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Preface

NORTHSUN 90 is a biannual conference of those countries situated at
latitudes greater than 45 degrees north and south of the Equator. It
first started in Scotland in 1984 with a small number of participants, and
has grown into a successful assembly in 1988 in Sweden, following the
second meeting in 1986 in Denmark.

The main aim of this conference is to provide a unique opportunity for the
participants from different countries of high latitudes to exchange their
ideas, to share their results and to promote together the best use of
solar energy.

The emphasis is towards building and energy conservation as well as design
orientation and comfort. Also discussed are the realisation and
utilisation of solar heating devices with special consideration for the
cooling needs in hot climates.

This year, the UK meeting has attracted 150 abstracts from 60 countries.
Over 130 people attended the meeting, and 79 papers were selected,
representing 44 countries; namely, Australia, Bulgaria, Belgium, Botswana,
China, Colombia, Cyprus, Czechoslovakia, Denmark, Egypt, Finland, France,
Germany, Ghana, Greece, Hungary, India, Iran, Iraq, Israel, Italy, Japan,
Jordan, Kuwait, Libya, Morocco, Netherlands, New Zealand, Norway, Poland,
Romania, Somalia, Spain, Sudan, Sweden, Tanzania, Turkey, UK, USA, USSR,
Venezuela, Yemen, Yugoslavia and Zimbabwe.

It is well proven that in northern latitudes, energy savings in buildings
of up to 50% can be achieved if energy conservation methods such as
natural lighting, ventilation, greenhouse heating and orientation in
buildings are used. They are the main elements of passive heating in the
northern levels. However, well stated also in many papers is that passive
solar cooling could lead to a reduction in energy if energy conservation
is used in hot climates.

The proceedings is divided into two parts. Part One includes 25 papers,
dealing with energy conservation and management in buildings as well as
solar and low energy architecture. Part Two, which consists of 54 papers,
covers all aspects of renewable energy; material science and photovoltaic
conversion, weather data, heating and cooling of buildings, hot water
systems, wave energy, geothermal energy, energy storage, country
programmes and other related topics.

NORTHSUN 90's main message is to encourage countries in the high

latitudes to implement all aspects of energy conservation in buildings, to
promote the use of solar energy in heating, and to work collectively on
solar projects of direct benefit to the region.

I should like to thank all the sponsoring agents for their generous help,

all my fellow colleagues of various committees, and all the contributors
and participants who made NORTHSUN 90 another successful conference.

Prof. A.A.M. Sayigh
Conference Chairman

vii



A TOTAL ENERGY DESIGN FOR 92 HOUSES
WITH COMBINED USE OF SOLAR HEATING AND ENERGY CONSERVATION

P. VEJSIG PEDERSEN
Thermal Insulation Laboratory, Technical University of
Denmark, DK-2800 Lyngby, Denmark

O. M@RCK
Cenergia Aps., Stationsvej 3, DK-2760 Mélgv, Denmark

ABSTRACT

A 80% saving compared to normal gas consumption for heating and DHW is expected in the
community, Tubberupvange with 92 houses near Copenhagen in Denmark. This is the most
ambitious energy saving building project in Denmark until now. Savings of the heating demand
is first achieved by common energy saving techniques like extra insulation, improved windows,
heat recovery of ventilation air, and attached sunspaces, which as something new has integrated
pebble bed storage in the floor. Besides, each of eight building blocks utilizes 45 m? of roof
integrated solar collectors as part of local solar heating system design, primarily for DHW. And
for the first time in Denmark a solar heated seasonal storage is used, here with 1050 m? of high
temperature solar collectors, and a 3000 m® water filled seasonal storage insulated and buried in
the ground.

KEYWORDS

Total energy design, solar heating, energy conservation, solar collectors, seasonal storage.

THE TOTAL ENERGY PROJECT IN HERLEV, DENMARK

The total energy design concept combines the use of general energy savings and solar heating or
cooling technology for new building projects. In a new building project, Tubberupvange, with 92
low density houses near Copenhagen in Denmark approx. 80% of the total yearly energy de-
mand for heating will be saved in this way.

50% is saved by use of different low energy design features, and local solar heating systems.
This includes improved insulation, heat recovery of ventilation air, improved window construc-
tions, passive solar heating with attached sunspaces and pebble bed storage in the floor, low
temperature heating (55/ 40°C), 150 litre local DHW tanks with improved heat exchanger in
each house, and approx. 4 m? of roof integrated solar collector for DHW and extra heating of
ventilation air. Electrical backup energy in the summer in each housing block is making 4-5
month’s stop of the district heating network possible.

1
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60% of the remaining heat demand for the 92 houses is covered by a central solar heating plant
with seasonal storage (CSHPSS). Here is used a 3000 m® seasonal storage in the ground, which
is heated by 1050 m? of high temperature solar collectors and, backed up by a nighttime opera-
ted electrical heat pump and a combined gas engine/gas boiler heating system. Photoes from
the CSHPSS of the Tubberupvange building project is shown in Fig. 1.

In Fig. 2 is shown photoes of the building project and the seasonal storage. A diagram of the
complete central solar heating plant with seasonal storage is shown in Fig. 3.

The seasonal storage is heated to 85°C by the end of August, and from September heat is
delivered from the seasonal storage to the district heating network, depending on the available
temperatures. Calculations with the MINSUN program show that it should be possible to cover
all the necessary heating demand until December directly from the seasonal storage. When the
top temperature in the storage is less than 50°C, the operation strategy is changed so heat will
be delivered through a small size nighttime and weekend operated electrical heat pump, (30
kW). This will cool the seasonal storage to a minimum of 10°C in the spring. Supplemental
heat after December is supplied from a small gas engine generator system and a gas furnace
system. An intelligent control system from the firm Danfoss ensures an efficient operation of
the solar heating plant.

The total extra costs to save 80% of the yearly heat demand amounts to approx. 20% of the
total building project investment, and about half of the extra costs are paid by the European
Communities together with the Danish Energy Council. Calculations indicate that if you limit
yourself only to the first step to save 50% of the yearly heat demand, you will only have to
invest approx. 5-7% of the total normal building investment, excluding grants from the State and
the CEC.

It is the KAB building society together with a local building society in Herlev who are respons-
ible for the Total Energy Project in Herlev. Engineers are Dominia A/S, and Cenergia Aps. are
energy consultants and responsible for the Total Energy Design. Main Contractor for the build-
ing project is Hosbyg A/S. Contractor for the seasonal storage is Rasmussen & Scheitz, and
Scancon Solar Heating delivers the central solar collector system.

LOCAL SOLAR HEATING SYSTEMS OF TUBBERUPVANGE II.

A 45 m? solar collector is integrated in the roof of each of eight housing blocks with 11-12
apartments. The housing blocks have varying orientations (south, south east, east and west).

The solar collector is heating a 2500 litre storage tank placed in a cellar of each housing block.
In Fig. 4 is shown a diagram of the local block solar heating systems.

Heat from the storage tank is transferred to local 150 litre DHW tanks with heat exchanger in
each apartment, and to the low temperature heating system. A built-in electrical heating ele-
ment in the storage tank makes it possible to stop operation of the district heating network for
the eight housing blocks during 4-5 summer months, leading to large amounts of saved heat
losses.

Calculations show that during the summer the difference between solar collectors with east/west
orientation compared to south orientation is small (5-10%).

Room heating is as mentioned also covered from the storage tank in the cellar, but only from
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the upper half of the storage tank, which during the heating season is partly heated by heat
from the heating central through the district heating network. In this way it becomes possible
to stop the network operation also during night in periods with limited heating demand.

FUTURE SYSTEM DEVELOPMENTS

A new total energy project is now being projected for the KAB Building Society, this will be
built in 1991 in the city of Ballerup with 100 houses. The firms Dominia, Cenergia and Hosbyg
will here optimize and use the most economic solutions from the project in Herlev. It is the
aim here to reduce the gas consumption for heating to 40% of normal. At the same time it is
intended to use a cogeneration plant with combined production of electricity and heat. A buffer
storage will be used for the cogeneration plant. In winter as a 2-3 days storage and in the sum-
mer as storage for surplus heat from local solar heating systems.

It is believed that introduction of new solar technology for demonstration in building projects, is
important for the development of high quality and economic solar energy systems. It is then
possible to involve architects and professional consultants with building and solar system ex-
perience, enabling them to make the necessary demands for materials, quality and function. It
is, furthermore, possible to achieve better aesthetical solutions and to save alternative building
materials and components and thereby obtain a better economy. A continuous use of solar
systems in new building projects can be a very useful basis for improvements and more cost
effective solutions. This development should in the long run lead to a substantial market, also
within the existing housing area where solar systems often are too expensive today.

~

Fig. 1. Photo of the building project Tubberupvaenge in Herlev
where a low energy design and 400 m? of local solar collec-
tors are used together with a central solar heating plant with
1050 m? of high temperature solar collectors and a 3000 m*
seasonal storage under the wide part of the solar collector
field. This total energy system is expected to save 80% of
the "normal" gas consumption for heating.



Photoes from the Total Energy
Project in Herlev with a com-
bined use of energy conservation
and solar heating design for 92
houses. Here is seen the Hosbyg
Prefabricated building system,
Nilan heat recovery unit for ven-
tilation air, local "housing block"
solar heating systems; attached
sunspaces with pebble bed stor-
age in the floor and the 3000 m’
seasonal storage.



TOTALENERGY SYSTEM
TUBBERUPVANGE, HERLEV

1050 m2 high tempe-
rature solar col-
lector

block solar heating
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collector

gasengine
generator
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hea tpump furnance
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10 m3 buffer
storage

Diagram of the central solar heating plant with seasonal sto-
rage in Herlev, Denmark. Solar heat is supplied from the
solar collectors to the seasonal storage, depending on the
delivered temperature. The solar collectors are manufac-
tured by the Danish firm Scancon. Heat from the seasonal
storage can be used directly, but when the storage tempera-
ture is less than 45°C it is used in combination with a small
heat pump system.
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System diagram of local solar heating systems with 45 m? of
roof integrated solar collectors for the eight housing blocks
in Tubberupvaenge. The storage tank in the cellar is de-
signed for "low flow" operation. Electrical supplemental
heating is used in the summer to be able to stop the district
heating network.



ENERGY, ENVIRONMENT AND HUMAN DEVELOPMENT IN THE ARAB WORLD

PROFESSOR D J CROOME

Department of Construction Management, University of Reading,
Whiteknights, PO Box 219, Reading RG6 2BU, UK.

ABSTRACT

There needs to be an analysis of all climatic issues before deciding any
technical solutions. Arabic contries have a wide spectrum of poverty and
wealth. World concern about energy and environmental issues challenge the
universal tendency of employing advanced technology irrespective of long
term social cost.

KEYWORDS

Building form; materials; dust; precipitation; wind; solar radiation;
climate.

ENERGY, ENVIRONMENT AND HUMAN DEVELOPMENT IN THE ARAB WORLD

Patterns of energy consumption vary greatly as shown in fig. 1 which
indicates an annual energy consumption of under 10 barrels of oil per
capita in South Yemen to nearly 350 barrels of oil per capita in Kuwait,
Irag, Saudi Arabia, Libya and the Gulf States. Most of the big oil
producing countries except Irag and Algeria are largely desert regions
with sparse populations. The remaining Arab countries have larger
populations. The remaining Arab countries have larger populations but
only small o©il resources and these represent about 390% of the people
throughout the Arab world.

Egypt has a large population but very modest oil reserves and for these

reasons remains comparatively poor. Sudan 1is also poor but has a lower
population and therefore has a better opportunity for balancing needs and
resources than Egypt. There are many aspects to consider in viewing

future energy horizons. 0il producing states are developing quickly but
this poses problems of producing water and electric power at a pace
sufficient to keep abreast with these developments. In these countries
people have subsidised fuel whereas for neighbouring countries with little
oil such as Lebanon, Syria, Egypt, Jordan and Djibouti taxes are high.
There is a wide disparity of wealth and resources throughout the Arab
worid; development rates too are very different.



What are the relevant factors 1in considering an energy plan for the
future? Based on consumption in 1978, Table 1 shows that worldwide coal
is by far the most significant fossil fuel with proven and potential
lifetimes that are much greater than those for o0il, gas or uranium; it
accounted for 69.4% of the world reserves in 1979. In terms of world
consumption crude oil represented 46.1% and coal 28.4% although crude oil
only accounted for 13.9% of proven reserves in 1978.

Table 1: Proven & Potential Reserves of Conventional
Non-Renewable Energy Sources: Reserves Stated
in Billions of 0il Equivalent (Debs 1982 &
Al-Saadi 1981)

Reserves % Relative Reserve Lifetime

Energy to Total (Years)
Source

Proven |Additional|Proven Potential|Proven }Potential
Coal 3.239 47,197 69.4% 93.7% 226 3,278
0il 651 1,547 13.8% 3.1% 39 68
Gas 470 1,218 10.1% 2.4% 50 129
Uranium 307 415 6.7% 0.8% 51 73
Total 4,667 50,377 100.0% 100.0%

Table 2 shows that most fossil fuel reserves are shared between the OECD
and the Socialist Blocks. The Arab States have only about 10% of the
world proven reserves or 1% of the potential reserves. Tar sand, heavy
crude and shale oil developments have 1limited significance in OPEC and
Arab States whereas the OECD Block has more than a 50% share in the
distribution.



m™able 2: Distribution of Reserves of Non-Renewable
Resources Among Producing Blocks.
(Debs 1982 & Al-Saadi 1981)

Reserves (10® Barrels of 0il)
Regions Coal) 0il Gas Uranium) Total
Proven 1,483 57 75 151 1,766
OECD Block
Potential }18,179 256 324 196 18,955
Socialist Proven 1,475 93 171 a7 1,786
Block Potential 23,856 467 406 158 }24,887
Proven 4 452 189 7 652
OPEC
Potential 29 569 184 5 187
Proven 340 74 3 417
Arab States
Potential 340 111 8 459
Proven 3,239 651 470 307 4,667
World
Potential ||47,197]1,547 }1,218 415 50,377

Table 3 summarises the world situation and it can be seen that Arab
countries have less than a 10% share of the world fossil fuel resources
and of this Saudi Arabia contributes nearly a third.



Table 3: Distribution of Proven Conventional & New
Non-Renewable Resources Among Major Countries
(Debs 1982 & Al-Saadi 1981)

Proven Reserves (10® Barrels of 0il)

Countries

Coal | Oil |Gas] Tar Sand &)Shale 0Oil}Uranium|Total

Heavy Crude

U.S.A. 888 26 34 204 71 1,223
U.S.S.R. 790 63 164 50 16 1,083
China 463 21 5 12 501
Canada 20 6 16 141 23 206
West Germany 161 0.5 1 0.5 163
U.K. 210 15 S 230
Australia 170 2.1 6 30 208
Poland 143 143
South Africa 118 39 157
India 61 3 2 3 69
Venezuela 18 8 146 172
Arab Countries 340 74 5 60 3 482
Saudi Arabia 168 20 188
Others 215 - 135 - 23 110 471
World 3,239]662.6}470 292 337 307 5,296

This is a broad-brush picture of the energy resource scene but clearly the
twentieth century has heralded a massive increase in world population; the
fossil fuel reserves are very unevenly distributed and coal is the only
fossil fuel with a long-term future.

Populations are increasing and fossil fuel reserves are decreasing so
whilst there is a need to develop hospitals, health centre, schools and
above all, housing, this has to be carried out within an integrated
economic plan, the basis of which must be human development. Already
there are examples of rapid development such as in Kuwait but there are
positive and negative aspects of these from which lessons can be learnt.
Successful development 1is too often measured in terms of money and
comparison with Western growth whereas the most valuable resource is
people. All things are serving the development of an Arab civilisation in
which all people have a good sense of well-being mentally and physically.
The environment, the nature of work and leisure and food are all important
if personal satisfaction and aspirations are to be achieved. Within any
civilisation there is a culture and this needs to evolve. There are many
examples of architecture in which Islamic traditions have been used to
good effect. The houses in the Bastikia quarter of Dubai use the wind
tower principle to give simple effective cooling and this also contributes
to the character of the architecture in a wholesome way; the wind tower
used in the Souk at Sharjah is again a functional element but the tile
decoration and the metal grille windows grace it in a way which clearly
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reflects Arabic thinking and culture.

In his book "Small is Beautiful", Schumacher expresses concern about
mankind being distorted by the worship of economic growth and the danger
of western man being clever but lacking wisdom. Too often he says we
develop things without questioning why we need to pursue these ends with
such relentless vigour for such shallow results. If the real mental and
physical needs of man are to be catered for then specialised knowledge,
especially that of economists, scientists and technologists has to be used
carefully and in a systematic manner.

