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PREFACE 

Solar energy planning concepts ideally should be applied to all scales of the built 

environment, particularly to most areas of the building sector -residential buildings. The 

solar energy industry has promoted energy -conservation measures in conjunction with 

solar mechanical technologies for single buildings. Many of the problems associated with 

multiple buildings have been overlooked. Protecting buildings from shadows of adjacent 

buildings is certainly an important subject for both small and large scales of 

developments. 

My purpose in writing this paper is to help architectural designers and students in China 

who are not solar energy experts understand the energy consequences of their most basic 

design decisions and to give them information so that they can use energy issues to 

generate form rather than simply as limits that must be accommodated. It is not that 

energy is important in and of itself, but that the processes of making energy that depend 

on fossil fuels are damaging to the natural environment to which we are inextricably 

bound. So, in the long run at least, environmental benefit equals social benefit. It seems 

then that energy issues should be of professional concern to architects, whose goal is to 

improve the quality of life. 

If energy is the concern, why cover only solar access in large scale residential buildings? 

Certainly energy use in architecture can and should be addressed more broadly than it is 

in this paper. My reason for narrowing the focus is to concentrate on the relationship 

between architectural form and solar energy use. Therefore, some important energy issues 

that don't have major form consequences have been excluded. I have concentrated on 

solar access means of heating because they are more closely tied to building form, and 

also because they are to be the most important energy use in buildings in China. 
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INTRODUCTION 

ITRODUCTION 

I was shown great light descending from the 
heavens and great light ascending from the 
earth, 1 watched the two come together, blend, 
and become one. ELLEEN CADDY 

Since the Arab oil embargo in the early 1970s, energy become an important force in the 
design of the buildings. By the year 1990 there could be as many as five million energy 
responsive buildings. With this magnitude of the growth, the need for solar energy is 
evident particularly in residential scale. 

Solar energy planning concepts ideally should be applied to all scales of the built 
environment, particle to most areas of the building sector -residential. For this reason, my 
research focuses on planning issues at the level of residential scale. Solar energy planning 
is concerned with creating another structure , one that allows for contemporary needs, is 
sensitive to the past, responds, to the limitations of solar energy, and is more integrated 
with the forces of our universe. Solar energy planning is a design response. Decisions 
being made today are affecting this potential. The process can be organic; that is to say, it 
can grow from the prevailing planning and architectural methodologies. It can evolve 
slowly toward the buildings of solar buildings and solar communities. The opportunities 
are worldwide, and the challenge is exciting. A shift in this direction with nationalism, 
defense, isolation, and survival. We could be made more aware of the global community 
that we really are: one people, one planet. 

Solar energy planning uses the same design elements as conventional development but 
may organize them differently. Solar energy planning need not be complicated or 
expensive. Almost any development can be designed to protect solar access and promote 
solar energy use. Although only a few solar developments have been built to date, the 
evidence shows that the site preparation, development, and construction costs associated 
with them need not be more expensive than those for conventional developments. In most 
cases it is possible to provide the same number of solar- heated or cooled dwellings on a 
given site as would be possible under conventional development. 

My study is intended to explore some different ways to apply solar energy to 
developments in residential scale, and some specific strategies for specific development. 
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INTRODI ICTION 
There are three parts of my research. Part 1 is solar fundamentals, it is included two 

chapters, solar geometry and shadow patterns. both of these chapters introduce some 

basic concepts and information which are important for understanding the concepts of 
solar energy planning. In part 2 I explore some aspects of development, which I think are 

very important for solar energy planning. This part offers a number of alternative solar 

energy planning strategies for each functional aspect of development. In some cases, the 

choice of strategy may be very useful for high density development, which I explore in 

the part 3. Part 3 includes one chapter, chapter 4: specific design strategies for high 

density development in China. High density usually result in solar access problem unless 

solar energy planning has been carefully considered. Based on the theory discussed in part 

1 and part 2, in part 3 I explore the different ways to improve the levels of solar access in 

high density developments. Due to the economics and population, most of the 

developments in China have very high density. The relationship between density and 

solar access is one of the greatest challenges to the large -scale utilization of solar energy 

in buildings. In the final chapter , a typical Chinese subdivision planning is presented. It is 

a kind of development that the main concern of the developer centers around the 

economics and marketing that are involved. the number of dwelling units make the 

density very high which result in solar access difficulties. In this chapter, a several 

different possibilities which can solve or reduce the difficulties are discussed. 

a fitting ending to this introduction is a quote by Nigel Calder, author of Spaceship of the 

Mind: 

The human would, past and future, is shaped by constant pressure from the imagination 

and ambition of individuals who have e big ideas. By a big idea I mean one that will 

prevail not by degree or even by persuasion but because it captures the enthusiasm of 
people who will struggle against great difficultie to make it happen. 

2 



PART 1: SOLAR FUNDAMENTALS 

CHAPTER 1: SOLAR GEOMETRY RY 

Man is a singular creature. He has a set of gifts 
which make him unique among the animals: so 
that, unlike them, he is not a figure in the 
landscape -he is a shipper of the landscape. 
J. BRONOWSKI 

To understand solar access and principles solar planning, it is necessary to review some 
basic information about the sun's path in the sky. The movement of the earth revolving 
around the sun annually and rotating on its axis once a day, combined with the effects of 
latitude, topography and local climate, determine how much sun falls onto a particular 
building site. 

People instinctively respond to the sun in the sky. We learn from an early age about its 
warmth, its light, and its intensity. We are aware of its general movement, hoe it is low in 
the morning and afternoon, and how it is high at midday. We are not , however , sensitive 
to all of its movements, which occur minute by minute, hour by hour, and season by 
season. The sun's position is perceived as being relative to that of the earth's and is 
constantly changing. Perception of this change is now becoming more important for the 
current nonrenewable energy sources. 

It is the purpose of this chapter to examine the issues affecting solar access. These include 
the movement of the sun; the resulting shadow patterns cased by building elements, 
single buildings, and multiple buildings. Designing for solar access is fundamental to the 
solar energy planning process and deserves careful consideration. 

SOLAR MOTION 
We need to understand the movement of the sun for several reasons. First, we must be 
able to relate solar receiver to solar movement . Obviously , the more sunlight a given site 
planning receives, the greater its potential for using solar energy. The amount or intensity 
of 
the sunlight on any given spot on the earth depends on hoe close to the perpendicular the 
sun's rays are to the site. Second, we also must be able to relate solar collectors to the 
solar movement. Solar collectors are usually fixed and, therefore, should be designed to 
maximize their collection potential. It is obvious that they nee to oriented so that they can 
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PART 1: SOLAR FUNDAMENTALS 
collect the solar energy over the greatest period of time during the day and year. Third, we 

must understand solar movement to be able to protect too much solar energy. Finally, the 

movement of the sun is important for aesthetic reasons. The quality of sunlight changes 

over time and specific effects can be achieved through careful planning and design. 

To plan for the movement of the sun, certain geometrical relationships need to be known. 

Although the sun's movement is a dynamic process, several angles characterize its effect 

on a stationary object on the earth's surface. 

The declination of the sun. 

The latitude angle. 

The hour angle. 

The solar altitude angle. 

The azimuth angle. 

The profile angle. 

The incidence angle. 

The Geometry of the Sun 
The earth follows an elliptical orbit around the sun . It is farthest away on June 21, 

approximately 95.9 million miles, and closest on December 21, approximately 89.8 

million miles. Because of the axial title of the earth, greater amount of solar energy are 
reflected in northern latitude. During winter months, these northern regions receive less 

solar energy even though the earth is closer to the sun at that time. During the summer 
months, more intense sunshine is experienced because of the longer daylight hours and 

more perpendicular incidence angle, or relationship of the earth's surface to the direction 
of the sun's rays (this situation is reversed for the southern hemisphere). 

The declination of the sun 

It is the angle measured by the direction of the sun at noon and the equator(figure 1 -1). It 

varies from month to month as the earth travels around the ecliptic. The angle changes 

from winter solstice (Dec 21) to spring equinox (Mar 21) by 23.5 degree and from spring 

equinox to summer solstice (June 21) by 23.5 degree. 
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Figure 1 -1 the declination angles 
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The latitude angle 

The altitude angle is a measure between the equator and the north and south poles(figure- 
2). At equator it is 0 degree, and as it approaches either pole, it increase in value. The 

angle is expressed in degree "north" in the northern hemisphere and degree " south" in 

the southern hemisphere. 

Figure 1 -2 latitude angle 

The hour angle 
The hour angle is a measure of the normal time that it takes the sun to encircle the earth, 

that is approximately 360 degree(figure 1 -3). Beginning with the true south, where the 

angle is 0 degree, the hour moves at a rate of 15 degree per hour. The east values are 

positive, and the west values are negative. 

Figure 1 -3 hour angle 

The solar altitude angle 

The solar altitude angle is a measure of the sun as it rises above the horizon and depends 

on three factors: the time of day, the day of year, and the latitude. When the sun is on a 

horizon, the angle is 0 degree, and it can rise as high as 90 degree. At noon it is highest in 

the sky(figure 1 -4). 

5 



su n 

li 'A. 11111 r 
b the sd. titude 

PART 1: SOLAR FUNDAMENTALS 

Figure 1 -4 altitude angle 

The azimuth angle 

The azimuth angle is simply the angle formed by a line tuning due south and a line 

projected on a horizontal plane by the altitude angle(figure 1 -5). When the sun is due 

south, solar noon, the azimuth angle is 0 degree. The east of the south it is expressed as 

positive, and to the west it is negative. 

Figure 1 -5 azimuth angle 

The profile angle 

The profile angle is a measure of the projected altitude angle onto a vertical plane that is 

perpendicular to a surface(figure 1 -6). Usually the profile angle is projected onto a 

vertical plane located on the north -south axis. 

The incidence angle 

The incidence angle is a measure of the sun's ray and a line 

perpendicular to a surface(figure 1 -7). The surface can be oriented in nearly any direction. 

The incidence angle is determined by the latitude, surface title angle, the declination, and 

hour angle. The more perpendicular a solar collector is to the incoming solar radiation, 

the more energy it can collect. As the incidence angle approaches 0 degree a collector 
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PART 1: SOLAR FUNDAMENTALS 

surface reaches its greatest potential for collection (figure 1 -8). 

It is easy to see that higher latitudes receive lower amounts of solar energy, especially as 

the seasons change toward winter, and that the sun is less intense in the morning and 

afternoon. Although the sun's position in the sky changes from minute to minute, hour to 

hour, and season to season, its position at any given time can be determined by the 

altitude and azimuth angles of a given latitude. For example, the sun can be located on 
January 21 at 9 a.m. at 40 degree north latitude by using the solar- position tables in 

appendix a. The altitude angle is 16.8 degree and the azimuth angle is 440 degree. 

I i c_il .1If_T 1,2 7_1:12 !..1,21 1 ci (21.11,_11' 

l'r-lt'e tx. G:x: 

s "1 

Figure 1 -6 profile angle 

lino perponcliculc- 
'ace 

Figure 1 -7 incidence angle 
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PART 1: SOLAR FUNDAMENTALS 

sun N 

sun 0 
sun slcva me 

surface energy received by a object 

Figure 1 -8 the relationship of incidence angle and sunlight intense 

Understanding these angles and hoe they change becomes extremely important in 

determining shadow patterns and solar- access envelopes, which will be discussed later. 

Sun -path Diagram 
The movement of the sun can be plotted on hourly and seasonal bases by the use of sun - 

path diagrams. A sun -path diagram is simple a plot of the solar altitude, azimuth, 

declination, and hour angles in a polar- coordinate system. The position of the sun, for 

anytime of the day, month, and year. There are many so called sun -path diagrams (figure 
l -9). 

Figure 1 -9 Sun -path diagram, 40 degree 
north latitude. 
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PART 1: SOLAR FUNDAMENTALS 

The curve lines, which run horizontally across the sun -path diagram, represent the 
varying declination of the sun 40 degree north latitude, they are between positive 23_27' 
and negative 23_27'. Refer to table 1 -1, which is used in conjunction with the sun -path 

diagram. IT delineates the declination angles for the year. The curve lines running 
vertically calibrate the hours of the day. The concentric circles around the center of the 
diagram calibrate the altitude angles. The azimuth angles can be read along the 
circumference. 

If, for example, you wanted to determine the altitude angle for February 21 at 10 a.m., 
you would first find the declination angle that corresponds with February 21. The value is 

-10 36'. Next, locate the hour angle line for 10 a.m. where the hour angle line and the -10 

36' declination curve intersect is a point. From this point move around the nearest 
concentric circle to the north -south line running vertically in the diagram. The value, 
which is approximately 33 degree, is the altitude angle for that time and date. The 
azimuth angle can be found by moving outward from the intersection of the declination 
curve and hour line to the circumference. In this case, the azimuth angle is approximately 
36 degree. 

Table 1 -1 Declination of the sun 

Declination Approximate Dates 
23 27' June 21 

20_30' July 21 

12_6' August 21 

0 September 21 

-10 42' October 21 

-19_ 54' November 21 

-23_27' December 21 

-19_54' January 21 

-10 36' February 21 

0 March 21 

11_54' April 21 

20 18' May 21 

The sun -path diagram is a quick method for determining altitude and azimuth angles. It is 

also useful in visualizing the lines of movement of the sun throughout the year. Refer to 

figure 1 -10 which illustrates the sun path in isometric and elevation form. The altitude 
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PART 1: SOLAR FUNDAMENTALS 
and azimuth angles are identified in Table 1 -1 Through Table 1 -5 at the end of Appendix 
A. 

Sky Window 
The sky window is an interval of time and space through which solar 
passes. It is generally regarded as the time for useful solar collection. The sky window is 
not determined by sunrise and sunset hours because of the high incidence angles that 
occur at those times. The 

time is generally described by 9 a.m. through 3 p.m. and by the winter and summer 
solstices. If you refer to figure 1 -11, you can identify the sky window by following the 
sun path during December 21 and June 21 and hour angle lines for 9 a.m. and 3 p.m. The 
window varies in size depending upon the latitude and the selected hour lines. The upper 
and lower boundaries of the sky window correspond to different end uses. For example 
the upper boundary, which is determined by the June sun path, can describe solar access 
for domestic hot -water heating systems because they have a year -round use. On the other 
hand, the lower boundary, which is determined by the December sun path, can describe 
solar access for both space heating and domestic hot -water heating system for winter use.2 

r)lre Mbar 2l 
Hoaul± MbS665rt V- I he Su, 

Jura 

Mar VSepiembar2i 

Figure 1 -10 sun -path illustrations 

The sky window can further be reduce in size through local obstructions, such as 
mountain formations, trees, or buildings. The opening area of the sky window is referred 
to as the sky space. It represents the optimum potential for solar energy collection. 
Critical to solar energy design process is the relationship or juxtaposition of a passive or 
active solar energy system to the sky space, the greater the potential gain. In other words, 
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PART 1: SOLAR FUNDAMENTALS 
the solar collector should be positioned directly beneath the sky space and oriented to the 
position of the sum during the times of the year in which solar energy is required. Refer to 
figure 1 -11, which shows a solar house beneath the sky window. 

Figure 1 -11 skywindow 

To orient a building to the sky window, you fist determine the center of the window, or 
true south. There are two methods. The first is to locate the north star (Polaris). There is a 
slight rotation of this star over a 24 -hour period, but this can be overlook. The other 
method is to use a compass. Make sure to adjust for magnetic variation. These can be 
found on the isotonic chart (figure 1 -12). Once true south has been located, the overall 
width of the sky window can be determined by finding the hour angles. The hour angles 
can generally be assumed to be symmetrical unless local physical or climatic conditions 
favor one side of true south to another. 
The orientation of a building with respect to due south has an important effect upon its 
energy efficiency. Site condition or even design considerations often dictate deviations 
from strict north -south orientations. A 1 0 variation to either the southeast or the southwest 
will not have a noticeable effect upon the performance of a solar energy system. A 20 
degree variation will cause a small performance drop in efficiency. A 30 degree variation 
is considered the cut off point. Beyond 30 degree, solar collection is considered to be 
uneconomical unless accompanied by collector insulation and window management. 
Figure 1 -13 illustrates a site plan in which four multifamily housing units have slightly 
different orientations within these constraints. 

acceptable building orientation 
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PART 1: SOLAR FUNDAMENTALS 

Figure 1 -12 orientation effects Figure 1 -13 example site plan 

In essence, a sky window is an opening in the sky dome. The geometry of the window 
guarantees direct access to the sun within a stipulated daily and annual time frame. The 

sky windows a physical expression of the right to the sunlight and can easily be translated 
into the legal language of any municipal by laws. 

Solar Pyramid 
A sky dome with a sky window can serve not only as a passive tool to demonstrate a legal 

right to sunlight, but also as an active, useful design instrument. As previously described, 

only at the center of the sky dome can the full effect of the sun's rays that pass through the 
sky window be felt. In order to provide large areas with the level of sun exposure that the 
dimension of the sky window have determined are available, it is necessary to develop a 

solar Pyramid. 

First, the sky dome must be elevated from the horizontal reference plane (the ground). 

Consequently, the sky dome will function as a lens and will project the sky window onto 

the horizontal plane (figure 1 -14). 

The size of projected sky window is directly related to the height of the sky dome above 

the horizontal plane. The solar pyramid is created by connecting the four corners of the 

sky window projection with the center of the elevated sky dome (figure 1 -15). The size 

and volume of the pyramid can be manipulated by a vertical movement of the sky dome. 

Any object constructed with this volume will have a predictable impact on its 

surroundings. A building might completely fill a solar pyramid (the solar pyramid would 
represent the shape of the building). In this case, the impact area of the building would be 

equivalent. If the solar pyramid is derived from the geometry of the sky window, then this 
building would not cast any shadows on its neighbors between 9:00 and 15:00 hours. 

12 



PART 1: SOLAR FUNDAMENTALS 
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1. The three projections of the skywindow on a horizontal (flat) surface are equivalent to a composite 
(annual, diurnal, 09:00- 25:00) shadow pattern of poles of three different heights. 

2. Volume of the solar pyramid is determined by the height "a ", "b ", and "c ". 

Figure 1 -14 the generation of a solar pyramid 

Because a building shaped like the solar pyramid may be cumbersome to construct, the 
actual building usually tales less space than that which is stipulated or allowed by the 
geometries of the solar pyramid; the solar pyramid thus represents the maximum 
developable space. The construction of a solar pyramid is a relatively simple drafting task 
with the help of solar templates. The base of the solar pyramid is generated by a 
composite of the diurnal and annual shadow pattern of a pole. The height of the pole is 
equivalent to the height of pyramid.3 

Solar Envelop 
The solar pyramid is the simplest, most basic solar envelop. In planning and design 
practice, the maximum developable space is usually dictated by the size and shape of the 
maximum permissible impact area. However, such an impact area may be oddly shaped 
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PART 1: SOLAR FUNDAMENTALS 

and impossible to cover with a single projection of a solar pyramid, regardless of how 
much the pyramid's height is adjusted. Thus, the maximum developable space, a solar 

envelop, must be generated by a composition of several solar pyramid. This simple, three - 

step technique is described in figure 1 -16. 

eKYWINOOW 

POLE 
DISTANCE BETWEEN SKYDOME RASE 
AND THE HORIZONTAL SURFACE ----- 
(HEIGHT DE THE PYRAMID) 

NOTE 

FOR CLARITE A PICTURE 
OF THE WHOLE SKYOONE 
III OMITTED. 

r 

CENTER OF THE SEYDONE 
rf (TOP OF THE PYRAMID) 

i 

Figure 1 -15 the anoxometry of solar pyramid generation 

r 

GI 

PouKONN Or A OREH .e. 

Gl 

Figure 1 -16 the generation of the solar envelope 

PROJECTION (sHAOOW) OF 
SKYWIIIDOW ON A HORIZONTAL 
SURFACE CRAKE OF THE PYRANm1 

First, the limits of the impact area must be outlined in certain cases an impact area may 

have to be confined to the boundaries of the development site, but it is often a acceptable 

to extend it partially over public spaces, streets, back lanes, and even a neighbor's private 
property. As can be seen in figure 1 -16. In order to shape the solar envelop, two solar 
pyramids of different heights (volumes) must be used. The heights of the solar pyramid 

are derived from the shape of maximum impact area by raising of lowering the sky dome. 

In the second step, the solar pyramid are moved horizontally in the direction shown by the 
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PART 1: SOLAR FUNDAMENTALS 
arrows. Finally, the resultant solar envelop is trimmed along property lines. 

Solar envelopes for the development along east -west streets are created by a simple east - 
west movement of the solar pyramid (figure 1 -17). Note how the volume of the pyramid 
is directed by the volume of the maximum permissible impact area. A solar pyramid may 
be moved in any direction, but it must be understood that the shape of the solar envelope 
will differ accordingly (figure 1 -18, elevation 1 -5). 

The following example illustrates how solar pyramids may be used to generate solar 
envelopes over large areas. A wide tract of land that is adjacent to a major thorough fare 
is being rezoned to accommodate commercial development. A justifiable concern is 

expressed regarding the potential overshadowing of existing residences in adjacent areas, 
mostly single -family housing, The axis of the street is 19 degree eastward off due south 
(figure 1 -18); thus, the solar pyramid must be moved along in the direction shown by the 
arrow. First, it is necessary to determine the extent of the impact area and to construct a 
projection of the solar pyramid. In the figure 1- 19(1), a projection of the solar pyramid, or 
"super envelope ", is shown as seen from the middle of the street, facing southward. In the 
figure 1- 19(2), the actual street corridor is caved out. If setbacks are a legal requirement, 
additional volume must be taken out of the super envelope as shown in the figure 1- 19(3). 

Any development within the limits of the solar envelope would have a predictable impact 
on the adjacent residences; no shadows would be cast between 09:00 and 15:00 hours 
throughout the year. 

Performance criteria may be added. For example, if the pedestrians are anticipated, and 
pedestrian amenities and comforts required, the street would require direct access to the 
sun. The same predictable impact may therefore be required for the pedestrian part of the 
street. Figure 1 -19(4) shows how this may be accomplished. 

Since height limits are often stipulated by law, a fifth step is included (figure 1 -19 (5)). In 

this case the additional volume must be taken from the solar envelope. On the other hand 
when the solar envelope precisely determines the height of a planned structure and will 
lead to a site specific height determination. 

In summary, a solar envelope can be constructed over any permissible impact area shape. 

In most case, this is done by changing the height and horizontal movement of the solar 
pyramid. Solar envelopes are carved out of invisible urban space. They can be either 
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PART 1: SOLAR FUNDAMENTALS 
partially or fully filled by a building. In reality, however, an architect would use the solar 
envelopes an a general description of a built form, specifying building height and area of 
influence. To comply with the current professional apartheid, the construction of a solar 
envelope, the maximum developable space of the urban planner.4 

SHADOW PATTERNS 
Shadows cast upon a building or site can be either positive or negative depending upon 
the internal thermal and light needs. In summer in a warm climate, shade is welcome and 
the architectural form and landscaping should help facilitate cooling. Obviously, in winter 
in a colder climate, as much as possible is desirable. In moderate climates, where the 
swing (spring and autumn) period can be both warm and cold, a building should moderate 
natural heating and cooling. This can be accomplished through careful analysis of the 
shadow patterns, which occur both daily and seasonally, and an appropriate planning or 
design response to this analysis. 
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Figure 1 -17 solar envelope on an east/west street 

A shadow , in the broadest sense, is caused by the absence or exclusion of direct sunlight. 
The distinction between shadow and shade is somewhat academic but deserves 
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PART 1: SOLAR FUNDAMENTALS 
mentioning. Both terms refer to the lake of sunlight. Shade is caused by general absence 
of any sunlight on a area or object, while shadow is the direct result of an object 
obstructing the direct sunlight. An easy way to compare the two is through the use of an 
example. 

ELEVATIONS 

Figure 1 -18 solar envelopes generated by the omnidirectional movement of the solar pyramid 
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Figure 1 -19 the construction of the solar envelope on a specific corridor 
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PART 1: SOLAR FUNDAMENTALS 
During a lunar eclipse of the sun, the dark side of the moon is in shade while at same time 
the earth is in shadow. Both shade and shadow are related, but this section will focus on 
shadows, specifically, those caused by building elements, single buildings, and multiple 
buildings. Understanding shadow patterns is an important step in planning for solar 
access protection. 

