
This waste not only causes envionmental problems, bit is exiremely costly to
monitor and control. Depending on nonrenewable energy is costly., As energy
reserves drop- and demand increases, prices for remaining supplies escdlate.
The true problem of the energw crisis in terms of buildings and utilities. is
not energy supply, but tather the method used in the-application of these
sources. .Money is required to effect changes. Some ‘mathods of application |
are readily cost-effective. Others require greater amunts of time before the
cost of the changes has cancelled itself through savings ln energy expendltures

This Core Course isjan introduction to the Natural Systems of the Earth. If
we-are to  successfully integrate our technologies with renewable resources, -2
full working knowledge of the relationships of these natural forces is essential.’
Through understanding we can’begin to create dynamic systems which change in
response to the environment, and ultimately to our own needs. .

v

o
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- D, Vegetation .'the study of the development’,
* tion of plants growing in different eco1ogica1 zones .

e

natural systems

-

. Landform. A landform as it exists in nature consists of many natur‘al systems

wirking together to make one complete Tiving and changing system., The natural

system of a landform consists of these #lements:

A. Geology is the study of earth's history stored in rock. It is the study of
the mineral composit1on and the pressure format1on of rock,-and the-study of
three different types. of rock: meétamorphic¢, "igneous and sedimertary
and their structural characteristics.

"B. Soil horizons - the study of the layering and types of ‘soils composing each

horizan or layer. 5011 hor1zons comprise the majority of earth” above the

"bedrock layetr.
¢."Hydrology - the study of .the amount and movement.of water on- the earth; the
study of flooding and average large yearly rainfalls’ and the s’tudy of .

drainage pa\terns on slopes.
stage of succession and associa-

E. Built structures - the .documentation of the manmade structures jin the
lands¢ape (for example: underground wires and pipes, walks, streets and .
buildings}, -

F. Climate - the study- of weather. cha
temperature,-rainfall, snowfall,.

=

s in a geographical a\rea such as in
wind and sun angle

4

. Site ﬂnalysis. A site analysis consists of a col.fée’tioq

.

.
Toa

of fiaps presedting
data on the previous natural systems which make Up a, landform. A site .
analysis usually consists of the followmg maps: . .

. A. Site boundaries .

. B Topolagical sfudy | . -
<C.-Slope sfudy . .
0. Soils study = - . -

E. Vegetatipm Study - ° , ) R
F:-Architectural .study . Lt L : C
G/ Hydrological stydy :
H. Geological.study - .
I. Climatelogical study

J. Wind study ‘.
K. Solar Study

“[Some of therrekus stud1es can be combined onto one map, but most need to

vidua?ly An explanation of each of the studies will follow.) -

be mapped in
. iy .

3

*

. 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 Tine beanngs. -
1) Referénce points. From a-reference poirit 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 of f a line:either direct north or. south. For example, "North
90 degrees £ast 51'" means that a surveyor would point the.equipmént _
"+ 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 equipment and the problems which might arfse
if the sdrvey is not entirely correct, a planner should use a professional
Nn"veyor )

r
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NDARY LINE

(/
| .
v REFERENCE POINT

: . Zuoa'_m 90° EAS‘T_ 51’ ' |
" fig. 3. —BEARING , N

v, Topological Study Maps and -Slope Maps.
" " A.-Contours- a ‘linejon which all points on that Tine exist at the same
elevation, Every contour line c¢loses on
the 1imits of th% map. (See Figure 4. 1}

elf, either within or beyond




1) A set of contours which close on themsé]\a;es in é‘certain area of a map
can depict either a low,point {L.P.) {See Figire 4.2) or a high point

© {H.P.} {See Figure 4.3). . . \% y .
[ LOWPOINT (PLAN VIEW) S
H 5

-LOWPOINT. s
(ELEVATION) .

—HIGHPOINT (PLAN VEW) ~ ~ U

. HIGHPOINT
{ELEVATION)

Fl

can determine whether it is.a low point or a high point by 1ooking
at the procéssion of numbers on the contours. If the fumbers get higher
towards the center it .is a high poinf; and if the numbers get lower

2) oné

~

L) , . towards the center it is a 'lo'w point. . ..
, ‘3) Contours never cross except in the instance of an overhang. .(See
i Figure 4.4‘) . . ) .
1—OVERHANG
OVERHANG
(ELEVATION




4) Contour intervals, Measure'thé vertical distance between the contours,
. . The larger the contour, interval the fewer contours which will appear on
i the topography map. The smaller the contour interval the more contours:
‘e i that will occur on the .map. - lLarger contoui intervals are frequently
‘ . used on maps of sites with large acreage. (Seé Figure 4.5) . .

-

. 5' CONTOUR INTERVAL .
\ ICONTOUR INTERVAL: LBt

. 20 ./ of —~ . . . \“*[4.
v .
™
35 - ~15
16
40
; /
45« ~-17
! ) /7
5074 : o . 4
/ * | ~ .
7 : . K . ’
. A . . SCALE ["=20Q0 -~ . SCALE !'N 20" -
: . fig. 45 .. C
: oo - ;
’ B. Tapngraphy T word t0pography describes a set of contpurs which determine
the surface features or relief of a site, By learning to read 2 .
topographical-map you will learn how to recognize such Vand features as .
Tow points (See Figure 4.2}, high points (See F1gure 4 5}, ridges, creek .
and river beds. (See Figure 4. 6). ; ‘ ,
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1) The study of topography helps in determ1n1ng the dlrect1on and effect
of wind and water on a site.

2) One of the best methods for. study1ng topography is through the use of ‘a
« slope map.

C. A topographical map contains complete topographic 1nformat1on (of a s1te)
such as all contours at their correct interval and elevation points
showing h1gh and Tow elevations and quJdlng and road elevations.

P. Slopes, A slope is determined by vertical rise d1v1ded by the horizontal
‘run of a contgur interval. The pumber arrived at here is then changed to
a percentage by moving the decimal place two figures to the right. Thus
we arrive at this equation:

Rise = Percentage of Slope . s

Run : : )

- 1) For example, think of a strip of 1and a hundred feet lon If "the strip
is part of a hill and there is oot of rise fin this 180 feet, then
this Tand has a 10% slope. This means for every—100 feet bf rum there
‘is 10 feet of rise or for ever 10 feet of run there is 1 .foot of rise.

.
~

Rise = 10=1=-1o0r10% “

R 1010

2} Example Nhere "a"
. between "a" and "b"

-

and *b" are consecutive contours,. the difference
"b" being the highest.elevation, equals the rise

" factor in the above equat1on The horizontal factor can be

determined

by actually measur1n3 with a scale between fhe two contours. Thus you
will now have derived factors to plug into your equation. -
32311 = 21 or 108 7 - s N .
0 10 : o . .. .

E. Slope maps. A 51ope Map is the two dimensidnal mapping of three basic
) stopes: good or gradual slopes, workable slopes, and steep slopes. . This -
mapping system helps the planner to determine good bu11d1ng areas,
difficult grading areas and flood: ola1ns

How to make ‘a slppe map- 7y >
1) You must start with a complete topographlc map. ‘
* 2) You must -theh determine the lecation on this map of the three s]opes
or gridients most worked with: . ; )
0-8% a good or gradual slope i e
. .. . 8.1315% a workable slope .
© 16.1% and over requires major grading

3) Ky general rule to remember is that as contqyrs get closer together,’
the slope becomes steeper and the percentage of slope becomes Targer.
4) In order for a planner:to determine what an 8% slope would took like
on a particular topographic map, he/she fust first determine the
* horizontal distance that an 8% slope would occupy between contours.
Find the contour interval {CI) of your map {which equals the rise
factor). Thegﬁ for this map will be 1 foot.

=

100 X CI = Hor1zontal'01stance
Percentage of Slope  gatyeen Contours
To100 X 1' . 100 . :
= X -.08 12.5
Therefore, everywhere the measured horikontal distance between /I/
centours equaTs 12.8', there is an 8% dlope. .
2, -
. % 2{31
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2 . N L
5) Now solve the above equation for' 15% and ‘then using a scale equal |, . ;
to the one used on youF topographic mip make a guide rulé of | - Ty
cardboard or some other sturdy material. (See Figure'4.7) '

_ 3 | o T los% .
. 8I1-15% R , .
151 % AND OVER R e
GUIDE RULE MADE FOR: . ~  -° ° % 'SCALE I's20' - '

I' CONTOUR INTERVALS
‘ﬁg. 4.7 : . - « .t

- LT .

§) Use your marked guide to run-along the contours in a nerpendicu'lar
motion. Mark off tha areas belonging to each set of s!ope :
measurements (See Figure 4 8)

il j'
\\, \y il //,, /M/ / \‘

=
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i

/// Ih{

N AW \
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W/ / | . | |
NN fmillum f// / :

" 0-8% EXCELLENT SLOPE - | -

8II5%9N0RKABLE SLOPE. . SCALE" 'l"-zo

1 5% AND OVER REQUIRES ExcEsswE GRADING

. lw

fig. 4.8 *
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V. Soitls. Soﬂs make up the 1005e surface matena] ‘of the earth in which p]ants
grow, Soils are comprised of decomposing organic and inorganic materials | ’
and contain hitrogen and oxygen gases, water, minerals and 1iving organisms. .
Soils occur in-vertigal layers ot hoﬂzons above the bedrock layer. Each )
horizon w'm have some dvfference in fts Jnineral and part‘lc'l-e composiltg N
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‘r _ : ‘ ) e ‘e
A. Seils are- cTassif1eGuby thelr part1cle sizg, v -
1} Sand has a very large particle size, is highly aerated but has low
water hold1ng capabitity.

holding ability.
3} Clay has<a small particle size,
holding ab111ty »

tion but a very high water

_B. The aerdtion of a soil, 15 equal to the volume ‘of air contained 1n.that”

soil. ', . _ﬁé-b
c. Hydrat1on of a 5011 refers to the volume of water retatned in that s{mi;ﬁ1 <l -
* A
8. The organic matter conta1ned in the soil prbv1des ~foed for micro- oﬁgan1sm§ )
which in turn are necessary fbr nitrogen f1xat1on . L o .
- - ‘et
“E. The m1nerals in the. 5011 are. broken down_and utillzed by plants for growth, = L .
Q..'?- _‘_/-/-
* «F. Plants depend GR n1trogen for the product1on of food, on ph05phoru9 to .
-stimul ate root’ growth, flowering and fru1t]ng, and on potash as a cafa;yst ~
for n1togen f1xat10n .. . ’. )
.. ) - @,
G. Soil surveys T o .t

2) Silt has a medium particle size, ueny;:w aeratign and a med1gm water
Tow ae

1) A soil survey will usually g1ve .the planner 211 the informatibn heyshe

could need oh the soils inhis/her areas, A soil’survey is usually
* . by county and ‘can be found through, the U.$. Conservation Service 1n
# your county. Yol will have to locate'ydur site on the survey and
record the con(gspondlng soils onto your soils map.

doné

-

»

2) Check the abbreviation of each soil and match it to the correSpond1ne T

name- in the survey.
the fertlllty, bq1ld1ng capabilities and compos1t10n,

.

et

B e s 1 X
i -: ’_-d' ’—— f y .
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HORIZON

HORIZON

fig. 51 - I

NOTE: In the earth, soils occur in layers.called herizons. Each horizon is
usually composed of some of the same organic matter and minerals as the

_horizons surrounding jt, but will differ in age -and formation. {see fig.5.1)

ky

Under the name.you will find such lnfcrmatlon 2;

. .
.

