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CHAPTER: 1

CLIMATIC ANALYSIS OF 
THE NEGEV DESERT



1.1- Introduction
The goal of this chapter is to provide 

information on the nature of the factors that 
affect climatic conditions over the earth  in 
general, and in the Negev desert particularly. 
The climate of a given region in the world is 
determ ined by the pattern  of variations and 
their combination. Therefore, the main external 
clim atic elem ents th a t affect a particular 
building design with relation to human comfort 
are being considered, are air tem perature, 
humidity, wind, precipitation (rain, snow, etc.), 
and solar radiation. All are im portant for the 
climatologist, as well as for building designers. 
For instance, rain  and hum idity  have their 
effects on materials, such as problems of decay, 
corrosion and breakdown of finishes; wind and 
snow on account of the structural load they 
impose therm al changes, since they affect 
movements of joints and panels. In this chapter 
the author is concerned only with the thermal 
design of buildings for com fort and energy 
economy and hence only these climatic features 
that affect the thermal regime in the Negev will 
be described in details.

Climate in  particular, produces certain 
easily observed effects on building design and 
architectural form, therefore, the climate has its 
influence on the therm al perform ance of 
buildings in the following ways. First, climate 
affects the use of land, the type of crop that can 
be grown or animal husbandry tha t can be 
practiced. These variations in the use of land

can cause regional climatic changes -such as the 
spread of desert conditions due to deforestation- 
and also microclimatic variations caused by the 
presence of trees, grass and water, type of ground 
surfaces and topographical features affecting 
wind flow, solar radiation and air tem perature 
patterns. Second, the occurrence of many 
n a tu ra l or artificial m aterials is no t only 
geologically, but also climatically dependent. 
Thus, the massive flat roofs of high therm al 
capacity characteristics of many desert climates 
are supported in timber, brushwood, and palm 
trunks according to availability of materials. 
Notice, how the gabled roof decreases in slope as 
the amount of rainfall decreases, in areas where 
snow is heavy, gables are steep, but in the areas 
that have less rainfall, the gables are less steeper. 
While in hot areas, such as in the Negev, desert 
roofs become quite flat (Figure 1-1), providing a 
comfortable place to sleep on the top of the 
roof. Lightweight, portab le  s truc tu res of 
nomadic people in the Negev desert, are made of 
anim al skins or fabric dep en d en t on the 
availability of livestock.

Hence, the study  of clim ate is very  
im p o rta n t to the a rch itec t and build ing  
designer, because the architect should remember 
that he is not building in a vacuum and placing 
his house in empty space, as mere plans on a 
blank sheet of paper. He is introducing a new 
element into the environment that has existed 
in equilibrium for a very long time. He has 
responsibilities to what surrounds the site and



what kind of climate exists, and, if he designs his 
building without reference to the surroundings, I 
think he is making a crime against architecture 
and civilization, "as the architect Hassan Fathi 
claims". Therefore, the im portance of the 
climate becomes more clear for the planner, 
because, all living creatures and organisms 
depend on the climate for their existence and 
adapt themselves to the influence of type of 
environment and climate. Plants that live in 
very hot climates can not grow on cold climates, 
unless, of course the immediate local conditions 
-the microclimate- are maintained.

Fig. 1-1, a flat-roofed building in hot desert climates.

Finally, this study demonstrates that the 
a rch ite c t and  p lan n e r have the moral
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responsibility to consider the climate elements 
and factors that affect the efficiency of the 
building and the well-being of the people he is 
housing. Besides the tangible features of the 
environment, there exist intangible features too, 
but insufficient scientific information prevent 
their use in town planning and architectural 
design. Therefore, this discussion is limited only 
to the tangible and measured elements of the 
environment, mainly the climate itself.

1.2- Israel
The State of Israel is comprised of 20,701 

square kilometers (8,086 square miles) -about 
the size of New Jersey - on the sea shore of the 
M editerranean Sea. The occupied territories 
(the Golan Heights, the West Bank, the Gaza 
Strip) constitute an additional 8,412 square 
kilometers (3,180 square miles). Its position on 
the earth’s grid is between 29° 30' and 33° 15' 
n o rth ern  la titude , and it belongs to the 
countries near the equatorward border of the 
Mediterranean Region, with moderate variations 
in length of day and nighttime, and high values 
of insulation or sunlight intensity.

The country's position at the crossroads 
between Asia, Africa and Europe, and between 
the M editerranean Sea (communication with 
Atlantic) and the Red Sea which is a part of 
Indian Ocean, led to wide cultural and trading 
contacts. It made easier both the absorption of 
foreign influence and the spreading of cultural 
and spiritual values which had developed in the



country, in some cases over an area much larger 
than its own. Israel is bounded in the East by 
Syria and Jordan, in the Southwest by Sinai 
Peninsula, in the West by the Mediterranean Sea, 
and in the North by Lebanon (Figure 1-2). The 
country stretches 424 kilometers (265 miles) 
North to South, while its width from East to West 
varies from 114 to ten kilometers (71-6 miles).

In 1991, according to the Israeli Central 
Bureau of Statistics, the population of Israel 
totaled around 4,400,000. Increasing at about 
2.1 percent annum, although the Arab segment 
of the population (about 15 percent) believed to 
be increasing at an annual rate of about 3.9 
percent. The overall population density of 
Israel in 1991 was 212 persons per square 
kilometers (544 persons per square mile). In 
terms of geographical regions, the highest 
concentration of population is in the Coastal 
Plain, while the lowest is in the Negev Desert.

Israel has a M ed iterranean  climate 
characterized by long, hot dry summers, and 
short, cool, rainy winters. The basic climate 
pattern is modified locally by both the altitude 
and latitude: the temperature is higher, and the 
rainfall is lower as one moves Southerly towards 
the Negev and to lower latitude. In general, 
January is the coldest month of the year, August 
is the hottest. Israel is divided into six districts 
under the jurisdiction of the Ministry of Interior. 
Occupied territories are adm inistered by the 
Israel Defense Forces.
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Fig. 1-2, State of Israel and the
Occupied Territories.

1.3- Physical Environment of 
Israel

Although Israel is small in area, but, its 
territo ry  contains a large num ber of m ajor



regions and sub regions. These regions differ 
from one another so sharply. The names are 
derived from Biblical definitions, and they are 
still valid today. (Figure 1-3), clearly shows that 
Israel has four different topographic regions. 
These regions differ from one another so sharply 
tha t there is no real need to discuss the ir 
identification and features in a very detailed 
manner.
- the Coastal Plain.
- the C entral Hills.
- the Jo rdan  Rift Valley.
- the Negev Desert.

1 .3 .1 -  T h e C oasta l Plain: The Coastal Plain 
borders the Mediterranean Sea and extends from 
the Lebanese border in the North to the Gaza 
Strip in the South, in terrupted  at only two 
points, at the Capes of Mount Carmel and Rosh 
ha-Niqra, the Plain narrows gradually from 
South to North, being 40 kilometers (25 miles) 
wide at Gaza and five kilometers (3.2 miles) 
wide at Israel's Northern border. Its length from 
North to South is 340 kilometers (210 miles). It 
is a fertile and densely populated humid region, 

• where the agricultural activities take place.
The long Plain is divided into sm aller 

regions. These differ to a certain extend in 
climate, population, vegetation and land use. 
The followings are the main units, from South to 
North: the Negev Coast, the Southern (Philistian) 
Plain, the Judean Plain, the Sharon, the narrow 
Carmel Coast, the Zebulon Valley, the Acre Plain

and  the Tyre Valley, respectively . The 
dom inating weather of this region is a m ild 
climate and dry in summer, cold and rainy in 
winter, with annual precipitation averaging 550- 
650 mm. (22-26 in). Its altitude ranges from 50 
to 300 m. (150- 1000 ft.).

1 .3 .2 -  T h e C en tra l H ills: The Central Hills 
region is the East of the Coastal Plain. This 
region includes the m ountain ranges running 
North to the South through a great part of the 
State. The hill region averages about 700 meters 
(2,300 ft.) of elevation and reaches to the 
highest point of at 1,208 m eters (4,000 ft.) 
Mount Meron, the highest point in the country. 
Some valleys cross the region and cut the 
mountains at several points. Hills occupy most 
of the country. In the latter they comprise three 
main sub regions -the Galilee in the north , 
Samaria in the center, and Judea in the south. 
The hills of Galilee represent a lower and gentler 
continuation of the Lebanon mountains. This 
hill region has an average of altitude of 800 m. 
(2,400 ft.). To the South, in an area largely 
composed of the West Bank of the Jordan River, 
lie the Samarian m ountains, with an average 
altitude of 590 m. (1,770 f t) .  Running to the 
extrem e South, a gradual change becomes 
noticeable in the hill features, with an average 
altitude of approximately 400 m. (1,300 ft.).

The dom inating clim ate of this whole 
region is mild and dry in summer, rainy and 
very cold in winter. Variety in rainfall, too, is



extreme; the foothills average 400- 500 mm. (16- 
20 in.) annually, while precipitation on the hills 
reaches a maximum of 800 mm. (32 in.), the 
Judean Desert, however, receives only 300 mm. 
(12 in.) annually, and a mere 50-100 mm. (2-4 
in.) of rain are measured near the Dead Sea.

1 .3 .3 -  T he J o rd a n  R ift V a lley : East of the 
Hill region lies the Jordan Rift Valley, which 
extends from the Hula valley on the North side 
and continues southward into the Dead Sea. 
This Great Rift divides the coun try  into 
Cisjordan and Transjordan, a relatively small 
section of the great Syrian-African Rift. It is 
divided into five sections; the Hula valley 
(upper Jordan), the m iddle Jo rdan  (Lake 
Kinnert), the lower Jordan, the Dead Sea and the 
Arava Valley, from North to South respectively. 
Lake Kinnert lies at 210 meters (630 ft.) below 
sea level, with an area of 165 sq. kilometers in 
size. The Dead Sea co n ta in s  a h igh  
concentration of salt. It is 1,020 sq. kilometers 
in size, and lies at 394 meters (1,180 ft.) below 
sea level -the lowest point in the world.

This district enclosed between two high 
m ountain ranges from East and West. The 
dominant climate of this region is very hot and 
dry in summer, rather cold with light rainfall in 
winter and rather warm with light rainfall in 
transition. The annual precipitation amounts 
in this region vary from 90 mm. (3.5 in.) on the. 
shore of Dead Sea, and reaches to 550 mm. (22 
in .) in the Hula valley . In sum m er,

tem peratures vary from 34.3° C (97° F) on the 
Dead Sea to 27° C (81° F) in the Hula valley. 
While in winter the mean tem peratures vary 
from 14.3° C ( 57° F) on the Northern shore of 
the Dead Sea to 11.4° C (52° F).

1 .3 .4 -  T h e  N eg ev  D esert: The Negev Desert
comprises about 60% of the State's total area, 
and occupies approxim ately 12,000 sq. km. 
(over 4.600 sq. miles), forming a triangle with its 
base in the North, on the outskirts of Judea, and 
its apex at the Southern tip of the country. The 
Negev is bounded in the North from a point near 
Gaza on the Mediterranean coast to the shore of 
the Dead Sea. From these two points the sides of 
the triangle run some 200 km. (125 miles) South 
to the apex at Eilat, at the Northern end of the 
Gulf of Aqaba. On the West its boundaries 
coincide approximately with the Sinai Desert, 
and on the East -with the Kingdom of Jordan 
(Figure 1-3). The district comprises of four main 
sub regions; the Northern Negev, the Central 
Negev, the Southern Negev, and the Arava. In 
this district the altitude starts from 50-100 m. 
(150-350 ft.) and some hills exceed 1,000m. 
(3000 ft.).

The Negev clim ate differs from the 
country 's center and North. Two types of 
climate exist in Negev: the Northern Negev can 
be described as semiarid, and all other parts of 
the Negev which are desert, proper, and the 
climate can be categorized as hot and dry. The 
average tem perature in January, the coldest



month, is about 12° C (54° F) in the North
western Negev, and nearly 16° C ( 61° F) in Eilat, 
The hottest month is August, having an average 
tem perature of about 27° C (81° F) in the 
northwest, and 33° C (91° F) in the extreme 
South. Daily maximum tem peratu res in 
summer are regularly above 40° C (104° F), and 
mean annual precipitation decreases as a result, 
from about 200 mm. (8 in.) in the Northwestern 
Negev to some 25 mm. (1 in.) in the extreme 
South near Eilat .

Haifa

Mediterranean
Sea

Jordan 
Rift valley 

32-Tel-Aviv

Gaza-Strip
Dead-Sea

Beer-Sheba

Negev Desert /

Sinai

Fig. 1-3, four different topographical regions in Israel



1.4- The Negev Desert, its 
Structure and Geography

Although the Negev Desert constitutes only 
a small part of the huge Sahara-Arabian desert 
belt, it can be regarded as one of the most 
famous deserts in the world. The Sahara is one 
of extreme arid ity  and is the world's largest 
desert, stretching about 4,500 km. (2,800 miles ) 
from West to East, and 1,500 km. (940 miles) 
from North to South. This huge desert belongs 
to the Old World desert belt that extends over 
the great Arabian desert to the desert of Sind in 
India (Figure 1-4). The general level of the 
Sahara rises Eastward from the Atlantic to well 
over 330 m. (1000 ft.) in the central section, and 
660 m. (2000 ft.) farther East, subsiding to about 
330 m. (1000 ft.) in the Nile basin, only to rise 
again rather sharply in the hill ranges along the 
African shore of the Red Sea to elevations of 
between 660 m. (2,000 ft.) to 1,700 m. (5,000 ft.) 
above the sea.

This desert area has no yearly average 
rainfall, some years may be absolute drought 
years, while others may have up to 150 mm. (6 
in.) of rainfall. This causes the absence of 
vegetation and trees. It is also characterized by 
aridity, where the summers are very hot and 
rainless. But, in the Southwestern part of Asia, 
which is a part of the Great Sahara the aridity is 
less severe than in North Africa. This is because 
of the interruption of narrow, elongated arms of 
the sea and the m oderate heights of several

m ountain systems. Therefore, the governing 
flows of air in these cases are traceable to the 
onshore movements of m aritim e air from the 
sea during the season of the summer.

Sahara

gsg Mountain 
forest

V  West coast Subtropical
desert desert

Fig. 1-4 distribution of desert in northern Africa and 
southeast Asia.

The name Sahara is derived from Arabic, 
which means "Wilderness". With a total area of 
10 million square kilometers, and the whole area 
is one extreme desert. On the other hand, not 
all of this huge zone is true desert, on some high 
areas, such as Tibest Plateaus and Ahaggar, there 
is enough rainfall to support agriculture and 
inhabitants. A popular misconception is that, 
the Sahara Desert is a region of soft sands, but 
actually only 15% of the sand does occupy this 
huge zone, the rem ainder being either "reg"



(sandy desert ) or "hammada" (rocky desert). 
These types were derived out of weathering of 
the rocks and dispersion of the particles.

1.5-The Negev Desert
As mentioned previously, the Negev desert 

comprises about 60% of the total area of Israel, 
and on the map, it forms a triangle with its base 
on the North, on the outskirts of Judea, and its 
apex on the South at Eilat. The Negev Occupies 
approximately 12,000 sq. kilometers (over 4,600 
sq. m iles). A nother im portant geographic 
feature of the Negev is its role, together with 
Sinai desert, as a natural land-bridge between 
Africa and Asia (Figure 1-5). The boundaries of 
the Negev are not very well defined in the 
geographical terms, especially the Northern and 
Southwestern sides, there is no clear natural 
boundary separating the Negev from the Sinai 
Peninsula, except perhaps Wadi el Arish. 
Therefore, the boundaries of the Negev are as 
follows:
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Fig. 1-5, the location of the Negev and Sinai 
as a land-bridge between Africa and Asia.

The Northern boundary of the Negev is not 
well defined. In this area its boundary may be 
depicted as running from the Mediterranean Sea 
near Gaza to Lahav at the South-West of the 
Judean Hills. The Eastern boundary is found by 
Arava Rift valley, running from the Southern 
part of the Dead Sea to the Northern tip of the



Red Sea near Eilat. On the South-Western side, 
the border is almost a straight line running from 
the Mediterranean coast near Gaza Strip to the 
Red Sea just South of Eilat. Today this line 
forms the border between Israel and Egypt. The 
overall total area of the agricultural fields 
within the runoff farming is about 5%. This fact 
clarifies its im portance to Israel as a great 
challenge to constructive efforts.
The Negev is divided into four main physical 
regions (Figure 1-6):
1- The N orthern Negev
2- The Central Negev
3- The Southern Negev
4- The Arava

1 .5 .1 -  T h e N o r th ern  N egev: The border of 
this region running from the Mediterranean 
coast at a point near Gaza to the hills of Judea 
on the West side. It consists mainly of recent 
mobiles and semimobile sand dunes, sand fields, 
and materials that have been deposited there 
after being transported  by the floods in the 
wadis which discharge into the Mediterranean. 
The soil of a great part of this area became 
thickly covered with loess soil transported by 
the winds, therefore, the soil consists of a fine
grained loamy silt, gray-buff to yellow brown in 
color, which sometimes reaches a dep th  of 
several meters. Loess soil is homogenous and 
consists of very fine sand and silt-sized particles 
and they are fertile that contains substances 
necessary to plant life, such as, silica, iron, etc..

Some m echanical p ro p erties  of this soil, 
however, con tribu te  to sheet erosion and  
badlands formation and pose serious problems 
to the farmer.

The sand fields and sand dunes are not 
connected with the coastal dunes. Such areas, 
which resem ble the im m ense in te rio r sand 
dunes of deserts like the Sahara and the Rub-al- 
Khali, are also present in one section of the 
Negev highlands and in isolated spots of the 
Southern Arava. The elevation of this region 
rises from 50-100 m. (150-300 ft.) above sea level 
in the West to approximately 250 m. (800 ft.), 
around Beer-Sheba, and attains 500 m. (1650 ft.) 
at its extreme Eastern border. A number of large 
wadis cut through this region and drain toward 
the Mediterranean.

Settlem ent: In this region there are about 80
farming villages and two sem iurban centers, 
Ofaqim and Netavot. In addition  to these 
settlements, intensive settling has been under 
way in Beer-Sheba district. Beer-Sheba itself 
evacuated by its Arab inhabitants in the 1948 
war, numbers 100,000 inhabitants and is a first- 
rate industrial center, as well as the home of 
important institutions of science and culture.

1 .5 .2 -  T h e  C e n tr a l N e g e v :  This region
occupies more than half the area of Negev, and 
it is divided into two sub regions: the central 
highlands, a mountainous sub region containing 
the  an c ien t towns of K urnub (Mamshit,



Mampsis) and Avdat (Abde). It is composed of 
a series parallel mountains and valleys, running 
in a Northeast-Southw est d irection. The 
elevations vary between 450 m. (1,350 ft.) to 
1,000 m. (3,330 ft.) above sea level. Har Ramon 
is the highest point 1,035 m. (3,105 ft.), the hills 
facing a gentle slope toward Northwest with 
steep slopes facing toward Southeast. About half 
of this region contains the same soils as the 
Northern Negev, the other half is made up of 
rock outcrops, hammadas, and shallow rocky 
desert soils, as well as of reg soils gravely slopes, 
and coarse desert alluvium. The common 
denominator of hammadas and regs (the Arabic 
meaning of hammada is "the unfruitful", and 
reg is "becoming little") is the presence of a 
stone cover overlying the surface of both  
formations. The pavem ent stones are hard  
limestone, or other rocks that resist the erosion, 
and they are characterized by their black color 
on the outside and much light color inside.

The vegetation among these two types of 
rocks is very poor on one hand, and on the 
o ther hand, some plants grow between the 
stones of the pavem ent, w here soil has 
accumulated. Only two large wadis run in this 
region, Nahal Zin and Nahal Neqarot; they drain 
toward . the M editerranean Sea. Nahal Zin 
separates this region to two sub regions, 
therefore, the second sub region of the Central 
Negev is the lower sedim entary Negev. One 
additional characteristic here; the wadis cutting 
through these land forms are populated with

species of Acacia trees, which become more and 
more toward the Southeast. The elevations of 
this sub region vary between 100 m. (330 ft.) to 
400 m. (1,200 ft.) above sea level. Two large 
wadis (Nahal Paran and Nahal Hiyyon) draining 
into the Arava cut through the m onotonous 
landscape.

S ettlem ent: Until a few years ago the Central 
Negev region was inhabited only by Bedouins, 
but, the governm ent policy is to encourage 
settling the Negev, therefore, some new" towns 
such as Dimona, Mitzpe-Ramon and Yeroham 
were planned and developed. The Kibbutz Sede 
Boqer is a single desert outpost experimenting in 
a number of farm branches.

1 .5 .3 -  T h e S o u th e r n  N egev: This region is
very small and com prises about 70 square 
kilometers, it looks like the Sinai desert in Egypt 
in all features and characteristics. One can say 
it is a continuation of Sinai desert. Northwest of 
Eilat the  igneous hills and m ountains of 
Southern Sinai desert have penetrated along the 
Red Sea into the State. In contrast to o ther 
regions of the Negev, these m ountains are 
composed of much igneous rocks and show great 
variety such as, light colored granites and darker 
diorites, fine graned quartz, gabbro, and so forth. 
The hammadas are existed wherever the surface 
is flat, while the beds of the canyonlike wadis 
carry desert alluvium, mostly coarse gravel, 
resulting from the winds. The most conspicuous



plants of the gravely wadis are the acacia trees. 
In this region some m ountain  peaks .e.g. 
Mountain Uzziyahu, M ountain Shelomo, etc., 
rise to 800-900 m. (approximately 3,000 ft.) 
above sea level.

The only settlement in this region is the 
town of Eilat, and a few num ber of Kibbutzim 
and Moshaviem.

1 .5 .4 -  T h e  A r a v a  V a lle y :  The Southern
most of the Syrian African -Great Rift in Israel, 
extending between the Dead Sea and Red Sea is 
called the Arava Valley, or in short, the Arava, it 
is 165 km. (103 miles) long and 8 to 32 km. (5 
-20 miles) wide. The major part of the Arava 
Valley is thickly covered with alluvial sand and 
gravel, and hammada.

On the East, the mountains rise to 100 m. 
(330 ft.) above sea level, and on the Northern 
part of the valley is below sea level, where the 
lowest point on the surface of the earth, at the 
Dead Sea, is -392 meters (-1,175 ft.). Near the 
Dead Sea the soils are composed of Lis an marls 
(gypseous chalks). The foothills and the center 
are composed of sand dunes derived from the 
weathering of the local sand stones. In this 
region some salt swamps were formed. The 
salinity of these swamps is 20% and more of 
soluble salts, and they are wet all the year 
round, although in some places there also exist 
playas, that are filled with saline for only a part 
of the year and dry out later. However, some 
few plants exist in this region, the most

im portant ones are the tamarisk tree, the sea 
Elite, and the Bear's-Grape. Most of the swamp 
region, especially the spring areas, has a thick 
cover of landscape and vegetation.

S ettlem ent: The settlem ent in Arava Valley
region is limited and restricted, there are some 
villages, Kibbutzim and a few num ber of 
Moshavim.
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1.6- Climatic Regions of the 
N egev

The Negev differs vastly in climate from 
both center and North parts of the country. It is 
divided into three climatic regions, and they are 
being as follows (Figure 1-7):
1- The Coastal Strip
2- The Central Negev Highlands
3- The Eilat Region

1 .6 .1 -  C lim ate  o f  th e  C oasta l S trip : The
climate in this region can be categorized at best 
as semiarid, beginning at Gaza Strip to the Egypt 
borders and 25-30 km. (16-19 miles) wide inside 
the Negev along the sea shore. Generally, this 
region has the characteristics of mild winters 
and  warm summers. The relative hum idity 
values are highest on the shore and decrease 
inland, with averages of 65-70% because of the 
Mediterranean influence on the region. In Nir 
Yitzhak has the highest mean relative humidity, 
and many other places, hum idity is highest 
toward evening, but on the sea shore there are 
sm aller d iu rn a l oscillations. In bu ilt-up  
environm ents relative hum idity  is greatest, 
where it adds to the discomfort during the hot 
summer seasons. The total yearly evaporation 
is relatively low, about 2,100 mm. (84 in.), 
measured with the Piche evaporimeter.
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Fig. 1-7, climatic regions of the Negev Desert

The inner part of this region has a wider 
annual range of tem peratures than the parts 
located  on the shore strip , a lthough  the 
difference between the highest tem peratures in 
the hottest months (August averages 26° C. "79°



F ") and lower tem peratures in the coolest 
months (January averages 13° C. " 55° F ") of the 
year is 19° C (66° F). Winter frost is extremely 
rare in the Coastal Plain, the hot Khamsin 
"Sharav" is less frequent here than in other parts 
of the Negev. The built-up areas suffer from hot 
summer tem peratures (heat), as the houses 
prohibit the refreshing breeze, and their white 
colored walls reflect the suns heat onto the 
streets.

The mean annual rainfall in this region 
varies from 400 mm. (16 in.) North of Gaza Strip 
and decreases to 100 mm. (4 in.) towards 
Egyptian borders at Sinai. The average number 
of rainy days in Gaza Strip count 45 days per 
year, and decreases at the Egyptian border to 33 
days. Summer winds in this region blow from 
the Southwest to the Northwest, in winter wind 
directions are irregular, strong Easterly or 
Southeasterly winds carry  with them great 
amounts of dust.

1 .6 .2 -  T h e  C lim a te  o f  C e n tr a l N e g e v  
H ig h la n d s: The climate in this region can be 
categorized as a desert proper, with, cool winters 
and warm sum m ers. Metzpeh Ramon and 
Avdat are representative of this region, those 
hills exceed 1,000 m. (3,300 ft.) above sea level. 
However, this region can be described as arid 
zone, in general; it is hot and dry, but not too 
dry. In fact, this climatic region is characterized 
by its transition between the climate of Coastal 
Plain on one hand, and desert climate on the

other. Its winters, cold and wet, are tem pered 
by the desert and so are less wet than  the 
Coastal Plain climate.

The total annual evaporation and index 
of dryness are much lower than  for the hot 
deserts but still higher than those of Coastal 
Plain. The total yearly evaporation reaches at 
least 2,700 mm. Average mean temperatures are 
approximately 19° G (66° F) on the hills. The 
foothills, are much warmer than the hills by 1° C 
(1.8° F), th e re fo re , the  average an n u a l 
tem peratures are 20° C (68° F). The highest 
average is in August 32.3° C (91° F), and the 
lowest is in January 5° C (41° F). The annual 
average relative humidity is 51%; it is highest on 
the Coastal Plains border, it is 56% and decreases 
toward the border of Eilat climatic region to 
46%. Rainfall increases from 40 mm. (1.6 in.) 
on the extreme South border to 150 mm. (6 in.) 
in the Northern border of this region, i. e., the 
annual average of rainfall is approximately 100 
mm. (4 in.), and the average num ber of rainy 
days decreases from 30 days on the North side to 
15 days near Eilat region.

Wind system changes daily from Easterly 
winds in the morning to Westerly winds in the 
afternoon. A maximum wind intensity occurs in 
the afternoon. Sand storm s in w inter are 
frequent as the winds blow from South and 
Southeast through the accumulated sand dunes, 
these storms occur on the average of 30 days per 
year.



From poin t of view of planning, the 
environmental and ecological problems -air, soil, 
water pollution- are the most critical problems 
facing this region, unless special rules and 
regulations are established for this region.

1 .6 .3 -  E ilat C lim ate  R egion: The climate of 
Eilat region is categorized as extreme arid type: 
it is generally hot and dry. Eilat climatic region 
is situated in the desert proper and it faces its 
gulf on the South and turns its back Northward 
to a long strip  on flat land called the Arava 
Valley that extends from the Dead Sea to the 
gulf of Eilat on the Red Sea.

The average m ean te m p e ra tu re  in 
January, the coldest month is about 16° C (61° 
F), and the hottest month is August, having 
average tem peratures of about 33° C (92° F). 
There is a no single month th a t has a mean 
temperature below 15° C (59° F), and the mean 
tem perature does not drop below 5° C (41° F), 
fu rtherm ore, there is no danger of frost. 
Therefore, the climate can be described, at best, 
as a hot desert, with mild winters and very hot 
summers. Temperatures in summer are around 
36° to 42° C (97°-108° F), but sometimes as high 
as 48° C (118° F). These long hot summers affect 
the life-style of the inhabitants. Therefore, 
P/ETP* indices range from 0.390 near Gaza in 
the Northwestern Negev to 0.009 near Eilat in the 
extreme South. Therefore, aridity, ranges from 
semiarid in the Northwest to hyper-arid in the 
South and East, as defined by UNESCO (1979).

P/EPT, is the value of bioclimatic aridity, in 
w hich P is the  m ean value of an n u a l 
p rec ip ita tio n , and ETP the m ean annua l 
evapotranspiration.

The m ean daily relative hum idity  is 
between -17 to 40%, and it is very low as 
compared to the other two climatic regions in 
the Negev. The intensive evaporation above the 
sea, about the most intensive in the world, does 
not affect the shore at all. However, it has 
extremely high total evaporation and index of 
dryness, the annual evaporation reaches- almost 
3,200 mm.

Rain in Eilat climatic region is very rare, 
the mean annual precipitation decreases from 
about 50 mm. (2 in) in the Northern side of the 
Arava Valley to about 25 mm. (1 in.) in the 
extreme South near Eilat city, on one h and .. The 
num ber of rainy days, like the precipitation 
totals decreases toward South and East, on the 
other hand. There are only 8 days in Arava 
Valley and 5 days per year or less in Eilat. When 
the rains do occur or fall, they may be 
unusually heavy and cause flooding. Clouds do 
occur between December and May.

Because of the tem perature differences 
between high Negev Plateau in the North and the 
Gulf of Eilat in the South, winds are formed and 
blow  from  N orth  and  N o rth ea s t and  
characterized by their hot temperatures. These 
hot and dry winds blow at an average velocity of 
12 to 38 km. (7.5-24 miles) per hour. Maximum 
velocity of 60 km/h, 38 miles/h, is uncommon.



The Northern winds carry with them dust and 
sand. Southern winds blow in w inter and 
spring, and they cause a rise in hum idity and 
make the environm ent more pleasant which 
cause comfort to the inhabitants. On the other 
side, the Northerly winds with their extreme 
dryness cause much discomfort.

1.7- Climatic Modifiers Affecting 
The Life In Negev Desert

Three climatical phenomena affect the life 
of the Negev, and they are categorized as follows:
1- Khamsin (Sharav) Winds
2- Dew
3- Sand and Dust Storms

1 .7 .1 -  K h am sin  W inds: The Khamsin is an
Easterly warm, hot, and dry wind, goes by the 
common name Sirocco, and called in Egypt 
kham sin, in Iran Simoom, in Israel e ither 
Khamsin or Sharav. Usually, it blows in Israel in 
the sum m er from an East and  Southeast 
direction after it has passed over the Sinai desert 
peninsula. This wind is so dry that blows when 
the relative humidity falls to as low as than 
10%. The Khamsin (Sharav) type of wind 
normally remains for about one to three days, 
both at the beginning and end of the summer 
season. They occur in the Negev Region only 30 
to 40 days and they are called the Khamsin 
days. Temperatures are extremely high and 
they may reach 42° C. (108° F) and more,

tem peratures of 48° C (119° F) have been 
recorded in Arava Valley. It can be concluded 
that these dry and warm days cause difficulties 
and discomfort to people, crops, and animals. 
Finally, these extreme hot winds dem onstrate a 
special challenge for all living things in the 
desert.

1 .7 .2 -  D ew : The other factor that affects life 
in  the Negev desert is the ra th e r strange 
occurrence of a very heavy dew, and the number 
of nights for such a phenom ena is about 185 
nights a year. The mean amount of dew reaches 
its maximum during spring and summer in the 
Negev; the amount of this type of precipitation 
can exceed the total amount of annual rainfall, 
specially, in the Eilat climatic region. It affects 
vegetation cover and settlem ents for people, 
because it causes comfort for inhabitants living 
in the Negev desert, since it is the only source of 
water during both  the sum m er and spring 
seasons. Generally, the average annual am ount 
of dew in Negev desert is 30 mm. (1.4 in), 
totaling 200 dew nights.
Dew is one of the least known clim atic 
phenom ena in the  Negev, th e re  is still 
insufficient data for accurate mapping of dew. 
Nevertheless, the closer the area toward the sea, 
the larger the m ean am ount of the dewfall. 
These information that were gathered (Figure 1- 
8) shows a large number of dew nights in Negev. 
It was found that the greater am ount of dew 
near the soil and on the soil than at a height of



1 meter (3 ft.) above the ground; and it was 
observed that the greatest amount of dew was in 
September, October, and November, the smallest 
in April and May. This kind of invisible water 
vapor is often heavy enough to drench the land, 
and moderate the built-up environment.

Fig. 1-8, mean monthly amounts of dew (mm), 
measured in Avdat Central Highlands). 

Source: The Negev, the challenge of a Desert

1 .7 .3 -  San d  a n d  D u st Storm s: Sand dunes 
(Figure 1-9) cover large areas in the Negev, and 
some areas of the Sinai peninsula in its Northern 
half. Sand and dust storms occur mainly in the 
late winter and beginning of the spring seasons. 
Dust hazards are a daytime phenomena, pass 
quickly, and rise up to 200-350 meters (600-700 
ft) above the ground surface. Large dust storms, 
the black winds of the desert, rarely occur but 
are known to sweep across the unproductive 
landscapes in certain areas in the Negev as often

as 10-12 times each year. As a result of this 
phenomena, visibility is sometimes reduced to a 
distance less than 400 meters (0.25 mile). Such 
storms that include small sizes of sand carry 
several million tons of dust over the Negev, and 
are a potential hazard to the crops and people 
living in this area.

Fig. 1-9, Synoptic map, shows the Dust 
Storms over Egypt, Sinai and Israel. 

S o u rce : The Land of the Negev



1.8- Climatic Elements of the Negev
The goal of this section is to understand 

the nature of the factors which affect climate 
conditions over the earth.

Clim ate is the  m ajor fac to r w hich 
influences the evolution of an architectural 
style, the particu lar climatic problem s that 
caused the people of the hot, arid zone to find 
solutions th rough  the arch itecture of the ir 
settlements are as follows:
A- Air T em peratu re 
B- H um idity  
C- Wind P atte rn  
D- Solar R adiation

These major four climatic elements create 
common design principles all over the hot and 
arid zones in the world in order to find solutions 
for human comfort and building design. Each of 
the climatic elements should be analyzed and 
studied early in the design process. In this 
section I will provide the necessary data of the 
four climatic elem ents in the three climatic 
regions in the Negev. The main goal of this 
climatic data is to suggest design strategies tha t 
give the designer a valuable, and  a clear 
approach to energy conscious design.

1 .8 .1 -  A ir T e m p e ra tu r e :
The rate of cooling and heating of the 

earth's surface is the main factor determining 
the mean tem perature values of the air above it, 
and all o ther climatic factors affecting air 
tem perature like insulation, pressure, winds,

re la tiv e  h u m id ity , so la r  ra d ia tio n  and  
evaporation. During winter seasons the surface 
of earth, at night, is cooler than the air. Thus, 
the  an n u a l and d iu rn a l p a tte rn s  of air 
tem perature depend on the variation in surface 
temperature. Furthermore, a change in altitude 
also alters the air tem perature, when a mass of 
air rises up, as an example, when it is pushed up 
to a mountain, it moves from a higher to lower 
pressure region and so expands and then cooled. 
Conversely, when air mass drops down then it is 
compressed and heated. Therefore, the rate of 
the temperature change is about 1° C (1.8° F) per 
100 meters (330 ft.).

According to the m entioned previously, 
the concept of air tem perature describes the 
degree of heat co n ta in ed  in  a body or 
substances, but a clear defin ition could be 
described of the operations perform ed in its 
measurement. Because of the heat transfers 
from ho tte r to colder bodies or substance, 
therefore, can be measured by a therm om eter 
intim ate contact with the body or substance. 
The maximum temperature of the air in a given 
period is recorded by means of maximum 
thermometer, on one hand. On the other hand, 
the minimum tem perature of air in a given 
period  of tim e is reco rded  by m eans of 
minimum therm om eter. Many complications 
are in te rru p ted  when one needs to make 
co m p ariso n s  of d iffe re n t re co rd ed  a ir  
tem peratures, because some o ther clim atic 
elements influence accurate records.



A study of temperature data demonstrates 
that the highest values of the mean temperature 
are in July and August and the lowest in 
January. (Table 1-1) shows the monthly mean 
maximum and minimum air temperatures, and 
the highest and the lowest temperatures for the 
three climatic regions in the Negev. The average 
tem perature in January, the coldest m oth is 
about 12° C (54° F) in the North Western Negev 
and nearly 16° C (61° F) in Eilat. The hottest 
moth is August, having average temperatures of 
about 27° C (81° F) in the Northwest and 33° G 
(92° F) in the extreme South Eilat. . Maximum 
daily tem peratures in summer are regularly 
above 40° C (104° F) in the Arava Rift Valley. 
Therefore, P/ETP indices range from 0.39 at a 
poin t near Gaza Strip in the Coastal Strip 
climatic region to 0.009 at a point near Eilat 
city that located in Eilat climatic region.

The maximum tem peratu re  averages 
between 29° to 33° C (84°-91° F) in the Coastal 
region, and over the Negev Highlands it averages 
between 32° to 36° C (90°-97° F), and from 38° to 
42° C (100°-108° F) in the Eilat region. The 
maximum temperatures range from 9° C to 14° C 
(48°-57° F) in the Coastal region, and 14° C to 19° 
C (57°-66° F) in the Highlands region, and they 
range from 22° C to 29° C (72°-84° F) in the 
Southern part of Eilat region. It is important to 
em phasize th a t the Dead Sea impose local 
v a r ia tio n s  on th e  te m p e ra tu re  of the  
surroundings .

Differences between day  and  n ig h t 
tem perature are typically large for an arid  
desert region, being about 14° C (57° F) on a 
yearly average. During the Khamsin w eather 
conditions in spring and autumn, hot and dry 
winds from the Sinai Peninsula desert may raise 
the temperature up to 40° C (194° F) or more.

The m onthly average tem perature, the 
average daily maximum for August and the 
minimum for January are presented in (Table 1- 
1). Day to day temperature variations are small 
in summer (June through September) and large 
during the rest of the year.

(Table 1-1), shows the m onthly  m ean 
maximum and minimum tem peratures for each 
of the three proposed climatic region in the 
Negev. The tem peratures in the whole area of 
the Negev are hardly more difficult to endure 
than those in the Northern half of the country. 
Man has the capability of living and working in 
hot temperatures, but under these conditions it 
is essential that his body temperatures and fluid 
balance are maintained. Furthermore, the total 
of external heat does not depend only on air 
tem perature, but also on relative hum idity as 
well. Therefore, in order to achieve hum an 
comfort requirem ents within buildings interior 
in the. Negev desert, Discomfort Index (D.I) 
should be ranged between 22 and 24 units, so, 
w ithin this range people could feel a m ild 
sensation of heat. Noticing, that this form ula 
was suggested by Thom of the National Weather 
Bureau of the United States, and this formula



was modified by the investigators of the Heller 
Institute at Tel Hashomer, as follows :

Discomfort Index (units) =
dry bulb temp. + wet bulb temp. ......... ...[1]

2
Where, dry  bulb tem p era tu re  is air 

temperature, and,
wet bulb tem pera tu re  is the relative 

humidity.
(For m ore in fo rm a tio n  ab o u t the  

Discomfort Index see Chapter Two)
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1 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

tie

s
■H
5

:

Monthly 
mean Max. 18.4 18.4 20.3 24.7 28.6 30.7 32.2 33.1 30.9 28.7 24.4 20.1

Monthly 
mean Min. 7.4 7.0 8.9 n .i 14.9 17.1 18.9 18.3 17.9 14.9 12.5 8.8

Monthly 
mean Range 11.0 11.4 12.4 13.6 13.7 14.6 13.3 14.8 13.0 13.8 11.9 11.3

2 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct Nov. Dec.

i

13

!

Monthly 
mean Max. 18.5 19.1 23.6 28.1 32.3 33.9 34.7 34.8 33.6 31.6 26.5 20.7

Monthly 
mean Min. 5.4 6.1 7.4 8.7 13.1 15.8 17.6 17.8 16.5 14.2 10.9 7.4

Monthly 
mean Range 13.1 13.0 16.2 19.4 19.2 18.1 17.1 17.0 17.1 17.5 15.6 14.3

3 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

tie
%
a
tt

3

Monthly 
mean Max. 21.1 22.0 25.1 30.3 36.1 37.6 40.3 41.6 37.5 32.3 29.0 23.2

Monthly 
mean Min. 9.7 9.8 11.2 16.9 16.9 22.0 24.2 24.9 23.8 19.6 15.7 16.2

Monthly 
mean Range 11.4 12.2 13.9 13.4 19.2 15.6 16.1 16.7 13.7 12.7 13.3 7.0

Table 1-1, monthly mean maximum and minimum 
temperatures (°C).



1 .8 .2 -  H u m id ity : The hum idity of the air
does not only affect the heat load operating on 
the body and creating thermal comfort directly, 
but it also determines the evaporative capacity 
of the air and hence the cooling efficiency of 
sweating. In extremely hot conditions, the level 
of humidity determines the limits of endurance 
time by restricting the total evaporation. The 
humidity occurs when water vapor enters the air 
from the surfaces of oceans by evaporation 
process, then this carried vapor is distributed 
over the surface of the earth. The moisture 
content of the atmosphere can be expressed in 
several terms, such as the absolute humidity, 
specific humidity, vapor pressure and relative 
humidity (R.H).

In a hot, dry climate, such as in the Negev 
with all its climatic regions, a low hum idity 
causes unpleasant environment and discomfort 
to inhabitants because of excessive dryness of 
the body, specially of respiration phenomena, it 
also weakens the filtering action of the upper 
respiratory tract with respect to micro flora and 
dust .

According to T. A. Markus, variations in 
atmospheric humidity with time or space affect 
the design of buildings in three ways:

1- Humidity in warm conditions, affect 
people's thermal response, both physically and 
psychologically .

2- The humidity of the atmosphere affects 
the probability of condensation occurring on the 
surface of or within the building fabric.

3- The m oistu re co n ten t of porous 
m aterials affects th e ir  therm al insu lation  
properties.

The maximum relative hum idity occurs 
just after sunset, and decreases towards the 
ground whilst early morning and the minima 
m easured at noon. As a result of this, the 
planting of vegetation and plants around the 
building will insure a m ore con trast local 
humidity, as well, the open areas of water bodies 
will increase the humidity too.

Averages of m onth ly  m axim um  and 
minimum relative hum idity are presented in 
(Table 1-2) for the three d ifferent climatic 
regions in the Negev. It is concluded from this 
table that the relative humidity decreases in the 
Negev as one proceeds in land  from  the 
Mediterranean. Thus, on Gaza Strip border, in 
the Coastal climatic region, the annual average 
is 58%, but at Mitzpe Ramon, in the Central 
Negev Highlands climatic region is only 48%, 
however, the lowest hum idity  values of the 
Negev are measured in the Eilat climatic region 
with annual mean of 40%.