Building Elements 
Many different building elements can be responsible for shading either passive or active 
solar collectors. Sometimes shading is planned, yet often it will occur when it is not 
wanted. Shading problems most often occur with more complex building designs where 
the building "footprint" has many "ins and outs ". In designing for solar access at this 
level, an important thing to remember is daylight hours of need with their associated sun 
angles. Shadows cast at the periphery of the solar window are all right and account for 
minimal overall loss in a solar energy system's performance. To avoid the building 
shading, the building forms need to be positioned away form one another along the east - 
west axis. Early morning shadows normally extend in a northwesterly direction, and 
afternoon shadows are in a northeasterly direction. As the "jogging" of building forms 
becomes more exaggerated, shading is more apt to occur. The specific design and 
location of the building elements such as building masses, wing walls, elevator towers 
need careful consideration to improve the solar access potential of a building. 

Single Buildings 
In isolation, the shadow of a single building is unimportant. It should not affect its own 
collection or energy performance. When considering surrounding spaces or other 
buildings, it is important to the shadow patterns during daily and seasonal periods. The 
shadows of single buildings are commonly delineated by a shadow mask. The shadow 
mask is a plot of shadows. December 21, which is the shortest day of the year, is usually 
chosen to generate the shadow mask. In the northern hemisphere, these are the longest 
shadow. The coldest day of the year can also be chosen to generate the shadow mask. 
This , of course, depends upon local conditions. Figure 1 -20 illustrates an hourly shadow 
sequence created by a single building at 40 degree north on December 21. Figure 1 -21 
illustrates a composite shadow pattern for the same building. The shadow pattern seems 
to have two elongated wings in the northwest and northeast directions. The diagonal 
direction of these wings can cause shading problems especially where multiple buildings 
are concerned. 

18 



PART 1: SOLAR FUNDAMENTALS 
morning shadow noon shadow afternoon shadow 

Figure 1 -20 hourly shadows 

Figure 1 -21 composite shadow mask 

Composite Daily Shadows 

Figure 1 -22 shadows of multiple buildings 

Multiple Buildings 
Determining shadow patterns for the multiple buildings can be more complicated than for 
the single buildings. Often with projects of multiple buildings, there are topographical 
changes throughout the site, individual building that may have difficult orientations, and 
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PART 1: SOLAR FUNDAMENTALS 
solar access issues that need to be addressed. The situation can be aggravated by the need 
to achieved higher densities.. Shadow patterns of single buildings have to be considered 
in the context of the entire site planning process. 

Figure 1 -22 illustrates a site plan with winter shadows of several buildings on a flat site. 
Buildings can generally be positioned along shadow lines to the northeast and northwest 
or behind the buildings to the north without suffering from shading. Building A, for 
example, casts a composite shadow. Building B is sited adjacent to building A along the 
afternoon shadow lines. As long as building B is kept along the shadow line, it will be 
free of shading. Building D is sited behind the building A. If it is moved any closer to 
building A, it will experience shading. Building C is located to the east of the building A. 
Its shadow also limits the positioning of the building E.5 

SUMMARY 
Solar access, in concept, may appear to be simple and straightforward. But applied to the 
present development process, it is a more difficult proposition. There is great economic 
pressure in the building industry, and solar access may be seen as another negative 
limitation to the delicate manifestation process. The need to plan for solar access is 
without question if we are to incorporate solar energy systems into both future and 
existing stock of buildings. Solar energy, as seen as a partial replacement for the 
conventional fuels, has economic strength to encourage change. With greater solar access 
protection, another issue arises. That is , the issue of the quality of life. To quote Ralph 
Knowles: " The sun is fundamental to all life. It is the source of our vision, our warmth , 

our energy, and the rhythm of our scale in the universe." Solar access, in this broader 
sense, transcends the practical considerations of just access to energy and suggest s new 
territory that touches basic human rights. Solar access becomes open -ended to include 
creative uses of solar energy that have not yet been conceived. 

Notes: 
I Phillip Tabb, "Solar Energy Planning ", 1976. P68 -71. 
2 "Building with Passive Solar ", Southern Solar Energy Center, 1981. P43 
3 Vladimir Matus, "Design for Northern Climates ", 1988. P52 -53. 
4 Vladimir Matus, "Design for Northern Climates ", 1988. P56. 
5 "Residential Site Planning Guide ", National Association of Home Builders, 1975. 
P76. 

Figure 1.9, 1 -10, 1 -11, Phillip Tabb, "Solar Energy Planning ", 1976. 
Figure 1.15, `Building with Passive Solar ", Southern Solar Energy Center, 1981. 
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PART 1: SOLAR FUNDAMENTALS 

Figure 1.14, 1 -17, Vladimir Matus, "Design for Northern Climates ", 1988. 
Figure 1.22, "Residential Site Planning Guide ", National Association of Home Builders, 1975. 
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PART 1: SOLAR FUNDAMENTALS 

CHAPTER 2: SOLAR SUPPORT TOOLS 

It's getting cold again over here -and always 
when it does I start to thinking about how to warm 
up architecture, how to make it lodge round us. 
After all, people buy clothes and shoes the right 
size and know when the fit feels good! 
ALDO VAN EYCK 

Solar tools allows designer to perform a number of tasks 1 accurately. 

1Determining shadows cast and impact areas of buildings. 

2.Constructing solar envelope in order to obtain the maximum heights and volumes 
permissible for the development. 

3.Performing the above tasks on flat, horizontal surface, inclined planes, and veritable 
topography (all can be constructed from plans with no sections required.) 

4.Determining spatial relationships between buildings and solar access to public spaces. 

5.Determining solar access to the internal spaces of buildings. 

6.Constructing devices that reflect sun from vertical and horizontal surfaces. 

Construction of Solar Envelopes 
A solar envelope describes the maximum developable height and volume. It represents 
the shape of the largest possible building with a permissible impact area. Any building 
constructed with the limits of the solar envelope could have the same or small impact 
area. Therefore, the construction of the solar envelopes must derived from 
impact areas (figure 2 -1). It resembles a three -sided figure, hence the name pyramid. The 
base is formed by the impact area, and the height is determined by the height of the pole. 
If a building were shaped to fit this envelope exactly, such a building would not cast any 
shadow between 09:00 and 15:00 hours. The volume of a solar pyramid can be 
manipulated in one of two ways. 

1.Alter the height of the pole ( to accommodate large and smaller developments). 

2.Move the pole forward, backward, or to the side (to accommodate longitudinal building 
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PART 1: SOLAR FUNDAMENTALS 
forms, such as row houses on east /west and north/south streets). 

The solar pyramid and its variants can thus assist designer in planning new developments 
and in determining distances between buildings, solar access, and the allocation of solar 
harnessing devices. 

EXTENT OF IMMCT ARCA 

J 

PLAN 

EXISTING 
GUILD NS 

AXONOMETRY 

:--. Nr NU. 
7 4S 

+- SOUTH EAST 

ELEVATION 

NORTH I WEST ---I- 

Figure 2 -1 the construction of the solar envelope 

Very frequently, however, the solar envelopes is used to help determine the size of a 
development to be built in an already developed area (figure 2 -1). The first step is to 
determine the extent of the impact area. Then, by using the formula, pole height= shadow 
length divided by coefficient, the individual poles of the solar envelope are constructed. 
In principle, the construction of the composite shadow pattern of a three- dimensional 
(solid) object: 

Object - -- poles - -- impact area 
Impact area - -- poles - -- object 

Certain existing structures way occasionally cast shadows on the site of a proposed 
development. These impact areas should be recorded (see figure 2 -1) to provide the 
architect with a guide for fenestration design and the allocation of solar harnessing 
systems ( sun spaces, green houses, solar collectors).6 

Solar envelopes can be constructed not only over flat horizontal ground but also over 
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PART 1: SOLAR FUNDAMENTALS 
inclined planes (uniform slopes) and a complex topography. 

Constructing and Using Shadow Patterns 
For the sake of convenience, the boundaries of the shadow patterns are defined the sun's 
December 21 azimuth two shadow, one falling 45 degree northwest and the other 45 

degree northeast of a north/south line running through the center of the object. This in 
effect creates a right angle whose sides are aimed northeast and northwest . 

For most northern latitudes in midwinter, significant shadows will be cast roughly 
between the hours of 09:00 and 15:00 hours. A shadow pattern represents every spot 
shaded by an object during these hours (the time period needed to form the right angle), 
although only a portion of the shadow pattern would actually be in shade at any given 
time (figure 2 -2). 

Shadow patterns can be constructed graphically by using shadow length tables (table 1 -3). 
Various shadow lengths for three times of day are laid out on paper and connected to 
form the final pattern. The example below shows how the shadow (pattern of a pole is 

constructed. The pole is used because it is the simplest ground- anchored object that can 
cast a shadow. 

Table 1- 3a,b,c. Shadow length tables for a one -foot high pole on December 21 

a. 30 decree north latitude 

orientation N NE E SE S SW W NW 

time am noon 7m am noon pm am noon pm am noon pm am noon pm am noon pm am noon pm am noon pm 

2.7 slope 0% 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 2.7 2.7 1.3 

slope 5% 2.9 1.4 2.9 2.7 t.4 3.1 24 1.4 2.9 2.4 1.3 2.7 2.4 1.3 2.4 2.7 1.3 2.4 2.9 1.4 2.4 3.1 1.4 2.7 

Slope 10% 13 1.6 3.3 2.7 1.5 3.6 2.2 1.4 3.3 2.1 1.2 2.7 2.2 1.2 2.2 2.7 1.2 2.1 3.3 1.4 2.2 3.6 1.5 2.7 

slope 15% 3.7 1.7 3.7 2.7 1.6 4.4 2.1 1.4 3.7 1.9 1.2 2.7 2.1 1.1 2.1 2.7 1.2 1.9 3.7 1.4 2.1 4.4 1.6 2.7 

slope 20% 4.3 1.9 4.3 2.7 1.7 5.7 1.9 1.4 4.3 1.7 1.2 2.7 1.9 1.1 1.9 2.7 1.2 1.7 4.3 1.9 4.3 5.7 1.7 2.7 

b. 35 degree north latitude 

orientation N NE E SE S SW W NW 

time ám noon am am noon pm am noonpm am noon pm am noon pm am noon pm am noon pm am noon pm 

slope 0% 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 

slope 5% 4.0 1.8 4.0 3.5 1.7 4.2 3.1 1.7 4. 3.1 1.6 4.0 3.1 1.5 3.1 3.5 1.5 3.0 4.0 1.6 3.1 4.2 1.7 3.5 

slope 10% 4.6 2.0 4.6 3.5 1.8 5.3 2.8 1.6 4.6 2.6 1.5 3.5 2.8 1.4 2.8 3.5 1.5 2.6 1.6 1.6 2.8 5.3 1.8 3.5 

Slope 15% 5.5 2.2 5.5 3.5 2.0 7.2 2.5 1.6 5.5 2.3 1.4 3.5 2.5 1.3 2.5 3.5 1.4 2.3 5.5 1.6 2.5 7.2 2.0 3.5 

slope 20% 6.8 2.5 6.8 2.5 2.2 11.4 2.3 1.7 6.8 2.0 1.3 3.5 2.3 1.3 2.3 3.5 1.3 2.0 6.8 1.7 2.3 11.4 2.2 3.5 
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PART 1: SOLAR FUNDAMENTALS 
c. 40 degree north latitude 

orientation N NE E SE S SW W NW 

time am noon nm am noon pm am noon pm am noon pm am noonpm am noon pm am noonpm am noon pm 

slope 0% 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2 0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 

slope 5% 5.7 2.2 5.7 4.8 2.2 6.2 4.1 2.0 5.7 3.8 1.9 4.8 4.1 1.8 4.1 4.8 1.9 3.8 5.7 2.0 4.1 6.2 2.2 4.8 

slope 10% 7.2 2.5 7.2 4.8 2.3 9.1 3.6 2.0 7.2 3.2 1.8 4.8 3.6 1.7 3.6 4.8 1.8 3.2 7.2 2.0 3.6 9.1 2.3 4.8 

slope 15% 9.6 29 9.6 4.8 2.6 16.6 3.2 2.0 9.1 2.8 1.7 4.8 3.2 1.6 3.2 4.8 1.7 2.8 9.6 2.0 3.2 16.6 2.6 4.8 

slope 20% 14.53.4 14.5 4.8 2.8 97.5 2.0 2.0 14.5 2.4 1.6 4.8 2.8 1.5 2.8 4.8 1.6 2.4 14.5 2.0 2.8 975 2.8 4.8 

ree 

45 degre 45 degree 

96' 

Figure 2 -2 boundaries of the shadow patter 

54' 

Figure 2 -3 

i , 

' 

Figure 2 -4 

More complex objects such as trees or houses can be drawn by abstracting their forms 
into a series of poles and then drawing shadows for each pole. 

Example: constructing the shadow pattern of a pole. Pole is 30 feet high. The pole is 

located at 40 degree north latitude. Pole is on land that slopes to the southeast at 10 
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PART 1: SOLAR FUNDAMENTALS 
percent grade. 

Stepl From the appropriate table find the shadow length values for a.m., p.m., and 
noon.(Read the intersection of the columns labeled "SE" and "10 % "). 

Step 2 The values given in the table are for a one foot pole, so they must be multiplied by 
the height of the pole -in this case 30 feet. 

AM value (3.2) X pole height (30) = AM shadow length 
(96 feet) 

Noon value (1.8) X pole height (30) =noon shadow length 
(54 feet) 

PM value (4.8) X pole height (30) = PM shadow length (144 feet) 

Step 3 Scale the shadow lengths out on the paper as viewed from overhead and connect 
the end point (figure 2 -3). The resulting figure approximates the complete shadow pattern 
( the shadow pattern is not symmetrical because the pole is on sloping land). If this figure 
were plotted with more points it would result in a curve opposite the right angle (figure 2- 
4). However, shadow patterns constructed with three shadow lengths are quite adequate 
for site planning purposes. 

Determining the Shadow Pattern for A Building or Tree 
The shadow pattern for a building or a tree can be determined in much the same way used 
to determine the shadow pattern for a single pole. By treating a building or tree as a 
number of poles (figure 2 -5). In summary, the construction of a composite shadow pattern 
of a building requires three basic steps. 

building poles 

Figure 2- representing a building or a tree as poles 

Step 1 Abstract the building into a number of relevant poles. 
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PART 1: SOLAR FUNDAMENTALS 
Step 2 Constructed the impact area for each pole (these are partial impact areas). 

Step 3 Connect the outer edges of the partial areas to arrive at the total composite shadow 
pattern of a giver building. 

The shadow pattern for a tree can be the same way of determining the shadow pattern of 
building. Keep in mind that trees have depth, just like buildings. For maximum accuracy, 
therefore, additional poles should be located to the north of the tree crown " centerline ". 
Trees with various common shapes also can be represented by poles of verging heights 
(figure 2 -6). 

i\y) II Lrrill 
Figure 2 -6: Representing common tree shapes as poles 

Step -by -step Example of Shadow Pattern Construction 
When shadow lengths for each pole at the critical times of day are laid out, the composite 
yields the pattern for the building or tree. The following example shows how this is done 
for a building and tree simultaneously. 

1. Building is 9 feet high eaves and 12 feet high at peak (figures 2 -7a). 
2. Tree is 40 feet high and 30 feet wide (figures 2 -7b). 
3. Latitude of location is 35 degree north. 
4. Land slopes to the southwest at 15% grad. 

Step 1 From the appropriate table, in this case table for 35 degree north latitude find the 
shadow length values for AM, noon, and PM. They are: AM =2.3, noon =l.4, PM =3.5. 

Step 2 Multiply the ratios times the heights of the poles used in the building and tree 
examples (table 1 -2). 

Step 3 Scale the shadow lengths out on the paper as overhead views of the building and 
tree (figures 2 -8a and b). The boundaries of the pattern are 45 degree east and west of 
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PART 1: SOLAR FUNDAMENTALS 
north. 

Step 4 Finally, connect the end points of the shadow lines for the shadow pattern (figures 
2 -8 c and f). 

Table 1 -2 

Heights of poles Shadow lengths 

AM Noon PM 
Building 9' 21' 13' 32' 

12' 28' 17' 42' 
Tree 40' 92' 56' 140' 

Shadow Pattern for Development Sites with Specified House Designs 
Shadow patterns can be standardized for buildings and vegetation, provided that the 
terrain is relatively uniform and the buildings themselves are similar. Once the developer 
or site planner develops several shadow patterns to accommodate the anticipated shading 
can be accessed. This procedure is different on sites where the slope changes radically. 
Instead of using shadow templates for the various building types, the site planner or 
developer must constructor based on the terrain. Slope direction and gradient change the 
shadow lengths patterns. The shadow length tables must be consulted for each change in 
terrain and building dimensions. 

Step 1 Identify major building types and dimension in the development (figure 2 -9a). 

Step 2 Abstract the buildings into a number of poles (figure 2 -9b). 

Step 3 Develop shadow lengths for each pole figure 2 -9c). 

Step 4 Connect the shadow length lines from the poles to derive the shadow pattern of 
the building (figure 2 -9d). 

Step 5 Make a template of the building shadow patterns and arrange the shadow patterns 
on the site so that shading is minimized (figure 2 -9e).7 

Shadow Pattern 
for Development Sites without Specified House Design 
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Figure 2 -9c: step three: develop shadow lengths for each pole 

Figure 2 -9d step four. connect the shadow length lines from the 
poles to derive the shadow pattern of the building 

N 

Figure 2 -9e step five: make a template of the building patterns and 
arrange the shadow patterns on the site so that shading is minimized. 
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A similar approach can be used when the developer does not intend to build the project 
but merely intends to subdivide and improve the land for others to develop. In this case, 
the developer or site planner first approximates the dimensions and locations of the 
buildings on the lots. The earliest way to do this is to examine the zoning ordinance and 
other regulations and determine the maximum height restrictions. This height standard 
then is used to develop approximate shadow lengths for hypothetical poles for future 
buildings. Alternatively the developer can examine nearby completed developments 
whose buyers represent the target group for marketing. The site planner of developer, 

30 



PART 1: SOLAR FUNDAML:v t r.,.,, 
assuming that similar buildings of similar dimensions will be built in his or her 
subdivision, can base shadow pattern on these existing structures. 

The Spatial Relationships of Buildings 
Ideally, one building should not be constructed within the impact area of another building 
(figure 2 -10). Therefore, the distance between two buildings should be equal to the depth 
of the impact area. The concepts of optional grace height and optional grace depth are 
introduced in cases where it is necessary to comprise this rule (figure 1 -11). In this case, 
the distance between two buildings should be equal the depth of the impact area minus 
the optional grace depth. The optional grace height, that is, the maximum permissible 
level of southern wall overshadowing, is determined by the building designers. It would 
therefore follow that: 

optimal grace depth = 

optional grace height X coefficient 
This is the same equation as: 

shadow length = pole height X coefficient.8 

Construction of True North 
Only true north cab be used in conjunction with solar tools. Magnetic north, used by 
surveyors, is the direction shown by a magnetic compass. All maps intended for general 
use show magnetic north. On occasion, either true north or the angle of deviation of 
magnetic north from the true north is included for a given locality. 

If neither true north nor the angle of deviation from true north is indicated, the most 
reliable method for determining true north is the method shown in the following figures. 

Step 1 Place a pole upright in the ground (figure 1 -12a). 

Step 2 Mark the end of the pole's shadow in the morning (sometime before noon).points 
A and B represent the shadow of the pole at that time (AM) (figure 1 -12b). 

Step 3 Using point A as a center, draw a circle as shown in the figure 1 -12c. 
Step 4 In the afternoon, when the end of the shadow touches the circle again, mark point 
C (figure 1 -12d). 

Step 5 Divide the distance between B and C in half to arrive at point D (figure 1 -12e). 

Step 6 Join point A and Point D. This line represents true north (figure 1 -12f). 
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Figure 2 -10 the distance between buildings equals the extent of the impact area. 
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Figure 2 -11 the distance between buildings equals the extent of the impact area 
minus the optional grace depth 

Figure 2.12a 
a pole in tim ground 

Figure 2 -12b 
the morning shadow 
cast by the pole 

Figure 2-12d 
the afternoon shadow 
cast by the pole 

C 

Figure 2 -12e 
the distance between polit 
C and B divided 

Figure 2.12c 
a circle of AB radius 

Figure 2 -12f 
a line going from point A 
to point D indicates the 
true north direction 
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PART 1: SOLAR FUNDAMENTALS 
True north as shown in the previous figures is, infect, the sun azimuth at solar noon, that 
is, the direction of the sun's beams at the moment when the shadow is shortest. This 
method can be performed directly on the ground at site, or on a map, provided that the 
map is first properly oriented toward the magnetic pole.9 

SUMMARY 
The general principles for providing for solar access are simple and straightforward. The 
objective is to lay out all the elements in the development in such a way that as many 
buildings as possible can receive sunlight. Solar support tools allow designers and 
planners to perform a number of tasks quickly and accurately. this can lead to the 
construction of a simple instrument to assistant designers and planners. To understand 
and protect solar access, it is necessary to review and use these support tools. 

Notes: 
6 Vladimir Matus, "Design for Northern Climates ", 1988. P196 -197 

John S. Crowley and L. Zzaurie Zimmerman, "Practical Passive Solar Design ", 1984. P32 -35. 
8 Spivak, Paul: "Land -use Barriers and Incentives to the use of Solar Energy ", 1979. P47. 
9 Vladimir Matus, "Design for Northern Climates ", 1988, P199 and P208. 

Figure 2.1, 2.11, Vladimir Matus, "Design for Northern Climates ", 1988. 
Figure 2.7, 2.8, 2.9, John S. Crowley and L. Zzaurie Zimmerman, "Practical 
Passive Solar Design ", 1984. 
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CHAPTER 3: 

I was shown great light descending from the 
heavens and great light ascending from the 
earth, I watched the two come together, blend, 
and become one. ELLEEN CADDY 

ERATIONS 

In the recent past, an energy -devouring mode of living all but eradicated the west's 
intimate relationship with natural forces. Mechanical systems made the extent, duration, 
and direction of sunlight irrelevant. Houses and communities were no longer tethered to 
the solar furnace. Recent energy shortages, however, made it necessary to renew the ties 
between the sun and the human -made environment. 

Planning for the solar access introduces important new considerations into the 
convention; development process. Solar energy planning takes into account factors 
affecting energy conservation and availability of sunlight for displacing annual energy 
demands and includes the layout of streets, buildings, landscaping, and open space so that 
unobstructed solar energy can be received by existing and future south facing windows, 
doors or solar collectors. However, solar access is but one consideration in a site planning 
and development process where thadoffzs prevail. 

The general principles for providing for solar access are simple and straightforward. The 
objective is to layout streets and lots in such a way that as many buildings as possible 
have proper orientation to the sun and to avoid shading south facing glazing during the 
cooling season. 

I think forms, surfaces, spaces, landscaping and orientation features in a layout would be 
the most important aspects that effects the solar access of the building. The following 
chapter will provide further information on how to maintain or enhance the solar access 
achieved through these futures design. 

FORMS 
The effects of the built forms on the solar access is largely a function of the degree of 
envelope exposure to the sunlight. A form's relative efficiency as a solar collector 
depends on its shape. Under a continuously moving sun, amounts of solar energy at 

different time of the day and year. The following section will discuss several factors 
effected solar access of the building. There are two parts of this section: building forms 
and solar access, land forms and solar access. 
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PART 2: PLANNING FOR SOLAR ACCESS 
Building Forms and Solar Access 
In my research, I am not explore more details on the generation of the building forms. 
Concepts associated with the design of building forms, however, should of interested . If 
a solar envelope were to be filled two -by- fours, concrete, bricks, and mortar, it would 
result in a building with a predictable impact on its neighbors within a stipulated time 
frame, such a building, however, might be costly to built and have internal divisions that 
are inefficient for horsing human activities. A building designer traditionally reaches a 
compromise between two considerations that of providing a comfortable space for human 
activities and of protecting inhabitants from external environmental forces. In many case, 
the shape of a building is the result of a compromise between these conflicting 
requirements. Two additional concepts that any urban planner and architectural designer 
must consider are surface /volume ratio and the way solar energy is receiver by the 
building forms. 