.0 . &
H, 5011 maps ' : K T SE,
" 1)LA soilsmap is composed of yuur site overlald w1th rts Qgrrespond1ng N
S0itse - LT e
2) This hap ‘Will enable the p]anner to ea511¥ tocate and develop the -~
soils to their best usage. LA §
: ey

- -3
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V1l

~A. Architectural maps should include such information as the orientation of

Vegetat1on ) '
A. The study of- vegetét?on on a sPte takes an accounting of "all types of
plants appearing on the site. Large. tjees, small treés . shirubs, grasses.
_vines and herbs. should be 1ysted in ¢hjs study. "The hmOunt s1ze and type
?f vegetation will affect the movement’and changes wind and water have on
he site. - .

1) Evergreens are plants which ma1nta1J théir foliage all year around
2) Dec1du0us plants 1ose their foliage [during seasonal changes such as @
" lower temperatdre and a shorter daylsght period.

3) Specifications affeet1ng the usage
{a) Size :
1. Height {See Figure 6 1) *
+ 2. Dripline, qr the circumferencp of canopy {See Figure 6.1)
{b) Density .
1. Leaf size .
2. Surface texture . .
~ 3: Branching texture .
{€) Root structure * . R //,

f plants-*

- o DRIPLINE ‘ |
fig. 6.1~ . ‘ ; &

.

-

B. Vegetation maps -
1) A vegetation map lists and Tocates all the, meJor plants and trees on
the site, Lt either gives the,common br bdtanical name on the location
of the plant. and then lists both names in. the key along vnth othen -
l?format1on about the particular specimen.

2y A vegetation map enables the planner to save important trees or plants
on the site for ‘the beneficial use of the, entire plan
. . /' - ' '._
\\‘ . -

« Architecfural Study B 4

An architectural study provides, information and 1pcation of all built
structuces on the site. BUilt structures include buildings. walks, streets,
wiring and underground pipe. .

buildings and ‘the location of windows in these buildings.

-

23 . ‘ - .
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B. Orlentathn The,enentatwn of a building gives the location of the face
of the building and indicates the route the sun will take in relationship
to the building. It will help plot the direction seasonal winds wﬂl take
ln régard to the building.

———

. »

€. U’sage. An archltectural study Should include the usage or function of the
buildings, walks, streets and underground utilities. This information
wl{ enable the planner to lncorporate the needs of these functions into
design.. - | ] o, ) . «
D. Energy efficiency. In order to determlne the energy/effluency of a
.+ building, one must determine the insulation factor of building materials,
the type of energy used in the building, and if ‘the building or buﬂdmgs
utilize any of the surrounding natural systems. . <

- »
. . —
. . .. . ¥ -

-

-
R r

VIIi, Hydrolog1cal Study - The study of the-physical movement of water on the s1te

both temporary {due td rainfall) and constant (due to creeks and rwers) -
= A, A*planner uses a hydrology map to aid in erosiom contro] and n flood
* = coptrol. ’

s1) Erosion is the gra,;lual wearing away and r.emovmg wof thke earth 5.5011
by e1th$r wind or ‘water. . -
. 2) Controlting flooding is one. of. tne most important aépects of ,de31q
) By determining areas which are most 1ikély to ‘flood, the plamner can | I
refrain from building in. thele areas. By cons1dermq the situation .

" and plamning -for ggod drainage, in t1mes of 1arge rains. the planner !

 Can’better control flo maters
B A hydrology map:;can be'ca cq]ated in “tmé of two ways i By usmg a slape
.. map, or Z, By. studyﬁng a contour mapt -
1) By using a slope map ‘i@, deteriine the flow of fain waters ‘of f .

- steep ‘slopesionto Jow. plains, the planner can begin to map areas
which might. Flood Xou.shpuld also map areas where there is a
continuous -flow of water. Mark the direction you thlnk the water

“would mgve toming off the slope, remembering that in theqry.water

N runs perpend1cular to, fhe contours and always 'tdkes the easiest s

]

i :

: - r‘Oute
. 2) One would -use a contour map much like a.slope map. Follow steep areas F
“ "+ (or areas with close contgurs), into low plains (or aress where
contours are further a-part) and map these areas using arrows to aive
. the direction of the water. Also map- areas where there is a
m continuous  f10w ogater ] K . :

IX. Geological Study -A study of the rock and minerals lying beneath the $011
~ layer-on thé site. ,This study includes mformatlon on the' building
poiential of the bedrock layer in fhe area. :

*A. The planner™cannot do this study a]one‘, and therefore must rely en
U.S. Geological Survey data. -

B” Locate and secure a map of your county from the 0.5, Geo]og1ca] Service
and -pinpoint ydur site on this map usmg[’such 1andmarks as railroads.
highways, creeks and rivers.

C..In most cases a geological survey is not needed' unless the site is very
large {200 acres or so) of there will be an &xtensive building program
in the development of the'site.

L} . v . . . - \

L

X. Climatological Study- The study of the average snowfall, ramfall and |
temperatures in the-seasonal changes of an aréa. You will be able to find

"this material from the local weather service. This material will probably
‘be compiled in a small booklet which will explain weather occurrences in the

-

area. ’
A. Snowfall. The information about the average - snowfa]l will he]p in solar

estimations. * -, - . .

A




Aruitoxt provided by Eic:

ERICH:
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B. Rainfall. Knowing the amount of rainfail in an area w?l] enable you to
cajculate the pumber of overcast days. .

C. It 15 very important to know the average temperature in each se,ason in !
-order to calculate the use of natural systems and the energy of natural .
systems. One important factor not mentioned 1n most weather books 15 the .
effect of humidity on ‘the temperature. These d1fferences can be detected

throught the use of dry bulb and wet bulb thermometers. .
1. A wet bulb thermometer can be made by placing the bulb of the

therfometer into cotton gauze and then into a saucer of water. (See-
~“Figure 10.1) S .

L]

| “ THERMOMETER .
o X
J'. .
. _ T TBOWL WITH WATER, -
. fig. lo.1 SN

2. Adry bulb thermometer is any common thermometer found in a store.

. The wet bulb/dry bulb relationship 15 best demons t rated by a theoretical--
example, When the dry bulb readings of Phoenix, Arizona (dry climates ,
low humidity) and Savannah, Georgia (wet c]imate/h1gh humidity) are Both

.« 7G 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 bulk reading evaporates into the air, which causes a
céoling 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 butb reddings. Wet .

. * bylb measurements in Pheerix could be 60 degrees, while Savannah might oo
- hé 68.degrees. (See Figures 16.2 & 10! 3} ) .

+

1

BRI

low - "

© . hufmidity: -
fig. 10.2
- = “




3. High humidity is Seldom a desired factor in any temperature I the ; .
. summer, Jays are "muggy" because htghly saturated air prevents . '
evaporation which 15 necessary for ‘natural cooling. In the winter,
. « the moisture in the air will .cool and fall to the ground as frost.

N - . Ced
X, .Wind.Study ~ The stud} of the seasonal changes 1n direction and 1ntehs1tf in ) .
~ the wind. Charts of wind direction gpd intensily can be obtained for .
‘particular areas from the National Oceanic” ahd Atmospheric’ Adm1n1strat1on

National" Climatic Center, JAsheville, Rorth Carolina. ' "
A. Direction. In North Caro11na, the winds are general]y from the southwest. i
but during’August, .September and Otlober, the wind d1rect1on reverses and . '#ﬁ

. comes from the northeast.
+ 8. Wind Principles, Tyo properties of air;#pressure and veIOC1ty, will
change inversely when the currentvencounters an abstacle. )
‘. 1. When velocity increases, pressure Arops. oo : . "
y T 2. Hhen veloc1ty decreases, Pressure w1ll increase. {Ser Figire 11.1)

]
L . 0 ' - '

highfprﬁr& R R high pressure -
low velocity ", | o low velocity

“low pressure
high velocity

fig. !.}
- ) - “ - c p
" ¢ Sometiges referred to as the Venturi Effect, this channellng of wind to -
- lncrease air speed s often used-4o enhance the performance of. wind

geperators.
1. Winds always will follow the course of least resistance.

2. Wind currents can be classified as either laminar or turbulent.
(See Figure 11.2)

laminar

ft o

o f'g'-“'? BRI turbulent | . 1. i y

o
<o
-t
~
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3. "'Ways in which wind can be' controlled: -t
a. deflected (See Figures 11.3) - .
b. filtered (See Figure 11.4) " ) -
. ¢. blocked- (See Figure 11.5) E -
e
© o )
- :
O -
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A.

"B,

Sun Stud )
The sun's path, though complex. is predictable for any qeographic area, Knowledge
of the sun's movement across the sky will enable you to manipulate landforms,
yeggtat1on 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 successfu]
pystem, without the need of guess work.

Orlentatlon 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. _True north ¢an be derived from

. magnetic north by using the adjustment figure which corresponds to the geographic
location of the site. ?

See.Figure 12.01)

NORTH

ﬂ1

‘o 06‘
&

- LINE 1° CORRECTION fig, .|2,0|"

In fig. 12201 the line labeled correct @ is the only region in which true'
north and magnetic north are one in the same. All other areas will need to
add an additional arrow desigmated "true north".

-

1

A base map (magnetic north orientation) can be corrected to true north by
- 1. Finding the site location on the U.3. map. - .
2. Ftnd1ng the adjustment figure which corresponds ;o site location. ..
3. Adding this figure to the existing north orientation angle and
‘adding a new true north arrow. (Use true porth for solar; use
magnetic north arrow for other s1te work.

) i
The latitude of a site is another determ1nate when plotting the. sun's
movement. Latitude determines the solar angle{altitude} as well as the -

. * solar path{azmuith). See fig. 12.02 & 12.03.
‘yl 4
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€. Summer days are’ 1onger- and winter days shorter because of var:atwns in the sun's
path throughou‘i: the seasdns. (See Fugure 12.02) -~ ] _ oL
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D. The sun always rises to its greatest height in the sky during the summer months
-of June, July and August,

sun s at its lowest point in the sky. {See Figure I
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In the months of Novemberé ngember and January the
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E. The total number of solar hours in a day is directly proportional to the sun's
?le in the sky. In the summer months {June, July and August) the total of
olar hours is greater than in any other sea“‘ {See Figure 12,08)
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. Solar radjation is filtered by earth's atmosphere before it reaches thé planet's X
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surface. The remaining 1ight, which we call sunlight, -is comprised.of Ultra- »
violet radiation, visible light and infra-red 1ight. Ultra-violet 1ight causes ¢
sunburn as well as discoloration and fading of materials. Visible light containw
all the colors: of the spectrum. Infra-red provides the majOr source of heat

found in sunlight. (See Figur-e 12. 06) ) § N
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The sum of all forms of radiation falling on a given surface is defined

- as the Total Solar Heat Gain, and is expressed in square feét. There are

-

-two variables affecting Total -Solar Heat Gain.
Month i
Surface Orientation ‘o,

Knowing the effect which each of these variables have, alone and in
combination, will allow you to make use of passive energy principles fdr
hea}ing and cooling as-well. ’

»

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

Month H Ft | Days . i

Jan 743.9 .469< 31
Feb | 1031.7 499429

Mar | 1323.2 499 1 31

Apr {1755.3 | .543 | 30 .

May | 1988.5 554 | 31

Jun § 2111.4 563 | 30 .

Jul 2033.9 5521 3 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 se¢tion which list
the average daily solar radiation (F) for each month. In addition, the tables
list the cloudiness index for each month. A large K¢ (cloudiness index) value
indicates sunny/clear days. A small Kt value represents cloudy overcast weather.

.. . 4
. The monthly values given for H (monthly average daily total radiation on &
hqrizoutal surface), have already taken the cloudiness fndex into account,

To find the total amounf of radiation falling on a horizontal surface fdr an
entire month, simply multiply A (monthly average daily total radiation on a
« horizontal surface)} by thé mumber of days in that month. For instance, on an

average day in January 743.9 BTUs /f fall on a horizontal surface.