Looking back in history there are certain patterns which are fundamental-
simplicity, naturalness and Nature are three key issues which recur in
these patterns time and time again. In terms of buildings a consideration
of mass, shape, form, orientation and shade can result in less machines to
control the climate within them. But these are not new ideas; they are
very much part of the language of Islamic architecture. Similarly, it is
best to use local materials wherever possible for the fabric of a building
because these are readily available, blend with the countryside and are
attuned to the climate of the region. Nature, by its climate and
landscape, has to be part of the built form expression.

There are human and social needs for new buildings throughout the Arab
world. In order to minimise the effects of disparity between countries
with respect to fuel reserves, there needs to be a balanced view
concerning the energy demand these will make for the people and the
economy in general. Energy conscious design has not been predominant so
far because money reserves have been very high in the major oil producing
countries where most of the building has taken place. In the long-term
these countries will have to diversify their interests and some will
become fuel importers. Currently the standards of living and community
needs vary greatly across the Arab world so there has to be an integrated
view towards development. Energy levels need to be as low as possible and
alternative renewable resources such as solar energy which is abundantly
available need to be developed.

Climate in the Arab World

The Arab world occupies a band between the Equator in the south of Somalia
and the 37th Parallel North in Algeria. It stretches from Mauritaria at
15°W to the tip of Oman at 60°E and comprises some twenty countries in two
continents. The predominant religion is Islam.

The countries contain large areas of continental hot desert land but are
also strongly influenced by maritime effects from the five different seas
onto which they front: the Atlantic and Indian Oceans, the Red Sea and
Persian Gulf and, to the north, the eastern Mediterranean. The climatic
types are therefore many and various, encompassing the temperate-humid and
the hot-arid; the latter is more commonly associated with the Arab world
and it is this climatic pattern with which this study 1is particularly
concerned. Within this semi-arid and hot-desert regions predominate; the
latter has higher peak temperatures and lower humidities.

Figure 2 is a detailed map showing the climatic classifications of the
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Arabian and African countries in terms of both summer and winder
conditions. It serves to illustrate the variations in regional climate
and emphasises the need for the designer to understand the local climate
when undertaking a building design for, while ‘'typical' climate is a
useful indicator of a generic type of building that might be considered,
it is only by examining the local weather patterns that an understanding
of the possible contribution of the climate to the performance of the
building can be approached. Local winds for example are site-specific but
highly variable and are frequently exploited with considerable success in
indigenous architectural styles.

Solar Radiation

The intensity of solar radiation and sky clarity are the main reasons for
the extreme levels of heat that are encountered in the desert regions.
The annual average radiation on horizontal surfaces 1is 1in excess of 8
GJ/m2 in the Sahara and Saudi Arabian peninsulas.

Wind

The global wind patterns as they affect the countries of the Arab world
are illustrated in January and July in figure 3. The countries of
continental Africa are subjected to Northerlies and North easterlies for
the greater part of the year and the most interesting region 1is in
Southern Saudi Arabia and the Gulf where two systems, the Monsoon from the
Arabian sea and the North Westerlies from the Persian Gulf, converge to
give what 1is called the Inter-Tropical Convergence Zone (ITCZ), a zone
which moves in the course of the year causing extreme variations in wind
patterns in Oman and the other Gulf states. The strong tropical cyclones
occur in the summer period and winds as strong as Gale Force 9 have been
recorded.

A knowledge of the local winds and their seasonal variations is most
important in the passive design of buildings. 1In most coastal regions the
wind speed and direction 1is considerably modified by the land and sea
breezes, particularly at the times when prevailing winds are light
(Beaufort force 3 or less). The wide diurnal temperature variations and
the consequent differences between air, ground and water temperatures give
rise to a large variety of local wind effects. In general the wind blows
off-shore in the night and in the early morning; the on-shore breeze sets
in towards mid-day and blows until dusk. At times the onset of the sea-
breeze may be quite violent and squally; in areas where the mountains
slope steeply to the coast the off-shore breeze may also be squally.

Other local winds in the Gulf area include the 'Shamal', a prevailing
North-westerly wind particularly strong in June and July; the 'Balat' an
off-shore North North-Westerly wind from the coast of Oman which blows
from about midnight to midday between December and March; the 'Kaus' (or
'Sharki'), which are South Easterlies in the Persian Gulf occurring ahead
of the Westerly depressions between December and March, is an infrequent
but strong wind. These are just a few typical examples, but many such
local winds occur across the Arab world.
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Precipitation

The high temperatures and extreme levels of insolation which characterise
the countries of the Arab world are accompanied by a level of rainfall
that is among the lowest in the world. 1In few places does it exceed 250mm
in a year and it is highly intermittent and unreliable so that annual
average figures vary widely and can be misleading. Storms normally occur
between November and May in downpours where S5Omm may fall in twenty
minutes and are usually associated with thunderstorms, particularly in the
interior. Hail sometimes occurs in association with the thunderstorms and
the hailstones may be large. Snow is almost unknown except on the higher
mountains and even then it is rare.

Rainfall run-off is normally, in both modern and traditional buildings,
discharged from buildings into the street giving rise to the 'traditional!
architectural feature of the water spout. Roofs tend to be flat or
slightly sloped, evaporation being relied upon to dispose of residual
ponded rainfall before it can become a nuisance (not always with the best
results for the internal decoration). The more modern cities such as
Riyadh are installing surface water drainage systems to alleviate the
almost annual flooding problem as, apart from bridging the city to a halt
it also poses a considerable health hazard.

Dust and Sand

Dust and sand carried in the atmosphere are one of the biggest problems
for designers of contemporary Arab buildings particularly when natural and
passive effects are considered. The atmosphere is rarely free of dust and
the problem is exacerbated as cities become larger and the number of motor
vehicles increases. The exceedingly small size and low terminal velocity
of dust particles tends to make them very difficult to remove by 'natural
methods'. Filtration can remove the finest particles but the high
resistance to air movement that such high efficiency filters offer
necessitates the addition of mechanical means thus negating the 'passive'
intention.

It is considered 'normal' in Arab countries to see a slight dust haze for
most of the year. Less frequently there are sand and dust storms. A
popular misconception exists regarding sand storms due to a failure to
distinguish sand from dust. 1In any arid country when a strong wind begins
fo blow from a new direction the air becomes charged with a mist of fine
particles. Where the surface is alluvial, with little or no sand on it,
such as in Iraq or the country around Khartoum, the dust rises in dense
clouds to a height of several thousand feet and the sun may be obscured
for a long period. This is a dust storm though it often wrongly
designated as 'sand storm'. Sand storms tend to be purely local desert
phenomena as their particle size (>100pum) requires high wind speed for
them to remain suspended.

The international classification of dusty atmospheres is:
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Dusty Visibility (m) Wind Force Diameter of
Atmosphere Particles
Dust haze >1000 Light-Calm Not given
Dust >1000 >Light Not given
Dust Storm <1000 >Strong <100 pm
Sandstorm <1000 >Strong >100 pm

Dust that has been 1lifted by strong winds will settle at a velocity
determined by the particle size and local air currents. A particle of 0.2
um diameter has a terminal velocity of 0.6m/day and so, once at a height
of 1000-2000m will tend to remain airborne for a considerable period
unless brought to earth by air currents.

Building Form and Materials

RBuilding form, structure, materials and systems are selected to suit the
climatic conditions and achieve a cool and stimulating environment for the
people using the buildings besides giving operational economy.
Traditional Islamic architecture often displays buildings with heavy
facades, limited openings on the external elevations but those that do
exist are well shaded. These simple ideas used with modern and
traditional materials can produce an energy effective building which is
traditionally Arabian.

Figure 4 illustrates the basic form of traditional building from which the
environmental impact of the planning can be seen. A combination of mass,
shade and ventilation let the buildings breathe in harmony with nature and
permit the best range of comfort conditions for occupants inside. Trees,
plants and water in the enclosed space cool the air by evaporation, help
to keep dust down, provide shade, visual and psychological relief. 1In
addition a cloister type inner courtyard can be featured.

In any location near the equator the roof of the building receives the
highest proportion of solar radiation and is also the surface most exposed
to the clear cold night sky. To limit the heat gain, the most effective
method is to shade or construct a second roof over the first. The outer
roof or shading device will reach a high temperature and it is therefore
imperative to separate it from the inner roof, to provide for the
dispersion of heat from the space between the two and to use a reflective
surface on them both. The surface of the lower roof should reflect the
low temperature heat and for the outer shading device a white surface is
best. A bright metal surface such as aluminium or a white painted surface
will have solar absorptivities of 0.1 to 0.5 respectively (see Table 4).
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lable 4: Solar Absorptivity Values for
Different Materials

Material Colour or Condition
Co;;onent White Light Dark Dirty
Brick 0.2-0.5] 0.4-0.5] 0.6-0.9}) 0.5-0.9
Stone 0.3-0.5] 0.3-0.5) 0.5-0.6} 0.5-0.9
Tiles 0.3-0.5 0.4 0.8 0.5-0.9

Asphalt 0.9
Grey Slate 0.8-0.9
Asbestos 0.6
Aluminium 0.1-0.5} 0.2 0.4
Copper 0.6
(Larnished)

1lm.thick 2m.thick 3m.thick
Water

0.56 0.61 0.64

The amount of incident solar radiation (i) absorbed by a surface depends
on its solar absorptivity (a) and its reflectivity (r)

&« =1i-r

The radiation absorbed by the material 1is dissipated through it as heat
and some is emitted back into the space by an amount determined by the
emissivity of the surface E thus

Nett gain of energy through material = (a - Ea)
=a (1l - E)

For the two examples shown in Figure S below the white stone surface and
the bright aluminium surface have net gain of 0.03 and 0.192 respectively.
If the white surface becomes very dirty the net gain becomes 0.09 and 0.24
for the stone and aluminium surfaces respectively. Values of emissivity
are shown in Table 5.
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Table 5: Emissivities of Selected Surfaces at Room

Temperature

Material Emissivity| Material Emissivity
Polished aluminium 0.04 White enamel 0.90
Weathered aluminium 0.40 White paper 0.95
Aluminium roofing 0.22 Plaster 0.91
Polished brass 0.10 Paints 0.95
Oxidised brass 0.61 Ice 0.97
Rough steel plate 0.94 Water 0.96
Weathered stainless Wood 0.93

steel 0.85 Glass 0.93
Asphalt 0.93
Red brick 0.93

Clearly glass and black surfaces allow a larger solar transmission and
hence a high gain to occur.

The roof in Figure 6 shows how to 1limit direct radiation during the day
and maximise the emission of heat outwards at night. The outer element
must have a low thermal capacity to ensure quick cooling after sunset.
The structure's shading device has a primary objective to cut out the
direct radiation from the overhead sun. The second objective is to
provide diffused light (absence of glare) to the inner space, yet be
architecturally pleasing. The design of a suitable shading device depends
on funding a shading mask which overlaps the overheat period as closely as
possible. The concrete should be thick enough to achieve a 10-12 hour
time lag.

An alternative roof (figure 6b) could be of a more traditional
construction with the primary objectives being to 1limit heat gain and
noise intrusion. A well insulated high thermal mass is then necessary
with a time lag of 12-14 hours. The outer surface will be light coloured
to reflect the incident solar with insulation on the outer face of the
structure. The combination of both reduces the heat output to the
building.

By placing the thermal mass correctly in the structure the build up of
thermal gains will be delayed and will not coincide with highest external
temperatures. This results in a reduction of the peak load and in better
performance of the airconditioning system.

Figure 7 illustrates the effect of colour and density on the roof cooling
load, light colours reduce the cooling load considerably. The effect of
mass is more important below about 250kg/m2.

Walls also have to give protection against solar heat, external noise,
dust and enhance security. The structure must delay and alternate the
heat gain so that peak system loads do not coincide with peak external
conditions. A well insulated heavy construction is needed. The external
face should be light coloured and have a low solar absorptivity. Very few
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building blocks have low values and the best that can be expected is
something similar to local Riyadh stone, which is a light yellow and has
an absorptivity of 0.55 or marble with an even lower value (0.45). A
heavy concrete internal skin ensures that the time length is high. For
aesthetic reasons the insulation would be placed behind the stone. For
hot, dry climates, colour and density are of prime importance for wall

construction. Another important element in reducing solar gain through
walls is orientation but the effect becomes 1less significant as the
thermal density of the walls increases. With the massive structural

density of the wall and limited openings the situation is also favourable
for sound insulation.

Coda

Buildings modify climate; they influence behaviour and culture; they
affect the distribution of resources and the ecological pattern of our
planet. Human aspirations can only be met when climate, buildings and
people are in balance; the dynamic systems and processes which help to
achieve this need to work in an interdisciplinary manner so that the hard
edges of engineering and architecture are dissolved. Good building design
can move freely throughout the climates on Earth as well as through time.

For too long the words building, construction, engineering and
architecture have moved uncomfortably with one another and yet
distinctions between aesthetics, form and function are arbitrary to say
the least. Human thought and life need the stimulus of proactive and
reactive forces to give them creative movement. Passive and active
approaches to environmental control provide this, so technology can be
used not only to achieve technical and economic performance, but also to
contribute towards the sensitivity and the emotional effects of the built
environment.

We are learning the languages and this includes understanding how to blend
lessons from history with modern technology.
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EMITTED =0.3x0.9=0.27

NET GAIN =0.3-0.27 = 0.03

EMITTED = 0.2 x 0.04 = 0.008

NET GAIN =0.2 - 0.008 = 0.192
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SOME EXPERIMENTS ON IMPROVING THERMAL COMFORT AND INCREASING USEFUL
THERMAL GAINS IN SUNSPACES

Kerr MacGregor

Department of Mechanical Engineering, Napier Polytechnic of Edinburgh,
Colinton Road, Edinburgh, EH10 5DT, Scotland

ABSTRACT

This paper identifies some strategies for improving both the environmental and thermal
performance of attached sunspaces, and describes experimental work to evaluate the
performance of one of these strategies. It is concluded that substantial improvements are
possible by applying elements of active solar heating to passive solar systems such as
sunspaces.

KEYWORDS

Sunspaces; passive solar; thermal comfort, solar gain, hybrid solar.

INTRODUCTION

A sunspace or attached conservatory should provide benefits both of amenity and energy
savings. However there is often a conflict between achieving reasonable comfort for the
occupants and maximising the useful solar gain. If the sunspace is designed and operated as
an efficient solar collector it is usually uncomfortable. If it is comfortable the useful
energy savings are usually disappointing (James et.al. 1985).

ANALYSIS OF PROBLEM

An attached sunspace can be considered thermally both as an insulator and a solar collector.
It insulates by providing an additional thermal resistance between the building surfaces it
covers and the external environment. In addition, when the sun shines it acts a a solar
collector. The collected solar heat can be used in the sunspace itself, for example to provide
space heating, or it may be transmitted to the adjacent building for space or water heating.

A major constraint on the usefulness of the collected solar heat in a sunspace is the need to
provide reasonable thermal comfort for people and possibly also plants. Allowable upper
comfort limits on both air and radiant temperatutes i the sunspace create engineering
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problems in storage and transmission of the solar heat. The intermittent solar gain through
glazed roofs is specially problematic.

EXISTING SOLUTIONS

Conventional strategies for dealing with or utilising intermittent inputs of solar heat while
maintaining reasonable thermal comfort include :

(i) Venting

(ii) Shading

(iii) Passive thermal storage

(iv) Heat transfer to adjacent building.

Venting to atmosphere is quite simple and effective in controlling air temperature in the
sunspace. However it is ineffective in controlling radiant temperature and it is also
wasteful in terms of utilising solar energy. Shading is quite effective in controlling the
radiant temperature experienced by the occupants of the sunspace. However if the shades
are reflective they cause wasteful rejection of potentially useful solar energy while if they
are absorbant they will heat up and release unwanted heat both by convection and radiation .
Passive thermal storage, for example the use of high thermal mass floors and walls is
theoretically quite attractive as a means of damping temperature swings in a sunspace but
there are practical, economic and aesthetic difficulties in providing large, bare areas of
masonry in a living space. Heat transfer, for example by closed-loop circulation of air to
the adjacent building is contrained by the need to limit the upper air temperature in the
sunspace for comfort purposes and the consequent limitation on the necessary temperature
differential between sunspace and building in order to transfer heat without excessive air
flow rates. A variation is to use the sunspace simply for open-loop solar pre-heating of
ventilation air for the building. This is quite attractive but is its energy yield is limited by
lack of thermal storage capacity in the sunspace. Neither of the open or closed loop heat
transfer strategies addresses the problem of controlling radiant temperatures in the
sunspace.

