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AUGUST l, .1977 

ASPO: PLANNING FOR SOLAR ACCESS 

TASK 3.3: ENVIRONMENTAL FACTORS EFFECTING SOLAR SYSTEM DESIGN 

A. INTRODUCTION 

The first section of this chapter described the basics of heat flow, 

the many types of solar systems, skyview requirements for different solar sys

tems, their applications to five housing types; and a brief discussion of plan

ning for optimal solar access . In this section the environmental factors effec-

ting solar access are described . The impact of these factors pn solar systems 

will be evaluated in detail in Task #4 . 

B. A BRIEF DESCRIPTION OF THE ENVIRONMENTAL FACTORS EFFECTING SOLAR ACCESS 

There are many environmental factors that can have a significant effect on 

solar system performance and therefore on planning for solar access. These 

impacts can be either beneficial or adverse depending on the local climate and 

site. The purpose of this section is to list the factors and the nature of the 

impact, leaving the calculation of the magnitude of the specific impacts to 

TASK 4 . 

The environmental factors chosen include: microclimate, topography, latitude, 

surface, vegetation, and finally an evaluation of man's impact on these factors . 

Each sub-section includes an initial discussion of how environmental factors 

effec t both solar heating and natural cooling applications and will be used 

later in evaluations for different building climate zones . 

1 ) Climate -

II We are all familiar with the local climate and have an image of what 

I 
I 
I 

it is like. These images are often overly genera l,e.g . hot, dry summers and 

cold, wet winters and tend to neglect the many small scale microclimatic condi-

1. 
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tions which may vary widely . An extensive study of the microclimate of the 

Neotoma Valley in Ohio vividly illustrates the dramatic changes that occur 

in a small area because of different environmental factors, fig . 1 . Thus, 

although generalizat ions are useful, they may tend to mask the influence of 

local variations which may significantly increase or decrease individual heat-

ing or cooling requirements. 

riGU-g_t" 1. 
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Climatic Factor 

Highes t annual t emperatur e 
Dat e o f occurrenc e 

Lowest January t emp e ratur e 

Frost f r ee per iod, days 

Ohio's 88 Stations 

91 - 102°F 
17 - 19 July 

138 - 197 

At 109 Neotoma Vall ey Stations 

7 5-11 3°F 
25 Apr. - 19 Se pt . 

124 -2 76 

The design and co nst ruc tion of a development will create a new microclimate, 

which can be better or worse than the existing climate depending on the skill and 

understanding of the designer and his analysis of local microclimatic conditions. 

a . Skyview 

The concept of skyview includes all types of radiation exchange between 

a solar collector and the local site . It includes direct beam shortwave solar 

r adiation, diffuse radiation, long wave radiation, and reflected solar radiation. 

These broad defini t ions are particularly important for passive system design a nd 

natura l cooling . 

2 . 
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The direct solar radiation receiv ed is one of the most important factors i n 

solar syst em design . 2 
A nearly constan t 43 0 BTU/HR/FT strikes the outer a tmos-

phere as direct solar radiation . Typically about SO% of this solar radia tion 

is re f lected or absorbed in the atmosphere before i t reaches the surface of the 

ear t h, fig . 2. 

F\GU¥-t::" 2. 'JZA.t/1 A1roN 1-& P I MIN 1 Sl--\t::"D BY 
.6.£3~t<Pnc>t\\ r ~E:FI--E't:TroN 

Of the radiation that is reflected some may still reach the earth as diff use 

radiation . The amo unt of r adiation absorbed and reflec ted varies with the compo-

sition of the air (water vapor, dust, smog, etc.), and a lso with the position of 

the sun . As the length of the sun ' s path through the atmosphere increases, t he 

amo un t of reflection and absorption also inc r ease , fig. 3. 
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The amount of direct solar radiation received by a surface varies as the 

sun changes orientation both during the day and throughout the year . The sun's 

height (altitude) and direction (azimuth) describe its changing path in the sky 

and c a n be used to calculate the amount of direct solar radiation a collector 

will receive during a year, fig . 4. 

Orientation for direct radiation is critical for concentratin g collectors 

as most cannot utilize diffuse radiation, fig . 5. 

F!& lJ ~t::" 5 . 