Surface /Volume Ratio 
Every building is subject to pounding by environmental forces. One way of measuring its 
susceptibility to the influence of the composite environmental force is by its 
surface /volume ratio. The less surface needed to enclose a given volume, the less the 
system is affected by variations in the external stress. In the other words, it becomes 
easier to maintain a steady state in unsteady surroundings. The classic illustration of the 
surface / volume variables is an expanding cube (figure 3 -1). 

S(surface)=6 
V(volume)=1 
SN-6 

Figure 3 -1. The surface /volume ratio of a cube 

S=24 
V=8 
SN=3 

A sphere processes the best surface /volume ratio. All other shapes require a large surface 
to enclose the same volume. It therefore becomes easy to evaluate the relative efficiency 
of other form selecting a number of the most familiar or most frequently encountered 
geometric forms and comparing their surface/ volume efficiency with that of sphere. 
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i.Surface /volume ratio is not the only indicator of susceptibility to the external stress, 
Other properties of a building envelope, such as the material of which it is made, may be 
more significant than its size. 

2.Certain shapes are suitable only for certain purpose. For example, a sphere may be an 

excellent shape for containing liquids or gases, but it is very tricky to divide and use if for 
human occupancy. 

3.Materials and methods of construction may indicate which geometric form should be 

used. For example, a sphere can be constructed from identical panels; thus, there is no 
distinction between the wall and the roof. On the other hand, there is a need for more 
precision during the manufacturing and construction processes. 

Even with these limitations, the conclusion to be drawn by a building designer and an 

urban planner is clear: building with greater volume not only provide an opportunity to 

increase internal metabolism, but their surface is a relatively smaller target for external 
forces. There is a physical limit to the improvements possible with a favorable 
surface /volume ratio. In a holistic energy account, one would have to consider the energy 
penalty in terms of the cost of manufacturing special building materials that cope with 
gravity and maintaining the complex mechanical devices (for example, elevators) needed 
for human occupancy. 

Solar Access and Building Forms 
A building's relative efficiency as a solar collector depends on its shape (assuming it has 

been constructed within the limits of a solar envelope). Under a continuously moving sun, 

different shapes receive different amounts of sun energy at different times of the day and 

year. Information about the relationship between the shape of a form and its ability to 

receive energy form the sun is gained by viewing forms from the sun's position is directly 
related to the amount of solar energy an area receives. 

Another way of describing this solar access /shape relationship is to say that the degree to 

which solar energy is received is in direct proportion to the area of obstruction of the 

sun's rays caused by a given shape at a given time. Both definitions demonstrate the need 
to construct a projection ( a shadow) of a given shape on a screen that is perpendicular to 

the direction of the sun's rays. The_sphere is a solid that, when view from the position of 
the sun, has the same shape from the sunrise to sunset at any latitude. Therefore, the 

projected area of the sphere -the disk -does not change. Energy received would be constant, 
like that of a circular tracking collector. But it would be constant only in space, because 
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the presence of a gaseous atmosphere, vapor, and pollutants changes the solar access over 
time. The sun's rays have to travel through an atmosphere of different thickness, and thus 
energy received form a low sun cannot equal the energy received from a midday sun. 

The same applies to the amount of energy received during different seasons. the annual 
variation is marginal between the tropic lines, but it increases dramatically at higher 
latitudes, so the altitude of the sun must be taken into consideration. One way of doing 
this is to assume that the sun is located immediately overhead (altitude 90 degree), it 
provides 100 percent solar energy, and at the movement of sunrise or sunset (altitude 0 

degree) , it provides 0 percent solar energy. This assumption would permit the 
multiplication of all values by the sine of sun altitude. The resultant solar energy 
receivership of a sphere the differs during the day, during the different seasons , and at 
different latitudes, a sphere located in northern latitudes cannot continuously receive its 
theoretical maximum amount of solar energy. Every object has its own unique capacity to 
receive energy from the sun. Between potential and actual values of energy received on 
December 21, the time of the lowest sun path. The first and obvious step in using this 
methodology is to evaluate commonly used built forms and orientation. With the advent 
of powerful computer graphics software, however, it may be possible to use this tools for 
evaluation as an active design tools. The process would specify the need for solar energy 
received (annual and diurnal) and then search for acceptable and suitable forms. Deriving 
a built form from optimum use of the sun's rays can be a design tool equally important to 
an architect and an urban planner in the creation of large urban areas.10 

Solar Access and Land Forms 
Topography, or the modulation of the earth's surface either in natural undisturbed state or 
as manipulated by man, has the ability to enhance the solar access. It is patently obvious 
that the earth's surface is not flat. It consists of rises and depressions. The sun's rays 
strike various sections of the earth's surface with various degree of intensity depending 
upon the geographical location, the angle of inclination and the elevation of the height or 
depth of land forms. The latitude and topography of a land affect both the availability of 
sunlight and the length of the shadows cast by object on the site. Likewise, changes in 
topography affect the angle at which the sun hits the ground. During the winter on south 
slopes, as at lower latitudes, sunlight is more nearly perpendicular, so shadows are shorter 
than on flat land or on a north facing slope (figure 3 -2). The slope and orientation of the 
land largely determine the amount of radiation received. South facing slopes receive the 
greatest amount of sunlight in the winter. General guidelines for positioning residential 
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developments are 

Area of ground receiving the ray on the flat Shadow cast by tree on the flat ground (B) 
ground (B) is larger than on south slope (A). is larger than the one cast by the tree on 
Thus more energy is received per unit area the south slope(A). 
on the slope. 

Figure 3- 2.Shadow length on the south slope. 

South slope -preferred (warm winters, early spring, later fall) 

East slope- acceptable (warm winter mornings, cool summer evenings). 

West slope -undesirable (hottest in summer). 

North slope -least desirable (coldest in the winter). 

It is useful to keep in mind that shade can be provide if the sun is a nuisance, but adequate 

solar exposure can be difficult to achieve once a dwelling is located on the shady north 

facing slope. Solar energy availability and shadow length also vary with slope gradient. 

The basic concept here is that the steeper the slope, the more the microclimatic 

conditions associated with the slope direction are accentuated. 

For instance, a site which slopes 10 percent to the south will receive as much solar 

radiation and will thus have the same climate as a flat site six degrees closer to the 

equator. Since the sun's altitude (which determines the amount of radiation received) 

increases about one degree for every 70 miles distance to the south, the amount of solar 

radiation received on a south facing slope increases proportionately to each degree it 

slopes. Therefore, south slopes are preferable for solar energy use, because they absorb 

more winter solar radiation than other slopes and tend to be warm. Shorter shadows cast 

on south slopes enable buildings to be built taller and closer together with out obstructing 

solar access, thus making higher density developments easier. 

Flat land has better solar access than east, west or north slopes, but is less desirable than a 
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south slope. Streets may be laid out in an east/west orientation more easily on flat land 

than on contoured land. As east and west facing glazing is difficult to shade, homes built 

on east or west slopes should be oriented toward south with the major glass area located 

on the south wall. North slopes are the least desirable for solar energy use, but with 

careful planning they can also provide homes with solar access. On north slopes shadow 

lengths tend to be extremely long, less radiation received on the ground and sites are often 

exposed to the dominant north winter winds. 

SURFACES 
Surface is one of the most important factors which are involved the proper levels of solar 

access. The levels of solar access are defined by the portions of the building envelope that 
are normally exposed to the sunlight, that is a flat, horizontal surface, a east/west 

orientation surface, and north/south orientation surface, associated with building, they are 

roof access, south wall and window access, east/west wall and window access and south 

lot access. Figure 3 -3 indicates these levels. 

east wal access . of . cess 

uth w 11 access 

dow access 

access 

east window access 

Figure 3 -3. The levels of the solar access 

A Flat, Horizontal Surface and solar access 

The flat, horizontal as well as vertical surfaces receive different levels of direct sun 

radiation. The radiation density varies with the angle of the beam's impact. One of the 

best ways to illustrate the amount of direct sun energy received by a surface is to draw the 

surface from the sun's point of view. The size of the area affected by the sun is directly 

related to the solar energy it receives. 

A square horizontal plane is shown in a flat, horizontal surface is shown in figure 3 -4 as it 

is seen from the angle of the sun. The broken line represents the actual surface area 
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affected by the sun's rays. The dark area takes into consideration the effect of atmosphere: 
the morning and evening sun has to penetrate a thicker layer of air, water vapor, and 
pollution than does the noon sun. Values of the surface area or solar energy received 
(indicated by the broken line) are multiplied by the sine of solar altitude in order to 
accommodate the effect of atmosphere. 
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Figure 3 -4. The image of a horizontal surface 
generated by the sun's rays 

A flat, horizontal surface, associated with building, could be roof, a south lot. 
Roof access is the most conservation level of solar access. It obviously occurs at highest 
elevation of the building, which is least likely to be in shade. This level of solar access is 
appropriate to higher- density developments. It protects a variety of rooftop solar 
collection methods, including active collector arrays. If only roof solar access is 
achievable, care should be given to the thermal coupling of the collection method and the 
spaces to which it serves. Rooftop solar energy systems should also be designed so that 
shading does not occur. Watch out for elevator tower, conventiónal mechanical 
equipment, and other building elements. 

South lots access protects ground -level exterior spaces to the south, south -east or south- 
west of a building. Certain outdoor spaces require direct sunlight, such as patios, 
courtyards, swimming pools, and gardens. Entries or detached collection devices may 
need south -lot protection. Even ground -level collection devices adjacent to the south 
facades may need further. This level of solar access may differ from others in its need for 
year -round protection. Outdoor activities most often occur during spring, summer, and 
autumn months when weather is molder. Sun angles are higher at these times, making 
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south lot protection easier to accomplish. 
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Figure 3 -5. The image of the southern face of an 
east/west wall generated by the sun's rays 

A east /west oriented surface and solar access 
A surface orient toward east and west, to a flat, horizontal surface, a new set of 
environmental circumstances will result. The east/west oriented surface has a northern 
and southern face. Both of the faces receive direct rays in certain locations it certain 
times(figure 3 -5). The high Arctic receives direct sunlight during the season when sun 
altitudes change but never sink below the horizon. Direct sunlight is received on the 
equator, where overall annual insolation is equal on both faces (insolation values from 
March through September are equivalent and symmetrical to those from September 
through March). However, with the exception of these two extremes, the northern face 
generally remains cold and dark, receiving very little or no direct solar radiation 
throughout the year. The latter is thus warm and sunny. Figure 3 -10 shows the sun 
radiation received by the southern surface within the 08:00 and 16:00 hour time frame. 

A east /west oriented surface could be a southern wall or window (facing true south), or 
a northern wall or window. 

Southern wall access makes possible common applications of passive heating: direct - 
gain, thermal -wall, water -wall, and sun space systems. Both vertical and titled surfaces 
can be protected on the south. Southern wall access gives good protection for the 
buildings employing sun tempering systems, incremental passive systems, full passive 
systems, and variety of active systems. South wall access normally includes roof access, 
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PART 2: PLANNING FOR SOLAR ACCESS 
which allows for a certain degree of design flexibility. Care should be taken between 
collection devices and other building elements (stairs, balconies, overhangs, etc.) The 
area around the south wall is characterized by a warmer and brighter environment. 

Southern Window 

The southern window, located on the warm side of the building. The use of large, glazed 
windows and doors extends the living area into the southern patio, an external sun pit. 
These indoor /outdoor link is of particular importance in northern latitudes. The blast of 
the southern sun creates a sense of energy. If necessary, overhangs or horizontal louvers 
can modify the impact of the higher path taken by the sun in summer. In winter, the low 
sun penetrates deeply into interior spaces, creating much needed comfort. Since the 
winter sun path can be very short in northern latitudes, the southern wall should be 
oriented toward true south to take maximum advantage of this limited exposure to direct 
sunlight. 

Northern Wall 

The area around the northern wall is characterized by a darker, cooler, and wetter 
environment. Direct sun received only between spring equinox (march 21) and autumn 
equinox (September 21) during a limited time of the day. Thus, during the most of time of 
year. Northern wall will be in shade. So solar access will not given to northern wall. 

Northern Window 

Rooms with northern windows mainly receive reflected and diffused sunlight. Thus, the 
sunlight is typically less intense. In a conventional situation, the northern window carries 
a high energy penalty. Consequently, designers of solar access usually minimize or 
eliminate these windows. 

A south /north oriented Surface and Solar Access 
A surface that is oriented north and south has eastern and western faces. Both the eastern 
face (morning side) and western face (afternoon side) receive the same amount of direct 
solar radiation daily and annually (figure 3 -6). Geographic location affects the overall 
amount of radiation received but not the equal distribution between the eastern and 
western side. Noon is the axis of symmetry. 11 

Associated with building, a south /north oriented surface could be eastern wall and 
window or western wall and window. 
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Eastern and Western Wall 

Although the eastern wall is exposed to intensive morning sunlight, most of the direct and 
reflected solar energy is exhausted to overcome the night cold. The western wall bears the 
full impact of the afternoon sun in the summer; internive sun radiation is absorbed and 
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Figure 3 -6. The image of a north /south wall 
generated by the sun's rays 

radiates heat both to the ground and the air for prolonged periods of time. The ground is 
hot and dry. Self - shading is possible, but is more complex than shading the southern wall. 
During the winter, only a small amount of direct sun radiation is received form the low 
winter sun between noon and sunset, not nearly as much radiation as is received at the 
southern wall during the cold period. Eastern and western wall access is becoming more 
important with building located in climates with lower levels of sunlight and with 
buildings that have more complicated thermal zoning. The added protection to the east 
and west gives more solar access potential. In the development of high density, it is 
difficult to maintain a consistent level of east -west solar access. This level of solar access 
may be beneficial, but it may need to be accomplished on a "do what you can" basis. 

Eastern and Western Window 

During the summer, morning sunlight penetrates deeply into eastern rooms. Because it 
has to overcome the cold of night, there is usually no need to shade or block the sun. In 
the winter season, particularly where the day is very short and the sun path very low, the 
eastern window receives a negligible amount of energy; designers of solar housing 
therefore usually attempt to minimize or eliminate the eastern window. During the winter 
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season, particularly in northern regions, the energy received through western windows is 

the same or higher than that of window facing east. In summer, however, the low sunlight 

can be a source of discomfort that is difficult to escape. Western windows are usually 

considered energy inefficient propositions. 

SPACES 
The next step is to place two or more buildings side by side. The walls of each building 

affect the solar access in the walls of a single building, but some new elements would be 

present -the spaces among the buildings it includes spaces between two buildings, internal 

courtyards, the streets and public opening spaces. These elements of the development are 

some of the major design elements of the solar energy planning . Not only are they the 

greatest construction, but they act as the framework for building layout, greatly affecting 

solar access to the development. The major factors determining the solar access 

characters of these spaces would be the proportions , that is, the width of the space and 

the height of the buildings. 

Space between two buildings and solar access 

Optimal proportions between two buildings are latitude specific, since they are 

determined by the extent of the impact areas. A rule that would govern idea spatial 

relationship among buildings would require that no building intended for human 

occupancy be constructed within the impact area of another structure. 

E 

12:00 12: 00 

Figure 3 -7. A skywindow in a north /south space Figure 3 -8. A skywindow in an east /west space 

North /south oriented space between two buildings 

A narrow north/south oriented alley space would lack solar access and thus be rather cool 

(figure 3 -7). The ground would have a high moisture content. Direct exposure to the sun 

would be limited to a short period at noon (see figure 3 -7). By widening the gap space 

between two buildings, however, the solar access can be gradually improved. The period 
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of access to direct sunlight would be extended, and the surrounding walls would reflect 
the morning and afternoon sun. Further widening would too great to be economically 
justifiable. The penalties of long- distance associations any outweigh the benefits derived 
from solar access. 

East /west oriented space between two buildings 
A narrow space with an east/west orientation would receive no direct sun radiation during 
the winter season. A limited amount of direct exposure does take place between spring 
equinox (March 21) and autumn equinox (September 21) once in the morning and a 
second tome in the later afternoon (figure 3 -8). Frequent westerly would most likely 
whistle through at an accelerated speed; consequently, only a few life forms would exist 
in this location, unless they were seeking refuge during a summer heat spell. Living in 
this space could be less bearable than those of the northern wall. 

Once the space between two buildings is widened, the solar access conditions 
dramatically improve; at a certain height/width ratio, they become reversed. The 
fortuitous combination of direct and reflected sun radiation makes the solar access 
superior or that of the southern wall possible on the northern side. Any further widening 
of the space, however, would result in very low density development. The distances 
between two buildings are too far to be economically justifiable. The penalties of long - 
distance may outweigh the benefits derived from direct sun exposure. 

Internal courtyards and solar access 
An atrium, or interior courtyard, can be either carved out of a single building or created 
with several buildings. The solar access at this level is depending on specific proportions. 
Except in equatorial regions, where the sun's rays can hit the ground for a short period 
during the noon hours, a very small courtyard surrounded by tall walls would block direct 
solar access. By future modifying the proportions and extending the distance between the 
walls of the courtyard. The condition of solar access will improve. The ideal proportions 
of a courtyard designed to achieve a desirable solar access vary according to latitude. In 
some case, courtyard and other irregular spaces can easy to create overshadowing during 
the winter time, but small shifts in the orientation or careful portioning of the courtyard 
can alleviate this problem. The courtyard form can sometimes provide similar advantages 
at the scale of the individual dwelling. With the appropriate courtyard proportions, solar 
access can be maintained even at fairly high densities. 
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Street width consideration and solar access 

Street width can be used to separate buildings from each other and to increase the 

distance between solar collectors and potential obstructions. The street right -of -way 

reservation required in many subdivision can be modified some situations to increase the 

distance between buildings on either side of the street or to increase the distance between 

a building and a street tree lying to the south. In developments with several housing types 

on east /west streets, placing taller buildings on the south side of a street and shorter 

buildings on the north side can help reduce shading, as figure 3 -9 illustrates. 

Figure 3 -9. Street's width acts as solar buffer 

o 

Major streets or high ways can be especially good solar buffers if they are effectively 

located, because they do not need solar access. To use the street this way is better than 

using valuable opening space as a solar buffer. 

Opening Spaces Consideration and Solar Access 

In large development, most developers are required to provide opening space for 

recreational or environmental purposes, and a growing number are ding so voluntarily. 

Developers and site planners can use the strategic location of the opening space and 

buffer strips to protect solar access. 

When a project -a mixed -use development, for example -is to contain some relatively tall 

buildings, open space can be located to the north of the tallest buildings to buffer shorter 

buildings to the north against the tall building's shadow, see figure 3 -10. The problem is 

that open space used for parks or recreation needs sunlight. Using such space to buffer 

buildings from shadows means that play areas would be shaded for much of the day. This 

problem must be considered on a case -by -case basis. If the open space is heavily wooded, 

for example, the shading is less of a problem, since the trees provide some shading too. 

Or, if the taller buildings are only three or four stories high, then a narrow buffer strip 

would be sufficient to prevent shading and open more park land for maximum sunlight. 
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Only high -rise buildings create a significant problem here. 

When rooftops, south walls, or other building locations can not be used, open space can 

be as a site for common solar energy collectors, a bank of active solar collectors servicing 

the buildings in a development. Of course, the open space has to hence unobstructed 

access to sunlight. The heat would be collected in the common collector system and 

transferred to the buildings. Buildings adjacent to the collector area would have to be 

sufficiently distance to prevent shading of the collectors, yet close enough to the 

collectors to minimize heat loss during the transfer of the heated water or air or its point 
of use (figure 3-11). 

south taller buildin s 

northside lower buildings -4411141%61., 

opening space 

Figure 3 -10. Open space as a buffer 

A common collector system is probably most appropriate for multifamily projects, where 

the roof might be able to provide only enough collector area to heat water, whereas a 

detached collector in nearby open space can provide space heating as well. The type of 
solar energy system to be used and the size of the collector depend on a number of 
factors, including the local climate and weather, the multifamily structures can use 

passive solar heating.12 

Figure 3 -11. Common collector 
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ORIENTATION 
Proper orientation of the streets, lots and buildings is the single most important design 
strategy in solar access planning. Proper building orientation protects solar access. As 

discussed in the section before a south facing surface receives two to three times more 

solar energy in winter than in summer. Therefore, proper building orientation is very 

important for solar access planning. But the orientation of the building depends on the 

orientation of the lots. Lot orientation can constrain where a building may be located and 

which direction it must be facing. Therefore, the second orientation factor to be 

considered of is lot orientation. Lot orientation depends on the orientation of the road or 
street fronting it. Therefore, the third orientation factors to be considered is the 

orientation of the street. 

Building Orientation and Solar Access 

For solar access purpose, building s should be oriented so that large areas of roofs and 

walls can receive solar energy from the south. In every climate, the best building 

orientation is with its axis in an east -west direction. In warmer climates, where cooling 
needs predominate, dwelling should be designed to capture wind flows and minimize heat 

gain to maintain a comfortable temperature. In moderate or cooler climates, where 

heating needs predominate, building should be sited to use solar radiation falling on the 

structure and shield the building from strong winds, which can increase heat loss, or from 

the hot western sun, which can cause problems with overheating. In both cases, though, 

the predominant, orientation of conventional rectangular buildings which gives the 

greatest conservation of solar energy is a general east -west orientation of structure along 

its axis. A building can be oriented a number of degree to the southeast or southwest 

without a significant loss in solar access. The number of degrees which it can be shifted 

depends on the climate of area. More moderate climates allow a greater degree of 
variation from the due east -west orientation than more extreme climates. 

Long axis east -west orientation is an ideal, however, which may not be achievable for all 

types of housing. High- density development, where houses are located close together, 

where interior dwelling may not even have wall area exposed to the south. In these 

development situations, the best orientation would be to have long axis of the structure 

oriented north and south. North -south orientation of the long axis of these buildings 

would assure each units of south facing solar access along the each unit's narrow sides 

and windows of sun spaces on this shorter sides can appreciably assist winter solar energy 

gain. If the facades of these units do not face south, solar access must limited to 
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horizontal surface (roof). 

Lot Orientation and Solar Access 

Ideally, lot orientation should be determined by orientation to the sun and not by the 

orientation of the street exception on east /west street, where orientation for lot is easy to 

achieve. 

winter summer 

---------- 

Figure 3 -12. Proper orientation on east/west axis 

How a building is placed on a lot is affected by the type of the proposed structures within 
a development. As mentioned in the previous section, structures development also use a 

rectangular plan, to reduce development costs and road frontage requirements. This 

means that in most developments, lots are created with their narrow ends fronting the 

road and their longer sides perpendicular to the frontage road, forming lots which are 

generally deeper than they are wide. As a convention, large lot rural and suburban 

subdivisions have the longer axis of the building running across the width of the lot, 

showing the most prominent facade of the dwelling to the street. But to reduce frontage 
requirements in more expensive urban land and to allow higher densities, buildings are 

sited so that their narrowest sides front the streets, and the axis of the building runs with 

the axis of the lot (figure 1 -12). 

Because of this relationship between buildings and lots, lot orientation may be different 

from orientation in low density development where the long axis of the building runs 

across the lot, an east -west building orientation means a north -south lot orientation. High - 

density development may prevent south wall solar access, an optimal north -south 

building orientation automatically means a north -south lot orientation, because the axis of 
both buildings and lots are parallel to one another. 

Street Orientation and Solar Access 

One of the best ways to assure proper solar building orientation, especially under 

conventional development practices, is simple to run streets from east to west. This 

makes possible southern orientation of the greatest number of buildings. Unfortunately, it 
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is not always possible to oriented streets from east to west. 

building axis = lot axis 

Figure 3 -13. Lot and building orientation 

NORTH 

t 

building axis perpendicular to lot axis 

North -south street orientation 
Streets oriented north -south will generally result in north -south lot placement with the 
long axis of the lot in the east -west direction. Consequently houses will be wide in close 
proximity to one another along the north -south axis, causing shading and probable solar 
access problems. In lower densities this may not be as much of a problem. The north- 
south orientation is good for primary streets, which may run perpendicular to the 
residential streets. 