ALTERNATIVE SOLUTIONS

In order to overcome the apparent incompatibility between comfort and energy yield in
sunspaces | propose a strategy which combines both shading and solar heat collection.
Shading, preferably variable, addresses the problems of thermal and visual discomfort
caused by high levels of uncontrolled solar irradiance. Heat collection provides for the
controlled and efficient gathering of solar energy which would otherwise be wasted or an
embarrassment. If the heat can comfortably be collected at a temperature level significantly
higher than the comfortable environmental temperature in the occupied part of the sunspace
then the engineering of heat transfer and heat storage is simplified.

Three possibilities for combined or integrated shading and solar heat collection in attached
sunspaces are outlined below.
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Fig. 1 "FLUID SHADES"

A fluid with dark coloured particles in suspension is pumped through a translucent
double-skin panel which is located under the roof of the sunspace. The particles absorb
solar radiation and the heat is transferred by the circulating fluid to a store for space or
water heating. The concentration of suspended particles, and thus the absorptivity and
transmissivity of the panel, may be varied to provide variable shading. This is the subject
of a patent application (MacGregor, 1987).

\ ]/ \]/
/ i\ e | N\
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Fig.2 "FIN SHADES"

Several rows of pipe and fin absorber strips based on solar water heating technology are
located under the sunspace roof. The fins may be rotated to provide shading and solar heat
collection or to allow solar heat and light to enter the sunspace. Water is circulated by
pump through the pipes and transfers the collected heat to a store. The low emissivity rear
surface of the fins reduces downward radiant heat transfer by day and upward radiant heat
loss at night.
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Fig.3 "REFLECTOR/COLLECTOR"

A reflective blind can be drawn horizontally forward from the back of the sunspace. Much of
the solar energy passing through the glazed roof of the sunspace is thus reflected onto a
water cooled absorber plate located on the rear wall, either directly or by multiple
reflection. The absorber, made of conventional solar water heating materials, experiences
quite intensive irradiation and is located in a zone of relatively high air temperature.
Collected heat is transferred by pump (or thermosyphon) to a store. By drawing the blind
the sunspace is effectively converted into two zones. The upper triangle becomes a
moderately efficient solar collector while the lower shaded zone should be reasonably cool
and comfortable.

EXPERIMENTAL WORK

An experimental test rig to evaluate some of these ideas was constructed on the roof of
Napier Polytechnic (Fig. 4)

Fig. 4 Sunspace rig for comparative testing.

It consists of two small side-by-side attached sunspace test cells with glazed sloping roofs
and vertical south walls (triple skin polycarbonate). The floor and the remaining walls are
insulated with polystyrene foam. The structure is made using timber and plywood or
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chipboard. This low thermal capacity, high insulation design was deliberately chosen to
exacerbate overheating due to solar gain. Thermal comfort in each test cell is assessed by
the resultant (or globe) temperature which is the temperature recorded at the centre of a
black 100 mm globe which is located centrally at approximately seated head height. The
resultant temperature is affected by air temperature, mean radiant temperature and air
velocity. For an air velocity of 0.1 m/s, the resultant temperature is the mean of the air
and mean radiant temperatures. In one test cell, the reference cell, there are no control
devices. In the other, the modified cell, various control devices and systems can be
installed. The performance of the two cells can then be compared under side-by-side
weather conditions and the effectiveness of the control devices can be assessed.

A fairly crude but simple measure of the comparative effectiveness of the control devices in
improving thermal comfort is defined by the concept Temperature Swing Ration (TSR)

ATmed

AT 3 whereAT mod and /.\T ref are the 24 hour
I re

Where TSR =

swings in resultant (or globe) temperatures in the modified and reference test cells
respectively. The 24 hour swing is taken as the difference between the highest globe
temperature in the cell recorded during the day and the lowest recorded during the following
24 hours, usually occuring in the early hours of the morning. The lower the value of TSR,
the more effective the control strategy or device.

RESULTS

The Reflector/Collector concept (Fig. 3) was evaluated using the test cells . An absorber
was made from a serpentine grid of 15 mm 0.D copper water pipes to which 0.9 mm thick
aluminium fins were mechanically and thermally attached using the Clip-Fin method
(MacGregor, 1983). The absorber, with a non-selective front surface and bare, shiny rear
surface, was mounted on the upper part of the back wall of the modified sunspace. No back
insulation was used. An aluminised reflective blind (Reflex-Roll) was stretched
horizontally to form the base of a triangular section space with the sunspace roof as
hypotenuse and the absorber as the vertical side. Water was circulated by pump through the
absorber to a cylindrical storage tank with a capacity of 50 .  The tank was located inside
the test cell and, for this test was left uninsulated.

Three operational strategies were evaluated :
(i) No reflective blind, continuous pump operation.

(ii) Reflective blind in place, continous pump operation.
(iii) Reflective blind, daytime pump operation only (Thermostatic control)
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The results are summarised below (Table 1) and a typical 24 hour record is shown in Fig.
5.

STRATEGY TEST PERIOD AVERAGE DAILY
TEMPERATURE SWING RATIO
(TSR)
(i) 10 - 26th October 1989 0.79
(17 days)
(i) 9th January - 3rd Feb 1990 0.69
(19 days)
(iii) 22nd Feb - 16th March 1990 0.60
(20 days)

TABLE 1. Summary of comparative environmental performance.

/Tjiot,q, (test cel)

go'c [ Tqicbe (ref. cell)

40°%C ~ \/Ttao.k(tesl‘ Cel()

20°c \ . -

. i - e— — —
_—— -

Fig. 5 Typical temperature records in comparative tests.
DISCUSSION OF RESULTS

Even though most of the testing was done at a time of year when the sun was lower and
therefore roof-transmitted solar radiation was less of a problem as regards overheating and
discomfort, the results are encouraging. The unshaded (no reflective blind) system reduces
temperature swings by about 20%. The addition of fixed reflective shades improves this
figure to about 30% while slightly more sophisticated pump control raises it to about 40%.
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The benefits of combined roof shading plus collection systems are likely to be more marked
when the sum is higher in summer and it should be reasonable to expect temperature swing
reductions of the order of 50% or more during this period. Further improvements may also
occur if an insulated storage tank is used, with thermostatically controlled release of heat to
the sunspace at night.

In these tests the collected solar heat was used entirely for warming the sunspace at night.
An alternative is to use it to pre-heat domestic hot water for the adjacent building. The
collector performance characteristics of the bare uninsulated absorber plate used in the
modified sunspace were measured over a short winter period of several days. With the
reflective blind in place the following values were obtained.

Fr '7'&
Fru

0.48 (Intercept of characteristic line)
10.3 W/m2K (slope of characteristic line)

These figures were based on the irradance incident on the sloping roof of the sunspace. While it is
not strictly valid to compare these figures with those from conventional solar collector testing,
nevertheless this appears to be a reasonably performance from a very simple collector which is
performing another function (environmental control) in addition to heat coliection.

FURTHER WORK
It is intended to extend testing of the "Reflector/Collector” system described to include summer

operation and pre-heating of domestic hot water. In addition, prototypes of the "Fluid Shades" and
"Fin Shades" devices have been constructed and will be tested in a similar manner.

CONCLUSION

The use of elements from active solar heating techology to improve both environmental control and
also to increase useful energy yield in passive solar systems such as attached sunspaces appears
both practical and effective.
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HADEN COURT ENERGY EFFICIENT ESTATE IMPROVEMENT
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ABSTRACT

Haden Court is a demonstration project within the Energy Efficiency Office’s
Energy Efficiency Demonstration Scheme looking at rehabilitation of traditional
construction, low/medium-rise flats. It shows that a comprehensive package of
energy measures, including both insulation and passive solar features can
provide energy-efficient homes cost effectively when applied as part of a
general rehab programme - as well as providing additional, non-energy benefits.
An energy target of 25-30% below 1985 Building Regulations standards was
achieved using available technology - which is still 10-20% below the revised
1990 Regulations. Stage I was completed in May 1990: the cost of the energy
measures was £2430 per flat - out of a total of £34800 per flat. With a
predicted saving of £110-220/flat per year this achieves a simple payback of
11-22 years.

KEYWORDS

Energy-efficiency; passive solar; payback; rehabilitation

EXISTING SITUATION

Haden Court is an estate in North London of 102 flats and maisonettes, in 4
and 5 storey walk-up blocks, built between 1953 and 1958 with solid brick walls
and concrete roofs and floors. In 1985 the buildings were hard to heat and
suffered condensation problems - similar to tens of thousands of Council-owned
properties in London. A feasibility study (funded by the Building Research
Energy Conservation Support Unit (BRECSU)) concluded that a combined
insulation and passive solar package could be cost effective in conjunction
with a normal rehabilitation programme and provide additional amenity benefits.
Average savings per dwelling of 6000-10000 kWh/year were identified with a
potential replicability in London of 295-660 million kWh/year.

In 1986 Islington Council decided to carry out the recommendations of the
feasibility study, as a pilot study for their future estate improvement
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programmes. BRECSU agreed to support the project as part of their Energy
Efficiency Demonstration Scheme and appointed David Clarke Associates as energy
design consultants to advise the Islington Architects Department.

TARGETS

The uninsulated buildings penalise occupants compared with residents of new
dwellings and reinforce positional disadvantages of top floor or end of block
situations. It would seem unacceptable that major rehabilitation programmes
should be allowed to provide a new 30 year life for the property without also
improving the performance of the building fabric to meet contemporary
expectations, as this would create sub-standard dwellings.

The energy target for the project was a 25-30% improvement on requirements for

new buildings in the 1985 Regulations, as these levels could be achieved
easily with existing technology. This target will still be an improvement on
new-build requirements of the revised 1990 Regulations - at Block F, for

example, 10-20% better - but this should be seen more as comment on the timidity
of the revised regulations than any excess in the target.

STRATEGY

The layout of energy measures for the estate was worked out as follows:

Conservatories

Conservatories provide energy benefits as well as increased floor area. They
are, however, comparatively expensive and so have been applied where the maximum
benefit is gained (i.e. to undersized dwellings) and where they can be simply
constructed. Careful study of the dwelling sizes and the feasibility of
construction resulted in conservatories being proposed to 37 dwellings, in 5 of
the 6 blocks.

Irgmbg ﬂall§

Retrofit Trombe Wall applications to South-facing blank walls could have better
energy performance than simple insulation, but detailed analysis showed that
these were not a viable option for this estate.

(o] ce ectors

The Borough Architect decided at an early stage to add pitched roofs to all
blocks, mostly as an aesthetic choice and to provide a roof covering with a
longer life. Following this decision, glazing the South slope of the new roof
and using existing flues to blow warm air into the dwellings seemed a promising
option - particularly as a prototype for urban areas where overshading is
common to lower floors.

As flats - with greater thermal storage - and maisonettes - which benefit from
natural ‘stack effect’ air circulation - would perform differently with a roof-
space collector, it was decided to look at both. The long roof of Block A has
a better orientation than Block F and could provide a remote collector
supplying eight 2-bedroom flats at the North end, which suffer severe
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overshading by the long block itself. The most overshadowed maisonette block
is Block B, and a roof-space collector was proposed to the eight mid-terrace
2-bedroom maisonettes to simplify comparison. The site layout also allowed
steeper pitched roofs on these two blocks, to optimise the collectors without
significantly increasing shading to other dwellings.

Enclosure of access galleries

There may be little difference in energy performance between enclosing access
galleries to form a buffer space or insulating the walls and windows. In some
blocks, the access gallery is recessed with an inadequate wall to the dwelling
and uninsulated concrete slabs to the bedrooms above and below: in this case
simple enclosure of the access gallery was shown to be as effective in energy
terms as more expensive insulation measures, as well as providing amenity to
the residents.

Block A not applicable as access was from glazed stairwells.

Block B (2nd floor), Blocks C & D (lst and 3rd floors)
recessed galleries could be simply enclosed by single glazing
between the parapet wall and the downstand beam over.

Block E (2nd floor) and Block F (1lst, 2nd and 3rd floors)
fully exposed galleries would require a structurally independent
enclosure.

Insulation

Walls. Internal insulation reduces the size of already under-sized rooms.
External insulation is more effective, though more expensive, but at Haden
Court would conceal good quality facing brickwork. The package optimised a
balance of external and internal insulation, and buffering. External insulation
was proposed to reduce the locational inequalities of top floors and flank
walls. Internal insulation was to be applied on all other walls not buffered by
a conservatory or enclosed access gallery.

Roofs. A pitched, insulated roof would be added to all blocks. A low pitch
would minimise overshading and allow wind-assisted ventilation pre-heat to the
maisonette blocks with conservatories, by the use of ridge-vents.

Floors. Uninsulated concrete ground slabs are a major source of heat loss and
discomfort, particularly in intermittently heated dwellings, and an insulated
floating floor was proposed.

Windows, The windows at Haden Court were galvanised steel in sound condition.
They were however, often a poor fit and draughty and were a major source of
tenant discomfort and condensation. Secondary glazing was proposed to all
North-facing windows (where not buffered) with improvements to all other
windows, as necessary.

Plant, Extract fans were to be installed to all kitchens and bathrooms with
controlled ventilation to all habitable rooms.

Full central heating is generally inappropriate to low energy buildings.
Demonstration projects have shown that reduced heating installations can provide
adequate and affordable comfort levels at a considerable capital saving, which
can help to offset the cost of the energy measures.
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STAGE I (Block F)

Computer Modelling

Two adjacent flats (1 and 3-bedroom) were modelled in each of 3 positions
(ground, middle or top floor): a) as existing; b) as if built to 1985 Building
Regulations standards and c) as b) but draught-stripped - to provide the base
for the target improvements. All models were run for ‘low’ and ‘typical’
internal gains and ‘'typical’ and ‘high’ heating schedules as most suitable for
public sector housing with high levels of occupancy. A wide range of different
energy packages were then run identifying the dominant elements of heat loss,
minimising the inequalities of position and testing the strategic application
of energy measures, to achieve the target savings.

The selected package included: 3 storey conservatory to L/R of 3-bed flats
(with balcony to top floor flat); access gallery enclosed to top three floors;
external insulation to flank walls and top floor of South-West and North-East
elevations (where not buffered by access gallery enclosure); insulated dry-
lining to all other external walls; insulated floating floor to ground slab;
insulation to roof; secondary glazing to all windows except where buffered by
conservatory or access gallery enclosure; controlled ventilation and reduced
heating system to all flats.

These measures eradicated inequalities between top and middle floor flats, but
restrictions on the thickness of insulation to the ground slab (such as door
heights) meant that ground floor flats will perform less well than the others -

though this was still a 35-40% improvement over the ‘base case’ which did not
require any insulation to the floor slab. The overall package showed an
improvement of 25-33%, in line with the target figure: the intention was that
the package of improvements to the whole block should be cost-effective, rather
than looking at individual elements or flat types.

etailed sign

Conservatories. Detailed design of the conservatories had to optimise several
requirements: size and shape to allow a wide range of activities; the buffer
space to cover as much as possible of the living room wall; adequate ventilation
paths to pre-heat ventilation air; glazing must be cleanable from inside, or
obscured; glass at low level must comply with safety regulations; enough glazing
for view from and light to the room behind, to optimise solar gains in winter,
but not cause overheating (the S.W. aspect of the conservatories could allow
over 6kW solar gains on summer afternoons if fully glazed); need for compliance
with Building Regulations is not clearly defined - the District Surveyor for
Haden Court accepted that with a door between the conservatory and the living-
room, it was an ‘enclosed balcony’ and need not comply with, for example, fire
separation or insulation regulations; geometry and construction to be simple and
economic: blockwork construction was chosen, more accurately a ‘sun room’ than
a conservatory.

Enclosure of access galleries. Block F access was more exposed than for the

other blocks, with railings rather than a parapet wall and a worse orientation:
the decision to enclose was made to provide equality with the other blocks, even
though the cost was considerably higher. Because of the greater exposure,
additional work would have been required to bring the access to an acceptable
standard - for example providing a roof over the top floor gallery and weather-
screens to the front doors - and it is the extra-over cost above this and the
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provision of insulation, double-glazing and draught lobbies which should be seen
as the additional amenity cost of the full enclosure.

Enclosure of access galleries affects the Means of Escape provision: windows
from the flats to the galleries were sealed shut and made fire-resistant, and
the front doors fire-resistant; smoke doors were required from the enclosed
galleries to the main stair and openable ventilation was needed at each level;
kitchen extract vents had to be in fire-resistant ducts across the galleries.

Insulation. The original strategy was modified in the light of the greater
cost of external insulation, omitting it to the top floor North-East and South-
West walls in exchange for internal dry-lining and a greater thickness of roof
insulation, while retaining it to the flank walls: this achieved the same energy
performance, but at a considerable cost saving. The solid wall and concrete
floor construction provided numerous cold bridges, which were cured where
practicable by returning the internal dry-lining by 600mm to walls, and to the
underside of floor slabs. The ground-slab was insulated throughout but
restrictions on thickness to maintain door-heights reduced the effectiveness
of this measure.