January = 31 days . . !
{H) X (number of days in month) = Ay (monthly total) ..
743.9) X (31) = 23060.9 BTUs/ft2

[
.

Compieting the table will give the total solar radiation falling on a

horizontal surface for each month. . .
ot - -. \\ .
Jan | 23060.9 - _
) Feb | 29919.3 .
. :ar 2%029.-2- )
pr €59.0 - -
7. Msy | 61643.5 A
Jun: | 63342.0 .
Jul | 63050.9 - q:
Aug | 56119.3 ) i '
Sep, | 45519.0 =
Oct | 37280.6 o=
Nov | 27243.0 o " .
Dec | 21414.8 O ,
. \ ) X

'
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This graph shows the total solar radiation per square foot, falling on a
horizontal surface, for each month of ‘an average ypar,
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H. The calculations convert K factors to R factors {average daily radialion on
a given tilted surface}. ¥h1s has been done for you for various latitudes
and tilts in the SOLAR RADIATION DATA FOR INCLINED SURFACES section (pp.55-
70). Having found the R factor for 2 desired latitude and tilted surface,
one can use the following formula to calculate the total solar rad:atlon
falling on a tilted surface for a given month.

*

(R X R) X (days 3f month) = BTU/ft?

a

Using: Latitude 3§° 5°'N, Greensboro, NC. (Use Latitude chart for 350)
Vertical Tilt, 900

The. values of K} for each month when converted to R (R= vertical tilt) are:
Month| W H* R, | Days

- Mdan | 1.35 743.9 469 1 31
Feb 15 | 1031,7 499 | 29
Mar i 1323.2 499 1 31
Apr 55 | 1755.3 543 30
May | 0.4 1988.5 554 { 31
Jun 32 12111.4 563 30
Jul .36 | 2033.9 5521 31 taken from SOLAR RADIATION DATA FOR
Aug .48 | 1810.3 5381 31 INCLINED SURFACES.? PAGES 6582,
Sep .68 1°1517.3 527 30
Oct | 1.03 | 1202.6 531 3
Nov | 1.28 | 908.1 501 30
Dec { 1748 | 690.8 4791 3 ~

* The values for H remain the same.
To find the total solar radiation falling on a vgrtical surface the‘equatioﬂ is:

(F X B) X (days of month) = BTU/ft 2 )
- Example: January

T X ®) X (days of month) = Bleftz

743.9 X 1.35) X (31& = BTU/ft

§004.2 X 31 = BTY/ft -
.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). .

L 4
°.Completihg the table for these values gives:

¥ .
Month| R, . - . -
Janq 31132.2
Feb | 34407.1
Mar | 32815.3
Apr | 28962.4 ’

_ May | 24657.4 )

Jun | 20269.4 -
Jul | 22698.3 . 13
Aug | 26937.2
Sep | 30952.9 o=
Oct ] 38399.0 =
Nov {.34871.0 .
Dec | 31693.9 .
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Adding the vertical tilt data to the previous chart:
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This graph shows the total solar radiation poF square foot faiIinq on both

horizontal and vertical surfaces for each month of an average year.
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Additional data for surfaces with 509 tilt, 35”‘tilt, and 209 tilt can be
calculated and added to this graph to give a total picture of the relationship
of tilt to available solar energy:

mon th H Ky ] TOTAL

Jan| 743.9 | .469 | 1.56 | 35975.0

Feb| 1031.7 | .499 | 1.42 | 42485.4

Mar| 1323.2 | .499 | 1.15 | a7172.0

Apr] 1755.3 | .543 95 b 50026.0

May | 1988.5 { .554 .85 | 52396.9

Juni 211174 | .563 77| 48773.3
Jul: 2033.9 | .s52 .79 1 49810.2
Aug) 1810.3 | .538 88.| 49380.9
sepi 1517.3 | .527 | 1.07 | 48705.3 =
Oct ' 1202.6 | .5311 1.33 | 49583.1 o=
Nov| 908.1 | .501 | 1.51 |‘45495.8 ©
Oec| 690.8 | 479 | 1.67 | 35762.7 B

3

Jan! 743.9 | 469 i 1.47 | 33899.5

Feb| 1031.7 | .499{ 1.37 | 40989.4

Mar | 1323.2 | 4991 1.17 | 47992.4

Apr ! 1756,3 | 5431 1.03 | 63492.8
May | 1988.5 | .554 93 | 57328.4
Jun! 2111.4 | .563 .88 | 55740.9
Jul i 2033.9 | .552 .90 | 56745.8
Aug ! 1810.3 | .538 .98 | 5499§.9
Sep| 1517.3 | .527 1 1.12 | 5098M2
Dct ] 1202.6 | .531 ] 1.33 | 44583.1 3
Nov| 908.1 | .S01} 1.45 | 39502.3 o
Dec| 690.8 | .479 1 1.63 | 34906.1 55;
Jan| 743.9 | 469 | 1.32 | 308405

Feb | 1031.7 | .499 % 1.27 | 37997.5

Mar | 1323.2 | 499 ] 1.14.] 46761.8
Apr{1755.3 | 543 1.00 | 55818.5

May | 1988.5 | .554 .98 | 60404.5

Juni 2111.4 | .563 .96 | 60803

Jul | 2033.9 | .82 97 | 61159.3

fug [ 1810.3 | .538{ 1.03 | 57802.8 -
Sep | 15617.3 | .527 | 1.12 | 50981.2 ‘v
oct | 1202.6 | .531 | 1.23 | 45856.1 %=
Nov!| 908.1 | .501 ( 1.22 | 33236.4 o
Dec | 690.8 | .479 {1 1.37 | 29338.2

Imposing all five sets of data onto the. same graph will show the relationships of
solar absorption to the incline of surface,
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The data for tilted surfaces demonstrates why attics are extremely hot during the
summer .time, in most conventional housing. The walls and windows (vertical angle)
of a typical home, on the other Pand, are extremely efficient and well suited to
summer conditions,

. Data should be analyzed and compared to the reqiirements of the area. Surface
orientation should be selected so that solar collection 15 minimized during warm -

months and maximized during cold seasons.

L

AN




=

- J. During winter.months the majority of useful solar radiation falls between
" 9:30 A.M. to 3:00 P.M. To fnsure the effectiveness of a solar structure,
adjacent areas should be free of .any 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)
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K. A tool used to determine the position and height of objects in relation to the
solar path and angle is called a sun chart. Sun charts for various Yatitude
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

%

a9 ¢ - fig. 12.10 -
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Combining the altitude-and azimuth angles Jocates the sun dn_the chari. The sun's
position tells us, that thesdate isMne 21 and the.time is- about 8:25 AM.
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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 p01nt will be obstructed from
the sun's rays. . "

To piot the skyline:

1. Stand at the position where the- -proposed bu11d1nq 15 to be

> ‘ ) located{reference point). .

To get a general* feel of the site in terms of solar access,

. a single reference point will work.

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

Using a common compass, find maghetlc south.

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. Knbwing the true south direction and the reference point, '
mark also the north, east, and west directions,

6. You are now_ready to translate the surrounding site features

ENFTY AN ]
P

r onto the sun chart. .
7. First, locate objects which are closest to the reference ‘,_*,,}
. point. ® ' -
- . You need only Tocate obJects which 1ie 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/50uth/w95t horizon.

kKhich axis is that object closest to (east? west? south7)

In figure 12.12, for example, notice the building close to .
the west axis. ~¥

One corner of the structure Ties on the west axis. The other
corner lies 20 degrees south of true west.

Mark these two coordinates on your sun chart{see f1gure

' 12.14)
* ' ) Follow this same process to locate other obJects
K T 9. Now calculate the height of the building.
Standing at the reference point, look straight at the
5 building,
Now, raise your line of sight to thé top{roof) of that
- : Y Structure.

) How many degregs 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

e ) X exists bétween eye level and an immag1nary Tine touching the
) top of the roof. i
‘f ) Mark this on the sun chart as well. | o

10. You cab now approximate the height and location of that
structure on the sum chart,
. B 11, - Follow this process to locate and calculate the rough height
v . . of other objectsg,
-7 12. Remember, perfec 1pn is not necessary. We are merely trying
to estimate the Tocation of relative objects in order to

. determine how they will affect thg amount of sunlight the
- reference point will receive and during what times of the
year this will come into play. . Y
- N %.,
at ' ’ - ‘l
3. f )




M. This diagram shows how a compass can be used to graph the-size {length) of an
object by taking two readings! one readimg taken by locating the extreme left of
the shape and one taken fram the right hand margin. {See Figure 17.17)

Iy

Yz E
reference -
point g N fig. (2.12

N. This diagram demonstrates hgw to determing the height of an object by estimating
the angle it makes to an imaginary horizontal plane located at eye level. T
(See Figure 12.13} ' ‘ s




. 0. Imposing the objects onte the sup chart, shows only the large tree as an
obstruction to selar gain in the winter months. This tree i3 deciduous, however, . »

* and should be indicated with a dotted line since it dreps its leaves at the
beginning of the cold season (close groupings ef deciduous trees will pose an

' obstruction to solar gain, even in the winter). (See Figure 12. 14y " )
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flow rate .

measures .

s

1 British Thermal Unit (Btu)

.

-

Scientific Notation

251,99 calories
1655.06 joules

.00029287 T(ﬂqw‘.t -hours’

1 ¢alorie 003968 Btu

1 footepound ?324043 )

1 joule watt sec .

1 kilowatt-hour \ 3414.43 Btu .
LY & .

energy density
atlor®®7sq. cm.

1 tu/square foot
1 langley

- power . densnty /-

1 cal./sq. cm./min.
1 watt/sq. ¢m. s

L

power . . .

1 8tu/hour N
1 watt

1 cobic foot/minute
I' liter/minute

velocity

1 foot/minute
1 milejhour
1 kﬂometer‘hour'f

wonu " H

3,68669 Btu/sq. ft.
271246 calories/sq. cm.
l calorie/sq. cm.

221.2 Btu/sq. ft./hour
= 3172 Btu/sq. ft./hour

4,2 Ealories!minute
1292875 watts !
1 joule/sec | < _

-

.471.947 cubic em./second
.0353 cubic feet/minute
.2642 gallons/minute

.508 centimeter/second”
1.6093 kilometer/hopr
621 mph t "&

Ll

Metric Prefix  Common Usage -

.‘ *1 ‘\9‘7
.hano 1 billionth 10.¢
micro . 1 millionth J10 3
~millhi 1 thousandth. . 107
centi 1 hpndredth ‘ 103
kilo 1 thousand 104
mega 1 miTlion 10
energy




*

mass/weight
1 pound

Dton ' , ‘

1 kilogram
1 metric ton

liquid 'volume
1 gatlon

1 quart
1 liter

"%

- dry volume

1 cubic foot -
1 cubic yard

1 cubic inch, -

1 cubic centimeter

}aﬁlbic meter

area - 3

1 square mile

square
square
square
square
square

yard

foot - .
inch
centimeter
meter

[ o N T

square
acre

kilometef

—

length .

1 mile

1 ktlometer

_Jayard *
1 meter

1 centimeter
1 inch
1 foot
1 angstrom =,

temperature

F .

~
o. Uu

"wonn Il p L}

ahow

nowon ou

LU (N N N B N LI B LY nn

LU O | S (N B (|

lI LU I (B (]

-5280 feet ' ,\2,

.