It was observed tha t at 2:00 P.M. the 
relative hum idity  was minimum in May and 
June, with maximum values in December and 
January. While at 5:00 P.M. maxima occur in 
the late summer season for the three climatic 
regions in the Negev.

In summer, the d istribution  of relative 
hum idity in the Negev is characterized by low 
values than winter for most of day hours. On



the other hand, there are almost no differences 
of relative humidity values in both summer and 
winter seasons. In both, Coastal Plain and 
central Negev clim atic regions, the  mean 
humidity vales are larger at 10:00 P.M. than of 
8:00 A.M., but this is not true for Eilat climatic 
region, because of the  effect of the sea. 
Therefore, it should be noted that the farther 
the area from the Mediterranean the lower the 
relative humidity is.

Concerning evaporation, it is not a basic 
m eteorological variab le  as o th er climatic 
elements. The values of annual evaporation 
are based on m easurem ents from a class A 
evaporation Pan, show the annual average 
values. However, these values vary from 2,100 
mm. near Beer-Sheba in the Coastal Plain 
climatic region to 2,700 mm. in the Central 
Negev and reach extremely high values up to 
3,200 mm.. This indicates an index of dryness. 
The general pattern  of evaporation is similar, 
but, the absolute values of evaporation in 
summer are about three times larger than in 
winter. -

There are two im portant characteristics 
affecting the mean values of evaporation; the 
first one is the distance from the Mediterranean, 
the farther the area from the sea the larger value 
is. The second is dependent on the physical 
features of a certain  region, the lowest the 
altitude, the higher the values are. Finally, the 
hum id areas m ight reduce the am ount of 
irrigation water for planting. In most cases,

hum idity is taken in consideration to irrigate 
agricultural crops and plants, things tha t will 
p rov ide nice views, shade, and  pleasant 
environment for people.



1 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
C
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At 5:00 A.M. 
monthly aver . 90 84 80 76 73 73 76 79 85 79 90, 88

At 2:00 P.M. 64 53 49 43 45 45 48 48 58 51 60 60

At 5: P.M. 93 86 81 80 78 81 82 82 87 79 91 89

Monthly 
mean aver. 82 74 70 67 66 66 69 69 77 69 80 79

2 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct Nov, Dec.
5
9tH

M
t i
'a

n

At 5:00 A.M. 78 75 69 59 50 ' 55 56 62 62 59 66 75

At 2:00 P.M. 60 52 44 38 33 34 39 41 43 41 45 55

At 5: 00 P.M. 78 76 71 65 56 61 58 65 65 67 68 74
Monthly 
mean aver. 72 68 61 54 46 50 51 56 57 56 59 68

3 Jan. Feb. MAr. Apr. May Jun. Jul. Aug. Sep. Oct Nov. Dec.

E
ila

t R
eg

io
n

At 5:00 A.M. 51 49 44 40 36 29 28 33 38 45 51 58

At 2:00 P.M. 45 45 37 23 26 23 20 23 30 32 33 42

At 5:00 P.M. 51 50 45 42 37 32 30 34 38 46 54 60

Monthly 
mean aver. 49 48 42 35 33 28 26 30 36 41 46 50

Table 1-2, maximum and minimum relative humidity of the Negev climatic regions.



1 .8 .3 -  W ind  P attern : The wind pattern  of 
any given area or place is determ ined by the 
prevailing pressure systems and their interaction 
with physical features of an area and effects of 
land-sea distribution. Because of this, Israel is 
influenced generally  by th ree  m ain wind 
regimes: the summer N ortheast winds; the 
Southwest to West winds; and the shallow 
depressions developing over the Northern parts 
of the Red Sea in transitions.

Wind force and d irec tion  affect the 
thermal regime of a building into two ways; first, 
it determines the external surface resistance, a 
th ing  which effects type of struc tu re  and 
construction methods. Second, it affects the 
value of air changes that infiltrate inside the 
building throughout the openings, thing which 
affects the total heat balance. Furthermore, air 
velocity has the effect on human body, because 
it determines the convective heat exchange of 
the  body and air, and also it affects the 
ev ap o ra tiv e  capac ity  of th e  a ir , a n d  
consequently the cooling efficiency of sweating.

Summer breezes occur frequently in the 
Negev except for the extreme South in Eilat. This 
is because of high differences between sea and 
land temperatures. Sea breezes that blow from 
the Dead Sea to the surrounding land have a 
higher velocity in both Northern and central 
parts of the Negev than in the Southern part as 
a result of differences in the environment. On 
the other hand, land breezes (night winds) are 
very light and variable. Summer nights near the

Dead Sea are mostly unpleasant phenom ena 
that causes difficulties in sleeping.

(Figure 1-10), shows the direction of wind 
for three major climatic regions in the Negev. In 
Eilat, winds are the most im portant single factor 
that determines the climate, their intensity is 
considerable. The winds in Eilat are formed 
because of the difference in tem peratures 
between the high Negev plateau in the North 
and the Gulf of Eilat in the extreme South of the 
Negev. These winds go down along the Arava 
Valley with their high tem peratures. During 
summer, the prevailing winds are North to 
South, and often carry w ith them dust and 
sand. While during winter, the winds are almost 
constant and they are North or Northeasterly 
with mean annual average velocity of 6 knots in 
the Eilat climatic region.

The wind system  changes in Central 
Negev. The prevailing winds blowing from West 
and Southwest to East are more frequent in 
summer, while, during the winter the prevailing 
winds blowing from West and Southwest towards 
East direction. A maximum wind in tensity  
occurs in the afternoon. In winter, sand storms 
are frequent as the winds blow mainly from 
South, and these storms occur on the average of 
26 days per year. The average annual velocity is 
about 7 knots and getting stronger toward the 
Northern part of this region and they are 8-9 
knots.

The least windy area is the Northern Negev 
(3 m /s or less). In Coastal Plain climatic area,



winds in summer blow from the Southwest or 
West during the morning, turn to Northwest in 
the afternoon, and to the Southeast during the 
night. In winter, wind direction are irregular. 
Strong Easterly winds carry great amounts of 
dust. The annual average velocity in this region 
is about 5 knots.

During the months of October to May, the 
whole region is influenced by migrating cyclones 
(tropical storms) and anticyclones causing a 
highly variable wind regime in most parts of the 
region. During the summ er months, a semi 
perm anent low pressure extends to the North 
Eastern M editerranean from Parisian Gulf, 
causing a general North-westerly flow over the 
region modified by the sea breezes. (Table 1-3) 
represents the monthly average velocity in the 
center of each climatic regions at 2:00 P.M. and 
at 2:00 A.M. It also provides the yearly average 
velocity in each region.
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Fig. 1-10 directions of wind for the three climatic regions in Negev 
Source: Atlas of the Negev



Hour Dec-Mar Apr-May Jun-Sep Oct-Nov
a
'8 2:00 AM 5.8 4.0 1.2 3.0

2:00PM 9.2 11.0 11.0 8.0

i Daily 6.8 6.5 5.2 5.0

J 2:00AM 8.0 7.0 1.2 7.0
M

i 2:00 PM 10.2 8.5 10.8 9.0

5 Daily 8.5 9.0 9.5 8.0
ao 2:00 AM 4.8 5.5 4.2 4.5
$

2:00 PM 7.5 9.0 10.8 8.0
8
a Daily 6.5 7.5- 7.5 6.5

Table 1-3, monthly average velocity in the center of each 
climatic region(in Knots).

1 .8 .4 -  S o lar  R ad ia tion : Solar radiation is an 
electromagnetic radiation sent out and em itted 
from the sun, and then it is absorbed in the 
atm osphere according to wavelength. The 
amount of solar radiation that penetrates the 
earth's atmosphere is decreased by absorption, 
reflection  and scatte ring . The po ten tia l 
in tensity  of the rad ia tion  depends on the 
thickness of air, through which the radiation 
rays must penetrate. Therefore, some fraction of 
solar radiation is reflected back by the clouds, 
and the remained fractions reach the earth's 
surface in a direct form. The condition of sun

and cloudiness vary according to geographical 
latitude, so it is maximum in the tropics and 
minimum at both south and north poles.

Solar rad iation  has both therm al and 
biological effects on human body. Biologically, 
the body is affected by the Ultra-Violet (U.V) 
while the thermal effect is due to the visible and 
Infrared Rays (I.R). Solar radiation influences 
the indoor climate by direct heat penetrating 
through the windows, and indirectly by heating 
the external surfaces of the building, because 
heat penetrates and flow through the external 
surface of the building and helps to modify the 
indoor air tem pera tu re . T herefore, solar 
radiation and sun are welcomed and desirable 
in winter seasons, and are undesirable inside the 
build ing in sum m ers. Hence, it is very  
im portant from the architectural point of view 
that designers should be aware of the solar 
radiation intensities for each specific location. 
According to the author, in design procedures, 
a rc h ite c ts  sh o u ld  tak e  th e  fo llo w in g  
consideration while p lanning  any specific 
building; the choice of orientation, external 
color, and shading of openings and other glazed 
areas. Thus, solar radiation is an im portant 
climatic factor because it has a direct effect on 
humans activities.

Israel as a complete region has a relatively 
high am ount of solar radiation specially the 
Southern part of the country "Negev", which 
varies between 189 cal/cm ^/year in the northern 
part of the Negev to 201 cal/cm ^/year and more



in Eilat. Israel's maximum insolation is on the 
day of the summer solstice (June 21), when the 
tropic of cancer has vertical sunlight. The 
minimum occurs in December 22, the winter 
solstice.

The total solar radiation on the horizontal 
surface is called global (total) solar radiation. It 
is comprised of two factors: 1-direct radiation, 
and 2-unconcentrated solar rad ia tion . The 
m easurem ent of these two factors is difficult 
than the global solar radiation. In Israel and 
other countries all solar radiation measurements 
are of global (total). In (Figure 1-11), presents 
direct solar radiation on June and December, 
and shows that the highest values are in the 
N orthern p art of the Negev and gradually  
decrease toward South by am ount of 25% in 
winter and 18% in summer.

Soil, contrary to water, is not penetrated 
by sun rays. They heat only the superficial 
layer, maxima and minima are re to rted  the 
deeper one proceeds inwards. At a depth of 25 
cm. (10 in.) the daily maximum is reached at 
midnight and the minimum at noon. At depth 
of 50 cm. (20 in.), the daily am plitude is only 
te n th  of degree, while the maximum and 
minimum hours are at noon and midnight too. 
Therefore, soil tem perature measurements in 
different regions in the Negev show that the 
highest annual mean tem perature exists in the 
C oastal P lain clim atic region , near the 
Mediterranean, and further in Central Negev and 
Eilat regions, mean tem peratures decrease.

Mountain soil has the greatest amplitude, being 
heated by sun insolation up to temperatures 
never reached other place at noon, and night 
cooling is so rapid, that the final mean is much 
lower than that of the Coastal Plain. Not only 
men and animals experience a! large daily and 
annual tem perature am plitude in these areas, 
but also plant and tree roots in the ground.
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1.9- Seasonal Variation in the 
N egev

The change from coldness to hotness in 
the Negey desert takes place very rapidly, 
usually in less than one month and because of 
this, people live in the Negev think of the year's 
weather in terms of only two seasons, the hot 
season and the cold season. In spite of this, the 
year in the Negev can be subdivided into four 
seasons, from the synoptic point of view, as 
follows:
1- W inter: from mid November to the

end of March
2- Spring: from April to May
3- Summer: from June to September
4- A utum n : from October to mid

November

1 .9 .1 -  W in te r -  (m id  N o v e m b e r -M a r c h ):  
In w inter season the climate in the Negev is 
generally  m ild and cool, w ith an average 
tem peratures of 18° C (65° F) in North and 
Northwest. In South and South East the daily 
mean tem perature is between 18°-20° C (65° -68° 
F). In (Figure 1-12) (Israel's rainfall map), shows 
that the annual average rainfall in the Negev 
region lies between 25 mm. (1 in.) and 200 mm. 
(8 in.). Also it indicates that in the Central 
Negev, isohyet run from Southwest to Northeast. 
Eilat, with about 25 mm. (1 in.) is the driest 
spot in the Negev, in the Central Negev, has over 
100 mm. (4 in.) because of its height, while in

the Coastal Plain, isohyets run  on the whole 
from  West to Hast bu t tu rn  N orth when 
approaching leeside of its Northern borders at 
Judean Hills which descent to the Dead Sea and 
the Jordan Rift.

The decrease of annual precipitation from 
North to South of the Negev is related to the 
distance of the regions from the center of the 
winter depression of the Eastern Mediterranean, 
the m ore rem oved the region  from  the  
depression's center, the smaller the am ount of 
rain it receives. The Negev is relatively far from 
the center of depression and receives much less 
rain than the North regions in Israel. However, 
there are rare occurrences of the depression 
South Cyprus. On these occasions the Negev is 
nearer to the center of depression and peaks 
rainfalls have been recorded in Sinai and the 
Negev.

Rainfall occurs in the Negev in winter but 
its o ccu rren ce  is scan ty , ir re g u la r  and  
unpredictable, because the occurrence of rainfall 
is related to depressions of barometric pressures 
that occur during the winter season over the 
M editerranean centered in the Cyprus area. 
Some phenomena occur in winter season; sand 
storms are frequent as the winds blow mainly 
from the South and Southwest through the 
deposits of sand dunes, these storms occur on 
the average of 26 days yearly . Khamsin 
(Sharav) winds, most of this kind of winds 
appear in the beginning and at the end of the 
w inter cyclone circulation, i.e., September-



October, the Sharav causes temperatures to soar 
by 10° C (18° F) and more, and relative 
hum idity to drop by as much as 10-20%. 
Therefore, Sharav winds are very dry, and they 
blow from the East and Southeast direction, 
passing over the Arabian or Sinai peninsula.

Negev's ra iny  season is very short. 
Between November and February almost 70% of 
the annual rainfall occurs. The number of rain 
days per season increases from South to North, 
and decreases from West to East, the Coastal 
Plain registers 30-40 rain days per year, while in 
the Central Negev 15-25 days, and in Eilat 
between 5-8 days per year. On the other hand, 
temperatures drop suddenly in November, and 
the coldest month of the year comes in January 
or February. At the end of winter, temperatures 
begin to rise again, but noticing th a t the 
tem peratures in April and May is norm ally 
slower than the November cooling.

In midwinter the Polar stretches from West 
to East above the M editerranean Sea; the air 
masses from the Polar regions meet and converge 
with tropical air that generate a num ber of 
cyclone cells. In addition, cyclones moving over 
the Atlantic Ocean from America to Western and 
Northwestern Europe during most of the year are 
deflected South in winter, since the powerful 
anticyclone hovering over the cold pole of 
Siberia, and inner Asia bars their way Northeast. 
The Mediterranean Sea, therefore, is the only 
open track for cyclones between the inner Asia 
high pressure center in the N ortheast and

subtropical high pressure belt that is over the 
Sahara in the Southwest and South.

Fig. 1-12, rainfall map of Israel, the contours are Isohyets, 
or lines of equal mean annual precipitation (mm). 

Source: Atlas of Israel.



1 .9 .2 -  S p r in g - (A p r il-M a y ):  The spring
months, April to May, are essentially transition 
period to the summer. The main features are 
the prevailing wind to Northwest in the Coastal 
Plains and Hilly districts with exception of the 
Coastal middle parts where Southwesterly winds 
prevail. Northerly winds prevail over the 
middle and Southern parts of the inland (Rift) 
district, but are mostly from South and West 
over its Northern part. Generally, the main 
synoptic situations cause these winds in Israel, 
and particularly, in the Negev are; a) Khamsin 
"Sharav" resulting from a barometric low over 
Libya or Egypt, which attracts winds that blow 
over Israel from the East, b) a low barometric 
reaching the country from the direction of the 
Red Sea, bringing with it unseasonly warm air. 
These Khamsin depressions are warm, dry, and 
cause sand dunes.

Some hot, Southeasterly currents blowing 
from Arabia desert turn Northeast direction over 
the Negev and cause m oderate to severe heat 
waves. Generally, the air is hot and dry blowing 
from N orthern  coastline of Africa passing 
through Egypt and cause to warm and rise air 
tem peratures, but while reaching the Negev 
starts to cool and causes temperature drops and 
rise air humidity. The Khamsin depressions are 
smaller in area than those of winter, and may be 
associated with more high and medium clouds, 
which cause some rain showers by tem perature 
drops.

In spring, the subtropical discontinuity is 
located North of its winter position, and comes 
within the field of interaction of the Khamsin 
dep ressio n s. A fter th is  fo rm ation , the 
subtropical discontinuity moves to the North 
direction so that very hot tropical continental 
air forms the warm sector of the depressions. 
Severe heat waves are experienced in the region 
affected by these hot winds. In spring, dew is 
formed in the Negev that influences the water of 
the soil and certain  animal and vegetation. 
Dew data m easured w ith a Duvdevani dew 
gauge are available for the Negev region. The 
smallest am ount is found in Arava and Eilat 
climatic region -about 1 mm. or less, the region 
of Coastal Plain is characterized by maximum 
amounts of dew.

1 . 9 . 3 -  S u m m e r -  (J u n e - S e p t e m b e r ) : 
Generally, in summer season the climate is hot 
and dry, with daily tem perature range, as it to 
be expected, it is smallest in the Coastal Plain, 
where the Sea's proximity exerts a m itigating 
influence, and the largest in the central and 
S outhern  Negev a t Eilat, w hich have a 
pronouncedly continental climate regime.

The summers in the Negev are long, hot 
that affect the life-style of the inhabitants, both 
indigent and transient. Peak activity hours are 
concentrated in the  m ornings, and in  late 
afternoons sea bathing is a daily habit. August, 
is normally Israel's warmest month with average 
amounts between 26°-28° C (790-83° F) in Coastal



Plain, and between 28°-34 °C (82°-92° F) in 
Jordan Valley, while in Eilat between 32°-360 C 
(90o-97° F). In summer peak temperatures hover 
40° C (104° F), the highest values ever measured 
were those of Tirat Zevi in June 1941, where 
temperature indicated 54° C (129° F), and they 
are most frequent of Khamsin "Sharav" hot and 
dry winds. Generally, tem peratures are high 
and may reach 48° C (118° F) in Eilat climatic 
region. These dry  and  hot days im pose 
difficulties on people, because relative humidity 
falls down below the mean average.

Sea breezes in sum m ers' days are 
incomparably stronger and more persistent than 
that blowing from the land at night. This is 
caused by barom etric low which develops in 
summer over the Parisian Gulf. The climate of 
Coastal Plain and central Negev are directly 
affected by the cold M editerranean waters, 
therefore, it is warm during daytime and cool at 
night.

1 . 9 . 4 -  A u t u m n -  (O cto b er-m id . 
N o v e m b e r ):  The autum n climate is very
similar to th a t in spring, it is essentially a 
transition period to the winter, and if one 
compares the evaporation during the spring 
season to th a t of autum n in the Negev for 
almost all its three climatic regions, one finds 
that the totals are quite the same. However, 
dew formed in autum n may reach its highest 
am o u n t du ring  Septem ber, October, and 
November.

Khamsin depressions begin to move across 
the Negev during late October and beginning of 
November, and they cause breakdown of the 
settled summer regime, and finally, when hot air 
becomes less severe, tem peratures started  to 
drop down towards winter season.



Chapter: 2

HUMAN THERMAL COMFORT 
IN THE NEGEV DESERT



2.1- Introduction
This chapter deals with the necessary 

conditions for optimal environment for human 
thermal comfort, the methods of evaluating a 
given thermal environment, and the principles 
for the establishm ent of a detailed therm al 
analysis for the Negev desert region.

While architect or p lanner designs his 
bu ild ing , he m ust rem em ber th a t he is 
in tro d u c in g  a new e le m e n t in to  an  
en v iro n m en t. T herefore , he h as  th e  
responsibilities to what surrounds the site, and 
in what kind of climate his building is located. 
Because of this, the author tends to define what 
constitutes the environm ent of a building. 
Briefly, it is all that surrounds the site on that 
part of the earth, including the landscape, be it 
desert, valley, mountain, forest, or riverside, and 
is above the surface with its seven zones th a t 
envelop the Earth and influence life on the 
Earth. The zone most concerned here is the first, 
the atmosphere. This zone rises to an average 
height of 10 kilometers (6.5 miles) and reaches 
to 20 kilometers (13 miles) in the Tropics. It 
contains the hum idity and wind on which 
human, animal, and plant life depend. In the 
six zones above atmosphere, oxygen, ozone, and 
hydrogen are present in different concentrations 
tha t affect the solar rad iation  reaching the 
surface of the Earth. In the natu ral o rder 
prevailing in the environment, there has always 
existed a continues balanced flow of cosmic

radiation within which all living organisms and 
even minerals have been created and evolved.

H um an body  has a very  sensitive 
mechanism involving the secretion of sweat and 
distribution of blood that keeps the body at 
about 37° C (98.6° F) at all times. In general, 
w arm -blooded crea tu res can survive wider 
variations than cold-blooded ones. Some species 
m anipulate their environm ent to produce a 
favorable microclimate. Man can do this in a 
variety of ways. He can change his microclimate 
by changing his clothes, building a house, 
burning fuel, planting trees, digging artificial 
lakes, and using machines to heat, cool, moisten, 
or dry the air around him.

The main goal of a building is to change 
the microclimate. Early men built their houses 
to control the external climatic elements -sun, 
wind, rain and snow. Their purpose was to 
p ro d u ce  an en v iro n m en t favo rab le  and 
convenient to their comfort and even to their 
survival. The microclimate on each building 
s ite  is ch an g ed  in to  several d ifferen t 
microclimate as the result of the construction of 
the house itself. The microclimate adjacent to 
the South wall is quite different from that at the 
North wall, and the climates at the East and 
West walls are again different. Inside the 
building, each room has its own microclimate 
which is a modification of one or more of the 
outdoor microclimates.

Therefore, clim ate affects m an both  
physically and emotionally and is a factor of



considerable importance in building design. A 
designer's major task is to create the best 
possible env ironm ent (indoor as well as 
outdoor) for the occupants' activities. The 
challenge of the designer is to provide total 
human comfort, which may be defined as the 
sensation of complete physical and mental well
being.

Air temperature, humidity, radiation, and 
air movement all affect hum an comfort, and 
m ust be considered  sim ultaneously  if an 
acceptable residential indoor environment is to 
be provided. These factors must be considered 
whether or not the building being designed is 
heated or cooled by solar energy or fossil fuels. 
To effectively design dwellings for hum an 
comfort, it is necessary to understand the basic 
thermal processes of the body. How the body 
generates and loses heat is crucial for identifying 
an occupant comfort zone and for designing 
heating, cooling and humidity control systems. 
Two com plem entary  approaches fo r th e  
provision of hum an therm al com fort have 
developed. One seeks to m aintain  therm al 
conditions within an established comfort zone 
while the other attempts to modify the comfort 
zone. Both approaches are used during solar 
dwelling design.

Before the  industria l revolu tion  and 
m echanization, m an depended on n a tu ra l 
sources of energy and available local materials 
in form ing his h ab ita t according  to his 
psychological needs. But, a f te r  th e

m echanization and industrialization  took a 
grate p art in m an's society in creating an 
artificial climate. This fact has caused an 
increased  in te re s t in the  en v iro n m en ta l 
conditions which should be set i.e., which 
climate should be aimed at, with the up dated 
techniques, we have the possibilities of creating 
alm ost any indoor climate. But, the most 
successful building will be the one w hich 
requires the least mechanical energy to bring to 
human comfort levels.

The main purpose for human being is to 
create thermal comfort for his body in a certain 
building in the Negev desert with hot and dry 
climate. In agreement with ASHRAE standard 
55-56 (4), thermal comfort for a person is here 
defined as "tha t cond ition  of m ind which 
expresses sa tis fac tio n  w ith th e  th e rm a l 
environment". If a group of people is subjected 
to the same room climate, it will not be possible, 
due to biological variance, to satisfy every one a t 
the same time. One must then aim at reaching 
optimal thermal comfort for the group, i.e., a 
co n d itio n  in  w hich the h ighest possible 
percentage of the group is on thermal comfort.

The reasons for creating therm al comfort 
are; first, is to satisfy person's desire to feel 
thermally comfortable, in line with his desire for 
com fort in o th e r  directions. Furtherm ore, 
thermal comfort can be justified from the point 
of view of hum an performance. In order to 
maintain this thermal comfort for human body, 
building houses with proper design that takes in



consideration all factors affect the microclimate 
being the most important point.

2.2- Man in the Negev Desert
Man has the ability of working and living 

under very hot temperatures, but it should be 
mentioned that his body tem perature and fluid 
balance could be m aintained. In sum m er 
seasons, the Negev desert is characterized by hot 
and dry  clim ate and a proper desert "the 
climatic investigations are explained in Chapter 
One". Therefore, living and working under such 
conditions cause rising of body tem perature and 
loss of body fluids through evaporation, thing 
tha t endanger, th rea ten  and finally causes 
discomfort to his life. Thus, it is very important 
to understand the physiological mechanism of 
tem perature regulation for people living in the 
Negev desert in order to provide a comfortable 
microclimate.

Since body tem perature m ust be kept 
within a narrow range "although 32° to 42° C 
(89 .6o-107.6° F) are the extrem es, m any 
p h y sio lo g ica l m echanism s can  p e rfo rm  
efficiency only at a much narrow range, 36° to 
39° C (96.8°-102.2° F)", heat loss from the body 
must keep pace with heat production. Most of 
the heat in the body is produced by work. In 
summer, during day time, heat is absorbed by 
the skin from  the sun rad ia tion  in large 
quantities, and in hot days skin temperatures 
are close to 32° C (89.6° F) and may reach 35° C

(95° F) du ring  physical effort, and  the 
tem peratures of the surrounding objects are 
either equal or higher. There is no temperature 
gradient between the skin and the environment. 
Therefore, in sum m er during day time, it is 
rarely possible to lose much heat by radiation.

Because the Negev desert is located in the 
zone of the highest radiation in the Northern 
hemisphere, it was experimentally determ ined 
th a t in  sum m er an unclothed man in as a 
sandy  desert environm ent may absorb by 
radiation up to 300 cal per hour. If he puts on 
clothes, he will still absorb 150 ca l/h o u r 
approximately, according to the color of his 
clothes. In other words, the body may gain heat 
in the hot Negev desert. It will be twice (if 
clothed) and up to four times (if naked) as 
much heat as is produced within an hour by 
metabolism-internal heat stress- of the resting 
body (the basal metabolism is approximately 70 
cal in an average - build man).

Although, these responses are affected by 
changes in the environm ental conditions and 
rate of physical activity, they do not respond in 
some way to the various changing factors. Some 
are m ore sensitive to in te rna l heat stress 
(metabolic rate) and others are environmental 
stress; some are more affected by hum idity and 
others by temperature, etc.



2.3- Physiology of Man in the 
Negev Desert

Human body's therm oregulation  is a 
complex system of autom atic and voluntary 
responses, which govern the rate  of heat 
exchange from the body and, in some cases, the 
h ea t p roduction  as well. A lthough heat 
exchange at the body surface depends on 
tem perature and vapor pressure differences 
between the skin and the environment, the body 
may control it by dynamic regulation of the 
various physiological system and behavioral 
patterns.

Thermal stress is m anifested in several 
physiological and sensory responses which 
reflect the strain  im posed on the body to 
m a in ta in  th e rm al balance u n d er s tress  
conditions, or are caused by the differences 
between the rate of heat production and heat 
loss. The main physiological responses for the 
human body in the Negev desert are as follows :
1- The Body's heat P roduction
2- The Body's Heat Loss
3- The Body's Heat Balance
4- Sweating and E vaporation

2.3.1- T h e B o d y 's  H eat P ro d u c tio n : The 
body is continuously producing heat. Everyday 
activities such as sleeping, walking, working, and 
playing are all heat producing (Figure 2-1). The 
entire portion of the body's energy requirement 
is supplied by the consumption and digestion of

food. The process of transforming foodstuff into 
unusable energy is called metabolism. Of all the 
energy generated by the metabolic process, the 
body uses only 20 percent and remaining 80 
percent must be lost to the environment.
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2 . 3 . 2 -  T h e B o d y 's  H ea t L oss: Body
tem perature, as contrasted  to skin tem perature , 
m ust  be m a in ta in e d  at 37° C (98.6° F) to 
adequately perform its functions. To m ain tain  
this constant tem p era tu re  balance, all su rp lus  
heat m ust be d iss ipa ted  to the environm ent. 
Excess heat gained from the environm ent, solar 
rad ia tion  for example, m ust also be dissipated. 
The body losses approxim ately 80 percent of its 
h ea t  to the en v iro n m en t by convection  a n d  
rad ia tion . The rem ain ing  20 p e rc en t  of the 
body's surplus heat is lost by evaporation with a 
very small percentage of heat by conduction.

2 .3 .3 -  The B od y's H eat B a la n ce: The sum 
of the body's heat gain and  loss should  a t all 
t im es be equa l to zero  -a c o n s ta n t  body 
tem pera tu re  of 37° C (98.6° F). If the body 's 
heat gain is more than  its correspond ing  heat 
loss, an uncom fortab le  feeling will occur and  
sweating will begin. Likewise, if the body's heat 
loss  is m ore  t h a n  its h e a t  ga in , b o d y  
tem pera tu re  will d rop  and shivering will occur 
(Figure 2-2).

T he b o d y  has n u m e ro u s  r e g u la to ry  
m e c h a n i s m s  to  m a i n t a i n  a c o n s t a n t  
tem perature. Blood circulation may increase or 
decrease, sweat glands may open or close, and  
sh ivering  m ay  b eg in  to ra ise  th e  b o d y 's  
te m p e ra tu re .  Also, c o n tin u o u s  exposu re  to 
s i m i l a r  c l i m a t i c  c o n d i t i o n s ,  called 
acclimatization, can cause a change in the basal 
metabolism process, an increased sweat rate, or

a ch an g e  in q u a n t i ty  of b lood. It is no t  
surprising, therefore, to learn that Eskimos prefer 
cooler tem peratures than  equatorial Africans
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Fig. 2-2. thermal balance of the body.
Under a wide range of circumstances, the body 
maintains a temperature of 37° C (98.6° F).

2 . 3 . 4 -  S w e a t i n g  a n d  E v a p o r a t io n :  
C ontrary  to popu lar  belief, d rinking  has almost 
no influence on the am o u n t of sweat secreted. 
Only two factors d e te rm ine  the sweating and  
evaporation  rates of the body, w hether  in hot



conditions, or when working in a comfortable 
environment, and they are:
a- Passive water loss from the lungs and the skin, 
b- Active sweating by secretion of the sweat 
glands.

Passive water loss from the skin is a 
diffusion process and is caused by the vapor 
pressure difference between the body and the 
ambient air. Water loss from lungs depends on 
the ambient vapor pressure and on the rate of 
breathing. Which in tu rn  depends on the 
metabolic rate and oxygen requirements.

Active sweating starts when the dry heat 
loss by convection and radiation, plus the loss 
by insensible perspiration, falls below the rate of 
heat production. Sweat is secreted by special 
glands, the eccrine glands, which lie deep in the 
skin and are distributed over almost the entire 
body.

For men in the Negev desert working in the 
heat, the sweating rate may be about 1 liter per 
hour. For h ard  w orking in  very  ho t 
environment the sweat rate may reach about 2.5 
1/h, but such a rate can only sustained for about 
ha lf an hour. Therefore, the greater the 
tem perature of internal body, the more the 
sweat glands are stimulated to pour out their 
secretion.

The critical problem in hot weather, such 
as in the Negev desert, is the metabolic heat 
production. Man in the Negev desert who drinks 
enough to prevent dehydration is capable of 
sustaining his normal body temperature, that is

to avoid excessive heat accum ulation in the 
body under all climatic conditions. This is true 
only for individual at rest, and the situation 
changes drastically as soon as he starts physical 
activity. "For the bare upkeep of life, an average 
-size man at rest produces 70 Cal per hour by 
essential metabolic process. In the setting 
position, 100 Cal are p roduced  per hour. 
Walking, 200 Cal, and walking rapidly while 
carrying a load, up to 400 Cal per hour, or close 
to six times the resting value. If the external 
heat is added, it becomes obvious tha t the 
combination of physical work and environm ent 
heat is dangerous to an extend which may cause 
death  w ithin one hour or two". —Gideon 
Golany. Arid Zone Settlement Planning the 
Israeli Experience.

Sweat secretion itself does not cool the 
body. Cooling is achieved by the evaporation of 
the sw eat from  the body surface. One 
m illim eter (ml) of sweat which evaporates 
completely from the skin requires 0.6 Cal of 
heat and  cools the body by th is am ount. 
Consequently, one liter of sweat, completely 
ev a p o ra te d  from  th e  sk in , d is s ip a te s  
approxim ately 600 Cal. The ability  of the 
environment to evaporate sweat from the skin, 
expressed in time units, is term ed "the 
environm ental cooling power". After air 
tem perature, hum idity is the major climatic 
factor determ ining the atm ospheric cooling 
power. The higher the humidity, the lower the 
evaporation, the lower the evaporative cooling



power. This fact is well appreciated by desert 
dwellers who do not perceive tha t they are 
sweating, since in the dry environment sweat is 
evaporated immediately. Wind exchanges the 
sweat-saturated air layer around the body for a 
new layer with lower hum idity. Wind is 
important in humid environments, where sweat 
evaporates with difficulty. The major effect of 
wind is felt when comparing complete absence 
of wind to wind velocities of 0.5 to 1 m /s. 
Higher wind velocities do not increase its effect 
considerably.

At any given climatic combination, there 
is an upper limit to the amount of sweat tha t 
can evaporate from the body surface in a unit of 
tim e. The com bination  of all fac to rs 
determining the ability of the environment to 
evaporate sweat at a given moment (Figure 2-3).

Let us give an example; a situation in 
which the env ironm ent cooling power is 
equivalent to 750 C al/hour. Three clothed 
ind iv iduals of app rox im ate ly  equal size 
outdoors, each absorbs 250 C a l/h o u r by 
radiation. One of them is setting; his metabolic 
heat production is, according, 100 Cal/hour. He 
m ust dissipate 250 C al/hr to keep his body 
tem perature from rising. The same is true for 
the  second individual who is working and 
producing, metabolically, 300 Cal/hr. His total 
heat load, 450 Cal/hr, is completely dissipated 
by evaporation. The third individual is running 
w ith a load on his back, and producing, 
m etabolically, 700 C al/hr, considerably the

radiant heat absorbed, he must dissipate 850 
Cal/hr.

It is evident from this example that under 
conditions of work in the Negev desert -hot 
c lim ate-, th e  lim itin g  fa c to r  is th e  
environmental cooling power. The fate of an 
individual in whom the accumulated body heat 
exceeded the atm ospheric cooling power is 
exemplified in (Figure 2-4).

It shows the continuity registered body 
tem peratures of a young m an engaged in 
vary ing  ac tiv ities  a t 40 C (104 F) a ir 
tem perature and high relative humidity. At 
rest, body temperature remained constant, while 
marching at 4.2 km /h on a slight incline, 4% the 
body tem perature rose and stabilized at 38° C 
(100.4° F). Marching at an incline of 24% degree 
at 4.2 km /hr. body tem perature rose in a linear 
fashion with no sign at leveling off, reaching 
39.3° C (102.7° F) in half an hour.
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Fig. 2-3, "Environmental Cooling Power." Each column 
represents one individual: left - sitting; middle - walking 
slowly; right - marching rapidly with a load. Each gains 150 
Cal/hr. radiation. The marching man's total heat load is 
higher than the environmental cooling power; he 
accumulates heat, and his body temperature rises.
Source: Ezra Sohar, "Temperature and Water Metabolism 
during Work in Hot Climate," Mada 10 (1965), P. 188 
(Hebrew).
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fn Time30 min 60
Fig. 2-4, influence of metabolic heat production on body 
temperature. Three men at 40 C (dry bulb) and 30 C (wet 
bulb): sitting (--). walking slowly (-.-), and walking rapidly 
on a 24 percent in line (-). The last man's rectal 
temperature rose 2.3 C in 30 minutes.
Source: Ezra Sohar, "Temperature and Water metabolism," 
p.187.

2.4- Bioclimatic Considerations

2 .4 .1 -  H ea t L oad in  th e  N e g e v  D e se r t:  
To u n d e rs tan d  a clear p ic tu re  of the c lim atic  
conditions in the Negev d ese r t  in Israel, heat 
load was calculated  the  year  round , for every 
hour of the day and  night, in all pa rts  of the  
Negev d ese r t .  T he d a i ly  h o u r s  o f m ild , 
m oderate , or severe heat load were de term ined  
for each m onth  of the year. Monthly m ean of 
air tem perature  and  relative hum idity, provided 
from Chapter One, and are used for calculations. 
The findings were expressed as the mean num ber 
of hours  per day for every m onth  of the  year 
(Table 2-1), and  (Figure 2-4). The m on th ly  
means were added  to give a yearly total. Those 
last figure has no significance, as m uch, a n d  
serves only to facilitates com parison  of yearly



to ta l heat load betw een various sites in the  
Negev desert (Figure 2- 5).
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Fig. 2-5, yearly heat load in various parts of Israel 
(expressed as summation of monthly mean heat load). 
Source: Sohar, Birenfeld, and Shapiro, "heat Load in 
Various parts of Israel," P. 550.

The h e a t  load  (to  express h e a t  load  
correctly , m eteoro log ica l d a ta  h av e  to  be 
transla ted  into physiological terms, taking into 
co n s idera tion  a ir  te m p e ra tu re  and  h um id ity  
and, in some instances, wind speed, rad iation , 
etc. This is called the Discomfort Index) in the 
Negev depends m ainly  on the a ltitude . The 
higher the area the lesser the heat load, and  vice 
versa. The lowest point in the world is the Dead 
Sea, therefore, has the  h ighest am oun t of heat 
load. Thus, the hottest region in the Negev is 
Eilat climatic region, because of this, severe heat 
load does exist. The heat load of the  Coastal 
S t r ip  c l im a t ic  r e g io n  in th e  Negev is
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approxim ately half of the Eilat climatic region. 
But, in the Central Highlands climatic region -in 
Beer-Sheba city- heat load is m uch less th an  in 
the Coastal Plain. The coolest areas, of course, 
are the m ountains of the Negev, where heat load 
in sum m er is mild, a n d  it a tta in s  only rare ly  
m oderate  values.

The d a ta  p re se n te d  in (F igures 2-5), 
enables the inhab itan ts  of each climatic region 
to know w hat exactly the sum m er has in store 
for them. For how m any hours the w eather will 
be ho t or very hot, and  how m any  cool hours  
w ithout any heat load can be expected?. If a 
person wants to live in the Negev, he will know 
exactly what to expect.

2 .4 .2  - D isc o m fo r t  In dex: The to ta l hea t
load does not depend  only on a ir tem pera tu re , 
bu t also on additional climatic elem ents, m ost 
notably humidity. Therefore, in o rder  to express 
heat load, all m eteorological d a ta  have to be 
provided and  then  transla ted  into physiological 
term s. A bout th ree  decades  Thom  of the  
National W eather Bureau of the  U nited  States 
simplified this issue and  called this m ethod  the 
Discomfort Index (D.I.) which is based  on a ir  
t e m p e r a tu re  (d ry  b u lb  t e m p e r a tu r e )  a n d  
h u m id i ty  (wet b u lb  t e m p e r a tu r e ) .  It is 
m easured by rattle-like device, the psychrom eter 
with two built-in  therm om eters . The bu lb  of 
one is covered by a wick whose end  is placed 
in to  a small w a te r  c o n ta in e r  in the  fram e. 
When the device is rattled, wind is produced. In



100 percent humidity, there is no difference in 
the reading of the two thermometers. But, as 
the relative hum idity falls below 100 percent, 
water is evaporated from the wet bulb. The 
evaporation process absorbs heat from the wet 
bulb, and it shows a lower reading than the dry 
bulb thermometer; the lower the humidity, the 
greater the difference is between the two 
thermometers.

For example, on a humid summer day in 
Coastal Strip climatic region in the Negev desert, 
the wet bulb thermometer may be 35° C (95° F), 
the dry bulb, 30° C (86° F), and the difference is 
5° C (9° F). While in Eilat climatic region, if dry 
bulb temperature is 38° C (100.4° F) and a wet 
one of 22° C (71.6° F) is not uncommon. The 
difference of 16° C (28.8° F) expresses the dryness 
of air. Therefore, after some experim ental 
exercises a formula of Discomfort Index was 
founded  and  s lig h tly  m odified  by the  
investigators of the Heller Institu te  at Tel 
Hashomer, Is as follows :

Discomfort Index ( units ) =
dry bulb temp. + wet bulb temp............ £1 ]

2
After a great observations and experiments 

on a wide spectrum  population groups and 
u n d e r  d iffe ren t clim atic and  h ea t load 
conditions, the following was concluded.

DI below 22 units -no existing heat load.
DI 22-24 units -mild heat load.

DI 24.1-28 units -moderate heat load.
DI above 28 units -severe heat load.

In effect, between 22 and 24 units most 
people feel a mild sensation of heat, between 24 
and 28 units the heat load is moderately heavy, 
and above 28 units, the heat load is severe.

The estab lish m en t of a very  good 
correlation of the DI with the physiological 
mechanisms governing the regulation of body 
te m p e r a tu r e  p e rm its  us to  express 
meteorological data in physiological terms. In 
o rder to illu stra te  the use of DI to best 
advantage, the hea t load  in A ugust was 
compared between Beer-Sheba, at the Northern 
borders of the Negev desert, and Eilat at extreme 
Southern borders 'of the Negev. In Beer-Sheba 
mean monthly maximum air tem perature was 
31.2° C (88.2°) and in Eilat 37.2° C (99.0° F), but 
the relative humidity during the hot hours was 
m uch h igher in Beer-Sheba (Figure 2-6). 
Comparing the DI of the two towns, it is evident 
that the heat in Beer-Sheba is less than in Eilat.
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Fig. 2-6, air temperature and relative humidity in Beer- 
Sheba(means for August).
Source: G. Golany, Arid Zone Settlement Planning. The 
Israeli Experience.

2 .4 .3 -  C om fort Zone: The effect of climatic
elem ents on the hum an physiology can be 
graphically charted. Here (Figure 2-7) is a 
form ulation of a bioclimatic chart where the 
co n d itio n s are  in d ica ted , u n d e r  w hich 
inhabitant of a moderate climate zone, wearing 
custom ary indoor clothing and making light 
work, will experience the sense of comfort. Also, 
some elements such as shading, radiation, air 
movement, moisture, are shown in the same 
ch a rt th a t could  be used to counteract 
unfavorable conditions, and the lim its past 
which mechanical measures must be called into 
play. This chart is based on air temperature 
(dry bulb temperature) and humidity (wet bulb

tem perature). A "comfort zone" lies in the 
middle, with an indication of desirable and 
practical summer ranges and of somewhat lower 
winter ranges. During day time and when the 
air tem perature is high, the velocity of wind 
needed to restore the sense of comfort is shown 
in feet per m inu te on the lines roughly  
paralleling the upper limits of the comfort zone, 
where the problem is being the high hum idity 
ra ther than high tem perature, the chart also 
indicates require wind velocity. In hot climates 
air movements of considerable velocity have 
little effect, and evaporate cooling may be of use 
in restoring a feeling of comfort in latent heat of 
vaporization is supplied by the air. The chart 
indicates am ount of moisture to be added in 
grains per pound of air. The lower edge of the 
comfort zone is the line above which shading is 
needed and below which solar radiation should 
be utilized. The lim ited degree to which 
variations in mean rad ian t tem perature may 
restore feeling of comfort are indicated along the 
left side, and on the right a measure is given of 
the solar radiation per hour needed to offset 
heat losses of the hum an body in the open at 
lower temperatures.