Windows., As the existing windows were sound and fit for a further 30 years
life, the most economic improvement was by modification rather than replacement.
Alternatives included: retaining single-glazed windows on the South-West side
with draught-stripping and improved night-time insulation;

double-glazing existing windows; or secondary glazing. Cost comparison showed
that the best buy was secondary glazing to all existing windows not buffered
by the conservatories or access gallery enclosure. Garden and balcony access
was to be by high performance french windows.

Heating/hot-water installations. Various heating strategies were costed and

compared (capital and running costs) for the 1 and 3-bedroom flats.

In the 3-bedroom flats it was not appropriate to omit bedroom heaters as it
might in maisonettes where convection can adequately heat the upper floors,
but it was possible to omit heaters to kitchens and circulation spaces. This
number of emitters made a conventional system the most effective gas fired
option, although an all electric alternative would have made considerable
capital savings with little change to the running costs: the all electric
solution was however unacceptable to Islington. Addition of a ‘Boilermate’
heat store to the conventional system reduced the cost and is claimed to make
the system more efficient, by reducing boiler cycling and running the boiler
continuously at maximum efficiency.

In the 1-bedroom flats, the most economic solution was provided by gas convector
heaters to the living-room and bedroom, an electric heated towel rail to the
bathroom and off-peak electric water-heating.

Ventilation. Much of the improvement package is designed to reduce infiltration

losses, as these account for around 30% of the losses from the existing
building, but it is important that enough controlled, draught-free fresh air is
available to ensure a healthy atmosphere - to expel or dilute odours and

pollutants, and to prevent condensation. In Block F fresh air is introduced
through trickle vents into living and bed-rooms, with some ventilation pre-heat
from the conservatories. The North side of the block is tightly sealed by
secondary glazing and/or enclosure of the access gallery and negative pressure
is induced by fans in the kitchen, bathroom and w.c.s which minimise the risk
of condensation (by extracting moist air at source) and draw fresh air into and
through the dwelling.



Cost

Tender costs for the energy measures in Stage I were:

Cost of energy Cost of amenity
measures (f) measures (f)
1. Internal dry-lining (642m’) 14740 -
2. External insulation (150m’) 9320 -
3. Floor insulation (258m’) 3880 -
4. Roof insulation -extra
thickness (357m’) 340 -
5. Cavity insulation - 2-storey
extension only (99m’) 460 -
6. Secondary glazing 6880 -
7. Walkway enclosure 14000 14400
8. Conservatories 8000 12210
9. Reduced heating
installation -16310 -
10.Controlled ventilation 2390 -
Total cost of energy measures £43700 (£2430 ave. per flat)

Estimates have been made of energy and amenity costs (when benefits apply).
For the access gallery enclosure, the cost of the energy part was equated to
the insulation package with the same performance: the amenity value was the
extra-over cost above bringing the access up to modern standards. The amenity
value of the conservatories was estimated on the basis of additional floor
area, leaving an energy cost of £1330, which is in line with the acceptable
capital expenditure for the predicted energy savings.

These total energy costs represent less than 7% of the contract sum (£626,537
or £34,800 per flat). The predicted savings of £110-220/flat per year (4900-
10000 kWh at £0.022/kWh) suggest a simple payback period of 11-22 years, which
is worthwhile within the 30 year expected life of the work. It should be
remembered, however, that much of the energy work is required simply to bring
the flats up to modern standards for their renewed life: if this is not carried
out, substandard dwellings would be created. It is not common practice to
examine the pay-back period of new plumbing, wiring or roofing and the fact
that the energy measures provide a pay-back well within their lifetime should
be considered a bonus.

Monitoring is being carried out on Stage I for BRECSU by Wimpey Environmental
Ltd, and the results should be published in late 1991.

LATER STAGES

In May 1989 Islington Council decided that as they could not guarantee funding
to the later phases, all energy measures would be dropped. This was
particularly regrettable in the light of Haden Court’s status as a pilot project
and suggests that Islington will continue to rehabilitate properties to an
inadequate thermal standard, where tenants can still not afford to heat their
homes and condensation will still prevail.
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ABSTRACT

The characterization of passive solar components is due to a number of effects a diffi-
cult task. For this reason the CEC-PASSYS project was started. Testcells have been
built, testing and evaluation procedures are under development.

For the Dutch situation the perspectives by translucent insulated walls have been investi-
gated. The possible energy savings of current wall designs are estimated on 700 to 1200
MJ per m* facade. During the summertime the overheating may be a serious problem.
Natural ventilation of the airgap is one of the possibilities to reduce the overheating.
The conclusions are that the results are sufficiently promising to initiate further and
more detailed research and development.

KEYWORDS

PASSYS testcell, parameter identification, translucent insulation materials, passive solar
components.

INTRODUCTION

A passive solar component (PSC) is mainly characterized by the thermal transmission
coefficient (heat loss) and the solar energy transmittance (heat gain).

Other important characteristics of a PSC are the heat storage capacity and the airtight-
ness.

In general, it is a complicated task to determine the characteristics of passive solar
components. To measure directly the heat transfer and the transmittance for solar radi-
ation in an accurate way is due to the mechanisms involved (free convection, thermal
radiation) often not possible. Moreover, the performance of a PSC depends on a number
of other factors such as the orientation, competing heat sources, the thermal mass of the
building, the size, etcetera. The main task in an experiment is to distinguish these
factors and to reveal both the performance of the PSC itself and its interaction with the
building and the occupants.

Statistical techniques are of great importance in order to get a maximum of information
from a relatively short test sequence. Otherwise the test duration would be excessively
long, in particular due to the large time constants of the thermal system.
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RESEARCH OBJECTIVES

In the research carried out at TNO with respect to passive solar energy systems the

followmg goals can be recognized.
quantitative determination of the system characteristics for product information;

- full scale testing of new system concepts before applying them into practice, to
decrease the risk of costly flaws;

- system optimization;

- system modelling;

- development of simplified design tools for energy savings calculations.

THE PASSYS PROJECT

In 1986 the Commission of the European Communities started the intemnational research

project on passive solar energy PASSYS. TNO is the Dutch participant in this project.

At the moment phase 2 is started. This phase will last until the end of 1991. The aims

of the PASSYS project are the following:

- to set up uniform facilities for the testing of passive solar components;

- to develop simplified design tools on the influence of PSC on energy consumption
and thermal comfort;

- to develop and validate a selected building energy analysis model (ESP).

The dutch participation in PASSYS is financially supported by NOVEM, the Dutch
agency for Energy and the Environment and by TNO.

At a number of locations, spread over the CEC countries a PASSYS testfacility has
been set up. This facility consists of four identical outdoor testcells. The open fronts of
these full scale cells are faced southward; here the passive solar component can be
mounted for testing. In fig. 1 the testcell is schematicly presented.

testcell measured
measurement output
testcell "“if‘gf" compare ]
\
|
testcell calculated | |
model output 1'
try L iteration 7
';;ameter adapt L |
cooling heating values param.values
o
o.k. [
Fig.1. The standard PASSYS testcell, Fig.2. The principle of parameter
including the TNO addition: identification to derive the
the movable coldbox. properties of the PSC from

testcell measure ments.
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The testcell is highly insulated and can be provided with high or low intemal lining, to
simulate practical situations. Within the testcell a realistic indoorclimate is created, thus
simulating as good as possible a real room. During 1988-1989 the facilities in the dif-
ferent countries became operational. The last 2 years of the project will be mainly used
to finalize the building up of the facilities, for testing and comparison of testresults
from the different countries, but especially for the final choice of a suitable measuring
and evaluation procedure and the elaboration of standardized procedures.

A special development at TNO is the movable coldbox. This apparatus (see fig. 1) may
be placed in front of a facade which is tested in one of the testcells, and provides an
artificial outdoor climate, for example a constant windspeed and a low temperature. By
measuring the heatflow through the facade the overall heat transfer coefficient can be
calculated. This additional provision transforms the testcell into a full scale "hot-box".

DEVELOPMENT OF TESTMETHOD

One of the major goals within the PASSYS project is the development of a good
teststrategy in combination with an evaluation technique which enables to get sufficient
information from a relatively short test under real, dynamic outdoor conditions. The so-
called parameter identification techniques are developed and investigated as a promising
evaluation technique. A Parameter identification technique uses mathematical fitting
procedures in order to get good agreement between the output of a transient model for
the PSC and the measurements carried out on the PSC. In figure 2. the principle of the
parameter identification process is given.

The testroom temperature is usually appointed as output variable; input variables are
outdoor temperature, solar radiation, heating power etc. The set of parameter values
which gives the best agreement between the measured and calculated output variable
yields the characteristics. Evidently, one of the basic requirements is that the main PSC
and testcell characteristics can be derived from the identified parameter values.

Within the PASSYS project different methods are being compared, in particular with
respect to the choice of the type of mathematical model for testcell and PSC.

TNO has developed the parameter identification method MRQT, which can be linked
easily to almost any type of model.

TEST CONTROL STRATEGY

As a consequence of the application of a technique in which different characteristics are
derived from the same testsequence special attention should be paid to the correlation
between the input variables: if different input variables, like outdoor temperature and
solar radiation are correlated, it is not possible to get a clear separation between the
parameters which are supposed to describe the thermal conduct of the system with
respect to these respective solicitations (like heat loss and solar gain).

During the period 1988/1989 first test series were carried out; the results were used to
reveal childhood diseases in the testfacility and to develop and compare different
testmethods.
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TRANSLUCENTLY INSULATED WALL PERFORMANCE

Theoretical Analysis

A wall provided with exterior translucent insulation (TI-wall; example fig.5) combines a
high thermal resistance with good optical properties to enable the utilisation of the solar
radiation on the facade.

Solar radiation is absorbed by the (black painted ) wall. The major part of the heat flux
is towards the room, since the insulation reduces the heat flux to the ambient.

The heat capacity of the wall levels the fluctuations of the solar radiation and delays
the heat delivery to the room to a time where the heat demand is larger than during the
daylight hours (for instance to the evening). The summer situation is also important.
Measures should be taken to avoid overheating.

A number of TI-materials is investigated and in particular materials with a honeycomb
structure and the silica aerogels are promising.

In table 1 characteristics of some TI-materials are presented.

Table 1 Properties of TI-materials

Material d R T g
10°C dif dif
2
(m) (m™.K/W) (=) (=)
PC honeycomb 0.10 1.10 0.75 0.82
PMMA foam 0.015 0.48 0.55 0.57
aerogel granules 0.020 1.17 0.37 0.42
between 2 PMMA plates +0.006
monolythic aerogel 0.014 0.84 0.55 0.6
between 2 glaspanes 1 atm +0.006
0.1 atm 1.92 0.55 0.6
double glazing low-E
coating argon filled 0.77 0.5 0.6
Ideal 1.0 1.0

R: thermal resistance;
1: direct solar radiation transmittance;
g: total solar energy transmission coefficient.

The influence of the design and orientation of the TI-wall on the instantaneous and
mean net heat gain and temperature distribution in the material has been calculated with
a dynamic model of the TI-wall. Figure 3. shows of calculated monthly net heat gain
for a chosen "reference TI-wall", orientation South (see fig.5.).
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. cavity ventilation
net heat gain few days in August
(monthly mean)

HEAT FLUX (W/m2)

HEAT FLUX (W/M2)

Fig.3. The monthly net heat gain; Fig4. Net heat gain during the
"reference” TI-wall, South summer situation with closed
and open cavity for ventila-

tion.

In fig. 3 one can see high heat gains during the summer period. Possible solutions to
prevent this are shading devices, overhangs, blinds etc. Unfortunately a number of these
solutions have to be mechanicly controlled.

A cheap solution is the opening of ventilation slots during the summer season.
Calculations have shown that natural convection in the airgap between the wall and the
TI material can reduce the unwanted heat penetration in the house with two-third. This
option may be promising since it is much cheaper than controlled blinds or shading de-
vices. In figure 4 results for a ventilated and closed reference TI-wall are given, orienta-
tion South. Detailed dynamical building simulations must give information whether this
option is acceptable in practice with respect to the remaining heat gain.

Calculations indicate that for the Netherlands the possible energy savings by current TI-
wall design will be about 700 - 1200. MJ per m* TI-wall, orientation South, dependent
on the heat demand of the house and compared to opaque insulation.

In practice, the heat gain depends of course on the properties of the TI-wall, the dy-
namics of the house and the occupants behaviour.

The preliminary conclusions are that TI-walls are quite promising; for large scale appli-
cations, however, a cost reduction is necessary. Present high costs are mainly due to the
complexity of the overall design which is related to the vulnerability of the material.

Testcell Experiment

During the period August to October 1989 measurements were carried out in the TNO
PASSYS testfacility on an experimental facade. This facade (see fig. 5) had the follow-
ing elements:

* limestone wall of 21 cm;

airgap of 6 cm;

clear glass thickness 8 mm;

PC honeycomb, thickness 10 cm;

clear glass thickness 8 mm;

* X X *
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The frame material is wood.

The measured performance of the TI-wall was lower than expected, mainly due to
shortcomings in the construction.

The overall outcome of the experiment, however, is positive: despite an average tem-
perature difference between testcell and ambient of 15 K, the net heat gain was posi-
tive. Figure 6 gives the measured heatflux through the facade. A well insulated facade
without translucent insulation would have given under the same circumstances an aver-
age heat loss of 6 W/m’.

Figure 6 also shows the model output after identification of the TI-wall parameters.
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Fig. 5. Construction of the experi- Fig. 6. Measured and identified TI-
mental TI-wall. wall net heat gain during
PASSYS test.
CONCLUSIONS

The CEC PASSYS testcells in combination with advanced test evaluation techniques are
a powerful tool for the characterization of passive solar components and their interac-
tion with the indoor environment. Moreover, the full scale tests under real outdoor
conditions are very useful to detect shortcomings in the design, before application in
occupated buildings.

The first theoretical and experimental results on the application of translucent insulation
for passive solar walls are promising. The research on the TI-wall concept will be con-
tinued; with the emphasis both on the long and short term goals. To mention are ma-
terial development, material modelling and testing, guidelines for TI-wall application;
testcell experiments and demonstration projects.

In autumn 1990, already, a new PASSYS testcell experiment wii! start on a "commer-
cial" TI-wall, from a type which is used in recent demonstration projects in Germany.
Identical walls will also be tested in some of the other PASSYS facilities.
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Abstract:

Emissions resulting from human activities are substantially increasing the atmospheric
concentrations of the greenhouse gases. These increases will enhance the Greenhouse Effect,
resulting on average in an additional warming of the earth's surface. Present high altitude cold
climate energy design solutions are likely to require constant revision. This paper addresses the
possible solutions in terms of commercial building design, when cooling loads may become more
dominant than heating loads.

This paper briefly explores possible energy efficient techniques appropriate for commercial
buildings in a temperate climate country such as New Zealand. The likely cost effectiveness is
discussed both in terms of energy efficiency and worker efficiency.

This paper suggests that a better method of justifying these possible design solutions lies in the
increased output of the workers and not in the possible energy savings.

True environmentally connected high comfort office buildings are possible both economically and
architecturally.

Background

The earth is warming up. Recent statements (1) suggest that without major change to our rate of
emission of greenhouse gases, there will be a rate of increase of global mean temperatures during the

next century of about 0.3°C per decade (with an uncertainty range of 0.2°C to 0.5°C per decade). This
will result in a likely increase in Global mean temperature of about 1°C above the present value by
2025 and 3°C before the end of the next century. These figures can be reduced only by a substantial
change to our approach to living on this planet. Many of the 'problems’ of more temperate climates
may become those of the higher latitudes.

GR/AMM/NORTHSUN
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In the years since the first encrgy crisis of 1973 a range of design solutions for energy efficient
commercial buildings have been developed - normally based on scenarios involving high energy costs
and /or severe climatic conditions.

In New Zealand, a temperate climate country in the South Pacific, the lessons to be learnt from the
first energy crisis were slow to be assimilated. Energy cfficient commercial buildings have been slow
to evolve, with relatively cheap encrgy prices plus a climate that lacks extremes have had an
impact on this situation. The need for major design changes for commercial buildings has not arisen.
Increasing temperatures in the higher latitudes may well produce somewhat similar results. In
New Zealand we find the variations in climate between the north and south (Auckland latitude
370S, D.D. 1150 and Christchurch, latitude 4395, D.D. 2420 18.09C base) produce quite significant
variations in encrgy usages for office buildings (2):

Auckland 850 Mj/m2/annum
Christchurch 370 MJ/ me/annum

This suggests that warmer temperatures produce higher energy usage for office buildings where the
cooling load dominates and yet less in buildings where the heating was dominant e.g. hotels (3):

Auckland 550 M]/m2/annum
Christchurch 930 MJ/m2/annum

Global warming will see these temperate climate characteristics repeated in climates that are
significantly colder at present and employ a range of energy saving techniques (double glazing, atria
etc) which will no longer be applicable.