East -west street orientation 
Streets oriented east -west will generally result in east -west lot placement with the short 
dimension of the lot adjacent to the street right -of -way and the long axis of the lot in the 
north -south direction. If the buildable portion of the lot is wide enough, solar collection 
devices can be integrated easily into the south facade and roof with no appreciable 
shading. This is a food street orientation for streets adjacent to the majority of lots. The 
east -west street provides added solar access protection. 

Diagonal street orientations 
Diagonal street orientations especially those beyond 30 degree of the cardinal points, can 
cause a reduction in solar collection. A square relationship of the solar house to the lot 
may not be possible and may stress the overall parcel design. Depending upon the specific 
direction of the diagonal, either morning or afternoon shadows from adjacent house can 
have a south orientation on a diagonally oriented plot depending upon the size of the lot. 

So the preferred orientation for streets of true east /west. North/south are less desirable 
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from a solar access standpoint. 

LANDSCAPING 
To protect solar access, it is more difficult to plan for trees than for buildings. Shading 
characteristics change from species to species, from season to season, and from year to 
year. Many developers include landscaping in their plans, but generally the primary 
concern of landscaping plans is aesthetic. For solar access planning, though, it is 
necessary to give as much attention to trees as to other components of the development. 
Trees and other vegetation can reduce cooling needs in summer by shading and reduce 
heating need in the winter by acting as windbreaks. These reductions, in turn, make it 
easier for a solar energy system to complete with conventional methods of space 
conditioning. 

This section discusses two topics: existing vegetation, planning new trees that are part of 
a project landscaping plan. Because vegetation is so specific to a region's climate and to 
a site's characteristics, it is difficult to provide a detailed discussion on the management 
of vegetation for solar access protection. 

Tree Selection Criteria and Solar Access 
The key criteria for selecting tree species to minimize winter shading and maximum 
summer shading are: 

Form 
Short, wide tree give better shade patterns than do tall, narrow trees (i.e., shorter winter 
shadows and winter summer shadows) (figure 3 -14). 

Growth Rates: 

Choose trees which grow fast initially but grow slowly after reaching optimum form. 

Bare Branch Density 

The bare winter branches of deciduous trees can cause a substantial amount of winter 
shading (blocking 30% to 80% of the available solar radiation) depending on the type of 
tree, and thus should not be used near south facing glazing (figure 3 -15). 

Type 

Use mainly deciduous trees because they shade fully in summer and lose their leaves in 
winter. Coniferous trees and shrubs are best for winter wind control. 
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summer sun 

C &D= beneficial summer shade 
A &B= detrimental winter shade 

Figure 3 -14. Comparison of tree forms B <A and D >C 

These are the primary factors that should be considered when selecting 

Figure 3 -15. Variations in bare twig density give 
variations in penetration of winter sunlight 

species for landscaping a solar development.13 

Existing Vegetation Consideration and Solar Access 

The species, height and location of existing trees and their shadow patterns should be 

sketched on the site map so that both beneficial summer and detrimental winter shading 

can be evaluated. Existing vegetation too near a building's south facing wall may require 

pruning or chinning, while trees farther away may require regular top trimming Very tall 

trees or this with most branches higher than a building are acceptable close to a building 

south side. Tree removal should be considered only when a further building's placement 
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can not be changed to avoid winter shading of the south wall by existing vegetation 
(figure 3 -16). 

Planning New trees for Solar Access 

The key criteria for locating plantings are: 

45 X45 X45 
Figure 3 -16. Selective tree removal from skyspace. 

December 21 noon sun angle 

N 

1-ót-line u - - 

low shrubs 20' trees 30' trees 40' -es 

setback 
20' 
0' 
60' 
80' 

Figure 3 -17. Imaging a light plane running from 
the sun to the south wall of the home under which 
tree must fit 

l.Plant trees with a tall mature height outside the sky window of a building (the arc 45 

degree to the southeast and southwest of true south) to avoid detrimental winter shading. 

Plant only shrubs or trees with a short mature height near the south wall of a building. 
The closer to the building, the shorter they must be so as not to cast shadows on south 
facing collector areas. (figure 3 -17). 

18' 
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NORTH 

30 degree latitude 
December 21 

Figure 3 -18. Shorter street trees on the north side a street increase solar access. 

2.Plant trees to shade east and west windows, outdoor use areas and paved areas such as 

streets. 

Maintaining Vegetation for Solar Access 

whether to heat or cool, to shade building or streets, trees usually need pruning or 

thinning, a skill requiring knowledge and experience. It is best to landscape with tree that 

require little pruning until they attain their maximum size. If thinning becomes necessary, 

trees should be pruned from the bottom, not from top. The crow should be thinned 
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ORTH 

Figure 3 -19. Stands of trees. A dozen trees in two clumps 
leave large expanses with good solar access. 

3.Plant taller street trees on the south side of the streets and shorter trees on the northside. 

This allows the width of the street and front yard setback to act as a shadow buffer to 

prevent shadow from the taller tree from reaching the south walls of building 

across the street (figure 3 -18). This arrangement not only protects solar access but also 

shades the street pavement during the summer. 

4.Plant trees in groups, because they cast a smaller total shadow on a site than do the 

same number of separate trees, thus making solar access easier to plan (figure 3 -19). 

Rather than topped, because top pruning encourages dense twig growth, which ca block 

solar access.14 

SUMMARY 
Solar access, in concept may appear to be simple and straightforward. But applied to the 

present development process, it is a more difficult proposition. There is great economic 

pressure in the building industry, and solar access may be seen an another negative 

limitation to the delicate manifestation process. As a consequence, guardianship of solar 

access must come from the community, in the form of zoning -ordinance reform. Solar 

access provision can be initiated and enforced. However, they tend to be conservative and 

too general and usually only provide context protection. Second, it must come from 

developers, in the form of covenant protection. This method usually provides only 

internal project protection. Covenants, considered alone, will tend to give spotty or 

unequal protection, thus method is seen as the most practical solution. Third, it must 

come from planning and design. This method, too, may be inconsistent and difficult to 

enforce. 
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Notes: 
1° Vladimir Matus, "Design for Northern Climates ", 1988, P60 -65. 
" Vladimir Matus, "Design for Northern Climates ", 1988, P121 -123. 
12 Duncan Er ley and Martin Jaffe, "Site Planning for Solar Access ", P83 -84. 
13 McClenon, Charles, ed., "Landscape Planning for Energy Conservation ", 1977, P116. 
14 John S. Crowley and L. Zaurie Zimmerman, "Practical Passive Solar Design ", 1984, P59. 

Figure 3.2, 3.3, 3.4, 3.7, 3.8, 3.9, 14 Vladimir Matus, "Design for Northern Climates ", 1988. Regenerated by 
Yu Hong. 
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CHAPTER 4: SOLAR PLANNING IN CHINA 

CHAPTER 4: SOLAR PLANNING IN CHINA 

If we assume that urban dwellers could, under 
proper conditions, walk for up to thirty minutes 
in order to go to their jobs, their theaters, their 
markets, etc., then this distance of a mile and a 
half appears to be the maximum distance which 
can be allowed for a sector under the full control 
of man. CONSTANTINOS A. DOXIADIS 

INTRODUCTION 

China is vast in territory, stretching more than 35 latitude degrees' from north to south 

(Figure 4 -1). Most areas of the country belong to the monsoon climate of east Asia. Every 

year, dry and cold winter monsoons advance south from the Siberian and the Mongolian 

plateau, very frequently, from September /October to March/April the next spring. These 

result in the characteristics of a dry and cold climate in winter and a great difference in 

temperature between the north and south of China. Compared with other regions abroad, 

in the same latitude as China, the temperature variation from the south to the north in our 

country is more severe. It ranges from 5 -18 degrees lower than in other countries. The 

temperature range between the north and south is more than 40 degrees. Heating regions 

cover more than two- thirds of the total area of the country, of which, Central heating 

areas account for 49.3% of the total .For 90 days per year the mean daily temperature is 5 

degrees. 

Building energy costs are heavy and range in many respects. The annual growth rate of 

building energy cost is more than 15 %, which highly exceeds the annual average growth 

rate of the total energy cost for the county. Energy used for buildings accounts for one - 

fourth of the total energy cost for the entire country, occupying first place among all 

sectors. Among the industrial and civil buildings of our country, 45% belong to the 

category of heated buildings. In the northern part of China, energy cost of building 

heating accounts for 30% of the annual total energy cost, the annual coal consumption in 

urban areas was 64M tons of standard coal in 1988 , which make up 9% of the total coal 
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output of the country. The total building surface area in the rural area of the country is 17 

billion square meter. About half of this belongs to heating buildings. Every year, more 
than of commercial energy is used. 75% of the energy used in the rural areas relies on 

biomass energy , with about 100Mtce of non -commercial energy used for heating. At 

present the total fuel wood cut in the rural areas of the whole nation is 290 Mtce, 2.9 

times more than the rational cut. 
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There is a sharp contradiction between energy supply and demand in building heating in 

China. For example, Gansu is situated in the north- western part of China. The natural 

conditions of a dry, cold climate and poór vegetation fail to supply enough biomass 

energy for rural households. The rural areas in the province have an energy shortage of 
26.5 %, i.e. a total fuel use for a quarter of each year, Farmers make every effort when 

searching for fuels, such as cutting grasses and digging roots of trees. Such over -cutting 

year results in the annual stripping of vegetation and serious ecological disturbance. The 

soil erosion area accounts for 28% of the total land area. Although about half of rural - 

living energy is used for heating, the heating level is still low. Some households use 

"Kang" (a bed -like structure with fire underneath to create a heated sleeping or sitting 

area) to warm themselves. 
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Solar energy use in buildings is increasing an a phenomenal rate in China. There are 

many reasons for the popularity of solar space heating and daylighting. Solar energy is 

free. In many areas in China, energy and energy technology are extremely is dispersed, it 

is available to a great number of people located all over the world. It is nonpolluting, and 

it is renewable resource. 

These advantages are the focus of the world attention. The prospects and feasibility for 

solar energy heating have been proved by practice. As solar energy buildings have wide 

application, they are not only used for housing and living quarters but also for school 

buildings, office building, and production buildings. Since the first solar energy house 

was built in America in 1930's, a lot of experiment and study had been made by the 

western developed countries. 

The design and study solar energy building in out country started in the middle of 1970s. 

The first solar energy house was built in Minqin county of Gansu province. Through 

science and technology research and extension, during the 6th Five year plan and 7th Five 

year plan, three hundred thousand of various kinds of solar energy buildings have been 

built. At present, more than 350,000 square meter of solar house of various kinds have 

been built, spread out over 14 provinces, cites and autonomous regions in China. 

Density in housing development has in recent years received much attention, especially 

in China. Due to shortage of land, population and economics, most of the developments 

in China have very high density. Usually, living conditions are very bad, it may derive 

from lack of light, air , and sunshine. The relationship between density and solar is one 

of the greatest challenges to the large -scale utilization of solar energy in buildings. 

4.1 A CASE STUDY 

Large amount dwellings in apartment- buildings built during the last ten years' building 

boom in China are products of very one -sided approach, in which large numbers, simple 

construction methods and minimal costs have been the main goals (Figure 4 -2 and 4 -3). 

These monuments of unlimited growth -thinking do not only determine the city image, but 
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because of their little flexibility, the way of the living of the inhabitants. Original low 

building costs have finally lead to very high service and energy costs today. The project is 

situated in an urban zone which is under construction on the outskirts of the new city, 

Lanzhou, Gansu. Gansu located in the west part of China. The natural conditions of a dry, 

cold climate and poor vegetation fail to supply enough biomass energy for buildings in 

this area. This primarily cool climate is especially suited to the use of solar energy, 

receiving from fifty to seventy percent of total possible hours of sunshine per year. 
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Figure 4 -2 and 4 -3: A typical community in china 
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4.1 -1 Technical Date: 

Latitude: 35°N 

Altitude: 168M 

Date Point: Lanzhou, Gansu 

Table of Hourly Altitude, Azimuth, and Percent of Available Radiation on December 21st. 

Latitude 8 AM 9 AM LOAM 11AM 12AM 1PM 2PM 3PM 4PM 

35 °north Alt 7.9° 16.9° 24.2° 28.9° 30.5° 28.9° 24.2° 16.9° 7.9° 

Az 53.4° 42.8° 30.3 ° 15.8° 0° 15.8° 30.3° 42.8° 53.4° 

%Rad 7.9° 11.0° 12.1° 12.6° 12.8° 12.6° 12.1° 11.0° 7.9° 

Shadow Length Tables for a one Foot High Pole on December 21st, 35 °North Latitude 
Orientation N NE E SE S SW W NW 
Time AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM 

Slot 0% 3.5 1.6 3.5 3.5 1.6 3.5 3.5 L6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 3.5 1.6 3.5 

5% 4.0 1.8 1.0 3.5 1.7 1.2 3.1 1.6 1.0 3.0 1.5 3.5 3.1 1.5 3.1 3.5 1.5 3.0 1.0 1.6 3.1 4.2 1.7 3.5 

10% 4.6 2.0 4.6 3.5 1.8 5.3 2.8 1.6 4.6 2.6 1.5 3.5 2.8 1.4 2.8 3.5 1.5 2.6 4.6 1.6 2.8 5.3 1.8 3.5 

15% 5.5 2.2 5.5 3.5 2.0 7.2 2.5 1.6 5.5 2.3 1.4 3.5 2.5 1.3 2.5 3.5 1.4 2.3 5.5 1.6 2.5 7.2 2.0 3.5 

20% 6.8 2.5 6.8 3.5 2.2 11.4 2.3 1.7 6.8 2.0 1.3 3.5 2.3 1.3 2.3 3.5 1.3 2.0 6.8 1.7 2.3 11.4 2.2 3.5 

Density and Area Index 

Item Unit Index Country Standard 

Density of Residential Building % 30.74 no less than 20 

Density of Residential Area M° / ha 18491.00 no less than 12000 

Gross Density of Population Person / ha 725.96 no less than 526 

Net Density of Population Person I ha 1366.00 no less than 1100 

Residential Area / Per Person M° / Person 6.7675 5 - 6 

Public Building Are / Per Person M° / Person 1.477 1 - 1.44 

Building Area / Per Unit M° 1 Person 54.14 

Average Stories Story 6.005 

Distance 1.25 - 1.3 H 

Total of Population ' Person 3424 

Total of Units Unit 13696 

This project is located on a 18 hectare area and has 10 hectare. The density of residential 

building is 18491.00 M ° /ha. The average height of the building is 5 -6 stories. Distance 

between two building almost equal to building's height. All units have a southern 
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orientation, but because of the high density, most buildings' 1 -2 stories have severe 

shading problem from adjacent building. South lot and south wall access are different to 

achieve. The street and road system of the project is conventional development, which is 

simply run streets from south to north or from east to west. Community features 

distributed throughout the project include community serves and commercial facilities in 

the center, also a number of open spaces located in the center of different building groups. 

4.2 -2. Analyzing Existing Situation 
This part includes the local climate system; existing energy usage; existing land use 

allocation; existing site, road system; building forms, surfaces, and orientation; existing 

solar shadow patterns and shadow projections analysis. 

1. Analyzing the Local Climate System 

Local climate is characterized by variations in air temperature during the year. These 

variations are directly responsible for differences in energy consumption. The intensity 

and amount of solar radiation depends on the atmosphere(whether there is cloud cover, 

the degree of obstruction on the horizon), latitude, and the time of year. 

Gansu located in the west part of China. Latitude is 35 °, Altitude is 168m 

and it is an area which holds great potential for solar energy design. Cities in this area 

have a semi -arid continental character with cold, windy winters and very mild, dry 

summers. The regional features of low relative humidity, abundant sunshine, light 

rainfall, and moderate to high wind movements are accompanied by a large daily range in 

temperature. There is a marked difference between summer and winter temperatures. 

Winter are cold and stormy. Mean temperatures for the coldest month, January range á °- 

15 °F. Each winter, as many as ten cold spells move across the area as major storms, such 

fronts usually come from the north and northwest and can be quite violent. However, they 

are of short duration and alternate with sunny periods. Summer, anyway, is very nice, the 

maximum can reach around 80 °F, these temperatures are accompanied by low humilities 

and cool night. Since summer temperatures average 50 ° -60 °F, the daily average summer 

temperature fits pleasantly within the comfort zone. Look at this diagram. In this climate, 
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sunshine adds radiant warmth to provide several weeks of added comfort in the spring 

and fall. Annual comfort can be expanded by at least 7% because of dependable sun 

condition. 

Basic Climate Condition -Too Cool for Comfort 

90 
I I 

_ 
80 

. ' - - ' _ - . . . . 
-I" 

_.. 

L- 
70 

- ~ ' a-- 
60 . - 

-I i 
I 

-1---+,.--- 
, -, 

50 

- 
,-r 1- 

I 

I--r 
1 -\ 

40 _. 
' 

- I - \ ' \ 
30 - I r 

. . 

\. 
20 

I 

\\ - Li 
°F JAN. FEB. MAR. APR. MAY. JUNE JULY AUG. 

These are average temperature conditions for Lanzhou, Gansu. 
Range of Comfortable Temperature 
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The local climate what you've achieved is: 

* Too Hot for Comfort 5% of the Year 
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* Too Cool for Comfort 83% of the Year 

* Comfortable 12% of the Year 

2. Analyzing Existing Energy usage 

To discuss the solar energy application features we need to know how energy is used in 
this area by a typical family. The energy use pie included here shows how energy was 
used in the area (figure 4 -4). From the energy pie, we can see the major usage of energy is 

for heating in winter, this represents almost one -half of the total. Although half of living 
energy is used for heating in winter, the heating level is still low. People have their own 
ways for space heating, most people use biomass energy. They just set up a coal stove to 
warm themselves during winter, and there are thousands of these kinds of heaters burning 
fuel directly with a heat efficiency of 10 % -20 %. Low efficiency for heating fuel causes 
problems of air pollution, trash discharge and transport. The natural conditions of poor 
vegetation fail to supply enough biomass energy for households. The urban area in this 
province have an energy shortage of 26.5 %, i.e. a total fuel use for a quarter of each year. 

water 

ther 

hts and TV 

erator and freezer Figure 4 -4: Energy usage pie CO0l1n 

Solar energy application in this area is one of the highest potentials in China for effective 
design. The combination of excellent solar radiation , good day -to -night temperature 
extremes in summer, along with an arid, dry environment, enables a well -developed 
building to be comfortable more than 60% of the year. 

3. Analyzing Existing Land Use Allocation 

Careful application of solar energy and land use concepts for the community can help 
make it more self -sufficient. These concepts can suggest the quantity, density, and mix of 
housing types along with many possible support facilities and systems. 

An examination of land use in this community is shown in the following chart. 
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The Land Using Allocation 

Items Land Use Country Standard 

( M° / Per person ) Hectare M °/Per person Pencertage 

Residential Building 10.015 6.319 50.10 9 - 11 

Open space 1.110 1.312 5.09 1.3 

Public Building 3.102 3.068 19.23 5 - 7 

Road System 2.511 1.833 13.30 1 - 3 

Vegetation 2.128 1.553 11.28 1 -2 
Total 18.866 13.773 100.00 16 - 23 

This misuse of land is no longer viable. Almost 70 % of the development is under 
building structures, 13% is under pavement, and only 5% of outdoor area is really used 
much, and typically less than 3% is used productively in a small backyard garden. The 
pattern of land use allocation in the development makes the whole community inefficient. 
As we saw in the last section , every one pays the price for this misuse of resources. 

4.Analyzing Existing Site 

The site for this community is located to the west side of a moderate -sized city, Land 
Chou and is bounded by some major highways on the east and west and several small 
lakes. A waterway runs from north to south. The site is essentially flat, there is a slope 
from the west to the east. The total gross area of the site that the community occupies is 
approximately 20 hectare for a gross density of 690 units /per hectare. This includes open 
space surrounding the community, streets, and shopping center. The central commercial 
district separates the community into two parts. Within each part are several building 
groups, each building group consists of several linear and point buildings and a small 
open recreation area. There are four main entries on the east, north and south side. A loop 
road, several north -south oriented major streets, and east -west oriented small roads form 
the whole community's road system. The community center focuses around open spaces 

with shopping center and community facilities(Figure 4 -5) 

5. Analyzing Existing Road System 
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Figure 4-5: Existing site plan 
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The street and road system of the development is one of the major design elements of the 

site plan. Not only is it the single greatest construction, but it acts as the framework for 

spaces and buildings layout, greatly affecting solar access level of the development. 

The road system in this community is conventional development, most streets and roads 

run from east to west or from south to north. This kind of system makes most of the 

buildings have a long east -west oriented axis, this makes the building have good 

orientation. In this community, the road system makes most of the buildings have a 

southern facing wall, it also makes the high rise blocks cast more shadows to the ground 

and adjacent buildings. A little rotation of the road grid could reduce shadow areas cast 

by buildings. In high- density development, it is very important to prevent the shading 

problem caused by adjacent blocks (Figure 4 -6). 

6. Analyzing Existing Building Orientation 

In solar planning, orientation alone can produce significant energy saving. Buildings 

should be oriented so that large areas of the roofs and walls receive solar radiation from 

the south. This purpose is both to maximize solar radiation and to control the structure's 

heat gain and heat loss. Proper orientation is the single most important design strategy in 

solar energy design. 

Usually orientation of building depends on orientation of the road. In this community, the 

road system is a conventional design, which means most of streets and roads run from 

west to east or from north to south. This makes southern orientation for the greatest 

number of buildings. True south is the preferred orientation for homes in all climate 

regions, but true south oriented buildings might cast more shadows upon the ground and 

adjacent buildings. In fact most 1 -3 stories of the buildings in this community have a 

severe shading problem (Figure 4 -7). 

7. Analyzing Existing Building Shapes 

A building's relative efficiency as a solar collector depends on its shape. Under a 

continuously moving sun, different shapes receive different amounts of solar energy at 
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different times of the day and year; Information about the relationship between the shape 

of a form and its ability to receive energy from the sun has been discussed in chapter 3. 

One way of measuring a building's susceptibility to the influence of solar energy is its 

ability to receive solar energy. This ability is evaluated by building's volume and surfaces 

that can be seen from sun's position. The larger sunlight received surface needed to 

enclose a given volume, the better the building is affected by solar energy. In this project, 

cube is the only shape of the building. It therefore becomes easy to evaluate the solar 

energy efficiency of the buildings. 

The figure 4 -8 shows existing building forms and solar efficiency analysis. 
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Figure 4 -8: Building's shape and solar efficiency. 

8. Analyzing Existing Building Shadow Patterns 

Shadow patterns can provide both a quick and easy overview of solar access within this 

development. Shadow pattern analysis, as we discussed in the chapter 2, involves laying 

out the shadow pattern that buildings cast during the period of maximum solar energy 

use. In this section, I analyzed the buildings' shadow patterns at 9:00 a.m., 12:00 a.m., 

and 4 :00 p.m.; composite shadow patterns; and shadow patterns on a typical building's 

vertical surface (Figure 4 -9, 4 -10, 4 -11, and Figure 4 -12). 

70 



 =
 ì 

- ,Ìrj1I_ 
k _ 

A
i 

c.° 
.'_--_ . 

: - :À
 

C
N

 
._ 

+
. 

, 

i !" . 
r 

®
 

_
 

, 
. 

O
fil 1

1
.
1
1
,
 

, . 
*6,E

m
E

m
er- 

- 
' 

g 

1 

, 

,,, N
 iva, 

m
um

 

tL
II. 

zaoal&
I 

1 

i 
®

,. 
_ \ 

®
 

, o_ 
i- 

°---- - 
®

 
O

 
1 

k 
a _; 

--- 
if 

'igi 
__ 

_ ¡ ̀
` 

num
. 

i - - - 

11 

E
xtol 

s 

E
\
 

S
H

A
D

O
W

 P
A

T
T

E
R

N
S

 A
T

 
9 

000 A
 M

 
O

N
 D

E
C

 
21 



CHAPTER 4: SOLAR PLANNING IN CHINA 

IIjjiIIjjj o 
11111 

77- 

3 

[ 

=4 

F 

o 

Figure 4-10: Existing shadow pattern analysis 

11 

11 



CHAPTER 4: SOLAR PLANNING IN CHINA 

Figure 4-11: Existing shadow pattern analysis 



CHAPTER 4: SOLAR PLANNING IN CHINA 

Figure 4 -12: Existing shadow pattern analysis 
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Shadow patterns indicate almost 90% of the residential building have problems of south - 

wall solar access. Vertical shadow patterns show most building's 1 -2 floors have only 1 -2 

hours solar access a day (Figure 4 -13). 