16 ounces

.45359 kilograms -
907 kilegrams '
2.2046 pounds

1000 kilograms
2204 .6 pounds

4 quarts

3,7854 Yiters

23} cubic inches

.9463 liters

1000 cubic centimeters
1.0567 quarts

.2642 gallons

28.317 liters

.7645 cubic meter

16.387 cubic centimeters
.06102 cubic inches #
35,3145 cubic feet

1000 liters

1.333 cubic&yards

4

640 acres

2.59 square kilometers
836 square metérs .
.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 $

"

1.6093 kilpmeters .
1760 yards - ’
621 miles

1000 meters

.9144 meters .

39,37 inches . -~
3.28 feet

23937 inch - - o ™
2.54 cent:metérs
30488meter

J1X10° cent1meters
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: Landscapmg for
Energy Conservatlon




' ® Iandscapmg for energy
conservatlon

. introdyction

Ptants 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 ha:}_(been practiced by man throughout
history. .During recent year<, the gererd) public and the professional designers
have not shown any interest in this concept becaduse energy was cheap and readily
available. This is no 1snger the case, and thg use of landscapiog for energy
conservation must receive recognition on the basisyof sheer ecomomics. The U.S

" General Services Administration predicts energy costs will double in the next. fwe

" years. Energy optimized buﬂdmgs will be a necessity for survival,

¥, [

2
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“I. History. Early American Indians demonstrated an acute awarenéss of the ear'th‘-’ - K .

, sun relationship in their desert ¢liff villages. Note the use of the Tandfort¥
as a passive solar system. (See Figure 1.1)

The Tedge above shields the cavern dwellings from m.g;' sumer sun-the mass of the.
walls feels cool to the touch This works only with south facing openings. Not

i south, filling the c]iff dwellings with sun, During the day, the sun K
wa the stone walls which hold the heat for nigh¥ release. ™ Indian: Iyck or geniysl
. . , L
- ‘ *

Y
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1 * . + -
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- #

on]i is it very comfortable in the summer: but in the winter the sun is Jower e
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‘TI.'tnergj Consumption Cost Analysis {See Fiﬁure 2.1). This analysis is based on
r 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

- Tighting cost is 25%, with the other cost at 10% for a typical facility.
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conservation®* the use of lighting only in areas where a task is being

months this lighting energy must be cooled by cooling energy,
' i . - .

' ¥ ,
»

- .

L]

- ' E
1

According to another source, space-heating and coo]inh represents 32% of
nation's energy consumption. Proper use of landscape plantings, the propep
orientation of buildings and building openings, and the proper insulation of
windows could save 20 to 25% of the energy reqiired for heating and cooling:
_Carrying this concept further, we can identify one other area for emergy

performed as opposed to a large generalized use of lighting, which create}
a lot of heat. ,This heat works well in the winter months, but in the summer-
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Remember this formula for lt will controT all of. your ccnsc10u5 thoughts about
There are four areas which ‘are- 1nstrumenta1 in achieving
lower heating/cooling costs, (See Figuré 2.3} We-will be dealing in this

ener

‘eonservation.

. v,‘ L

. course primarily with concepts pertamning to ]andscape and orientation,
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_ III. Site Orientation. In North Carolina, we arve located within the Solar Belt (See
. "« Figure 3,1}, The Solar Belt is defined as the area within which the amount of

) solar energy in hours -per” year reaches at least 2,800-3,600, ap amount which

can be significantly U¥ed as a positive energy spurge or must bg coped with as

a negative force reguiring energy.to cool our environment for living and working.
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: e - B "Sun amgles and sun paths vary Frgn; summer to winter, (Seg Figures 3 2‘and 3.3) "
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For examﬁ1e, if a typical house 4s built in our piedmont. every €0 square feet
of unshaded west facing window space in the house will increase the pezk air
conditivning demand in‘the house by approximately a ton. The same happens to
a lesser degree on the east ffacihg window space when the low angle spring and
fall sun strikes the gilass surface. (See Figures 3.4 and3.5)

g
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
4 true south oriented structure, the south face receives:approximately the
same number of solar hours regardless of the season, The east and west faces,
however, receive much Tess sunlight in the winter than in the summer. In the
Piedmont onh 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 coillect approximately four hours in the wintér and
eight hours in the summer. _ '

A

qid. , .

By interpolation we.can see that.the east and west. faces réceivd'approximately
six hours of heated low angle sun in the-spring and fall months. It is not
uncommon for many of our buildings to be running a cooling cycle for eight
months out of. the year, versus a heating cycle of only four mpnths. To reduce
summer cooling expenses, pilant deciduous'trees on east and west facades as
well as the south face. . .
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When selecting a site for development, certain qualities should be kept ‘in
mingd. . TN . '
1. Site orienfation for/southern exposure fs desirab&é. Solar energy and
attention to natury! systems and forces can be beneficial to conyentional
buildings as well /as “"solar" structures. A desirable site will receive
direct sunlight. .
. If the site has/a slope, it preferabiy should be south or near south facing.
The proposed building loc:;ﬂon(s) should not be obstructed from solar

gain by wt ures on adjatent properties,

Wopded sites with large trees already established are most valuablée,
providing fhe trees can pe preserved, :

The site Ahould be well ‘drained, Water resources which originate or

ite are also generally desirable. - ‘““‘
re alsg a consideration in site selection..If the site is partially
irt, it should be well settled before any building takes place.
composition should not be extreme*i.e.,ﬁénd or clay), Plant growth
drainage are the prime concerns relating to soil compesition. For
curate analysis, 50i} tests and borings can be taken to determine the
quality of questionable soil. ‘

*
* i

Fl
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‘1¥.. Influencing Factors. The major factors that affect human comfort are air
", temperature, solar radiation, wind and humidity. Perception of heat or cold
n be a result of any one or a4 combination of these influences. The bottom

line for the use of energy in buildings # to establish a feeling of comfort.
Through the use of proper plantings and landscape design, a comfort zone can
be ¢reated 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

s 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 neans or by changing clothing.
Through landscape design the impact of microclimat#c 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 be used to cut glare from hard
paved surfaces. & ‘ ." g

.

L

. 1 ‘




-

L

IC

.
Q
(e

Q

E

Aruitoxt provided by Eic:




V. The D1fference Betweem Climate and Mlcroc11mate. “Fhere is an 1mportant o ;
distinction between climate and microc) imate which must be unders tood before 3 .
effective landscape design can be accompllshed * - .

Cllmate refers to the enera] character of temperature. solar rad1at1qn
humdity, wind, and pr c1p1tat10n that preva1ls over a regton of oonslderable
geographTCﬁ} area,

v’ -

dified by local typography, slope, erientatlon
vegetation, presence df water, buildings,:and other- Tandscape elements such
» as fénces, walls and avements. nll site character1st1cs are tools which

. . . s . -
- .
. L . : .
- M Ll

L . V1. Temperature. The norfmal tn]erab]e average temperature range is between 60 to
80 degrees. If thejaverage falls above or below this’ zone, _heating or cooling -
is required, The amount and duration of sunTight affects haat radiation’on
structures and humaps. There aré several different types, of'radlatlon (See
Figure 6.1). Depi '

¢lient,

1) Divect » d;atwns from the sun, :
2) Reflectefl radiations fram 11ght ground surfaces Coa o ‘
3} Diffusedf radiations from and through clouds'. '~ <&

f: . . s : Son - /-
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vII,

. assumptions can be made, The most stmple relationship is .the one which -«

.Trees must pe selected wh‘Eh widl grow fast and tall. The maples and oaks, .

, Fifty years would find the mapTes and oaks reaching.a height.of seventy to

_(See:figures 7%, 7.6 and 7,7} .
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Radiat1on
1t tdkes a carefdl eva]uat1on of natural and structuraf\materlals to understands"
the full impact of these 'various types of radiation. However, certain basi& -

LY

involves the selection of plant materials which will screen or deflect the = 7~
direct and diffused radiations from strikidg the ground or building surfaces. '

Qbviously, the placing of £all decidusus tr‘ees lbtween the west, soutn and ea‘st
faces of the building would keep these building faces shadedaFrom the e
sadiations in the sprlng, summer and fall ‘while allowing the warming winter

radlations through as the leaves are naturaﬂy drppped from the trees,

for example, will grow to a height of sixty feet in thirty-years; whereas,
japanese maples and dogwoods will only reach twenty feet in thirty years . é?

eighty feet, whereas the smiller japanese maples and ‘dogwoods ‘wourld remain at.,
about twanty feet in height. A deciduous tree, as it changes throughout the -~
seasons , cah be considered a passive system mth‘in itself. (See'Figyres 7:1 -
and 7.2) The maximum height -and rate of growth are critical factors n the < -
selection of plantings for controlling.radiation. {See Figure'7.3) ‘An’even.
more effective screening of buildings can be accomplished by careful placement
of masses of dec‘lduous shade. trees. (See F}gure 7.4). K ) PR i
. T
Vines have a po’tential when understood. With proper structural . 7oy
support vines-can provide overhead shade. They can also reduce the . -~ .
amount of heat gain when growing on building walls, For examp]e, Tt g
deciduous vines such as Boston Ivy could cover the masonry.’areas.of - -
a8 bu1ld1ng and their green foliage mass becomes an insulating ° s sy
blanket, for keepiny the sfructure, cool in the summer. . In the winter . .
the leaves would fall off, '!eavmg the masonry elements open tb the
sun’s rays which would then allow the storage of warmth-in these * .
etements by day to become a thermal buffer during the nighttime

-
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A
The examples shown in figure 7.7 depicf vines.growing directly on masonary
walls. An alternative method would involve the attachment of a treilis to
the wall for the vines to climb on. This method minimizes damage to the
masonary, since Lge roots are attached to the climbing strugture, Spacing
of boards on the trel}is should be generous (1’ - 1 1/2*} so that solar
gain is not seriously reduced. .
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VIIT. Humidity. High 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 condoctor will
allow cold to penetrate, thus reducing the effectiveness of insulating
materials. Areas with a high percentage of moisture in the atmosphere
require plant materials that encourage air circulation, while areas
lacking humidity need to exploit landscape features that will add to
the meisture content. ' ] N
Air circulation can be created by usin? plant screens to divert and
channel breezes to areas otherwise sheltered. from wind currents. This

. will reduce humidity by forced evaporation. Plantings should be
’ Jused to deflect rather than filter air flow. Reduce undergrowth to
allow free flow of wind. T .

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 eviporation. Refer to

Core Section (page 16) for humidity and temperature correlations.
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I¥. Wind. Wind has tremendous influence. Its fnteraction with temperature
v factors can result in efther positive or negative impacts depending upon
the combination. By knowing the seasbnal and daily wind patterns in :
- combination with the orientation and shape ¢f buildings, fences, earth
forms and plantings, the landscape designer can take the best advantage
of the wind forces or minimize them when the impact is négative. Ever- .
: green windbreaks can be used as a protective device to screen of f{See

figure 9 1) cold wintér winds from the north Refer to the core section
(page 17) for wind flow patterns.
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: / ar I
b . - § tvergreen windbreaks can be used as a buffer to control or change wind/ '
patterns. (See Figures 9.2 and 9.3) «

'
-
FER
. H
bl
- ' .
. .




Deciduous- screen windbreaks can be likewise used.to deflect warm

f . breezes in the summer while allowing them to penetrate the‘ir s 3 1
defoliated mass during the uinter months . .
~ - . A S S %

bl




[
. 5
. | A
!
. %
%
. >
'}“ ’
vestibule
! My ,‘
\ _ ) 12
- /
» - .
i
Q . ' .
ERIC. .

Aruitoxt provided by Eic: . : + .