The need to design buildings to conserve energy is certainly not scen as a necessary factor in New
Zealand at present.

To continue to argue to design professionals and the developers of commercial buildings that an
‘Energy Efficient’ option is desirable is less than justifiable. The economic basis is just not
sustainable at the present time as possible savings from energy cfficiency contribute such a minor
part to the total running costs of a typical tenant company and is a relatively small factor in the
costs of the building owner.

This need for a better argument for justification developed into a study of 22 Auckland office
buildings during 1988 and 1989. The preliminary results suggest that savings in labour costs
attributable to a more efficient environment (environmentally connected natural environment) are of
critical importance and do in fact suggest a building form quite different from the norm,

In terms of the dollar outlay over the 40 year life cycle of an office building it is generally
recognised (4,5) that 2-3% is spent on the initial costs of the building and equipment, 6-8% on
maintenance and replacement and 90-92% is generally spent on personnel salaries and direct
benefits. These figures are quoted universally, they have been tested in the current Auckland study
(6) with some results at variance to a slight degree (Table 1).

a)  The 40 year life cycle used in the quoted studies is irrelevant in the current scene with a 10-15

year economic life being often used - with the result being an even greater emphasis on the
reduction of capital costs and annual costs (energy costs) being even less critical.

GR/AMM/NORTHSUN
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b)  The figure for personnel salaries seems to fit better in the 80-87% range than the higher

percentages quoted in American studies particularly.

c)  Because of the vast range of leasing agreements the maintenance and replacement component
along with running costs (including energy costs) is difficult to define precisely but fits within

the 5-8% range.

d)  Energy costs typically make up between 0.3% and 2.2% of annual costs of running an Auckland
CBD office.

Component %

Personnel Costs (Salaries and direct benefits) 80-87

Leasing costs (or Capital replacement in case 1.5-8

Air conditioning/heating maintenance 0.5.5

Lifts 34
Cleaning 2-5
Building maintenance 0.5-2.5

Energy 0.3-2.2

Other 1.5-8.5

Table 1 Auckland CBD Office Annual Costs (Tenants)

Notes

Depending on the nature of the
business,size and status/efficiency.
The variability of procedures is
immense of owner occupied space)
which with factors such as quality,
position, age, size etc produces an
imprecise pattern.

This figure varies widely because of
the non-existence, nature and age of
plant.

The variability of leasing agreements
is a factor with the inclusion of
external maintenance costs as a tenant
responsibility being a growing trend.
Generally this is an electricity cost
although 2 cases involved an LPG
input.

This figure includes aspects of fire,
office equipment, communication,
rates and insurances. It was difficult
to compare like with like.

To obtain a full picture of a commercial building's energy use one must also investigate the position
of the building owner as often, depending upon the lease arrangements, there may be costs associated

with common areas etc.

A recent study in Auckland of 20 buildings (7) totalling 206, 364 m2, for the 1987-88 year, suggests
that the total expenditure for energy usage in common areas, including electricity for air-
conditioning, lifts, escalators and common area lighting, amounts to on average just NZ$10.09/ m2.
The total income for the building averaged NZ$199.05 i.e., 5.07%.

Therefore, from these figures, it is difficult to expect the owners of the commercial buildings to be
particularly interested in energy saving, if, to achieve those savings, significant capital

expenditure is involved.

GR/AMM/NORTHSUN
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Quite clearly the assumption that energy efficiency is in itself a desirable aim in the design and
production of temperate climate  commercial buildings is faulty. To go to extreme lengths by
introducing changes to the typical building in terms of form, external design treatments,
daylighting, natural ventilation etc for energy efficient/cost saving reasons cannot be justified even
at no extra capital cost, particularly in a climate as moderate as that of Auckland, New Zealand.

Productivity is a broad concept which includes not only employees' work performance but also
associated organisational costs such as employee turnover, absentecism, tardiness, required
overtime, vandalism, grievances and mental and physical health. Historically, much or the
research (8) (9) on productivity has relied on using measures of employee satisfaction as indicators
of productivity.

Herzberg (10) concluded from a study of 1685 workers from a range of job types and levels in
particular organisations that there was however a distinct difference between aspects of the work
environment that were contributing to satisfaction and those relating to dissatisfaction. Herzberg
concluded that the "opposite of job satisfaction is not job dissatisfaction but, rather, no job
satisfaction and, similarly, the opposite of job dissatisfaction is not satisfaction, but no job
dissatisfaction". Aspects of the work environment contributes similarly to job dissatisfaction.
Archea (11) concluded that environmental characteristics that influence this level of work process
include both architectural propertics and architectural attributes. Architectural properties are
aspects such as size of office, number of walls, heating, ventilation, air conditioning, lighting,
ergonomics and relationships to support services. Architectural attributes are peoples' attitudes
and perceptions related to those properties, for example, assessments of openness, noise, enclosure,
lighting and temperature. Hedge (12) points out that from a survey of 896 office staff that even
though the ambient environment was supposedly being maintained around an ‘optimum!’ level in
physical terms, adverse reactions to this were still quite pronounced (Table 2).

Ambient Conditions % Agreement
Temperature - too hot 48

- too cold 21
Ventilation - desire to open window 77

- too stuffy 61
Lighting - prefer more daylight 76

- lighting too bright 33

Table 4 Employee reactions to the ambient environment in offices - Hedge (12).

The preliminary results from the Auckland study (6) involving in excess of 560 office workers suggest
a similarly very high level of dissatisfaction with the quality of the office environment with clear
contradictions arising on aspects of temperature (too cold, too hot),ventilation (too stuffy, too
draughty, don't know) and lighting (too bright, wrong angle, too glarey, too dark). The clear
conclusion, because of the high level of dissatisfaction and contradiction, is that office staff desire
to be able to control their own environments more than the present air conditioned offices allow. A
call for greater connection with the external environment? A call for more environmentally
connected or energy efficient building forms?

If a more environmentally connected commercial building can produce a slight improvement in office
worker efficiency (say 5%) then in terms of the total economic structure of the firm this 5% saving
will have a greater impact than saving 100% of encrgy costs. Here is the justification for buildings
that exhibit all the common features connected with not just comfort but also energy efficiency -
form, external design treatments, daylighting, natural ventilation etc.
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Conclusions

In more temperate conditions the future for the energy efficient commercial building is indeed good
and quite justifiable in economic terms if the approach incorporates other aspects of efficiency i.e.,
that related to the inhabitants of the office space. Efficiency arising from the increase in worker
output because of a more satisfied feeling concerning the work environment brought about by more
control of that environment and less artificial inputs, will far outweigh any possible energy savings
in the foreseeable future. Buildings will become more energy efficient as part of the process to
achieve this end. These temperate climate lessons may well have an application in higher
latitude climates as global warming takes hold.
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ABSTRACT

When designing power systems for rural villages, more
attention should be paid to the ways in which power is used
than to the way it is generated. By reducing power
requirements, phaotovoltaic systems, which have numerous
external benefits, can be made more competitive with diesel
generators thereby saving money and encouraging greater rural
sel f-sufficiency.

KEY WORDS
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INTRODUCTION

In identifying the factors which contribute to the ongoing
exodus of the population from the rural areas of the
developing countries, energy must play a prominent role. On
the demand side, high energy consumption in urban areas is
undoubtedly a major attraction. On the supply side, because
of economies of scale and lower unit distribution costs,
investments in urban energy projects are far more cost
effective, on a per capita basis, than rural projects.

Consequently, the lifeline from the city providing fuel,
basic materials, parts and skilled labor has become
increasingly tenucus. Ironically, those villages which were
most fortunate, in terms of receiving an initial endowment of
modern amenities have found the backward turn of the ratchet
the most painful.

Rural Venezuela represents an interesting case in point.
Following the oil boom of the early 1970's, nearly every
small community of a few hundred inhabitants, even in the
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more remocte parts of the country, received diesel generators
and water pumps. The rural dispersed populaticn alsao
benefited in the form of new schools, dispensaries, and

a government sponsored program of free, truck delivery of
potable water.

Today, large numbers of the diesel engines are broken-down
or operate only sporadically. The rural water delivery
system is in constant crisis and rural schools and health
clinics suffer chronically from lack of maintemnance and
essential facilities. Frofessional absenteeism is widespread
and notoricus.

THE FOLITICAL IMFACT OF DIESEL FOWER

One of the little recognized aspects of the introduction

of diesel power to the rural areas was to undermine the
monopoly of power of the traditional rural strongmern, who
have dominated rural life in Venezuela throughout much of its
history. As the newly created oil wealth began to trickle
down to the rural areas it facilitated the formation of &
pervasive patronage system, which was used to consolidate the
power of the dominate political parties. It hel
whole generation of new leaders whose local support rested
fundamentally on the ability to attract patronage funds. and
the maximum symbol of the power of these new leadoers was ta
obtain a pair of diesel motors to generate electricity and
pump water for the village or town. However, because of
reduced oil earnings and the debt crisis, the government has
been unwilling or unable to maintain the rural network of
diesel motors, much less to ewpand it. In all likelihood this
is a permanent feature of the new economic and =zocial order.

This financial crisis at the center has accordingly

provoked a corresponding crisis in rural leadership. It is no
exaggeration to say that the major precccupation of most
rural councils today is to keep the diesels operating. And
their increasing failure to deliver is a major factor in the
current drive to overthrow or change the old order. This
could be a very healthy sign for developing a more
representative demxzracy in rural areas, but the gains are
likely to be short-lived unless alternatives are found for
maintaining basi: public services. Either local governments
must receive greater subsidies, both in terms of money and
skilled people, or they must somehow generate more rescurces
locally. But it is very doubtful that consumers, whao
currently pay only a small fraction of the actual acperating
costs , would be now willing to pay the whole cost. Sreater
subsidies are unlikely and would only tend to perpetuate the
current debilitating state of dependency on the cerntral
authority.



ALTERNATIVE ENERGY FOR RURAL SCHOOLS AND CLINICS

To mitigate the ill effects of this progressive decline in
living standards, the lagical strategy is to encourage a more
efficient use of available power as well as to promote the
application of technologies which encourage greater local
autonomy.

An example, drawn from the experience of a Venezuelan oil
company in trying to improve rural services in its zone of
influence is illustrative. In 1979, the Maraven 0il Company,
(former Shell de Venezuela), one of the affiliates of
Petrolecs de Venezuela , was assigned an area of
approximately 13,000 square kilometers in the Orinoco Tar
Belt for exploration and development. As part of the new
government policy, dating from nationalization of oil in
1975, the company assumed an obligation to improve the
quality of life aof the population in its area of influence.

Most of the rural dispersed population had access to a school
or health clinic. But these facilities lacked basic
amenities such as light and water, although , in theory,
water was available via the rural delivery system. Water was
usually stored on site in old oil drums fitted with a make-—
shift 1lid and water quality was, accordingly, a serious
problem. Alsc, for lack of water, it was impossible to use
the flush toilets that had been initially installed. In some
cases, conventional latrines, with all of their incumbent
problems of flies and odors, were substituted. Not
surprisingly, intestinal infections were widespread. A study
of 2000 campesino and indian children, in the area, (Sampson,
1990), revealed that 85%4 were infected.

Under these conditions, it was difficult to persuade teachers
and nurses to live in the area, although the lack of
amenities was by no means the whole problem. Consequently,
professional absenteeism was rampant.

DESIGN OF THE BASIC SERVICES FACKASGE

While the natural resources endowment of the area is
generally poor, solar energy abounds. As a rough measure,
average irvadiance over a horizontal surface, measured over a
period of 15 years was equal to 218 W/m?2 (Venezuelan Air
Force Data, 1955-1970). Furthermore, while ground water is
scarce, rainfall is relatively generous, averaging about
1200--1500 mm per annum. However, the great bulk of the rain
falls during a six month rainy season, followed by six months
of almost complete drought. Unfortunately for the schools,
the summer vacation break coincides with the rainy season so
that during most of the school year, from October to May,
drought prevails.
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The storage problem was solved using a twenty thousand liter,
galvanized metal tank which was designed to supply drinking
and washing water to a school of 40 children during the whole
school year. Frolonged storage potentially creates a praoblem
of maintaining potabliity. This praoblem was solved by
inventing a simple, first-flush system (see Fig. 2) which
keeps organic matter and sunlight out of the tank, and by
limiting user access. In the absence of light and arganic
matter the tank tends to be auto-purifying. If a pathogen
enters, it soon dies for lack of nutrients. Settling

provides an additional salutary effect. As an added assurance
of quality, teachers and nurses were taught to chlorinate the
daily water supply and to monitor the level of residual
chlorine with a simple tester.

Photovoltaic panels were then installed to power a small,
submersible pump. To save electrical enerqgy, an overhead tank
was also installed which avoided switching the pump on and
off frequently . Instead, the pump could be operated for a
pericd of arocund 15 minutes, at hours of peak insclation, to
provide a two days supply, which then was available to the
user by gravity feed.

To complete the package, (see Fig. 1), a simple roof
ventilation system was added to promote air circulation in
the classroom and, outside, ventilated, pit latrines (VIF),
were constructed. These devices offer sanitary disposal of
excrement without the need for water and they eliminate flies
and odors associated with the conventional latrines.

EVALUATION

Since 1985, over =25 units have been installed throughout

the area with a high degree of user satisfaction. Maintenance
problems have been minor, mostly involving peripheral
electrical equipment such as voltage regulators and switches.
For this effort, Maraven was awarded the National Frize for
Technology Development, 13987, by the Venezuelan Naticonal
Science Council C(CONICITY.

Clearly the solar energy system offers many advantages

over a diesel installation. It is quiet, non-polluting,
requires no operator, and needs very little maintenance.

It also does not depend —on external supplies of fuel.

On the issue of relative costs, the scale of operation is
often decisive. Yet, power requirements, and therefor the
selection of technology, are very much dependent on the way
in which power is used. In the rush to improve efficiency,
and thereby lower cost, manufacturers of photovoltaic panels
and project designers often overlook the rather more
substantial savings available from optimizing other
components of the averall system. In the present example, the
selection of a rainwater system, rather than a bore hole to
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provide water reduced annual energy requirements from around
78 kWH to 45 kWh, a savings of 42%4 (Holmes, 1988). This
reduction in the power requirement not only saved money but
it greatly favored the photovaltaic system since, as is well
known, the diesel typically exhibits high unit costs at small
power ocutputs. In fact, a comparison of lifetime, unit costs
for this particular system (Holmes, 1988) showed sclar to be
more than 80% cheaper than diesel. A more telling comparisaon
is found in confronting the unit costs of two complete,
service packages, one using rainwater, solar panels, VIP
latrines, and convective coaling, and the other, conventicnal
package, using a bore hole, diesel generator, flush toilets,
and electric fans . In this case, the unit costs of power
generation for the conventional system were more than 60
times higher than those for the alternative system. It could
be argued that this is a comparison of 'apples and oranges’,
yet these are two, competing technology packages which

per form essentially the same function.

The economic compariscn with the tank truck delivery service,
is not quite as clear-cut. Assuming an average lifetime of
the rainwater system of 25 years, the unit cost of rainwater
is slightly less than that of tank delivery, using existing
private rates as the measure of the market cost of praviding
the service. However, once the rainwater system is installed
unit costs depend only on the lifetime of the system unlike
truck—-delivery costs which are subject to rapid, and
unpredictable rises to reflect adjustments in fuel costs
(currently highly subsidized) and imported machinery.
Furthermore, the reliability of the rainwater system tends to
be much greater.

CONCLUSIONS

In analyzing rural power problems, it is extremely important
to seek ways to improve the efficiency of power consumption
as well as to increase power supplies. Experience has shown
that adequate water, sanitation and lighting facilities for
rural schools and health clinics can be provided more cheaply
using alternative technology rather than conventional
approaches and that this can indirectly further the goal of
greater rural self-sufficiency. This is an especially
attractive solution in the context of the current financial
and political crisis in Venezuela. But, independently of
this crisis, it represents lesson for those who wish to
preserve rural life as a viable alternative for the future.
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Fig. 2 Details of the first-flush system for keeping
debris "rom the roof out of the tank.
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ABSTRACT

Increases in global temperatures this century have caused at least one
temperature dependent traditional technology, the ice-house, to cross the
thermal threshold dictating its viability in Britain. Study of the
windcatchers of the Middle East shows that further increases in regional
temperature may render not only types of windcatcher non-viable in some
areas, but also traditional dwellings as shelter in some areas. This in
turn suggests that 1limits of settlement in the Middle East would be
affected. Such problems and changes should be anticipated and passive
solutions sought now.