8. Analyzing Existing Building Shadow Projections 

Shadow projection analysis is a drafting shortcut that can be applied to developments 

using passively heated buildings which have south -wall requirements. A north shadow 

projection is the furthest point north that a shadow reaches. Analyzing north shadow 

projection is a quick method to determine solar access for a rough method to access the 

effect of shadow in a residential project. North shadow projection distances are generally 

measured from the highest building point of a building to the south, to the south wall of a 

building to the north. In this case the north shadow projection distance is measured form 

north wall. The follow figures illustrate these measurements of a typical building in this 

project. 

This figure indicates that the north shadow projection distance is greater than the average 

separation distance between two buildings, this means that solar access is blocked to 

some extent (Figure 4 -14). 

4.2 -3. Specific Design Strategies 

The major problem of high -density development may be as simple as solar access 

Gansu is an area of severely cold winters, cool springs, elegant summers and delightful 

autumns. The primarily cool climate is especially suited to the use of solar energy, 

receiving from fifty to seventy percent of total possible hours of sunshine per year. The 

summer lasts from May -June to Sept- October. Maximum daytime temperatures range 

from 75 °F -85 °F and in most places night temperatures drop to 50 °F -60 °F. Summer rain is 

rare. The whole summer in this area is quite comfortable and in most locations solar 

radiation is 

plentiful, with over 60% possible sunshine for all months except February. 
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Solar energy planning is most effective when we address the specific needs of local 

climates. The perspective goals of this section are primarily conceptual, they address a 

comprehensive yet limited set of design strategies to use in the schematic part of design 

process. These design strategies are some attempts to achieve a high level of solar access 

in a high -density development in cold climate area. 

The design strategies are organized in two parts. They are : 

I. Properly planning buildings to decrease shading problems by buildings. 

2. Properly planning buildings to give them most exposure to the winter sun. 

And also organized in two scales: building groups and buildings. In the building groups 

scale there are open spaces, road systems and buildings, which are the primary pieces that 

make up this development. In buildings scale there are building surfaces, shape and 

orientations. The major architectural elements are grouped by form characteristics, such 

as building shapes, orientation, spaces between buildings, building surfaces, locations and 

sizes, materials and colors. Each design strategy is limited, it is not an absolute. The 

strategies, as explained below, are mainly concerned with the relationship between 

buildings and surroundings, including the relationship between buildings and open 

spaces /streets, buildings and buildings, and relationship between building and building 

parts. 

1.Properly Planning Buildings to 

Decrease Shading Problems by Buildings. 
Adequate solar access for high - density developments is obviously difficult to achieve. 

Quite often a project of this high -density is located in or adjacent to other high -density 

developments, where shading from other buildings is bound to occur. Properly planning 

buildings to decrease shading by other buildings is the first and obvious step to improve 

the solar access level of whole community. There are several ways to reduce shading 

problems. The most obvious way is to modify space proportions between two buildings. 

The design strategies also include Modifying building shapes, rotating buildings to either 
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southeast or southwest, using open spaces, streets and non -residential parts as solar access 

buffers. 

Strategy No. 1: 
Modifying separate space proportions between two buildings: the building's height 
and the distance between buildings. 

The easiest way to decrease shading by buildings is to modify the open space proportions, 

there are two ways to do this: increasing separation distance or decreasing building's 

height. 

a. Increasing distance between two buildings 

The most obvious way to decrease shading by modifying open space proportions is to 

widen the distance between buildings. In this case a typical separate distance between 

buildings is 25m, which is 1.25 times the building's height. The following figure shows 

the separation distance is not enough to protect south wall solar access. Most of the first 

and second floors of the north side buildings are shaded by south side buildings. 

Widening separation distance between buildings is difficult to acquired in high -density 

development. The most obvious way is to reduce the size requirements for the various 

areas, both indoors and outdoors. This also includes building volumes if possible. 

Sidewalk areas, for example, can be programmed to have a lower overall area. Private 

open space can be reduced and replaced with public separation spaces between buildings. 

The degree to which a program is reduce most certainly needs careful scrutiny. The 

relationship between increased separation distances and decreased shading problems is an 

very important issue in solar energy planning and may stimulate interesting changes in 

future planning practice in China (Figure 4 -15). 

B. Decreasing building's height to prevent shading by buildings 

The other way to prevent shading problems by changing separation space proportions is 

to restrict building's height. In this case, a typical building's height is 20m, and the height 
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of each floor is about 3.2m and shading by buildings is a problems. To obtain south -wall 

solar access, it becomes necessary to reduce building height. If the separation distance 

between building is known, building height can be incrementally reduce until the height 

required by local ordinances. According to the Chinese residential building regulations, 

the maximum stories of a residential building is six floors, the minimum height of each 

floor is 2.5m( this value depends on the temperatures in summer), the minimum height of 

a residential building is about 15.8m. Gansu is an area where summer is very 

comfortable, the height of each floor in this case can be decreased to 2.6m. Reducing 

building's height from 20m to 16.4m is an option to decrease shading by buildings. The 

following figures show the improvements (Figure 4 -15). 

Strategy No. 2: 
Using Bulk Plane and Building Envelope to Modify Building's Shapes to Decrease 
North Shadow Projections. 

Traditional height and setback requirements, in China, usually specify one height that is 

allowable over the buildable area of the lot. The result is a rectangular shaped box or 

envelope, defined by the maximum allowable building's height and half of the separation 

distance between buildings, within which a rectangular shaped linear building is 

constructed. 

Using bulk plane to modify building shapes can be easily adapted for regulating solar 

access. It can provide adequate protection from shading, with less restriction on height 

than a conventional building envelope, and the building can be higher or lower over parts 

of the lot. This regulation results in different shapes for the buildings. The first step is to 

define a local bulk plane. The envelope must take into account the factors that affect 

shadow projections, including solar altitude, and the degree and orientation of slope. In 

this case the bulk plane angle corresponds to the low winter sun altitude. Below is 

described a method to determine the local bulk plane and how the bulk plane defines the 

building's shape (Figure 4 -16). 
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Step 1: Draw lots and buildings in cross -section and identify area of structure to be 

protected. Use the standards of Gansu zoning ordinance defining building setback and 

height to generate the envelope. 

Step 2: Determine the appropriate winter solar angle to be used to define the bulk pane 

angle, and draw in the plane, northward, at the defined plane angle from the highest point 

on the south wall of the north side building. 

Step 3: Extend the bulk plane to the south side building, and define the shaded area of the 

south side building. Adjust the shaded area according to the local building's height 

ordinance. 

Step 4: Define the building under the bulk plane to bring out a shaved building's shape, 

that is the new building's shape. 

In comparison with the conventional building envelope, a bulk plane would more 

thoroughly restrict the shadow cast to south, southeast, and southwest wall of buildings. It 

is useful for preventing shading problems in this high -density development. 

Strategy No. 3: 
Rotating Building to either Southeast or Southwest, or both to Decrease Shadow 
Area Cast upon Ground and Adjacent Buildings. 

Everyone seems to have assumed that, ideally, a rectangular building that is to be 

passively solar heated should face true south. But if in some area summer temperature is 

not very high(like Gansu), and some specific design strategies are used, the assumption 

may be wrong. A variation to either southeast or southwest may be better for this high 

density development. In many ways the variation from true south can outperform an 

equivalent building that faces straight south. 

1. Solar heating is applied to two or more, not just one, sides of the buildings. 

2. It considerably increases the length of the period each day in which buildings collect 

much solar radiant energy. 
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3. Employing of many vertical reflectors, the building can capture much more solar 

energy than a true south oriented building. 

4. It can decrease shadow areas cast upon ground and adjacent buildings. 

In this section, we only discuss the last one. 

The general orientation rule applied to all types is to orient building so that the large areas 

of the roof and walls receive solar radiation from the south. In high -density 

developments, shading problem is another factor which should be considered for a 

building's orientation. Better shade control is possible in this high- density development if 

the building axis is rotated to no more than 45° either side of the ideal east/west axis 

orientation. The following figures show a typical rectangular building in this case that 

faces exactly south, and the similar building that has a° variations from true south. Each 

building's shadow pattern is constructed. 

The figure indicates the shadow areas cast by true south oriented buildings exceed that 

cast by rotated buildings. This design strategy is especially useful where the land s are 

fairy short and land -use of residential buildings is restricted by local ordinances. The 

problem is this technique is unconventional and might not be allowed under local 

planning regulations. Although it may result in variation of the urban grid and higher 

utility connection costs, it does have the benefit of decreasing shading of buildings 

(Figure 4 -17). 

Note: 

Different variation angles will have different effects on building's shadow patterns and north shadow 

projections. The following figures show the differences (Figure 4 -17). 

Strategy No. 4: 
Using Building's Lower Floors as a Solar Access Buffers to Prevent Shading by 
Buildings. 

In this development, high -rise buildings cast big shadows, and they are generally located 

near other tall buildings. In such situations, it is crucial to draw shadow patterns of 
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adjacent buildings in cross -section., so that the building can be planned with its lower 

floors having limited solar access. The figure indicates building's first and second stories 

have severe shading problems, the ground floors of most buildings have no solar access 

from 8:00 a.m. to 4:00 p.m. each day and 70% of these buildings' second floors have only 

1 hour solar access from 8:00 a.m. to 4:00 p.m. each day. This situation could be 

improved by proper planning and design. 

These buildings' lower floors can be use for nonresidential uses, such as shops, parking 

lots, and related facilities. In the central parts of the site, a great deal of land is covered 

by public buildings, including one shopping center, one recreation center, community 

facilities, and several bike parking lots. Shading of these buildings is less of a problem. 

These parts can be located in the residential buildings' lower floors. Using these 

nonresidential parts as solar access buffers is an important way to prevent shading 

problems in this high- density development (Figure 4 -18). 

Strategy No. 5: 
Using Open Spaces and Streets as Solar Access Buffers to Prevent Shading by 
Buildings. 

a. Planning open spaces for solar access 

In the central parts of the development, the developers provide some open spaces for 

recreation, shopping, and community service areas. These areas can be used as solar 

access buffers, The problem is that open spaces used for recreation or shopping needs 

solar access. Using such space to buffer buildings from shadows means that these areas 

would be shaded for much of the day. The problem must be considered on a case -by -case 

basis. In this development these open spaces usually are heavily wooded, since trees cast 

shading, shading problem is less of a problem here. These open spaces can be located to 

the north of some tallest buildings to buffer shorter buildings to the north against the tall 

buildings' shadow. Most buildings are 6 stories high. A narrow buffer strip would be 

sufficient to prevent shading, The central open space area covers 0.7 hectare, it can be 

separated into a lot of small solar buffers (Figure 4 -18). 
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a. Using street width as solar buffer 

Street width, in this development, can be used to separate buildings from each other. 

Streets can be modified in some situations to increase the distance between buildings. 

Increasing the height of buildings on the north side of an east -west oriented street, and 

decreasing the height of buildings on the south side of the street can help reduce shading 

problems. The road system in this case is conventional, four main roads run from north to 

south, and most small streets have east -west orientation. This design is not good for 

preventing shading. As the following figures illustrate, four major roads are good solar 

buffers if buildings are effectively located,. widening east -west oriented roads can 

effectively create some narrow strip spaces to buffer shadow. Using the road system this 

way is better than using valuable open spaces as solar buffers (Figure 4 -18). 

2. Properly Planning Buildings to Give Them 
Maximum Exposure to Winter Sun 

Maximum exposure of the dwellings and solar collectors to the winter sun is another 

primary objective of high -density planning in cool regions. Exposure to winter sunlight, 

in concept, may appear to be simple and straightforward. But applied to the particular 

development, is a more difficult proposition. It is obviously much more difficult to 

achieve in this high- density development. It is possible, however, to expose a large 

percentage of the buildings to winter sun. This, of course, depends on some specific 

design strategies. 

Strategy No. 6: 
Modifying Building Proportions: Ratios of its Length to its Width to its Height, to 
Give it Maximum South Wall Exposure to the Winter Sun 

A building can benefit from its orientation, it also can benefit from different ratios of its 

length to its width to its height. The optimum form in every case is elongated along the 

east -west direction. 
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South wall access is the most common solar access. This level of solar access is 

appropriate to all kinds of developments. In high -density development, it is difficult to 

maintain a consistent level of south wall solar access. It obviously occurs at the lowest 

elevation of the building, which is most likely to be in shade. However , buildings can 

still get good protection of south wall access if they are properly designed. The amount of 
solar radiant energy received by south walls depends on, normally, the surface areas of 
south walls. The level of south wall access depends on the ratio of building length to 

width, and to its height. In this case, the buildings can be elongated in the east -west 

direction without changing the building's volume and height. Modifying the building's 
proportions to improve exposure of the building to winter sun is the most conservative 

and conventional design strategy (Figure 4 -19). 

Strategy No. 7: 
Modifying Building Shape to Give the Building Maximum Surface Exposed to the 
Winter Sun 

A building's relative ability to receive winter sunlight depends on its shape. Under a 

continuously moving sun, different shapes have different exposure areas to sun and 

receive different amounts of solar energy. In this development, the basic building's shape 

is a rectangular box with a long east -west oriented axis. The total areas exposed to sun are 

? square meters. There are some specific techniques to generate the building's shape. 

Step 1. One technique to maximize exposure of the building to the sun is to step up the 

building diagonally in plan. Each step includes one stair and twelve units. The stepping 

shape provides the building with excellent views and more surfaces exposed to solar 

radiation. The total areas exposed to the sun are ? square meters, which are much more 

than that of the linear shape. The following figures show a series of buildings with this 

kind of shape. 

Step 2. We can also step up the buildings in the third dimension, that is to step up the 

buildings in plan and then stack them together to form a terraced shape. Buildings with 
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the terraced shape are advantageous because it provides maximum exposure to solar 

radiation. The total areas exposed to sun are ? square meters. 

Step 3. In regard to roof shape, we suggest sloping one -rake(shed) or gable roofs, rather 

than traditional flat roofs with a parapet wall. The tilt angle of a south roof is ideal for 

receiving solar radiation (Figure 4 -20). 

Strategy No. 8: 
Rotating Buildings to Both Southeast and Southwest to Give Them Maximum 
Exposure to the Winter Sun. 

As we explained before, everyone seems to have assumed that, ideally, a rectangular 

building that is to be passively solar heated should face south. Actually, a true south 

oriented building, in many ways, is not as good as a building which has an angle variation 

from true south. One of the reasons for the success of this variation is that it gives the 

building maximum exposure to the winter sun. 

The following figures show a rectangular building that faces exactly south, and a similar 

building that faces an angle from true south. The figures indicate that building A's S, SE 

and SW face the sun, and building B's all faces can receive solar radiation. I believe if 

building B is equipped with some vertical metal reflectors , it can receive much more 

solar radiation than building A. More specifically, this variation also considerably 

increases the length of the period each day in which a given face collects much solar 

radiant energy (Figure 4 -21). 

Strategy No. 9: 
Properly Planning Reflective Surfaces to Capture solar Radiant Energy for 
Buildings 

Reflective exterior surfaces can augment the amount of solar radiation entering a 

building. The ground, the roof of buildings, and surrounding surfaces- -such as the sides 

of buildings and even nearby buildings- reflect the sun rays on a building or into the 
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building. Thus, solar radiant energy reflected from wall, ground, roof ,or reflector 

surfaces can be used to maximize exposure of buildings to the winter sun. 

Buildings, in this case, are closely spaced, direct solar accesses are usually difficult 

acquired. Properly using reflecting wall, roof, and ground to capture solar radiant energy 

is a very easy and helpful way to maximize a building's exposure to sun. All we need to 

do is that around the particle building carefully select the surfaces which could reflect sun 

rays to or into the building, and then paint them with light color. Using light -colored 

surfaces reflect solar radiation to a building is the most practical way to maximize a 

building's exposure to the sun. 

Or we can use highly reflective surfaces(reflectors) to increase solar radiation to 

buildings. Reflectors are, of themselves, meaningful devices for increasing solar access in 

this high -density development. Panels with a reflecting surface - positioned at an 

advantageous angle with respect to the sun -increase the amount of solar radiation 

received by buildings, and also these reflective panels are easy to construct (a reflector 

can be determined by a simple excise of geometry called "ray tracing," which then gives 

the best position of a reflector) and thus may be more economical or practical than any 

other design strategies. As we explained in the previous section, a building oriented 45° 

from true south which is equipped with vertical reflectors may be better than the true 

south oriented building. The following figure shows several ways to use reflective 

surfaces to capture solar radiation (Figure 4 -22). 

Strategy No. 10 
Properly Zoning Within a Building to maximize Exposure of a Building to winter 
sun. 

Some spaces in a building's program have less rigid temperature requirements because of 

the nature of their use; like storage and bathroom, or due to the duration of their use, 

some spaces, like dinning room and kitchen, have solar access requirements only at 

certain times of the day. These spaces can frequently be used as solar access buffer spaces 

that need careful solar access. Some spaces, like living rooms and bedrooms, need careful 
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solar access. We can stretch the building along its long axis to organize living spaces so 

we can use the full southern, southeastern, and southwestern exposure for these spaces. It 

is a very practical way to maximize a building's exposure to the winter sun. 
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CONCLUSIONS 

I was shown great light descending from the 
heavens and great light ascending from the 
earth, I watched the two come together, blend, 
and become one. EILEEN CADDY 

Solar access protection is becoming more important with the increased use of solar 

energy in our building. The concept of solar access is applicable to both existing and 

future buildings. New developments afford the opportunity for complete solar access 

protection. It is possible to provide solar access to high -density projects. Providing a 

significant amount of solar access to the buildings in high- density development is more 

difficult, but it is possible to improve the solar access level of the buildings by proper 

planning and design. A precise checklist or methods of solar access design is difficult to 

determine because of many complex situations. Building programs, specific sites, 

economics, and user requirements all play an important role in the solar access protection 

design, and they vary from time to time. A detailed "how to" menu could not respond to 

these varying situations. More appropriate, perhaps, is an attempt to present a more 

schematic, conceptual list of "what to do" in the event that solar access protection is 

desired. 

The preceding chapters present some specific design strategies for a high- density 

development in Lanchou in China. Drawing on these specific design strategies, the 

following example demonstrates how a development plan with solar access protection as 

a primary objective might be developed for a conventional high -density development in 

China. The example used is one of the very typical blocks in the south part of the 

Lanchou development. It is comprise of six fairly high -rise linear buildings(six stories 

each). All buildings have a southern orientation. Separation distance between buildings is 

24 meters and building's height is 20 meters. Solar access, in this development, is very 

difficult to achieve. 
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The goal of the following section is to analyze five design strategies proposed in the 

previous chapter. The criteria that I used to evaluate whether or not a design strategy 

should be included in the list of the useful solar design strategies is to calculate the 

average amount of solar heat gain of the six buildings during the period of 8:00 to 16:00 

solar times. 

The overall concept stresses the key points: 

1. increasing the building's exposure to winter sun. 

2. decreasing the building's shadow areas. 

The criteria to evaluate is: 

Average amount of each hour of solar heat gain of the six buildings during the period of 

8:00 a.m. to 4:00 p.m. solar times. 

The major considerations are: 

1. Decreasing the height of south side buildings to five -story height, and increasing the 

height of north side buildings to seven -story height (see Figure 5 -1). 

2. Modifying the roof shapes of the buildings. Using one -side sloping roofs instead of 

traditional flat roofs (Figure 5 -2). 

3. Rotating the whole blocks 22.5° to the south of southeast (Figure 5 -3). 

4. Separating each building into three blocks, stepping up each block in plan (Figure 5- 

4). 

5. Modifying the ratios of the building's length to its width, and elongating the building 

in the east -west direction and the separation spaces in the north -south direction (see 

Figure 5 -5). 

Notes: 

These five design strategies are chosen from the ten design strategies which were proposed in chapter 4. 

The other five design strategies are not tested by the SHG calculations in the following section. 

The next step is to testify these design strategies by comparing the amount of solar heat 

gain of the existing blocks with those of the new blocks. The comparison techniques in 

the following section are divided into two parts: calculations and comparisons. 
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A 

THE PLAN 

building No. 3 

building No. 2 

building No. 1 

building No. 6 

building No. 7 

building No. 8 

THE SECTION 

Figure 5 -1 Design strategy No. l: modify the building 
height. Decrease the south side building height, and 
increase the north side building height.(Lanchou, Dec 21) 

i 
THE PLAN 

BUILDING NO. 3 

BUILDING NO. 2 

BUILDING NO. 1 

BUILDING NO. 6 

BUILDING NO. 5 

BUILDING NO. 4 

THE SECTION 

Figure 5 -2 Design strategy No. 2: modify the shapes 
of the buildings. Decrease the north side living space 
ceiling height of the 6th floors.(Lanchou, Dec. 21) 
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Figure 5 -3 Design strategy No. 3: rotate the buildings to south of southeast (Lanchou, China. Dec. 21) 
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Figure 5 -4 Design strategy No. 4: step up the buildings.(Lanchou, Dec 21) 
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Figure 5 -5 Design strategy No. 5: modify the ratios of building's length to its width.(Lanchou, Dec 21) 
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5.1. The calculation procedures of the hourly average SHG (Solar Heat 
Gain) of the existing and the new blocks. 

Knowing the hourly solar heat gain of the buildings is critical in evaluating the solar 

access design. Buildings that have a lower level of solar access usually have small values 

of SHG. The amount of SHG on vertical surfaces, in Btu's, is calculated by multiplying 

the non - shaded areas on the building vertical surfaces by SHGF (Solar Heat Gain 

Factors). To determine the solar heat gain of a particular building, select the right SHGF 

(Solar Heat Gain Factors) for the appropriate orientation, hour, latitude, and month. 

Multiply the SHGF in Btu per hour per sq. ft. by the non -shaded areas of the vertical 

surfaces at a particular time. Complete this procedure for each vertical surface for the 

same time and date. Then add the solar heat gain and determine the total solar heat gain 

of the building at that time. In the following section, I calculated the average solar heat 

gain of the six buildings at every hour from 8:00 to 16:00 solar time. Then I added these 

values and divided the sum by the number of hours from 8:00 to 16:00. The final value 

represents the average amount of hourly solar heat gain of the six buildings from 8:00 to 

16:00 solar time. The following table shows the SHGF for 35° north latitude on Dec 21. 

All the calculations are based on the Auto CAD drawings, and the procedure of the 

calculations is as follows: 

1. Calculate average non -shaded areas on the south, east, and west vertical walls of the 

six buildings per hour from 8:00 to 16:00 solar time; 

2. Multiply the hourly average non -shaded areas by SHGF, and find the average south, 

east and west wall solar heat gains at every hour from 8:00 to 16:00 solar time 

(Finding the proper SHGF values in table 5 -1). 

Table 5 -1: Solar Heat Gain Factors for 35 Deg North Latitude on Dec. 21 (Btu /sq.ft. hr) 

E S W ENE SSE WSW 
08:00 101 74 5 5 108 5 

09:00 149 161 12 12 208 12 

10:00 120 213 16 16 245 17 

11:00 60 243 19 19 251 29 
12:00 21 252 21 20 233 89 
13:00 19 243 60 19 198 154 
14:00 16 213 120 16 147 196 
15:00 12 161 149 12 86 202 
16:00 5 74 101 5 24 123 
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3. Add these average south, east and west wall solar heat gains, and find the average 

solar heat gain of all six buildings at every hour from 8:00 to 16:00 solar time. 

4. Add hourly average solar heat gains and divide the sum by 9 (the number of hours 

from 8:00 to 16:00 solar times), and then get the average hourly solar heat gain of the 

six buildings during the 9 hours. 

5.1 -1. Calculations in the existing blocks. 

1. Hourly average non -shaded areas on south, east, and west walls from 8:00 to 

16:00 solar time. 

A) Average non - shaded areas (As) on south walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

As -08, As -09, As -1o, ..., AS -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

As1o8, As208, As3o8, ..., As6o8 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 

3, ..., 6. 

As1o9, As2o9, As3o9, ..., As6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 

2,3,...,6. 