Diffuse Radiation 

V\ti~ ?D~0E=~rrfZ-AitN& coW...~G'(o~ u.?r 
DN""Y PI ~C.I fZA,Dl.A110~ 

·-----

Diffuse radiation can be used by most other solar collectors . It is 

affected by many of the same factors as direct radiation. Diffuse radiation can 

be used effectively in areas where direct sun is not common . Even with full 

clouds diffuse radiation may be on the order of 100 BTU/hr/sq . ft . , and this c a n 

assist or provide full heating in some areas . 

Long Wave Radiation 

Long wave radiation is emi t ted by the earth and also by water vapor, carbon 

4 . 
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dioxide, and particles in the atmosphe re . The difference between energy 

r adiate d from the earth and that received from the atmosphere is the net 

radiative heat loss . This is highest in the dese rt where the amount of dust 

and water vapor in the atmosphere is very low, fig . 6 . 

( 

Where the net radiative loss is fairly high, due to low atmospheric moistur e 

levels, very effective cooling can be achieved at night. During the day some 

heat can be released to the cool north sky in some areas. 

I n planning cities the long wave energy exchange is very important as it 

is a k ey factor in human comfor t outdoors . The canyons formed by buildings trap 

and r e radiate both short and long wave radiation . This effect can also be notice d 

when standing next to a wall, fig 7. 
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Reflec ted Radiation 

Reflected solar radiation can be important in some cases . For example, a 

house on t he east side of a lake will receive increased radiation in the aft e r-

noon, when it may or may not be desirable, fig . 8. 

Snow or other bright surfaces can cause similar effects . New snow may be 

as reflective as a mirror and can double the radiation r e ceived by a south wal l, 

fig. 9 . , in northern latitudes where heating is critical. 

7 . 
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Fa c:i.ali<m reci L·v c d on .:1 so l ar c ol l ect o r , l i gun' 10 . 

b . Air Temperature 

The need for heating and cooling is in part determined by the air t emp-

0 
erature. Often only heating degree days (based on hours und e r 65 F)have been 

used for house design . Yet solar system design is no t rea lly this simple and 

more detail s uch as percent of s unshine, wind speed , etc . , is needed for op t i mal 

design. The maximum , minimum, mean temperatures , as well as their distribut ion, 

are needed, fig . 11 . These factors all play an important role i n sizing both 

ac tive and passive collectors , thermal mass, and storage units . Low t empera tures 

may be c r itical if the solar sys t em would be damaged by freezing. 

110 
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c . Wind 

The effects of wind. like radia tion, can be either beneficial or adverse . 

During the heating season it is desirable to reduce the wind ' s impact while 

during the cooling season it may be desirable to maximize it. Through care-

ful pl anning and design of buildings and cities we can often do both . 

The most common use of wind is to provide ventilation and to carry heat away 

from exterior walls and surfaces . It will extend the performance of a passive 

or ac t ive cooling system , fig. 12. 

l~ · · ---. 

Wind can also be used to increase evaporation and augment passive cooling 

systems. Even a gentle breeze can boost the evaporation rate from a cool pool, 

fig. 13 . FluU.G?:F 1~ . 

WINP 
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The use of cooling breezes is dependent on several other factors including : 

noise, smell, dus t, insec t s and secu r i ty . Vegetation is one of the best me t hods 

to reduce problems caused by odors, noise, and dust, fig . 14 . 

I nsects can be controlled witho u t losing ne eded ventilation if screens are 

used carefully. Screens significantly reduce wind speed and when these losses 

are t o o large a s creened porch may be n eed ed [0 increase wind flow through windows . 

Secur i ty can be main t ained by effectively using grills, vents, screen doors, 

fences, and building design , fig . 15. 

-riGutz~ I?. ~~t:~N~D -:f'of2C+\~? l~t1Z~A?~ 
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The occurrence of destructive wind s effect the design of solar systems, 

structures , neighborhoods and cities . The potential for destructive winds 

should be evaluated careful ly and steps to mitigate t he hazards should be taken . 

The map below depicts areas in the U. S. where destructive winds are common . 

fig . 16 . 

d . Humidity 

· ~~!' 
1.0 . ./ .,. 

) .,., +=t 6U~F 1~. 
WINO PRt.SSV"£ A,.(.~IN~T Eli.POSi. D W,._LL\ 
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The highs, lows and means of moisture in the air effect bot h human 

comfor t and system performance, and must be accounted for in design. The conden-

sation of water vapor in the a ir in the form of clouds, rain, or deH releases the 

heat of condensation and reduces the cooling. Conversely evaporation of water 

on the surface or through vegetation will reduce the air temperature . For exam-

ple, i f the humidity is low evaporative cooling can be used to a ugment roof pond 

performance. Local water bodies and vegetation both contribute to humidity and 

cooling . They may be emphasized or minimized to optimize local conditions, fig. 