KEYWORDS
Ice-house; windcatcher; thermal; threshold; climate; desert; tech-

nology; global warming; temperature-dependent.

Temperature-dependent Technologies

With a wind or water driven technology one can gauge how efficient it is by
easily visible or tangible means: one can count how often a wind-sail, a
water-wheel or a grind stone turns, or how much grain is ground or water
pumped. However, there are a range of technologies in which their effect-
iveness rests on the establishment and maintenance of temperature ranges
within a building. No one has attempted to quantify the operational
temperature limits of such buildings and I believe this is because tempera-
ture is invisible and intangible, and is therefore ignored, particularly
where the temperature ranges involved are subtle. The need to understand
the significance of temperature in buildings is becoming daily more
important as is our need to move towards a reliance on passive design
solutions to solve problems of heating and cooling buildings. Thebuildings
described below also point to this need for Global as well as regional rea-
sons.
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The Ice-Houses of Britain - a Technology Made Non-Viable by Global Warming

Between 1975 and 1978 1 studied the remarkable buildings of the Central
Iranian Desert. Among them I recorded the ice-houses of the area. On
returning to England I began with a colleague, S.P. Beamon, "The Ice-
House Hunt of Britain" in which we tracked down and recorded over three and
a half thousand extant ice-houses in Britain. The results of the Hunt
along with a history of British and World ice-houses has recently been
published (Beamon and Roaf, 1990). Ice-houses were built in every con-
tinent of the world to house the natural ice, harvested in winter and then
stored until it was required in the hot salad days of summer.

Ice-houses have been built and used since at least the time of the first
written records, as cureiform tablets from Mesopotamia show, even during
the hot centuries of the Roman period. However, the ice-house has now
ceased to be a viable technology in Britain this century due to a 1°C
increase in temperature which has meant that there have been insufficient
cold winters to provide a reliable stock of ice for the ice-houses. Thus
the ice-house, regardless of the fact that it has also become obsolete for
social and technical reasons, is no longer a viable technology in Britain
where winter temperatures, although having become only slightly warmer,
have crossed the temperature thresholds that divides the building from
being a reliable, to a non-viable, technology.

ICE SHADE

ICE
CHAMBER

STOURHEAD . 3 9

Fig. 2 Comparison between the dimensions of Stourhead ice-house
Wiltshire, with a diameter of 5 m (c. 16 ft) and those of
the ice-house of Yazd in central Persia (Iran), which has
a diameter of 12 m (c. 30 ft).

The Windcatchers of the Middle East - a Technology Threatened

Windcatchers are also an ancient technology (Roaf, 1991) which are extreme-
ly subtle in the way that they can be adapted to local conditions and
climates.

Windcatchers operate by drawing moving air from above the building down
through its summer rooms in order to cool and/or ventilate them, or their
occupants.

In the very hot dry regions of the Middle East, such as Baghdad, the small
windcatcher vents on the roof only channel air to the cool deep basements
to ventilate them during their afternoon occupation by the extended family
in summer. The windcatcher typically only reduces the air temperature from
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the roof to the ground floor by 2°-3°C. In Baghdad air introduced into the
ground floor summer rooms during the day would be at temperatures of 43°-
48°C which is too warm for comfort, even in Baghdad (Roaf, 1991).
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Fig. 2. Map of the windcatcher types of the Middle East.

In the very hot humid Gulf region the windcatchers supply air to the ground
floor rooms despite the high temperatures of the area because in this humid
climate, when the air temperature exceeds body temperature (37°C) for long
periods, the only way the body can lose heat is by evaporative cooling from
the skin. In saturated air the only way to increase the rate of heat loss
is by increasing the speed of air passing over the skin which a large
windcatcher can do effectively.

The most numerous and diverse examples of windcatchers are found in the
Central Iranian Desert region, particularly around VYazd, where many
settlements, large and small, are topped by seas of windcatchers. The
windcatchers recorded in Yazd show how perfectly the climate of the area
suits the use of the windcatcher in relation to the local building types
and the physiological responses of the body to high temperatures in summer.

In the city of Yazd the windcatchers warm and ventilate the deep basements
where people spend the afternoon. The windcatchers also cool the walls of
the ground floor rooms during the night and the occupants of the ground
floor rooms are cooled by increased convection and evaporation during the
mornings and evenings when they sit beneath the windcatchers. But the
windcatcher also heats the walls of the ground floor rooms, usually during
the late afternoon when the external temperature exceeds the internal
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temperature by 2°-3°C - an average figure by which the air temperature is
reduced in its path down the tower. As afternoon temperatures in Yazd
typically reach around 42°-43°C this usually results in internal tem-
peratures rising to around 39°C in the ground floor rooms below the
windcatcher. These figures are perfectly acceptable, and particularly to
the Yazdi who retreats to his basement in the afternoon which will be 10°C
cooler at around 29°C.

However, in the villages that are on the exposed fringes of the Central
Desert, and neither protected by oases or gardens, the indoor afternoon
summer temperatures probably rise up to 2°C higher than this resulting in
indoor temperatures of up to 41°C in mid-afternoon. These temperatures are
on the upper limits of what is physiologically or psychologically accept-
able even to this desert population, and are experienced in exposed
villages with crude houses, windcatchers and no basements.

I believe that here is another thermal threshold that is being approached
and that in the event of a slight increase in global temperatures of 1°-
2°C the windcatchers in the exposed desert settlements of Central Iran
would cease to be viable to use, but also in turn, would the traditional
village houses cease to provide adequate shelter from summer heat.

In terms of the traditional passive solutions to shelter in the Middle East
the area would change from requiring the design defenses not of a hot dry
climate, to those of a very hot dry climate, notably deep basements and
windcatchers serving only the deep basements. In terms of innovative
passive solutions solar technology obviously has much to offer. However,
the invisibility of the inherent temperature thresholds involved has masked
the extent of the possible impact of global temperature increases on the
dwelling types and extent of settlement in the Middle East. Or perhaps we
are still suffering under the illusion that there are mechanical solutions
to these problems.

I suggest that over the next two decades we will see the internal climate
of the traditional houses in the Middle East begin to cross such temperature
thresholds and we will see whole areas become uninhabited. I would point
to what I consider to be immediately vulnerable dwelling types such as the
reed houses of the Marsh Arabs of Southern Iraq, the summer houses of the
transhumant populations of the Gulf and the single storey dwellings of the
exposed villages of the Central Iranian Desert. A rule of thumb may be
that areas may be vulnerable if their average July maximum temperatures
exceed 43°-45°C.

It would be possible at this stage to introduce a sensible policy for the
phased introduction of passive technologies to aleviate increasing problems
of summer cooling in the hottest areas of the Middle East; Government
sponsored passive technologies such as solar cooling and the incorporation
of full and half basements into houses for afternoon use. These technol-
ogies could perpetuate the habitability of such regions without the
crippling input of energy required for mechanical cooling alternatives.

If nothing else we should at least anticipate the obsolescence of building
types in very hot regions and record the fascinating range of dwellings,
some of which, such as the reed houses of Southern Iraq, have been occupied
for over 5,000 years, before they cease to exist all together.
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ABSTRACT

Ventilation rates, shading level of windows and indoor air temperature are analyzed
together in order to single out the optimum mix referred to the thermal comfort
situations of thermally moderate commercial buildings. Thermal comfort is here taken
into account by means of the Predicted Mean Vote (Fanger, 1970).

A short selection of graphs is proposed, able to provide the simultaneous view of the
effects produced, on the PMV, by modifications of the above cited parameters.
Graphs can be usefully adopted for the proper design of the glazed surfaces, especially
for passive solar buildings.

KEYWORDS

Predicted Mean Vote, thermal comfort, ventilation rates, shading devices.

INTRODUCTION

Through the past years, even in commercial buildings, the concepts and the design
strategies of the bioclimatic architecture have been largely employed, in order to achieve
both relevant energy savings and better levels of the indoor quality.

As it is well known, many parameters meet together to the definition of the thermal
quality of the confined environments.

Among them, the amount of solar radiation entering the room through the transparent
elements of the envelope and reaching people, is a relevant aspect to take into account.
This is particularly important for commercial buildings, where people is assumed to
mantain for a long lapse of time the same position and posture.

Another noticeable component of the human thermal sensation is the level of the air
flow esperienced by people inside the buildings, due both to mechanical or natural
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ventilation. Of course, for safety and practical reasons, in service buildings the ventilation
is essentially obtained by means of mechanical systems.

For the ventilation rates inside buildings, many rules and technical suggestions are
available to designers.

Otherwise, new findings about innovative transparent materials, like glasses with high
thermal resistance and matherials having changing optical properties, show interesting
perspectives on the possibility of suitably operating the thermal performances of the
envelope.

AN OPTIMUM COMFORT MIX

Starting from the above considerations, some graphs are here proposed able to reach
the optimization of the shading level of the window and the required ventilation rates
for a commercial building, located in a given climate.

The basis parameter for the definition of the optimum mix of shading coefficient and
ventilation rate, is here assumed to be the thermal comfort conditions inside the
examined room. That is, assuming the target of having a Predicted Mean Vote equal to
zero (PMV =0), we compute the effects of the presence of the high intensity source of
the sun on the thermal balance of the human body (that, notoriously modifies the value
of the mean radiant temperature of the room).

Moreover, internal ventilation rates are chosen in order to assure thermal comfort
conditions to the occupants, following ASHRAE suggestions and ISO standards.
Effects of different combinations of subjective (clothing and activity levels) and climatic
situations (air and mean radiant temperature, relative humidity and relative air velocity)
are investigated through the paper.

A comprehensive set of graphs will be presented, where the optimum shading level of
the window apertures, O,,,, for each situation is given as a function of the (solar) radiant
load (RL) on the human body, for various indoor air temperatures and relative air
velocity.

THE RADIANT LOAD

Following the theory and the symbology adopted by P.O. Fanger (Fanger, 1970), the
effect of an high intensity source on the human body radiant load can be expressed in
terms of a modification of the mean radiant temperature of the given environment:

T4mn = T4umrt + T"imn (1)

where T, is the modified mean radiant temperature, T,,, is the mean radiant
temperature of the so called "unirradiated” environment, and T, is the mean radiant
temperature induced by the presence of the high intensity sources, and the sun among
them.

In fact, the irradiated mean radiant temperature assumes the well known expression:

T = (Ap'air'(hr)/ (Aciro€p) 2)

where A, represents the projected area factor (m?), a;, is the mean absorptance of the
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clothed human body, g, is the mean density of the radiant flux (W/m?), A, is the
effective radiation area of the clothed body (m?), ¢ is the Stefan-Boltzmann constant
(W/m’K*), and €, is the emittance of the outer surfaces of the clothed body.

By introducing the term "radiant load", RL (W), as:

RL = Aja; g 3)
we can write:

T4imn = RL/ (Aeﬁ'.o'ep) (4)

Suitable values of the terms above introduced can be usefully found in the scientific
literature. We will not report some of them in a next section of the paper.

We would only to remember here that the dependence of the radiant load, RL, by the
direction of the spot generating the radiant beam is here given by the term A, In the
case of presence of the solar radiation on the human body it takes into account the
geometric relative position between sun and human body: as a matter of fact, the
projected area depends on azimuth angle and altitude of the sun with respect to the
human body.

WINDOW OPENING LEVEL

By means of the application of the Fanger methodology in the case of presence of high
intensity sources, we have generated some graphs that, as a function of the radiant load,
RL, provide the optimal opening level of the window rolling shutters for a room
chacterized by assigned values of air velocity and operative temperature.

The optimal opening rate is here simply intended as the ratio between the optimal
glazed surface of the window, S, and the starting value of the glazed surface, S,
(Cannistraro et al., 1990):

Oopt = Sopl/ Sin (5)

Figure 1 shows an example of the proposed graphs. For a metabolic rate of S8 W/m?,
for a clothing ensamble corresponding to a thermal resistance of 1 clo and for a relative
humidity of 50%, the optimum value of the opening rate is depicted, for different values
of air velocity, v (m/s), and operative temperature, t,,. Each point of the curves is
representative of a "PMV=0" condition and, generally, relates to different combinations
of architectural and HVAC solutions.

Points 1, 2 and 3 in the figure are chacterized by the parameters described in table 1.
As it’s easy to note, point 1 indicates that only with the 38% of the glazed initial surface
it is possible to reach the thermal comfort situations, when the room is chacterized by
an operative temperature of 20 ° C (with relative humidity of 50%) and air velocity of
0.0 m/s. In other words, the combination "RL=60 W, t, p=20 “C,v=0.0 m/s" is not able
to provide the thermal neutral sensation to occupants: 1n order to reach this goal, one
of the solution is the suitable shading of the glazed surface, if air velocity and operative
temperature are kept at the initial values.

Starting from this point, by mean of a modification of the air velocity (at a value of 0.15
m/s), and mantaining at the same value the operative temperature, the thermal comfort
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situation can be now obtained with an opening rate of 47%, that means an increase of
the 23.6% from the previous value.

Figures 2 and 3 give an example of the

graphs that can be produced following the Table I- Values of the parameters referring to points

above mentioned methodology. Figures 1,2 and 3 in figure 1.

refer to subjective and climatic conditions R ——=
that are typical respectively of summer  Point RL p V O,
and winter situations (ISO, 1984 and no. W) (°C) (m/s)

ASHRAE, 1981). In figure 2, in fact, air
velocity ranges from 0.0 to 0.8 m/s, while 1 60 20 0.00 0.38
operative temperature ranges from 22.8 2 60 20 015 047
to 24.5 ° C; the metabolic rate refers to 3 60 22 000 0.13
sedentary light activity for people dressed
with cloths having a thermal resistance of
0.5 clo. In figure 3 wind velocity spreads from 0.0 to 0.15 m/s, with operative
temperature going from 20 to 21.5 ° C; the metabolic rate is kept at 1.2 Met and the
clothing ensamble refers to a thermal resistance of 1 clo.
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ve0.15 u/s Nde1 Met
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o
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0.2
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100

Figure 1- Opening rate of the window glazed surface as a function of the radiant load, for
various values of operative temperature and air velocity (see also table 1).

The way to enter graphs is the computation of the radiant load, RL. This can be easily
made when the value of the density of the flux, q;, is known. Moreover, it’s important
to recognize the azimuth angle and the altitude of the direction from where radiation
comes: this allows to properly calculate the projected area A, (Fanger, 1970).
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Figure 2- Opening rate of the window glazed surface as a function of the radiant load, for
typical summer conditions.
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Figure 3- Opening rate of the window glazed surface as a function of the radiant load, for

typical winter conditions.
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In fact the area factors, Ap can be computed by means of the projected area factors, £,
with the following relation:

Ap = fp c Ay (6)

The parameters to be employed in equations (3), (4) and (6) are reported in tables 2 and
3.

(nude body) 095 e o ok _ Altitude
a.,, (clothed body) = 0.95 | Azimuth 30 45 60
€, (clothed body) 095 -
eP (nude body) = : 0 0.303 0.302 0.262
€, (mean value) = 097 30 0297 0.288 0.262
A (seated persons) = 0696 .60 0280 0.275.0.241
A (standmg persons) = 0.725 90 0.243 0248 0220
Smcammm g |

Table 2 - Selected values to be employed Table 3 - Projected area factors of seated persons.
in equations (3) and (4)

CONCLUSIONS

The aim of the paper is to present a simple method able to provide the optimum
combination of shading levels of the window, air ventilation rates and operative
temperature, in order to obtain the thermal comfort conditions inside a given commercial
building. Since in commercial buildings people is supposed to mantain for a long lapse
of time the same position and posture, through the paper we have calculated the PMV
only for seated persons.

The effect of the high intensity sources are also taken into account, with special regard
to the direct solar radiation entering the room.
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THE ZERO-ENERGY-HOUSE:
THE RANKING OF THE SUN IN THE HEAT-REQUIREMENT MARKET

Sabine Kn6ll and Uwe Welteke
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D-3436 Hess. Lichtenau, FRGermany

ABSTRACT

The heat requirements of the "Zero-Energy-House"” (Ddrpe, near
Hanover, W.Germany) are covered by solar. First and essential
was the consequent cut of energy losses, even superior to the
efficient building standards of Sweden. To cover the remaining
heat requirement, a solar heating storage svstem was installed.
Compared with the average annual standard heat consumption, it
is possiblé to reach an energy savings rate of 90% with addi-
tional construction costs of only an 15%.

The concept

The aim of the "Zero-Energy-House" project near Hanover
(Germany 52°20' north, 155 m high) is to demonstrate that it is
possible to completely dispense with the use of fossile energy
for heat requirement vet meeting with high standards of
comfort.

In the late 1970ies, a group of young people got together who
were idealistic enough to develop ecological future
technologies before "ecology" had been focused at by the
public. The whole project set off as a private iniative. One
aim was to build the house inexpensively and to keep the
construction simple enough for many volunteers to help and work
on the site. What was wanted, was to show how simple, practical
ideas as to saving resources could be realized and handled in a
daily life situation.