As-08 = (As 108 + As208 + As308 + As4o8 + As5o8 + AS608) / 6 

= (531 + 493 +493 +868 + 868 + 868) / 6 

= 687 (sq. m.) = 7420 (sq. ft.) 

AS-09 = (AS 109 + AS209 + AS309 + AS409 + AS509 + AS609) / 6 

= (890 + 890 + 890 + 951 + 951 + 951) / 6 

= 921 (sq. m.) = 9941 (sq. ft.) 

AS-10 = (AS110 + AS210 + AS310 + AS410 + AS510 + AS610)/ 6 

= (1005 + 1005 + 1005 + 1005 + 1005 + 1005) / 6 

= 1005 (sq. m.) = 10854 (sq. ft.) 

As-ii = (AS 111 + AS211 + AS311 + AS411 + As511 + AS611) / 6 
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= (1034 + 1034 + 1034 + 1034 + 1034 + 1034) / 6 

= 1034 (sq. m.) = 11167 (sq. ft.) 

AS-12 = (AS112 + AS212 + AS312 + AS412 + AS512 + AS612) / 6 

=(1018+1018+1018+1018+1018+1018)/6 

= 1018(sq. m.) = 10994 (sq. ft.) 

AS-13 = (AS113 + AS213 + AS313 + AS413 + AS513 + AS613) / 6 

= (1034 + 1034 + 1034 + 1034 + 1034 + 1034) / 6 

= 1034 (sq. m.) = 11167 (sq. ft.) 

AS-14 = (AS 114 + AS214 + AS314 + AS414 + AS514 + AS614) / 6 

= (1005 + 1005 + 1005 + 1005 + 1005 + 1005) / 6 

= 1005 (sq. m.) = 10854 (sq. ft.) 

AS-15 = (As115 + AS215 + AS315+ As415 + AS515 + AS615) / 6 

=(890+890+890+951 +951 +951)/6 
= 921 (sq. m.) = 9941 (sq. ft.) 

AS-16 = (AS116 + AS216 + AS316+ AS416 + AS516 + AS616) / 6 

= (733 + 733 + 733 + 531 + 493 + 493) / 6 

= 619 (sq. m.) = 6688 (sq. ft.) 

B) Average non - shaded areas (AE) on east walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AE -08, AE -09, AE -10, ..., AE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AE108, AE208, AE308, ..., AE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

6. 

AE109, AE209, AE309, ..., AE608 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 
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AE-08 = (AE108 + AE208 + AE308 + AE408 + AE508 + AE608) / 6 

= (101 + 101 + 101 + 280 + 280 + 280) / 6 

= 191 (sq. m.) = 2057 (sq. ft.) 

AE-09 = (AE 109 + AE209 + AE309 + AE409 + AE509 + AE609) / 6 

= (183 + 183 + 183 + 280 + 280 + 280) / 6 

= 232 (sq. m.) = 2500 (sq. ft.) 

AE-10 = (AE 110 + AE210 + AE310 + AE410 + AE510 + AE610) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AE-11 = (AE 111 + AE211 + AE311 +AE411 +AE511 + AE611) / 6 

_ (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AE-12 = (AE 112 + AE212 + AE312 + AE412 + AE512 + AE612) / 6 = 0 

AE-13 = (AE113 + AE213 + AE313 + AE413 + AE513 + AE613) / 6 = 0 

AE-14 = (AE114 + AE214 + AE314 + AE414 + AE514 + AE614) / 6 = 0 

AE-15 = (AE 115 + AE215 + AE315 + AE415 + AE515 + AE615) / 6 = 0 

AE-16 = (AE116 + AE216 + AE316 + AE416 + AE516 + AE616) / 6 = 0 

C) Average non - shaded areas (AE) on west walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

Aw -os, Aw -o9, Aw -10, ..., Aw-16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Awios, Aw208, Aw3o8, ..., Aw6o8 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

Aw1o9, Aw209, Aw309, ..., Aw6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 

2,3,...,6. 
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Aw-08 = (Awlo8 + Aw208 + Aw308 + Aw4o8 + Aw5o8 + Aw608) / 6 = 0 

AW-09 = (AW 109 + AW209 + AW309 + AW409 + AW509 + AW609) / 6 = 0 

Aw-lo = (Awl lo+Aw2lo+Aw3lo+Aw4lo+AwSlo+Aw61o)/ 6 = 0 

Aw-il = (Aw 111 + Aw211 + Aw311 + Aw411 + Aw511 + Aw611) / 6 = 0 

AW-12 = (AW 112 + AW212 + AW308 + AW412 + AW512 + AW612) / 6 = 0 

AW-13 = (AW 113 + AW213 + AW313 + AW413 + AW513 + AW613) / 6 

_ (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AW-14 = (AW114 + AW214 + AW314 + AW414 + AW514 + AW614) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AW-15 = (AW 115 + AW215 + AW315 + AW415 + AW515 + AW615) / 6 

=(261+261+261+183+183+183)/6 
= 222 (sq. m.) = 2400 (sq. ft.) 

AW-16 = (AW 116 + AW216 + AW316 + AW416 + AW516 + AW616) / 6 

=(101+101+101+105+105+105)/6 
= 103 (sq. m.) = 1112 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

Qs -os, Qs -o9, Qs -to, ..., QS -16 represent solar heat gains on south walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec.21. 

QE -08, QE -09, QE -1o, ..., QE -16 represent solar heat gains on east walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 21. 

Qw -os, Qw -o9, Qw -1o, ..., Qw -16 represent solar heat gains on west walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 

21. 

Qos, Qo9, Q1o, ..., Q16 represent solar average heat gains of the six buildings in existing blocks at 8:00, 9:00, 

10:00, ..., 16:00 on Dec. 21. 
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Fs -os, Fs -o9, Fs -10, ..., Fs -16 represent south wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

FE -o8, FE -o9, FE-I0, ..., FE -16 represent east wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Fw -os, Fw -o9, Fw -io, ..., Fw -16 represent west wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21 

Hourly average SHG on the south walls 

Qs-o8 = As-o8 x Fs-o8 = 7420 x 74 = 5491 (KBtu / hr) 

QS-09 = AS-09 x Fs-o9 = 9941 x 161 = 16005 (KBtu / hr) 

QS-l0 = AS-10 x FS-10 =10854 x 213 = 23119 (KBtu / hr) 

Qs-11 = As-11 x Fs-11 = 11167 x 243 = 27136 (KBtu / hr) 

Qs-12 = As-12 x Fs-12 = 10994 x 252 = 27705 (KBtu / hr) 

QS-13 = AS-13 x FS-13 = 11167 x 243 = 27136 (KBtu / hr) 

QS-14 = AS-14 x FS-14 = 10854 x 213 = 23119 (KBtu / hr) 

QS-15 = AS-15x FS-15 = 9941 x 161 = 16005 (KBtu / hr) 

QS-16 = AS-16 x FS-16 = 6688 x 74 = 4949 (KBtu / hr) 

Hourly average SHG on the east walls 

QE-o8 = AE-08 x FE-08 = 2057 x 101 = 2078 (KBtu / hr) 

QE-o9 = AE-09 x FE-o9 = 2500 x 149 = 3725 (KBtu / hr) 

QE-lo = AE-10 x FE-lo = 3024 x 120 = 3629 (KBtu / hr) 

QE-11 = AE-11 x FE-11 = 3024 x 60 = 1814 (KBtu / hr) 

QE-12 = AE-12 x FE-12 = 0 (KBtu / hr) 

QE-13 = AE-13 x FE-13 = 0 (KBtu / hr) 

QE-14 = AE-14 x FE-14 = 0 (KBtu / hr) 

QE-15 = AE-15 x FE-15 = 0 (KBtu / hr) 

QE-16 = AE-16 x FE-16 =0 (KBtu / hr) 

Hourly average SHG on the east walls 

Qw -o8 = Aw -o8 x Fw -o8 = 0 (KBtu / hr) 
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Qw-o9 = Aw-o9 x Fw-09 = 0 (KBtu / hr) 

Qw-io = AW-10 x Fw-io = 0 (KBtu / hr) 

Qw-11 = Aw-11 x Fw-11 = 0 (KBtu / hr) 

QW-12 = AW-12 x FW-12 = 0 (KBtu / hr) 

QW-13 = AW-13 x Fw-13 = 3024 x 60 = 1814 (KBtu / hr) 

Qw-14 = Aw-14 x Fw-14 = 3024 x 120 = 3629 (KBtu / hr) 

Qw-15 = Aw-15 x Fw-15 = 2400 x 149 = 3576 (KBtu / hr) 

QW-16 = AW-16 x FW-16 = 1112 x 101 = 1123 (KBtu / hr) 

Hourly average SHG of the six buildings 

Qo8 = Qs-o8 + QE-o8 + Qw-o8 = 5491 + 2078 + 0 = 7569 (KBtu / hr) 

Q09 = QS-o9 + QE-09 + QW-09 = 16005 + 3725 + 0 = 19730 (KBtu / hr) 

Qo = Qs-lo + QE-10 + QW-10 = 23119 +3629+ 0 = 26748 (KBtu / hr) 

Q 1= Qs-i 1+ QE-11 + Qw-11 = 27136 + 1814 + 0= 28950 (KBtu / hr) 

Q12 = QS-12 + QE-12 + QW-12 = 27705 + 0 + 0 = 27705 (KBtu / hr) 

Q13 = QS-13 + QE-13 + QW-13 = 27136 + 0 + 1814 = 28950 (KBtu / hr) 

Q14 = QS-14 + QE-14 + Qw-14 = 23119 + 0 + 3629 = 26748 (KBtu / hr) 

Q15 = Qs-15 + QE-15 + Qw-15 = 16005 + 0 + 3576 = 19581 (KBtu / hr) 

Q16 = QS-16 + QE-16 + Qw-16 = 4949 + 0 + 1123 = 6072 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q =(Q08 + Q09 +Q10+Q11+Q12+Q13+Q14+Q15+Q16)/9 

= (7569 + 19730 + 26748 + 28950 + 27705 + 28950 + 26748 + 19581 + 6072) / 9 

= 21339 (KBtu / hr) 

5.1 -2. Calculations in design strategy No. 1 

Design strategy No. 1: 
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Instead of all six -story height buildings, decreasing the height of south side buildings to 

ive -stor hei ht and increasin the hei_ ht o north side buildin_ s to seven -stor hei_ ht 

(see Figure 5 -1). 

1. Hourly average non- shaded areas on south, east, and west walls from 8:00 to 

16:00 solar time. 

A) Average non -shaded areas (AS) on south walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

As -os, As -09, As -lo, ..., As -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Asíos, AS208, As3o8, ..., As608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, ..., 

6. 

As109, As209, AS309, ..., AS6os represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

As-08 = (AS 108 + AS208 + AS3o8 + AS408 + As508 + As6o8) / 6 

= (301 + 702+ 762 + 638 + 995 + 1098) / 6 

=750 (sq. m.) = 8100 (sq. ft.) 

AS-09 = (AS109 + AS209 + AS309 + AS409 + AS509 + AS609) / 6 

= (648 + 1068 + 1109 + 708 + 1098 + 1170) / 6 

=967 (sq. m.) = 10444 (sq. ft.) 

AS-10 = (Asno + AS210 + AS310 + AS410 + AS51 o + AS610) / 6 

=(774+774+ 1190+ 1190+ 1235 + 1235) / 6 

= 1066 (sq. m.) = 11516 (sq. ft.) 

As-11 = (AS 111 + AS211 + AS311 + AS411 + AS511 + AS611) / 6 

= (803 + 803 + 1237 + 1237 + 1264 + 1264) / 6 

= 1101 (sq. m.) = 11891 (sq. ft.) 

AS-12 = (AS 112 + AS212 + AS312 + AS412 + AS512 + AS612) / 6 
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= (787 + 787 + 1229 + 1229 + 1229 + 1229) / 6 

= 1081(sq. m.) = 11675 (sq. ft.) 

AS-13 = (AS113 + AS213 + AS313 + AS413 + AS513 + AS613) / 6 

=(803+803+ 1237+ 1237+ 1246+ 1246)/6 

= 1101 (sq. m.) = 11891 (sq. ft.) 

AS-14 = (AS 114 + AS214 + AS314 + AS414 + AS514 + AS614) / 6 

= (774 + 774 + 1190 + 1190 + 1235 + 1235) / 6 

= 1066 (sq. m.) = 11516 (sq. ft.) 

AS-15 = (AS115 + AS215 + AS315+ AS415 + AS515 + AS615) / 6 

= (648 + 1068 + 1109 + 708 + 1098 + 1170) / 6 

= 967 (sq. m.) = 10444 (sq. ft.) 

AS-16 = (AS 116 + AS216 + AS316+ AS416 + AS516 + AS616) / 6 

= (504 + 860 + 965 + 301 + 702 + 762) / 6 

= 682 (sq. m.) = 7366 (sq. ft.) 

B) Average non - shaded areas (AE) on east walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AE -08, AE -09, AE -lo, ..., AE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AEios, AE208, AE308, ..., AE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

AE109, AE209, AE309, ..., AE608 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

AE-08 = (AE108 + AE208 + AE308 + AE408 + AE508 + AE608) / 6 

= (56 + 146 + 146 + 235 + 280 + 325) / 6 

= 198 (sq. m.) = 2138 (sq. ft.) 
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AE-09 = (AE 109 + AE209 + AE309 + AE409 + AE509 + AE609) / 6 

=(138+227+227+280+280+280)/6 
= 239 (sq. m.) = 2581 (sq. ft.) 

AE-10 = (AE 110 + AE210 + AE310 + AE410 + AE510 + AE610) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AE-11 = (AE 111 + AE211 +AE311 + AE411 + AE511 + AE611) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AE-12 = (AE 112 + AE212 + AE312 + AE412 + AE512 + AE612) / 6 = 0 

AE-13 = (AE113 + AE213 + AE313 + AE413 + AE513 + AE613) / 6 = 0 

AE-14 = (AE114 + AE214 + AE314 + AE414 + AE514 + AE614) / 6 = 0 

AE-15 = (AE115 + AE215 + AE315 + AE415 + AE515 + AE615) / 6 = 0 

AE-16 = (AE 116 + AE216 + AE316 + AE416 + AE516 + AE616) / 6 = 0 

C) Average non - shaded areas (AE) on west walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

Aw -os, Aw -o9, Aw -10, ..., Aw -16 represent non -shaded areas on south walls at 8:00, 9:00, 10 :00, ..., 16:00. 

AWlos, Aw208, Aw3o8, ..., Aw6o8 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

..., 6. 

Aw109, Aw2o9, AW3o9, ..., Aw6o8 represent non- shaded areas at 9:00 on the south walls of the buildings No. 1, 

2,3,...,6. 

Aw-o8 = (Awlo8 + Aw208 + Aw3o8 + Aw4o8 + Aw5o8 + Aw6o8) / 6 = 0 

AW-09 = (AW 109 + AW2o9 + AW3o9 + AW4o9 + AW509 + AW609) / 6 = 0 
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Aw-10 =(Aw110+Aw21o+Aw3lo+Aw41o+AW51o+Aw61o)/6=0 

Aw-11 = (Aw 111 + Aw211 + Aw311 + Aw411 + Aw511 + Aw611) / 6 = 0 

AW-12 = (AW 112 + AW212 + AW308 + Aw412 + AW512 + AW612) / 6 = 0 

AW-13 = (AW 113 + AW213 + AW313 + AW413 + AW513 + AW613) / 6 

=(280+280+280+280+280+280)/6 
= 280 (sq. m.) = 3024 (sq. ft.) 

AW-14 = (AW 114 + AW214 + AW314 + AW414 + AW514 + AW614) / 6 

=(280+280+280+280+280+280)/6 
= 280 (sq. m.) = 3024 (sq. ft.) 

Aw-15 = (Aw 115 + Aw215 + Aw315 + Aw415 + Aw515 + Aw615) / 6 

_ (217 + 261 + 306 + 280 + 280 + 280) / 6 

= 271(sq. m.) = 2927 (sq. ft.) 

AW-16 = (AW 116 + AW216 + AW316 + Aw416 + AW516 + AW616) / 6 

=(56+ 146+ 146+61 + 106+ 150)/6 

= 111 (sq. m.) = 1199 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

Qs -os, Qs -o9, Qs -10, ..., Qs-16 represent solar heat gains on south walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec.21. 

QE -o8, QE -o9, QE-I0, ..., QE -16 represent solar heat gains on east walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 21. 

Qw -os, Qw -o9, Qw -I0, ..., Qw -16 represent solar heat gains on west walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 

21. 

Q1o8, Q1o9, Quo, ..., Q116 represent solar average heat gains of the six buildings in Design No. 1 at 8:00, 9:00, 

10:00, ..., 16:00 on Dec. 21. 

Fs -os, Fs -09, Fs -lo, ..., Fs -16 represent south wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 
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FE -o8, FE -o9, FE -10, ..., FE -16 represent east wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Fw -o8, Fw -o9, Fw -10, ..., Fw -16 represent west wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21 

Hourly average SHG on the south walls 

Qs-o8 = As-08 x Fs-o8 = 8100 x 74 = 5994 (KBtu / hr) 

Qs-09 = AS-09 x Fs-o9 = 10444 x 161 = 16815 (KBtu / hr) 

QS-lo = AS-10x FS-10 = 11516 x 213 = 24529 (KBtu /hr) 

Qs-11 = AS-11 x FS-11 = 11891 x 243 = 28895 (KBtu / hr) 

Qs-12 = AS-12 x FS-12 = 11675 x 252 = 29421 (KBtu / hr) 

Qs-13 = AS-13 x FS-13 = 11891 x 243 = 28895 (KBtu / hr) 

Qs-14 = AS-14 x FS-14 = 11516 x 213 = 24529 (KBtu / hr) 

QS-15 = As-15x FS-15 = 10444 x 161 = 16815 (KBtu / hr) 

QS-16 = AS-16 x FS-16 = 7366 x 74 = 5451 (KBtu / hr) 

Hourly average SHG on the east walls 

QE-08 = AE-08 x FE-08 = 2138 x 101 = 2160 (KBtu / hr) 

QE-09 = AE-09 x FE-09 = 2581 x 149 = 3846 (KBtu / hr) 

QE-lo = AE-lo x FE-l0 = 3024 x 120 = 3629 (KBtu / hr) 

QE-11 = AE-11 x FE-11 = 3024 x 60 = 1814 (KBtu / hr) 

QE-12 = AE-12 x FE-12 = O (KBtu / hr) 

QE-13 = AE-13 x FE-13 = 0 (KBtu / hr) 

QE-14 = AE-14 x FE-14 = 0 (KBtu / hr) 

QE-15 = AE-15 x FE-15 = 0 (KBtu / hr) 

QE-16 = AE-16 x FE-16 =0 (KBtu / hr) 

Hourly average SHG on the east walls 

Qw -o8 = Aw -08 x Fw -08 = 0 (KBtu / hr) 

Qw -o9 = Aw -09 x Fw -09 = 0 (KBtu / hr) 
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Qw-1 o = Aw-10 x Fw-io = 0 (KBtu / hr) 

Qw-11 = Aw-i i x Fw-11 = 0 (KBtu / hr) 

Qw-12 = AW-12 x FW-12 = 0 (KBtu / hr) 

QW-13 = AW-13 x FW-13 = 3024 x 60 = 1814 (KBtu / hr) 

QW-14 = AW-14 x Fw-14 = 3024 x 120 = 3629 (KBtu / hr) 

Qw-15 = AW-15 x Fw-15 = 2927 x 149 = 4361 (KBtu / hr) 

QW-16 = AW-16 x Fw-16 = 1199 x 101 = 1211 (KBtu / hr) 

Hourly average SHG of the six buildings 

Q1o8 = QS-o8 + QE-o8 + Qw-o8 = 5994 + 2160 + 0 = 8154 (KBtu / hr) 

Q1o9 = Qs-o9 + QE-o9 + Qw-o9 = 16815 + 3846 + 0 = 20661 (KBtu / hr) 

Qi lo = QS-lo + QE-lo + Qw-lo = 24529 + 3629 + 0 = 28158 (KBtu / hr) 

Q111 = Qs-ii + QE-11 + Qw-11 = 28895 + 1814 + 0 = 30709 (KBtu / hr) 

Q112 = QS-12 + QE-12 + QW-12 = 29421 + 0 + 0 = 29421 (KBtu / hr) 

Q113 = QS-13 + QE-13 + Qw-13 = 28895 + 0 + 1814 = 30709 (KBtu / hr) 

Q114 = QS-14 + QE-14 + Qw-14 = 24529 + 0 + 3629 = 28158 (KBtu / hr) 

Q115 = Qs-15 + QE-15 + QW-15 = 16815 + 0+4361 = 21176 (KBtu / hr) 

Q116 = QS-16 + QE-16 + QW-16 = 5451 + 0 + 1211 = 6662 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q1 =(Q108 + Q109 +Q110+Q111+Q112+Q113+Q114+Q115+Q116)/9 

=(8154+20661 +28158+30709+29421 +30709+28158+21176+6662)/9 
= 22645 (KBtu / hr) 

5.1 -3. Calculations in design strategy No. 2 

Design strategy No. 2: 

Modifying the roof shapes of the buildings. Using one -side sloping roofs instead of 
traditional flat roofs (Figure 5 -2). 
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1. Hourly average non -shaded areas on south, east, and west walls from 8:00 to 

16:00 solar time. 

A) Average non -shaded areas (As) on south walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

As -os, As -09, As -lo, ..., As -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Asaos, Asaos, As3o8, ..., AS608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, ..., 

6. 

As1o9, As2o9, As3o9, ..., As6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

AS-08 = (AS 108 + AS208 + AS308 + AS408 + AS508 + AS608) / 6 

= (531 + 584 + 597 + 934 + 934 + 868) / 6 

=741 (sq. m.) = 8003 (sq. ft.) 

AS-09 = (AS 109 + AS209 + AS309 + AS409 + AS509 + AS609) / 6 

= (878 + 980 + 980 + 939 + 1040 + 1040) / 6 

=976 (sq. m.) = 10541 (sq. ft.) 

AS-10 = (AS110 + AS210 + AS310 + AS410 + AS510 + AS610) / 6 

=(1004+1004+1121+1121+1121+1121)/6 
= 1082 (sq. m.) = 11868 (sq. ft.) 

As-11 = (AS 111 + AS211 + As311 + AS411 + AS511 + AS611) / 6 

= (1028 + 1028 + 1164 + 1164 + 1164 + 1164) / 6 

= 1119 (sq. m.) = 12085 (sq. ft.) 

AS-12 = (AS112 + AS212 + AS312 + AS412 + AS512 + AS612) / 6 

=(1018+ 1018+ 1162+1162+1162+ 1162)/6 

= 1114 (sq. m.) = 12031 (sq. ft.) 

AS-13 = (AS 113 + AS213 + AS313 + AS413 + AS513 + AS613) / 6 
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= (1028+ 1028+ 1162+ 1162+ 1162+ 1162)/6 

= 1119 (sq. m.) = 12085 (sq. ft.) 

AS-14 = (AS 114 + AS214 + AS314 + AS414 + AS514 + AS614) / 6 

=(1004+1004+1121+1121+1121+1121)/6 

= 1082 (sq. m.) = 11686 (sq. ft.) 

AS-15 = (AS115 + AS215 + AS315+ AS415 + AS515 + AS615) / 6 

_ (878 + 980 + 980 + 939 + 1040 + 1040) / 6 

=976 (sq. m.) = 10541 (sq. ft.) 

AS-16 = (AS116 + AS216 + AS316+ AS416 + AS516 + AS616) / 6 

=(531 +584+597+734+806+806)/6 
= 676 (sq. m.) = 7301 (sq. ft.) 

B) Average non - shaded areas (AE) on east walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AE -08, AE -09, AE -10, ..., AE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AE108, AE208, AE308, ..., AE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 

1,2,3,...,6. 
AE109, AE209, AE309, ..., AE608 represent non -shaded areas at 9:00 on the south walls of the buildings 

No. 1, 2,3,...,6. 

AE-08 = (AE 108 + AE208 + AE308 + AE408 + AE508 + AE608) / 6 

_ (94 + 122 + 122 + 273 + 273 + 273) / 6 

= 193 (sq. m.) = 2084 (sq. ft.) 