The lower edge of the comfort zone has 
special im portance in solar control, as it  
designates the "shading line". Tem peratures 
under this line are cool to human sensation and 
this area may be called the "Underheated Zone". 
Above the line lie the areas of comfort and warm 
environmental impacts which, since they require



shade, may be termed the "Overheated Zone". 
In a more detailed manner one should classify 
"Underheated Period", where some form of heat 
is  req u ired  -"com fort zone," w here no 
ad justm en t is necessary- and "overheated 
period", where certain cooling measures are 
needed. But, as shading is really nothing more 
than an expression of the absence of radiation, 
the above categorization seems justified for its 
practical simplicity.

Through the use of bioclimatic chart, one 
may plot climate conditions for any time and 
location to see w hether they are within the 
comfort zone. If they are not, one is given an 
indication of measures which may be taken to 
bring about a sense of comfort.

The Com fort zone is established by 
an a ly z in g  th e  re la tio n sh ip  betw een a ir 
temperature and three climatic variables: mean 
rad ian t tem perature (the tem perature of the 
su rround ing  surfaces), hum id ity  and  air 
velocity. The analysis will establish the range of 
thermal conditions (comfort zone) over which 
the majority of adults feels comfortable. The 
com fort zone is, a t best, an im precise 
approxim ation of hum an therm al comfort, 
realizing the many variations due to hum an 
preferences, physiological and psychological 
characteristics, and the nature of the activity 
being performed. However, it does provide the 
designer and the builder with an estimate of 
hum an therm al com fort by which outdoor 
climatic conditions of a locale may be evaluated

so . tha t appropriate methods of achieving a 
comfortable indoor climate are chosen.

American scientists have tried to establish 
a physiological m easurem ent, combining the 
effects of tem peratu re, hum idity , and  a ir 
movement, called the effective tem perature 
scale (ET). They place the comfort zone between 
30% and 70% relative humidity. According to 
Houghton and Yaglou, optimum ET lies at 18.9° 
C (66° F), with a range of 17.2-21.7°C (63°-71° F) 
for both men and women (winter nonbasal, at 
rest, norm ally clothed). Yaglou and Dinker 
found a 21.7° C (71° F) optimum, with a range of 
18.9-23.9° C (66°-75° F) for men. It should be 
m entioned th a t considering  the range of 
observations and opinions there is no precise 
criterion by which comfort can be evaluated. 
May be it can be defined where no feeling of 
discomfort occurs. Such a zone differs with 
individuals, types of clothing, and the nature of 
the activity being carried  on. Further, it 
depends on sex, as women in general prefer an 
effective tem perature for com fort 1° degree 
higher than men. age plays a role also in the 
thermal requirements as persons over 40 years of 
age generally prefer 1° degree ET higher than 
men and women below this age.
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2.5-Relation of Climatic 
Elements to Comfort

Thermal comfort involves the following 
environmental factors to evaluate and measure 
the relationship  between different climatic 
elements and human thermal comfort:
1- Conductive hea t tran sfe r  to an d  from  
su rro u n d in g  surfaces
2- R adiant tem p era tu re
3- Am bient air tem pera tu re
4- H um idity
5- Air Velocity
6- Dry bulb tem pera tu re
7- Wet bulb tem pera tu re
8- Dew po in t tem pera tu re

2.5.1- C o n d u ctiv e  H eat tr a n s fe r :  Humans 
requ ire , on the average, a norm al body 
tem perature of 37° C (98.6° F) with the skin 
surface around 33.3° C (92° F). The hum an 
body radiates heat to anything at a cooler 
tem perature and is heated by anything a t a 
w arm er tem pera tu re . Therefore, building 
surface tem perature with which the hum an 
body comes into contact are im portant factors 
in achieving thermal comfort.

2 . 5 . 2 -  R a d i a n t  a n d  A m b ie n t
te m p e r a tu r e s :  Mean Radiant tem perature
(MRT) and am bient air tem perature are two 
d istinct bu t in te rre la ted  means of judging 
com fort. On a clear w inter day, when a

sheltered thermom eter may read 25° C degrees 
(77° F), someone standing in the sunlight can 
feel quite comfortable, and perhaps even hot. 
The mean radiant heat from the sun is warming 
the body; the coldness of the am bient air is 
really not the final determinant of comfort.

The MRT has 40 percent more effect on 
comfort than air tem perature. Thus, for every 
1.4° C degrees (2.5° F) decrease in a in 
tem perature, only 1° degree MRT increase is 
required to maintain the same comfort level. If 
the mass of a structure contains enough heat to 
register 23.9° C (75° F) degrees, then the air 
tem perature can be as low as 14.4° C (58° F) 
degrees and people will still feel comfortable. 
Conversely, with cold walls and floors and an air 
tem perature of 23.9° C (75° F) degrees, people 
will feel chilled.

Mean Radiant 
Temperature 65 66 69 70 72 74 76 78 79 80

Air
Temperature 77 75.671.4 70 67.2 64.4 61.8 58.8 57.4 56

Equivalent Mean-Radiant and Air-temperature (for 70° F)

2 . 5 . 3 -  H u m id ity :  Hum an com fort also
depends on the m oisture of air, which is 
described by relative humidity (RH). This is the 
percentage of the maximum am ount of water 
vapor th a t can exist in the air at a given 
tem perature before condensation occurs. When 
RH is high, the atm osphere will accept little 
additional water vapor, and the body will have



t ro u b le  cooling itself by the e v ap o ra t io n  of 
perspiration. If the RH remains within the range 
of 20-80 percent, and the tem p era tu re  is 20.6- 
25.6° C 69-78 degrees (F), the body will rem ain 
comfortable. (Figure 2-8) illustrates the impacts 
of tem perature, humidity, and  winds on hum an  
comfort.

jezingj
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Fig. 2-8, illustrates the impacts of humidity, and winds on 
human comfort.

2 .5 .4 -  A ir V e lo c ity :  Air m ovem ent affects 
b o d y  coo ling . It does n o t  d e c re a se  the  
tem pera tu re  bu t causes a cooling sensation due 
to heat loss by convection and  due to increased 
evaporation  from the body. As velocity of air
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movem ent increases, the u p per  com fort limit is 
ra ised . However, th is rise slows as h ig h e r  
tem peratures are reached.

V entila tion  is an  im p o r ta n t  e lem en t of 
hum an comfort for three reasons:
- moving air removes heat th a t  su rro u n d s  the 
body;
- Moving a ir  rem oves m ois tu re  and  prov ides 
p ro p e r  cond itions u n d e r  which the  body  can 
evaporatively cool itself by perspiration;
- Moving a ir  p reven ts  b u i ld u p  of po llu tan ts ,  
including cigarette smoke, com bustion products , 
rad o n , b a c te r ia  a n d  o d o r-p ro d u c in g  o rgan ic  
m ateria ls given off buy the h u m an  body, and  
organic compounds.

The am oun t of a ir  m ovem ent needed  to 
produce favorable therm al comfort conditions is 
10-50 feet per minute, lower levels will result in 
com plain ts  ab o u t s tag n an t air. Higher levels 
(50-200 fpm) can be com fortable if a ir is above 
r o o m - a i r  t e m p e r a t u r e  a n d  i n t r o d u c e d  
in te rm itten tly . Air m ovem ent above 200 fpm 
will be perceived  by occupan ts  as being too 
drafty  and  will d isrup t tasks and activities.

2 . 5 . 5 -  D ry  B u lb  T e m p e r a tu r e  ( ta o r  
t d b ) : The sim plest way to define a cool or
w arm th  in te rio r or exterior en v ironm en t is the  
reading ob ta ined  with a d ry-bu lb  tem pera tu re . 
In ho t  a n d  d ry  m icroclim ate , h u m id i ty  also 
affects efficiency of body tem pera tu re  regulation 
by sw ea tin g , the  s ig n if ican ce  of d ry -b u lb



temperature is limited too. Therefore, the effect 
of ta on physiological responses of men clad only 
in shorts. An increase in of 1 deg. C (1.8° F) 
elevated the sweat rate by 11 g/h, the rectal 
temperature by 0.065 deg. C.

2 .5 .6 -  W e t-B u lb  T e m p e r a tu r e  (tw b>): 
This index is very useful when severe heat 
stresses are presented, especially w hen the 
hum an body is near its upper lim its of 
temperature regulation by sweating. The upper 
tolerance limit for wet-bulb tem perature occurs 
at approximately 30° C (86° F) for both normally 
c lo thed  and  unclo thed  subjects w ith air 
movement that ranges from 0.1 to 0.5 m / h (20- 
100 ft/min ).

2 .5 .7 - Dew P o in t  T e m p e r a tu r e  ( t^ p ) : A 
u n iq u e  m easu re  of h u m id ity  of th e  
environm ent. The sa tu ra ted  w ater vapor 
pressure at tdp is the ambient vapor pressure 
(Pa)-

2.6- The Influence of Certain 
Factors on Thermal Comfort 
in Negev Desert

The most im portant requirem ent for any 
person is to live, to rest, eat and sleep in a 
comfort dwelling. In the Negev desert where the 
climate is hot and dry, inhabitants do suffer 
from severe desert heat, people intend to create

a comfortable microclimate, where temperatures 
are usually high by day and often high at night, 
with low hum idity  and dry  and dust-laden 
winds.

This study dem onstrates the necessary 
requirements of physiological comfort in the hot 
dry environment of the Negev desert for its three 
climatical regions, that a human body can feel 
comfortable when his body is able to dissipate to 
the surroundings all the heat it receives, 
including heat lost by evaporation from the skin 
and from the respiratory system.

It is clearly  th a t achieving com fort 
conditions are different from one climatic region 
to another, and it is thus a common belief th a t 
thermal comfort in Egypt, for instance can not, 
without modification, be applied in the Negev 
desert. In order to study this problem, some 
experiments have been undertaken. However, 
the test results can be affected by a num ber of 
factors in addition to those which have been 
m entioned and described in details. These 
additional factors include the following:
1- A cclim atization
2- C lothing
3- Physical Effort O utdoors
4- G eographic Location
5- Crowding

2 .6 .1 - A c c lim a tiz a t io n :  When people in hot 
dry climate adapt themselves to its conditions, 
th e  p h y s io lo g ica l ex p ress io n  fo r th is  
phenom enon is "acclim atization". After



acclim atization is achieved, sweating process 
starts earlier. The sweat contains less salt, the 
pulse rate is slower and the body tem perature 
lower. This means that the heat dissipating 
m echanism  has adjusted to external heat. 
During the acclimatization process, the extra 
cellular fluid volume increases and the body 
learns to secrete larger amounts of sweat in 
r e s p o n s e  to  low er th e rm a l s tim u li. 
Acclimatization could be accomplished within 
three weeks. Therefore, it is necessary to be 
exposed in external environment throughout the 
day; four hours are enough to achieve 
acclim atization. Staying in air-conditioned 
rooms for several hours daily does not inhibit or 
delay the acclim atization process. On the 
contrary, in a hot climate such as in the Negev 
desert it is advisable for some periods for the 
physical activities to be done in air-conditioned 
rooms.

W herever man lives he could ad ap t 
himself to the climate where he lives, that is, to 
the heat load he actually dissipates. If he lives 
in Beer-Sheba (in the Central Highlands climatic 
region) for instance and he moves to Eilat (in 
Eilat climatic region) he must acclimatize again. 
The practical implication to be derived from the 
mentioned above is that unacclimatized people 
must be very careful, as far as physical work in 
an  u n a c c lim a tiz e d  ho t env iro n m en t is 
concerned. They must pass an acclimatization 
period before undertaking energetic activity.

2 .6 .2 - C lo th ing : Clothing forms the barrier to 
the convective and radiative heat exchange 
between the body and its environment, which 
means clothing reduces the direct sun radiation 
on the body's skin, and in terferes with the 
process of sweat evaporation which means to 
perm it complete ^evaporation of sweat directly 
from the skin where evaporation most effective. 
Since in the Negev desert solar radiation values 
are very high, therefore, a nude body may gain 
up to 300 ca l/h r by it, and putting on clothes 
may reduce it to on half of this amount.

In o rder to achieve m aximum sweat 
evaporation, persons live in the Negev desert 
must wear few clothes so not to absorb the sweat 
and prevent it from evaporating from the sun. 
These clothes must be loose and wide, and they 
should be made out of permeable materials to 
water. This includes of synthetic fabric, to cover 
alm ost the entire body surface from severe 
radiation, the author recom m end for people 
living in the Negev desert to wear long trousers, 
and  shirts with long sleeves and w ith hats 
covering their heads. The color of the clothing 
has only little effect on the protection from solar 
radiation, in one hand, but, people wearing 
black clothes might have higher heat stress, on 
the other hand. However, to protect the human 
body from  in tense so la r rad ia tio n  it is 
recommended to wear maximum cover (Table 2- 
1 ).



Clothing Ensamles Clo Clo

-Nude 0 1.0
-Shorts 0.1 1.0

Typical tropical clothingensamble, 
shorts, open-neck with short 
sleeves, light socks and sandals

0.3-0.4 1.05

-light summer clothing: Long light 
trousers, open neck shirt with short 
sleeves.

0.5 1.1

-Typical business suit 1.0 1.15

-Light outdoor sports-wear: cotton 
shirt, trousers, T-shirts, socks, Shoes.

0.9 1.15

-Heavy traditional European business 
suit: cotton underwear, shirt woolen 
socks, shoes, suit including trousers, 
jacket and vest.

1.5 1.2

-heavy wool pile ensemble 3-4 1.5

Table 2-1, data for different clothing ensembles.

2 .6 .3 -  P h y s ic a l  E ffo r t  O u td oors: The
author recom mend for people living in the 
Negev to start their schedule of working hours in 
the early morning during summer seasons. In 
Eilat climatic region it is advisable to start 
morning at 5:00 AM. until noon, because in this

region the heat load is heavy until the late 
hours of evening. Therefore, working procedures 
should be adjusted to heat load. Whenever the 
Discomfort Index (1)1) is above 24 units, care 
should be taken that an ample supply of cold 
water, or any kind of d rink  available, and 
during rest, one should rest under shade, if 
possible. The rest periods should longer and 
more frequent than usual, and preferably in air- 
conditioned areas, and it is very im portant to 
drink cold beverages at least every 15 minutes.

2 .6 .4 -  G e o g r a p h ic  L o ca tio n : In order to
locate a site for new settlements, the Discomfort 
Index (DI) should be calculated for every hour of 
the day for each m onth. It may disclose 
significant differences in heat load between 
neighboring sites, and it can express th is 
difference in the exact num ber of daily heat 
load hours. From this point of view it is to 
utm ost im portance to clim atically map arid 
areas designed for settlements. Although, the 
area of the Negev is very small as compared to 
other large deserts in the world, but there exist 
climatic differences between neighboring sites. 
The three climatic regions in the Negev desert 
(are discussed in details in Chapter 1) are 
classical examples for pronounced difference in 
climate between points removed only a few 
kilom eters from each other, but located at 
d ifferen t la titudes. For example, in Eilat 
climatic region, the heat load in August is above 
24 DI units during all 24 hours and above 28 DI



units during 15 hours of the day. While in 
se ttlem en ts located  in C entral Highlands 
climatic region (on mountain 400 m. -1330 ft. 
-above the fields and only 1.5 km. (1 mile) to 
West, there are only 15 hours of DI above 24 
unites and only 15 above 28 unites. This shows 
that while moving from a very hot climate to a 
ra th e r cool one by traveling only a few 
kilometers.

The same situation prevails in the Eilat 
climatic region, it may be assumed that along 
the coast of gulf of Eilat cool sites can be found 
which are better suited for human settlements 
than the seashore. It is therefore, of utm ost 
im portant to select sites for new settlem ents 
after thorough climatic survey of the area 
performed and possible differences between close 
points detected. Thus, the level of altitude 
affects the climatic comfort which influence on 
human thermal comfort.

2 .6 .5 - C row ding: Crowding factor sometimes 
influence the conditions for hum an therm al 
com fort ,i.e. person would prefer a lower 
tem peratu re in a room packed with m any 
persons that in the same room occupied only by 
a few people. However, if the crowding is so 
extreme than the boundary layers of the subjects 
begin to interact upon each other. Therefore, 
the crowding has influence upon conditions, 
th ing  th a t determ ines the sizing of the 
environmental equipm ent which is to provide 
thermal comfort in the actual room, due to the

added heat sources of the inhabitants living in 
their dwellings.

2.7- Providing Human Comfort
There are two ways of looking at the 

provision of human comfort. The first involves 
estab lish ing  a com fort zone based upon 
occupants' therm al preferences and proposed 
activities and comparing this comfort zone to 
existing or anticipated climatic conditions. In 
this m anner, the ap p ro p ria te  m ethods for 
returning the climatic conditions to within the 
comfort zone will be established. The second 
view-point accepts the existing or anticipated 
climatic conditions as given, and identifies 
methods of alternating the comfort zone to be 
com patible w ith the  clim ate. The two 
viewpoints of providing hum an com fort are 
diagrammed in (Figure 2-9).

The far left diagram illustrates the first 
view point. Given an occupant comfort zone, 
what can be done to bring a parcel of air with a 
known tem perature and humidity from outside 
the zone to inside the zone? Five sim ple 
diagrams in circles are shown with shading on 
areas outside the zone. Each area of the shading 
corresponds to the state of air tha t can be 
brought into the com fort zone by a given 
m ethod (heating, evaporative cooling, air 
c o n d i t i o n i n g ,  d e h u m i d i f i c a t i o n  and
hum idification). The second viewpoint is 
illustrated in the diagram  to the far right.



W ithout modifying tem perature or humidity, 
what factors can alter the com fort zone? A 
sedentary person is shown in the shade with his 
corresponding comfort zone. If the wind blows, 
his comfort zone moves. So also if he exercises 
or sits in the sun.

A building functions in much the same 
m anner. An occupant comfort zone can be 
e s tab lish ed  an d  m ech an ica l eq u ip m en t 
provided to assure tha t therm al conditions 
remain in the zone. On the other hand, the 
building can be designed to respond to the 
positive and negative affects of tem perature, 
hum idity , wind and rad ia tion  so th a t the 
occupant comfort zone is altered as external 
climatic conditions change. Given the scarcity 
and rising cost of conventional fuels and the 
cost of mechanical climate control equipment, 
the most effective and inexpensive approach 
may be to design the building as a whole to 
respond to the external climatic conditions thus 
altering the occupant comfort zone. Only when 
the natural thermal control processes have been 
exploited to a realistic maximum, should 
mechanical energy systems be employed to 
make up the remaining com fort burden. A 
range of natu ra l climatic therm al controls 
available to designers and buildings is identified 
in the next section.
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2.8 - The Comfort Zone in the 
Negev Desert

The best way to defend oneself against 
heat is to avoid it, therefore, the Discomfort 
Index (1)1) and Comfort Diagrams should be 
used when architects or planners start planning 
of the town as a whole and the design of suitable 
houses and apartments in particular. Using the 
natural sources of energy and available local 
materials in forming man's habitat according to 
his physiological needs., Hence, microclimate in 
the Negev desert necessitates solving problem 
produced by its hot dry climate in all three 
climatic regions. In my opinion, performing a 
microclimate could be achieved by using air 
conditioning, noticing these mechanical devices 
do not absolve architects ,builders and planners 
from finding means of protection from solar 
radiation: ways of shading houses and walkways, 
p ro p er o rien ta tio n  of the  houses, using 
insulation materials for walls, roofs, using the 
suitable color and calculating the size of 
windows and doors, etc. All these factors are 
important to decrease the number of hours air- 
conditioning is needed and then to reduce the 
energy consumption of energy requirements.

In order to perform thermal comfort that 
is required for inhabitants especially live in 
deserts, a variety of factors can be involved in 
situation of comfort, because, for example air 
te m p e ra tu re  a lone does no t d e te rm in e  
discomfort, for instance, if tem perature in Eilat

climatic region is 34° C (93.2° F) is quite 
bearable, but it is generally in to lerable in 
Coastal Strip climatic region. The difference is 
due en tire ly  to rela tive hum id ity  of th e  
atmosphere. In Coastal Strip region the air is 
very  hum id  and persp ira tion  evaporatives 
slowly, decreasing the body's humidity ability to 
lose heat. While in Eilat climatic region, the air 
is dry, the evaporation  ra te  is h igh  and  
perspiration evaporatives quickly, lowering body 
temperature. Therefore, in order to determ ine 
standard  for therm al com fort in the Negev 
d e s e r t w ith in  b u ild in g s  or la rge-scale  
urbanization, planners and architects must the 
following factors in accoun t:

1- U n d ers tan d in g  the physiological 
mechanisms governing body tem perature and 
water metabolism in man, such as, sweating 
process, and environmental factors involved in 
evaporation and its influence on the p roper 
hydration of the body.

2- Knowledge of all significant climatic 
factors and translating them into significant 
physiological terms.

3- Adaptation to a life-style which will 
permit people in the Negev to live and work in 
hot and dry areas. This, of course, includes 
knowledge of the acclimatization process, proper 
clothing, and a correct daily working schedule, 
and level of activity.

4- Well-observed meteorological d a ta  of 
desert areas to be urbanized to determine the 
suitable site for location of the house in



particu lar and the settlem ent in general, air 
tem perature, humidity, rate of air movement, 
level of radiation, and rate of heat production 
(k cal/hr) by the bodies of people.

Depending on the above d a ta  some 
studies have been done to find the comfort 
requirements for inhabitants living in the Negev. 
The author has collected all significant data 
either from some references or from updated 
meteorological conditions, therefore, the comfort 
zone for the inhabitants in the Negev will be at 
30-70% re la tive  hum idity , w ith dry-bu lb  
temperature between 21.1-27.7° C (70-82° F), and 
wet-bulb tem perature between 11.7°-20.3° C 
(53.2°-68.5° F), dew point at 15.6° C (60° F) and 
effective temperature at 22.5° C (72.5° F). (Table 
2-2) shows that it may not be necessary to use 
m echanical a ir-cond ition ing , an expensive 
expedient in places where am bient conditions 
are ho t and  dry . The inside effective 
te m p era tu re  can be reduced  using only 
evapora tion  in such clim ates, m erely by 
ensuring a continues air speed of 0.3 m /s (60 
ft/m in).

The developed comfort zone for people 
living in the Negev desert is shown in Bioclimatic 
chart (Figure 2-10). It is app licab le for 
occupants wearing indoor clothing at 0.6 do . 
value and engaged in light physical activities at 
1.0 M.E.T in still air velocity 0.1 m/s, and at an 
elevation between 250-350 m (750-1050 ft) 
above sea level.

Location Dry-bulb
Temp.

Wet-Bulb
Temp.

Dew
Point

Relative
Humidity

Effective
Temp.

Outside 43.1 C 24.8 C 16.9 C 25% 29.2 C

Inside 30.2 C 24.7 C 24.1 C 70% 26.9 C

Most 25.6 C 19.4 C 15.6 C 55% : 22.5 C

Table 2-2, Comparison of outdoor and indoor temperature 
and humidity conditions provided by a continues air speed 
of 0.3 m / s ( 60 ft / min. ).

With this understanding of the physical 
principles affecting hum an comfort, it is now 
possible to examine the applications of scientific 
concepts to arch itec tu ra l design and town 
planning in the Negev desert categorized by a 
hot and dry climate.
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CHAPTER: 3

BUILDING THERMAL CONTROL



3.1- Introduction
The thermal characteristics of a building 

are extremely important for the design of solar 
dwellings and the provision of hum an comfort 
in the Negev. It is at the building itself where 
the dem ands of climate and hum an comfort 
must be resolved.

Buildings are constructed to moderate the 
extremes of external climate to m aintain the 
building interior within the narrow ranges of 
te m p e ra tu re  and hum id ity  th a t su p p o rt 
occupant comfort. Building design can begin to 
accomplish this role, by working with instead of 
against climatic impacts. A building, like a 
hum an body, can be examined by its heat 
exchange process with the outdoor environment. 
The ways buildings gain and lose heat can be 
exam ined and m ethods of therm al control 
developed to assure satisfactory performance of 
a building's heat exchange process. Mechanical 
controls, such as heating and cooling systems, 
whether conventional or solar powered, may be 
evaluated by their performance in compensating 
for a building's heat loss or gain; while structural 
(non-mechanical) controls such as insulation, 
shading devices, or building shape may be 
evaluated by their performance in reducing the 
demand on or the need for mechanical systems 
by controlling a building's heat loss or gain.

In most cases, a mix m echanical and 
structural controls will be necessary to assure 
the best possible indoor climate. Appropriate 
thermal controls for a particular building will be

dependen t on the local clim atic and  site 
conditions, cost, construction  practice, and 
architectural requirements of the design. The 
design of dwellings tha t incorporate energy 
conserving techniques, particularly solar heating 
and /o r cooling systems, will modify in varying 
degrees the construction  practices and the 
architectural image of today's dwellings. How 
solar systems can affect the architectural image 
of building is discussed in Chapter 5.

A building, in essence, is the controlling 
variable which can be modified in numerous 
ways to reconcile the dem ands of climate and 
comfort.

3.2- Heat Exchange of Buildings
In the Second Chapter, the dependence of 

the hum an body on ap p ro p ria te  therm al 
conditions was analyzed by its heat exchange 
process with the environm ent. In a sim ilar 
m anner, a build ing 's provision of therm al 
comfort may be examined by its heat exchange 
processes with the outdoor environm ent. A 
building gains or losses heat by conduction, 
convection, evaporation, radiation, internal heat 
sources, ,and mechanical systems.

Heat always moves and transfers by 
co n d u c tio n , convection , ra d ia tio n , and  
evaporation  m anners (Figure 3-1). These 
natural forces work separately and together in 
transferring  heat between objects, b u t in 
different situations one force often provides the 
dom inant m ethod of heat exchange. These



m ethods  of h e a t  t r a n s fe r  a n d  the  thermal  
p roper t ies  of bu i ld ing  m ater ia ls  are  closely 
related. For example, the different  mater ials 
that  make up a wall (a roof or floor) determine 
how easily heat  can move through that  wall.

E v ap o ra t io n

Conduction

R adia t ion

Fig. 3-1, the body loses heat by conduction, 
convection, radiation and evaporation.

A building is constant ly  exchanging heat  
be tw een  the  i n d o o r  e n v i r o n m e n t  a n d  the 
o u td o o r  c l imate .  Heat  moves t h r o u g h  all 
materia ls  th a t  make up  the  bui ld ing 's  walls, 
floors,  roofs  a n d  ce i l ings .  F u r th e r m o r e ,  
occupants in a building also exchange heat  with 
the bui lding materials  and  objects which affect
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their thermal comfort.  Heat is constantly  being 
reflected, t ransmitted, absorbed,  and  distr ibuted 
by mater ia ls  and  m echanism s th a t  m ake  up  
both the site and the building.

3 . 2 . 1 -  C o n v e c t i o n :  C o n v e c t io n  is the
t r a n s p o r t  of h ea t  by the  m o v e m e n t  of the 
molecules from one point  in a fluid to another ,  
typically air or  water. It occurs when air or  a 
liquid carries heat  from warm surfaces to cool 
ones. When air or liquid is heated, it expands, 
and  becomes l ighter  an d  rises up. When it 
contacts cooler surfaces, it t ransfers its heat  to 
those surfaces. Then the air or fluid cools down, 
and  becomes more dense then  sinks. Thus, a 
c i rcu la r  convective c u r r e n t  is se t  u p  which  
moves heated air or fluid from warm objects or 
surfaces to cooler ones. One can observe these 
mechanisms when smoke rises up a ch imney or 
when the air near  the floor is cooler than  the 
ceiling. Heat initially is t ransferred to the  air by 
c o n d u c t io n  be tw een  th e  su r faces  a n d  the  
a d jacen t  a ir  molecules,  a n d  the  moving  air  
carries the heat  away.

Natural convection is caused by the Heat 
exchange  by convec t ion  can  o ccu r  t h r o u g h  
bu i ld ing  surfaces by the  m o v e m e n t  of a ir  
between areas of different  tem pera tu re s .  For 
example, movement  of air between the outside 
and  inside of a building in winter  a round  doors 
and  windows is considered  a convective heat  
loss. The heat  exchange between the interior of 
a b u i ld in g  a n d  the  o u t d o o r  a i r  m ay  be



unintentional air infiltration " leak ag e"__or
deliberate  air r e g u la t io n __"ventilation".
Heating and cooling of the air as it contacts 
objects. As the air changes, tem perature also 
changes density, causing the cooler air to fall 
and w arm er air to rise up, establishing a 
convective cycle of air movement (Figure 3-2). 
This mechanism  is an im portan t mean of 
distributing heat in spaces. Natural convection 
also transfers large amounts of heat from the 
warm inside wall surfaces to the face of exterior 
sheathing. Notice, this is a hot air, not heat, 
that rises up.

1„_H eating 
Source

Fig. 3-2, convective air movements distributing heat 
within spaces.

Wind is another form of convective air 
movement that significantly affects the energy 
performance of buildings in the Negev desert. A
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building fully exposed to cold winter winds 
requires more energy for heating than one 
sheltered from it. Wind convection is an 
im portant mechanism for providing cooling in 
summer, because the wind speed determines the 
rate of convective heat transfer, the faster air 
movement, the more heat it will carry away, 
and as a result the more comfortable the space 
will be.

3 . 2 . 2 -  C o n d u ct io n :  Conduction is the
mechanism by which heat flows from a region of 
higher tem pera tu re  to a region of lower 
temperature within a solid -such as the walls of 
the house-, liquid, or gaseous medium or 
between different media physical contact. Or, it 
can be defined as the transfer of heat through a 
solid material, or from one material to another 
where their surfaces are touching. The process 
of conduction is the only one by which heat can 
flow in opaque solids. Therefore, the denser the 
object or material, the more quickly the heat 
will usually move through it. Heat is conducted 
more easily through a solid material than layers, 
even if the surfaces are held tightly together. 
Hence, selecting building m aterials for solar 
construction is crucial regarding the rate of heat 
flow through a building. Insulation resists heat 
transfer and thus reduces the am ount of heat 
flowing through walls and roof areas.

Every material has a different ability to 
either resist or transm its heat flow through it. 
The thermal conductivity (K) of a material is



defined  as the  a m o u n t  of hea t  th a t  passes 
through one square foot of a solid material with 
1° F temperature difference on either side, so the 
lower K-value, the h igher  the insulat ing value. 
The conductance (C) of a mater ial  is similar to 
conductiv ity , bu t  it m easures  the  h ea t  flow 
th ro u g h  a given thickness.  M athem atica l ly  
expressed, C= K/thickness. Resistance (R) is the 
measure of a material ability to resist the flow of 
heat  through it, so the higher the R-value of a 
material,  the greater  its resistance to heat  flow. 
R-values of different materials are rated per inch 
of per given thickness.

The conduction of heat  th rough  building 
materials is a major source of heat  loss. For this 
reason, the architect  who designs dwellings or 
bui ld ings  in the  Negev, shou ld  com pare  the 
different  heat  flow res is tance while choosing 
materials or components  for a building (Figure 
3-3). For example, most residential windows are 
built  with either metal or wood frames. A metal 
frame will conduct much more heat  through it.

Polyisocyanurate Foam 
1 cm.

Fiber Glass 
\ g i  2.5 cm.

Fig. 3-3, different materials conduct heat more 
rapidly than others.
Source: The Passive Solar Construction Handbook. M. 
Emanuel Levy.

The flow of heat  by conduct ion  th rough  
walls, floors, and  ceilings may occur  in e i ther  
direction. Generally speaking, conductive heat  
losses will occur in winter, while conductive heat  
ga ins  h a p p e n  in su m m e r .  The  m a te r i a l  
composit ion of the walls, floors and  ceiling of 
buildings will de termine  the rate  of conduction. 
W ith  so m e  s o l a r  sy s te m s ,  th e  material



com position of the building is of crucial 
importance for the satisfactory performance of 
the solar system. For instance, if South-facing 
windows are used as solar collectors, the 
thickness of the floor and wall m aterial is 
extrem ely im p o rtan t for achieving p ro p er 
absorption and radiation of solar heat.

3 . 2 . 3 -  R a d ia t io n :  Radiation is the direct
transfer of heat or any source through a non- 
absorbed (space) from a warm object to a cooler 
one. It tra n s fe rs  from  its source as 
electrom agnetic waves phenom ena, and the 
energy transm itted  in this m anner is called 
radiant heat. Radiation is the mode of heat 
transfer by which the sun transfers energy to the 
earth. A person sitting in the sun or around a 
camp fire feels radiant heat. Radiant energy can 
also be reflected by a barrier, such as aluminum. 
Most media both absorb and reflect radiation to 
varying degrees, and high absorption means low 
reflectivity and vice versa.

Heat radiates in all directions from a 
warm material; it warms all surfaces, including 
body surfaces in direct line of sight with that 
material. Most objects that stop the flow of 
visible light will also stop the flow of radiant 
heat. The sun delivers its heat to earth  as 
radiation. If you are exposed to the direct 
radiation of the sun and then move under a 
protected area, then you will feel a temperature 
drop, this is due the blockage of radiant heat.

Radiation of heat through glass or other 
transparent surfaces can add considerable heat 
to a building. Conversely, therm al radiation 
from interior surfaces to cool exterior walls will 
influence to a small degree a building's heat 
loss. The amount of radiant or solar heat gain 
is in flu en ced  by w indow area, build ing  
o rien ta tion  and shading. Properly placed 
windows or other transparent surfaces which can 
be insulated when the sun is not shining can 
provide a substantial portion of a building's 
heat demand.

Building materials emit radiant heat in all 
directions, to any surfaces that are at a lower 
temperature. Some of the heat will be absorbed 
by the surface and either conducted through the 
m ateria ls or im m ediately  p icked  up by 
convection. Dark objects exposed to sun 's 
radiation will get warm even on a cold day. If 
you stand a few feet away from a brick wall that 
has absorbed radiation all day, you will still feel 
heat radiating from it shortly after the sun has 
gone down. Heat radiation from a hot wood 
stove is another example of such a mechanism.

3 . 2 . 4 -  E v a p o r a t io n :  Evaporation is a heat
transfer process through which air can be 
cooled. Water added to non saturated (dry) air 
is absorbed and cools the air. Evaporative 
cooling process can either be natural such as 
when plants give off moisture to the atmosphere 
or sweat evaporates from your skin, or they can 
be forced such as in mechanical evaporative



cooler. Evaporative cooling processes are 
enhanced with ventilation.

A building may lose heat by evaporation 
from its surfaces or from sources within the 
building. Evaporation from these and other 
sources will produce a cooling effect as water 
vapor is removed.

3 . 2 . 5 -  I n t e r n a l  h e a t  S o u r c e s :  Internal
heat sources such as hum an bodies, lamps, 
motors and appliances can provide as much as 
25 percent or a building's heat load. This source 
of heat is rarely considered in residential design 
in the Negev desert.

The therm al balance of a building is 
maintained if the heat lost and gained from the 
above sources equals zero. If the building is 
losing more heat than it is gaining from the 
above sources, the building will be cooling off; if 
it is gaining more heat than it is losing, the 
building will be warming up. Regulating a 
building's heat loss, and heat gain cycle within a 
level of occupant comfort through the day and 
year is a function of building design and 
mechanical system selection.

A dwelling designer and builder share the 
responsibility of properly selecting building 
materials, determining building size, volume, 
an d  orientation , and sizing and orienting 
windows, doors, overhangs, and other therm al 
controls to assure occupant comfort. Each of 
th e se  co nsidera tions will in fluence the 
magnitude of one or several of a building's heat

exchange processes. The trade-off between heat 
exchange factors will most likely be based on 
climate, cost, and construction practices. For 
exam ple, since m echanical equ ipm en t is 
expensive, it may be appropriate to reduce heat 
loss and gain by structural methods. By working 
with instead  of against clim atic im pact, a 
reduction of a building's need for mechanical 
equipment may be realized. This, in turn, may 
result in reduction in the amount of fossil fuel 
or the size of a solar system required  to 
adequately heat and /or cool a dwelling.

3.3- Thermal Control
Thermal controls are devices (i.e., furnace) 

or methods (i.e., dwelling orientation to capture 
summer winds) for moderating the extremes of 
outdoor climate to bring the interior within the 
narrow  ranges of tem perature and hum idity  
that support human comfort. Thermal controls 
can be discussed by either the nature of the
c o n t r o l__mechanical or structu ra l__or the
clim atic variable r e g u la te d __wind, sun, or
tem perature. In either case, the objective of 
thermal controls can be briefly stated as follows: 
1- When cold discomfort conditions prevail:

- minimize heat loss
- maximize use of heat gain from the 
sun and internal sources
- compensate for any net heat loss, by 
heating which uses some from of energy 
supply (preferably a renewable 
resources)



2. When hot discomfort conditions prevail;
- minimize heat gain
- maximize heat loss
- remove any excess heat by cooling,
which uses some form of energy supply
(preferably a renewable resources)
3- When conditions vary diurnally
between hot and cold discomfort;
- even out variations
- 1 - in  the cold phase 2- in the hot phase 

(as above)
- Compensate for both excesses by a 

flexible heating/cooling system.
All elements of climate can be moderated 

in specific degrees to maximize heat retention, 
or solar heat gain or internal air flow as needed 
in different combinations for various climatic 
conditions. It may more useful, therefore, to 
discuss the therm al controls by the climatic 
variable regu la ted . The therm al control 
strategies are organized by climatic variables 
— temperature, sun, and wind. Numerous other 
techniques are available to the designer that can 
be combined for climate control. The emphasis 
here is on those control strategies which do not 
require a conventional energy input for their 
operation.

3 . 3 . 1 -  T e m p e r a t u r e  C o n t r o l s :  Control
strategies for tem perature can be classified into 
two broad categories: therm al retention  and 
thermal regulation. Thermal retention is simply 
the cap ture  of heat produced w ithin the

building or from a surrounding heat source. 
Underground massing of the building to reduce 
heat loss, and the use of resistive insulation and 
fireplace design to maximize the radiation of 
heat in to  occupied space are examples of 
thermal retention strategies.

Thermal regulation, on the other hand, is 
the  m an ip u la tio n  of b u ild ing  design  to 
m odera te  the  in d o o r clim ate. T herm al 
reg u la tio n  w ould inc lude; red u c in g  the  
heated/cooled area and volume of the dwelling 
during  the day or th roughou t periods of 
maximum energy dem and by the internal 
zoning of space so that portions of the dwelling 
may be closed off; locating vegetation and land 
forms around the building to reduce climatic 
im pact of tem p era tu re  fluc tua tion  in the 
building; and in regions with low vapor pressure 
and a clear night sky designing buildings to 
make use of nocturnal cooling.

3 . 3 . 2 -  S u n  C o n t r o l s :  Strategies of sun
control can be organized into two categories; 
solar exposure and light regulation. Solar 
exposure strategies moderate the exposure of the 
building and adjacent site to solar radiation. 
Light regulation, on the other hand, regulates 
the amount of sun light reaching the interior of 
the dwelling. In numerous cases, however, one 
technique will serve both  functions. For
example, site v e g e ta t io n __trees and high
shrubbery__can be placed to block unwanted
rad iation  from striking the building during



certain periods of the day or year and can also 
be used to regulate the am ount of sunlight 
entering the dwelling's openings.

Other solar exposure strategies include 
capacity insulation to regulate (by therm al 
capacity) solar heat gain through the building's 
walls and roof (best for areas with large diurnal 
tem perature swings and high solar heat gain), 
ground cover to control reflected radiation gain 
and ground tem perature, and solar collectors 
positioned to capture solar radiation for space 
hating/cooling and domestic water heating.

Light regulation strategies include window 
designs to regu la te  sunlight en tering  the 
building, in te rio r shading devices such as 
shutters, draperies, louvers, and proper location 
and orientation of the dwelling's openings.

3 .3 .3 - W in d  Contro ls:  Strategies for wind
control can be classified into two general 
categories: wind regulation and internal air flow. 
W ind Regulation prim arily  m oderates the 
impact of wind on the building and adjacent 
site while internal air flow strategies manipulate 
air movement within the building.

Wind regulation techniques range from 
designing the build ing  itse lf as a w ind
controlling from through aerodynamic massing, 
to the placem ent of natu ra l or man-made 
elements (i.e., vegetation, land forms, or fences) 
on the site surrounding the building to regulate 
wind direction and force. Similarly, internal air 
flow strategies are quite varied and range from

the use of roof monitors to create a "thermal 
ch im ney" fo r in c re a se d  v e n tila tio n  to 
channeling wind flow for use in evaporative 
cooling.

3.4- Solar Design Determinants
T h e bu ild ing  ch a rac te ris tic s  w hich 

influence the design of solar dwellings and 
systems include:

- Dwelling's heat loss or g a in __will
determine heating and cooling 
requirement.
- Dwelling's o rien tation__critical for
controlling heat exchange with outdoor 
environment and solar collection.
- Dwelling's thermal contro ls__means
of tempering or utilizing outdoor climate 
to provide a comfortable indoor climate. 
May substantially reduce a building's 
heating and cooling requirement.
- Dwelling's material com position__will
determine rate of heat loss/gain and 
may be used to store solar energy.
A building is where the dem ands of 

climate and comfort m ust be resolved. An 
understand ing  of local clim atic conditions, 
hum an com fort requirem ents, and therm al 
characteristics of buildings in the Negev will 
enable the designer to identify the most effective 
and energy conserving methods for providing
hum an comfort in building desig n__including
the use of a solar system. Numerous control 
strategies are available for inclusion in building



design. Their use can substantially reduce the 
energy requirements of the building. As a result, 
a smaller solar energy system will be sufficient 
for the building's energy requirement, thereby 
achieving a considerable cost saving.

3.5- Passive Solar Principles and 
Systems

Passive so la r system  co llec ts and  
tran sp o rts  heat by non-m echanical means, 
moving therm al energy by natural radiation, 
conven tion , co nduc tion  and  evaporation. 
Therefore, intelligent design of spaces in a home 
(small scale) and in large scales should be 
integrated in such a way that the space itself 
constitutes the system. Furthermore, selection 
of building materials should be considered to 
drive heating and cooling benefits from the free 
ab u n d an t energy available in the na tu ra l 
environment. Such a system depends on two 
basic material properties for their effect: 1- the 
ability of certain materials to store large am ount 
of heat and release that heat slowly into the 
living spaces of the microclimate (homes or 
neighborhood). 2- the ability of glass and m any 
o ther glazing m aterials to tran sm it solar 
rad ia tion  (light) but to rem ain opaque to 
thermal radiation (heat).