The house, its construction, the choice of the building materi-
als, the way one interacts with the house and the waste
handling was planned considering holistic ecological criteria.
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The house also serves as a demonstration object. Visitors have
access and guided information tours are given. A public
relation campaign was started as soon as the building had been
completed.

A monitoring programme about the properties of the house and
records for scientific investigations presently is being
conveyed at the house.

Energv

The main essential is the idea of completely shifting the
energy supply towards the use of renewable energy sources:
sun and wind.

Electricity. The electricity supply derives from the use of a
wind generator, stored by battery and distributed by a low
voltage electricity svstem. Excess energy is to be fed into the
public supply network. (Basically due to administrative
impediments, the wind generator hasn't been installed yet.)
With all these electrical systems, it is meant to apply energy
at its best efficiency, e.g. when using low-consumption
light-bulbs that combine durability and economic advantages.

Hot water. Hot water is supplied simply by a solarthermic sy-
stem and a well insulated water tank.

Heating. Most of the energy wasted can be traced back to
heating buildings. Even if modern burners produce significantly
less toxic gases than traffic, carbondioxides are considered to
be one of the most dangerous pollutants. COz is Kknown to
contribute the biggest portion to this dramatic, man-made
climate change thus any application of fossile,
carbondioxide-releasing energy sources should be avoided!

During the planning stages during the early eighties, it was
recognized that only through consistently reducing the energy
losses a successful utilisation of an active solar system would
be enabled.

During the cold periods of a North German wintertime , with
only few hours of sunshine, the passive use of solar energy
gains only cover a minor share of the total heat requirement.

Due to the cognition that it is not the energy level
(temperature) which has to be provided by heating, but to
replace the energy escaped, a heating system always actually
balances the losses of the thermal system "house".

All additional surface for more solar gain, e.g. windows facing
South, would produce more energy losses than they would be able
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to bring into the house. All solar systems which have separate
systems for gain and supply of solar energy need cost-intensive
energy transport, transformation or storage.

As a consequence the whole house was designed to prevent energy
from escaping. In order to this, several energy saving systems
were integrated into the concept and carried out thoroughly:

Heat transmittance through walls, windows, floors and roofing
had to be minimized. The surface/volume ratio has to be small,
which is much easier when bigger units are being built (viz.
terrace houses).

Design. The architectural design was based on a half-bowl.
There is no cellar except for some crawling space and a well
insulated beam construction floor. (1)

The south wall of the two-storey house is vertical. Most of the
windows allow the low sloped winter sun to far reach into the
rooms. The total surface of all southern windows adds up to

9 m2. (2)

The northern roof was extended downwards and bears a non-heated
multifunctional storage space that serves as a thermal
buffer. (3)

The attic and the slope roof are both well insulated with
another buffer between them. (4)

Building material. Any heat transfer through the surface of the
house is by far the most important heat loss factor.

The walls were constructed by the use of two stud systems of 12
cm thickness. The outer surface was stabilized by a wood
particle sheathing and protected by wooden weatherstripping and
a ventilated air space. The wall cavity was of 12 to 20 cm
thick and covered with drywall. Additional airtightning was
achieved by using a polyethylene vapour barrier inside and a
windtightning paper layer outside. The space between this
construction was filled with loose fill cellulose insulation,
which again cuts the effects of air leakage. The total
insulation thickness ranges from 36 cm (South, floor, ceiling)
to 45 cm (East, West) plus buffer and 12 cm insulation (North).
The roof is also built with light weight wood construction, but
with 55 cm insulation thickness. The k-values vary from

0,083 ... 0,128 W/m2K (R = 40 ... 60) (5, 6)

The exact filling achieved with cellulose insulation sprayed
and blown allows a construction with hardly any thermal
bridges.
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The windows are glazed with k = 0,13 (R = 4). During the
coldest months, the eastern and western windows may be shut
completely and may be temporarily insulated 20 cm thick. The
southern windows are to be shielded by an extra well insulated
sliding window. ]

[UryP P —

Ventilation svstem

Basically wood frame constructions are insuffient in terms of
airtightness because of the numerous joints and cracks. Here
emphasis was laid on the multiple tightning of the whole
construction. The choice for cellulose insulation was taken due
to the fact that cellulose fibre improves the airtightness
significantly better than mineral fibre. There should not be a
single gap or any free air flow in between two wind barriers
and it is possible to avoid this with cellulose insulation.
Anything that pushes through the envelope was joined together
thoroughly to avoid any involuntary air exchange. (7)

This was fundamental in managing the air exchanges needed: In
the wintertime, ventilation is done by a heat recovery system.
An air to air heat exchanger, equipped with a ventilator
provides the rooms with preheated fresh air. The indoor air
quality is remarkably good and no noise problems have been
reported. With this method 60 ... 70 % of the ventilation
losses can be saved.

Energy gains

The main energy source for the "Zero-Energy-House" is the sun:
remarkable amounts of heating provided through the south
windows up to November and from the beginning of February.

As an optimal heat-storage, all inner walls and floors are
being made out of solid soil brick layers as thermal mass.
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As a matter of fact for the "Zero-Energy-House" in DOrpe this
has a considerably smaller effect on the energy balance than
previously estimated. ( But this can be expected to be
different in sunnier climate zones ,e.g. like in the south of
the alps).

A solar greenhouse is also very often claimed to be a vital
element of solar architecture. In our case it is more of an
additional living space and not actually necessary to the
houses energy balance. (8)

The active heating system is based on 16 m? vacuum collectors
(9), which heat a tank of 10 m?® of water (10). This
water-storage tank is placed in the middle of the house. It is
very well insulated, but there are still losses which in return
are gains for the house. The water in the tank again heats up
during the autumn and during sunny winter days. Its energy is
distributed by a conventional hot water central heating system.
The house has a living space of 107 m2, of which 97 m? are
heated.

In January the total losses of the heat transmission with its
average temperature of 0° C are as low as 440 kWh, or the
equivalent of 37 litres of oil.

The ventilation losses are more or less covered by the energy
emission of the users (body heat) of the building.

Solar radiation through the windows and various internal
sources like electricity, cooking and savings by reduced night
temperature, cover most of the energy losses. It has to be
realized, that solar energy gains in January are not adding up
to more than the heat from cooking.

The total energy balance: _‘g -
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Costs:

The total energy supply by the water-storage tank is 2.500 kWh.
To make these 2.500 kWh available by the sun, the highest
investment cost per unit savings have to be paid compared with

all other elements of the house. Nevertheless, during unusually
cold winters, a separate heat source (gas heater) may be

needed. The storage and heating system is designed for average
temperatures of its surrounding.

The analysis of cost shows, that in comparison with the average
heat requirements of presently conventional housing, about 90 %
of energy savings are reached passively, viz. by cuts of
requirements: wood frame construction with optimized
insulation, heat recovery ventilation system, compact solar
oriented house design and temporarily insulated windows.

The construction costs for those 90 % of energy conservation
potential are less than the amount required for the remaining
10 %, covered by the solar powered water-storage system.

Conclusion:

Even in severe climates like in Central Europe, it is possible
to cover heat requirements by solar. First and essential is the
realization of at least the Swedish building standards. Only
consistently reducing the energy losses with the existing
technologies would enable a successful utilization of an active
solar system.

In more tempered, maritime climates, like in the UK or northern
France, the Swedish insulation standards should be sufficient
to build "Zero-Energy“Houses. =
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TRANSPARENT INSULATION - STUDENT
RESIDENCES IN GLASGOW

Robert Forrest

Energy Studies Unit
University of Strathclyde
Glasgow
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ABSTRACT

Student residences at the University of Strathclyde have recently been
built incorporating the latest development in passive technology -
transparent insulation. Solar energy incident upon this face is retained
due to a transparent element that has high transmissivity as well as
exceptional convection, radiation and conduction suppressing qualities.
This transparent insulation material (TIM), composed of a polycarbonate
honeycomb, allows maximum utilisation of incident energy for space heating.
The development is the largest application of TIM to space heating in
buildings.

The overall design of the buildings maximises the use of available free
energy and is also vital in ensuring occupant comfort and a pleasant living
environment, which ultimately determines the success of the project.

KEYWORDS

Passive Solar Energy; Transparent Insulation; TIM; Solar Space Heating;
Heat Recovery; Solar Control Shading.

INTRODUCTION

The climate of concern over global warming is forcing consideration to
reducing greenhouse gas emissions through reduced energy consumption,
particularly fossil based. As 402 of total energy demand in high latitude
countries is for low temperature heating (space, water and process), energy
conservation in buildings has an important role to play.

The use of transparent insulation cladding enables buildings to harness the
suns energy at the same time as reducing heat loss. Coupled with proven
passive design technology the possibility of substantially reducing or even
eliminating the demand %or conventional space heating is realised.

Transparent insulation has already been apﬁlied to buildings in this role,

but to date the developments have been both small in scale and mainly of a
research nature (Bollin, 89; Johnson, 89).
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Figure 1: Front View, TIM and high glazing area

Figure 2: Rear view, low glazing area and open aspects

STUDENT RESIDENCES

The new halls of residence at the University of Strathclyde are an atempt
to bring the technology of transparent insulation to commercial fruition.
Designed by the Kennedy Partnership and developed by Kaiser Bautechnik,
they are tie largest example of the application of transparent insulation
material (TIM) to space heating in buildings.

The south face of the buildings (Fig 1) consists of a mixture of
conventional windows with a TIM facade. The overall impression from the
exterior is of a highly glazed building, whilst from the interior the
construction appears conventionally solid. The north face, starkly
contrasts this, with a greatly reduced glazing area (Fig 2).
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The site chosen was ideal for a solar development. A south facing slope
that, despite a city centre location, had no shadin% from trees or other
buildings. This allowed the development of two parallel rows of buildings.
They are stretched in the east-west direction to maximise the south facing
area (Fig 3) and minimise north-south depth to facilitate thermal exchange
across the building. They accommodate 376 students in flats of 4 and 8, in
9 blocks.

Two costs come into the question of viability with a new development -
construction costs and running costs. The latter takes greater importance
with time and here the component devoted to energy conservation is
critical, particularly, given current levels of academic fundin%, for a
northern university (Edwards:90). The increased capital cost, o
approximately 20%, was offset by an EEC %rant under its energy
demonstration scheme along with support from the Scottish Development
Agency.

OBJECTIVES

The overall aim of solar architecture must be tc design to maintain comfort
throughout all seasons, maximising the use of solar energy and minimising
the use of conventional energy.

The objectives of this demonstration scheme are to "utilise high technology
solar skins... to capture solar radiation and reduce heat loss".
Furthermore, the buildings should "demonstrate the importance of solar
friendly design at high latitudes”.

TRANSPARENTLY INSULATED FACADE

The 100m? of south facing transparently insulated facade is based on
technical developments by the Fraunhofer Institut. The TIM in use is 100mm
thick polycarbonate honeycomb, in the absorber perpendicular geometry
(Fraunhofer, 89). Incident light passes through the high transmissivity
honeycomb to heat a darkly painted solid absorber wall (Fig 4). The
honeycomb virtually eliminates convective and radiative losses so the
retained heat passes through to the interior. The thickness and density of
the mass wall dictates the time taken for the heat to reach the interior.
In this case a 6 hour delay shifts the peak internal temperatures to match
the maximum demand period in the eaily evening.

Reflective shading devices within the facade, controlled automatically,
close at night to further reduce heat losses (Fig 4a). The wall has a U-
value of approximately 0.6 reduced to 0.4 when low emmissivity shading is
closed. Over an entire season, however, the wall appears to have a net
negative U-value as the solar gains out-weigh the losses.

The shading serves a further purpose of preventing overheating during
periods of high intensity coupled with high ambient temperatures (Fig 4b).
Such conditions are most likely to occur during spring and autumn when the
sun is low in the sky, vertical insolation reaches a maximum and reflection
losses from the cover glass are minimised (see Fig 5). With a high year-
round heating load, closely matching the academic year (Fig 5a) the solar
fraction of such a wall in Glasgow should be high.

CONSERVATION AND PASSIVE DESIGN

The use of transparent insulation for space heating is most applicable
where a high standard of energy conservation and passive design has already
been adopted. The Strathclyde residences utilise a wide number of
conservation measures and passive solar features.

Insulation. The buildings are insulated to a level much higher than
currently specified in UK building regulations. Outer walls have 150mm of
rockwool insulation sandwiched between a dense blockwork inner leaf and a
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Fig 3: Plan of building, showing location of TIM wall
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brick outer, giving a U-value of approximately 0.22. The roof and ground
floor are also insulated with 100mm glass fibre matting and styrofoam.

Windows_and Blinds. All north facing windows are small and triple glazed.
Some sections accommodate integral venetian blinds between a sealed double
unit and a third pane, others are sealed triple units.

Most south facing windows are double glazed with a low emmissivity coating
on the inner pane, whilst the outer corner bedrooms (see Fig 3) with no TIM
benefit from triple glazing. Mounted between the panes are automatic
aluminised roller blinds, controlled by a central computer. The blinds are
low emmissivity coated to reduce radiative losses and when closed they also
reduce convective losses by restricting movement within the air gap. The
occupants can over-ride the settings for privacy and to control direct
solar gains.

Ventilation and Heat Recovery. Extensive draught stripping and vapour
barriers reduce heat loss through leakage, but result in stuffy rooms and
build up of pollutants and condensation. Controlled ventilation is provided
in the gedrooms through trickle vents and opening windows.

In the common areas a mechanical ventilation system draws stale air from
the shower, toilet and kitchen. Fresh air from the north face is supplied
to the common room and hallway and is pre-heated by the exhaust air using a
cross-flow heat exchanger. The exchanger has an efficiency approaching 702
and provides a nominal 0.5 air changes per hour, which is boosted by 50%
during intensive use, triggered by the shower/toilet and cooker.

Construction. In order to retain the heat from casual and free gains, the
building has been constructed primarily from high density concrete. This
"massive" construction serves to level out temperature swings and so helps
maintain a comfortable living environment.

Lighting. Compact fluorescent lighting, using 20-252 of the power of
incandescent sources are used extensively. In addition to being economical
to install, they have the advantage of reducing casual heating not
correlated with demand.

Auxiliary Heating. Modelling of the buildings’ performance (Abacus,88)
showed tﬁat if severe cold cloudy conditions were to prevail, comfort could

be maintained with 200 W auxiliary heating. This is provided by electrical
wall mounted radiant heaters. Connected to the central controller, they are
automatically switched off to prevent over-heating.

MONITORING

The buildings are being monitored, over a period of two years, by the
Energy Studies Unit at Strathclyde. In addition to determining tie overall
performance, selected areas are being studied intensively in order to
further the understanding of the TIM wall and its interaction with the
other design features and to determine occupant reactions.

CONCLUSIOR

Transparent insulation offers new possibilities in passive solar design for
utilising available energy from the sun, whilst at the same time
maintaining high levels of comfort. The residences at Strathclyde see this
technology taking a major step towards commercial reality. The lessons
lza;?ﬁ from this project will have a major influence upon the future path
o .
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PASSIVE SOLAR DESIGN OF A MONTESSORI PRIMARY SCHOOL
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ABSTRACT

Halcrow Gilbert Associates were requested to provide energy design advice at
the post outline planning stage for a new Montessori School in Berkshire,
England. The paper describes the design changes which were adopted in order
to achieve both important energy savings and a dramatic improvement in the
school's internal environment.

The main passive solar features incorporated into the design for the school
were a double storey atrium communal area, rooflights to enhance the
daylighting of the classrooms and a ridge ventilator driven natural
ventilation scheme. The objective was to realise well daylit classrooms
whilst keeping heating costs low and minimising the risks of summertime
overheating. Measures to prevent overheating included eave overhangs,
blinds under the south-facing roof glazing and nighttime ventilation.

The paper shows how a range of design tools were used to identify the impact
of each design change on energy consumptions and environmental conditions.
The paper demonstrates the benefits of sophisticated, yet flexible and
fast-response, design tools which enable their users to meet the very short
deadlines of a real building project.

KEYWORDS

Passive solar, natural ventilation, daylight, atrium, design tools

INTRODUCTION

Background

Montessori is an educational method founded by an Italian nun about 100
years ago which encourages children to learn by exploration and discovery.
The schools have a plethora of equipment and teaching aids, and in this case
a farm environment, all so that the children can learn by direct

experience. The instigators of this school project felt that the means of
providing the childrens' thermal comfort should also be an integral part of
their education. Furthermore, they felt that a climate-responsive energy
conscious design would be the most appropriate approach, with the children
taking an active role in controlling their environment.
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Integrated Design

The key to climate-responsive energy-conscious design is an integrated
approach. The objectives are comfort (thermal, visual, acoustic, air
quality etc.) and amenity (function and value); the means are a combination
of climate-modifying fabric and energy-driven building services. An
integrated design approach should result in a highly satisfactory building
environment achieved with the lowest possible energy consumption consistent
with a competitive capital cost.