-




-

-~

X. Thermodynamic Effects, The final component to consider in energy
conservatjpn design is the understanding of the thermodynamics of
microclimatic factors. The laws of thermodynamics maintatn that

heat cannot move from the colder body or mass to the warmer one. ~ &
Rather, it is the warmer of the two bodies that loses heat and the
colder one that gains. In fact, heat will seek out cold and there -

+1s a constant attempt at equilibrium ’ o -~

The two ways that proper )andscape design can minimize this heat.
exchange is by using plant materials in an effective way to cut down
_ heat loss from a building in the winter and heat gain to a building
" in the summer. -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 buflding, the cracks or openrings around windows

and doors allows this wind pressure to actually force heat or cold s

(

1nto the interior ‘spaces. ~ -t

Another remedy from the past to cut down on he
vestibule. {See-Figure 10.1) This two-door.

- }ogs or gain simply b
- air” pressyre through

//,:/ .:; ) .
t-loss was the
riock cuts down on heat £
ause it isolates.x neutral zone of ‘heat and
hich excessive’ changes of tempsrature will riot

occur due to this buffer one.

i
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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 p]easing yet energy
conserving designs. A landscape that uses the sun's heat energy for
winter $pace conditioning ahd.denies this same sun's heat energy for.
summer space .conditioning is the best solution. \

LS

Deciduous trees are the major plant element to minimize the negative
aspects of summer radtation while allowing the positive aspects of
winter radiation when the leaves have fallen.

. i

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 ihgs
where their evergreen mass breaks up the cold w1nds. 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, channel1ng ]
- deflecting. (See Figures 11,1 and 11.2)

Groundcovers are useful in stabdlizing soil: Additiomally , groundcovers can
reduce reflected radfation when placed below windows and around buildings. -3'”""

. Vines are alsu considered groundcovers as they serve the same functions.
Vines are additionally useful for radiation control because they are climbers
. which caa cover structures as well as ground. Some varieties are deciduous.
" Deciduous vines perform best as solar radiation control tools. Evergreen
vines serve-best as windhreaks when used on walls or fences.
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Plant List for Energy Conservation*

TYPE

PLANT USE

RED MAPLE DEC. TREE SOLAR CONTROL -
SUGAR MAPLE DEC. TREE SOLAR_CONTROL
WILLOW OAK DEC. TREE SOLAR CONTROL
WATER Q3K DEC. TREE SOLAR CONTROL
PINOAK DEC. TREE SOLAR CONTROL
MAGNOL IA - EVERG TREE WIND SCREEN
‘HEMLOCK EVERG TREE WIND SCREEN

RED CEDAR EVERG TREE WIND SCREEN *
WHITE PINE EVERG TREE WIND SCREEN
CHIN. HOLLY EVERG SHRUB WIND CONTROL
WAX MYRTLE EVERG SHRUB WIND CONTROL
LIGUSTRUM EVERG SHRUB WIND CONTROL
BOSTON IVY DEC. VINE SOLAR CONTROL
ENGLISH IVY EVERG VINE YEAR ARCUND 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.

" m .
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greenhouse design R
® history )

I. The greenhduse has been a reality fdr tlie last 200 years. White 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 belng kept up by means of ~
artificial heat.
The true greenhouse, or hot house, was originally developed for yse in the
lowlands of Europe. The climate wds mild and days were generally overcast. As a
result, sunmer overheating was not a problem, and winter temperatures were
moderate.

Paxton created the crystal pa1a3e 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 dimen510n to the concept of
the greenhouse.

Shortages in conventional fuel reserves have expanded even Paxton's concept. -
Today man views the greenhouse as a muitifaceted 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 enyironment on this relationship. By understanding the way these factors
relate to one another, we can begin to design living/working spaces that take

full advantage of natural systems while providing a greater variety and quality

of space in terms of function and enjoyment.

. ! I
;

problem definition

11. 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 climatfc regions. Some designs will work better in a particular area s
than others. In order to insure the success of your system, fully define the
criteria which the design must fulfill. )

a . *
NEEDS & REQUIREMENTS
PROBLEM DEFINITION = +CONSTRAINTS .
+RESOURCES g
TIME . ’
CONSTRAINTS = +MONEY .
+THE SITE .
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RESOURCES = NATURAL RESOURCES MANMAQOE ASSETS
1}Landforms 1)Existing Structures.
2)Soils. & Drainage Ways . ' .
3)Vegetation + 3 Z)Roads & Access Ways
4)Natural Energies
5)Site Location ..
. -
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 comstraints of the problem?
6) What resources are available to work with? . , éffﬁl
~ {‘4
problem solving ’ ..
’ I111. The elements of a greenhouse system are 1nterrel%ted in such a way that making
changes in only one part of the system cafd cause al) the others to be a)tered. .

Asf}ou analyze the natural systems, the relationships will become more clear.
HMTrade offs" (qive and take between needs and practicality, or needs and
importance) will begin to surface. This prefaces a part of a decision making
process which can become futile unless goaTs are ‘established early and folloued
throughout.
The sun and wind are elements acting upon and responding to Tandfarris: , vegetation
and the built environment ("builf environment® refers Eg manmade s ctures,
«including architecture). Consequently, by manipulating’ these compdnents, the
designer can alter the natural forces to better suit the established needs
throughout the seasons. R

1

orientation

/,
IV. Orientation to the site is extremely important. Ag the greenhouze concept 15
u

based on interaction with the sun, it is essential for the struc re 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 greatest possible
amount of sunlight to penetrate. {See Figure 4.0).

) " ’ .
. ‘ -
.




 95%. soldr_ gain efficiency .
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-80% solar gain efficiency

when speaking ¢f the attached greenhouse, orientation becomes more complex.

The structure to which the hothouse is attached should shefter it from cold
northern winds without obstructing transmission gf the sun's rays. The \
optimum position_for the proposed greenhouse must be detgrmined by the .
orientazigg of thi}kxisting structuﬁé:to which it will be attached. (See

Figure 4.3). .

L]

True South Facing House {See Figure 4.3).

Fa
On a true south facing house, the greephouse may be located on any
south wall. . )

N 113
}
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Less -vtr!-an 45

East of South (See Figu~e 4.4).

45 east of soith {See Figure 4.5},

-
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fig. 46 .

a . N .
the greenhouse | @

V. 1In order to maintain a specific temperature range, heat must be added in winter
and taken away during summer. The alternative ways of beating and <ooling can
be generally classified into the categories of active systems and passive
systems. Y ¢

Today moSt all permanent greenhouses are equipped with features which help to |
maintain a consistent ten%arature and*humidity. Tha way in which the system
accomplishes this will determine whether it is active, passive, or a blend of the
two, g . . !

’L ing in the sun would be apassive example of tanning, while a sun lamp would
present the active system. Both achieve the samé effect. Active systems, -

however, require the expenditure of additional energy. What #bes this additional

energy buy? [t purchases the convenience. of tanning at night, on a cloudy d3y, .. -

etc. . . .

" Generally speaking, active systems are convenient to operate. Circulating fans
apd 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 of f' throughout the seasons in response to the earth's natural systems.

-

the' gréenhouse shape - an

¥I. Efficiency begins with the greenhouse shel] itself.}ertgin sizes and shapes "
will preform better than others. .

) L S Bt
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In terms of energy .eff'Ic1ency two. factors are .af fected by buﬂdlng
canfiguration

-

Solar Hgat Gain
+Thermal Efficiency
=Eﬁergy/Efficiency bome

The key.to gontrolling these factors 1ies in the size of the surface areas and’
their or1eritation to the sun. (See Figures 6.0 & 6.1).

Idv 1hermal efficiency;

137
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Another factor of confiqurdation whigh affects the effacaenCy of the greenhOuse .

is the slope of the south and north walls.

The slope of the south wall 15 critical to solar gain.»
The SIOpe of the north wa]l is critical’ to the thermal effacienCy of the
buiTding. : .

.
-

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

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

i

perpendicular rays  +ig. 62

v A

- obtique rays fig..6.3
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fig. 6.4.

3

The angle at which a beam of 1ight strikes a given surface is ¢alled 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
qual to the angle of incidence.(See Figure 6.4).

" reflection angle = incidence /angle

I |

wt

N N

"
-
»

South wall and/or roof angles should be oriented so that light strikes at -
or near & 90 degree angle of incidence during winter months.

%

L]

N A -
For example, at latitude 360 the average height of the sup during the harsh
months of December, January, #nd February is approximately 359, Since we
know that Tight striking a surface at 90° 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: .

~ 4

-900 jdeal angle of incidence
-350 solar angle .
=550 south side angle

Increasing or decreasing this angle would shift the maximum optimization of
solar gain to another set of months. While a 55 degrée south ahgle would ’
be optimum for 36 degrees north latitude, a variation may be necessary due
to construction 1imits or materials avaitability. (See Figure 6.5). .

: 153 .

reflection -
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glazing angles 36

( ~ |commercial designs

VII. Commercial designs can be discussed and evaluated @t this poid-based on
information previously discussed. Working systems for heating and cooling
' will be dealt with later in this division Criterfa for evaluation of basic
designs will be as follows: p

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

* . N a. Fixed.size. - Definite-size restrictions by design ar
: ' b. Modular - Flexible size by additions to design

-4 . SPATIAL EFFICIENCY: Refers to percentagé of usab:Ie space. Radica]'ly!sloned P ;.
' ] walls, columns and braces are nggative elements in terms
/ - . of spatial efficiency. t .

4

* INSULATIDN: Pertains to glazing pos:s‘ibﬂ'itjes(number of layers)

. . pe .
¥ ; \)‘j '




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

GLAZING MATERIALS: a. plastic
b. fiberglass .
C. g]ass >
SOLAR EFICIENCY Slope of walls and building configuration determine the
structures ability to accept and hold heat.

I(See Figures 7.1, 7.2, 2.3, 2.4, 2.5, 2.6, & 2.7)

SIZE: rnodular expandability in Iength and width
fig. 7.1 SPATML EFFICIENCY: excellent
- INSULATION: single or double glazing
"GLAZING MATERIAL: glass or fiberglass '
SOLAR EFFICIENCY; fair

-/
/

ATIAL E ETZE‘ ' |

¥ . * -SPATI FEICIENCYy fair .

”Q 1.2 INSULATION: single or double g]azing
GLAZING MATERIAL: dbass or fiberglass
SOLAR EFFICIENCY: excellent

E
-

o L 15




. . SIZE: modular expandalqlﬁty of length,
fig. 7.3 .+ SPATIAL EFFICIENCY: good
. INSQEATION: .single, double or triple glazing
. : GLAZING MATERIAL: fiberglass or plastic .
Vo SOLAR EFFICIENCY: good

| -

-

', SIZE: modular.expandability of length and width

SPATIAL EFFICIENGY: excellent
ﬁg 74 INSULATION: - single, double or triple glazing .
- GLAZING MATERIAL: fiberg] ass or plastic L
, SQLAR EFFICIENCY: good :
Q ) ' ‘153 ) . .
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SIZE:

SPATIAL EFFICIENCY:
- INSULATION:
GLAZING MATERIAL:

. SOLAR EFFICIENCY:

- SIZE:
SPATIAL EFFICIENCY:

INSULATION:
GLAZING MATERIAL:
SOLAR EFFICIENCY:

modular expandability in height and diam.
good

single or double glazing

glass or fiberglass

fair - E

-

fixed . .

falr to good -
single, double or triple glazing
glass, fiberglass or plastic -
excellent -

-
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flg‘ 77 . ’ .
: S1ZE: fixed by dwelling size
SPATIAL EFFICIENCY: good
INSULATION: single, double or triple glazing
GLAZING MATERIAL: glass, fiberglass or plas
SOLAR EFFICIENCY: excellent{given proper or?éqtat1on to existing structure)

systems

YIII, Siting and greenhouse structure and conf1guration have been examined in

reference to winter«heat1ng requirements., The next step involves the details:

of gneenhouse design in relationship to a heating and cooling system, Specifically
systems that utilize passive solar design will _be examined.