17 . 
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e . Cloud Cover 

AL-B~F?T fr2-E"Y~ ~~P.T .f-\t>V~~ 
W\\B ?ooL.. \N~~ I O\rrslvr; 

Cloud cover increases long wave radiation exchange with the earth ' s 

sur face and tends to reduce nighttime cooling . This can be helpful on winter 

night s when clouds can reduce heat loss significantly . In the summer it may be 

less welcome as it will reduce natural cooling . 

Where radiation is desired clouds or fog produce an adverse impact upon the 

performance of a solar system. The freq uency of c loudiness and time of occur-

r enee of fo gs may dictat e several factors of the solar system des i gn, fig 18 . 
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f . Precipitation 

AVERAGE ANNUAL N.U MBER · oF DAYS WITH 
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~ 20-40 
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Precipitation effects solar system design in several ways. The most 

impor tant impact may be tha t from hail which may damage several t ypes of gl azing. 

The f ol lowing map shows the pattern of hail occurrenc e in the U.S., fig .l9 . 

AVERAGE ANNUAL NUMBER OF DAYS WITH HAIL 

' \ 

; 5 

BASED ON 200 FlRST .ORDER 

WEATHER BUREAU STATIONS ~ 

i 'i 

, 6 

·2 

~ I 

DAYS 

D UN DE R " ! 

EJ I 2 

53l 2 3 

§ 3-4 

IEii!l OVER 4 

13. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Snow can be used for added insula t ion in colder areas . It can add co nsid-

erable resistance to hea t flow through the roof and lower wa lls of a house , fig . 

20 . 

:Fl&U1Zt:: ;20. l~t; DUtzD.BO~ Ho us.~ Ub~~ 6No'AJ 
:PDF-- l'NSVLAJib!'i 

Yet snow can also block solar collectors and design should allow f or ac ces s for 

cleari ng them, fig . 21 . 

14 . 
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The amount of snow is critical in structural design of collectors which must 

be able to withsand snow loads, fi g . 22 . 

Rainfall can be used for cleaning collectors . It also determines the 

detailing needed for flashing and run off control around collectors . In 

addition, the type and nature of precipitation effects to a certain extent the 

rate of deterioration of collectors and systems . 

g . Air Quality --

Dust, air pollution, and smog in the air also play a role in solar 

system design . They increase absorption and reflection of sunlight in the 

atmosphere and also soil collector surfaces. Areas of high pollution levels may 

require freq uent cleaning and maintenance. Dust can cut radiation received by 

a horizontal collector 5 - 10 %. 

15. 
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2. Topography 

The topography of a site exerts a considerable influence on the daily and 

I seasonal patterns of solar radiation. On a steep north facing slope little 

I 
direct radiation is received at anytime during the year, while a south facing 

slope will consistently receive direct sun7 f i g . 23 . 
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"'F"IGUR.t 2.3. 
\c:>PoGFAPHY PETE:"RM INC S RAJ71ATI6 N REC..EIPT 

I 
Proper site orientation can also be used to influence air temperatures . Heating 

I in the winter months can be maximized by ensuring a good southern exposure and 

minimized in the summer by reducing the eastern and western exposure. The topo-

I graphic r~lief is another influence on air temperatures . Hill slopes and valleys 

I 
channel the fluid flow of air movement so that the site selection process in 

relation to cold air drainage for example, can be used to minimize the amount 

I of heating needed~ fi g . 24 . 
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The shape o£ the landscape is a major factor in Hind flm..r . Stree ts and 

ho uses can b e designed to t ake advantage of kn mvn local \vind patt e rn s that Hill 

e ithe r enhanc e or de t rac t from heat ing or c ooling r equir ements , fig . 25 . 

0\PE::" Vlt:W 

As air mass e s ris e a s a r esult of t opography th e ir t e mp e ratur e cools by 

expansion due to lower pr e s s ur e . When an air mass descends it b ecome s war;ne r . 