When a passive system admits sunlight 
through its South-facing windows, on sunny 
days, solar radiation enters the building through 
theses glazed surfaces and strikes objects and

surfaces within the space and then transformed 
into heat. The in te rio r surfaces th a t are 
designed  to co llec t so la r rad ia tio n  are 
constructed typically from heavy materials such 
as brick, stone, concrete-m aterials tha t have 
greater heat storing capacities on a per-volume 
basis than less dense materials such as wood. At 
night heat flow from interior of the building to 
the colder exterior through the walls and roof 
(the building "envelope" or "skin") and the 
inside tem perature gradually falls. As this 
occurs, the heat was stored during the day in 
the m asonry walls and floor (the therm al 
storage) flows by natural convection, radiation, 
conduction from the masonry storage into the 
interior. This flow of stored heat from therm al 
storage helps to offset the heat transm ission 
losses from the building, thus, maintaining the 
interior temperature at more comfortable levels.

To date, most research and development 
in the field of passive solar has dealt with 
heating rather than cooling, because passive 
space heating is driven only by the sun and was 
named first, "Passive cooling" is its counterpart. 
The goal of passive cooling is to avoid the 
overheating that primarily generated by the sun, 
therefore, passive cooling is not "solar" thus the 
term "solar" is usually dropped with relation to 
passive cooling. In fact, the essential processes 
of a passive system (collection and storage) are 
specifically oriented toward gaining heat rather 
than rejecting it. This is not to say that aspects 
of a system cannot be adapted for cooling.



Storage elements can be used to store "coolth" 
(coolth is to cooling as warmth is to heating) 
and to absorb heat from the living apace 
(thereby cooling it) during  sum m er day. 
Nevertheless, passive heating and cooling need 
to be understood comprehensively because of 
their natural reliance on natural phenomena.

3.6- Passive Heating Strategies 
(Systems):

To e s ta b l i s h  a fram ew ork  for 
understand ing  passive heating systems, to 
design accordingly, five different strategies will 
be defined: Direct Gain, Indirect Gain, Thermal 
Storage Wall, Isolated Gain and Hybrid Systems. 
Each explains the relationship between the sun, 
heat storage and living space.

3 .6 .1 -  D ir e c t  G ain  S y s tem s:  The idea of 
direct gain is the simplest approach to passive 
solar solution. Direct gain simply means that 
sunlight entering windows and directly heating 
the m icroclim ate. The system  is sim ply 
diagrammed as any space or house with South
facing glazed areas makes use of direct gain 
unless sunlight is prevented from entering the 
glazed surfaces through the use of screens, 
reflective films, draperies or o ther shading 
devices. Also, when the space is used as a solar 
collector, it m ust con ta in  a m ethod  for 
absorbing and storing enough daytime heat in 
the living space and then stored in a therm al

storage mass to be used for cold winter nights 
(Figure 3-4).

South-facing 
glazed area 
with low winter sun
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store and radiate 
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Fig. 3-4, in passive solar heating; home, occupants, and all 
other components are in direct contact with the sun.

T h e b asic  re q u ire m e n ts  fo r th e  
d irec t gain are:

3 . 6 . 1 . 1 -  S o u t h  F a c in g  G la z e d  S u r f a c e s  
(C o l lec to r ) :  These surfaces should be located 
in South face of a living space, often double 
glazed to minimize heat loss. By this strategy, 
the South facing glass (collector) is exposed to 
the maximum am ount of sun in winter, and 
minimum amount in summer. For this reason, 
it is the ideal location for adm itting direct 
sunlight into a space.



3 .6 .1 .2 -  Capability of M aterials to Store 
Heat: Since a portion of this solar heat gain
(sunlight) must be stored for use at night (and 
possibly during periods of cloudy weather). The 
most common materials used for heat storage 
are masonry that includes concrete, concrete 
block, b rick , s tone and  adobe, e ith e r 
in d iv id u a lly  or in various com bination. 
Typically, at least one-half to two-thirds of the 
total surface area in a space is constructed of 
thick masonry. This implies that the interior 
should be largely constructed of masonry, to 
insure tha t there is enough surface area of 
exposed mass for adequate heat absorption and 
storage. Such strategy acts well in the Negev 
where the climate is hot in summer with cool 
nighttime temperatures, for two reasons; first, 
because of its time-lag properties, massive walls 
keep heat from reaching the in terior of the 
bu ild ing  un til the evening when ou tdoor 
tem peratures are cooler. Second, outdoor air 
circulated through the building at night cools 
the interior mass so it absorbs heat and provides 
cool interior surfaces during the day.

A lthough ceilings, floors and  o th e r 
elements, such as furniture within the space can 
be designed to store heat. Reminding that the 
common direct gain storage components are 
most readily incorporated in the floors and 
walls. Thus, the absence of heat thermal storage 
mass in most conventional neighborhoods and 
homes in the Negev is what limits the possibility

of storing the heat gained through large picture 
windows.

3 . 6 . 1 . 3 -  A d d i t i o n  o f  R e f l e c t o r s  a n d  
I n s u l a t i o n :  D uring the day tim e hours,
components that reflect sunlight can be placed 
on the exterior of the building, to increase the 
am ount of solar radiation entering the direct 
space. During times of the year when heating is 
not required, the direct gain collector should be 
shaded to control the amount of solar radiation 
reaching it. Failure to shade the collector 
properly may result in overheating of the direct 
gain space, increasing the cooling load. The 
most effective shading components are mounted 
outside, preventing the sunlight before it passes 
through the collectors. Interior shades (such as 
Venetian blinds) can also be effective, reflecting 
some or most of the direct and diffuse radiation, 
but they will allow heat buildup to occur. The 
movable insulating component can also be used 
to block solar radiation and reduce heat gain 
during the cooling season. Thus, to receive 
quality comfort with direct gain systems, the 
hom eowner should be aware th a t w indow 
insulation may need to be used at night in the 
winter, and that other simple adjustm ent may 
need to be on a daily or a seasonal basis.

3 . 6 . 2 -  I n d ir e c t  Gain: Indirect gain systems
are especially popular in colder climates but 
have a tendency to overheat in the winter desert 
areas, even during the heating season. They are



made up of a glazing located in front of a da rk  
colored mass storage (masonry, concrete, water, 
etc.). The sun enters  through  the glazing and 
strikes the thermal mass. The heat  then passes 
slowly through the mass into the house. Thus, 
an indirect gain system using 20 cm. (8 in.) of 
masonry as mass will s ta r t  heat ing the  space 
about five hours after the sun began striking the 
collector. Two types of Indirect Gain Systems 
can be used

3 . 6 . 2 . 1 -  T r o m b e  Wall: The t rom be  wall,
n a m e d  a f te r  F ren ch m an  Felix T ro m b e  who 
popularized it. This thermal storage is placed 
directly beh ind  the glazing, between the glass 
and the interior space (Figure 3-5). The storage 
wall may be constructed of masonry or concrete 
materials  or formed by the use of water-filled 
containers.  As solar radiat ion passes th rough  
the glazing and strikes the wall, it is absorbed by 
the dark exterior surface of the wall. Heat flows 
into the thermal storage by conduction at a rate  
dependent  upon the conductivity of the storage 
m a te r i a l .  A f te r  a p e r io d  of  t im e ,  th e  
temperature of the interior wall surface will s tart  
to rise, too, and heat  will begin to flow into the 
interior of the build ing. This time per iod  is 
cal led Time-Lag of the  wall. T ime-lag  is 
dependen t  upon  the thickness and  materia l  of 
thermal wall.

The r e q u i r e m e n t s  for  a th e rm a l  wall 
storage system are South-facing glass areas (or 
t ransparen t  plastic) for maximum winter  solar

gain and a thermal  mass, which serves for heat  
storage and distribution.
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Fig. 3-5, an indirect-gain system. A thermal storage wall 
absorbs solar radiation into its outer surfaces.

3 . 6 . 2 . 2 -  A t t a c h e d  G r e e n h o u s e  
( S u n s p a c e ) :  In its simplest form, the sunspace 
is essen t ia l ly  a c o m b in a t io n  of d i r e c t  a n d  
indirect  systems. In this case the greenhouse is 
constructed onto the South side of the building 
with a wall mass separa t ing  the green house 
from the building. Since it is directly heated by 
the sun radiation, it funct ions as a direc t  gain 
system. However, the space  ad jacen t  to the  
greenhouse receives its heat  from the mass wall 
[Figure 3-6).
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Pig. 3-6, greenhouse collects heat a) Direct-gain; if attached 
to the living space b) Indirect-gain; if thermal storage is 

placed between the greenhouse and the rest of the building.

Basically, sun radiation is absorbed by the 
back wall in the greenhouse, converted to heat, 
a n d  a por t ion  of this heat  is then  t ransferred  
onto  the bui lding interior.  In this sense, the 
a t t a c h e d  g reenhouse  is s im ply  an expanded 
thermal  storage wall system, only instead of the 
glass face being a few centimeters in front  of the 
wall, it is a few meters, or  wide enough to grow 
p lan ts .  Vents may be a d d e d  th r o u g h  the  
thermal  storage wall to allow warm air to move
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by convection into the adjacent  space from the 
greenhouse.

There are m any possible varia t ions tha t  
a l lo w  for  d e s ig n  f l e x ib i l i t y  in a t tach ed  
g reenhouse  applica t ion.  For example, active 
system such as fans can be used to insure tha t  a 
g rea te r  pe rcen tage  of hea t  is e x t rac ted  a n d  
t ran s fe r red  from the g reenhouse  to h ea t  the  
adjacent space.

3 . 6 . 2 . 3 -  T h e r m a l  S t o r a g e  Roof: This is
a n o th e r  kind of ind irec t-gain  system th a t  is 
s im i l a r  to the  t h e r m a l  s to r a g e  w i th  th e  
exception th a t  is located in the  roof. Water  
con ta ined  bags or pond  on a flat roof  is the  
thermal  storage mass most often used. In the  
same case of water ponds, enclosed in thin  bags, 
are suppor ted  by a roof (usually a metal deck) 
that  also serves as the ceiling of the space below. 
This system is equally suitable  to both heating 
in winter  and  cooling in sum m er  for the Negev 
desert.

In w in ter ,  the  p o n d s  a re  exposed  to 
sun l igh t  dur ing  the  day  a n d  th en  conv er ted  
with insula t ing panels  at night . In this case, 
hea t  collected by the  ponds  most ly  r ad ia te d  
from the ceiling direc tly  to the  space below. 
While in su m m er ,  the  pan e l  pos i t ions  are  
reversed, covering the ponds  dur ing  the day to 
protect  them from the sun and  removing them 
at  n igh t  to allow the ponds  to be cooled by 
natural  convection and by radiat ion to the cool 
night sky. After being cooled at night, the ponds



are ready to absorb heat  from the space below 
the following day (Figure 3-7).

Fig. 3-7, roof thermal storage. The exterior surface is 
exposed to the sun during the day. At night heat continues 

to enter the interior spaces by thermal radiation

3 .6 .3 -  Hot Air ( I so la ted  Gain ) S y s te m s :  
In this approach, thermal barriers usually either  
a thermal  mass or rock bed is placed between 
in te r io r  spaces a n d  the so la r-hea ted  storage.  
The heat  flows from storage into the bui lding 
can be controlled or even shut  off entirely. This 
ty p e  of passive system is an iso la ted-ga in  
system. T ha t  m eans  the  co l lec tor  may be 
collect ing heat ,  b u t  th a t  hea t  s tays  in th e  
collector without  necessarily being d is t r ibu ted  
into or overheating the house; however, one can 
assume that  this system is an active one. This 
system can be passive or hybrid and are  often 
designed as an integral architectural e lement  of
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the house. Therefore, this system is basically an 
indirect-gain system tha t  a dis t inct  separa t ion  
( in su la t in g  o r  phys ica l  s e p a r a t i o n  ) exists 
between the  therm al  s torage an d  the interior 
space. A thermal  storage wall can become an 
isolated-gain system with the  a d d i t io n  of an 
insulating barr ier  as shown in (Figure 3-8). The 
barr ie r  removed from the wall when heat ing is 
d e s i r e d  f rom  the  t h e r m a l  s to rag e .  T h e  
insulat ing b a r r ie r  may be in the  form of an  
insulating curtain, or  it could be a shutter ,  or  a 
sliding panel.  Hot a ir  collectors are  usual ly  
mounted  on a South wall. It is possible to allow 
a view through, according to the a rchi tectura l  
needs.

hiSWticn $utit as 
T a turtam or shutter

interior space hesti/v 
net

. trterxx space

Fig. 3-8, isolated gain system.



3 .7 - P assive C ooling D esign  
Strategies

The need for cooling is just as great, if not 
g r e a te r ,  t h a n  th e  n e e d  for  h e a t in g  fo r  
inhabitants  living in the Negev. Therefore, the 
passive solar design should also be considered to 
provide and promote  passive or hybrid cooling. 
The roof pond, to be discussed in this section, is 
an excellent example of a strategy that  addresses 
both. The au th o r  will discuss passive cooling 
st rategies for dwelling in the  Negev, because  
r esea rch  in pass ive  cooling  has n o t  b een  
c o n s id e r e d  as long as r e sea rch  in passive 
heating. Four basic passive means of cooling are 
d i s c u s s e d  in th is  sec t io n .  T h e y  a re ;  1) 
evapora t ion  to the a tm osphere ,  2) n igh t  sky 
radiation, 3) convection or ventilat ion) and  4) 
conduction to the earth. These passive means 
of cooling may be used to improve  cooling 
methods for keeping heat out before it comes in, 
such as shading, are essential.

Traditional  house design in deser t  areas 
o f te n  to o k  a d v a n ta g e s  of severa l  cooling  
strategies. One example included the use of two 
structures, a high mass adobe and  a low mass 
ram ad a, which were often bui l t  side by side 
(Figure 3-9). Since heat  p ene t ra tes  th ro u g h  
th ick  a d o b e  walls  ve ry  slowly, the  a d o b e  
building could be closed up  like a cave during 
heat  of the  day, an d  o p en ed  to the  cooling 
breezes at night. During the evenings and night, 
people lived outdoors, und e r  their  ram ada  or in
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a roof deck, letting the heat  dissipate from their  
b o d ies  by convec t ive  cooling,  e v a p o r a t i o n  
(perspira t ion)  and  radia t ion  to the night  sky. 
However, even a thick walled adobe eventual ly  
becomes sa turated with heat  as average sum m er  
tem p era tu re s  rise a n d  it m ay  no longer  be 
comfortable du r ing  the day. Once the adobe 
was too warm to tolerate, the  inhabi tan ts  could 
move ou tdoors  into a shady area, sometimes a 
covered breezeway between two buildings where 
the re  m ight  be some air  m o v em en t  to help 
provide cooling.

adobe ramada
Fig. 3-9, adobe house with ramada, allows for daytime and 
nighttime living areas.

3 . 7 . 1 -  E v a p o r a t io n :  Evaporative cooling is 
the most powerful means of cooling in the Negev 
desert  areas; but, to provide adequa te  cooling, 
fans are usually needed to enhance  evaporative 
effect. However, since the am o u n t  of hum id i ty  
can be considerable in summer, people use fans 
to cool the i r  homes. Thus, var ious  m ethods



used to improve the performance of evaporative 
cooling as follows:

3 . 7 . 1 . 1 -  E x h a u s t i n g  E v a p o r a t i v e l y  
C ooled  Air: One way to reduce rad ian t  heat  
gains and thus improve cooler effectiveness is to 
exhaust evaporat ively cooled air through  areas 
of solar heat gain before the heat  can enter  the 
space, ( evapora t ive ly  cooled  a ir  c an n o t  be 
r e c i r c u l a t e d  a n d  m u s t  be  exhausted). 
E vapora t ive ly  cooled  a i r  can  be exhaus ted  
through the attic, or hot solar collectors, keeping 
these  a reas  m uch  coo le r  t h a n  they  would  
otherwise be. (Figure 3-10).

Solar
collectorUp-draft evaporative 

cooler
Fig. 3-10, evaporative cooling.

3 . 7 . 1 . 2 -  M i d d l e  E a s t e r n  E v a p o r a t i v e  
C ool ing  T e c h n iq u e s :  Wind-towers have been 
used  in m id d le  eas t  c o u n t r i e s  for  passive 
cooling. One type makes of evaporat ion with a 
porous jug of water located in the middle of the 
tower (Figure 3-11). As the water evaporates, the
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air en te r ing  the  tower is cooled an d  becomes 
heavier than  the hot out side air. This produces 
a down draf t  into the space. This system can be 
used in con junc t ion  with a th e rm a l  chimney, 
this system has some interesting potential.  The 
thermal  chimney, in contrast  to the evaporative 
wind-tower, draws air out of a space as it heats  
up. A m odern  day  configura t ion  m igh t  be a 
house with an evaporat ive  wind-tower and  an 
att ic  so la r  co l lec tor  with a b r idge  ven t  for 
ex h au s t in g  h e a t e d  a ir  o u t  of the  building. 
Instead of a jug of water , a fine water  spray  
would  prov ide  m ore  eff icient  cooling in the  
wind-tower.

Fountains were also used for evaporative 
cooling in the Middle East. Outside air drown 
into a wind tower would blow over a fountain  
located in the  c o u r ty a rd  or  th ro u g h  a d a m p  
basement before entering the living spaces.

Wind tower

Roof deck

Earth cooling

Fig. 3-11. Iranian wind-tower.



3 . 7 . 2 -  N i g h t  Sky R a d ia t io n  ( N o c t u r n a l  
R a d ia t io n ):  Night sky radiation is a significant 
strategy of cooling sources when used directly. 
It can be explained in this way; if you s tand out  
u n d e r  the  sky at night, you feel signif icant  
cooling through  radiation to the sky. Sleeping 
outside, before the advent  of mechanical cooling 
systems, was a common practice. Roof decks, 
jus t  for this purpose ,  still make good sense 
today.

Night sky radiation can be used indirectly 
as well. The roof pond system described later  is 
such an example. During clear  nights,  these 
systems can work quite  well but  dur ing  warm 
and  cloudy night, the addi t ion  of evapora t ion  
may be necessary to provide adequate  cooling.

3 . 7 . 3 -  E a r t h  I n t e g r a t e d  S t r u c t u r e s
(Earth C o n tact) :  Direct air  contact  cooling
strategy is the oldest and  most  widely applied  
m ethod  of passive cooling. There are  several 
ways to b u i ld  e a r th  i n te g ra te d  s t ru c tu re s .  
Although now rarely found in the Negev. An 
ear th  in tegra ted  home can also be at  g ro u n d  
level with  e a r th  b e rm ed  up  a r o u n d  it, a n d  
sometimes over the roof. Or, it could be built  
into a hillside or dug into a hole {Figure 3-12). 
Insulation to four feet below grade is sufficient 
in the Negev desert,  and usually walls should be 
constructed with high mass of concrete block or 
p o u red  concre te  th a t  are  water  p roofed  an d  
insulated on the outside. Cross ventilation and 
lighting are also two important  features for well-
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designed  ea r th  in te g ra te d  home to allow for 
passive efficiency. Light from the North as well 
as the South gives a more feeling -even if the  
n o r th  l igh t  comes f rom  the  c le rs to r ie s  o r  
skylights. Good venti la t ion  can help  make a 
h o m e  m ore  co m fo r tab le ,  e spec ia l ly  in the  
s u m m e r  d u r i n g  p e r i o d s  w h en  th e  h o u s e  
t e m p e r a t u r e  is o n ly  s l igh t ly  w a rm e r  t h a n  
comfort ranges.

Buried with court-yard

Buried in hillside & fill 
Fig. 3-12, earth integrated house configuration.

The book named Passive Solar for Arizona 
in the United States of America, gives an idea of 
su m m er  e a r th  t e m p e r a tu re  in a d ese r t  area.  
T e m p e ra tu re s  m e a su re d  at  va r ious  intervals 
below the g round  at the University of Arizona 
Environm enta l  Research  Lab in T ucson  are  
i l l u s t r a t e d  as fo l lows:  if severa l  in ch e s
approximately  4 cm. (1-1/2  in.) diameter  sized 
pebbles or if the vegetation were placed over the



earth, the surface temperature would be reduced 
s ignif icant ly  (as m uch  as 15° F), while the  
tem p era tu re  at 2.00 m. (7 ft.) would  remain  
about  the same. This type of g round  t rea tment  
has potential  for enhancing  the e a r th  contact  
effect for cooling.

3 . 7 . 4 -  D ir e c t  V e n t i l a t i o n  ( C o n v e c t io n ) :  
Direct venti late  systems are  de f ined  here  as 
systems with d irec t  coupling  of s torage  and  
space and  tha t  d ischarge hea t  by convection 
(without evaporation) to the a tm osphere .  In 
the form of na tura l  venti la t ion  th ro u g h  open 
windows (or with air flow increased by a whole 
house  fan), these are the most  widely  used 
passive/hybrid cooling systems. However, these 
open windows are also a source of noise, sound 
dirt,  and  humidity .  Open windows can also 
r e s u l t  in a loss of p r iv acy  a n d  secur i ty .  
Therefore, special control features can remove 
these d isadvantages  (e.g., d u c te d  ven ti la t ion  
systems with filters and controlled vents  to the 
exterior) (Figure 3-13).

Hot air

West facing 
glazing

Warm air

Fig. 3-13, direct ventilation through thermal chimney.

In order  to take maximum advan tage  of 
venti lat ion, p roper  location of the  bui ld ing on 
its site so th a t  it will in te rce p t  the  breezes. 
Furthermore, window shape, location a n d  size 
all influence the efficiency of ventilative cooling. 
Ins ide  a b u i ld in g  also m ay  be u se d  for 
ventilation the whole interior spaces when there 
is no air movement outside.

T h e rm a l  c h im n e y  o r  w in d - to w e r  are 
ano the r  features to passively ventilate a space. 
But, in my opin ion  still bo th  oscillat ing a n d  
ceiling fans are the  key for increasing su m m er  
co m fo r t .  They  a re  h e lp fu l  w h e n  money 
c o n su m in g  is c o n s id e r e d  c o m p a r e d  to air 
conditioning bills.



CHAPTER: 4

ARCHITECTURAL DESIGN 
IMPLICATIONS OF SOLAR
SYSTEMS



4.1- Introduction
Since man in hot arid  lands began to 

build his shelter, he has considered the effect of 
the climatical elements to achieve his comfort 
in such a harsh climate. Throughout history, 
his aim has been to m aintain his comfort. In 
the transition  from isolated to cooperative 
living, neighborhood units have been built with 
a sim ilar approach and in accordance with 
climatic effect as well as some other factor, such 
as cultural, economical, and social. The Negev 
Desert as well as all o ther deserts consists of 
many elements in complex relationships. One 
can try  to describe the desert environmental 
constituents as: landforms, plantings, surface 
m aterials, light, sound, space and clim atic 
elements. All act directly upon human body, 
which can e ither absorb them  or try  to 
co u n te rac t th e ir  effects. Physical an d  
psychological reactions result from this struggle 
for biological equilibrium  and comfort. The 
shelter is the main instrument to fulfill the need 
for comfort. It modifies the extremes of the 
environment to increase or lessen the effect of 
prevailing conditions. Therefore, it should filter, 
absorb, or repel env ironm en ta l elem ents 
according to th e ir  beneficia l or adverse 
contributions to man's comfort. Generally, the 
satisfaction of all physiological needs would 
constitute the criterion of an environmentally 
balanced shelter.

It has become clear that investigations, 
observations and evaluations of clim atic

elements of the Negev region becomes necessary 
for design such purposes. No m atter how large 
or small the shelter is, organizing a bu ilt 
environment with the help of artificial and man 
m ade clim atization, it is possible to obtain 
climate balance w ithin the environm ent by 
using today's technology. Such a solution could 
no t be assum ed as optim al. Our design 
problem, then  is to create a building, a 
neighborhood or a city at different design levels 
with natural climatization and to integrate it 
with artificial climatization. Of course, the ideal 
so lu tio n  w ould  be a c lim a te -b a la n ce d  
environm ent w ithout the use of artific ia l 
clim atization in order to conserve energy, or 
stated in another words; using Passive energy 
techniques which reduce requirements for space 
heating and cooling.

Since there are variety of methods for 
collecting, storing and distributing solar energy, 
an almost infinite num ber of these concepts 
may be utilized in a building design. However, 
some design issues of a general nature should be 
considered early in the design of dwellings 
incorporating  passive solar system s. The 
location and nature of structures, landforms, 
vegetation, surface, materials, orientation, and 
some other com ponents can affect our local 
environm ent to provide design solutions for 
building thermal balance and hum an comfort. 
This energy conservation could be achieved in 
the Negev by proper building design that uses 
available n a tu ra l energy sources to keep



comfortable in a building. This involves use of 
the potential of such sources as wind, radiation, 
night sky, cool air, evaporation, solar energy, 
etc., to p ro v id e  the  n ecessa ry  energy 
requirements. These sources can be used with 
simple and inexpensive technical facilities.

When we look at the energy use for 
buildings, it is relevant to know what types of 
build ings we consider in design  process. 
Different types of buildings use different amount 
of energy, and the fact that some buildings tend 
one way or another is due to internal loads. A 
worship space w ith many people, and few 
windows is a good example of a building that is 
dom inated by in ternal loads [meaning the 
am ount of energy for in terio r uses such as 
lighting, cooling, etc.] rather than external loads 
[meaning the amount of energy for heating or 
cooling]. A home has fewer things causing 
internal heat, so the largest cause of its heating 
or cooling load are the external loads due to the 
outside environm ent. For this reason our 
investigation will be connected with homes, 
because the approach of such a building is 
different than other buildings (Figure 4-1).

Fig. 4-1, different internal loads for different buildings.

4.2- Evaluation of Human Climatic 
Needs in the Negev

In o rder to evaluate hum an clim atic 
needs in the Negev area, we first established the 
overheated and underheated periods, because 
this determination is essential in climatological 
studies for urbafi and architectural usage. To 
app ly  th is  and  to evaluate the  clim atic 
s itu a tio n  of the area, a de ta iled  analysis 
covering the complete cycle is necessary. Local 
w ea th er d a ta  su p p lied  by meteorological 
stations give the architect information that will 
enable him to construct his own evaluation.

It has become clear that the evaluation of 
the climatic character of the region becomes 
necessary for design purposes. For a long time, 
clim atology was stud ied  m ainly  from the 
agricultural point of view. Thus many of these 
classification systems for climatic characters 
were related to vegetation of the region; but as 
m an is the basic m easure in u rb an  and 
architectural design, the true way to evaluate



the climatic character of the region should 
alw ays be in acco rdance  w ith  hum an  
requirements. All the relevant investigation of 
the region's climatic character are based on a 
bioclimatic chart where the coordination are 
respectively the percentage of relative humidity 
and the dry bulb tem perature (Figure 4-2). 
Without going into a very detailed description, 
the most significant element of the chart is the 
shading line which divides into two main parts. 
The lower portion shows the underheated period 
where wind protection is necessary; different 
q u an titie s  of solar rad ia tio n  are needed 
according to the values of the coordinates. The 
upper portion of the chart shows the overheated 
period. Here, shade is necessary; and in some 
zones wind plus moisture, or moisture may be 
requ ired .

Bioclimatic evaluation is the starting  
p o in t  of any a rc h ite c tu ra l design  at 
environm ental climate balance. Prevailing 
climatic conditions can be easily plotted on the 
chart, and will show the a rch itec t w hat 
corrective measures the comfort zone in the 
Chart. Corrective measures needed to restore 
the feeling of comfort can be taken directly from 
the same chart. For example, a dry-bulb 
tem perature of 23.9° C (75° F) and relative 
hum idity of 50%, Need: none, the point is 
already in the comfort zone.

A dry-bulb temperature of 23.9° C (75° F), 
and relative humidity of 70%, Need: 80 ft./min. 
wind to counteract vapor pressure.

A dry bulb tem perature of 10° C (50° F) 
and relative hum idity  of 56%, Need: 260, 
Btu/hr. sun radiation.

A dry-bulb temperature of 30.6° C (87° F) 
an d  re la tiv e  h u m id ity  of 30%, Need: 
counteraction by either two means (1) 300 
ft./m in . wind or (2) evaporative cooling by 
adding 8 gr. m oisture/lb . of air.

A dry-bulb tem perature of 35° C (95° F) 
and relative hum idity of 20% Need: can be 
achieved with winds alone. Even 700f/m  wind 
would still have to be supplem ented by 9 gr. 
m oisture/lb . of air. However, evaporative 
cooling could bring down the temperature to the 
level of comfort by adding 22 gr. moisture of air.

Many of these measures may be achieved 
by natural means, that is utilizing the climatic 
elements. Other problem, which can not be 
solved by natural possibilities, will have to be 
solved by m echanical means, such as a ir 
conditioning (active system). It is the purpose 
and  task of the arch itect to make alm ost 
natu ra l means (passive system) available in 
order to produce a more healthful and livable 
house, and to achieve a savings by keeping to a 
minimum the use of the mechanical for climate 
control.
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Fig. 4-2, shows the comfort zone for the inhabitants of the 

Negev Desert.



4.3- Relations of Climatic Elements 
to Comfort

Solar exposure is desired certain times of 
the year, while protection from excessive heat 
gain is needed of other times. The efficiency of 
any shading m ethod depends on its ability 
during the overheated period  of the year 
without intercepting the sun's warmth during 
the underheated times. In order to determine 
when to shade and when not to shade, the 
overheated and underheated periods for the 
region m ust be defined . A v a rie ty  of 
environmental factors interact to determine the 
sense of individual's comfort. One of the most 
important variables, and one for which regional 
d a ta  is m ost re ad ily  availab le , is a ir  
temperature. A fixed tem perature represents a 
boundary condition for determining when shade 
is desirable. This m ethod has been used by 
Olgyay and Olgyay in "Solar Control and 
Shading Devices, P rincton University Press, 
C l957." An approximate shading line of 21.1° C 
(70° F) is plotted on (Figure 4-3), using local 
temperature data. At any time of the year on 
the chart, inside the shading will be required to 
achieve a sense of comfort, while for other times 
of the year, direct solar exposure is desirable. 
Overheated period charts can be constructed for 
any specific location in the Negev, where 
temperature records exist.

It is obvious from the chart th a t the 
underheated period starts in mid-November 
continuing through mid-March. This gives a

total of 4 w inter m onths. The overheated 
period starts in March during the daytime and 
continues until the mid-November (during day 
time only). This results in a long overheated 
period of 8 months during the day. The chart 
indicates tha t the overheated period during 
nighttime starts form April continuing until the 
beginning of November. This evaluation chart 
calls for rad ia tion  during the underheated  
period from mid-April until the beginning of 
November, therefore, a certain am ount of solar 
radiation will be required during daytime and 
nighttim e in January. By evaluating these 
requirem ents with what could be available 
during a typical day in winter months, designers 
can decide which of passive methods of heating 
are adequate or if the building needs additional 
active or m echanical heating systems. The 
lim itations in the use of passive means in 
heating building will be discussed later in this 
C hapter. During the overheating period, 
shading, orientation and shape of the buildings 
m ust be used  to offset the excess heat. 
Generalizing, we can say th a t du ring  the 
overheated period, shade is needed, and during 
the underheated  period, both radiation  and 
protection from wind are needed.
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4 .4- Presentation  of Climatic 
Elements (External Factors)

A mass of meteorological  da ta  m ust  be 
provided for the designer to design accordingly. 
Much more useful an d  informative,  from an 
architect 's point  of view, are  averages or  means 
of a part icular  variable. These are obta ined  by 
taking the sum of a series of observations and 
dividing them by the n u m b e r  of observations.  
In general, the average meteorological conditions 
o ccu r  m ost  f r eq u e n t ly .  If we c o n s t r u c t  a 
building to withstand average condit ions it will 
be suitable for the greatest  num b er  of months .  
Four  major  c l imatic  e lem ents  —tem p era tu re ,  
humidi ty ,  wind and  solar  rad ia t io n — account  
for virtually all of a building's thermal  behavior. 
T e m p e r a t u r e  is t h e  s im p le s t  e l e m e n t  to 
u n d e r s t a n d ,  a n d  o f t e n  e l ic i t s  an  a lmost  
automatic response: if it is severely cold in the 
winter ,  maximize insu la t ion .  Unfor tunate ly ,  
this oversimplifies the problem, and disregards 
the fact that  wind, humidi ty  and  solar rad ia t ion  
affect indoor tempera ture .  Therefore, each one 
of the  climatic e lements should  be analyzed to 
guide building design and organization; because 
climatic data  can suggest design strategies which 
give the designer valuable starting point.

4 . 4 . 1 -  W in d  A n a ly s i s :  Wind behavior  and
its effect on h um an  life m ust  be s tudied before 
designing dwellings or ne ighborhoods  (cities), 
because in winter  it infil trates  and  overchills,



while in sum m er or overheated periods, it 
reduces the discomfort of high hum idity  by 
increasing the evaporation. In o rd e r to 
specifically evaluate the effects of wind on 
human comfort, both the annual and monthly 
variations of wind prevalence and its velocity 
are needed. One has to study the effects of 
prevailing winds both on the outside and the 
inside of dwellings in order to achieve a comfort 
balance. Air movements have to be evaluated 
as both "positive" and "negative": they should 
be blocked as much as possible during the 
underheated periods, but should be adm itted 
and utilized during the overheated periods.

Steady North and Northwesterly winds 
blow over the area. They are affected by the 
cool Mediterranean waters, and provide pleasant 
weather over the Coastal and Central Climatic 
regions. Therefore, when we compare the wind 
requirem ents from (Table 4-1) to the wind 
available in the region during summertime, the 
latter is less than sufficient. For example, in 
August at noon the chart calls for 500 ft./m in. 
of wind velocity to achieve com fort, while 
referring to (Table 1-3), Chapter-1, the velocity 
of wind during August is 100 ft/m in. from the 
North and Northwest direction. This leads to 
the conclusion tha t proper orientation  of a 
building or neighborhood in the Negev can 
utilize the wind during the overheated period. 
(Table 4-1), describes wind velocities and their 
impact on human comfort.

Velocity Probable Impact

Up to 50 ft./min. Unnoticed

50 to 100 Pleasant

100 to 200 Generally pleasant, but 
causing a constant awareness 
of air movement.

200 to 300 From slightly drafty to 
annoying drafty

Above 300 Requires corrective measure 
of work and health are to be 
kept in high efficiency.

Table 4-1, wind velocities and their impact on human 
comfort.

The predominant Westerly breezes in the 
Negev occur frequently except for the extreme 
South in Eilat. Sea breezes that blow from the 
Dead Sea have a h igher velocity in bo th  
Northern and Central parts of the Negev than in 
Southern part. These breezes are deflected by 
regional high pressure centers. In summer these 
regional highs tend to remain fairly fixed, but in 
fall and winter, storms cause change toward the 
South and North. Fortunately, studying local 
climatological data  will often reveal radical 
shifts in wind direction during winter months. 
This gives the designer an opportunity to design 
a building that is open to the summer winds, 
and prevent in the most likely direction of



winter winds. However, high velocity of air flow 
doesn't enhance natural ventilation to achieve 
comfort, so, a limit should be set of 250 ft./min. 
(90 meters per minute) in daytime and 180 ft. 
min. 60 meters per minute) at night for air 
movement inside a structure.

4 .4 .2 -  T e m p e r a tu r e : The tem perature of
the ground or of walls can differ considerably 
from that of the surrounding atmosphere. The 
tem perature of a particular surface is greatly 
influenced by its heat capacity, its color, and its 
heat conductivity besides, of course, the amount 
of radiation it receives. When subjected to 
strong solar radiation, roofs and walls of 
buildings, become warmer than the surrounding 
air. Therefore, the designer needs to understand 
diurnal tem perature patterns of all 12 months 
of the year, because tem perature is the most 
common factor of hum an comfort that affects 
build ing  design. The a rch itec t shou ld  
understand and investigate tem perature data in 
three categories:
- Monthly mean temperature
- Average daily maxima and minima
- Record high and low temperatures

All these numbers are used to draw a clear 
picture of the annual fluctuation of temperature 
in the region. "The diurnal tem perature swing 
is the difference between the day (maximum) 
and night (minimum) tem perature. A wide 
diurnal range (hot days, cold nights) occurs in 
areas where clear night skies allow radiation

from  th e  ea rth  to escape th ro u g h  the 
atmosphere". This is why building in high 
altitude "mountain" areas of the Negev -central 
highlands climatic region- experience more than 
7° C (12.6° F). tem perature swings. A wide 
diurnal swing can be a great advantage from the 
designers point of view, because it means that 
usable "free" energy is likely to be available at 
some point during those 24 hours.

Heating and cooling degree-days are 
common indicators of the period of that need 
shading devices. Therefore, the Timetable Chart, 
indicates that shading is required in the Negev 
beginning from mid-April continuing until mid- 
November. Through end of April until mid of 
September one hundred  percent shading is 
required. During mid-November until mid- 
March shading is not required since the sun is 
only source of heat. During the other months, 
usually there is a sense of com fort during 
morning and evening hours, bu t shading is 
required in between.

4 .4 .3 -  D u st a n d  S a n d  S torm s: Dust and 
sand dunes cover large areas in the Negev, and 
sand storms occur mainly in late winter through 
spring months. Mostly they are a daytim e 
phenomena, passing quickly and rising up to 
200-300 meters (600-700 ft.) above ground level. 
Such a phenomenon is one of the major factors 
determining the design process and orientation 
of the building, because they cause discomfort to 
the inhabitants and may deter the planner from



developing natural ventilation to its fullest 
extent. Many times, the breeze is irritating 
because it can carry fine sand and grit with it. 
The present analysis will be confined to the 
discussion of behavior of dust and sand dunes. 
Their method of entry into the building can be 
checked through appropriate design of window 
and door details. The im portant difference 
between dust and sand movement is that in the 
la tter, the particles are constantly  making 
contact with the ground, and so flow up into the 
air steam. The average height of sand-grain 
movement in the Negev is about 4 ft. (1.3 
meters) over the surface. Clearly, the harder the 
surface over which sand-grain travel, the greater 
the re su ltan t height of bounce of travel 
downwind. "Bagnold has established that under 
all conditions of wind, velocity, grain size, and 
surface hardness the grains impinge at an angle 
between 10 and 16 degrees".

Traditionally, people of such lands have 
devised many local systems to control wind
blown dust and sand. They take the form of 
wind catchers -a sort of vertical shaft which 
opens high above the roof and has another 
opening at the base- close to the floor inside the 
building. They are normally oriented to catch 
daytime sea winds in maritime desert locations, 
as the case in the Negev Desert. While in inland 
locations the cooler outside air at night goes 
downwards to enter the building and thus cool 
it sufficiently to make it comfortable during the 
daytim e. There are wind catchers called

"badgir" which are m ulti-directional and are 
found in Persian Gulf settlements. They are 
especially suited to building in maritime desert 
climates where they let in cool sea breezes 
during the day and equally cool land breezes 
during the night.

Features that control wind blown dust and 
sand can be incorporated in both town planning 
and individual building planning and while 
laying out the orientation of building through 
specific design form in each building. (Figure 4- 
4) indicates a method for protecting a building 
face by using a barrier screen located not more 
than  20 feet (6.1 meters) away. Adjustable 
screens or walls can be used to seal off the 
space to be protected from dusty and sandy 
winds. (Figure 1-10), Chapter-1, shows that 
directions of the dust and sand storm s are 
blow ing from  the South and  S ou theast 
directions: therefore, these adjustable barriers 
must be located on North and Northeast sides of 
the building.

A courtyard shaped building would be the 
best solution for such a phenomena; bu t if the 
building is fully exposed, then the building may 
require a barrier to provide protection from 
overheated dust and side swirls or eddies. 
Building can 't be p ro tec ted  from dust one 
hundred percent in the Negev; but to reduce it's 
effect a barrier should be located at a distance 
which does not exceed 20 ft. (6.1 m.) and of a 
height equal to the height of the ground floor of 
the building .



P lan

7.0 m. 
20 ft.

Cross-Sect ion
Fig. 4-4, shows the exclusion of dust effect by 
a combination of a fixed side barriers and roof overhead.

4 .4 .4 -  H u m id ity : Humidity directly affects
the thermal comfort of the human body, since 
the am ount of wetness of air intensifies the 
feeling of hot and cold. Low humidity causes 
d ry n e ss  an d  a h igh  hum id ity  allows 
accumulation of perspiration on the skin, thus, 
encouraging the growth of fungus and mildew. 
The simplest measure of humidity is wet- bulb 
tem p era tu re . The more closely wet-bulb 
temperature matches dry-bulb temperature, the
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more hum id the air. An example of how 
humidity affects human comfort is in Persian 
Gulf w here the a ir is very  hum id and 
perspiration evaporates slowly, decreasing the 
body’s ability to lose heat, while in Eilat, with its 
dry  air, the evaporation ra te  is high and 
perspiration evaporates quickly, lowering the 
body temperature.

By referring to the psychometric chart in 
(Figure 2-10), Chapter 2, it indicates that people 
in the Negev feel comfortable when the relative 
humidity ranges between 30 to 70 percent. At 
the same time, (Table 1-2) in Chapter 1 shows 
that in the Eilat region, the monthly average 
hum idity  lies below the com fortable ranges 
during the overheated periods. In all other 
parts of the Negev, the relative humidity ranges 
within the com fort region. As a result of 
extreme dryness in the Eilat region, some other 
solutions must be applied to solve the extreme 
dryness of the overheated periods. There are 
various methods of integrating the relationship 
between humidity and tem perature that have 
been known for centuries in hot clim ates. 
Records back to 2500 BC. show how Pharaohs of 
Egypt employed servants to fan air over large 
earthen  jars filled with water. "The water 
seeping through the porous walls of the jars 
constituted a wet surface which provided cool 
air through the fanning". Therefore, cooling 
devices e ither man m ade or n a tu ra l can 
enhance the addition of cooling by water vapor 
that can moisten the space. This moisture can



also be provided by integrating of water into the 
design of the building. The amount of water 
vapor which air can support at saturation can 
be expressed as grams or grains of vapor per 
volume of air, or as the portion of the total 
atm ospheric pressure tha t the w ater vapor 
contributes. These values can be determ ined 
with respect to the temperatures. (Table 2-4), 
shows the sa tu ra tion  pressure at different 
temperatures at sea-level pressure (760 mm. Hg. 
or 14.7 Psi). At 37.6° C (100° F) the water vapor 
content can be ten times higher than -1.1° C (30° 
F). In low latitudes of the Negev, temperatures 
are generally high: the atm osphere contains 
more water vapor in high latitudes. Energy is 
needed to convert water from liquid to vapor, 
hence, the evaporation of water requires a great 
amount of heat: 600 calories for one gram of 
water. This latent heat of evaporation must be 
supplied by the wet surface, which thus loses 
heat or is cooled.
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Table 4-2. shows the saturation pressure at different 
temperatures.
Source: Handbook of Chemistry and Physics, ed. Robert C. 
Weasr and Melvin J.

4.5- Bioclimatic Approach
W hen th e  c lim a tic  e lem en ts and  

bioclimatic needs are roughly comprehended, it 
is possible to estimate the balance of natural 
forces that can be attained in a building or 
neighborhood or city in the Negev Desert. 
Understanding the climatic elements very well



can provide comfortable conditions without the 
use of expensive, energy-consuming equipment. 
This only possible, however, if climate is taken 
to account from the beginning. Unfortunately, 
most of the methods which the Israeli architects 
can use to help to solve the climatic problems in 
Israel are not considered because they are time 
consuming. Therefore, the more severe the 
climate the more important this becomes —there 
are many examples of almost anticlim actic 
solutions in the Negev—and a mistake of their 
construction techniques and form a great deal 
can be learned.