The three basic approaches to pa551ve solar heat collection and storage are as
follows:
1, Direct Gain

2, Indirect Gain
p 3. Isolated Gain

13
-\-..‘ .
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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 an%tain some of the heat gain. Glazing

. area, material and colors wil] decid e performance of the system, Trees,
cyrtains, shytters, etc. are effective controls for regulating heat gain,

(See Figure 8.0). >

e




2

Indirect systems are placed between the sun and interior spaces. The sun
directly heats a storage mass, wiiich in turn gives off(tran5m1ts) heat to

the interior. .
o - @

In order to "turn on” or "shut off" an 1nd1rect 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.

©  |*7 “indirect gain

162
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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
contro] devices,(See Figure 8.2),

-

\
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heat gain \
These three approaches 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 4he s¥stem are heat storage/distribution, insulation/shading
devices, and ventilat

greénhouse effect

heat storage/distribution | .

A. A six-inch wall will absorb*the same amount of heat as a fifteen-inch wall

_ The difference between the two is time. The heat will pass quickly through
six inches of mascnry, while it would take considerably’ longer for the heat “
te travel through a fifteen-inch masonry watl. The wall should be thick
encugh 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 durigg the cooler
hours of afternoon and night.

Factors controlling the performance of thermal storage walld are:
1. Color. BDark colors absorb; Tight colors reflect, Use wall color to

fine-tune wall needs. For instance, if the wall is now black, and the T
greenhoyse is overheating, paint the wall a lighter shade . (See Figure 8.3).

' ®
1"4‘\ ’
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- absorption . s

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, .

Hater 6"
Brick . 12"
Concrete . 16"
Rock 3-10 feet

“
(See Figures B.4 & 8.5).-




|water wall
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 fig. 85

K]

2. Size of thermal Storage wail is determined by floor area to be heated.

Average

Winter

Qutdoor
Temp.

15
.20
25
30

34
0

45

For example: for a 100 sq. ft. greenhouse in a climate with an avérage

% of sq. ft. of floor area

Masonry Water
.85 .75
75. .65
Jo .55
.60 .45
.45 .35
.35 .25
.30 .20

winter outdoor temperature of ‘15 degrees, the thermal $torage

g wall must be 85 sq. ft. for masonty and /5 sq. ft. farwater.

-~
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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
wall consists of masses of individual containers (jugs or drums), in a
stacked fashion, will .a water wall function better with a translucent
glazing. ’. ) ‘

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

lazed wall, it may be advantageous to use a translucent glazing. Sun-
?1ght,would pass directly through the first layer of transparent glazing.
Upon striking the second transiucent layer, the light rays would disperse..
This diffused 1ight would allow the masonry wall to absorb heat evenly,
thus €liminating ¢old spots. ' .

. \
Once heat has been stored, a method of distribution must bé created in
order to keep the structurg within the comfort zone at night.

The simple way to redistribute heat is to place the storage system so that
radiant heat will be passively released. An example would be & masonry
floor ‘or wall which, 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, heateg as it contacts the masonry, and carried out through
the top vents. This coqﬂecticn loop will distributew~hest to a greater

portion of the structure than will a simpie masonry wall.(Seg figures 8.6 & 8.7).

® .
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solar envelope ;4

" L
In some areas where the cloudiness index Ubstructs solar gain for days
at a time, it might be advantageous to connect a wood/coa% burniag 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 anticipafed. ‘ ]

In a structure where the sole concern is the growing of ptant materials,«

the main object is to heat the plant. Heating the,air wWithin is the

least effective method as hot air will migrate_uﬂﬁgrd leaving cooler air v
surrounding the plants. - . .

For plants, heating the beds directly will cause the least amount of,.heat
loss. This concept will involye the placement of heating pipes or a
single rock 1ayer 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}
7,
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hOt bedS | fig. 88
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insulation - _
B. Insulation is required to ma}gta%n any temperature difference between-exterior
and interior environments. e configuration of the structure and the type of

insulation used will largely determine the thermal efficiency of the greenhouse..
| | | ®
.-+ - linsulation for heat retention
' A well-insulated structure is es&ential"fgr efficient use of stored heat.

Vegetation, as an insulating material against wind, has been dﬁsCussed'aQ’“
1ength in the Landscaping for Conservation Section. \

! . Berms {earth piled }wto mounds) can be used to dut down on heat Toss through
e the north, east, and west faces of the structure. Since the south face is . .
the main access to soldr gain in the winter, it should be left open to sunlight.
4 Berms protect from north winds ‘primarily, so the north-facing side of the hot
house should be as complgiely covered as possible. Adequate drainage will be
required in some instances to prevent seepage into.the structure,itself. Wet
50i] is a poor insulator. Dratnage will keep the berm dry, thus allowing it to
protect the interior space better. Rock mulch and vegetation should be used to

3 stabilize berms and steep slopes from erosion. (See Figure 8.9)°
\ » ’
S ) '
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Aruitoxt provided by Eic:

The depth to which the structure is set into the ground cah help maintain a

safe termperature .range.

beneith the top soil,

A structure below or close to the frost line {plane
‘below which no freezing occurs) will conserve more

energy than one constructed with slab on grade (foundation flush with ground
level) (See Figure g, 10)

hetween the env1r0nment and the greenhouse microc]imate. Vest1bules should
be well insulated within themselves with all joints and gaps sealed with

wegther 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 as_a storage area for frequently-needed materials.

a
-

«

A - o

The alternative 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 con51derably less cost in this method.
{See Figure 8.10. .
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LT 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. ‘ .
T : A1l glazed areas should be double glazéd. Two layers of .glazing provide an .

air space which helps to insulate, Thusfsolar gain is not significantly
hampered while heat loss is reduced.

Separation of doub]e-glazed wS‘ls can be built-in (structural) or can be
activated by 4 blower fan which expands the glazing layers by forced air
pressure. .

A1l glazing should be sealed with caulking or weather stripping. This is

especially needed if the structural supports are of a h]gh]y conduct1ve
material, {See Figures g8, 12, 8.13, 8.14, & 8. 15)

nails ’,

glazing’

,extruded neoprene
fastener - C - @
~batten

framing

caulking in all joints

foundation

fig. 8.12
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‘foundation wall detdil = side view /cross section
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fig. 813  wall detail top view / cross section
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Another type of “fnsulatiqn which can pe used with-double glazing is movable
insulation. ; i M. .

Types of insulation: - -

1. Fiber n .
2. Rigid foam .
3. Particles

Structures with cunvgh glazing surfaces will probably work best with a.
flexible fiber-tyﬁe blanket, The blanket would be-pulled aside during the
9 a.m.” to 3 p.m. hours so that the unit is allowed to gain sunlight. In®
the afterncon, the blanket would be pulled over the unit and left unt{l
the next_day.{See Figure 8.16). ‘

- insulation

, flo. 816
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Structures with flat glazing surfaces mm 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 shutters‘{See Figure 8.17) .

ation between the floor and ground of the structure, (if masonry or other
eat storage type) is not necessary unless the site is characteristic of wet
soil. Since wet soil will steal mdre heat fram the” floor than will dry soil,
waterproof insulation would pay for itself in aewet region.

13
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, uniess conditidns are extremely harsh.
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insulation for cooling: ’ .

The greenhouse skin forms a partially isoiated microclmate. Materials used
to retain heat inside the Structure are classified as insulation against
heat loss. Materials used to keep heat outside are insulators agatnst heat
gain(i.e. insulation for coolingg. .

A material used to insulate against solar 9ain is loosely called a shade
cioth or lattice.

Shade cloths are used predominately tn the summer session to reduce the )
overall amount of heat absorbed by the greenhouse whiie stil) allowing 7
ambient natural Tight to penetrate.
L] -
f/"‘ - . . P
]. \‘.-——')i/ . . ’ )
Possible a]tematives for.shade cover: . . : ‘G
1. partially réflective films
2. perforated plastic blankets . e
3., paint-on type biock-out (whitewash} t .
4. metalized foils ) ; /
5.% louvered shades ’ y
-‘l - .' 4
Shade covers to block sunlight can be combined with movable insulating I

panels or curtdins to crease one system capable of sahsf_qu shading and

'mSu]atlng requirements—throughout the seasons.

v oo -

' P!
Sine the summer sun imparts the majority of 1ts energy to the roof of a
structure, and the winter sun imparts the majority of its enerqy to the
walls, a comp]ementary ystem is conceivable which would reduceY summer
Qverheatlng w1th0ut sig/_pﬁantl_y impairing winter heat gain.

The concept invo'l.ves the placement of refiective film or glass a]ong the
roof line. This added material functions as a kind 'ef overhang, reflect-
ing high-angte summer sun and allowing low-angle winter s{n to penetrate.
(See Figures 8.18, 8.19, & 8. gOI . ,
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- .. Jventilation
. C. Most all greenhouse’ overheat to seme degree duri ng the warmer summer season,

o ) ' Overheating can be dealt with in several ways: ‘ . .
. ‘ Ventilation is the o;:;\yt;mce'pt for removing heat from the structure -
¥ - by convection of wind cuPfents. . To accomplish ventilation - .

the hothouse must be provided with windows, doors, etc., which can be
Opened to-allow-natural wind currents to exhaust the stored heat .

-

S1nCe any part of the structure which opens (l1ke a dnor) will be a
source of heat loss in‘the winter, vent Tocations shou]d be placed -

> ’ carefully and minimized. :
) "~ " The greatest\ amunt of hot air will be found . the roof. A handful of
s . . vents placed on the roof line will extraet hot™air by making use of the
: s A thermodynamics principle {(hot air rises, cool afr falls). .
-'-"‘—‘_’ °

To enhance this‘effect further, vegetation can be placed to channe]
summer. breezes' through the ‘structure instead of around it (See F1gure 8.21),

-

* - . ' . 4

Ed




“forced ait

*

* Another principle useful to summer cooling, 1nv01ves the reversal of a
concept used for wmter 1nsuId’t1on .

“‘l’h/douh]e glazed stricture, the first.zone td gain heat through .solar
radiation is the space between the glazing. If this area is constantly
vented, thé system will remove heat from the first zone before it can
_reach the interior. The same "squirrel cage" fan which is used to create
“air space between glazmg ]ayers by mfl‘a.;wn will function well as ah
exhaust fan. . LI

True exhaust fans reduire energy ihput and should be avo1ded uniess P
absolutely necessa}o (See Figure 8.22)

-

cooling-

v
-
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working systems , l

A successful-Qreenhouse system will neutraiize the extreme forces of

nature, Th€ degree of success will be determined by the energy required to

ma1nta the system and make it work, To design systems to cambatni force
geﬁ}ug} o turn one force against andther is Tess tiring. Attention to

thé relationships of natural and man-made systems will allow you, the .

,/ﬁesigner, to produce a more efficient, environmentally responsive structure.
(See Figures 9.0 & 9.1).

-~ a ‘




. @
- ‘ |
. n | f'x
. ‘. | | ’
‘ COI.|eOtor‘ | ‘ L]

B N\ T ‘
- . ‘

¢ ® }
2
- »

I *
-
. ' | | |
. ' |
"
191 _




- ——— .
-

- N
1 AN
v A
\\
e
LY

& * & e

r

et
- v -

B at VoW fay . ’. ;

| Sy
<




-4
'y
.

. 4

. .
RN
T N
. ¥
PR
B . B
¥ el
4

L Nursery

Des:gn and Operatlon
for Energy Conservatlon

% .