AE-09 = (AE 109 + AE209 + AE309 + AE409 + AE509 + AE609) / 6 

_ (176 + 198 + 198 + 273 + 273 + 273) / 6 

= 232 (sq. m.) = 2506 (sq. ft.) 
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AE-10 = (AE110 + AE210 + AE310 + AE410 + AE510 + AE610) / 6 

_ (273 + 273 + 273 + 273 + 273 + 273) / 6 

= 273 (sq. m.) = 2948 (sq. ft.) 

AE-11 = (AE 111 + AE211 + AE311 +AE411 + AE511 + AE611) / 6 

= (273 + 273 + 273 + 273 + 273 + 273) / 6 

= 273 (sq. m.) = 2948 (sq. ft.) 

AE-12 = (AE 112 + AE212 + AE312 + AE412 + AE512 + AE612) / 6 = 0 

AE-13 = (AE113 + AE213 + AE313 + AE413 + AE513 + AE613) / 6 = 0 

AE-14 = (AE114 + AE214 + AE314 + AE414 + AE514 + AE614) / 6 = 0 

AE-15 = (AE115 + AE215 + AE315 + AE415 + AE515 + AE615) / 6 = 0 

AE-16 = (AE116 + AE216 + AE316 + AE416 + AE516 + AE616) / 6 = 0 

C) Average non - shaded areas (AE) on west walls at 8:00, 9:00, 10:00, 11:00, 12 :00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

Aw -os, AW -09, Aw -I0, ..., Aw -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Awios, Aw208, Aw3o8, ..., Aw6o8 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 

3, ..., 6. 

AW1o9, Aw2o9, AW309, ..., Amos represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 

2, 3, ..., 6. 

AW-08 = (AW 108 + AW208 + AW308 + AW408 + AW508 + AW608) / 6 = 0 

AW-09 = (AW 109 + AW209 + AW309 + AW409 + AW509 + AW609) / 6 = 0 

AW-10 = (AW 110 + AW210 + AW310 + AW410 + AW510 + AW610) / 6 = 0 

AW-11 = (Awl + AW211 + AW311 + AW411 + AW511 + AW611) / 6 = 0 

AW-12 = (AW 112 + AW212 + AW308 + AW412 + AW512 + AW612) / 6 = 0 

AW-13 = (AW 113 + AW213 + AW313 + AW413 + AW513 + AW613) / 6 
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= (273 + 273 + 273 + 273 + 273 + 273) / 6 

= 273 (sq. m.) = 2948 (sq. ft.) 

AW-14 = (AW 114 + AW214 + AW314 + AW414 + AW514 + AW614) / 6 

_ (273 + 273 + 273 + 273 + 273 + 273) / 6 

= 273 (sq. m.) = 2948 (sq. ft.) 

AW-15 = (AW 115 + AW215 + AW315 + AW415 + AW515 + AW615) / 6 

_ (176 + 198 + 198 + 254 + 254 + 254) / 6 

= 222 (sq. m.) = 2398 (sq. ft.) 

AW-16 = (AW116 + AW216 + AW316 + AW416 + AW516 + AW616) / 6 

=(99+99+99+94+ 122+ 122)/6 

= 106 (sq. m.) = 1145 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

Qs -os, Qs -o9, Qs -10, ..., Qs -16 represent solar heat gains on south walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec.21. 

QE -o8, QE -o9, QE -1o, ..., QE -16 represent solar heat gains on east walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 21. 

Qw -os, Qw -o9, Qw -io, ..., Qw -16 represent solar heat gains on west walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Q1o8, Q1o9, Quo, ..., Q116 represent solar average heat gains of the six buildings in existing blocks at 8:00, 

9:00, 10:00, ..., 16:00 on Dec. 21. 

Fs -os, Fs -o9, Fs -lo, ..., Fs -16 represent south wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21. 

FE -08, FE -o9, FE -lo, ..., FE -16 represent east wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Fw -os, Fw -o9, Fw -1o, ..., Fw -16 represent west wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21 

Hourly average SHG on the south walls 
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Qs-08 

Qs-09 

Qs-io 

Qs-11 

Qs-12 

QS-13 

QS-14 

Qs-15 

Qs-16 

= As-o8 x 

= As-o9 x 

=AS-lox 

= As-11 x 

= AS-12 x 

= AS-13 x 

= AS-14 x 

=As-1sx 

= AS-16 x 

FS-08 = 8003 x 74 = 5922 (KBtu / hr) 

Fs-o9 = 10541 x 161 = 16971 (KBtu / hr) 

Fs-io = 11686 x 213 = 24891 (KBtu / hr) 

Fs-11 = 12085 x 243 = 29367 (KBtu / hr) 

Fs-12 = 12031 x 252 = 30318 (KBtu / hr) 

FS-13 = 12085 x 243 = 29367 (KBtu / hr) 

FS-14 = 11686 x 213 = 24891 (KBtu / hr) 

FS-15 = 10541 x 161 = 16971 (KBtu / hr) 

Fs-16 = 7301 x 74 = 5403 (KBtu / hr) 

Hourly average SHG on the east walls 

QE-08 = AE-08 x FE-08 

QE-09 = AE-09 x FE-09 

QE-10 = AE-10 x FE-10 

QE-11 = AE-11 x FE-11 

QE-12 = AE-12 x FE-12 

QE-13 = AE-13 x FE-13 

QE-14 = AE-14 x FE-14 

QE-15 = AE-15 x FE-15 

QE-16 = AE-16 x FE-16 

= 2084 x 101 = 2105 (KBtu / hr) 

= 2506 x 149 = 3734 (KBtu / hr) 

= 2948 x 120 = 3538 (KBtu I hr) 

= 2948 x 60 = 1769 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

=0 (KBtu / hr) 

Hourly average SHG on the east walls 

Qw-o8 = Aw-08 x Fw-o8 = 0 (KBtu / hr) 

Qw-09 = Aw-09 x Fw-o9 = 0 (KBtu / hr) 

Qw-lo = Aw-lo x Fw-10 = 0 (KBtu / hr) 

Qw-11 = AW-i 1 x Fw-11 = 0 (KBtu / hr) 

QW-12 = Aw-12 x FW-12 = 0 (KBtu / hr) 

Qw-13 = AW-13 x FW-13 = 2948 x 60 = 1769 (KBtu / hr) 

QW-14 = AW-14 x FW-14 = 2948 x 120 = 3538 (KBtu / hr) 

Qw-15 = Aw-15 x Fw-15 = 2398 x 149 = 3573 (KBtu / hr) 
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QW-16 = AW-16 x FW-16 = 1145 x 101 =1156 (KBtu / hr) 

Hourly average SHG of the six buildings 

Q208 = Qs-os + QE-o8 + Qw-o8 = 5922 + 2105 + 0 = 8027 (KBtu / hr) 

Q2o9 = Qs-09 + QE-09 + Qw-o9 = 16971 + 3734 + 0 = 20705 (KBtu / hr) 

Q210 = Qs-10 + QE-lo + Qw-10 = 24891 + 3538 + 0 = 28429 (KBtu / hr) 

Q211= Qs-11 + QE-11 + Qw-11 = 29367 + 1769 + 0 = 31136 (KBtu / hr) 

Q212 = Qs-12 + QE-12 + QW-12 = 30318 + 0 + 0 = 30318 (KBtu / hr) 

Q213 = Qs-13 + QE-13 + QW-13 = 29367 + 0 + 1769 = 31136 (KBtu / hr) 

Q214 = QS-14 + QE-14 + Qw-14 = 24891 + 0 + 3538 = 28429 (KBtu / hr) 

Q215 = QS-15 + QE-15 + Qw-15 = 16971 + 0 + 3573 = 20544 (KBtu / hr) 

Q216 = QS-16 + QE-16 + Qw-16 =5403 + 0 + 1150 = 6553 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q2 = (Q208 + Q2o9 + Q210 + Q211 + Q212 + Q213 + Q214 + Q215 + Q216) / 9 

= (8027 + 20705 + 28429 + 31136 + 30318 + 31136 + 28429 + 20544 + 6553) / 9 

= 22809 (KBtu / hr) 

5.1 -4. Calculations in design strategy No. 3 

Design strategy No. 3: 

Rotating the whole blocks 22.5 'to the south of'southeast (Figure 5 -3). 

1. Hourly average non -shaded areas on SSE, ENE, and WSW walls from 8:00 to 

16:00 solar time. 

A) Average non -shaded areas (ASSE) on SSE walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

ASSE-08, ASSE-09, ASSE -10, ..., ASSE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 
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AssE1o8, AssE208, AssE3o8, ..., AssE6o8 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 

2,3,...,6. 

AssE1o9, AssE2o9, AssE3o9, ..., ASSE6o8 represent non -shaded areas at 9:00 on the south walls of the buildings 

No. 1, 2, 3, ..., 6. 

ASSE-08= (ASSE108 + ASSE208 + ASSE308 + ASSE408 + ASSE508 + ASSE608) / 6 

_ (511 + 404 + 404 + 184 + 184 + 184) / 6 

=312 (sq. m.) = 3370 (sq. ft.) 

ASSE-09 = (ASSE109 + ASSE209 + ASSE309 + ASSE409 + ASSE509 + ASSE609) / 6 

=(650+650+650+650+650+650)/6 
=650 (sq. m.) = 3370 (sq. ft.) 

ASSE-10 = (ASSE110 + ASSE210 + ASSE310 + ASSE410 + ASSE510 + ASSE610) / 6 

=(814+814+814+814+814+814)/6 
= 814 (sq. m.) = 8791 (sq. ft.) 

ASSE-11 = (ASSE111 + ASSE211 + ASSE311 + ASSE411 + ASSE511 + ASSE611) / 6 

=(979+979+979+979+979+979)/6 
= 979 (sq. m.) = 10573 (sq. ft.) 

ASSE-12 = (ASSE112 + ASSE212 + ASSE312 + ASSE412 + ASSE512 + ASSE612) / 6 

=(1148+ 1148+ 1148+ 1148+ 1148+ 1148)/6 

= 1148 (sq. m.) = 12398 (sq. ft.) 

ASSE-13 = (ASSE113 + ASSE213 + ASSE313 + ASSE413 + ASSE513 + ASSE613) / 6 

=(1273+1273+1273+1273+1273+1273)/6 
= 1273 (sq. m.) = 13748 (sq. ft.) 

ASSE-14 = (ASSE114 + ASSE214 + ASSE314 + ASSE414 + ASSE514 + ASSE614) / 6 

=(1353+1353+1353+1319+1319+1319)/6 
= 1336 (sq. m.) = 14429 (sq. ft.) 
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ASSE-15 = (ASSE115 + ASSE215 + ASSE315+ ASSE415 + ASSE515 + ASSE615) / 6 

= (1354 + 1354 + 1354 + 1322 + 1322 + 1322) / 6 

=1338 (sq. m.) = 14450 (sq. ft.) 

ASSE-16 = (ASSE116 + ASSE216 + ASSE316+ ASSE416 + ASSE516 + ASSE616) / 6 

_ (1002 + 1002 + 1002 + 982 + 982 + 982) / 6 

= 992 (sq. m.) = 10714 (sq. ft.) 

B) Average non -shaded areas (AENE) on ENE walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AENE -08, AENE -09, AENE -1o, ..., AENE-16 represent non - shaded areas on south walls at 8:00, 9:00, 10:00, ..., 

16:00. 

AENE108, AENE208, AENE308, ..., AENE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 

1,2,3,...,6. 
AENEI09, AENE209, AENE309, ..., AENE608 represent non -shaded areas at 9:00 on the south walls of the buildings 

No. 1, 2, 3,...,6. 

AENE-08 = (AENE 108 + AENE208 + AENE308 + AENE408 + AENE508 + AENE608) / 6 

=(161+125+125+280+280+280)/6 
= 210 (sq. m.) = 2268 (sq. ft.) 

AENE-08 = (AENE 108 + AENE208 + AENE308 + AENE408 + AENE508 + AENE608) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) = 3024 (sq. ft.) 

AENE-12 = (AENE112 + AENE212 + AENE312 + AENE412 + AENE512 + AENE612) / 6 = 0 

AENE-13 = (AENE113 + AENE213 + AENE313 + AENE413 + AENE513 + AENE613) / 6 = 0 

AENE-14 = (AENE114 + AENE214 + AENE314 + AENE414 + AENE514 + AENE614) / 6 = 0 

AENE-15 = (AENE115 + AENE215 + AENE315 + AENE415 + AENE515 + AENE615) / 6 = 0 

AENE-16 = (AENE 116 + AENE216 + AENE316 + AENE416 + AENE516 + AENE616) / 6 = 0 
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C) Average non -shaded areas (AWSW) on WSW walls at 8:00, 9:00, 10:00, 11:00, 

12:00, 13:00, 14:00, 15:00, and 16:00. 

Note: 

Awsw -o8, Awsw -o9, Awsw -10, ..., Awsw -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 

16:00. 

Awswios, Awsw208, Awsw3o8, ..., Awsw6o8 represent non -shaded areas at 8:00 on south walls of the buildings 

No. 1, 2, 3,...,6. 

Awsw1o9, Awsw2o9, Awsw3o9, ..., Awsw6os represent non -shaded areas at 9:00 on the south walls of the 

buildings No. 1, 2, 3, ..., 6. 

Awsw-o8 =(AWSW108 + Awsw208 + Awsw3o8 + Awsw4o8 + Awsw5o8 + Awsw6o8) / 6 

=0 

AWSW-09 =(AWSW1o9 + AWSW2o9 + AWSW309 + AWSW409 + AWSW5o9 + AWSW609) / 6 

=0 

Awsw-10 =(Awsw110 + Awsw210 + Awsw310 + Awsw410 + Awsw510 + Awsw610) / 6 

=0 

Awsw-11 =(Awsw111 + Awsw211 + AwSw311 + AwsW411 + Awsw511 + Awsw611) / 6 

=0 

AWSW-12 =(AWSW112 + AWSW212 + AWSW308 + AWSW412 + AWSW512 + AWSW612) / 6 

=0 

AWSW-13 = (AWSW 113 + AWSW213 + AWSW313 + AWSW413 + AWSW513 + AWSW613) / 6 

= (280 + 280 + 280 + 280 + 280 + 280) / 6 

= 280 (sq. m.) =3024 (sq. ft.) 

AWSW-14 = (AWSW 114 + AWSW214 + AWSW314 + AWSW414 + AWSW514 + AWSW614) / 6 

= (280 + 280 + 280 + 277 + 277 + 277) / 6 

= 279 (sq. m.) = 3013 (sq. ft.) 
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AwSw-15 = (Awsw115 + AwSw215 + AwSw315 + AwSw415 + AwSw515 + AwSw615) / 6 

=(276+276+276+251 +251 +251)/6 
= 264 (sq. m.) = 2851 (sq. ft.) 

AWSW-16 = (AWSW116 + AWSW216 + AWSW316 + AWSW416 + AWSW516 + AWSW616) / 6 

= (245 + 245 + 245 + 129 + 129 + 129) / 6 

= 187 (sq. m.) = 2020 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

QssE -o8, QssE -o9, QssE -lo, .., QssE -16 represent solar heat gains on SSE walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec.21. 

QENE -08, QENE -o9, QENE -1o, ..., QErrE -16 represent solar heat gains on ENE walls at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21. 

Qwsw -os, Qwsw -o9, Qwsw -io, Qwsw -16 represent solar heat gains on WSW walls at 8:00, 9:00, 10:00, ..., 

16:00 on Dec. 21. 

Q308, Q3o9, Q31o, ..., Q316 represent solar average heat gains of the six buildings new design No. 3 at 8:00, 

9:00, 10:00, ..., 16:00 on Dec. 21. 

FssE -os, FSSE -09, FssE -lo, ..., FssE -16 represent SSE wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 

16:00 on Dec. 21. 

FENE -08, FEN E-09, FEN E-10, ..., FENS -16 represent ENE wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 

16:00 on Dec. 21. 

Fwsw -os, Fwsw -o9, Fwsw -10, ..., Fwsw -16 represent WSW wall SHGF for 35° north latitude at 8:00, 9:00, 

10:00, ..., 16:00 on Dec. 21 

Hourly average SHG on the south walls 

QSSE-o8 = ASSE-08 x FssE-o8 = 3370 x 108 = 3640 (KBtu / hr) 

QSSE-o9 = ASSE-09 x FSSE-o9 = 7020 x 208 = 14602 (KBtu / hr) 

QSSE-10 = ASSE-lo x FSSE-lo = 8791 x 245 = 21538 (KBtu / hr) 

QSSE-11 = ASSE-11 x FSSE-11 = 10573 x 251 = 26538 (KBtu / hr) 

QSSE-12 = ASSE-12 x FSSE-12 = 12398 x 233 = 28887 (KBtu / hr) 

QSSE-13 = ASSE-13 x FSSE-13 = 13748 x 198 = 27221 (KBtu / hr) 
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QSSE-14 = ASSE-14 x FssE-14 = 14429 x 147 = 21211 (KBtu / hr) 

QSSE-15 = ASSE-15 x FSSE-15 = 14450 x 86 = 12427 (KBtu / hr) 

QSSE-16 = ASSE-16 x FSSE16 = 10714 x 24 = 2571 (KBtu / hr) 

Hourly average SHG on the east walls 

QNNE-08 = AENE-08 x FENE-08 = 2268 x 5 = 114 (KBtu / hr) 

QNNE-09 = AENE-09 x FENE-09 = 3024 x 12 = 363 (KBtu / hr) 

QNNE-10 = AENE-10 x FENE-10 = 3024 x 16 = 484 (KBtu / hr) 

QNNE-11 = AENE-11 x FENE-11 = 0 (KBtu / hr) 

QNNE-12 = AENE-12 x FENE-12 = 0 (KBtu / hr) 

QNNE-13 = AENE-13 x FENE-13 = 0 (KBtu / hr) 

QNNE-14 = AENE-14 x FENE-14 = 0 (KBtu / hr) 

QNNE-15 = AENE-15 x FENE-15 = 0 (KBtu / hr) 

QNNE-16 = AENE-16 x FENE-16 =0 (KBtu / hr) 

Hourly average SHG on the east walls 

QSSw-o8 = Awsw-o8 x FwSw-o8 = 0 (KBtu / hr) 

QSSw-o9 = AwSw-o9 x FwSw-o9 = 0 (KBtu / hr) 

Qssw-io = Awsw-lo x Fwsw-io = 0 (KBtu / hr) 

Qssw-11 = Awsw-11 x Fwsw-i i = 3024 x 19 = 575 (KBtu / hr) 

Qssw-12 = Awsw-12 x FwSw-12 = 3024 x 89 =2691 (KBtu / hr) 

QSSw-13 = Awsw-13 x Fwsw-13 = 3024 x 154 = 4657 (KBtu / hr) 

Qssw-14 = Awsw-14 x FwSw-14 = 3013 x 196 = 5906 (KBtu / hr) 

QSSw-is = Awsw-is x Fwsw-is = 2851 x 202 = 5759 (KBtu / hr) 

Qssw-16 = Awsw-16 x FwSw-16 = 2020 x 123 = 2485 (KBtu / hr) 

Hourly average SHG of the six buildings 

Q3o8 = QSSE -o8 + AENE -08 + Qwsw -o8 = 3640 + 114 + 0 = 3754 (KBtu / hr) 

Q309 = QSSE -09 + QENE -09 + QwSw -o9 = 14602 + 363 + 0 = 14965 (KBtu / hr) 

Q310 = QSSE -10 + QENE -10 + QwSw -10 = 21538 + 484 + 0 = 22022 (KBtu / hr) 
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Q311 = QSSE-11 + QENE-11 + Qwsw-11 = 26538 + 0 + 575 = 27113 (KBtu / hr) 

Q312 = QSSE-12 + QENE-12 + Qwsw-12 = 28887 + 0 + 2691 = 31578 (KBtu / hr) 

Q313 = QSSE-13 + QENE-13 + Qwsw-13 = 27221 + 0 + 4657 = 31878 (KBtu / hr) 

Q314 = QSSE-14 + QENE-14 + Qwsw-14 = 21211 + 0 + 5906 = 27117 (KBtu / hr) 

Q315 = QSSE-15 + QENE-15 + Qwsw-15 = 12427 + 0 + 5759 = 18186 (KBtu / hr) 

Q316 = QSSE-16 + QENE-16 + Qwsw-16 =2571 + 0 + 2485 = 5056 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q2 = (Q308 + Q309 + Q310 + Q311 + Q312 + Q313 + Q314 + Q315 + Q316) / 9 

= (3754 + 14965 + 22022 + 27113 + 31578 + 31878 + 27117 + 18186 + 5056) / 9 

= 20185 (KBtu / hr) 

5.1 -5. Calculations in design strategy No. 4 

Design strategy No. 4: 

Separating the each building into three blocks, stepping up each block in plan (Figure 5- 

1. Hourly average non -shaded areas on south, east, and west walls from 8:00 to 

16:00 solar time. 

A) Average non -shaded areas (As) on south walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

As -os, As -o9, As -lo, ..., As -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Aseos, Aseos, As3os, ..., As608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, ..., 

6. 

Aslo9, As2o9, AS309, ..., AS6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

AS-08 = (As108 + AS208 + AS308 + AS408 + AS508 + AS608) / 6 
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_ (531 + 480 + 480 + 978 + 708 + 708) / 6 

=648 (sq. m.) = 6998 (sq. ft.) 

AS-09 = (AS 109 + AS209 + AS309 + AS409 + AS509 + AS609) / 6 

_ (917 + 870 + 870 + 870 + 1029 + 798 + 798) / 6 

=880 (sq. m.) = 9507 (sq. ft.) 

AS-l0 = (AS 110 + AS210 + AS310 + AS410 + AS510 + AS610) / 6 

=(1104+997+997+ 1133+945+945)/6 

= 1020 (sq. m.) = 11016 (sq. ft.) 

AS-11 = (Asili + AS211 + AS311 + AS411 + AS511 + AS611) / 6 

_ (1205 + 1208 + 993 + 993 + 1027 + 1027) / 6 

= 1076 (sq. m.) = 11621 (sq. ft.) 

AS-12 = (AS 112 + AS212 + AS312 + AS412 + AS512 + AS612) / 6 

_ (1230 + 1230 + 1020 + 1020 + 1020 + 1020) / 6 

= 1090 (sq. m.) = 11772 (sq. ft.) 

AS-13 = (AS 113 + AS213 + AS313 + AS413 + AS513 + AS613) / 6 

= (1205 + 1208 + 993 + 993 + 1027 + 1027) / 6 

= 1076 (sq. m.) = 11621 (sq. ft.) 

AS-14 = (AS114 + AS214 + AS314 + AS414 + AS514 + AS614) / 6 

=(1104+997+997+1133+945+945)/6 
= 1020 (sq. m.) = 11016 (sq. ft.) 

AS-15 = (AS 115 + AS215 + AS315+ AS415 + AS515 + AS615) / 6 

_ (917 + 870 + 870 + 1029 + 798 + 798) / 6 

=880 (sq. m.) = 9507 (sq. ft.) 

AS-16 = (AS 116 + AS216 + AS316+ AS416 + AS516 + AS616) / 6 

_ (531 + 480 + 480 + 728 + 458 + 458) / 6 
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=523 (sq. m.) = 5648 (sq. ft.) 

B) Average non - shaded areas (AE) on east walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AE -08, AE -09, AE -lo, ..., AE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AEios, AE208, AE3o8, ..., AE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

AE109, AE209, AE309, ..., AE6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

AE-08 = (AE 108 + AE208 + AE308 + AE408 + AE508 + AE608) / 6 

=(512+501 +501 + 101 + 101 + 101)/6 
= 303 (sq. m.) = 3272 (sq. ft.) 

AE-09 = (AE 109 + AE209 + AE309 + AE409 + AE509 + AE609) / 6 

=(183+183+183+535+365+365)/6 
= 303 (sq. m.) = 3272 (sq. ft.) 

AE-10 = (AE110 + AE210 + AE310 + AE410 + AE510 + AE610) / 6 

=(280+280+280+431 +392+392)/6 
= 343 (sq. m.) = 3704 (sq. ft.) 