It has become clear that the evaluation of 
the climatic conditions become im portant for 
the architect for design purposes. The designer 
should consider the group of people in such a 
hot dry climate, because Arab inhabitants with 
their traditional white robe and loose dress 
(especially women) are not only protected from 
the sun's radiation, but the clothing provides 
good insulation against the intensity of the hot 
desert air during the day and against the cold 
nights. When they move, the billowing of their 
clo thes allow a m oderate, b u t controlled 
am ount of air to circulate next to their skin. 
The Jews, on the other hand, either need little 
clothing or different requirements for comfort.

After examining the relationship between 
hum an comfort and climatic elements, solar 
exposure is desired certain times of the year, 
while protection and shade from excessive gain 
is needed other times in the Coastal Plain and

Central Highlands regions. But, in the Eilat 
region, water is needed to provide m oisture 
during the overheated period. Air movement is 
essential in all climatic regions of the Negev, but 
it is undesirable during the underheated periods 
especially on the North and South sides of the 
building. On the o ther hand, during  the 
overheated periods some of air movements or 
winds might aid ventilation. The purpose of the 
designer, therefore, m ust be to change the 
character of wind control. The inform ation 
ob ta ined  from wind analysis in C hap ter-1 
enables the location of preventive measures 
according , to prevailing wind directions. This 
could be done on a large scale -neighborhood or 
city- outside the built environm ent and on 
sm aller scale -individual buildings- closer to 
that environment. To change the character of 
wind, evaporation from the ground is needed. 
While the prevailing wind are mostly from North 
and Northwest, the ground surface layers should 
have vegetation which will aid evaporation (to 
be discussed later in this Chapter). As a result 
of my investigation for the Negev, I can say that 
the ideal structure in the ideal location might 
be able to keep physical sensation wholly within 
the comfort range w ithout using m echanical 
conditioning. (Table 4-3), shows the general 
design strategies for the Negev region tha t are 
p lo tted  from the analysis of local clim ate 
through this research.



Underheated Period Overheated Period
(Heating Required) (Cooling required)
- Protect the building 
from North and Northwest 
winds.

-Take advantage of 
Eastern breezes.

- No need for moistening 
feature.

- Decrease surface 
exposed to solar radiation

-Maximize sunlight 
penetration during winter

- Store heat for nighttime 
use.

- Elongate building East 
and West to maximize 
solar gain in winter 
and to minimize solar 
gain in summer.

- Great need to 
moistening
the air in Eilat climatic 
region.

- Protect South and 
Southeast sides from 
dusty winds.

- Shading devices to 
protect sunlight during 
summer seasons.

Table 4-3, shows the general strategies for building design 
in the Negev.

4.6- Parameters of Passive Solar 
D esign

Successful Passive cooling and heating 
strategies can con tribu te to expanding the 
comfort zone param eters and achieve comfort. 
For example, if am bient conditions (outside 
shade tem perature and humidity) are within 
parameters of the thermal comfort zone, then in 
effect no building is required; that is, one would

be comfortable under a shade of a tree or tent. 
But, if am bien t cond itions in d ica te  an 
overheated period, comfort can be attained by 
properly designing the building envelope to 
control in terio r tem peratures. This can be 
achieved by tim e-lag effects th rough  the 
structure, which then acts as surfaces for radiant 
cooling. Nighttime ventilation for the structure 
can expand the comfort limit even more. At 
higher humidities, still air conditions within the 
building would cause discomfort due to moist 
skin. In this case, interior cooling for comfort 
can be achieved p rim arily  by ven tila tion  
(control of in terio r air movement). Hence, 
passive solar parameters can be divided into two 
parts: passive solar cooling and passive solar 
heating.

4 .6 .1 -  P a s s iv e  S o la r  C o o lin g :  Passive
cooling is achieved by using the basic heat 
transfer principles of evaporation, radiation, 
convection and conduction together with heat 
skins including the earth , the sky and the 
atmosphere (see Chapter 3). These heat skins 
absorb excess heat and allow cooling to occur. 
The psychometric chart (Figure 4-5) can be used 
as a tool to help  the  designer tran sla te  
climatological data directly  into appropriate 
design strategies. If the conditions fall within 
the human thermal comfort zone, the designer 
finds easy to design accordingly. But, if the 
am bient conditions ind icate  an overheated 
period, comfort can be attained by the following



passive cooling design strategies: high-mass 
structures, natural ventilation, and evaporative 
cooling. The designer can develop a design up 
to the outer limits of each strategy. Notice that 
many of these zones (when these parameters fall 
in the area to the right of comfort zone, show 
that they can be considered for passive cooling; 
but if the tem perature and hum idity loops fall 
beyond these zones, conventional mechanical 
v e n t i l a t i o n ,  a i r  c o n d i t io n in g ,  or 
dehum idification will be necessary). In this 
situation , the designer has the op tion  of 
choosing whatever design param eter fits best 
with other constraints of the program. On the 
other hand, the designer must be aware of what 
is more applicable. I believe in this case, by 
adding thermal mass to a structure, the designer 
can cause a therm al lag tha t will slow down 
heat gain until ambient air temperatures begin 
to fall and heat can flow back to the exterior. 
This can be applicable especially in the Negev 
where diurnal temperature swings of about 7-10° 
C. When the air is extremely dry, then it might 
be m oistened as well as cooled in order to 
achieve comfortable conditions. Evaporative 
cooling performs both these functions at the 
same time. This m oisture can be achieved 
either by mechanical means (active systems) or 
can be provided through integrating natural 
elements into the design of the building, such as 
flowing water, fountains and vegetation.
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A- Comfort zone
B- Natural/mechanical ventilation 
C- High thermal mass 
D- Evaporative cooling

E- High mass w/night ventilation 
F- Conventional air-conditioning 
G- Humidification
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4 .6 .2 -  P assive  Solar H ea tin g : In the Negev 
region, it is necessary to combine both heating 
and cooling strategies such as large South facing 
windows, Trombe walls or greenhouses. South 
facing windows and greenhouses, which are 
d irect and indirect heat gain systems (see 
Chapter 3), need therm al mass inside the 
insulated envelope to absorb the incoming 
sunlight. To prevent overheating in summer, 
these areas must be well shaded by any mean of 
shading devices. Trombe walls are seldom 
shaded in summer, but instead use venting as a 
control strategy. During winter months, every 
square foot of South-facing glass receives about 
1700 Btu at 32° N latitude; 1500 Btu at 40° N, 
and 1300 Btu at 48° N. Calculations show that a 
d irect gain-heated small residence at these 
la titudes will easily be able to m aintain 
com fortable indoor conditions at ou tdoor 
tem peratures of 43° F, 46° F, and 49° F, 
respectively (6.1° C, 7.8° C, 9.4° C). All these 
parameters are shown in (Figure 4-6), where are 
presented below and to the left of the comfort 
zone; then heating param eters must be used to 
achieve therm al com fort sensation  when 
ambient conditions are within the underheated 
ranges. Beyond the point where passive direct 
gain and Trombe wall systems are no longer 
effective, active systems can be used to supply 
additional heat.
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A- Comfort zone 
H- Passive solar heating 
I- Active solar heating

WET BULB TEMP. 60

DRY BULB TEMP.
Fig 4-6, Summery of heating design strategies. It is adapted 
from Energy in Design techniques -AIA.
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4.7- Design Strategies
Having plotted out an analysis of the 

clim ate and  principles and param eters of 
Passive Solar design for heating and cooling, the 
designer can be directed toward balancing heat 
gains and heat losses. In this analysis, the heat 
balance points (theoretical conditions where a 
building's total heat gains equal to total heat 
loses) are not as important as the magnitude of 
heat losses or gains and their interrelation in 
o rd er to assess the po ten tia l for energy 
efficiency. Thus, we can see that the potential 
for trading heat gains for heat losses through 
proper design decisions. The thermal balance 
m odel —w here each m odel ind icates the 
relationship between heat gains and heat losses 
along the vertical axis— allows the visualization 
of how different strategies increase or decrease 
certa in  hea t gains or losses so th a t they 
approach equality.

Design strategies for energy conservation 
should be identified and understood by the 
design team. Energy needs should be matched 
with appropriate design solutions. The design 
strategies will help determ ine the envelope, 
o r ie n ta tio n , and form  of the  building. 
Therefore, the design strategies for building an 
energy efficient building should be identified 
before predesign procedures. For example, for 
the Eilat climatic region, evaporative cooling 
might be an effective design strategy, while for 
other regions, passive systems might be effective. 
Whatever the system used in the building, it is

best to understand the strategies that can be 
used to increase or decrease certain heat gains or 
losses to approach an equality between heat 
gain/loss values early in the design process.

F o r  la rg e r in te rn a l- lo ad -d o m in an t 
buildings, the climatological analysis can help 
the designer greatly reduce the envelope and 
infiltration loads on the building. Thus, this 
analysis develops the strategies of therm al 
balance in the Negev which are based on the 
following:

1- In ternal hea t g a in /lo ss strateg ies
2- External heat gain /lo ss Strategies
3- Envelope hea t ga in /lo ss S trategies

4.7 .1- In te rn a l Heat G ain/Loss S trategies: 
Lighting is the primary source of internal heat 
gain among other factors tha t affect internal 
h ea t such  as e lec trica l eq u ip m en t an d  
occupants. During the underheated  period 
lighting can become an efficient tool, while 
during overheated period, it will offset heat loss. 
In fact, cooling the heat generated by lighting 
may account for as much as 50 percent of air 
cond ition ing  load, w ith v en tila tio n , heat 
genera ted  by equ ipm en t and  people less 
dram atic significant sources of in ternal heat 
gain.

A rtific ia l lig h tin g  c re a te d  by the 
superheating of filament or gas converted to 70- 
80 percent to heat is radiated from the fixture 
housing to the air in the occupied or ceiling 
space. Therefore, artificial lighting not only



consumes energy to generate light, but produces 
space heat which must be offset with cooling 
systems when it does not contribute to allowable 
heat gain. Hence, any method of reducing the 
amount of artificial lighting apparently reduces 
use for both lighting and cooling. Of course, it is 
possible to reduce lighting significantly if good 
natural lighting design techniques are used for a 
specific microclimate.

Maximum use of n a tu ra l ligh t may 
overcome energy conservation. This not only 
reduce the need of artificial lighting, it also 
offers several d istinct advantages. N atural 
lighting provides illumination equal to artificial 
light, while producing less heat, as various 
glazing and shading techniques can be used to 
decrease the am ount of in fra red  radiation 
tran sm itted  to the in terio r space. Hence, 
m axim um  use of day ligh t may m ean a 
co rrespond ing  increase in envelope heat 
gain/loss. A summary of internal heat gain is 
classified in (Table 4-4) to increase and decrease 
hea t gain. Noticing th a t when dry-bulb 
temperatures fall less than 5.6° C (10° F) below 
comfort zone, they may be sufficient heat from 
in ternal sources to achieve comfort, bu t it 
depends on the type of building.
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Increase Internal Decrease Internal
Heat Gain heat Gain

- Centralize spatial - Reduce artificial lighting
location of heat gain by employing natural
sources. daylight where possible.

- use available heat - Use clear glazing.
sources.

- Use light colors on 
interior walls.
- Locate heat gain sources 
in proximity to areas 
needing heat gain.

- Isolate heat gain sources.

Table 4-4, shows the internal heat gain/losses strategies.

4 .7 .2 -  E x te r n a l  H e a t  G ain /L osses 
S tra teg ie s : Solar rad ia tio n  is a m ajor
contributor to heat gain. This gain results when 
insolation (direct, diffuse and reflected solar 
radiation) is converted into heat after passing 
through an aperture. Building configuration 
affects the am ount of ex terio r wall area, 
therefore, the available area exposed for solar 
heat gain. In general, the ratio between exterior 
wall to floor in a residential scale building is 
approxim ately  1 .5 /1 .0  and  0 .5 /1 .0  in  a 
multistory building. This ratio determines the 
amount of solar heat that enters the interior of 
a building through glazing. Percentage of East- 
West wall areas are critical as these surfaces 
absorb direct solar radiation, in some cases



perpendicular to the surface. Consequently, for 
a given floor area, solar gains can be increased 
by increasing the external surface area to 
volume ratio. In general, this means that taller 
buildings with a deep or wide floor areas receive 
less external gains. For two buildings with 
similar surface areas to volume, the building 
with smaller length to w idth ratio has less 
external gain. Because the harsh external factors 
are the dom inant factors in the  . Negev, 
configuration can dramatically affect heat gain 
by increasing surface area to volume ratio.

Solar rad iation  is adm itted  and then  
transferred through the building envelope by 
means of glazing areas, as well as indirectly 
through wall and roof surfaces. Therefore, the 
am ount of solar radiation transferred through 

"glass depends on orientation and heat transfer 
characteristics of glass. Hence, the amount of 
insolation exposure can be partially optimized 
w ith  bu ild ing  co n fig u ra tio n  (orientation). 
Reducing the area of the glass on East-West is the 
s im p les t m ethod  of red u c in g  incoming 
radiation, while providing shading devices on 
south will prevent direct insolation to enter into 
the interior spaces. A summary of increasing 
and decreasing external heat gain is listed in 
(Table 4-5).

Increase External Decrease External
Heat Gain Heat Gain

- Use large glazing 
surfaces.

- Reduce surface area to 
enclosed volume ratio.

- Use clear glazing. - Orient building to 
maximize insolation.

- Use dark colors on the 
exposed walls and roofs. - Provide shading devices 

(natural man-made).
- Slope roof toward south. - Use light color.
_ Increase surface area 
to enclosed volume ratio. - Decrease thermal 

transmission 
resistance i.e., 
U-value.- Avoid shading

- Configure building 
shape to provide 
self-shading

Table 4-5, shows the external heat gain/losses strategies.

4.7.3- Envelope Heat G ain/Loss S trategies: 
Heat is transferred directly through the building 
envelope by conduction  th ro u g h  build ing  
materials. The rate of transmission depends to 
a large extent on the mass and /o r transmission 
ch arac te ris tic s  of the therm al. Here, the 
difference between solar radiation and ambient 
air as a source of heat gain/loss needed to be re
emphasized. The mass (Usually expressed as



weight) of the exterior envelope affects heat 
transfer by acting as a heat "sink".

Walls exposed to sunlight store heat and 
then release it to both the inside and outside 
when e ither tem peratu res fall bellow the 
temperature of the wall itself. It is obvious that 
heat storage is undesirable characteristic when 
cooling loads needed, therefore, the heat storage 
aspect of mass its use as a mechanism to resist 
heat transfer or to insulate. For example, this 
can be accom plished by adding insulation 
materials to the wall, and the designer must 
know the placement of the insulation. In the 
Negev, where the clim ate is hot, insulation 
should be placed on the exterior of high-mass 
envelope, because in this way excess heat can be 
absorbed from internal sources during day and 
released to the space during  night. The 
insulation here, will affect the transfer of 
external heat by reducing conductivity of the 
exterior wall. One can conclude th a t the 
insulation works to reduce heat gain from 
external sources. Since radiant energy is the 
major source of heat gain, shading may be the 
more effective overall heat-reduction strategy. 
Nevertheless, insulation might also help reduce 
the  d isco m fo rt caused  by d ra f ts  and 
condensation that occurs in the wall during the 
overheated periods. In this case, a vapor barrier 
is a recom m ended strategy to reduce vapor 
migration that causes unwanted condensation.

Because of air temperature fluctuations in 
all three climatic regions of the Negev during

both overheating and underheating periods, it is 
possible to use the relatively warmer and cooler 
earth temperatures to heat and cool a building. 
This can be derived from the stability of earth 
tem perature, where in summer, the earth  is 
generally cooler than  the atm osphere, and in 
winter is warmer. Hence, the earth  can be 
integrated to the methods of construction (see 
Chapter 3 about Passive Systems). To act as an 
in s u la to r  o r as an  a lte rn a te  therm al 
environm ent. But, th is depends on the 
building/earth configuration i.e., the depth and 
exposure of the particu lar building. "At an 
average floor depth of 10 feet, solar heat gain 
can be reduced 100 percent and conductive heat 
gain by about 50 percent, for a total reduction 
of about 75 percent". In general the techniques 
of integrating building with earth  depends on 
the  im portance of external factors (will be 
discussed la te r  on th is C h ap te r) . Since 
topography, soil density and water content can 
differ from place to place, it would be advisable 
to check site cond itions before choosing 
building/earth as a design strategy. A summary 
of reducing and increasing heat gain related to 
envelope is listed in (Table 4-6).



Decrease Internal Heat 
Loss (Heating is needed 
in Winter)

Decrease External Heat 
Gain (Cooling is needed 
in Summer)

- Increase insulation.

- Protect insulation from 
vapor and moisture.

- Use multiple-layer 
glazing.

- Decrease building 
exposure to cold outside 
air.

- Decrease infiltration.

- Reduce surface area to 
enclosed nolume ratio.

- Increase insulation.
- Decrease building 
exposure to solar radiatior

- Use water, fountains to 
decrease heat builtup.
- Plant deciduous trees 
adjacent to building to 
moderate surface 
temperatures.

- Reduce paved areas in 
vicinity of building.

Table 4-6, shows the envelope heat gain/losses strategies.

4.8- Factors that Affect Passive 
Energy in Building Design in the 
Negev

It is obvious that a building in the Negev 
Desert should differ from one situated in the 
o ther regions of the country, but it is less 
obvious that even in the same area —city, town, 
village or rural area (Moshavim and Kibbutzim)- 
there are microclimatic differences which should 
be recognized in the design and construction of 
the buildings. Hence, from an energy point of 
view, it is im portan t to analyze and then

understand the climate of the site, the area and 
the region.

The principal problem  confronting the 
designer and builder in such a climate is to 
reduce the impact of solar heat, particularly 
during the overheating periods. A considerable 
degree of attention will be paid to this aspect 
later in this Chapter. The prevention of solar 
heat will not, of course, solve all the designer's 
problems, which are complex. Not only the 
climatic elements such as tem perature, wind, 
hum idity, solar rad ia tion  and cloud cover, 
whose effect and degree of in tensity  play a 
m ajor ro le  in the  c re a tio n  of distinct 
environment must be considered; but such other 
modifying factors as latitude, the relationship 
between land and water, elevation above sea- 
level, topography, vegetation, orientation and 
some o ther factors m ust be taken into the 
account. Therefore, the purpose of a building is 
to change the surrounding microclimate.

Early men in hot dry climates built their 
houses not only to keep ou t the climatic 
elements, but also to produce an environm ent 
favorable to their comfort and even to their 
survival. Thus, they built houses more or less 
sa tisfac to ry  in prov id ing  them  w ith  the  
microclimate that they need. On the o ther 
hand, m odern architects have attem pted to 
solve this problem with modern technology.

. Once the goals for designing energy- 
conserving design are understood, the design of 
successful energy-efficient building becomes



intuitive. Designers must understand fully the 
energy problem for each project and the range of 
possible solutions before beginning the design. 
U nderstanding the use of various design 
strategies enables design professionals to create 
and produce buildings that use less mechanical 
energy while maintaining the integrity of other 
design criteria. Buildings have different sizes, 
crowdness, sites and other variables. Successful 
energy design responds to different set of 
variables (factors) for each given building. 
Therefore, some of im portant factors which may 
cause local variations and which the designer 
must consider are:
A- Environm ental (External) Factors

1- Site selection
2- Water Effect
3- Vegetation and Landscaping
4- Ground Surfaces

B- Envelope Factors
1- Orientation of building
2- Built Form (Shape)
3- Glass Areas and Location (Window 
Design)
4- Building Materials
5- Shading devices

C- In ternal Factors
1- Crowdness
2- Electrical Lighting
3- Equipment

4 .8 .1 - Environmental (External)
Factors: I have ind icated  tha t general
clim atic data, i.e., so lar rad ia tion , wind, 
hum idity and dust storms can be controlled 
with the combination of artificial climatization 
and man made elements; but the basic principle 
is to solve problems at different design levels 
with natural climatization and to integrate it 
with artific ial clim atization. The optim al 
solution would be of course, a climate-balanced 
environment without use artificial climatization 
in order to conserve energy. The climate in the 
Negev m ust be well analyzed in conjunction 
with site parameters and elements —topography, 
site selection, vegetation, water, ground surface 
and wind control features— all of which can 
affect the site's microclimate. The climatic data 
and site elements should be considered in the 
s e le c t io n  of b u ild in g  e n v e lo p e  an d  
constructional elem ents. If some of these  
param eters are not exist in a particular site, it 
m ight be m odified by various man m ade 
techniques and modifications.

4 .8 .1 .1 -  S ite  S e le c t io n :  For a successful
energy-conscious building or settlement in the 
Negev, proper shape, orientation, altitude, and 
exposure of or near the site are essential 
considerations. The influence of the topography 
is of major im portance because the region is 
quite uneven. In above-ground structures, we 
must consider the effects on their orientation,



incl inat ion and  a t t i tude .  Solar a n d  the rm al  
impact  an d  wind cause m any problem s tha t  
require  comprehensive study and evaluation.

Tempera tures  in the a tmosphere  changes 
with the altitude. Tempera tures  decrease with 
increasing altitude. The tem p era tu re  d ro p  in 
the summer on the mountains can be 1° C (1.8° 
F) for every rise of 100 meters (330 foot), and  for 
each 130 (400-foot) rise in winter. This effect is 
important  in hot arid lands where tempera tures  
becom e more  favorable  a t  h ig h e r  altitudes. 
Most major cities in Middle East desert  climate 
were located at high alt itude. Even ununiform  
region or  site with a small difference a l t i tude  
c a n  c a u s e  a r e m a r k a b l e  d i f f e r e n c e  in 
tem p era tu re .  Therefore ,  land  forms can be 
excellent microclimate modifiers. Cool air being 
h eav ie r  t h a n  warm air,  a n d  a t  n i g h t  the  
outgoing radia tion causes a cool air  layer  to 
form near  the g round  surface. The cold air 
behaves somewhat like water or any liquid tha t  
flows downwards seeking the lowest point. This 
f lo o d  of  c o ld  a i r  c a u se s  c o ld  i s lan d s .  
Accordingly, elevation that  impede the flow of 
air affect the tem pera ture  levels, while concave 
te r ra in  formation act like "dams" an d  become 
cold air "lakes" at night, where the case in the 
region of Eilat Climate near  the Dead-Sea (the 
lowest point on the earth) (Figure 4-7). Hence, 
th is  fact can be used to a d v an tag e  by the  
designer as a raised embankment,  wall or fairly
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Fig. 4-7, concave terrain formation acts like cold air lakes. 
Source: Tropical Architecture. C.P. kukreja.

impermeable  shrubs or vegetat ion on the lower 
site can dam up the cool air which flows slowly 
down the slope.

The to p o g ra p h y  of a site  also has an 
important  effect on quali ty of solar radiation in 
the  region.  For exam ple ,  the  a m o u n t  of 
rad ia t ion  tha t  a hill side receives depends  on 
the inclination and direction of its slope. While 
selecting building's  site or set tlement's  site, one 
should  know tha t  inclined or ien ta t ion  surfaces 
receive larger am ount  of rad ia t ion  dur ing  cold 
per iods  and  less r ad ia t ion  d u r in g  per iods  of 
intolerable heat.

A hill decidedly  controls  wind flow an d  
p rec ip i ta t io n .  The h o r izo n ta l  a n d  vert ica l  
patterns of a wind st ream are d iverted by a hill 
which causes wind flow on its lee slope to gain 
speed. Thus, the  sides and  crest  of a hill are  
high velocity wind areas, while the lowest wind 
speed are found near  the  bottom of the hill in



the area of wind differences between land and 
water surfaces (Figure 4-8).

Fig. 4-8, wind pattern around a hill.

P l a n n i n g  C o n c e p t s :  T h e  c l i m a t i c
environment in the Negev region is m arked  by 
c lear skies, longer  high heat  periods ,  a d ry  
a t m o s p h e r e ,  a n d  w id e  d i u r n a l  (d a i ly )  
tem p era tu re  variations.  For such condit ions,  
the major concern is n a tu ra l ly  to avoid heat  
more than mitigate the cold. Consequently, in 
all of the  Negev climatic  regions the  ideal 
building sites are foot-hill sides which can take 
advantage of the cool air rises from the valley. 
If arrangements are made to avoid this cool air
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flow d u r in g  winter ,  one cou ld  bu i ld  idea l  
buildings (see other  factors). One way to do this 
is to utilize "dam" or "cold lake" winds, keeping 
in m ind  tha t  water  bodies m odera te  extreme 
t e m p e r a t u r e s  a n d  c rea te  d e s i r ab le  climatic 
effects th ro u g h  e v a p o r a t i o n  "The p la tea u ,  
valley walls, a n d  bo t tom  surfaces  cool of at  
night. Air flow occurs toward the valley floor. 
On the  va l ley  s lopes,  a se r ies  of sm a l l e r  
circulation mix with the ne ighboring warm air, 
causing in te rm ed ia te  t e m p e ra tu re  condit ions.  
Accordingly, the tempera ture  at the plateau will 
be cold, the valley floor will be very cold, but  the 
higher sides of the slopes will remain warmer.  
This a re a  is r e fe r red  to as the  warm slope  
(thermal belt)", see (Figure 4-9).

For the most of the year, shade is required  
in the afternoons. Accordingly, sites with North- 
West slopes would be best suited for the Negev 
Desert.  North East s lopes a re  adv ised  for 
practical  protec tion of the  Khamsin dry  wind 
th a t  blow from Southeast^ a n d  to let  the  
Mediterranean western breezes cool the site, and 
finally, North slopes are also advised from direct 
sun  rad ia t io n  du r in g  the crit ical ove rh ea ted  
periods (Figure 4-10).



Plateau warm
slope region

Cool air dam

Fig. 4-9, flow of cold air toward lowest point.

In choosing  such  site o r ie n ta t io n  an d  
loca t ion ,  th e  a u t h o r  ca l led  for  b a la n c e d  
decisions, because the external climatic elements 
differ from one site to a n o th e r .  Here, the  
d es ig n e r  has to d e te r m in e  from da i ly  a n d  
m o n th ly  m eteoro log ica l  d a ta  a n d  from the  
s tudy  of site condit ions  to select best site to 
achieve comfort  with energy-conscious design. 
In general ,  the  climatic condit ions  prevailing 
early in the morning should de te rmine  the axis 
of the  layout. Provisions m us t  be m ade  for 
m orn ing  heat  in take and  providing shade  for 
the rest of the day during overheated periods. A 
courtyard  layout would be the ideal solution to 
fulfill the need for capturing the surrounding air 
which has been cooled by the outgoing night
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radiation. To achieve more shade in large scale 
design, the houses should be built  close together  
to provide  self shade.  Shaded grass surfaces 
must  be provided, for they are cooled by the 
nightly outgoing rad ia t ion  and  also m o d era te  
daily tempera tures  through evaporation (will be 
discussed later on this Chapter).

K J
Sand srorms n/Khamsin drys 

/  hot winds

Summer cool 
breezes

Fig. 4-10, site selection factor.

4 .8 .1 .2 -  W ater  E ffect: The p roxim ity  of
bodies of water  has a cons iderab le  influence 
u p o n  the  c l imate ,  a n d  th ey  can  m o d e r a te  
extreme tem p era tu re  variations.  Because the  
Negev is su r ro u n d e d  by three  major  bodies of 
water ,  its c l im ate  a m ar i t im e  d e s e r t  type.



Therefore, the water heats up and cools down at 
a m uch slow er ra te  than" th e  lan d . 
Consequently, the differences in air temperature 
above land and water cause pressure changes, 
which, in turn, induce localized winds. They 
blow from the sea towards the land during the 
day and travel in the reverse direction during 
the night when the air temperature on the land 
falls below the sea tem perature. This means 
that during the day conditions on the beach 
front are to lerably  more com fortable than  
conditions in land  eventhough the relative 
humidity is approximately 10% higher there. At 
nighttime, however, there is little difference in 
tem perature levels on the sea side or inland 
locations. This day and  n igh t localized 
phenom enon in the Negev Desert locations 
which is also associated with humid conditions 
makes air movements a much more im portant 
requirement for physical comfort than the case 
in inland areas.

The leeward side of a large lake for 
instance can experience a less extreme climate 
th a n  w indward owing to the tem pera tu re  
differential between land and w ater surfaces 
that will be transm itted by a prevailing breeze. 
Houses at the sea shore and to a lesser extent up 
to quite a distance inshore can benefit from sea 
and hill breezes (Figure 4-11). This figure shows 
that during the day the land warmed by the 
sun. The land in turn  warms the air above it 
which expands and rises perm itting cool air 
from over the water to move in and take its

place__the day sea breeze. At night the land
cools and the air above it drops in temperature 
and flows toward the water to take the place of 
the warmer air over, which is now rising. This 
gives a night land-sea breeze.- Hence, the shores 
of lakes and oceans as a result benefit from 
daytime breeze, blowing from the water to the 
land, which has a cooling effect. At night the air 
over land cools faster than that over the water 
and the process is reversed, with the breeze 
blowing from the land to the water.

Essentially, w ater im proves physical 
com fort by evaporative process, which by 
increasing the relative hum idity decreases the 
dry bulb tem perature of the surrounding air. It 
is a process which is greatly assisted by air 
movement, irrespective of whether it is naturally 
or artificially induced. According to Elizabeth 
Kassler, who wrote a valuable series of articles on 
water and architecture "pleasure in water means 
pleasure in its multiplicity of face and depth, 
illusion and reality, change and nonchange... 
pleasure in the multiplicity of sound with which 
it measures eternity... pleasure in cool spray 
blown against warm skin... pleasure too long 
den ied  us". People in  ho t d ry  lands 
instinctively understand this and have learnt to 
create an intim ate world of fountains, pools, 
and channels.



Day

Ni gh t

Fig. 4-11, day and night breezes.

Accordingly, the proximity of bodies can 
moderate high tem perature variations, raising 
the  minimum tem peratures in w inter and 
lowering the heat peaks in summer. "In large 
bodies of water such as M editerranean Sea or 
Dead Sea, this effect raises the average January 
temperature about 2.8° C (5° F), and the annual 
minimum about 15° F. While in July the 
average temperature is decreased about 3° F, and 
the annual absolute maximum is depressed 
about 5° F" [2]. Diurnal temperature variations 
cause land and sea breezes. When the land is 
warmer than the water, low cool air moves over
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the land to replace the heated updraft. During 
the day, such offshore breezes may have a 
cooling effect of up to 5,6° C (10° F).

The importance of water as a planning 
principle stems from its role as the source of life 
in the Negev desert. To make settlements in the 
Negev Desert possible, we can derive lessons from 
Iranian traditional landscape which is marked 
by systems of sub terranean  channels, called 
Qanat. Complementing the use of water as life- 
giving elem ent is its use as a form-giving 
element at the scale of the city and as a cooling 
element at the scale of dwelling unit. Irrigation 
water for landscape can be provided by open 
channel, flowing by gravity. In the city these 
water elements can be located along prominent 
corridors of pedestrian activity where they serve 
as visual amenities, adding to the essence of 
place (Figure 4-12).



Fig. 4-12, Effect of water on a space (Iranian traditional 
architecture)

4 .8 .1 .3 -  V e g e ta t io n  a n d  L an d scap in g :  
vegetation and landscaping elements must be 
also considered  im p o rtan t p a rt of the  
microclimate. The natural cover of the terrain 
tends to moderate extreme tem peratures and 
stabilize conditions through the reflective 
qualities of various surfaces. Every type of 
natural ground cover -such as grass, shrubs and 
trees; paved surfaces; walls and roofs- will have a 
perceptible effect on the microclimate of the 
site. Man-made surfaces, on the other hand, 
tend almost w ithout exception to exaggerate
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them. Generally, plant life acts as an absorbent 
material, blotting up heat, light, and sound. 
Because leaves give off moisture, they actually 
destroy a large part of the heat which falls upon 
them. Vegetation has disadvantages when it is 
too close to a building, as roots can damage 
foundations and drain pipes, leaves can block 
gutters, and desirable air movement can be 
drastically reduced or directed away over the 
building.

It is generally found that, on sunny 
summer days, air temperatures at about 30 cm. 
(1 ft.) above ground level are approximately 4° 
to 5° C lower than those at ground level itself. 
Grass also is cooler than exposed soil surface, the 
difference in temperature being between 5° to 6° 
C. The tem perature differential may be much 
greater between grass and paved surfaces. 
Further, there is a considerable difference in 
tem perature between paved surfaces made of 
different materials. Rudolf Geiger proposed a 
tab le  (Table 4-7) Showing the range of 
temperature variations over different surfaces.



Material o
Temperature ( C)

Sand 25.9
Earth 25.0

Gravel 21.1

Grasy ground 16.0

Clay soil 11.2

fable 4-7, range of temperature variations 
over different surfaces.

Figure 4-13, shows surface treatm ent to 
landscape court in the residential sector of 
Jew aharlal Nehru U niversity, New Delhi, 
designed by C.C. Kukreja, shrubs has been 
planted on existing rock boulders to reduce 
heat. Vegetation helps lower the surrounding 
tem perature by evaporative cooling as a result 
of transpiration. It further provides advantages 
as a windbreak, thus arresting the flow of dust 
and sand into build-up areas.

I l l

Fig. 4-13, Surface treatment to landscape court in the 
residential sector of Jawaharlal Hehru University, India

Besides satisfying the instinctive need for 
aesthetics, trees also perform  many services 
w hich  b e tte r  m an 's im m ediate physical 
environm ent. Trees and shrubs, if densely 
planted, considerably reduce the level of air
borne noise. Leaves with viscous surfaces catch 
the dust and filter the air. Plants and trees also 
provide privacy from prying eye (especially for 
Arab communities) and reduce annoying glare 
effect. Deciduous trees provide generous shade 
and that too only in an appropriate seasons so



tha t they are quite valuable in the Negev 
climate where sunshine in needed in the winter 
and shade in the summer (Figure 4-14).

To achieve efficient shading, trees have to 
be placed strategically. At the sun is at low 
angle in the morning and late afternoon, trees 
should  be placed  facing Southeast and 
Southwest. The trees will cast long shadows 
which can be utilized effectively on those sides 
which are otherwise difficult to protect from the 
sun's heat at this time of the day. At mid-day, 
the sun is high in the sky and its
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Fig. 4-14, trees keep out sun when it is low and the roof 
overhang shades glass when it is high.



rays can be intercepted easily by an overhang, 
trees being useless at this time of the day as they 
cast narrow shadows near themselves.

The type of trees used is of g reat 
importance. They should be selected from the 
point of view of both their appearance and the 
amount of shade they provide. K.L. Datta of the 
central building Research Institute, Rooker, 
India, has classified trees into three major forms. 
First, those with a round shape where the spread 
and height is roughly the same. These trees 
may be used for roof shading and should be 
located on the Southeast, South and Southwest 
sides in Northern latitudes and on the opposite 
sides in Southern latitudes. In the second type, 
which has termed oval-shaped trees, the spread 
is nearly half the height and the foliage takes an 
oval shape. These trees may be used for general 
shading on the East and West placed at a 
distance ranging from 6 to 9 meters from the 
building, as they will intercept the rays of the 
summer sun in the late mornings and early 
evenings. The third type of trees are vertical 
and do not spread very wide. They are known 
as columnar trees and should be used as wind 
barriers and dust screens placed some distance 
from the building.

In the arid zone, it is not always possible 
to grow trees sufficient in height to shade roofs. 
If planted too close to the building, the water 
requirements of some trees tend to accentuate 
the natural seasonal changes in the moisture 
content of the ground, and accordingly the

dimensional changes in the soils can adversely 
affect building foundations. But, there are 
shrubs and plants which do not present this 
problem. If placed strategically they can cool 
the incoming air through windows and doors 
and thus help modify the microclimate. Datta 
recommends that shrubs should be planted in 
positions where the constant shading would not 
cause discomfort. A shrubbery planted like a 
hedge would obstruct the breeze unless suitably 
related to buildings and trees in vicinity. His 
suggestions for improving comfort conditions 
are:
1- Low growing and dw arf species may be 
selected and kept trim m ed to the required  
height. A free growth in the summer and heavy 
trim in the winter would be beneficial.
2- Species may be selected which are very fast 
growing and can stand cropping so tha t they 
can be trim m ed during  the w inter. Wild 
mulberry is quite suitable in this respect.
3- Funnel and spillway action can be created by 
shrubs and hedges, focusing the breeze spots 
which require more ventilation.

4 .8 .1 .4 -  L and fo rm : Surfaces surrounding
the buildings also need very careful attention. 
The portion of solar radiation which reaches the 
earth raises the tem perature of the ground, and 
during the daytime the highest tem perature is 
always found at the boundary between the 
ground and the air. The tem perature, in other 
words, increases considerably as one approaches



the ground. At night, as a result of loss of heat 
by evaporation and effective outgoing radiation, 
the reverse is tru e  and the tem pera tu re  
decreases as one approaches the ground. A 
peculiarity of microclimate, therefore, is that the 
closer one approaches the ground the more 
extreme it becomes. In addition, the heat load 
can create extra discomfort particularly from 
abou t m idday onw ards and th rough  the 
evening. Solar load  varies considerably 
according to topograph ical and  physical 
characteristics of the land. Based on studies 
done in the Negev Desert, the values of solar 
load on various inclined surfaces with a South 
aspect on 22nd June at noon from Eilat city at 
29° 30 N latitude. Starting with an angle of 0° 
degree with the horizon and solar load of 300 
BTU/ft h F (293 W/m °C) the load reduced to 
274.1 (267.6) for 30 degrees and finally got 
down to 176.3 BTU/ft H T  (172 W/m °C) for a 
60-degree slope. If the effect of the solar load on 
a slope is realized, it is possible for a designer to 
modify the site to improve climatic conditions 
around the buildings.

Geiger, Brooks and others studied the 
effect of land form upon the microclimate, and 
it is now fairly easy to understand the factors 
which affect rad ia tion  and heat storage of 
ground and other surround surfaces. Heat can 
be transferred to the ground by four ways: by 
ab so rp tio n  of ra d ia n t hea t, conduction , 
convection and evaporation. To a large extent, 
it depends upon the tem perature near the

114

ground. "The highest midday tem peratures on 
the ground are limited to the air and soil layers 
close to surface. The g reater the therm al 
conductivity of the ground surface, the more 
effective is its rate as a heat reservoir. In 
ad d itio n  to conductiv ity , the am oun t of 
radiation absorption of the ground also depends 
upon its texture and density as well as moisture 
content and color" (Figure 4-15).
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Fig. 4-15, absorption of heat by different surfaces

Different ground covers have different 
absorptive capacities. Bare earth , asphalt, 
concrete, and other types of paving have a high 
absorptive capacity and thus become excessively 
heated  during  the day 's exposure to solar 
radiation. As a result, the air near the ground is 
heated beyond the normal. When carried into 
the building, it raises the tem perature level 
inside. External surfaces made up of sand, 
polished paving, or even w ater in  some 
instances, can often direct the radiation into or 
onto buildings, thus producing discomfort due 
to glare and additional radiation. (Table 4-8) 
shows reflectance values of various ground 
covers.



In all such cases, the natural cover of a 
terrain tends to moderate extreme temperatures 
and stabilize conditions. Plant and grassy cover 
reduces tem peratures and while they may be 
still further reduced by other vegetation. Cities 
and m an-m ade surfaces ten d  to elevate 
tem peratures and reduce humidity. A fairly 
com m on m istake, which can have m ost 
unpleasant results in the Negev Desert, is to 
place paved surfaces close to windows of houses 
and other buildings. Not only do these paved 
areas add appreciable heat to the air layer near 
their surface, but they also radiate and reflect 
large amount of heat into the building, possibly 
aggravating already uncomfortable conditions.

Material Reflectance in %

Bark 23-48
Blacktop <1015
Brick, various colors 23-48
Concrete surfaces 3050
Dry grass 23-48
Grass 2030
Green fields 3-15
Green leaves 25-32
Light sand dunes 3060
Meadow 12-30
Snow cover, fresh 75-95
Snow cover, old 4070
Soil, dark cultivated 7-10
Soil, sandy 15-40
Water surfaces 3-10
Woods 5-20

Table 4-8, reflectance values of various ground covers. 
Source: D. Watson, Climatic design. McGraw-Hill, Inc. 
1983.

V egetation and  grass cover preserve 
moisture in the root system and reduces heat 
transfer. It creates a thick heat absorbing layer 
and gives shade to the soil below. Glare also can 
be reduced by planting trees or shrubs in such a 
way tha t on looking out of the windows, only 
foliage is seen instead of the sky. This of course 
involves the proper selection and correct placing



of trees in relation to widows and other openings 
of a building (see vegetation effect).

According to Balwant S. Saini in his book 
"Building in Hot Dry Climates" he claims that 
an architect can arrive at some an approximate 
guidelines. In essence, the first thing is to 
consider which is the most crucial re-radiation 
time-day or night-and then take suitable steps, 
a- Allow the space to be pro tected  from 
radiation at critical periods both by orientation 
and shading.
b- Make use of natural wind movement to assist 
in more rapid heat dissipation, 
c- Provide ground surfaces to dissipate quickly or 
slowly daily radiative heat gains.

4.8.2- Envelope Factors

4 .8 .2 .1 -  B u ild in g  O r ie n ta t io n :  In the
Negev Desert, the sun is the major source of 
heat. To plan any site, the position of the sun 
must be determined for all hours of the day at 
all seasons as well as the direction of the 
p rev a ilin g  w inds, especially  d u rin g  the  
overheated periods. For the direct rays of the 
sun, it is sufficient to know the angles of 
declination and altitude of the sum m er and 
w inter solstice (21 June and 21 December 
respectively) and the au tum nal and vernal 
equinoxes (21 Septem ber and  21 March, 
respectively), from which the position of the sun 
and any time of the day of any interm ediate 
date can be deduced. These dates, rather than

average, represent the extreme cases which the 
architect must consider. (Table 4-9) gives this 
information for Eilat region, which is located at 
30° N. Similar tables can be obtained from the 
local meteorological office. In addition, for an 
ensemble of buildings forming a sector, there will 
be reflection from adjacent buildings and wind 
screening by clusters of buildings, w hich 
contribute to specific microclim ate for each 
location in the sector. Wind movement and 
hum idity  also are im portan t and should be 
considered simultaneously with the direct and 
indirect effects of the sun.

Because of the severity of the climate, the 
m ain objective is to establish the optim um  
orientation with regard to the sun and the 
prevailing wind. On the basis of experimental 
studies in Delhi, Raychaudhuri, Ali, and Garg 
found there can be a difference of as much as 
2.7° C (5° F) in air temperature in a building on 
summer afternoons between the worst and the 
best orientation". Therefore, the problem is not 
easy, and it is useful to begin by considering the 
simple case of a block consisting of a single row 
of buildings. On the basis of this, more complex 
cases can be understood.

(Table 4-9) indicates that the optim um 
orientation of a building block with regard to 
the sun factor is east-west. In this case, the 
north facade is exposed to the sun's rays at the 
summer solstice from sunrise at 5:00 A.M. to 
about 9:00 A.M. These rays have an angle of 
altitude of 0 at 5:00 A.M., but the angle of



altitude is 49 30, the angle of declination 88 13, 
and the rays hit the facade at an angle of only 
1° 03. For the South facade, the angle of 
altitude is 83° 36 at noon, which is 6° 24 off the 
vertical. Solar radiation does not penetrate the 
south facade openings, and a slight overhang 
properly positioned could easily shade the 
openings and wall surface. The East and West 
facades constitute the end walls of the entire 
row and are not provided with openings. In 
winter, the angle of altitude at noon is 36° 34, 
which allows the sunlight to penetrate into the 
interior for warmth.