1

10}

vopeIdd( pur uBeaq L1esIn

3 Adxeug

USi1% 413510

.

N

B

x
H

3

I

£




4

introduction ;

This bobkewill deal with the design of a propose& nﬁrs@ry‘operation and with -

,his‘tdry*ﬁﬂ L

- the technidues for conserving energy in the process. Each nurséryperson must
be innovative in order to surv1ve, S0 thére will~be many new ideas brought
forth as we deal with our ene?gy problems This' text 115ts the practical ‘
.concepts at this t1me ‘ . \ )

process S
I'. A nursery is;a s1mple production un1t to turn out first class plants
eff1c1ently with minimum effort. Changes have been a way of 11fe in our,

- technological society, and it is.so today. During the past two. decades:
we. have seeﬂ‘enormous changes in the nursery business as a result of

1. New productg; plast1c film, plastic pots, peat pots, soph1st1cated
watering systems, dlgg1ng machines, pine bark, growing mediums,
L etc.; .

2, An inexpensive energy cost based on the-availability of natural gas,
0il, and electricity, then rapidly escalating energy costs.

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

4. increa%ed constra1nts 1mposed by social leg1slat10n (OSHA, EPA,,
etc. ) and i ’

]

5. Improved chemicals {or weed qontrol fertilization, and propag?t1o#. .

1

4e went from a labor 1ntens1ve based production .and landscaping prbgram :
to a technological inensive based production and landscaping } .
program based on the availapility of inexpensive energy and products
which were primarily oil based. We can say that we cﬁanged from human -

.- enerdy to oil energy.” Now, since our inexpensive oil era is over, in
order to survive we must change again, and fast, to new engrgy systems .’
This change will involve initiative, risk, 1ngenu1ty, and \eadershib
But that is what business is all about!

.. . L~
-

1I. The nursery business in the thirties consisted of bedgrown.cuttings,
seedlings, and liners which were transplanted into rows or,beds in the,
field. There they-grew, were sold, were utilized in landscape pfant1ngs,
were replanted further apart or were destroyed. The market was - primarily
loca)~-within a few miles of the nurséry. The nurseryman was a grower,
retatler, designer, and landscaper. Many nurserymen ran tightly knit

.+ Tamily operations which worked with known plants. Sometimes, specialty
items 1ike fruiy trees, pyramidal arborvitaes, legustrum;, etc,, became:
the mainstay of the business”. The nurserymen Tooked upon ‘themselves as
indeperdggt farming types,’ Many times their personal relationship to .
their product was one of deep affection, which they attempted to pass on
to their customers, .




31 R
) ) -
. . ¥

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
previcusly set up. There is nowiho room for a hit-or-miss approach. ‘\;‘

H " !

the nursery / -

IIT. There are many types of nukser1es from the extremely large ones that cover
hundreds of acres and produce thousands of glants each year down 1o the
one- Or two-acre nurser1e? which may produce only one type of plant, for
example, Japanese Maples, in, great variety. - The monies from one Lype
might be as great as from| the other. S50 larger does not necess;rily mean
better or even more productive and cost effective. .

J R

Therefore, the first quegtion to ask ourselves is how big do Irwant to

be? If you like the 1nd3v1dual approach, then de it; but, if you invision
yourself more in a managément role, a Teader of w0rkers then/the larger
opération is probably whfre you w111 go. In both cases, a wjse utiliza-
tion of your natural and human resources is necessary for supcess

[ . i

natural resources -

/
IV. -What are our natural resources and how can we efficientlyfuse these
resources?

cut over, or cleared, that are jts landforms--rolling, #1at, steéply

sloped, deeply incised with gulleys. How does the dir feel--porous,
" tight, filled with humus, moist, dry? How wide is it How long? What
is its orientation? where is north oF south? f
Second, we have the vegetation and soils. Do the Ezees cast shadows?
Are the trees evergreeE or deciduous? What is thagchemistry of the
s0i1? Can we easily cllear the land--by manual labor or by bulldozer?
What do we destroy if we use the bulldozer? Whatfis the Soil naturally
growing? Goes the ex st1ng vegetation have a mafket value? Can the
humus be used as a growing medium? Are there any old sawdust pites?
Can the trees be cut (ip into building 1umberi?/

i .
Third, do we have an ava11ab]e water supply--gn old well, an abandoned
ond, a runn1ng brook? ] }

tor

We should record the ex15t1ng natural con 4{10ns dnd resources and from
this information begin a ptan. A good to ographic map is a necessity,

* 5o do not hesitate having one prepared by a surveyor. The plan can be ¥
" drawn on any kind of paper and at'any sgale. The topography and the size
of the land.unit determine the contour dntervals and the scale.  It/is
best to draw the total project. on one. ﬁheet of paper and the paper size
should not exceed 30 inches width by 42 inches léngth. Orawings on card-
board can be photostatically put onm Egacing papar. The scale probably
will be one inch equals 20 .feet (1'- +y or perhaps 1"=30"'-or 1"+40' or -
1"=50"} with contour intervdls of two feet. The 111ustrat1on (Figure 4.1)
shows the proper order of placing fnfprmation on your paper.'

First, we have the land. What are its natural characte istics--wggded, i .
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By a study of the ex1st1ng conditions pTan we canadetermlne the followi

i. Access ’ ’ ’ .
. Where shpuld the maJorﬂdrlvewqys be placed For inktial operat1ons
then permanent operat1ons’”‘ . ‘, .

~ .t

b

2. Vegetation and Other Natitral Feature$ . o :
What trees, Should remain? Wat .can they be used for? ‘The combination
of landforms (i.e., contours), orientation {i.e,, solar and winds),

and existing vegetation determine the€ net usable spaces on the land:
For’ exampleg a‘rowrof densely’ planﬁed evergreéen trees gnhd shrubs on
the north creates a protected area’on the south, Tall trees, particu-
larly pires ipecome effect1ve ‘natural. ‘Jathhouses with l1ght shade .

. | ~ . .
3.. Structures .,  ° : . T ) -
Can-the old hou e be uséd as.a temporary dwelling, rehabilitated
into a_permanent, dwelling, used as an auxillary building, moved to
" a new location, material salvaged and reused, or material used as
f1rewood or temp rary erosion control’ structures7
4. Laddforns” . N f '

. " Slopes and draInagel¢f1nd the areas wh1ch are well draaned and less®
" than déne percent. gradient (i.e., a.one foot gertucal change in a
10" foot horizontal cﬁepge) these areas are the easiest ones to

develop .o . _ i i .
5. Orlentatlon o ; C, e . )

2

There are several b1ts of knowledge that shouid be cons1dered at (his
. stage: . . P
a. _$o1ar. The sun goes febm southeast-to southwest in %gf winter *

and northeast ‘to northwet in'the summer. (See:Figur

4,2 and 4.3)
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Winds: Winds combined with extremés in humidity and temperature can
severely damage unsheltered plant materials. Warm dry summer winds
(generally from the south to southeastlcan force plants to transpire
excessive amounts of water in order to maintain an equilibrium. The
plant will eventually dehydrate and die.

The cold winds are from the north. Cold wet winter winds bring frost
and are also, destructive. to plants. Extreme shifts in climafe can

be detrimental, ‘especially when Wrm days are followed by a cold
snap. . .
Existing windbreaks of tightly grown evergreens on the north side of
the preperty can protect piants, 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 ptantings should
be ‘plated’ sv-as not” to réstrict so14r gain to Stroctures ip the = -
winter months. .o : 3
Swirling winds or small tornadoes can be very destructive to un-
secured or cheaply built structures. Windbreaks which &ither filter
or divert strong air currents will reduce damage caused by t

sheer force of the wind. . __— -

e

Air Layering. Cold air normally migrates to the lowest part of the
land and, in some instances, will layer for several hours or days
whi®h could be terribly ‘destructive to very sensitive plant -
materials. Therefore, locating field stock in a depression or valley
to sheiter it from cold northern winds would only create a new
problem. Hatural earthforms will work well as ind barriers provided
.they are not extreme depressions into which cold air will settle

and become stagnant. . . . \

- Al

Temporary Assets

The landforms and éxisting vegetation-which are oh adjacent lands to
your .property can be looked at as temporary assets. To base the lay-
out-of your property on the existing situations beside you would be

. hazardous since the 'adjoining propeérty cou}d be changed through

grading or vegetative Tutting at any time.)

4
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Hyat have we learneg to this point that we can incorporate inmto our plan?

B

»

-
.

- i

Access. Good vision of approaching or passing vehicles,
access to house and business.

getation. Pine stand on north to remain; augment.with

elkergreen screen to shelter against north wigds. Pine stands
on adjacent properties are good additipqal}b ffer areas.  /

. - f
- Strlicture, Repair the old hoyse; add to T;ter on; or replite

at some future date. .

Landforms. Good slope and well-Urained soils.

. e
4
e
=

Oﬁientatipn. Shade, sun, cold winds, cold pocke;;(

Ideal developable unit. T /’/

5

Temporary assets. Adjacent properties. ,// -
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Aruitoxt provided by Eic:
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1

The la&odt of'our small nursery begins to take on

(See Figure 4.5)

-

.‘0

1

L

the following appearance
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energy conseryation |

V., The concept of energy conservation should pervade every aspect of your.

nursery design, construction, and bperations.
Design as previously shown takes into account existing topography,

* A,
existing vegetation, solar orientation, maximum utilization of
Tecation of facilities, access and parking ) .
>

natural resources,
requirements, prevailing winds (both winter cold and summer cooling
water capacity, and Tand clearing, We can state the following
energy (i.e., money) saving principles. ’ .
The existing vegetation ‘Cah be an important factor in énergy
‘conservation. - The following figure illustrates data from the
Twin Rivers, New Jersey, study by the U, $. Department of

Commerce {see figure 5.1).
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EAST/NORTH/WEST ~WINDBREAKS EQUALS -
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2, The. existing vegktation can be supplemented by large, med1um
and small’ evergyeen- shrubs_to effect a channeling of wind yet
add beauty to your landscape (see fiqure 5.2).

L
-

3. In the design of the house, sheds, and geperal structures which are

considered weatherproof, .you should enclbse and insulate the sides
facing northwest td northeast. Open up the sides facing from the
southeast to southwest with window glass to allow soiar(heat) .to -
penetrate in the winter months (see fiqure 5.3).

P
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PLANTINGS AS FUNCTIONAL/AESTHETIC ELEMENTS

-
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. Keep’or plant deciduous trees on the south faces of the
structures so that the trees will shade tn the summer months,
yét allow solar heat in during the winter months (see
Figures 5.4a and 5.4b) :

<
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fig. 540  deciduous tree - summer
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Utilize thessame principles in the design .of your green-

héuse®. Also, consider a more permanent greenhousd with the
use of a double layer of plastic or a reflective plastic for -
insulation which provides a greatér insulation values-up to
sixty percent savina in heating (see figure 5.7). ~_ . |
- ' N - (
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Drainage of plant beds is impartant 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 fiqure 5:8). ' IMaddition unecessary
()

grading can create the f

a.

[}

(=9

lowing problems,

Destrbys the growing horizon for most trees and plants;
expensive to replace,

Destroys root systems of trees.

. Destroys the water holding capacity of the soils, Creates

destructive run-off and sediment polluticn.