The warm Foehn and Chinook Hinds are a r esult of thi s adiabatic Hannin g , fi g 26 . 

rtbuJZ~ ?-&. Atrz. Ht~~ ctt-AN&.t: -r"f:fiP'~t<Aiu!2-r 
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Topograph i c fea tur es s uc h as hi ll siclcs , buil ding s and trees can a l so r ed u ce 

the skyv i ew for radiative coo l ing syst ems , fig . 27 . A d e tail e d discussion of 

this e ff ec t wi ll be inc l ud e d in Task #~ . 

3) Latitud e 

Lati tude has a dir ec t e ff ec t on so l ar radiation . In highe r l a t itud es , the 

sun ' s path i s l owe r i n t h e sky d urin g th e winte r and i t sh ines for a much s hort e r 

II p e riod , fig . 28 . 
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4. Surface 

Air temperature is strongly effec t ed by the type of surface that the sun-

light strikes. Dark surfaces increase local air temperatures as much as 60°-70°F 

higher than a lighter color. If the surface is damp, the temperature will be 

much cooler than a dry surface of the same color. A body of water such as a 

lake, pool, or stream, serves to reduce local air temperatures and can be a 

usefu l in moderating high temperatures, f i g 29 . 

Vegetative cover will assist in reducing air temperatures mainly by shad i ng 

the gr ound surface, and increasing cooling by evaporation. Vegetation types 

vary c onsiderably in their ability to augment heating or cooling, f i g . J O. 
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Soil temperatures are important in solar system design for both heat loss 

and hea t storage calculations. A concre te slab can be a fairly large source 

of heat loss when uninsulat ed. When insulated, the slab f unctions as an 

integra l heat storage mass . The energy storedin the earth can also be used 

for hea ting if effective heat transfer can be s e t up. The heat pipe, which 

use a v apor cycle to move energy very effectively works very well for soil heat 

systems . They have been used in Sweden to help heat 

to melt ice on highways7 fi 6 . 31. 

- P9 n ---. 
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houses and in the U. S. 

f"\GU~31-

Hts~\ fl~~ ~A\L-~ 

11-\-~ ~A~TH~ *AI 

l!SUA1?L-~ 

I 5. Vegetation 

..._ , 

Vegetation has var i ous effects on solar syste~ design. The use of deciduous 

I vegetation for shading, protecting from summer sun is probably most common. The 

I time of leafout in the spring and leaf drop in the fall may be important solar 

system design factors, fi g . 3 2 . 

I 
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I 
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Vegetation near structures can reduce net inf rared radiation losses much 

as it blocks direct solar radiation gains . This can reduce the effectiveness 

of radiative and evaporative cooling by increasing the infrared radiation 

exchange between the system and the vegetation, fig . 33 . 

riGU'fZE: 3~. 1f2.t::"C:.? c.t.~l ¥£-t:XJC~ Nt6l11 5!LY 
~&t7lP.IlDN 

Vegetation is also used to channel winds through structures and increase 

cooling. Windows and openings can be effectively situated to take advantage 

of these cooling breezes, particularly in the hot humid areas of the East and 

Southeast , fi g . 34 . r!GlJ~"t 34. 
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I 
I The loss of heat and comfort through conduction and infiltration caused 

by col d winter winds can be reduced by careful design . Reductions in energy 

II use for heating of up to 30% have been reported from the use of wind break~. fi g . J5 . 
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The placement of houses will change where heating is a predominant fac tor. 

Exposed sites and areas of down slope cold winds should be avoided . When ex-

pos ed site s can not be avoid ed , vege tation can be used to modify t he effec ts of 

th e c l i mate , fi g. 36 . 
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I 
I 6. Human I mpact 

I 
Human impact on the local and even global climate has been extensively do cu-

mented . Several smaller scale impacts may require consideration in solar system 

I 
design. Although the impacts of cities on climate have been acknowledged for 

many years, systematic studies of these effects have only recently been completed . 

I Four main fac t ors con t ribu te t o the change in urban climate: change in air flow; 

I 
added heat input ; change in surface materials; change in atmospheric make up . 

The· predominant effects include : warmer temperatur es (l- 3°F); lower humidity 

I 
(2%-8%); increased dust (lOx+); increased cloudiness (5%- 10%); increased \~inter 

fog (100%) ; decreased radiation (15%- 25 %); decreased wind speed (20%- 30%); 

I increa sed precipitation (5%- 10%), f i g . 37 . 
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Man's construction activities may have a significant impact on local micro-

climate. Buildings particularly effect the wind flow and radiation balance. 

Streets and buildings can reduce energy use and increase human comfort if they 

are well designed 1 fig . 38 . 
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