Meteorological records show that the cool 
wind in the Negev Desert blows from the North 
and Northwest. Thus, the optimal orientation 
with regard to wind is such that the long side of 
the row is aligned Northeast so the wind can be 
as normal to long surfaces as possible. At first 
glance, the obvious solution to the requirements 
of these two factors would be to orient the row 
from Northeast-East to Southwest-West, bisecting 
the angle between the two optimal orientations 
as shown in (Figure 4-16). This solution would 
be correct if the windows were to serve as w ind . 
in le t and outlets to ensure air m ovem ent 
indoors. However, people in hot arid  zones 
devised the Malgaf or wind-catch, whereby air 
above a building can be captured and forced 
through the interior. With the wind problem 
solved with the Malgaf, the row can be aligned 
East-West, which is optim al for the  sun. 
Therefore, the Malgaf perm its flexibility in

design with regard to the wind factor and makes 
it possible for the designer to concentrate on 
orientation his buildings with respect to the sun 
factor.

Although, the optim al o rien ta tion  for 
single buildings and blocks of row houses is with 
longside aligned from East to West, for many 
reasons this cannot always be applied so simply 
over the entire plan of a city or sector.. Some 
single buildings or row must face streets and 
squares that may be oriented at any angle from 
the n o rth , w ith each case req u irin g  an 
appropriate means of shading, depending on its 
orientation (shading devices will be discussed 
later on the next chapter).
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Fig. 4-16, optimal orientation of row and single houses with 
regard to both sun and wind

Generally, a build ing w ith a facade 
opening  to the West is the w orst case 
encountered, owing to the heat gain of the 
surrounding environment during the day and 
the angle of altitude, which allows the sun's rays 
penetrate into the interior. However, for a sector 
with the long facade facing west and East, blocks 
of buildings can themselves shade one another. 
To insure this, the height of the blocks must be 
designed according to the width of the street 
and the angle of the altitude o of the sun, which 
can be obtained from data like that in (Table 4- 
9) for any geographical site. In this way, areas



that will be exposed to the sun can be defined, 
either for the facade or for street surfaces, and 
the duration of exposure can be calculated.

The North facade is the least exposed to 
the sun. In fact, exposure occurs only in the 
early hours and late of the summer days when 
the angle of altitude is low and the angle of 
declination is such tha t the sun's rays are 
almost tangential to the surface of the wall. An 
advantage to rooms opening on this facade is 
th a t  the ir illum ination  is always evenly 
distributed. While concerning the South facade, 
an advantage to the Southern exposure in the 
Negev Desert is that the sun is high over the 
horizon in the summer and can be shaded using 
a relatively small overhang. In winter it is low, 
allowing the sunshine to penetrate when its 
most desirable. The eastern facade is exposed to 
the sun's rays only from sunrise to noon. The 
wall cool down considerably by evening, making 
this exposure more suitable for bedrooms than 
the western exposure. Shading of the facade can 
be achieved by covering the streets, as is often 
found in old cities and oasis village of West Asia 
and North Africa. For a single building, shade 
can be provided by architectural elements such 
as balconies, verandahs, or by introducing 
special devices such as the Venetian blind, or to 
derive from vernacular architecture such as 
Mashrabiya to shield the opening. In Iraq, walls 
ventilated and cooled by surrounding the rooms 
with an outside corridor with arcades and 
colonnades, as shown in (Figure 4-17).
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Fig. 4-17, building and sun protection

4.8.2.2- B uilding Form: Because of their
widely exposed surfaces, buildings and their 
masses are influenced more by thermal climatic 
e lem en ts (the  com bined  effect of a ir  
tem perature and radiation) than by humidity, 
wind, etc.,. As these thermal climatic elements 
give rise to an amount of heat, the problem of 
heat exchange of the building mass arise. Hence, 
it can be taken as a rule that the optim um 
shape of a house plan in the Negev Desert 
climate is that which has the minimum heat 
gain in summer and the minimum heat loss in 
winter, it is widely believed that the square 
b u ild in g  has the best characte ris tics  of 
preserving the heat in w inter and rem aining 
cool in summer. This conviction is based on the 
fact that a square building combines the largest 
practical volume with the smallest outside 
surface. The principle may be valid for older 
types of buildings where, because of relatively 
small window openings, the radiation effect is



negligible. With the large contem porary 
opening, this concept becomes a fallacy.

According to Olgyay, he concludes that in 
every case the most satisfactory shape is one in 
which the building is elongated in some general 
East-West direction. Once again, it is difficult to 
generalize. For example, although the winter 
conditions in the Negev regions would permit an 
elongated house design, the heat stress in 
summer is so severe that a compromise is 
required and the trad itional solution is a 
compact, inward looking building with interior 
courtyard. This minimizes the solar radiation 
impact on the outside walls and provides a cool 
area within the building. Subhi-Hussien Al- 
Azzawi, in an article, Oriented House in Iraq, 
shows that the courtyard is specially the focal 
point and acts as an extension to surrounding 
covered terraces and the rooms beyond. The 
covered terraces which are usually on two or 
three sides of the courtyard, and the identical 
covered gallery on the first floor, help to reduce 
the quantity of heat gained during the day and 
provide shaded areas. As the height of the court 
is usually greater than any of its dimensions on 
plan there is always adequate shading, even 
when the sum m er sun is alm ost d irec tly  
overhead. When the courtyard is provided with 
water and plants it acts as cooling well and 
modifies the microclimate. The use of these 
elem ents also help to raise the very low 
humidity of the air to a more comfortable level, 
and is often supplemental by spraying water on
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the courtyard floor several times a day (Figure 4- 
18).

Jr
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Fig. 4-18, typical oriental courtyard house in Iraq, (a) 
ground floor plan (b) first floor plan (c &d) sections 
illustrate the thermal system of this type of this building. 
Source: Design Primer for Hot Climates. Allan Konya.

4 .8 .2 .3 -  B u ild in g  m a te r ia ls :  The materials 
surrounding the occupants of the building are of 
prime importance against heat and load. Great 
care must be taken in the choice of the wall and 
roof materials and their thicknesses with respect 
to their physical properties, such as therm al 
conductivity, resistivity and transmission, and 
optical reflectivity. Considering an external wall 
exposed to a high outside tem perature and 
lower inside temperature (Figure 4-19), the rate 
of heat flow transm itted through the wall from



the outside air to the inside air is proportional 
to the air temperature difference, area of the 
wall, and rate of global heat transmittance that 
can be determ ined from an analysis of the 
components of the total resistance of heat flow, 
he., if the wall is of thickness L, area A, and 
exposed to an outside air tem perature T l, and 
inside air temperature T2, with Tl greater than 
T2, the rate of heat flow Q, transmitted through 
the wall can be calculated using the formula;

Q= U A (Tl - T2) ................... [1]
Where Q_is given in K CAl/h and U is the rate of 
global heat transmittance.

Inside
Temp.

Outside
Temp.

Thickness

Thickness of plastering

Outside
Temp.

Inside
Temp.

Thickness

Fig. 4-19, (A) heat flow through an external wall of 
composite material. (B) heat flow through an external wall of 
uniform material of given thickness.

Therefore, the most im portant therm al 
control characteristic of m aterials is their 
transm ission behavior. The daily heat load
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variation causes a corresponding oscillation 
inside the structure, but with two differences; (1) 
the inside cycle will be damped, tha t is the 
v a ria tio n s  will be sm alle r (decrease in 
am plitude) (2) the inside cycle will lag the 
outside cycle (shift in phase). The first effect is 
caused by the insulation value of the material, 
characterized by "U" factor (overall heat transfer 
coefficient expressed in Btu/h/sq. ft.). The lower 
the U value, the better the insulation effect. 
This interference with the passage of heat is 
commonly referred to as "resistance insulation" 
as it reduces the heat flow. The U-value of the 
total area of an element is expressed as UO or 
overall U-value. Multiplying the area by UO 
produce the total heat loss or gain through the 
elem ent per hour per one-degree difference 
between inside and outside temperatures. The 
U-value is thus the time rate of heat flow per 
unit of area and unit tem perature difference 
between the inside and outside, and the Uo of 
the total area of a building element.

The second effect depends on heat storage 
value of the m aterial, characterized by the 
volum etric specific heat (q.c, density times 
specific heat). The larger the heat storage value, 
the slower the tem peratu re change that is 
propagated through the material. This delay is 
called "Time lag" of the construction; it gives an 
opportunity to store peak heat loads and release 
them at low tem perature periods. This effect 
simultaneously reduces the amplitude of impact 
and is generally called "capacity insulation.



Both ch a rac te ris tic s  are p resen t in 
materials to various degrees, depending on their 
thermal diffusivity. Olgyay, in his book Design 
with Climate, Princton, New jersey, 1963, defined 
this by the following equation:

D = k/qc (ft2/h) 
where D = thermal diffusivity

K = thermal conductivity (Btu/ft2 h °F) 
q = density (lb/ft3)
C = specific heat (Btu/lb °F)
As still air is one of the best insolators, 

materials which enclose, trap, or contain thin 
films of clinging air have low heat-transfer 
characteristics and generally are light in weight. 
Conversely, materials with large time lags are 
usually dense in quality, and hence, the effect is 
often directly associated with their weight. In 
design the appropriate use of both insulation 
and time lag effect is eminently im portant for 
interior heat balance.

Insulation materials are usually rated by 
their R-value, which is often expressed for the 
total thickness of the material used. (Table 4- 
10) shows R-values for various materials. There 
can be more than one kind of a section present 
in a wall, and a portion of it may be of wood 
frame, another faced with brick, or concrete, and 
containing windows and doors; thus, the overall 
Uo-value must be calculated by adding together 
the U-value. areas of each kind and dividing the 
total by the total area of the element.
Uo wall = sum U opaque wall * area + Sum U windows * area +

Sum U door * area

Total wall area
............................. [2 ]

Each U-value of an opaque wall, windows 
and doors must include all different kinds of 
sections involved in the total com ponent or 
element.

Because the Negev Desert is a region of 
high diurnal variation an approximate half-day 
tim e-lag shift (that is, the delay of n igh t 
coolness to the day and the day warmth to the 
nighttime) will result in daily therm al balance. 
However, as the sun's impact heat the various 
surfaces at different hours, the problem has to 
be s tu d ie d  in  d e ta il . G enerally, the 
accumulated heat load concentrating the early



Building insulations Density 
(LB/CU FT)

Resistance (R) 
(HR/SCLFrF 
per 1 IN. 
Thickness)

Fiberglass 0.6-1.0 3.16
Rock or slag wool 1.5-2.5 3.2-3.7

Cellulose 2.2-3.0 3.2-3.7

Modeled polystyrene 0.8-2.0 3.8-4.4

Extruded polystyrene 0.8-2.0 3.8-4.4

Polyurethane 2.0 5.8-6.2

Polyisocyanurate 2.0 5.8-6.2
UREA Formaldehyde 0.6-0.9 4.2
Perlite (loose fill) 2-11 2.5-3.7
Vermiculite (loose fill) 4-10 2.4-3.0

Table 4-10, shows the insulation R-values for various 
building materials.
Source: Energy Design for Architects, The American 
Architectural foundation, Alexander Show.

afternoon hours is evident. In order to shift the 
impacts to cooler periods different exposures 
require different time lag. The heaviest load 
falls on the roof, needing a shift of 11 to 12 
hours. The load on the East exposure would 
need from a minimum 12 to an optimum 17 
hours shift to avoid delivering its heat during 
peak hours, which indeed would be an extreme

requirement. Therefore, the practical solution is 
to have no lag at all for the East, and to let the 
impact be felt at the inside while the daytime 
temperatures are still low. The South side has 
little  im portance; the  d es irab le  sh if t is 
minimum 7 hours, optim um  10 hours. The 
West side which receives the heaviest load 
among the wall surfaces would have a m inim um  
lag of 5 hours, an optimum shift of 10 hours. 
The North wall has the least im portance with 
regard to lag characteristics, however 5 to 10 
hours' delay helps somewhat in the delay heat 
distribution. (Table 4-11) shows the overall heat 
transm ission  coefficient (U) and  tim e-lag 
characteristic data for homogeneous walls.



Material Thickness
(Inches)

U value 
Btu/sq ft/hr

Time lag, 
Hours

Stone

Solid
Concrete

Common
Brick

Face Brick 

Wood

Insulation
Board

8
12
16
24

0.67
0.55
0.44
0.36

5.5 
8.0
10.5
15.5

2
4
6
8
12
16

0.98
0.84
0.74
0.66
0.54
0.46

1.1
2.5
3.8 
5.1
7.8 
10.2

4
8
12
16

0.6
0.41
0.31
0.25

2.3
5.5
8.5 
12.0

4 0.77 2.4

0.5
1
2

0.68
0.48
0.30

0.17
0.45
1.3

0.5
1
2
4
6

0.42
0.26
0.14
0.08
0.05

0.08
0.23
0.77
2.7
5.0

Table 4-11, overall heat transmission coefficient (U) and 
time lag characteristic data for homogeneous wall.
Source: Design with Climate, Vector Olgyay.

4 .8 .2 .4 -  S h a d in g  D e v ic e s :  Any building
su rface__such as windows, walls, and the roof
__, that is exposed to the sun can adm it solar
radiation. To avoid the inward flow of heat, 
either direct or indirect, the surfaces on which 
the sun's rays fall must be protected. Many 
types of solar penetration control are available 
for windows, but as each environment requires a 
different solution of the m ost su itab le one 
necessitates careful consideration . Beside 
preventing direct penetration of sun an efficient 
control system should take into consideration 
the followings:

1- Minimization of glare and reduction of 
eye strain.

2- Maximization of solar heat entering 
rooms in winter.

3- Protection against rain and wind.
4- Provision of adequate ventilation at all

times.
5- control of insects, dirt, and dust.
6- Providing privacy when needed.
7- Adequate exterior vision.
8- Maintenance costs versus original costs 

of sun control devices.
9- E x te rio r a p p e a ra n c e , i.e ., th e  

architectural or aesthetic factor.
Most shading devices will be designed and 

selected by a com bination of two or more of 
these considerations. The overall effectiveness of 
a shading device depends not only on its ability 
to shade an aperture from direct solar radiation, 
but, on its ability to admit daylight through the



year and proper quantities of solar radiation in 
the winter. The appropriate type of shading 
device will depend on the orientation of the 
fenestration or other aperture relative to the sun 
and critical times. Location, latitude, and 
orientation only contribute to the formulation 
of an effective device. In addition, the sun- 
breaker can express a strong spatial character, 
the followings are some of the techniques for 
controlling the am ount of the sun entering 
through windows and openings.

A- Natural devices; building orientation, 
trees, and shrubs.

B- In te rn a l devices; cu rta in s, metal 
Venetian blinds, application of various films 
coatings or chemical sprays.

C- External devices; roof overhangs, louvers 
(which can be fixed adjustable or both, vertical 
or horizontal), heat absorbing glass.

A- N atural devices: Natural shading such as
trees and p lants, is very effective during 
summer. Unlike fixed sunshade, deciduous 
plants have the advantage of providing shade 
only during the time it is most needed. Most 
trees give shade only during summer and early 
autum n as they are largely leaf-loss during 
w inter and  spring. Evergreens are useful 
wherever year round shading is desired but used 
with care at higher altitudes.

Among deciduous trees, the m aple and 
ash produce more or less circular shadow effect 
during the summer, with an ascending branch

pattern in winter. The linden is spherical, but is 
dense and twiggy without its leaves: The honey 
locust and tulip tree have oblong shape. The 
white oak is horizontally oblong, with an open- 
branched structu re  in winter. To achieve 
efficient shading, trees have to be placed 
strategically. As the sun passes in the morning 
and late afternoon at a low altitude, trees give 
their best performance on the East-South-East 
and on West-South-West sides. Low sun-rays cast 
long shadows, which can be utilized effectively 
on the sides otherwise difficult to protect from 
the sun's heat. At mid day the sun's path is 
high and the rays can be intercepted easily with 
an overhang, at this time of day the trees on the 
south side perform poorly, casting their shadows 
near themselves. (Figure 4-20) shows the 
arrangem ent for dry climates. Here the early 
m orning sun may relieve the coolness of 
daybreak. After 8:00 A.M., the East side gets 
protection from the single tree at the south east 
corner. At noon an overhang shields the 
building. In the early afternoon the tree on the 
Southwest corner protects the West side. For 
complete shade coverage there is another tree on 
the west. This is placed at a greater distance 
from the house, as the setting sun lengthens the 
shadows. The West hedge is intended to catch 
the last low-angle evening rays.



Fig. 4-20, plan and section of a house showing the location 
of vegetation and overhang measurement.
Source: Design with Climate, Victor Olgyay.

B- Exterior shading devices: Using exterior 
shading devices to in tercept solar radiation 
before it reaches an aperture of its glazing is the 
most effective way to prevent interior heat gain 
from solar radiation. Apertures can be shaded 
on the exterior with overhangs, louvers, light
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shelves, awning, shutters, shrubbery, etc. (Figure 
4-21) indicates the range of exterior shading 
devices.

For East and West orientations the critical 
times for shading are normally early in the 
morning and late in the afternoon. During 
these periods, the sun is at a low angle relative 
to the facade. Horizontal louvers on East and 
West orientations provide very little shading 
until the sun gets higher in the sky. Vertical 
louvers, while effectively shading the sun, have 
an obstructing effect on vision to the outside. 
Vertical louvers that can be opened fully when 
the sun is no longer impinging on the aperture 
will provide improved view and daylighting. 
For south orientations, when the sun is relatively 
high in the sky for most of the day, horizontal 
louvers, overhangs, or light shelves, provide the 
m ost effective shading . The necessary  
dim ensions for shad ing  devices can be 
determ ined th rough the use of sun-angle 
calculator(Appendix 1) or sun-angle tables from 
Architectural Graphics Standards and solar 
design references.
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Fig. 4-21, illustrates shading options.

The in troduction  of daylighting when 
exterior devices are used depends somewhat on 
the reflectivity of the shading device surfaces. 
Light colored surfaces are usually helpful. 
Darker surfaces can be necessary to avoid 
causing brightness when they are illuminated by 
direct sun and visible from the interior.

C- I n t e r i o r  s h a d in g  d e v ic e s :  I n te r io r
shading  devices include Venetian blinds, roller 
shades, draperies, and  a wide variety of specially
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made panels and louvers. Being on the inside 
they are not as effective as comparable exterior 
devices, which intercept solar heat before it gets 
into the building. (Figure 4-22) also shows 
several interior shading devices. Generally, 
interior shades are operable. Interior shades are 
less sub ject th an  ex te rio r ones to d ir t  
accum ulation and w hether wear and more 
accessible for cleaning and maintenance.

4 .8 .2 .5 -  W in d o w  D esign :  The design of a
building, for com fort in the Negev Desert 
depends not only on the numbers of air changes, 
but, also on the distribution of the pattern of 
the air flow inside the building. The basic 
inform ation on the influence of window size, 
location, and orientation on indoor air motion 
provided here so that it may be utilized for 
designing the windows for any desired air 
motion or comparing the probable indoor wind 
pattern  for a num ber of designs. The wind 
velocity distribution patterns and other relevant 
data given, have been obtained by wind tunnel 
tests on models in the Central Building Research 
Institute, India. These are applicable to normal 
rectangular rooms in which one of the windows 
is assumed to be in the wall facing natural 
outdoor wind. The results obtained for different 
window combination are summarized below:

Rooms w ith single window: The average
internal wind velocity in a room with a single 
window on onw ard side does not vary



significan tly  with e ith e r increasing  the  size of 
the  w indow  or changing the  o rien ta tio n  with 
respect to incident wind. The wind velocities at 
the points near the window are h igher than  the 
average wind velocity. The provision of a single 
w indow does not serve any useful pu rpose  for 
the im provem ent of indoor ventilation.

Room w ith  w indow s in o p p o s ite  w alls: 
E ffect o f w indow  size: The average indoor
velocity  does no t change sig n ifican tly  if the  
w id th  of in le t opening is increased  w hile the  
o u tle t is kept constan t. However, if th e  in le t 
open ing  is kept fixed and  w idth  of the  ou tle t 
increased ; the  indoor w ind veloc ity  show s a 
defin ite upw ard trend. Thus, it is p referable to 
keep the outlet as large as possible.

The average indoor velocity  increases by 
in c reas in g  the  he igh t of id en tica l in le t an d  
o u tle t open ings. The availab le  velocities at 
various levels above the floor, for various values 
of windows height are given in (Table 4-12). It is 
observed  th a t any increase in w indow  heigh t 
beyond a value 1.1 m. (3.5 ft.) has a very small 
effect on the  a ir m ovem ent in th e  no rm ally  
occupied zone. The variation  of average indoor 
air velocity with the window area  (expressed as 
percen tage of floor area) is shown in (Figure 4- 
22). It is observed th a t the indoor a ir m otion  
increases by increasing the window area up to 25 
per cent of floor area, beyond which a ir m otion 
is m ore o r less in d e p e n d e n t of the  a re a  of 
openings.
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Window Height (m)
a 0.3 0.6 0.9 1.05 1.2 1.35 1.5 1.8

ii
ii 0.6 16.0 22.3 23.8 21.8 22,4 24.4 22.2 21.4

>
0.9 13.5 19.5 23.5 26.4 27.1 28.6 26.2 26.0

1.2 77 16.8 24.7 26.3 26.1 30.8 26.7 28.0

1.5 7.4 12.5 25.2 25.6 26.0 29.9 27.9 29.8

1.8 77 11.8 15.7 18.5 23.2 27.6 27.9 29.4

2.1 8.6 12.6 14.6 14.2 17.6 19.6 23.5 30.8

Table 4-12, average velocity at various levels for different 
values of window height.
Source: Tropical Architecture, C.P. Kukreja.

E f f e c t  o f  W i n d o w  L o c a t i o n  a n d  
O r ie n ta t io n :  The effect of w indow  location
along the height (i.e., the sill-height) and  along 
the length of the wall are given below:
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Fig. 4-22, shows the relationship of average indoor air 
velocity with window area.
Source: Tropical Architecture, C.P. Kukreja.

Effect of sill-height: The distribution of wind 
velocities of the planes 0.6, 0.9, and 1.3 m. 
above the floor for sill-height 0.6, 0.9, and 1.2 
m. are given in (Table 4-13). For deriving 
maximum advantage in the normally occupied 
zone, the sill-height must be kept 0.9 m. above 
the floor. The other im portant conclusions 
arrived at by the study of sill-height effect may 
be summarized as follows:
1- Sill-height must be kept at about 85 per cent 
height of the plane at which maximum air 
movement is desired.

2- The indoor wind pattern is mainly governed 
by the location of the inlet and is not affected 
significantly by changing the position of outlet.
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Table 4-13, distribution of wind velocities at various planes 
and sill-height. Based on the chart In the book called 
Tropical Architecture.

Effect of W indow  L ocation  a lo n g  th e  
Length of the Wall: (Table 4-14) depicts the 
available wind velocities for the following 
window locations:
1- Inlet and ou tle t in the cen ter of the 
corresponding walls;
2- Inlet in the center and outlet in the corner;
3- Inlet in the corner and outlet in the center;
4- Inlet and outlet in the corner just opposite to 
each other.
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5- Inlet and outlet in the corner diagonally 
opposite to each other.

Orientation

V 1rKr
R s l

>
feo]

A>m

1 
1 

1 
1 23.6 24.8 22.3 18.0 16.3 12.5 10.0

□ 25.8 23.3 22.2 17.8 16.7 12.8 8.3

~1 

! 
i 21.4 19.2 16.3 15.6 13.5 11.4 8.6

□ 22.8 26.7 25.7 24.9 20.7 11.7 8.9

□ 22.5 25.8 29.0 26.7 20.6 11.7 10.3

Table 4-14, shows the effect of window location along the 
length of the wall.

How to P roceed  fo r W indow  D esign: The
design for good natural ventilation involves the 
following steps: first, one must to have the
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knowledge about the climatic design data like 
dry bulb tem perature, relative humidity, wind 
speed, and wind direction of the particu lar 
region in which buildings to be designed. The 
desired wind speed is the determined with the 
help of (Table 4-15) which based on an effective 
comfort tem perature of 24° C (75° F). Thus, 
knowing the free wind velocity and desired wind 
velocity, the size of openings can be determined 
from (Figure 4-22).

Dry Bulb 
Temp.°C R. H. % Desired wind 

speed, m/sec.

27 60 0.25
27 65 0.55
27 70 0.75
27 75 1.00
27 80 1.25
27 85 1.45
27 90 1.70
30 30 0.30
30 d 1.00
30 50 2.00
30 60 3.00

Table 4-15, desired wind speed for comfort (effective 
temperature °C).

Example 1; the windows of a habitat room 
are to be designed on the basis of the following 
climatological design data;



Dry bulb temperature = 30° C
relative humidity = 40%
Prevailing outdoor wind speed = 12 km/hr. 
Prevailing wind direction = Southwest 
Determine the size and the location of 

windows for optimum ventilation. The desired 
wind speed as determ ined from (Table 4-7) = 
Im./sec =3.6 km./hr.

Desired wind speed * 100 = 3.6 * 100 = 30 .... [3]
Free wind speed 12

From (Figure 4-22), corresponding to 30 
per cent available wind velocity, the window 
area is equal to 15 per cent of the floor area. 
Thus, windows each having an area equal to 
about 15 per cent of floor area should be 
provided in walls facing the southwest and 
northeast walls.

4.8.3- Internal Factors:
The planning of the internal factors for 

buildings can significantly affect the building's 
energy use. The hours of a building and its 
energy consuming systems also play a major role 
in energy use. Developing use profiles of 
in ternal factors —occupancy, lighting, and 
eq u ip m en t— will h e lp  the  d es ig n er to 
understand the energy needs of the building. 
Internal heat gain is heat added to a space as a 
by product of another activity. Heat gain can 
be beneficial, when used to reduce the heating 
load on the mechanical system, or detrimental,

when it adds to the cooling load of an air 
conditioning system.

4 .8 .3 .1 - O ccupancy Factors: The hum an
body releases both heat and m oisture as a by 
product of its metabolism of food. Food is used 
by the body with approxim ately 20 per cent 
efficiency; the remaining 80 per cent is given off 
as heat. Metabolic rates vary with each activity 
level. The first step in determining the internal 
heat gain from the occupants is to identify the 
number of occupants and the type of activity 
they are engaged in. If the number of occupants 
is known, (Table 4-16) can be used as a guide.

Building Type Typical 
Sq. Ft./Person

Office 200300
Classrooms 50100

Hospital 100150

Resturant 25

Highrise Apartments 300400

Table 4-16, shows the space requirement.

Occupant effects should be considered 
over 24-hour period for:
- a typical work day.
- a typical non-work day.
- any special conditions.



(Table 4-17) shows the heat gain per 
occupant, which can be used in the following 
equation
Occupant heat Gain (B tu/hr) = Number of 
Occupants * Heat Gain (Btu/ hr/person)........[4]

Building Type Sensible
Btu/Hr.

Latent
Btu/Hr.

Office 250 200
School 250 204
Hospital 250 175
Resturant 275 275

Residential 250 200
Highrise Apartment 250 200

Table 4-17, shows the heat gain per occupant.

4 .8 .3 .2 -  L ig h tin g  F ac to rs : The designer
should be concerned with two major aspects of 
the lighting system: the am ount of electrical 
energy needed to operate the lights, and the 
energy given off as heat in  the  process. 
Commercial buildings on the average use more 
than 60 per cent of their electrical for lighting. 
To calculate the energy needed to operate the 
lighting system, the designer m ust know the 
optimal levels of illum ination needed for the 
various tasks to be perform ed. The heat 
generated by these systems may become a

s ig n ific a n t in f lu e n c e  in  th e  th e rm a l 
environment.

In evaluating the therm al influence of 
electrical lighting system, the designer must first 
estimate the action of different electric lamps as 
source of heat. Different common light sources 
are tabulated in (Table 4-18), where wattage 
given by each type and listed for comparison. 
The second step is to calculate the energy 
needed to operate the lighting system, and the 
optimum level of illum ination needed for the 
various task to be perfo rm ed  shou ld  be 
identified. (Table 4-19) provides lighting levels 
in task - specific spaces. To compute heat gain 
from electric light, the designer can take the 
needed data from both tables and using the 
following equation.

Heat Gain From Light = Foot Candles/ sq. ft. * 
area (sq. ft.) * 0.06 w att/ Foot candle * 3.41 
B tu/h/W att ................. [5]

The designer must know the specifics of 
the lights to be provided in the space, such as: 
type of fixtures, num ber of fixtures/type, watts 
per fixture and hours of use.



Light
Source

Lamp
wattage

Typical
total
watts

Rated lamp 
life (hours)

Installed,
lumens
watts
(average)

300 300 1000 10
incandescent 500 500 1000 20

1000 1000 1000 21

430 mA 972 20.000 55
Fluor e cent 800 mA 140 12.000 53

1500mA 267 9.000 41

100 125 24.000 28
Mercury 175

250
205
285

24.000
24.000+

36
39

400 150 24.000+ 44

175 215 10.800 50Metal halide 250 300 17.000 57
1 400 450 25.600 57

18 40 1.800 45
Low pressure 35 64 4.800 75
sodium 55 80 8.000 100

90 125 13.500 108
135 163 22.500 138

Table 4-18, different light sources.
Source: Energy in Design techniques, The American 
Institute of Architecture.

Task Areas Footcandles 
on Tasks

OFFICE
General 100
Drafting 150-200
Accounting 150
Conference 30
Restroom 30
Lobby 50

RESIDENTIAL
Living 10 

1 sDining JL J
i nCirculation

Kitchen 50
Task Lighting 50

EXTERIOR
Building 15-30
Parking 1-2

Table 4-19, provides lighting levels in task-specific spaces. 
Source: Energy in Design techniques, The American 
Institute of Architecture.

4 .8 3 .3 -  E q u ip m e n t  a n d  P r o c e s s  L oad s:  
Operating loads for motors and for process loads 
are considered  p a rt of the electrical load 
building. Process loads are defined as energy 
needed for use o ther than  m aintaining the 
interior environment. Some examples of process 
loads are:
- Energy for food service equipment
- Energy to operate com puters, typewriters, 
calculators.



Proper location of these appliances can 
permit use of their waste process heat to heat 
other spaces. The following formula can be used 
to calculate the heat gain resulting from 
operation of building equipm ent (such as 
computers, copiers, etc.).

A nnual E quipm ent Heat Gain (B tu /h ) = 
equipment Heat Gain (Btu/h) * Operating hours
per day * Operating days per y e a r ...... ...[6]
where;
Equipment Heat Gain (B tu/h) = heat Gain 
(Btu/h/sq. ft.) * area (sq. ft.)
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CHAPTER: 5
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GUIDELINES FOR BUILDING 
PASSIVE ENERGY CONSERVING 
HOMES IN THE NEGEV REGION



5.1- Introduction
A building separates inside spaces from 

the outside environm ent with the prim ary  
purpose of creating comfortable conditions for 
the occupants. Mechanical systems are designed 
to provide heating and cooling whenever outside 
conditions make the inside spaces of the 
building uncom fortable. One of the most 
effective ways to save energy in residential 
buildings is to build responsively to the outside 
clim ate and thereby reduce dependency on 
m echanical systems. Energy conservation 
involves building to isolate the in terior of a 
home from severe clim ate conditions, and 
passive design involves opening the same 
interior to a soft and lovely climate for natural 
conditioning.

To be more specific, temperatures, wind 
speeds, hum idity levels, and sun rad ia tion  
define the microclimatic environment in which 
a building must operate. In building design, 
construction, and use, protection from of these 
climatic forces as well as advantageous use of 
other of these forces significantly reduces the 
energy demand for mechanical systems. In 
other words, depending on where you are.

When the external climatic conditions 
indicate a cool microclimate, and it is too cold 
for comfort, one can reduce heat loss from the 
skin by creating some barriers, such as wearing 
of sweaters and coats. While waiting for a bus 
one might protect himself by standing close to a 
building or any kind of barrier for protection

from cold winds. One would also pu t on a 
protective hat to keep the freezing rains from 
carrying heat away from the head. These are 
your personal methods for conserving body heat, 
in  o ther words to p ro tect yourself against 
external climatic conditions prevailing against 
your body. On the other hand, when facing 
severe hot conditions, and it is too hot for 
comfort, seeking shaded spots against the sun is 
desirable. At the same time, one might put on 
the lightest clothing he can find or go into a 
sunken room or cellar for a cool refuge. 
Perfo rm ing  such  ac tiv ities , is n a tu ra lly  
responding to the passive cooling potential. In 
fact, building an energy conserving house in the 
Negev while attem pting  to create comfort 
conditions inside the dwelling is no different 
than one's personal behavior while exposed to 
either cool or hot climatic conditions.

For example, a house built in upper North 
part of the country faces high winds and cold 
temperatures. Such a house should be able to 
withstand these external climatic conditions by 
increasing heat gain strategies. The same house 
should also be built to respond to the warmth of 
sun radiation which decreases heating loads. 
While a house built in the extreme South part of 
the country, it should be designed to increase 
the cooling loads, and to open up to the blessed 
day and night breezes and wind for natural 
ventilation (Figure 5-1).
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wind

North Galilee Negev Desert
Fig. 5-1, energy conserving and passively conditioned 
houses.

5 . 2 -  H o w  t o  D e s i g n  a  R e s i d e n t i a l  
B u ild in g  in  t h e  N e g e v  D e se r t?

After giving a brief description of hum an 
thermal comfort, to help determ ine how to 
design an energy efficient building in the Negev 
Desert. If the residential building belongs in this 
region, you will find a series of general building 
design recom m endations to aid in energy 
conservation; it includes illustrated ideas on 
how to apply these strategies.

A num ber of generic recommendations 
can be identified to start plotting the general 
principles, and they are as follows:
1- P ro tec t from  the  ho t su m m er sun  
te m p e ra tu re s .
2- Take advantage of evap o ra tiv e  cooling 
in the sum m er m onths.
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3- F la t te n  d a y - to -n ig h t  te m p e ra tu r e  
sw ings.
4- Protect from cold w inter tem peratu res.
5- Admit the sun in w inter to reduce the 
need for heating.
6- Use n a tu ra l v en tila tio n  to cool in the 
sum m er, spring, and fall.

5.3- Goals
The Negev Desert th a t extends from 

Southern Judea to Eilat City in the extreme 
South of Israel has hotter summers than any 
o ther part of the country. (Table 1-1) in 
Chapter One shows that the summers require 
twice as much cooling as the winter requires 
heating. In such a climate, houses should be 
designed prim arily for cooling to provide the 
m ost com fort. They will also be m ore 
economical to run. Indeed some standard  
cooling m ethods are twice as expensive as 
heating methods. Fortunately, cool houses in 
the Negev, designed to handle the extreme of hot 
summer passively will also generally perform 
better the extremes of the Negev winter. A cool 
house strategy would optimize both times of 
year.

The d eg ree  of co n trib u tio n  using 
conservation and passive means will vary 
considerably. But, a reasonable goal is for these 
approaches to reduce energy consumption for 
cooling by up to 50%, with some cases even 
more efficient. However, (Figure 4-3) in Chapter- 
4 shows that all housing in the Negev Desert will



also require some forced cooling techniques. 
Fan-driven evaporative cooling and refrigerated 
a ir  conditioning are the p resen t standard  
solutions. The performance of both of these 
techniques can be significantly improved by 
modifications in both equipm ent and house 
design. But, because this Thesis deals only with 
passive solar means, therefore, the mechanical 
means are out of our scope.

The goal is to im prove the energy 
perform ance and environm ental quality  of 
houses for the climate of the Negev region. The 
assu m p tio n  is to use existing building 
techniques and m aterials and  the p resen t 
delivery system. The process of improvement is 
Design.

The three major desert cities in the Negev 
are: Beer-Sheba, Eilat, and Yuruham. Although 
all share quite similar climates, there are some 
significant differences based  on size and  
elevation, as well as location and vegetation. 
These differences are most evident in summer 
heat extremes.

Beer-Sheba City
Beer-Sheba, the largest city, has high 

average summer tem peratures, but they are 
generally 2.2°-4.40 C (°4° F to 8° F) cooler than 
Eilat.

Yuruham, the smallest city, usually has 
higher relative humidities. These come from its 
geograph ic lo ca tio n  an d  th e  ex tensive  
agricultural irrigation nearby. However, cooler

n igh ts b ring  the  average daily  sum m er 
conditions in Yuruham slightly below Beer-Sheba 
even though it has more hours above 27.8° C 
(82° F). All three cities have approximately the 
same summ er mean daily difference between 
maximum and minimum tem peratures with a 
range of approximately 15° C (27° F).

Since Beer-Sheba, with 100,000 people, has 
been chosen as the basis for this study. Design 
concepts and recommendations appropriate for 
Beer-Sheba will work at least as well in most 
other sub regions of the Negev.

Heating and cooling requirem ents in the 
Negev Desert are tied directly to elevation. The 
higher elevations have cold winters with larger 
heating loads. But, in the Southern part of the 
Negev region the hot summers require more 
cooling than winter heating.

In general, these guidelines optim ize 
heating and cooling com fort using p resen t 
construction  m aterials and  p ractices w ith 
passive solar strategies. Many argum ents can 
and should  be m ade to encourage more 
innovation in housing in  the Negev Desert. 
Fresh d e p a rtu re s  and  even revolu tionary  
p ro to types are necessary to establish new 
standards and goals. These approaches are also 
strongly recommended. The intent of this study 
is to prom ote significant change, and to 
dem onstra te  . w hat is possible w ith in  the 
constraints of the existing production housing 
sector of the desert cities and villages for both 
Arab and Jews in Israel.



Design S tandards -Elevations and  Hours

Elevation Summer Cooling 
Hours Over 82° F

Beer-Sheba 770 2750

Eilat 200 3150

Yuruham 1200 2450

5-4 Guidelines
T he fo l lo w in g  g u id e l in e s  a n d  

recom m endations sh o u ld  be a d o p ted  to  
create a com fortable in te rio r  and  ex terio r 
m ic ro c lim a te .

5.4.1- Site Selection
Site selection is one of the most significant 

factors in designing a passive solar house in the 
Negev Desert. To a large extent it influences the 
degree of success of the housing design. For 
basic climatic reasons, hillside slopes and not 
the flat lowlands are preferred to take advantage 
of modifying air movement in both summer and 
winter as illustrated in (Figure 5-2). Thermal 
belts are established on a sloping te rra in  
between higher slopes and lowland, therefore, 
hillside locations are recommended as better 
sites for the following reasons:

Lowlands houses in the . Negev consume 
more energy for heating during the second part 
of the night than the hillside houses, due to the 
inversion of cold air.

The higher the altitude, the greater the 
relative hum idity  and the  lower the sun 
radiation, and consequently the cooler it will be.

Sites on higher slopes have clearer air, and 
as a result of this they are less affected by dust 
and pollution.

Sites facing large bodies of water such as 
M ed iterranean  Sea will benefit from  the 
ev ap o tran sp ira tio n  co o lin g  an d  m odify  
tem peratu re extremes of the adjacent land 
mass. Land on the leeside will be warmer in 
winter and cooler in summer.

From  the  meteorological inform ation 
presented in Chapter One for the Negev region, 
the  op tim al slopes th a t allow maximum 
exposure in winter and minimum summer solar 
exposure are the ones that are facing South and 
South-East.



South facing slope

Trough South slope Top of hill
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Fig. 5-2, topography in the Negev climate can create colder 
or warmer building sites. Colder air collects in the lower 
areas and can create morning ground fog. Cold air does not 
collect on sloped areas and wind speeds are lower than at 
top of the hill. Wind speeds from the Northern direction 
are higher at the top of the hill.

5.4.2- Orientation
The main objective of a well oriented 

house in the Negev Desert is to provide 
m axim um  y ea r-ro u n d  th e rm a l comfort, 
therefore, the optimum orientation shall be 
established with regard to the sun and the 
prevailing wind. Meteorological records show 
that the cool wind in the Negev Desert blows 
from the North and North-West. Thus, the 
optimal orientation with regard to wind is such 
that the long side of the house/row is aligned 
North-East to South-East so that wind can be as 
normal to the long surface as possible.

The optimum orientation of the building 
block with regard to the sun is East-West. In this 
case, the North facade is exposed to the sun's 
rays only for few hours in the morning with the 
angle of altitude of 0-1° 03'. For the South 
facade, the angle of altitude is around 83° 36' at 
noon, which is 6° 24' off the vertical. Hence, 
solar radiation does not penetrate the South 
facade openings, and a slight overhang properly 
designed and positioned can easily shade the 
openings and wall surfaces. On the other hand, 
in the winter the angle of the altitude at noon is 
36° 34' which allows the solar rad iation  to 
penetrate through the glazing areas and warm 
the interior spaces.

(Figure 5-3), shows th a t the optim al 
orientation of houses in the Negev Desert is 5° to 
15° South of East in order to maximize the 
protection from Northerly cold winds during 
winter seasons. Also in late spring and early 
winter, the khamsin winds blow Southwesterly 
over the region and cause hot, dust-laden, severe 
disturbances to the exposed surfaces at this 
d irection . Therefore, the South-Southeast 
orientation is the best selection for the Negev 
region.



N

5-15 degrees

Fig. 5-3, optimal orientation of houses 
designed in the Negev with regard to both sun 
and wind.

5.4.3- Compact Form
The compact housing complex responds to 

th e  problem  in troduced  by the clim atic 
conditions of the Negev Desert, because the 
insolation on building surfaces is reduced while 
mutual shading provides passive cooling and 
then thermal comfort. Compactness should not 
be associated with high density but with a house 
configuration that enhances and develops its 
own microclimate. Mutual shading can be 
achieved by aligning buildings close to each 
other, preferably along an East-West axis, to 
protect the building from low sun. Mutual 
shading between buildings and landscape
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elements reduces heat gain on external walls. 
Verandahs, covered walks, and arcades along 
streets are useful in designing for pedestrian 
comfort as illustrated in (Figure 5-4).

Placing the building with the longer 
dimension facing South-North will give better 
solar orientation. A square, reduced mass with 
sym m etrical orien ta tion  along vertical and 
horizontal axes will also reduce the area of 
external walls and the total insolation surface. 
If the site is rectangular along the East-West axis, 
then a narrow rectangular building with the 
shorter sides of the building facing the East-West 
can be desirable. In addition, compact layouts 
creating oasis-like landscaping in the interior of 
the building complex can provide protection 
from glare, wind, and dust.
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Fig. 5-4, a settlement on a foothill slope in hot arid zone in 
Turkey. Calculations of the energy consumption on a 
Southern slope with a compact form of an environment shows 
that there is a difference of more than 50% as compared to a 
settlement on a flat plain with detached units.
Source: Gideon S. Golany. Design for Arid Regions. Van 
Nostrand Reinhold Company.