. Destruction of trees which could be beneficial for summer

shade or winter screening, Expensive to replace, plus growing

time involved, »




T ‘ - \ N
® o . .
- |
:é‘:
o
o
DESTROYS GROWING <
; HORIZON A : -
PROMOTES: : | '
| Y EROSION :
2) SEDIMENTATON .
- |DESTROYS TREES
’ . .’..:!.. :'."‘"(:_. a:*. ‘.. I PR o',o: - ._.".’ _'_.;-:’.- ::. :.:0’"’.. .' .’.-‘ -._—
TR L oesmon oot swrews
¥ ' M *_.» '
, A
223 -




B, The construction of bu11d1ngs “has’ been. previsously discussed; however-
it shoyld be emphas1zed again that a Tow building front-end cost may
jead to expensive maintenance and operation costs through the years

) to come. Proper planning would be to design the building so that it

. could be 1ncreas1ngly improved through the years by addition of
' .insulation, fi1ling in open cracks, tightening up of window and door
spaces, and additions of vestibules. Remember, heat goes to cold, so

every open cavity or crack is an escape hatch for heat {energy)

: . 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 ggewing process.,

The costs of operating labor—savieg devices must be evaluated constantly
- ) " against the costs of labor. s .

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

work patterns, : . -

relationships of workers to equipment

equip repairs, and..

nursery’swyotential.

13

0o o

2. « The cost of ltabor-saving dev1ces (i.e., mechanica] equipment)
must be evaluated in terms of i

. operating costs,

. maintenance costs,

relative productive time, and

storage (weather protection) costs.

Qo oo

Transportation of materials, equ1pment and personnel will bacome more
expensive: therefore. & good layout is important. The fot]owin? plan
shows in.a diagrammatic way the relationship of elements (see f gure 5.9).
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summation /.

As the facts and figlres begin €o come in on your operatior, you ﬁ#i] need
to analyze them and mMake the necessary Changes to maximize/your profits.
The preparation of an energy conservation plan will be a gust since,
before you can properly manage and COnServe your resources, you must plan
how to do-so.- The en#rgy conservation plan should take Into account:

an analysis ofe;u,rentjtosts,
how to reduce nergywastes,

how to recycle wastes, and

a procedural. plan for efficient energy use.

A L) [
PR

Your energy conservation plan will not only be valuable to you, but will
be valuable t6 the nursery industry. New techniques for energy conser-
vation will come forth from now ong and your solution to the problem could
be the next 1mportant step!

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

The performance chart is used to determine the degree of efficiency w1th1n
various systems and other related systemsn

-
L]

To ude the performance chart:
1) determine if a relationship exists between two areas.
2) describe the extent to which a particular system affects or interacts
with another.
3) define measures which would inprove eff1c1ency and decrease waste within the
reltationship.

= |-
=
glel | 2
PERFORMANCE CHART x| & g &
ol B w o = v
[7g] = =4 | [ 7] =
HEIHERIE
_| 5 T § T
L:I' - | ___I_ - -
"STRUCTURES | .
. .LANDS S'WF JGE N F EUUUE S — .
- MHTERT’IS “'ifﬂ'"' T I T::"Tf"ff'i_f:;
TRANSPORPATION |- ‘ ST
LAYOUT . ' .

' * v
. *

* note: other input may need to be added; depend1ng on the scope and size
of a part{bular nursery. operat1on.

L F
¥ € ¥

STRUCTURES!LQNDS@APE
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 sputh quadrant? Are the windbreaks complete barriers?

225 .
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. STRUCTURES/LABDR

Describe daily work noutines which relate to manmade structures. Does the Tayout .
of a particular Struckure help to facilitate the -work which takes place in ov
around that structure - ' ' . .

i

- .

STRUCTURES/MAINTENANC

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

STRUCTURES/ TRANSPORTAT I

-

-

Destribe the methods uséY to transport materials to and. from structures, Do
the structures allow vehycles to move freely about?

.

_ STRUCTURES/LAYOUT

’
—

Describe daily work routinds in relation to the layout of structures on the site.

Are structures located so to reduce wasted, 1abor- and transport time? Are
storage sheds centrally lochted? -

v

LANDSCAPE/LABOR .

i DJ the plants used for energy conservation‘in your oﬁeratjon“requiré minimaf or
excessive attention? Describg the amounts of labor and materials-required to.
maintain them, ' . - .

-
»
£

.« LANDSCAPE/MAINTENANCE ' Co S

K

H

_Are the plants which have been used in your operation healthy and growing?
Plants should be selected which not only perform a function in terms of
conservation, but also are hearty-dnd well adapted to the conditions of a
particular site. - ) s : . 3
. R ) ‘ -

LANDSCAPE/TRANSPORTATION ~ * - -~~~ . . o -

_Are plantings and road systems correctly separated ‘from one another? A valuabte

shade tree can easily be destroyed by heavy equipment which will cgmpacf'soil

around root systems. N .
T '\. . - ) Vo ¥

LANDSCAPE/LAYOUT .

Are plants which are used for climdte’ control Qujigu to the operations and work

of each area? For-instance, evergreen windbreaks.will work for moft all

structures. : Large deciduous trees, on the othé# hand, may shade gréénhouses
« such that insufftcient Tight 'is avaHlable for grgwipg certaig plant materials..

LABOR/MAINTENANCE, . e ,
Describe the areas in which Jabor is most intensive. ﬁo,workeﬁs-spend more .time
in maintenance of facilities or in maintenance of mursery, stock?, A

4 Y.
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instance, storage bufldings should be located.near work areas.

MAINTENANCE/TRANSPORTATION : ‘

efficiency of your operation?

?

TRANSPORTATION/LAYOUT

Does the layout of your operation keep, the neecl for mechamcal

to a minimem?,
S\

_.

.

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

Hould modifications in transportation of tabor and materials improve the

;r'ai'igportation

s

*
I
3

LABOR/ TRANSPORTATION

Are transportation methods suited to the sizé of your operation and to.the need$ .
of your labor force? : ) .

LABOR/LAYODT .
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OUTLINE F%R SITE EXERCISES

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

-
4

1. “The Core Course" ’ N

2. "Landscaping for Conservation" ; . :

3. “Energy Efficlent Greephouses" . ' , .
4. “Nursery Des1gn and Operation for Energy Conservation" ) Ny

-

The maps which are mcluded @ith these instructions are at three separate scales:’
the site maps_are at the scale of 19=50', the Site analysis maps are at 1"=1007,
and the offs Twmres map is at 1"-206 The maps descm be am actual 54.8 -
acre site, .

'T0 THE INSTRUCTOR: . . - . e .

{1) The instructor should detef‘mme whether, 3 smallﬁr p'arcel of 1an& {sub-slte)
within the 54.8 acre site should be gelected for an stuc']ents to work from- °
- or whether the selection of-a'sub-site will be Teft to /the ind‘andqgl based

upon the size and stope ofi project which.hé/she wishes té undert e d-
ents interested in pursuing auvsery operations will need d'dargen iﬂth
which to work, while, students interested in landscape- or, attiched g
“houses will be dealiig with a")‘é—"déntial E'ize lot. \ :

{2} The instruetor.’should dec1de whethér the students mTI wor'k IndwldUal'Iy,
collectively, or a combmation of beth .3 s

(3) The instructor should sefa schedule for studen_ts to follow in terms of
. time vs. procé#ss. . .

\ - 4 .
« - F L . I

w . .
(4) The instruct:or should, decide areas of emphasis based upon class lnterest -
and areas ilnch hefshe “feels are i nee& of §pec1al atteation :

(5) - Studepts must decide t&g{typ((nqrsery, greenhouse or l-ahdscape) of project
which they wi h to unde ake Students shoulq decade on’ names for the1r
projects. . .. ® : .

(6) Each student or group of students inll "add to the‘ir respectwe s'lte(s)
. ‘an existing dwell'ing (house) before beglqmng t'ﬁe -deslgn pf‘ocess

\. " - - - * A,
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LANDSCAPE DESIGN FOR ENERGY CONSERVATION - T “
OBJECTIVES '
a. Preliminary analysis of the site and ex‘astmg cond:t:ons, .
. - 1. 0Off-site Features Analysis. .. ) ’ '
-~ 2. Slope Analysis - ‘ . ) . '
5.\ 3. Vegetative Analysis . . : ) .
- " 4, Soils Analysis ¢
5. Surface Drainage Analysis . : )
6. Solar Analysis N A o,
7. Wind Analysis - . L. -
. 8. Architectural Analysis ' .
™ -
_ b. Siting.of the building onto the site with respect tot .
1. Landforms
+ 2. Vegetation ' . .
3. Solar Energy 2 . e
4. Drainage Co - .
c. Conceptual master p]an for the development qL‘_.n Energy Efﬁcient Landscape
Design. E §
“.d. Preservation of the actual character of the land, - .
e. Integration of the site and structure so as to enhance the performance- and . !
gquality of both. . 1 ) . )
f. Achieve a high aesthetic value as an elem\ent on the land.
g. Design to supplement summer cooling/winter heating de_m.-;hds. X ) S
. . . ' ' :
'G\\,:‘ * " N * Foan ’
- ° . . . : , . +
. & . . . , 2{_1 . s .
. | Q
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1. Off-site Features Analysis-
2. Slope Analysis -
3. Vegetation Analysis >
4. Sotls Analysis . ' »
5. Surface Drainage Apalysts ’
6. Solar Analysis . :
7. Wind Analysis ®
8. Afchitectural Analysis —_—
‘b. Siting of the building onto the site with respect to:
1. Landfo¥ms
2, Vegetation -~ . ! }
3. Solar Erergy o F.
-4, Drainage Y -

L G Céncepfua] plaﬁ for the design of an Energy Efficient GreenhouseJ

Y -~

GREENHOUSE DESIGN FOR ENERGY EFFICIENCY
OBJECTIVES

..

a. fPreliminary analysis of the site ang existing conditions:

d. Preservatlon of the natural character of the site.

e, . Integration of the ?reenhouse to the exifting dwelling so as to enhance the
performance and quality of both,

f. Achievirg high aesthetic yalue as an element on the land.

4 . <
g. Design to suppiement summer cocling/winter h!tting’demandsh
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' .
‘NURSERY DESIGN FOR ENERGY COMSERVATION L
OBJECTIVES _

a. Preliminary analysis of the site and existing conditions:
I. Off-site Features Analysis
2, Slope Analys1s . .
3. Vegetation Analysis
4. So0ils Analysis
5, Surface Drainage Analysis .
6. Solar Analysis o -
7. Wind Analysis ‘ T
8. “Architectural Analysis
b. "Siting of the building onto the site wlth respect to: P
1. Landforms .
2. Vegetation o .
M. 3. Solar Energy _ ' :
4. Drainage . . ]
.. Conceptual master plan for the design of an Energy Efficient Nursery
Operation, '
d. Preservation of the natural charaéter of the eite. ;
e. Intergration of structures and site so as to enhance the - performance and
operation of the facdlity.
f. Conceptual layout for efficient user of labor, materidls and energy:
g. Aesthejdc value as .an element oh the land., Cay A 07
ht

Pesign to supplement sunner coo1inglwinter heating demands .

‘\ . ‘ \\ zzi)r} - N ‘




f

LIVING ROOM ,bfyrue KITCHER
152 4 ) . £t |Ea0hik

. . [
L
.
| |
, -
'

.
* -

LEXISTING .+~
STRUCTURE .~

. 158 & joh

3@:-0‘!

X R
S e D = = : 1;?:_1!‘
' P R = ] :
4 ’_‘F.—-r—-- - _._'_-_'_'_:- t;':-: PR r - % T:_;__‘“;" Y . O A \/ Ve
%< N L I T e PN (. . >
X omjuingmn i I— "tfm . - BEQGROOM :
- — e ; = . - . 91y
bl et I lmj‘,i- -

_-—.-—n_

oo .. . FEONT ELEVATION | ’ | g MASTER. BEDEOOM
- ; . .. . TRt % oL

2y - 0"

[ A it o i !
vfﬂr-; J.

|EVATION L

N "

" REAR E

e

Co




T

-

§ v,