AE-11 = (AE 111 +AE211 + AE311 +AE411 + AE511 + AE611) / 6 

= (280 + 280 + 280 + 448 + 404 + 404)16 

= 349 (sq. m.) = 3770 (sq. ft.) 

AE-12 = (AE112 + AE212 + AE312 + AE412 + AE512 + AE612) / 6 = 0 

AE-13 = (AE113 + AE213 + AE313 + AE413 + AE513 + AE613) / 6 = 0 

AE-14 = (AE114 + AE214 + AE314 + AE414 + AE514 + AE614) / 6 = 0 
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AE-15 = (AE115 + AE215 + AE315 + AE415 + AE515 + AE615) / 6 = 0 

AE-16 = (AE116 + AE216 + AE316 + AE416 + AE516 + AE616) / 6 = 0 

C) Average non -shaded areas (AE) on west walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

Aw -o8, Aw -o9, Aw -lo, ..., Aw -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, 

..., 16:00. 

Aw108, Aw208, Aw3o8, ..., Aw6o8 represent non -shaded areas at 8:00 on south walls of the 

buildings No. 1, 2, 3, ..., 6. 

Awlo9, Aw2o9, AW3o9, ..., Aw6o8 represent non -shaded areas at 9:00 on the south walls of the 

buildings No. 1, 2, 3, ..., 6. 

Aw-08 = (Awlo8 + Aw208 + Aw308 + Aw4o8 + Aw508 + Aw6o8) / 6 = 0 

Aw-o9 = (AW109 + Aw2o9 + Aw3o9 + Aw4o9 + Aw509 + Aw6o9) / 6 = 0 

Aw-io = (Awl + Aw210 + Aw310 + Aw410 + Aw510 + Aw610) / 6 = 0 

AW-11 =(AW111+AW211+AW311+AW411+AW511+AW611)/6=0 

AW-12 = (AW 112 + AW212 + AW308 + AW412 + AW512 + AW612) / 6 = 0 

AW-13 = (AWl 13 + AW213 + AW313 + AW413 + AW513 + AW613) / 6 

=(280+280+280+448+404+404)/6 
= 349 (sq. m.) = 3770 (sq. ft.) 

AW-14 = (Aw114 + AW214 + AW314 + AW414 + AW514 + AW614) / 6 

=(280+280+280+431 +392+392)/6 
= 343 (sq. m.) = 3704 (sq. ft.) 

Aw-15 = (Aw115 + Aw215 + Aw315 + Aw415 + Aw515 + Aw615) / 6 
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= (183 +183 +183 +535 +365 +365)/6 
= 303 (sq. m.) = 3272 (sq. ft.) 

AW-16 = (AW 116 + AW216 + AW316 + AW416 + AW516 + AW616) / 6 

=(367+356+356+ 101 + 101 + 101)/6 

= 230 (sq. m.) = 2484 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

Qs -os, Qs -o9, Qs -10, ..., Qs -16 represent solar heat gains on south walls at 8:00, 9:00, 10:00, ..., 

16:00 on Dec.21. 

QE -08, QE-o9, QE -10, ..., QE -16 represent solar heat gains on east walls at 8:00, 9:00, 10:00, ..., 

16:00 on Dec. 21. 

Qw -os, Qw -o9, Qw -10, ..., Qw -16 represent solar heat gains on west walls at 8:00, 9:00, 10:00, ..., 

16:00 on Dec. 21. 

Q4o8, Q409, Q410, ..., Q416 represent solar average heat gains of the six buildings in new 

designed blocks No. 4 at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 21. 

Fs -os, Fs -o9, Fs -10, ..., Fs -i6 represent south wall SHGF for 35° north latitude at 8:00, 9:00, 

10:00, ..., 16:00 on Dec. 21. 

FE -08, FE -o9, FE -10, ..., FE -16 represent east wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, 

..., 16:00 on Dec. 21. 

Fw -os, Fw -o9, Fw -10, ..., Fw -16 represent west wall SHGF for 35° north latitude at 8:00, 9:00, 

10:00, ..., 16:00 on Dec. 21 

Hourly average SHG on the south walls 

Qs-08 = AS-08 x Fs-o8 = 6998 x 74 = 5179 (KBtu / hr) 

QS-o9 = As-09 x Fs-o9 = 9507 x 161 = 15307 (KBtu / hr) 

Qs-10 = As-10 x Fs-lo = 11016 x 213 = 23464 (KBtu / hr) 

Qs-11 = As-11 x Fs-11 = 11621 x 243 = 28239 (KBtu / hr) 
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QS-12 = AS-12 x Fs-12 = 11772 x 252 = 29665 (KBtu / hr) 

QS-13 = AS-13 x FS-13 = 11621 x 243 = 28239 (KBtu / hr) 

QS-14 = As-14 x FS-14 = 11016 x 213 = 23464 (KBtu / hr) 

Qs-15 = As-15 x FS-15 = 9507 x 161 = 15307 (KBtu / hr) 

QS-16 = AS-16 x FS-16 = 5648 x 74 = 4179 (KBtu / hr) 

Hourly average SHG on the east walls 

QE-08 = AE-08 x FE-08 = 3272 x 101 = 3305 (KBtu / hr) 

QE-09 = AE-09 x FE-o9 = 3272 x 149 = 4875 (KBtu / hr) 

QE-10 = AE-l0 x FE-10 = 3704 x 120 = 4445 (KBtu / hr) 

QE-11 = AE-11 x FE-11 = 3770 x 60 = 2262 (KBtu / hr) 

QE-12 = AE-12 x FE-12 = 0 (KBtu / hr) 

QE-13 = AE-13 x FE-13 = 0 (KBtu / hr) 

QE-14 = AE-14 x FE-14 = 0 (KBtu / hr) 

QE-15 = AE-15 x FE-15 = 0 (KBtu / hr) 

QE-16 = AE-16 x FE-16 =0 (KBtu / hr) 

Hourly average SHG on the east walls 

QW-08 = AW-08 x Fw-08 = 0 (KBtu / hr) 

Qw-o9 = AW-o9 x Fw-09 = 0 (KBtu / hr) 

Qw-io = Aw-io x Fw-lo = 0 (KBtu / hr) 

Qw-11 = Aw-11 x Fw-11 = 0 (KBtu / hr) 

QW-12 = AW-12 x FW-12 = 0 (KBtu / hr) 

QW-13 = AW-13 x FW-13 = 3770 x 60 = 2262 (KBtu / hr) 

Qw-14 = AW-14 x Fw-14 = 3704 x 120 = 4445 (KBtu / hr) 

Qw-15 = Aw-15 x Fw-15 = 3272 x 149 = 4875 (KBtu / hr) 

QW-16 = AW-16 x Fw-16 = 2484 x 101 = 2509 (KBtu / hr) 

Hourly average SHG of the six buildings 

Q408 = QS -08 + QE -08 + QW -08 = 5179 + 3305 + 0 = 8484 (KBtu / hr) 
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Q4o9 = QS-09 + QE-09 + Qw-o9 = 15307 + 4875 + 0 = 20182 (KBtu / hr) 

Q410 = Qs-10 + QE-10 + Qw-10 = 23464 + 4445 + 0 = 27909 (KBtu / hr) 

Q411 = QS-11 + QE-11 + Qw-11 = 28239 + 2262 + 0 = 30501 (KBtu / hr) 

Q412 = Qs-12 + QE-12 + Qw-12 = 29665 + 0 + 0 = 29665 (KBtu / hr) 

Q413 = QS-13 + QE-13 + Qw-13 = 28239 + 0 + 2262 = 30501 (KBtu / hr) 

Q414 = QS-14 + QE-14 + Qw-14 = 23464 + 0 + 4445 = 27909 (KBtu / hr) 

Q415 = Qs-15 + QE-15 + Qw-15 = 15307 + 0 + 4875 = 20182 (KBtu / hr) 

Q416 = QS-16 + QE-16 + Qw-16 =4179 + 0 + 2509 = 6688 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q4 = (Q408 + Q409 + Q410 + Q411 + Q412 + Q413 + Q414 + Q415 + Q416) / 9 

= (8484 + 20182 + 27909 + 30501 + 29665 + 30501 + 27909 + 20182 + 6688) / 9 

= 22447 (KBtu / hr) 

5.1 -6. Calculations in design strategy No. 5 

Design strategy No. 5: 

Modifying the ratios of the building's length to its width, and elongating the building in 

the east -west direction and separation spaces in north -south direction (see Figure 5 -5). 

1. Hourly average non -shaded areas on south, east, and west walls from 8:00 to 

16:00 solar time. 

A) Average non -shaded areas (As) on south walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AS -08, AS -09, AS -10, ..., AS -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AS108, AS208, AS308, ..., AS608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 

2,3,...,6. 
AS109, AS209, AS309, ..., AS608 represent non -shaded areas at 9:00 on the south walls of the buildings 

No. 1, 2, 3, ..., 6. 
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AS-08 = (AS 108 + AS208 + AS308 + AS408 + AS508 + AS608) / 6 

=(654+458+458+913 +956+956)/6 
= 733 (sq. m.) = 7911 (sq. ft.) 

AS-09 = (AS 109 + AS209 + AS309 + AS409 + AS509 + AS609) / 6 

=(961 +858+858+ 1032+ 1062+ 1062)/6 

= 972 (sq. m.) = 10497 (sq. ft.) 

AS-10 = (AS110 + AS210 + AS310 + AS410 + AS510 + AS610) / 

=(1153+1147+1147+1105+1158+1158)/6 

= 1145 (sq. m.) = 12366 (sq. ft.) 

AS-1 T=(AS 111 +A5211 + AS311 + AS411 + AS511 + AS611) / 6 

_ (1188 + 1205 + 1205 + 1205 + 1205 + 1143) / 6 

= 1192 (sq. m.) = 12874 (sq. ft.) 

AS-12 = (AS112 + AS212 + AS312 + AS412 + AS512 + AS612) / 6 

=(1178+ 1178+ 1197+ 1197+ 1197+ 1197)/6 

= 1191 (sq. m.) = 12863 (sq. ft.) 

AS-13 = (AS113 + AS213 + AS313 + AS413 + AS513 + AS613) / 6 

_ (1188 + 1205 + 1205 + 1205 + 1205 + 1143) / 6 

= 1192 (sq. m.) = 12874 (sq. ft.) 

AS-14 = (AS 114 + AS214 + AS314 + AS414 + AS514 + AS614) / 6 

=(1153+1147+1147+1147+1105+1158+1158)/6 

= 1145 (sq. m.) = 12366 (sq. ft.) 

AS-15 = (AS115 + AS215 + AS315+ AS415 + AS515 + AS615) / 6 

_ (961 + 858 + 858 + 1032 + 1062 + 1062) / 6 

= 972 (sq. m.) = 10497 (sq. ft.) 

AS-16 =(AS 116 + AS216 + AS316+ AS416 + AS516 + AS616) / 
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_ (531 + 480 + 480 + 728 + 458 + 458) / 6 

=523 (sq. m.) = 5648 (sq. ft.) 

B) Average non - shaded areas (AE) on east walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

AE -o8, AE -09, AE-1o, ..., AE -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

AE108, AE208, AE308, ..., AE608 represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 3, 

AE109, AE2O9, AE309, ..., AE608 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 2, 

3, ..., 6. 

AE-08 = (AE 108 + AE208 + AE308 + AE408 + AE508 + AE608) / 6 

=(252+252+252+77+58+58)/6 
= 158 (sq. m.) = 1706 (sq. ft.) 

AE-09 = (AE 109 + AE209 + AE309 + AE409 + AE509 + AE609) / 6 

=(252+252+252+ 136+ 136+ 136)/6 
= 194 (sq. m.) --- 2095 (sq. ft.) 

AE-10 = (AE110 + AE210 + AE310 + AE410 + AE510 + AE610) / 6 

= (252 + 252 + 252 + 209 + 209 + 209) / 6 

= 231 (sq. m.) = 2495 (sq. ft.) 

AE-11 = (AE 111 + AE211 + AE311 +AE411 + AE511 + AE611) / 6 

= (252 + 252 + 252 + 252 + 252 + 252) / 6 

= 252 (sq. m.) = 2722 (sq. ft.) 

AE-12 = (AE112 + AE212 + AE312 + AE412 + AE512 + AE612) / 6 = 0 

AE-13 = (AE113 + AE213 + AE313 + AE413 + AE513 + AE613) / 6 = 0 

AE-14 = (AE 114 + AE214 + AE314 + AE414 + AE514 + AE614) / 6 = 0 
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AE-15 = (AE115 + AE215 + AE315 + AE415 + AE515 + AE615) / 6 = 0 

AE-16 = (AE 116 + AE216 + AE316 + AE416 + AE516 + AE616) / 6 = 0 

C) Average non - shaded areas (AE) on west walls at 8:00, 9:00, 10:00, 11:00, 12:00, 

13:00, 14:00, 15:00, and 16:00. 

Note: 

Aw -os, Aw -o9, Aw -io, ..., Aw -16 represent non -shaded areas on south walls at 8:00, 9:00, 10:00, ..., 16:00. 

Awios, Awns, Aw3o8, ..., Awios represent non -shaded areas at 8:00 on south walls of the buildings No. 1, 2, 

3, ..., 6. 

Awlo9, Aw2o9, AW309, ..., Aw6o8 represent non -shaded areas at 9:00 on the south walls of the buildings No. 1, 

2,3,...,6. 

Aw-08 = (Awlo8 + Aw208 + Aw308 + Aw4o8 + Aw5o8 + Aw608) / 6 = 0 

Aw-09 = (Aw109 + Aw209 + Aw309 + Aw4o9 + Aw509 + Aw609) / 6 = 0 

Aw-10 = (AW11o+AW210+AW310+AW410+AW510+AW610)/ 6 = 0 

AW-11 = (Awl l l+ Aw211 + AW311 + AW411 + AW5 í 1+ AW611) / 6= 0 

AW-12 = (AW 112 + AW212 + AW308 + AW412 + AW512 + AW612) / 6 = 0 

AW-13 = (AW 113 + AW213 + AW313 + AW413 + AW513 + AW613) / 6 

= (252 + 252 + 252 + 252 + 252 + 252) / 6 

= 252 (sq. m.) = 2722 (sq. ft.) 

AW-14 = (AW114 + AW214 + AW314 + AW414 + AW514 + AW614) / 6 

= (252 + 252 + 252 + 209 + 209 + 209) / 6 

= 231 (sq. m.) = 2495 (sq. ft.) 

AW-15 = (AW 115 + AW215 + AW315 + AW415 + AW515 + AW615) / 6 

=(252+252+252+ 136+ 136+ 136)/6 

= 194 (sq. m.) = 2095 (sq. ft.) 

AW-16 = (AW 116 + AW216 + AW316 + AW416 + AW516 + AW616) / 6 
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-(77+58+58+93+93+93)/6 
= 79 (sq. m.) = 854 (sq. ft.) 

2. Hourly average solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Note: 

Qs -os, Qs -o9, Qs -10, ..., Qs-16 represent solar heat gains on south walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec.21. 

QE -o8, QE -o9, QE -1o, ..., QE -16 represent solar heat gains on east walls at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 

21. 

Qw -os, Qw -o9, Qw -to, ..., Qw -16 represent solar heat gains on west walls at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Qaos, Q4o9, Quo, ..., Q416 represent solar average heat gains of the six buildings in new designed blocks No. 

4 at 8:00, 9:00, 10:00, ..., 16:00 on Dec. 21. 

Fs -os, Fs -o9, Fs -1o, ..., Fs -16 represent south wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21. 

FE -o8, FE -o9, FE -lo, ..., FE -16 represent east wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 on 

Dec. 21. 

Fw -os, Fw -o9, Fw -1o, ..., Fw -16 represent west wall SHGF for 35° north latitude at 8:00, 9:00, 10:00, ..., 16:00 

on Dec. 21 

Hourly average SHG on the south walls 

QS-o8 = AS-08 x Fs-08 = 7911 x 74 = 5854 (KBtu / hr) 

QS-o9 = AS-09 x FS-09 = 10497 x 161 = 16900 (KBtu / hr) 

Qs-lo = As-lo x Fs-10 = 12366 x 213 = 26340 (KBtu / hr) 

Qs-11 = As-I 1 x FS-11 = 12874 x 243 = 31284 (KBtu / hr) 

Qs-12 = AS-12 x FS-12 = 12863 x 252 = 32415 (KBtu / hr) 

QS-13 = AS-13 x FS-13 = 12874 x 243 = 31284 (KBtu / hr) 

QS-14 = AS-14 x FS-14 = 12366 x 213 = 26340 (KBtu / hr) 

QS-15 = AS-15 x FS-15 = 10497 x 161 = 16900 (KBtu / hr) 

QS-16 = AS-16 x FS-16 = 7182 x 74 = 5315 (KBtu / hr) 
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Hourly average SHG on the east walls 

QE-08 

QE-o9 

QE-10 

QE-11 

QE-12 

QE-13 

QE-14 

QE-15 

QE-16 

= AE-08 x FE-08 

= AE-09 x FE-09 

= AE-10 x FE-lo 

= AE-11 x FE-11 

= AE-12 x FE-12 

= AE-13 x FE-13 

= AE-14 x FE-14 

=AE-15x FE-15 

= AE-16 x FE-16 

= 1706 x 101 = 1723 (KBtu / hr) 

= 2095 x 149 = 3122 (KBtu / hr) 

= 2495 x 120 = 2994 (KBtu / hr) 

= 2722 x 60 = 1633 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

= 0 (KBtu / hr) 

=0 (KBtu / hr) 

Hourly average SHG on the east walls 

Qw-o8 = Aw-08 x Fw-o8 = 0 (KBtu / hr) 

Qw-o9 = Aw-o9 x Fw-o9 = 0 (KBtu / hr) 

Qw-1 o= Aw- i o x Fw- i o= 0 (KBtu / hr) 

Qw-i = Aw-11 x Fw-11 = 0 (KBtu / hr) 

QW-12 = AW-12 x FW-12 = 0 (KBtu / hr) 

Qw-13 = Aw-13 x Fw-13 = 2722 x 60 = 1633 (KBtu / hr) 

QW-14 = AW-14 x Fw-14 = 2495 x 120 = 2994 (KBtu / hr) 

Qw-is = Aw-15 x Fw-15 = 2095 x 149 = 3122 (KBtu / hr) 

Qw-16 = AW-16 x FW-16 = 854 x 101 = 863 (KBtu / hr) 

Hourly average SHG of the six buildings 

Q508 = QS-08 + QE-08 +Qw-o8 =5854+ 1723 + 0 = 7577 (KBtu / hr) 

Q509 = QS-09 + QE-o9 + Qw-o9 = 16900 + 3122 + 0 = 20022 (KBtu / hr) 

Q510= QS-10 + QE-lo + Qw-lo = 26340 + 2994 + 0 = 29334 (KBtu / hr) 

Q511 = QS-11 + QE-11 +Qw-11 =31284+ 1633 + 0 = 32917 (KBtu / hr) 

Q512 = QS-12 + QE-12 

Q513 = QS-13 + QE-13 

+ Qw-12 = 32415 + 0+ 0= 32415 (KBtu / hr) 

+ Qw-13 = 31284 + 0+ 1633 =32917 (KBtu / hr) 
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Q514 = QS-14 + QE-14 + Qw-14 = 26340 + 0 + 2994 = 29334 (KBtu / hr) 

Q515 = QS-15 + QE-15 + Qw-15 = 16900 + 0 + 3 122 = 20022 (KBtu / hr) 

Q516 = QS-16 + QE-16 + Qw-16 =5315 + 0 + 863 = 6178 (KBtu / hr) 

2. Average hourly solar heat gains of the six buildings from 8:00 to 16:00 solar time 

on Dec 21. 

Q5 = (Q508 + Q509 + Q510 + Q511 + Q512 + Q513 + Q514 + Q515 + Q516) / 9 

= (7577 + 20022 + 29334 + 32917 + 32415 + 32917 + 29334 + 20022 + 6178) / 9 

= 23413 (KBtu / hr) 

5.2. The comparison between the average hourly SHG (Solar Heat 
Gain) of existing blocks and that of new designed blocks. 

Table 5 -2: KBtu/hr of the old blocks and the new designed blocks 

OLD 
BLOCKS 

STRATEGY 
NO. 1 

STRATEGY 
NO. 2 

STRATEGY 
NO. 3 

STRATEGY 
NO. 4 

STRATEGY 
NO.5 

KBtu /hr 05:00 7,569 8,154 R077 3 754 8,484 7,577 

KBtu/hr 1' 1 1 1 1/ ,, 1 1 A 1 : i 1 

KBtu/hr I 1 I . .I:it.2: ` 1 
MI 1. 

KBtu/hr 11:00 28950 30 709 31,136 77,113 30 501 32,917 

32,415 KBtu/hr 12.00 

1 1 

27,705 

:' 1 

29421 

1 1` 

30,318 

. 

31,578 

: 

29,665 

1 1 
KBtu/hr 

KBtu/hr 26.748 28, 158 28,429 27,117 27 909 79 334 

KBtu/hr 11 I : :. 1 i I 

KBtu/hr , I i 1 IIII ̀  . . I . ..:: 
P .: 1 1 : 1. n: .. I 1 I ri 

AVERAGE 
HOURLY SHG 

21,339 22,645 22,809 20,185 22,447 23,413 

AVERAGE 
HOURLY SHG 
CHANGE( %) 

0% +6.1% +6.9% -5.4% +5.2% +9.7% 
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Notes: 

Strategy No. 1: Decreasing the height of south side buildings to five -story height, and increasing the height 

of north side buildings to seven -story height (see Figure 5 -1). 

Strategy No. 2: Moding the roof shapes of the buildings. Using one -side sloping roofs instead of 
traditional flat roofs (Figure 5 -2). 

Strategy No. 3: Rotating the whole blocks 22.5 °to the south of southeast (Figure 5 -3). 

Strategy No. 4: Separating each building into three blocks, stepping up each block in plan (Figure 5 -4). 

Strategy No. 5: Modibiing the ratios of the buildings length to its width, and elongating the building in the 

east -west direction and separation spaces in north -south direction (see Figure 5 -5). 

Based on the average hourly SHG calculations and the table 5 -2, we can say that the 

design strategies No. 1, No. 2, No. 4, No. 5 are very helpful for the solar access of this 

high density development, and the design strategy No. 5 (modifying the building's ratios 

of its length to its width) is a highly recommended strategy for high density development. 

Design strategy No. 3 (rotating the whole buildings an angle to south of southeast) is not 

a practical way to improve the solar access level of the development. The buildings in the 

high density development planned in this way receive less solar radiant energy than the 

conventional design does. From the table 5 -2 we can see the average hourly SHG of the 

six buildings decreases 5.4 %. 

Based on the all what we have achieved here, we can say that adequate solar access for 

this high density development can be achieved. This, of course, depends upon the specific 

design. The density of a development is not a measure of its quality; that is, lower 

densities are not better than higher densities. Density is merely a way of classifying a 

particular development in terms of numbers of units in relation to open space. Generally, 

it is easier to achieve solar access in low -density situations. Conversely, high densities 

usually result in solar access problems unless solar energy has been carefully considered. 

The relationship between density and solar access is one of the greatest challenges to the 

large scale utilization of solar energy in buildings, especially in a developing country. 

High -density developments can also achieve very good solar access. This, of course, 

depends upon the specific design. As I said before, a precise method of solar access 

design is difficult to determine because of the many complex situations in high -density 
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developments. A detailed design menu is difficult to achieve. More appropriate is a set of 

schematic design strategies. 

Solar access, in concept, may appear to be simple. But, applied to the present 

development process, it is a more difficult proposition. In China there is great economic 

pressure in the building industry, and solar energy, which is seen as a partial replacement 

for the conventional fuels, has the economic strength to encourage change. With greater 

solar access protection, another issue arises. That is, the issue of the quality of life. To 

quote Ralph Knowles: "The sun is fundamental to all life. It is the source of our vision, 

our warmth, our energy, and the rhythm of our lives. Its movement informs our 

perceptions of time and space and our scale in the universe." Solar access, in this broader 

sense, transcends the practical considerations of just access to energy and suggests new 

territory that touches basic human rights. Solar access becomes open -ended to include 

creative uses of solar energy that have not yet been conceived. 
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