5.4.4 Floor Plan Arrangement
The arrangem ent of interior spaces must 

follow changing cu ltu ral requirem ents (for 
example, the requirement of privacy for women 
is an im portant factor for Arab communities 
living in the Negev) as well as climatic needs. 
The spaces th a t have openings tow ard a 
courtyard take advantage of reflected daylight 
as well as cool air. The courtyard also acts as 
useful protected outdoor space.

Uninhabited or seasonal space must be 
oriented toward the West side of the house to

shield critical exposure during the summ er, 
while providing high solar exposure to winter 
sun. Deciduous trees or movable shade devices 
on a West of South-facing patio create summer 
shade and  adm it w in te r sun  c rea te  a 
comfortable interior microclimate. Deep room 
arrangem ents are recommended to provide a 
cool contrast with the intense heat outdoor heat 
and glare. Rooms such as the central daily 
room which has replaced the courtyard in the 
contemporary Arab houses in the Negev are not 
advisable, as most of these rooms are windowless 
spaces without sufficient daylight or air change.

For houses w ithout courtyards, wind 
towers (badgir) are recommended. Spaces with 
high ceilings and high operable windows capture 
a large volume of air, are advantageous for heat 
recycling in winter and ventilation in summer.

South-facing glazed areas and clearstory 
windows with protected overhangs calculated to 
block out summer sun will allow winter sun to 
enter and warm interior or deep room (for 
calculations, refer to Olgyay and Olgyay, Design 
with Climate, Princton Press, 1963). Light colors 
are desirable to reduce heat gain and glare 
reflection on interior surfaces.

Therefore, the positioning of rooms or 
spaces for houses in the Negev Desert should be 
determ ined in relation to the wind directions 
and to the sun exposures. (Table 5-1) shows 
suggested plan arrangem ents for the Negev 
climatic conditions.



Area (Space) D irec tio n

Living Room
D in in g  Room
K itc h e n
B ed room
B a th ro o m
P a tio
G arage
M ech a n ica l room  
Storage room  
C o u r ty a r d _______

North* or South  
North* or S o u th *  
N orth* or South*  
N orth* or South*  
East or W est 
East# or N orth#  
West or East 
West or East 
West or East 
South  or South-W est

Table 5-1, proposed solar orientation for spaces and rooms 
for houses in the Negev desert.

*Criteria—for glazing area 
#Criteria—for possible cross ventilation

5.4.5- House Type
Form and energy are two issues tha t can 

not be separated in designing passive solar 
houses in the Negev Desert, because the basic 
principle of a passive house built in the Negev is 
to ease the impact of the outdoor climatic stress 
on the envelope of the house and its occupants. 
Therefore, a special house design should be 
in tro d u c e d  to c re a te  a c o m fo r ta b le  
m icroclim ate. A com pact house around  a 
courtyard  facing South provides an excellent 
solution for shading and preventing cold winter 
winds th a t blow from the North, and the 
courtyard provides winter sun by the use of 
deciduous trees or movable covers.

The courtyard acts as an airshaft bringing 
day ligh t and air m ovem ent to the spaces

around it. "The diurnal tem perature changes 
amount to 10° C to 20° C (18-36° F) during the 
summer months". The diurnal daily range is 
much higher in the inland than in the Coastal 
parts. In the inland region of the Negev the 
atrium  or courtyard functions in three regular 
cycles, taking advantage of the diurnal range of 
tem peratures during sum m er as shown in 
(Figure 5-5).

During the first cycle, the cool night air 
descends and flows down into the courtyard and  
fills the surroundings. Walls, slabs, floors, 
ceilings, and interior fu rn itu re are cooled a t 
night and remain cool until the late hours of 
the morning. The courtyard  loses heat by 
irradiation  to the sky and may be used for 
sleeping during summer months.

During the second cycle around  late 
morning the sun directly strikes the courtyard 
floor. Therefore, some of the cool air starts to 
rise and flow towards the surrounding spaces. 
At this time, the dry bulb tem perature is too 
hot. If the envelope is constructed of heavy 
mass materials such as adobe walls are excellent 
insulators, and can have a time lag as much as 
10 hours. Using the heavy mass materials will 
insulate from heat.

During the third cycle, by the afternoon, 
the courtyard floor and the inside of the house 
get warmer and further convection currents are 
set up . Most of the air trapped  inside the 
spaces spills out by late afternoon or by sunset. 
During the late afternoon the courtyard  is



protected by shadows of the building itself or 
street or adjacent buildings or landscaping 
elements. As the sun sets, the tem perature in 
the Negev Desert falls rapidly, and the courtyard 
begins to irradiate to the clear sky; cooler air 
begins to flow and sinks into the courtyard, 
thus, a new cycle begins.

During the winter, a large part of the 
house is protected from cold winds. If the house 
is constructed of adobe and infiltration is solved 
through shutters, the house keeps warm during 
the cold night from the radiated heat that is 
stored in the thick massive structure. Adobe 
construction achieves a form of equilibrium by 
storing or releasing heat during the daily 
(diurnal) and seasonal changes.

Fig. 5-5; 1) during night, cool air descends into the 
courtyard 2) at noon, the warm air starts to rise 3) in the 
afternoon, the courtyard floor and the inside of the house
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gets warmer by convection and the walls and spaces are 
heated.

3



5 .4 .6 - Insulating properties of 
Building Materials in the Negev

Thermal resistance, which is symbolized 
by the letter R, is the numerical measure of the 
resistance that a certain material has to heat 
flowing through i t  The units of R are (sq. ft. h. 
°F/BTU). The Rvalues for a number of common 
building materials in Israel are given in (Table 5- 
2 ).

M ateria ls  Resistance R-Value
1/C for listed thickness

Building Materials 
Stone, lime, or sand 1" 0.08
Softwood, 3/4 in 0.94
Softwood, 1-5/8 in 2.03
Plywood, 5/8 in. 0.78
Gypsum board, 1/2 in. 0.45
Gypsum Plaster 1/2 in. 0.09
Asphalt roof shingles 0.44
Wood roof shingles 0.94
Tar and gravel built up roof 0.33
Stucco, 1 in. 0.20
Sand and gravel concrete, 8 in. 0.64
Face brick, 4 in. 0.44
Concrete block (slump) 8 in. 1.04
Lightweight aggregate concrete 2.18
Masonry block, 8 in. 1.04
Adobe block 8, in. 2.24

In su la tio n
Blanket or batt insulation 
(of mineral wool , glass fiber) 
1 in. 3.12-3
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3-1/2 in.
6 in.
expanded polystyrene, 1 in 
Asphalt sheathing 1/2 in. 
Asphalt felt (two layers) 
Loose fill insulation

11.00- 13.50
19.00- 23.00 
4.00
1.46
0.12

Expanded perlite 1 in. 
Expanded vermiculite 1 in. 
Mineral wool 1 in.

2.75
2.14
3.50

Flooring Materials 
Terrazzo tiles 1 in. 
Cement tiles 1 in. 
Cement mortar 1/2 in.

0.08
0.20
0.10

Glass
Single 1/8 in.
Double 0.25 in air space

0.91
1.72

Air Film 
Still air (inside) 
heat flow horizontal 
heat flow up 
heat flow down

0.68
0.61
0.92

Moving air (outside) 
7.5 mph 
9 mph 
15 mph

0.17
0.20
0.25

Metals 
Sheet metal 
Aluminum

Negligible
Negligible

Roofs
Concrete (sand and gravel aggr.) 
4 in.
6 in.
8 in.

1.18
1.35
1.49



12 in. 1.82
Asbestos-cement shingles 0.21
Asphalt roll 0.14
Built up (tar and gravel) 3/8 in. 0.15
Slate 1/2 in. 0.05
Wood shingles 0.94

Table 5-2, Insulating values of common building materials 
in Israel
Source: ASHRAE handbook of fundamentals, 1981.

Examining the table, it may be surprising 
to learn that a massive element (colored and 
textured concrete block) which is commonly 
used for the construction of the houses in the 
Negev, has a rather poor (low thermal) resistance 
compared to as little as 2.5 cm. (1 inch) of a 
good insulator like polystyrene. Air spaces can 
also a d d . a significant am ount of therm al 
resistance, particularly if at least one side of the 
air space is covered with a reflective coating 
such as aluminum foil.

To characterize the insulative properties 
of a composite building elem ent such as a 
foundation, wall or roof, we have to determine 
its total resistance Rt. The higher the Rt the 
more resistive the construction will be, and 
consequently the better will for the Negev Desert 
and the smaller the U-value (U=l/R, the units of 
U: BTU/sq. ft. hr. °F). For example, the colored 
and textured concrete block covered with 1/2 
in. stucco is the common material used in the 
Negev. It has a U value of 0.48. Therefore, 
applying such a constructional m ethod heat

loss/gain is very significant. The smaller the U- 
value of a given building element, the less heat 
will be gained or lost through that material.

Q= U * A * TETD (To - Tf) ............... [1]
Where
d= Heat flow in BTU/hr, or the rate of heat 
conduction.
U= thermal conductance, BTU/sq. ft. hr. °F.
A= Area in sq. ft.
TETD= The e q u iv a le n t te m p e ra tu re  
differential in °F (the outside tem perature 
minus the inside tem perature).

(Table 5-3) gives the hourly  average 
tem peratures for typical July and January days 
in Beer-Sheba.

In order to determ ine the tem perature 
inside, (Figure 2-10) in Chapter-2 shows summer 
and winter inside tem perature according to the 
comfort range for the occupants in the Negev. It 
is 21.1° C (70 °F) in winter and 27.7° (82 °F) in 
summer. It is recommended to wear warmer 
clothing in the house in winter than in summer 
and to be covered with a little heavier blanket.

To calculate the U-value for common 
houses, sketches in Figures 5-11, and 5-14 of 
walls and roofs used for home construction in 
the Negev Desert.

For more inform ation  about different 
building materials and components, see sections 
5.4.7 to 5.4.12 in this Chapter.



July (Summer) January (Winter)

Hour To Hour To

1 am 79.3 1 am 42.8
2 78.3 2 42.1
3 77.3 3 41.3
4 - . 76.8 4 40.8
5 76.4 5 39.9
6 76.1 5 41.4
7 78.2 7 43.9
8 81.5 8 43.9
9 84.4 9 46.4
10 87.6 10 49.8
11 90.1 11 53.6
12 62.7 12 57.4
1 pm 93.8 1 pm 59.5
2 94.3 2 60.6
3 94.8 3 61.7
4 94.1 4 60.5
5 92.7 5 58.2
6 91.3 6 55.8
7 89.3 7 53.4
8 87.0 8 50.9
9 84.8 9 48.4
10 83.1 10 46.6
11 81.8 11 43.8
12 80.4 12 43.8

24 hr. aver. 85.3 24 hr. aver. 49.4

Table 5-3, hourly and average temperatures for typical July 
and January days in Beer-Sheba.
Source: Avshalom, S. & Yehuda G. The Land of the Negev, 
publishing house, Ministry of Defense, Tel Aviv

5 .4 .7 -  W indows and Exterior 
Openings

Because of the extreme tem peratures in 
the Negev Desert, windows can be a solar blessing 
or a curse. By themselves windows can allow 
overheated daytime hours and uncom fortably 
chilled nighttime hours. In the Negev Desert, a 
solar house m ust be especially inventive in 
keeping the sun's heat out.

Windows in the Negev are po ten tia l 
sources of both comfort and discomfort. All 
room s shou ld  have operab le windows or 
operab le  vents. Cross v en tila tio n  is an 
im portant source of comfort during the day in 
winter and the night during the beginning and 
ending of summer. But, operable windows can 
encourage unwanted intruders. Thus, locked 
stops are recom m ended for security reasons. 
Screens on all openings are necessary for insect 
control.

It is recommended that all houses in the 
Negev be double glazed except perhaps the 
sm allest windows where the relative area is 
insignificant. Double glazing not substantially 
reduces heat flow gain. The U value of double 
glazed windows should be between 0.40 to 0.60.

(Table 5-4), shows the solar heat gain 
th rough  vertical double glazing at various 
orientations (in BTU/sq. ft.) for 32° N. Latitude.

"The solar heat gain factor (SHGF) is 
defined as the heat gain due to transm itted  
radiation, direct and diffuse by radiation and



convection from the inner surface of the 
material" [Van Straaten, 1967]. The SHGF refers 
to clear glass only. If we use any kind of 
shading device that would reduce the heat gain 
on the glass surface, we must reduce the SHGF 
value accordingly.

The effectiveness of any shading device 
can be expressed by its Shading Coefficient [SC]. 
This coefficient describes the fraction of the 
incident solar energy that is transm itted as 
illustrated in Figure 5-6. "Theoretically, it can 
vary from 1.0 [all solar energy transmitted, e.g., 
unshaded clear window glass] to 0.0" [no solar 
energy transmitted] [Eagan 1975]. Some of the 
common shading devices used and their SC will 
be discussed later in this Chapter in section 
5.4.12.
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N NE E SE SN W W s w

Jan. 152 166 574 1146 1560

Feb. 192 278 772 1200 1424

Mar. 240 433 904 1116 1034

Apr. 302 636 997 955 600

May 396 789 1040 823 422

Jun. 450 841 1038 758 390

Jul. 408 789 1024 803 420

Aug. 320 636 968 920 582

Sep. 250 426 864 1067 1000

Oct. 200 280 746 1151 1364

Nov. 154 168 567 1125 1528

Dec. 136 144 518 1128 1574

Table 5-4, dear-day solar heat gain through vertical double glazing at various
orientations (in BTU/sq. ft.)
Source: Edward Mazria, The Passive Solar Energy Book, A complete guide to passive solar 
home, greenhouse and building design, Rodale Press, Emmuas, Pa., 1979.

/



Incoming Solar 
Radiation

Absorbed Radiation

Transmitted 
Radiation (r)

GlassReflected 
Radiation (P)

Fig. 5-6, Schematic Representation of Transmittance (r), 
Absorptance (a), and Reflectance (P) of a glazing material.

(Table 5-5), gives the Solar Heat Gain 
Factors 24 Hour Average for 32 °N Latitude 
where Beer-Sheba City is located.



M onth N

BTU/sq.

NW/NE

ft. hr. 

E/W

O rien ta tion

SW/SE S Horiz. Roof

Ian. 6.29 7.25 26.12 52.50 70.42 42.50

Feb. 8.12 12.67 53.25 54.88 65.21 57.54

Mar. 10.12 19.75 41.33 51.25 49.00 72.67

Apr. 13.37 29.29 46.21 44.50 29.87 85.00

May 18.42 36.67 48.50 38.79 20.75 91.63

Jun. 21.50 39.17 48.54 35.92 18.58 93.33

Jul. 19.25 36.67 47.87 37.96 20.54 90.71

Aug. 14.12 25.00 45.04 43.08 29.04 83.13

Sep. 10.67 19.54 39.83 49.46 47.87 70.33

Oct. 8.42 12.75 34.12 52.92 62.75 56.54

Nov. 6.46 7.38 25.87 51.50 69.21 42.21

Dec. 5.71 5.71 23.67 51.63 71.08 36.67

Year Aver. 11.87 20.99 38.53 47.03 46.19 68.52
Table 5-5, Solar Heat Gain Factors.



The equation to determine the rate per ft. 
sq. of heat flow through glazing material can be 
expressed as:
Q= SHGF * SC + U (To-Ti) ...................[2]
W here
GL= Total Heat T ransfer T hrough Glass 
(BTU/hr./sq. ft.).
In case of having a surface area A in sq. ft.
0. (BTU/hr.) = SHGF * SC * A + A * U(To -

Ti)................. [3]
Example: to calculate the average rate of heat 
flow of 100 sq. ft. of N.W. facing clear glass 
window for any day of August.
Latitude 32 °N, Beer-Sheba, T inside = 78 °F, and 
outside T= 90 °F, and with a light colored 
Venetian blind inside.

To calculate the U- value of the glass 
R for outside air film = 0.25 
(7.5 mph, summer)
R glass = 0.0
R inside of still

air = 0.68_______________
Rt= 0.93, U-l/Rt = 1.08

From (Table 5-5), SHGF = 25 BTU/sq. ft. hr.
The SC for a light colored interior Venetian blind 
=0.55, then

Q= 25 * 0.55 * 100 +100 * 1.08 (90 -78) =2671 BTU/hr. 
average heat gain in any day in August.

Window Heat Gain and Losses for 
houses in the Negev

Heat is transm itted through windows by 
conduction and rad iation . The conduction 
component depends on window U value and the 
tem perature difference between the inside and 
outside air, while the rad ia tion  com ponent 
depends on the amount of sunlight incident on 
the window (long wave). The hourly  heat 
conduction contribution of a window at a given 
time of day, which will be denoted by window 
(time of day) can be computed by 

cond. hr.

Window (time of day) = U * A * [To-Ti] 
cond. hr. Win Win

{BTU/day} ....... [4]

Hourly values of To for typical January 
and July in BeerJSheba are listed in (Table 5-3). 
Ti=72 °F for winter Ti = 78 °F for summer for the 
Negev Desert. In order to com pute the daily 
heat conduction contribution of a single glass 
window of an area 3' *6' = 18' sq. ft. at 3:00 pm 
in July

Window (3:00 pm) = 1.1 BTU/sq. ft. hr. °F* 18 sq. ft. * 
cond. (93.8 °F - 78 °F)

= 312.84 BTU/hr. (summer)

While the corresponding winter (January) 
hourly heat conduction loss is given by

Window (3:00 pm) = 1.1 BTU/sq. ft. hr. °F* 18* (61.2 
cond. °F - 72 °F)



= - 203.0 BTU/hr. (winter)

If the day heat gain /loss is computed for summer 
and winter by the formula [4].

Window = 1.1 * 18 * 24 hr. * ( 85.3 °F - 78 °F) 
cond. daily

= 3468.9 BTU/day (summer)

While the daily winter heat conduction loss is given 
by

window = 1.1 * 18* 24 hr. * ( 49.4 °F - 72 °F) 
cond. daily

= -10,740 BTU/day (winter)

The heat transm itted through a window 
due to solar radiation obviously depends on the 
way the window faces with respect to the sun. 
The Solar Radiation Gains (SRG) in BTU's per 
square foot per hour transm itted  through a 
single pane of glass (typical window and door 
glass) facing in each of eight directions for 
various times of the day in Beer-Sheba for a 
typical day in January and July are listed in 
(Table 5-6).
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Winter (January) . . SKfi Values MU/ Sq. f t .. -  hr.
T W HE • E 3B 3 aw V W

5 am 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0
6 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0
1 <0 .3 .9 .9 A , 0 ,0 ,0
a 8 .6 2 6 .1 1 5 7 .5 1 6 6 ,3 1 0 1 ,8 8 . 8 6 , 6 8 . 6
9 1 5 .0 1 6 .4 1 7 2 .1 2 4 2 .7 166 .7 16 .1 1 5 .0 1 5 .0

10 1 9 .4 t? .8 1 3 2 ,8 2 4 5 .1 209 .0 4 4 .4 1 9 .4 1 9 .4
i i 2 2 .1 2 2 .1 6 5 .7 2 1 7 .6 2 3 6 .4 108.1 2 2 .1 2 2 .1
12 2 3 .0 2 3 .0 2 4 .4 1 7 0 .9 2 4 2 .9 170 .9 2 4 ,4 2 3 .0

1 pm 22.1 77.1. 7 2 .1 108.1. 3 3 6 .6 217- 6 . 6 5 .7 22 .1
2 1 9 ,4 1 9 ,4 1 9 ,4 44*4 209*0 245*1 132*8 1 9 ,8
3 1 5 .0 15 .0 1 5 .0 1 6 .1 166 .7 242.7 1 72 ,1 1 6 .4
4 8 .6 8 .6 8 .6 8 . 8 1 0 1 .8 18 6 .3 1 5 7 .5 28 .1
5 .0 .0 .0 .0 ,4 ,9 ,3
6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 o.o
7 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0

Avcuragfa 4,4 7 ,3  • 3 5 ,8 5 1 ,7 6 9 ,5 S I , 7 2 5 ,8 7 . 3

SuSfealf tJ v ly ) 0R0 Valitao- BTU/eti. Efc, - h r . •
$ SSL 0 . 0 0 , 0 0 , 0 0 . 0 - 0 , 0 0 . 0 0 , 0 0 . 0
6 3 2 .7 103 ,4 110 ,9 5 2 ,2 8 .5 9 ,5 8 . 5 8 ,5
7 36.5 1 6 3 .9 1 9 5 ,4 1X2,i 19.3 18.5 18,5 18;5
8 3 0 .4 160 .4 m , u 1 4 2 ,1 2 7 ,8 2 5 ,7 2 5 ,7 2 3 ,7
9 3 3 .4 126 .2 1 9 1 ,5 1 4 7 ,8 3 6 .5 3 1 .a 3 1 .2 3 1 ,2

10 3 6 ,7 76.3 145 ,4 131 ,9 51*5 35*2 33*2 33*2
U 3 8 ,6 4 2 ,5 8 0 ,8 9 7 ,4 64 ,9 40*2 37*7 37*7
12 39.3 39 .9 ■ 4 1 ,6 5 6 .9 7 0 .0 5 6 .9 4 1 .6 3 9 .9

1 pta 3 8 .6 37 ,7 37 .7 4 0 ,2 6 4 ,9 9 7 .4 8 0 .8 4 2 .5
2 3 6 ,7 3 5 ,2 35 ,2 3 $ ,2 51*5 131*9 1 4 5 ,4 7 6 .3
3 3 3 .4 3 1 .2  • 3 1 .2 3 1 .2 3 6 .5 H 7 .8 19 1 ,3 .126.2
4 3 0 .4 2 5 .7 2 5 .7 2 5 .7 2 7 .8 1 4 2 .1 212 .0 160 .4
S 3 6 .5 l& .S l f l .5 1 8 -5 1 9 .3 113-2 1 9 5 .6 163-9
6 3Z.7 8 .5 8 .5 8 .5 8 ,5 5 2 .2 11 0 ,9 1 0 3 .4
7 0 . 0 0 .0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0

Average 1 9 .0 3 6 .2 6 7 .3 37.5 2 0 .3 3 7 .5 * 7 ,3 3 6 .2

Table 5-6, Solar Radiation Gain (SRG) transmitted through a 
single pane for typical January and July days in Beer- 
Sheba, The Negev.



If a reflective coating is added to the glass 
or if drapes, Venetian blinds, shades, etc. are 
used to partially block the sunlight, the window 
radiation heat gain will be reduced by the 
Transmission Factor (TF) of the particular item 
being used to shade the sun. The transmission 
factors of a number of items commonly used for 
shading are listed in (Table 5-7). The hourly 
radiation heat gain at a particular time of a day 
for a window facing in a given direction , which 
will be denoted by:

N (or NE, E, SE, etc.) window (time of day)
rad. hr.

can be determined

N (or NE, E, SE, etc.) window (time of day) =
A * SRG (time of day) * TF (BTU/hr.) ......[5]

win N 
Where
A = surface area of window in square foot, 

win
SRG = single glass pane solar radiation g a in  
at a given time of day for window facing N 
(NE, E, SE, S etc.) in BTU/ sq. ft. hr.
TF = transm ission factor of shading item s 
used in addition to a single glass pane.

Shading Device TF

Unshaded 1.00

Reflective Film 0.22

Venetian Blinds Medium 0.65
Light 0.56

Opaque Roller Shade Dark 0.60
White 0.25

Drapes White Backed 0.45
Dark without backing 0.65

Outside Shade
(17° Horizontal Slats) Medium 0.22

Dark 0.15

Table 5-7, Transmission Factors (TF) for Typical shading 
devices

Again using the same area of the window 
which was used for the window conduction 
examples, the summer (July) hourly radiation 
heat gain through a West facing window of this 
size with no shading at 3:00 pm is given by

W window (3:00 pm) = 18 sq. ft. * 191.5 BTU/sq. ft. 
rad. hr.

hr.* 1
= 3447 BTU/hr. (summer)

But, this value would reduced to 1551 
BTU/ hr. if the window was shaded by white- 
backed drapes (TF = 0.54). The daily summer



radiation gain of this window including white- 
backed drapes is given by

W window = 18*24* 47.3 * 0.45 = 9195 BTU/day 
rad. daily (summer)

The corresponding daily winter heat gain 
of this window including white-backed drapes is 
given by

W window = 18*24*25.8*0.45 = 5061 BTU/day 
rad. daily (winter)

The daily sum m er rad iation  given is 
rather large, about three times greater than the 
daily  sum m er conduction  gain calculated 
earlier, but this is due to the fact a West facing 
window receives direct sun all afternoon.

If the window is facing North, the daily 
summer radiation gain of the window including 
white-backed drapes would be

N window = 18 sq. ft. * 24 hr. * 19.0 BTU/sq. 
ft. rad. daily

hr.*0.45

= 3694 BTU/day (summer)

Therefore, an opaque roller shading device 
and light Venetian blinds are recommended for 
the houses built in the Negev Desert. Windows 
facing North and South are advisable for the 
same climate.
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N orthern  Facade: This facade is least exposed 
to the sun. In fact exposure occurs only in the 
early and late hours of summer days when the 
angle of the altitude is low and the angle of 
declination is such tha t the su n ’s rays are 
almost tangential to the surface of the wall, as 
illustrated in (Figure 5-7). An advantage to 
rooms opening to this facade is tha t the ir 
illumination is always distributed evenly.

Sunrise

Fig. 5-7, plan of a room in Beer-Sheba to the North at 
sunrise on the summer solstice, with the sun's rays at 
declination angle of 27° 20'.

S o u th ern  Facade: With regard to the sun 
factor, an advantage of southern exposure in the 
Negev Desert is that the sun is higher over the 
horizon in summer and can be shaded using a 
relatively small overhang. In winter, it is low, 
allowing the sun radiation to penetrate when it



is most desirable. This situation is outlined for 
the Beer-Sheba City for a particular case (Figure 
5-8). However, with regard to the wind factor, 
the cool prevailing winds generally blow from a 
Northerly direction in the Negev Desert.

Fig. 5-8, angle of altitude at noon for a southern facade in 
Beer-Sheba.

E astern  and W estern Facade: The Eastern 
facade is exposed to the sun radiation from 
sun rise  to noon. The walls cool down 
considerably by evening, making this exposure 
more suitable for a bedroom than the Western 
exposure. Therefore, openings on West and East 
facades must be minimized with the need of

vertical as well as horizontal pro tection , 
especially to avoid glare.

5.4.8- Foundation
Houses in the Negev desert are usually 

built with a concrete slab on a grade and 20 cm. 
(8") concrete stem foundation on a footing. For 
a w ell-insulated house, 15%-20% of heat 
loss/gain is from the concrete of the floor 
through the stem wall. Thus, the foundation 
should be insulated to below grade.

Therefore, for houses in the Negev, using 
foam (closed cell polystyrene) on the inside 
surface of the stem wall is recom m ended to 
insulate foundations. In this position, the foam 
is best protected both during construction and 
during the life of the building. However, it is 
only recommended if the wall above is wide 
enough to cover the top of the foundation wall; 
a 10" or thicker wall to cover the edge of 2" 
insulation as well as the 8" stem (Figure 5-9).



IQ'lMfi) 10" min. width of 
Wall above Air Film

V (— 4" Cone, slab 
on ABC fill

0.20

1.10

2" Closed cell polystyrene g.OO 
insulation 

8" Stem wall w/ ext. 
waterproofing

0.88

8*16 Cone, footing
U = 0 .0 9 8 , R = 1 0 .1 8

Fig. 5-9, insulation in a foundation is best placed inside the 
stem wall where it is always protected.

The other arrangem ent for insulating a 
foundation  is to place foam (closed cell 
polystyrene) on the outside of an 8" stem wall 
(Figure 5-10). The insulation needs sun face 
protection during construction as well as after 
by the use of cement-asbestos board, or stucco. 
The best arrangement for the exterior insulation 
of the foundations may be when foam is used on 
the walls above and it is run all the way to the 
footing. The waterproofing of the stem wall can 
help protect the foam insulation. If the stucco 
is used to protect the wall, it can run all the way 
down to the footing.
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Foam insulation with 
Stucco-plus Waterproofing Air pilm

4" Cone, slab
0.20

2' Closed Cell Polystyrene 8.00 
on ABC Fill
8" Cone. Stem Wall °-88

8 * 16 Continous 
Cone. Footings

U = 0 .1 1 , R = 9 .08
Fig. 5-10, exterior insulation on a stem wall requires 
additional protection. It also implies exterior insulation on 
the wall above.

These two insulated foundation details 
have a similar thermal resistance R=9.0. While 
not highly insulated this standard is adequate 
for houses in the Negev Desert. These two 
insu lated  foundation  details are designed 
specifically for the Negev climate. Especially the 
detail in Figure 5-10 should not be used for 
other climates in Israel.

In th e  N egev clim ate, in su la tio n  
underneath the floor slab is not cost effective. 
This is because the average deep ground 
temperature is around 21.1° C (70 °F) and thus, 
is very close to the ideal interior tem perature. 
By continuing foundation wall insulation all 
way to the footing, the slab is assured  
c o n tin u o u s  c o n ta c t w ith  th e se  stable



underground tem peratures. Thus, the floor 
construction provides an im portant source of 
thermal stability.

5.4.9- Walls
In the Negev, approximately one hundred 

percent of the single family houses built are of 
masonry or concrete blocks. The preferences 
there are first: slump block, then concrete block; 
burnt adobe and brick. The preference for 
masonry is in spite of its substantially higher 
cost than stud  construction. Part of that 
preference m ust be c red ited  to a native 
appreciation of thermal storage and heat lag. 
However, such walls need additional insulation.

The use of 3" foam (polystyrene) on the 
exterior of an 8" concrete block wall (Figure 5- 
11), increases the net thickness of the 10" 
insulated block wall to 11". However, it puts the 
thermal mass on the preferred side—inside. It 
also increases the thermal resistance to R-14. 
Use of 4' of foam insulation would raise the 
thermal resistance to almost R-18.
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R V a lu e

— 0.17 Ext. Air Film
— 0.12 Stucco Finish
---- 12.00 Polystrene
-----■ 0.64 Cone. Block

----- 0.08 3/8" Plaster
----- 0.68 Int. Air Film

R= 1 3 .6 9 , U= 0 .0 7 3

Fig. 5-11, an 8" block wall requires 3" of polystyrene 
to bring its insulation value to a 2*4 stud wall.

A stud wall two by six inches (2 * 6) is 
appropriate for other climates in Israel. This 
type of construction is also appropriate for the 
houses in the Negev in spite of its low thermal 
mass. Its excellent thermal resistance at over R- 
19 could be further improved by double wall 
construction, especially if a foam sheathing such 
as 5/8" polystyrene (R= 2.5) were used on the 
exterior. Such an improved wall would achieve 
an insulation value over R-22.

In general, the particular finish materials 
on either interior or exterior surfaces have little 
effect on the R-value. Since dry wall, stucco, 
masonite, and plywood offer little resistance, 
their choice is a question of cost, durability, and 
appearance. Either p laster or an attractive 
block itself must be used, or an interior paint or 
wallpaper finish. (Table 5 8) shows average



U = U value of wall [BTU/sq. ft. hr. °F]
wall

A = surface area of wall in square feet
wall

TETD = TETD value at given tim e of day 
for wall of a g iv en  ty p e  a n d  co lo r 
facing N (or NE, E, SE, etc.) in °F

The corresponding daily wall heat gain or 
loss, can be calculated by 
N (or NE, E, SE, ETC.) Wall =

daily
U * A * 24 * TETD (wall type, wall
wall wall N avg. color) {BTU/hr.}
........... [7]

(Table 5-9), TETD value for walls of 
various types, orientations, and colors for a 
typical summer (July) day in Beer-Sheba.
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TETD f o r  w a l l  c l a s s  No. 1 i n  °F

,L i g h t :
T I ME N NE E SE S SV W NW

5 am

1-
p i18:1 1:1

I I i i I I 1
AVERAGE 5 . 7 7 . 2 8 . 2 7 . 5 6 . 0 7 . 5 8 . 3 7 , 2

Me di um:

T I ME N NE E S E S s w W NW

i ; Ji 1 1 ® 1!
1 2 . 0 1 ill ®

AVERAGE 6 . 9 9 . 3 1 0 . 9 9 . 8 7 . 5 9 . 8 1 1 . 0 9 . 4

D a r k :

TIME N NE E S E $ SW W NW

' i : 1 I
6 . 5

6
5 . 6

f l i l  ’

Ji
i S : ? 1 1 i

AVERAGE 8 . 1 1 1 . 4 1 3 . 7 1 2 . 1 8 . 9 1 2 . 0 1 3 . 7 1 1 . 5

1
(C o n tin u ed ) •

TETD f o r  w a l l c l a s s  No. 2 in ° F

L i g h t :

T I ME N NE E S E S SW W NW

5  am

i f
2  pm  

1

ill
1 1 , 8
1 1 . 4

1 . 5

s
‘:2
i a

ii.-S I 1 i i !

AVERAGE 5 . 7 7 . 2 8 . 2 7 . 5 6 . 0 7 . 5 8 . 3 7 . 2

Medium:
T I ME N NE E SE S SW W NW

r2  p ai ill
11:5

2:5

ill! 1
i : S

u i!
iii
M 1 ili!

i i : !

AVERAGE 6 . 9 9 . 3 1 0 . 9 9 . 8 7 . 5 9 . 8 1 1 . 0 9 . 4

Dark:
TIME N * NE E SE 5 SW w NW

5  am

HP-s i l

,i:i
1 1 : 1 1 11 1 1 il 1

AVERAGE 8 . 1 1 1 . 4 1 3 . 7 1 2 . 1 6 . 9 1 2 . 0 1 3 . 7 1 1 . 5

Table 5-9, TETD value for walls of various types in July day in Beer-Sheba.
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Table 5-9 , (con tin u ed )

TETD f o r  w a l l  c l a s s  No. 3 In  °F

L i g h t: T I M E N N E E S E S S W w N W
5  a ni!2 p m
5 M I 8:1

i l : l 1 rill ® ill! g
A V E R A G E 5 . 7 7 . 2 8 . 2 7 . 5 6 . 0 7 . 5 8 . 3 7 . 2

Medium:

T I M E N N E E S E S S W W N W
5  a a

5 i i! i i
1 3 . 0 ill I! ill ®

A V E R A G E 6 . 9 9 . 3 1 0 . 9 9 . 8 7 . 5 9 . 6 1 1 . 0 9 . 4

D ark :

T I M E N NE E S E S S W w N W

i : «:8
M
!!;!

Jil
8i! s Bil M ill 1

A V E R A G E 8 . 1 1 1 . 4 1 3 . 7 1 2 . 1 8 . 9 1 2 . 0 1 3 . 7 1 1 . 5

(C o n tin u ed )

TETD f o r  w a l l c l a s s  No. 4 in  °F

L i g h t: T I M E N N E E S E S S W ti N W
5  a a

4 p »  1 1 I! 1 1
1 0 . 1

iii
1 0 . 3 II l 1

1 0 . 9

A V E R A G E 5 . 7 7 . 2 6 . 2 7 . 5 6 . 0 7 . 5 8 . 3 7 . 2

Medium:

T I M E N N E E ‘ S E s S W W N W
5  a m

'L
i iii

1 0 . 3

6 . 6

i iil 1 I ill III
6 . 6
5 . 6
5 . 0

t$:1
A V E R A G E 6 . 9 9 . 3 1 0 . 9 9 . 6 7 . 5 9 . 8 1 1 . 0 9 . 4

D ark:

T I M E N N E E S E S S W w N W
5  am

T ,1 1
9 . 6
8 . 6

i 1 ill 11
9 . 6

i
A V E R A G E 8 . 1 1 1 . 4 1 3 . 7 1 2 . 1 8 . 9 1 2 . 0 1 3 . 7 1 1 . 5
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Table 5-9, (con tin u ed )

TETD fo r  w all c lass  No. 1 in  *F
L i g h t :

t i m e N NE E S E <> s v w NW

5  a n

T a 1!- lo l l a $1 IS 1!
- 0 . 5 a i

- 1 9 . 4

AVERAGE - 2 5 . 6 - 2 5 . 4 - 2 3 . 4 - 2 0 . 9 - 1 9 . 3 - 2 0 . 9 - 2 3 . 4 - 2 5 . 3

Medium:

TIME N ME E S E S sw w NW
5  am

4
2 pm 

1 1 1
--tw

m
■ 5 ? : 1
- i s l e

i
- 4 . 9

: h : I

1H 11 : ! l : l

AVERAGE - 2 5 . 2 - 2 4 . 8 - 2 1 . 8 - 1 7 . 9 - 1 5 . 3 - 1 7 . 9 - 2 1 . 8 - 2 4 . 8

D ark:

TI ME N NE E SE S SW W NW

5 am

xL
i

- 2 8 . 3
- 2 9 . 2

: l ! : 2- 1 8 . 7
- 1 9 . 3

:!!:!:1S:8
31:!
- ! I : I

i
- i s : ?

= l l : i

! : f

- 2 2 . 8

i

- 2 5 . 8

1
- 2 8 . 0
- 2 8 . 9

m
AVERAGE - 2 4 . 6 - 2 4 . 3 - 2 0 . 2 - 1 4 . 8 - 1 1 . 4 - 1 4 . 8 - 2 0 . 2 - 2 4 . 3

(C o n tin u ed )
TETD f o r  w a l l  c l a s s  No. 2 in  eF

L ig h t:
TI ME N ME E SE S sw W NW

5 am

i !2 pm

i

:r,:S
- 1 8 . 7
- 1 8 . 6

- 2 9 . 7

1
- 2 3 . 9

$ 8
- 1 7 . 8

- 2 7 . 9

=12:5
- 9 . 6

- i l : *

- 2 7 . 3

»] i
- 4 . 4

- 2 8 . 9

1!
—8 . 3

: p : 2

* . $

AVERAGE - 2 5 . 6 - 2 5 . 4 - 2 3 . 4 - 2 0 . 9 - 1 9 . 3 - 2 0 . 9 - 2 3 . 4 - 2 5 . 3

Medium:

TIME N NE 6 S E S SW W NW

5  am

i |
2 pm

5

- 2 9 . 6

= I S : 2
- 2 4 . 0
- 1 7 . 7
- 1 8 . 0

: ! 8 : ?  

-2 3 .*  7 - 8 . 8
: | i i l  

— . 2

- I E : !

l i

All
: | ! : j

4 : 4
m

: | 2 : ?

l !

AVERAGE - 2 5 . 2 - 2 4 . 8 - 2 1 . 8 - 1 7 . 9 - 1 5 . 3 - 1 7 . 9 - 2 1 . 8 - 2 4 . 8

D ark:

TIME N NE E SE S SW u NW

5  a m

T
- 2 9 . 5

:|S :S

- 1 7 . 4

- 2 9 . 3

-18:!
31:1

- 2 7 . 6:$!:t
- M

- 2 5 . 5

r l L i

- 1 3 . 3

:H:I
>!;!

- 2  b .  5

1 1!
4 . 8 1

AVERAGE - 2 4 . 8 - 2 4 . 3 - 2 0 . 2 - 1 4 . 8 - 1 1 . 4 . - 1 4 . 8 - 2 0 . 2 - 2 4 . 3
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Table 5-9, (con tin u ed )
(C o n tin u ed )

TETD f o r  w a l l . c l a s s  No. 3 in  °F

L ig h t z
T I M E N HE E SE S SV W NW

5  mmif2 pm

i

- 3 1 . 0
- 3 2 . 1

- z ! : ?
- 1 6 . 9
- 1 9 . 6

- 3 0 . 9
- 3 2 . 1

31:1
- 1 9 . 5

- 3 0 . 3
- 3 1 . 5

1 !
- 2 9 . 6m- 9 . 8
- 1 8 . 2

- 2 9 . 1

1
- 2 9 . 6

3$ii
: 5 : 5

- 3 0 . 3

s
- 3 0 . 9

1!
- 1 7 . 2

AVERAGE - 2 5 . 6 - 2 5 . 4 - 2 3 . 4 - 2 0 . 9 - 1 9 . 3 - 2 0 . 9 - 2 3 . 4 - 2 5 . 3

Medium:
T I M E N NE E S E S SW W NW

5  am

T Eli!
- 1 5 . 8
- 1 9 . 3

:l?:S

:13:I
- 2 9 . 8

- 2 1 : ?

— 14 * 8 
- 1 8 . 2

:$ l:i
- 1 9 . 3

- 5 : 1
- 1 7 . 1

-:h7il
-1:1 -8:2 11

- 5 . 7
- 1 5 l 7
- 1 5 . 5

AVERAGE - 2 5 . 2 - 2 4 . 8 - 2 1 . 8 - 1 7 . 9 - 1 5 . 3 - 1 7 . 9 - 2 1 . 8 - 2 4 . 8

D ark: -

TI ME N NE E SE S SW tf NW

i : m 3$:1
- 1 8 . 8

11
- 1 3 . 4
- 1 7 . 5

11
- 1 5 . 9 1 1

- 2 9 . 4

3!:i
- 3 0 , 6

1
AVERAGE - 2 4 . 8 - 2 4 . 3 - 2 0 . 2 - 1 4 . 8 - 1 1 . 4 - 1 4 . 8 - 2 0 . 2 - 2 4 . 3

(C o n tin u ed )
TETD f o r  W all C la s s  No. 4 in  °F

L ig h t :
TI ME N NE E S E S SW W NV

5 am4
2 p a  

1

- 2 7 1 9

-27 . V3
- 2 3 . 9
- 2 1 . 8

:!*:¥:$8:$
- 2 3 . 8
- 2 1 . 7

:S :2
- 1 9 . 3
- 2 0 , 3

3$:$-
3$il l ! i i

: il:75

- 2 5 . 5
—2 6 , 4m 1

AVERAGE - 2  5 . 6 - 2 5 . 4 - 2 3 . 4 - 2 0 . 9 - 1 9 . 3 - 2 0 . 9 - 2 3 . 4 - 2 5 . 3

Medium:

TI ME N NE E S E . S SW W NW

5 am

iL
1

31:$
- 2 1 . 2

- I I I ?
- 2 3 . 0
- 2 0 . 9

-it!

- 1 8 . 8 1!
:iS:S
- 2 1 . 2-i?:!

- 4 . 9

:ii:S
31:1

- 6 . 5
1
- 1 4 . 8

- 2 6 . 5

$
- 2 0 . 9

AVERAGE - 2 5 . 2 - 2 4 #  8 - 2 1 . 8 - 1 7 . 9 - 1 5 , 3 - 1 7 . 9 - 2 1 . 8 - 2 4 . 8

D ark:

TI ME N NE E S E S SW W NV

5 am

i !
2 pm 

8

— 2 6 . 4  
- 2 7 . 3  
- 2 7 . 8  
- 2 6 . 6

: I 8 : I

—2 6 . 1

: I 5 : 1
- 2 0 . 2

- 2 3 . 2
- 2 4 . 1

= l S : 2

- l i ' A

- 1 9 . 5

l ! i
- 2 . 2
- 8 , 3

- 1 7 !  9

:}8:S
1 . 7

1
- . 6

•l? 11 
:i2 :t
- 1 9 . 4
- 1 1 . 8

i i
:$i:2

AVERAGE - 2 4 . 8 - 2 4 . 3 - 2 0 . 2 - 1 4 . 8 - 1 1 . 4 - 1 4 . 8 - 2 0 . 2 - 2 4 . 3

Table 5-9, (continued) TETD values for walls of various types, orientation, and colors for a 
typical winter (January) day in Beer-Sheba
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Explanation of color used for the table 5-10. 
Light: White coated, painted or stuccoed walls. 
M e d iu m f Off-white, cream, buff, or other light 
colored brick, painted, or stuccoed walls.
Dark: Tan, brown, red or other dark colored
brick, painted, natural wood, or stuccoed walls.

166



Walls Type 1

fi
# # #

R
U

1.92
0.52

: 3/4" air space 
>n/2" reflec. GYP'D

1

i

iv’ - co

3/4" air space 
1/2" GYP'D

R
U=

= 3.38 
0.30

%
R
U

5.85
0.17

2" insul.
1/2' Gypsum 
board

R = 10.07 
U = 0.10
-1/2' stucco
3/4" air space 
1 /2 '  GYP'D

= 4.62 
=  0.22

1/2" stucco 
L— 1" insul. 
j x "  1 /2 '  GYP'D 

R = 7.46 
0.13

ei
% r . 1" Insul.

g s i r i/2" GYP'D
6.22 

= 0.16

1/2" stucco 
1/2" GYP'D

1/2" stucco 
3/4" air space 
1/2" reflec. GYP'D

1/2" stucco 
2" insul. 
1/2’ GYP'D

11.31
0.88

Fig. 5-11, U values for various types of walls and 
heir accompanying R values.
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4"
 f

ac
e 

br
ic

k 
4

" 
fa

ce
 b

fi
Figure 5-11 (continued)

W all T yp e 2
1/2" plywood 

^  1/2" GYP'D

= 3.40 
= 0.29

1/2" plywood 
1/2" Foilback

= 5.87 
= 0.17

1/2" plywood 
31/2" insul.
1/2" GYP'D

= 13.39 to 15.87 
= 0.063 to 0.057

W all T yp e 3

1" stucco 
1/2" plywood 

IX"" 1/2" GYP'D

1" stucco 
1/2" plywood
1/2" Foilback

5.68
0.18

1" stucco 
1/2" plywood 
31/2" insul.

1/2" GYP’D

= 13.39 to 15.63 
= 0.064 to 0.076

3/4" wood siding 
— 31/2" insul.

1/2" GYP'D

R = 12.91 to 15.39 
U = 0.065 to 0.077



Figure 5 -11 , (con tin u ed )

Wall Type 4

3/4" air space 
1/2" GYP'D

= 3.40 
= 0.29

3/4" air space 
1" insul.
1/2" GYP'D

= 8.28 
=  0.12

1/2" mortar 
3/4" air space 
1/2" GYP’D

1/2" mortar 
1" insul.

GYP'D

3/4" air space 
1/2' refl. GYP'D

= 7.91 
= 0.13

1/2" mortar

R = 2.22 
U = 0.45

tT^I/2" mortar 
jl—3/4" air space 
'L-l/2' refl. GYP'D

3.12
0.32

1/2" GYP'D

R = 4.58
U = 0.22

Fig. 5-11, U values for various types of walls and 
their accompanying R values.



5.5.10- Roofs
The color and  textures of ex terior 

materials are an important energy choice. Light 
colors and reflective surfaces are preferred to 
reject solar heat in the Negev Desert. In 
particular, the roof and East and west walls 
should be heat reflective. The best color for 
reflecting heat is white with a value between 
0.60 to 0.75. Such a color has high emissivity 
and low absorptivity. White-wash is the best, 
most economical material. On the interior, light 
colors are preferred, prim arily to reflect light 
and heat; thus, potentially reducing the need for 
larger windows.

Roofs for houses in the Negev Desert 
should always be e ither vented or totally 
shaded. This m eans th a t tru ssed  roof 
construction is ideal for this climate (Figure 5- 
12). Either sloped roofs with shingles or tiles, or 
flat roofs with built up roofing (double roof) are 
compatible with trussed construction. Such 
trussed attics provide enough clearance for 
blown insulation as well as batts.

The calculations of thermal resistance (R 
value) for roof co n s tru c tio n  assum e no 
resistance value contributed by the roofing or 
roof deck since there is free airflow below these 
materials. This roof insulation value is almost 
the direct result of the quantity and quality of 
the insulation blanket placed over the ceiling. 
It should be continuous w ithout breaks or 
bridging. With trussed roof construction almost 
any R value is possible simply by adding more
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insulation. A minimum roof construction of R- 
30 is recom m ended for the Negev Desert, 
providing the roof space is vented (Figure 5-13).

Attic or roof joist cavities in the Negev 
Desert should be vented at both top and 
bottom. It is recommended that the net venting 
area of each be at least l/5 0 th  of the attic area.

R
/  Roof tiles or shingles 

over Felt paper
-----  5/8" Plywood
-----  Vented space
^ - L- 0.61 Air film
Wood roof trusses @ 24" o.c. 
w/ 2 * 4" @ top & bottom chords

___ 33 10" Blown insulation

0.45 1/2" Gypsum BD & Vapor barrier
---- 0.61 Interior air film

R= 34.67, U = 0.029

Fig. 5-12, roofing and ceiling construction offer the easiest 
opportunities to improve the thermal performance of houses 
in the Negev desert since most of the summer heat gain, and 
winter heat loss is through the roof. Conventional trusses 
provide protected insulation and ideal vented attics.



--------4 Ply. built-up roof
-------- 1/2" Plywood
/.Z* Vented space

— Air film
—— -  9" Foil-faced fiberglass 

batt insulation
-------- 2*12 @ 16" O.c.
o.4$  i / 2" Gypsum BD & vap. br. 

—Interior air film

Winter R = 32.81, U = 0.030 
Summer R= 34.44, U= 0.029 

Fig. 5-13, roof joist construction requires minimum of 
2*12s to allow ventilation above the insulation to be 
compatible for houses in the Negev desert.

R o o f h e a t  g a in s  a n d  lo s s e s
Roofs heat gains/losses are com puted 

analogously to the window conduction terms, 
except the Equivalent Temperature Differential 
(TETD) is used in place of the outdoor/indoor 
temperature difference. Because TETD’s account 
for the amount of solar energy absorbed by a 
roof, they vary depending upon element color 
and direction the roof is facing. Roof TETD 
values are given in (Table 5-10), and  the 
corresponding (Figure 5-14) for sum m er and 
winter conditions for various types of walls for 
Beer-Sheba. The summer TETD value apply for 
an inside temperature 25.5° C (78 °F), while the 
winter values apply for an inside temperature of 
22.2° C (72 °F). Color will be accounted for by 
giving wall TETD values for Light (L), Medium 
(M), or Dark (D) colored building elements.

Hourly values are given at the p roper 
times to perm it peak heat gains and loss 
calculations (summer peak heat gain typically 
occurs at about 5 P.M. while the w inter peak 
heat loss occurs at about 5 A.M.).

The hourly heat gain or loss of a roof will 
be denoted by

Roof (time of day) 
hr.

I t  can  be c o m p u te d  by e q u a tio n  
number..............[8]

Roof(time of day) = 
hr.

U * A * TETD (time of day, roof type,
roof roof color) J BTU/hr.}

Where,
U = U value of roof [BTU/sq. ft. hr. °F] 

roof
A = surface area of roof in square feet

roof
TETD = TETD value a t given tim e of day 
for roof of a given type and color, in °F

The corresponding daily roof heat gain or 
loss, can be calculated by

Roof = 
daily

U * A * 24 * TETD (roof type, roof 
roof roof avg. color){BTU/hr.}...[8]



Time Dark Medium Light Vented

Roof Type A:

Roof Type B:

Roof Type C :

Roof Type D:

5 am 5.7 4 .2 2.6 1 .5
8 4 .4 2.9 1 .3 .2

11 24.4 18.5 12.5 8 .1
2 pm 51.0 39.5 28.1 19.5
5 54 .3 42.7 31.2 22.5
8 33.2 27.0 20.7 16 .1

Average 23.9 18.8 13.7 9 .8

5 am 8 .9 6 .8 4 .8 3 .3
8 7 .4 5 .3 3 .3 1 .8

11 14.7 10.9 7.2 4 .3
2 pm 41.2 31.8 22.5 15.5
5 51 .8 40.5 29.4 21 .0
8 39.8 31.8 23.9 17.9

Average 23.9 18.8 13.7 9 .8

5 am 11.9 9.4 6 .8 4 .9
8 10.4 7 .8 5 .3 3 .4

11 10.0 7 .4 4 .8 2 .8
2 pm 31.9 24.6 17.3 11.8
5 46 .4 36.2 26.1 18 .5
8 42.4 33.6 24.8 18.2

Average 23.9 18 .8 13.7 9 .8

5 am 14.9 11.8 8.7 6 .4
8 13.5 10.4 7 .4 5 .1

11 12.8 9.7 6.6 4 .3
2 pm 24.2 18.6 13.0 8 .8
5 39.4 30.6 21.9 15.4
8 41.3 32.4 23.7 17 .1

Average 23.9 18.8 13.7 9 .8

Table 5-10, TETD values for roofs of various types and 
colors for a typical summer (July) day in Beer-Sheba.
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Table 5 -10 , (con tin u ed )

Time Dark Medium Light

Roof Type A:
5 am -3 1 .6 -3 2 .3 - 3 3 .0
8 -3 2 .7 -3 3 .4 -3 4 .1

11 -2 9 .1 -3 0 .1 -3 1 .2
2 pm -2 .9 -9 .2 -1 5 .6
5 2.8 -3 .8 -1 0 .4
8 -1 7 .5 -1 9 .1 -2 0 .7

Average -2 0 .5 -2 2 .9 -2 5 .3

Roof Type B :
5 am -2 9 .6 —30.5 -3 1 .5
8 -3 0 .7 -3 1 .7 -3 2 .6

11 -3 0 .4 -3 1 .3 -3 2 .3
2 pm -1 2 .1 -1 6 .6 -2 1 .2
5 .7 -5 .8 -1 2 .3
8 -1 0 .1 -1 3 .6 -1 7 .0

Average -2 0 .5 -2 2 .9 -2 5 .3

Roof Type C ••
5 am -2 7 .6 -2 8 .8 - 3 0 .0
8 -2 8 .8 -3 0 .0 —31.1

11 -2 9 .4 -3 0 .6 -3 1 .8
2 pm -2 0 .1 -2 3 .0 -2 5 .9
5 - 4 . 1 -9 .8 -1 5 .6
8 -6 .6 -1 1 .1 -1 5 .7

Average -2 0 .5 -2 2 .9 -2 5 .3

Roof Type D:
5 am -2 5 .7 -2 7 .1 -2 8 .5
8 -2 6 .9 -2 8 .3 -2 9 .7

11 -2 7 .5 -2 8 .9 -3 0 .3
2 pm -2 5 .4 -2 7 .0 -2 8 .7
5 -1 0 .5 - 1 5 .1 - 1 9 .8
8 - 7 .2 -1 2 .0 —16.8

Average -2 0 .5 -2 2 .9 - 2 5 .  J

Table 5-10, TETD values for roofs of various types and 
colors for a typical winter (January) day in Beer-Sheba.
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Explanation of color codes used for this table 
Light: White painted or coated roofs
M edium : Off-white pain ted , coated, or
shingled roofs or white-chip marble coated roofs 
Dark: Roofs coated with gravel, red tiles or
stone, dark shingles, or other dark coatings.
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3/8" Built up Roof 

15/8" Pine planking

Foil
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3/8" Built up Roof 

15/8" Pine planking 

Air space

Air space

1/2" GYP’D 
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R= 26.5, U= 0.034

Fig. 5-14, shows the U-values for various types 
of flat roofs for the Negev Desert.

R= 32.6, U= 0.030
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5 .4 .1 1-Infiltration
Air in filtra tio n  th rough  loose fitting 

windows and doors, cracks in the wall, open fire 
place damper, open doors, etc. can increase heat 
gain/loss, and consequently increase heating 
and cooling costs significantly, "infiltration in a 
poorly sealed house can easily increase heat 
gain/loss by 10 to 20%".

In order to calculate the amount of heat 
gain or loss for residential buildings in the Negev 
Desert due to infiltration or ventilation, "the air- 
change method" can be used for this purpose. 
"This method assumes that the volume of air in 
a room would change one-half to two times 
every hour". Reference to (Table 5-11) shows the 
num ber of air changes per hour for the air 
change method.

Kind of room or building Number of 
changes per 
hour

Rooms with no windows or 
exterior doors

1/2

Rooms with windows or exterior 
doors on one side

1

Rooms with windows or 
exterior doors on two sides

11/2

Rooms with windows or 
exterior doors three sides

2

Entrance halls 2
Table 5-11, air changes taking place under average 
conditions in residences. For rooms with weather-stripped 
windows or with storm sash, use one-half these values. 
Source: ASHRAE, Handbook of fundamentals, 1972
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Based on (Table 5-11) and knowing the 
volume of a building, we are able to estimate the 
Cu. f t./h r. in or out of tha t building. The 
following equation calculates the rate of heat 
flow as a consequence of in f iltra tio n  or 
ventilation.
British System

Q. = 0.018 * Cu. ft. * (To-Ti) * number of changes
per hour ......[9]

where
0.018 = 0.24 * 0.075
0.24 is the specific heat of air in BTU's 
0.075 is the density of the air in Ib./cu. ft. 
Metric system
Q.= 0.00031 * Cu. m. * (To - Ti) * number of

changes per hour
where
0.00031 = 0.2374 * 0.00127
0.2374 is the specific heat of air in BTU's
0.00127 is the density of the air in gr./cu. m.

To ease the calculations for heat gains or 
losses caused by infiltration. For the summer, 
add the daily heat gain for all windows, walls, 
and roofs to get the total daily heat gain due to 
these various building elements. Take 10% of 
this total as the infiltration heat gain and add 
10% of the total, the resultant value refers to as 
the to ta l daily  sum m er house h ea t gain. 
For example, if the total daily heat gain due to 
windows, walls, and the roofs equals 40,000 
BTU/day, the infiltration estimate equals 10% of



this or 4,000 BTU/day, and the resultant total 
daily house heat gain for summer equals 44,000 
BTU/day (4o,000 plus 4,000 BTU/day).

For the winter, after determining the daily 
heat loss due to windows, walls, and roofs. Take 
20% of the net daily heat loss as the infiltration 
heat loss and add the 20% to the net daily heat 
loss to obtain the to ta l daily  w in te r house 
heat loss. A 20% infiltration factor is used for 
the winter case because it is easier for hot inside 
air to escape to the outside than for cold inside 
air to escape to hot outside air (i.e., due to 
chimney effect).

Therefore, to reduce this loss, weather-strip 
windows and doors and caulk cracks around 
their frames. Cracks in exterior walls should be 
sealed. The fireplace damper should be closed.

5.4.12-Shading Devices
Shading devices are the most effective and 

the cheapest method of avoid desert heat gain 
on glazed areas and surfaces of the walls in the 
summer. The problem is to avoid summer heat 
while allowing the winter sun radiation to enter 
the inside of the building to heat the interior 
spaces directly or indirectly. It is advantageous 
for complete walls to be shaded in the summer, 
but window are the critical areas for winter to 
let the direct radiation strike interior the spaces. 
The shading device should extend beyond the 
window jambs on each side as far as necessary to 
assure shading throughout the m orning and 
afternoon.
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The amount of heat transm itted through 
an unshaded window due to solar radiation can 
truly be significant. For example, if a house has 
60 sq. ft. of unshaded window area (three 
windows each 5 ft. by 4 ft.) on the West side of 
the house, the heat gain due to solar radiation 
coming through this window area on a typical 
June day in Beer-Sheba at 5:00 in the afternoon 
is about 12,500 BTU/hr. Hence, a ton of air 
conditioning would be required to offset this 
heat gain. East facing windows would have a 
sim ilar load at about 7:00 in  the m orning. 
North or South facing windows of the same areas 
would receive considerably less solar radiation 
due to their orien tation  with sun, bu t they 
would still add a heat load of about 1500 
BTU/hr. Thus, windows should be shaded or 
draped as many of windows as possible during 
the summer, particularly those windows which 
receive direct sun radiation.

For the Negev Desert where cooling is more 
critical than heating, it is recom m ended tha t 
windows should be shaded completely for 6 
warm months between the equinoxes. As shown 
in (Table 5-12) the sun angles on the equinoxes 
of March and September are fairly constant 
through the day. Between 9:00 A.M. and high 
noon the profile angle, or altitude of the sun in 
relation to South facing wall is the same. At the 
la titude  where Beer-Sheba is located (about 
32°N) the angle is 58°. In December there is 
some difference between the 9:00 am /3:00 pm.



profile angle and the noon altitude angle so th a t 
some judgment is necessary.

Day Hour Latitude
wall facing 
South

Wall 11 
East or 
west of 
Souht

Wall 22 
East or 
West of 
South

Average
Profile
Angle

Recommended 
Design Angle

21 Sep. 

21 Mar.

9 am 
&
3 pm

32 58 50/68 45/82 50

56
Noon 32 58

58
60 58

21 Dec.

9 am 
&
3 pm 32 26 26 23/32 22

28
Noon 32 34 34 35 34

Table 5-12, altitude of the sun and profile angles for 32° N. 
latitude.
Source: Jeffrey Cook, A.I.A. Cool Houses For Desert 
Suburbs. 1979.



A typical shading device is an extension of 
the upper chord of the roof truss creating a 
continuous overhang to a point 2'-9" or so from 
the wall. However, the sill of the window must 
be raised according to the summer sun angle to 
avoid unwanted direct radiation through the 
window.

As shown in (Figure 5-15), the angle of the 
roof pitch affects the height of the window sill. 
To calculate the optimum overhang length in 
the Negev Region, it is necessary to construct the 
sun path diagram  that corresponds to the 
latitude of each climatic region.(for calculation 
the sun path refer to ASHRAE Handbook).

Fig. 5-15, a designed overhang extended of the upper chord 
of the roof truss for the latitude 32° N (Beer-Sheba).
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If designing a flat overhang for the Negev 
Region, the sill of the window must be raised one 
to insure shading in the summer. Like the 
overhang on a pitched roof, a flat overhang also 
has the advantage of providing at least a partial 
shadow over the entire wall as illustrated in 
(Figure 5-16).

Fig. 5-16, a designed overhang extended of the flat roof for 
the latitude 32° N (Beer-Sheba).

Roll blinds are a simple, versatile and 
economical solution for all deserts including the 
Negev to shade large glazed areas. If possible, 
the blind should be m ounted on brackets 
projecting 6 to 8 inches from the wall to permit 
free ventilation of the space between the blind 
and the glazing. However, wind storms can 
cause damage with suspended blinds that are 
not rigidly enough tied (Figure 5-17).



Fig. 5-17, a roll blind with no overhang is compatible for 
the Negev desert to prevent sun radiation in summer and let 
the winter sun penetrate into the spaces.

All of these examples of shading devices 
are intended for use with South-facing or nearly 
South-facing windows. East and West facing 
windows require vertical louvers, fences or walls 
for effective sun control. Also roll blinds, sliding 
shades, etc., are suitable for East and West 
windows. If possible, avoid glazing on the East 
and West walls. Movable shading devices are 
advisable and recom mended for the Negev 
climate, since they permit adjustment according 
to the seasonal solar radiation and temperature 
differences. A movable sliding shading device 
can be extended from the exterior edges of the 
roof (whether it is pitched or flat) to let at least 
90% of the maximum possible sun radiation to
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enter the house during the cool winter season. 
But, a good workmanship is necessary to ensure 
smooth and easy operation.

5.4.13- Landscaping
Local deciduous trees are advisable for 

creating a com fortable microclim ate. They 
create shade in summer and transparency in 
winter and let the winter sun strike the envelope 
of the building as shown in (Figure 5-18). The 
density of leaves determ ines the capacity to 
retain warm or cool air, and then to create 
microclimatic effects. The landscaping in the 
Negev Desert should  focus on innovative 
methods and be in harm ony with the native 
environm ent. Therefore, local p lants that 
conserve water should be used. Planting should 
be adjacent to openings in the house wall. 
Grouping the vegetation in oasis fashion on the 
North-West side of the site will protect the house 
from hot summer winds as well as cool winter 
winds. On the West side of the house, trees with 
tall trunks are recommended to let the summer 
breezes enter to the building, while on the East 
side deciduous plants can be used.

Paved surfaces a round  the buildings 
should be avoided as much as possible. On the 
other hand, to minimize dusty air, all open 
spaces m ust be trea ted  to p reven t th is 
phenomena. Soft landscaping is recommended 
in selected areas only, due to the high cost of 
m aintenance and water shortage. For such 
circumstances, recycled treated water can be



used. If the house is designed with a courtyard, 
a pool or a body of water can be designed in the 
courtyard, because water provides climatic as 
well as physiological cooling. But, if the house 
type is not a courtyard one, the body of water 
can be designed near the building on the 
Northeast side of the house to take advantage of 
the blowing winds.

Hedges reduce glare and provide screens as 
well as privacy for small individual houses. 
Unfortunately, Arab inhabitants in the Negev use 
a concrete compound wall to provide privacy. 
Such a pattern will create more heat gain as well 
as preventing the summer sea breezes. More 
detailed recommendations for landscaping are 
provided in the Chapter-4.

It would be an easy conclusion to 
recommend that all houses in the Negev Desert 
should be surrounded by lush landscaping. 
However, there are several critical trade-off: 
water is often scarce and expensive. For a 
thermal point of view some applications have 
been measured where heavy landscaping such as 
vines against walls has raised the net summer 
tem perature of houses. Without plants walls 
and roofs may heat up more during the harsh 
summer in the Negev, but they have a better 
opportunity to cool off at night, resulting in a 
lower average daily tem perature. In addition, 
there is the added humidity of heavily irrigated 
landscaping which reduces the effectiveness of 
evaporative cooling techniques.
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Therefore, the general goals of residential 
landscaping in the Negev Desert should be two
fold; 1) to absorb solar radiation (with the use 
of vegetative ground cover) to avoid both heat 
build-up and reflection; 2) to shield both house 
and adjacent earth  with the use of trees and 
shading devices but allow heat to be ventilated 
away. Typically the kind of vegetation native to 
the Negev do the best job and are also light 
water users.

Fig. 5-18, deciduous trees can be used for summer sun 
shading of the house and yet allow sun penetration through 
their bare branches for solar heating in the winter.

5.4.14- Ventilation
As mentioned in the section of infiltration 

strategy, air infiltration can increase the heat 
gains and losses, and consequently increase the 
heating and cooling costs. However, there are 
times when forced ventilation can reduce the 
heat gains, and consequently reduce the cooling 
costs. Cross ventilation can be used to reduce a 
building’s total energy demands in order to keep 
the inside tem perature and humidity levels in



the comfort zone. For best results in using cross 
ventilation, the building must have the inlets 
(doors and windows) facing the windward 
direction or high pressure area, and in the case 
of the Negev (Beer-Sheba) the inlets should face 
the North side of the house, and the outlets face 
the low pressure side (which is the South side of 
the house). The cross ven tila tion  is very 
effective during fall and spring seasons when the 
average am bient tem perature is close to the 
desired inside temperature. Also it is effective in 
the  Negev D esert because it has high 
tem perature fluctuations through the day. In 
the Negev climate, where it is desirable to 
increase the hum idity content of the enclosed 
space, we can force the air through water pools 
or vegetation in order to increase the humidity 
content of the incoming air.

If natural cross ventilation is not used for 
kitchens and bathrooms to remove hot air and 
water vapor that add to the heat gain, a small 
exhaust fan can be used for such a purpose. 
Also ventilation of the attic roof is necessary for 
houses in the Negev climate. This can be done 
by self-turning turbine vents (rotating by rising 
hot air) which can remove a large amount of 
roof heat load. "A good attic ventilation can 
easily reduce the heat gain of a typical house in 
Negev by 10%".

Another very beneficial application of 
ventilation is the cooling of houses in the Negev 
by drawing in the cool night air that is amply 
available in the region in late spring and early
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fall. This can be done by opening several 
windows on the North-West sides and exhausting 
air out of them. This technique can effectively 
reduce yearly heat gains.

5.4.15- Open Space
Public open space in a Negev Desert 

p ass iv e  h o u s in g  co m p lex  is essential 
climatically, socially, and aesthetically. An 
oasis-like approach to external spaces (open 
spaces) in the interior of the settlem ent or a 
building complex can be enhanced by creating a 
g reen  oasis w ith  p la n ts  fo r shading. 
Traditionally, two or more narrow streets may 
open into a public space or a market space in 
the most interior part of the settlement to create 
co u rty a rd  types of bu ild ings. A sim ilar 
approach can be used in the Negev Desert by 
creating inward-looking plans opening onto a 
small plaza. Operating a fountain on a seasonal 
basis insures that these external spaces do not 
becom e u n co m fo rtab ly  cool in  winter. 
Furthermore, there should be a close connection 
between open spaces or public facilities and the 
residential areas enhanced w ith shaded or 
colonnaded avenues. Native plants that require 
little or no water should be used. Theses open 
spaces should not be covered with asphalt or 
large paved areas. Large paved areas can be 
located at the leeward side of the a structure so 
that any heat built up will be blown away from 
buildings by summer breezes.



5.4.16- Finishes and Colors
Finishes such as plaster and color should 

be carefully selected and applied as they have a 
tendency to crack under intense solar radiation 
during  daytim e. Rapidly dropping night 
temperatures have a similar effect in the Negev 
climate. Every building is exposed to both 
w in ter and sum m er clim atic cond itions, 
therefore, a compromise situation for passive 
Solar houses in the Negev Desert should be 
considered. Reflective white paint and smooth 
finishes on East and West walls and roofs is 
recommended, because such finishes will reflect 
most of the solar radiation, while applying a 
heat-absorbing dark painting on South-facing 
surfaces th a t are p ro tec ted  by calculated  
overhangs. Almost all buildings in the Negev are 
constructed of sand blasted concrete a finish 
that increases dust deposition and water seepage 
problems. Water eventually penetrates to the 
inside through cracked exterior finishes, and 
combined w ith salty air, may damage steel 
structure members.

Whitewash is the cheapest, simplest, and 
m ost effective reflective external surface. 
Emulsion paints as well as plasterized paints are 
advisable. Pre-finished surfaces, if properly  
insulated, are advantageous. Tiles and marble 
finishes if economically suitable can be used and 
act as a highly reflective cover for the buildings.

Deep-set surfaces may be designed to 
absorb winter radiation, and such surfaces may 
be painted dark colors especially in the Northern
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region of the Negev where winter conditions 
require heating. But, by carefully protecting a 
South-facing dark wall, heat gain in sum m er 
season can be reduced while letting the winter 
sun to buildup heat.

Interior spaces and rooms can be treated 
with small openings with light color so that the 
available light is d istribu ted  throughout the 
space equally. Interior spaces and rooms with 
small openings benefit from lower heat gain.

5.4.17- Daylighting
Properly  designed glazed  areas for 

adm itting sunlight requires much more than 
simply increasing the area of glazing in the 
Negev desert. If the glazed area is too large for 
the room, winter overheating occurs especially 
in the Eilat Climatic region; if shading is 
insufficient for the area of glazing on the East, 
South, and  West elevations, sum m er and 
transition season overheating occurs.

T h ere  a re  m any s itu a tio n s  w hen 
admitting direct sunlight through South-facing 
windows is not feasible or desirable because of 
the effect of overheating and glare. Sloped 
glazed areas over living spaces encourage 
overheating problems. Because of the slope, it is 
difficult to incorporate overhang type shading 
devices tha t would not also cause shade in 
winter, so an adjustable awning or in terio r 
shading device is required. Therefore, the 
glazing configuration accelerates w inter heat



loss, since the glazed area presents low resistance 
where highest resistance is required. Glare also 
can be a problem. A sloped glazing area is best 
applied in situations where solar heat gain will 
be isolated from living spaces (such as an 
attached greenhouse) and delivered as needed, 
and w here it will not co n trib u te  to the 
nighttime heat loss of the building. Hence, the 
best recommended configuration from the stand 
point of shading, heat loss, solar transmission in 
winter, and admitting sunlight into a space is 
through vertical glazing areas and through the 
roof (skylight). A Clear-view collector is a 
possible solution to distribute sunlight over a 
space or to direct it to a particu lar in terior 
surface. In the case of clear-view collector 
shading devices, Venetian blinds can be adjusted 
to protect the interior space from direct solar 
radiation. Skylights m ust be covered and 
enhanced with either interior or exterior shading 
devices to prevent excessive solar gain in 
summer.
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Example
In ord er to p ro v id e  th e  n ecessa ry  in p u t  

in fo rm a tio n  for ex a m p le  h o m e h ea t lo ss  an d  
g a in  c a lc u la t io n s , th e  a u th o r  h as co m p iled  
specifications for an 1 8 0 0  sq. ft. h ou se w hich  is a 
typ ical hou se fou n d  in  th e  N egev (the case here  
is for Beer-Sheba). The floor  p lan  for th is hou se  
is show n in (Figure 5 -19 ). It featu res no glass on  
th e  East a n d  W est to  r e d u c e  m o rn in g  an d  
afternoon solar rad ia tion  h ea t gains. The North  
w in d o w  area is c o n s id e r a b ly  larger  th a n  th e  
South w indow  area. T his is a com m on  b u ild in g  
p ra ctice , b u t th e  S o u th  w in d o w  area  sh o u ld  
r e a lly  b e  la r g e r  th a n  th e  N o rth  to  ta k e  
m axim um  a d v a n ta g e  o f  th e  w in ter  h ea t gain  
from  su n ligh t com ing  in  South facing w indow s.

The m ateria l ch a ra cter istics  an d  sh ad in g  
specifications are g iven  below:

W a lls :  8 - in c h  red  s lu m p  b lo ck  (co n e ,
b lock ). This is a w all T yp e w h ich  is dark  in  
color and has a U va lu e  o f  0 .5 2

R oof: Roof o f b u ilt-u p  gravel and tar, 1 /2  
in. p lyw ood, 3 -1 /2  in. in su la tio n  and  air spaces, 
1 / 2  in . g y p s u m  b o a r d , a n d  3 / 8 '  perlite  
acoustica l ceilin g  coatin g . This is a roo f T ype A 
w h ich  is dark in  co lo r  an d  h as a U v a lu e  o f  
abou t 0 .05 .

W in d o w s  a n d  g la s s  D o o r s :  A ll
w in d ow s an d  g lass d o o rs  o f  s in g le  p an e  glass 
w ith  U -value o f  1 .1 , w ith  th e  a ssu m p tio n  th e  
fo llow ing T ransm ission  factors:

a) d in in g , liv in g , k itch en  bath , a n d  
fam ily  room  w in d ow s and  g lass doors h ave TF 
factor o f 1.0  (noshading)

b ) b e d r o o m  a n d  la u n d r y  r o o m  
w in d ow s an d  g la ss d o o rs  h ave  a TF fa c to r  o f  
0 .4 5 .

From  e q u a tio n s  3 , 4 , 5, 6 , 7 ,8  a n d  9, 
assu m in g  th at th e To = 8 5 .3  °F, an d  Ti = 7 8  °F, 
and th e  tota l w in d ow  area is 2 1 4  sq. ft.

T he to ta l w in d o w  c o n d u c t io n  h e a t  g a in  
for th e  sum m er is

W in = 1.1 BTU/sq. ft. hr. °F* 2 1 4  Sq. ft. * 24  
con. d a ily  hr.* 7.3°F

= 4 1 ,2 4 2  BTU /day (sum m er)
N W in = 4 6 ,2 3 8  B TU /day (sum m er) 

rad. d a ily

S W in = 3 1 ,2 0 1  B TU /day (sum m er) 
rad. d a ily

N W all = 3 5 ,8 8 6  B TU /day (sum m er) 
d a ily

E Wall = 4 1 ,0 3 4  BTU /day (sum m er) 
d a ily

S Wall = 4 4 ,5 4 0  B TU /day (sum m er) 
d a ily

W Wall = 4 1 ,0 3 4  B TU /day (sum m er) 
d a ily



Roof = 0 .0 5  BTU/sq. ft. hr. °F * 1 8 0 0  sq. ft. * 2 4  
d a ily  hr. * 2 3 .9  °F

= 5 1 ,6 2 4  BTU/day (sum m er)

The to ta l sum m er h eat gain  o f  th e h o u se  
is then  g iven  by

d a ily  w in d o w  c o n d u c t io n  g a in  4 1 ,2 4 2
d a ily  w in d o w  r a d ia t io n  g a in  7 7 ,4 3 9
d a ily  w a ll g a in  1 6 2 ,4 9 4
d a ily  r o o f  g a in  5 1 , 6 2 4
d a ily  in f i l t r a t io n  g a in  0% 3 3 ,2 8 0

to ta l d a ily  h o u s e  h e a t  g a in  3 6 6 ,7 0 9
B T U /d a y

(su m m e r  in  J u ly )

To d eterm in e  th e daily  w inter heat loss for 
the sam e h ou se . All w e have to do is to fo llo w  
the sam e proced ure, SRG, and  TETD v a lu es m u st  
b e  s u b s t itu te d  for  th e ir  r e sp e c t iv e  su m m er  
va lu es . C arrying o u t th e  ca lcu la tio n s, w e w ill 
en d  up w ith  th e  following:

d a ily  w in d o w  c o n d u c t io n  lo s s  
d a ily  w in d o w  r a d ia t io n  g a in  
d a ily  w a ll lo s s  
d a ily  r o o f  lo s s  
d a ily  in f i l t r a t io n  lo s s  20%

- 1 2 7 ,6 8 1  
+ 1 2 2 ,5 3 8  
-2 8 7 ,9 3 1  
-4 4 ,7 7 2  
- 6 7 ,5 6 9

to ta l d a ily  h o u se  h e a t  g a in  - 4 0 5 ,4 1 5
B T U /d a y

(w in te r  in  J a n u a r y )



5 .4 .1 8 - Passive Solar Housing  
Strategies

Passive solar h o u sin g  in  th e  N egev D esert 
can n ot be look ed  u p on  as an iso la ted  issu e. It 
m u st b e  a p a rt o f  g e n e r a l, o v e r a ll p o lic y  
in v o lv in g  econ om ic, socia l an d  p h y sica l change  
an d  im p lem en ta tion . T here can be se t varieties  
o f  stra teg y  com p on en ts th a t can  b e  a p p lie d  in  
th e  N egev . Som e m ajor  s tr a te g ie s  ca n  b e  
c o n s id e re d  to im p rove life  s ty le  on  o n e  han d , 
and to  encourage p eop le  to dw ell in  th e  Negev. 
A ffo r d a b il i ty :  M ost o f  th e  p e o p le  liv in g  in  
th e  N eg ev  are e ith e r  m id d le  in c o m e  or lo w  
in c o m e  fa m ilie s , a n d  to  so m e  e x te n t  are  
c o n se r v a tiv e , th er e fo re , a c c e p t a n c e  o f  n ew  
h o u sin g  form s, co lors, an d  m ater ia ls  can  b e  a 
ser iou s p rob lem . T h erefore, th ese  tw o factors  
m u st be tak en  in to  a cco u n t b y  th e  d esig n er  to  
p r o v id e  an  a ffo r d a b le  p a s s iv e  so la r  hou se  
a sso c ia te d  w ith  lo w -cost te c h n o lo g y  an d  self-  
h elp  con stru ction  m eth od s.
W a ter  r e s o u r c e s :  B ecause o f th e  scarcity  o f  
w ater resources in  th e  N egev, se lec tin g  th e s ite  
for large scale se ttlem en t sh o u ld  b e  d eterm in ed  
b y  th e ava ilab ility  o f w ater. H ence, preservation  
o f  gro u n d  w ater is a g o o d  stra teg y  a n d  it w ill 
red u ce  ev a p o ra tio n  to sto re  th e  ru n -o ff w ater. 
In add ition , a w ater con serva tion  p o licy  m u st be  
fo s te r e d  b y  p u b lic  e d u c a tio n  a n d  progressive 
p ric in g  accord in g  to th e  ty p e  o f  u se  an d  th e  
q u a n t ity  u sed . A n o th er  c o n c e r n  o f  w a ter  
r eso u r se  s tr a teg y  is th e  r e c y c lin g  o f  w ater,

e sp ec ia lly  th at carry ing  sew age. Su ch  m eth o d s  
c a n  b e  u s e d  in  a g r ic u ltu r e  b y  a d o p tin g  
greenh ouse agricu lture and  drip irrigation . 
E d u c a t io n :  A n oth er  co n sid era tio n  in  p a ssiv e  
so la r  h o u s in g  p o lic y  in v o lv e s  e d u c a t io n  a n d  
tra in in g . O nly r e c e n tly  th e  S ch oo l o f  D esert  
A rch itectu re  an d  r e la ted  fie ld s  h a v e  b eg u n  to  
d e v e lo p  th e o r ie s  a n d  p r in c ip le s  fo r  d e s e r t  
h ou sin g  d es ig n  th a t take in to  th e  co n s id era tio n  
the sp ecia l req u irem en ts o f th e  harsh  c lim ate  o f  
th e  N eg ev  R eg ion . T h ere fo re , th e  resu lting  
k n o w le d g e  th r o u g h  th is  s c h o o l  c o u ld  be 
sp read ed  th rou gh ou t th e  N egev's p eo p le  an d  th e  
a rch itec ts  a n d  p la n n e rs  a ll o v er  th e  c o u n tr y  
con firm in g  d es ig n  con fig u ra tio n , s ite  se lec tio n , 
e n e r g y  r e q u ir e m e n t s ,  b u i ld in g  m ateria ls, 
orien tation , and  b u ild in g  m ain ten an ce. 
P io n eers: Yet an oth er  e lem en t in  p assiv e  so lar  
h o u s in g  p o l ic y  in  th e  N e g e v  is  th a t  th e  
go v ern m en t and  p u b lic  a g en cies sh o u ld  be th e  
in it ia tin g  b o d ie s  in  d e s ig n in g  a n d  d e v e lo p in g  
h o u sin g  p ro jects. I th in k  a p r iv a te  d e v e lo p e r  
can  n o t be a m ajor in itia tiv e  or p io n ee r  in  th is  
field , w hich  requires large fin ancia l resources. A 
private  d ev e lo p er  can h o ld  su ch  an  a c tiv ity  for  
o n ly  a sh o rt tim e b eca u se  in frastru ctu re , loan s, 
a n d  m o r tg a g e s  s h o u ld  b e  s e c u r e d  b y  th e  
govern m en t or p u b lic  bod ies.
S o c ia l  I n te g r ity :  S in ce Israel's p o p u la tio n  is 
v e r y  h e te r o g e n e o u s ,  I sr a e li p la n n e r s  a n d  
arch itects m u st v ie w  th e  n ew  h o u sin g  p rojects  
n o t s im p ly  as h o u sin g  and  en erg y  co n serv a tio n  
m a t t e r s .  T h e y  m u s t  a ls o  b e  treated



co m p reh en siv e ly  to a ch iev e  cu ltu ra l and  socia l 
in teg ra tio n . A g o o d  q u a lity  o f  e d u ca tio n  a n d  
h ea lth  p lanning, socia l en terta in m en t and  o th er  
a c tiv it ie s  w ill h e lp  ra ise  so c ia l an d  c u ltu ra l  
m o tiv a tio n .



Conclusion: It is clear that the w alls are th e  
largest sou rce o f  h eat gain  in  th is case, an d  th e  
w in d o w  r a d ia t io n  h e a t g a in  is a lso  r a th e r  
sign ifican t. Therefore, the m ost e ffective  w ay  to  
red u ce  th e  su m m er h ea t ga in  an d  th e  w in ter  
h eat loss for th is h ou se w ould  be to im p rove th e  
in su la tio n  characteristics o f  the w alls as w ell as 
for th e roofs an d  to use d ou b le  g lazed  w indow s. 
M oreover, the p roper d esign  p lacin g  o f  w ind ow s  
w ill a lso  red u ce  th e  h ea t gains an d  lo sses . To 
m od ify  th e  o u ts id e  tem p erature (to red u ce  th e  
To) p rop er  o r ien ta tio n , form , an d  lan d sca p in g  
w ill h elp  red u ce  th e en ergy  co n su m p tion  for all 
h ou ses  d es ig n ed  in  the N egev reg ion  to  b u ild  a 
better en ergy  future for all generations.

In fact, th ere  are m any p o ss ib ilit ie s  th at a 
d esig n er  m ay  h ard ly  know  w here to  b eg in . In 
order to h e lp  in  th is regard, som e recom m en d ed  
p r o c ed u r es  s h o u ld  b e  fo llo w e d  in  a p p ly in g  
p assive  so lar en erg y  to th e h ou ses in  th e  N egev  
D esert. I b e lie v e  b y  fo llo w in g  th ese  s te p s , a 
h om e ow ner can  ea sily  save m ore th a n  30-40%  
o f  h is /h e r  u t i l i ty  b ills , an d  th e n  ca n  e a s ily  
red uce th e  en ergy  con su m p tion  for b o th  h ea tin g  
an d  coo lin g .
- A nalyze y o u r  o ld  u tility  bills to  estim a te  y o u r  
current y early  heating  and  coo ling  costs.
- C o n s id e r a t io n  to  p r o p e r ly  s e t t in g  th e  
th erm o sta t, r ed u c in g  in filtra tio n , u s in g  cross  
ven tila tion , and  u sin g  or rejecting su n lig h t m u st  
be g iven  to en ergy  effic ien t design.
- R ep la ce  a n y  h e a t in g /c o o l in g  s y s te m  th a t  
req u ires  m ajor rep a ir  w ith  a m o re  e f f ic ie n t

system . In th e  case  o f air co n d itio n in g  system , 
con sid er  e ith er  rep lacing  it w ith  an  ev a p o ra tiv e  
co o ler  or ad d in g  an  ev a p o ra tiv e  co o ler  for  u se  
o n ly  w h en  th e  w ea th er  is  m o st fa v o ra b le  for  
coo ler  operation .
- W hen rep lacin g  an y  h e a tin g /c o o lin g  sy stem  or  
ap p ly in g  rep air  to  it  or a p p ly in g  a n y  rep a ir  to  
y o u r  h o u s e , im p r o v e m e n t  th e  in s u la t iv e  
properties is advisable.

Energy con serva tion  b y  p a ssiv e  m ean s can  
p rov id e  v ery  co st-effectiv e  sy stem s o f  h ea t flo w  
c o n tr o l in  b u ild in g  d e s ig n . It is th e  p rim e  
d e s ig n  c o m p o n e n t in  th e  d e v e lo p m e n t o f  an  
en ergy  e ffic ien t bu ild ing.

T his th es is  a lso  m ad e e v id e n t  th a t so la r  
h ea tin g  an d  c o o lin g  o f b u ild in g s  in  th e  N egev  
m u st o n ly  b e  c o n s id e r e d  a fter  p a ssiv e  en erg y  
c o n ser v a tio n  m ea su res  are u se d  in  o r d e r  to  
m in im ize  th e  o v era ll e n e rg y  d em a n d s  o f  th e  
b u ild in g .

H om e ow n ers m u st be e d u c a te d  in  th e  
en erg y  co n serv a tio n  area to  m ake th em  rea lize  
th e  im p a ct o f  a p e r so n 's  a c ts  a n d  d ec ision s  
a b o u t en erg y  u tiliza tio n . H o p efu lly , w ith  th e  
h elp  o f  the govern m en t new  en erg y  p lan  w ith  its  
en ergy  con servation  can h e lp  th is  goal.
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