In an ideal situation, the members of a design team would work together from
the inception stage to produce a fully integrated design. In this example,
HGA did not become involved until after the outline scheme had been
developed. However, an initial appraisal of the scheme design showed that
the architect's approach to the building form, orientation and siting was
basically sound. During a three week period of close co-operation, the
design was developed using building simulation software and a range of other
design tools to assess daylight availability and natural ventilation air
flows.

This example of integrated design in practice demonstrates how a responsive
energy advice service can assist the development of a low energy design
within the typically tight time constraints of a live project.

BUILDING FUNCTION, FORM AND ORIENTATION

The school is sited near the bottom of a shallow valley and is to some
extent protected from the south westerly prevailing winds by an existing
hedge. Shelter-belt tree planting is planned to the north of the school
building, and, further away to the east and west.

The school provides two classrooms, each of 100m2, plus a communal play area
of 55m2, for up to 60 primary age children with about 5 teachers. Ancillary
spaces include toilets, a kitchen, offices, extensive storage areas (for all
the equipment) and a staff room. The school is designed to enable a 100%
extension to be added in the near future.

The design has an essentially rectangular plan form, orientated along the
north-south axis (see Fig. 1). The extension is planned to be built onto
the east-facing elevation, which is therefore minimally glazed. The
reception area, headteacher's office and staff room are on the west side.
The two classrooms have north and south facing aspects respectively and are
linked by a large communal area under a fully-glazed atrium roof. The
building form and orientation deliberately minimise the area of east or west
facing classrooms, in which direct solar gain and glare is less easily
controllable.
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Fig 1. The Montessori School plan
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The building is predominantly single storey, with only storage space being
provided at first floor level under the pitched roof. The atrium is a full
two storey height and should provide a delightfully light and airy space.

Although the overall building depth is approximately 24m, each classroom is
effectively only 7.5m deep as each is lit and ventilated via the central
atrium as well as directly through the external fabric.

BUILDING FABRIC

Glazed Apertures

The design aims to enable all school activities to be carried out in a
naturally ventilated, daylit environment, for the majority of the year (see
Fig. 2).

e RS R
CLOAKS (ST CLASSROOM

SOUTH cdssro0M
Fig. 2. Section showing some of the passive solar elements

It is certainly more pleasant for children to perform their tasks under
daylight rather than artificial light, providing that glare, overheating and
thermal discomfort can be avoided. The design endeavours to achieve a high
utilisation of daylight through the specification of large window areas and
the use of rooflights adjacent to the internal walls. The potential for
glare or overheating problems is combated by minimising east and west facing
orientations and by the use of appropriate internal and external shading
devices. The windows are double glazed to reduce heat loss; a low
emissivity coating is specified for the north facing windows to improve the
thermal comfort for nearby occupants; the rooflights are single glazed to
maximise daylight transmission.

Optimisation of the location and area of the classroom glazing for
daylighting purposes was undertaken using a point-to-point daylight factor
calculation program called DAYLIGHT. Daylight factor contours in a
classroom for the final design configuration are shown in Fig. 3. The
average and minimum daylight factors at a working plane height of 0.5m are
5% and 2% respectively.
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Fig. 3. Daylight factor contours in the south facing classroom
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The shading of south facing windows takes the form of a 0.85m overhang above
the window which should limit the direct high angle solar radiation incident
on occupants sitting near to the windows, a major potential cause of
overheating and glare discomfort. The south facing rooflights are shaded by
manually operated sail-like internal blinds made of a translucent material.

The communal area, situated on the shorter axis of the plan, has a fully
glazed roof of triple skin polycarbonate, which produces an average daylight
factor in this space of 22%. This means that electric lighting is necessary
for only 34 of the school working hours throughout the year. The south
facing roof glazing is also shaded by manually operated blinds. The
partitions at high level between the classrooms and the atrium comprise
fixed glazing and permanent ventilation louvres. The glazing will serve to
introduce some shafts of sunlight into the north classroom.

Opaque Fabric

Insulation. The building is insulated to better than the requirements of
the 1990 amendment to the Building Regulations. The outer edges of the
floor raft are insulated, but the floor is left uninsulated to increase the
exposed thermal mass. The 'U' values of the various building components and
their contribution to the building heat loss are given in Table 1.

Thermal Mass. The timber-frame structure is relatively lightweight, but the
ground floor slab makes the building behave as a medium-weight structure.
Internal, block partitions consolidate this process.

Sealing. The compact form produces a reasonably low external to floor area
ratio, which, with careful detailing and the use of high performance
air/vapour barriers, should constrain air leakage to a low level. Manually
operated dampers are provided to seal the ridge ventilators when they are
not needed. Similarly, it is intended that the trickle ventilators in the
classroom windows are closed outside the occupancy period in winter.

Table 1. Paths of building heat loss

Building Element ‘U’ Value Area Heat loss|% of total
W/m2K m2 W/K heat loss

Walls .33 307 101 10%
Opaque roof .33 334 110 11%
Ground .38 346 131 13%

DG Windows 2.80 65 182 19%
Low e DG windows 1.90 17 32 3%

SG Rooflights 5.70 6 34 4%

3 wall polycarbonate 2.40 42 101 10%
Infiltration Vol=1300m> 283 29%
Totals 1117 975 100%
Total per m2? GFA .87
nin or Vent tion

The ventilation strategy is designed to cope with the various potential
ambient conditions. In winter, during the occupancy period, the required
supply of fresh air is obtained through the large trickle ventilators on the
classroom windows. Stale, warm air flows out of the classroom at high level
through permanently open glazed louvre partitions into the atrium space, and
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leaves the building via louvres in the atrium ridge (see Fig. 2). Outside
occupancy in winter, the trickle ventilators are closed and the ridge
ventilator is sealed by manually operated dampers. In warm outside
conditions, the occupants can open windows to enhance the wind pressure or
the stack-driven natural ventilation air flow rate. During hot weather, the
building can be cooled down by ventilation at night without jeopardising
security, by opening the window trickle ventilators and ridge louvres.

The intentional emphasis on manual control is an integral part of the
philosophy whereby the school children take responsibility for correct usage
of controls so that they learn by experience how and why the systems work.

BUILDING SERVICES

Heating

Space heating is by lphw perimeter radiators fed from a 37kW oil-fired
boiler. These provide a means of heating the incoming ventilation air and
of combating discomfort due to downdraughts from the glazing in winter. The
heating system controls include thermostatic radiator valves, optimum
start/off and external compensation of flow temperature.

Electric Lighting

A conventional fluorescent lighting installation using T8 tubes is provided
to give a working plane illuminance of 300 lux. The luminaires in the
classroom are arranged in banks parallel to the main windows. One clearly
designated switch is provided for each bank to enable easy manual control of
the lights in response to daylight availability. The switches at the
classroom entrance are located beneath a rooflight which should encourage
people entering the classroom not to switch on the lights unnecessarily.

It is envisaged that the school children will be given responsibility for
the monitoring and control of lighting usage. This might include reading
the electricity meter and analysing the data.

Mechanical Ventilation
Extract ventilation is provided to the WCs and internal rooms. The
operation of the fans is controlled by occupancy detectors.

PREDICTED PERFORMANCE
The energy consumption of the building was predicted using an hour by hour
annual simulation computer program called SERI-RES. The key outputs in this
study were heating demand, electric lighting usage and hourly zone
temperatures which indicate the degree of summertime overheating. The

predictions for energy consumption data are summarised in Table 2.

Table 2. Predicted annual energy consumptions and costs

End use Price|Consumption|Cost [Consumption| Cost
p/kWh kWh/yr £/yr kWh/m2yr €/m2yr

Heating (oil) 1.14 33640 384 97 1.11
Lighting (electricity)|6.59 2160 142 6 .41

Totals 35800 527 103 1.52
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Lighting: Electric lighting consumption is predicted to be 6 kWh/m2;
daylighting provides 52% of the total lighting demand which would result if
there were permanent electric lighting during the occupied hours.

Heating: Heating demand is predicted to be 68kWh/m2, requiring 97kWh/m2 of
oil consumption, assuming a heating season mean boiler efficiency of 70%.
The Energy Efficiency Office (EEO) performance yardstick for schools of this
type sets the upper limit for the 'good' category at 100kWh/m2yr for space
heating fuel consumption, whilst 'poor' performance is above 135kWh/m2yr for
space heating. Whilst comparing modelled data with measured data is fraught
with problems, these guidelines indicate that good daylighting performance
has not been bought at the expense of a large heating bill.

Energy Costs: The price of oil is taken as 12p/litre and of electricity
6.59p/kWh. Heating and lighting contribute 73% and 27% respectively to
their total costs of £1.52/m?yr.

Overheating: The two zones of the school which might have a tendency to
overheat in hot weather are the south facing classroom and the atrium
communal area. The degree of overheating was assessed by counting the
number of occupied hours per year that the temperature of each zone was
above 27°C.

For the final design, with blinds and nighttime ventilation in operation,
the atrium is predicted to have just 16 hours/year over 27°C and the south
facing classroom only 3 hours/year.

Sensgitivity Studies: A wide range of sensitivity studies were performed
both to refine the design and test the robustness of the design to various
uncertain parameters. The results are summarised in Table 3.

CONCLUSIONS

1. Integrated design of a building aims to achieve an optimum balance
between capital cost, energy running costs and environmental conditions.
Design tools such as dynamic simulation and daylight factor calculation
software have enabled alternative design options for a Montessori School to
be evaluated on a timescale compatible with the short deadlines of a real
building project.

2. With the aid of appropriate design tools, the judicial sizing and
location of the glazing apertures was achieved. Through the use of
daylighting, the predicted lighting bill for the school has been halved,
whilst maintaining a low heating demand and avoiding excessive summertime
temperatures.

3. Overheating has been avoided by a combination of shading devices, stack
or wind driven through-ventilation and the use of nighttime ventilation.

4. Control of the building environment and services relies to some extent
on the occupants. This has been done partly out of a belief in a preference
for manual control and partly to allow the school children to learn about
energy and buildings through participation. Minimum fuel bills will only be
achieved if a careful monitoring and control programme for the building
operation is instigated and maintained.
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Table 3. Summary of sensitivity studies of energy and
environmental performance predictions

T T T T 1
|EFFECT ON AVE. | EFFECT ON | EFFECT ON | EFFECT ON ANNUAL |

r
|
| SENSITIVITY STUDY |DAYLIGHT FACTOR|ANNUAL LIGHTING| OVERHEATING |HEATING CONSUMPTION|
I } | Il 4 |
I

1 T T T 1
|Reduce the atrium rooflight  |Down by 38% |Up by 6 kWh/yr |In atrium down from |Down by 1630 kWh/yr|
|from 3.2m to 1.6m | |830 to 474 hrs/yr | (about 5%) |
| |

|Reduce the atrium rooflight  |Down by 57% hobbebeed |In atrium down from |Down by 2270 kwh/yr|
|from 3.2m to 1m | |1830 to 173 hrs/yr | Cabout 7%)

|Reduce north classroom windows|Down by 16% in | bbbl | None | bbbl

| |north classroom| | |

| | | | |

|Use kappafloat double glazing | ikl | hidid | None |Down by 470 kwWh/yr
|in_north classroom windows | | | | (about 1.4%)

| | | ! |

|Add one rooflight to each |Up by 50% in  |Down 206 kwh/yr|In South classroom up|No change
|classroom (0.5mx14m) |each classroom |(about 10%) | from 42 to 60 hrs/yr |

|Replace the single rooflight |Down by 8%
|with 8 two skin GRP rooflights|
|each 800x800 mm daylight area |
|

|Replace the single rooflight |[Down by 25%
|with 4 D.G. glass rooflights |
|each 560x865 mm daylight area |
[ |
|Replace the 4 D.G. by |up by 3%
|4 S.G. glass rooflights |
|

|use 5 5.G. glass rooflights |Up by 8%
|instead of 4 S.G. rooflights |

KREEKN KhkRx KRRAR

ARk KRk whAAN

hRRR Kdeddn KhkAk

| |
| |
I I
l I
| |
I I
| |
[ |
| |
! |
|

Down 13 kWh/yr |In South classroom up|Up by 140 kwh/yr
(about 0.6X) |from 60 to 63 hrs/yr |(about 0.4%)

|
I
|
I
I
|
|
[
I
|
|
I
I
I
|
I
|
I
|
I
I
I
|
I
I
|
|
|
[
|
|
|
|
I
|
|
I
|
|
I
!

|
I
|
|
|
I
|
I
|
I
I
I
|
|
|
I
|
N/A |No change |In South classrm down| N/A
!
I
|
|
|
|
I
{
|
|
|
I
|
|
1

|Increase the overhang from |Down by 10% in kbl |In South classrm down|Up by 80 kwh/yr
]0.3m to 0.85m |each classroom |from 52 to 26 hrs/yr |(about 0.2%)

| |

|Apply blinds to rooflights | I I

| | |from 26 to 9 hrs/yr |

| | |In atrium down from |

| | |474 to 179 hrs/yr ]

| | | |

|Employ night ventilation | N/A No change |In South classrm down| N/A

| | |from 26 to 3 hrs/yr |

| | |in atrium down from |

| | |474 to 89 hrs/yr |

| | | I

|Apply blinds to rooflights and| N/A No change |In South classrm down| N/A

|employ night ventilation | |from 26 to 3 hrs/yr |

| | |In atrium down from |

| | |474 to 16 hrs/yr |

| | | |

|oHW from oil boiler or on-peak| N/A N/A | N/A |With oil:  £180/yr|
|electricity | | |With elec.: £450/yr|
L 1 1 1 J

*#x%% = Effect not predicted
N/A = Not Applicable

Underlined text denotes parameter is as fixed in the final design



Accurate Field Characterisation of Building Envelope Systems
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ABSTRACT

Growth in the use of glass in buildings has had significant implications on its energy consumption and on plant
and equipment used to control conditions. This has led to the development of advanced glazing systems with a
range of tailored properties. There has been a corresponding need for accurate characterisation of these glazing
systems.

There have been numerous studies internationally in this area, the earliest of these going back to the 1940’s.
SOLARCH: the Solar Architecture Research Unit of the University of New South Wales has been involved in
thermal performance evaluation studies since the early 1970’s. Having built and operated Passive Solar Test Cells
and other laboratory based equipment it has now built a field model solar calorimeter. The calorimeter is
particularly suited for heat gain environments for general Australian conditions. Heat loss studies are undertaken
using indoor controlled condition chambers.

This paper discusses the facility and the methods in use for thermal performance characterisation of building
envelope systems. It also reports on some early validation studies against other theoretical and experimental
methods in use.

KEYWORDS

Glass, Solar Heat Gain, Characterisation, Solar Calorimeter, Field Testing

INTRODUCTION

The need to design energy efficient buildings has been highlighted by a number of studies. In trying to achieve
this aim the designer places a great reliance on the thermal and optical input data available on component
performance in order to assess the suitability of various alternatives.

Comprehensively developed models for calculating building heating and cooling loads can only be as good as the
input data available on the components. It is well established that the error associated with the characterisation of
building components can be significant. The absence of uniform standard methods for characterising some of the
building components can cause further confusion.

A lot has been documented about the conductive heat transfer calculations and test procedures. Studies interna-
tionally (Erhorn et al, 1987 IEA Study; Klems, JH, 1985, LBL Study) have revealed the shortfalls in test
procedures, especially the order of differences in values obtained by using the different procedures. Differences
due to the choice of standard test conditions and temperature and wind probe locations itself can cause significant
error in U-value measurements.

Berman et al (1975) pointed out that seasonal energy costs or benefits associated with windows are substantially
85
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affected by direct solar gains. Johnson et al (1982) emphasised that there is an optimal combination of U-value
and shading coefficient from the standpoint of annual energy use. This is certainly true for heat gain dominated
climates such as most of Australia. Furthermore, the importance of daylighting contribution to energy efficiency
has led to detail consideration being given to visual transmittance and reflectance.

A lot of these studies have been based on theoretical simulations which make a number of assumptions about real
time heat flow in buildings. Some of the basic procedures such as the ASHRAE heat transfer analysis have been
shown (McCabe, 1984; McCluney, 1984; Rubin, 1985) to have shortfalls. The growing use of advanced glazing
systems and the inclusion of novel shading systems are a further cause of concern due to the number of
assumptions made regarding the heat flow regime around these systems in use. Their selective dynamic response
(spectral, angular and other sensitivity to voltage, light or heat) is of particular concem

This points towards the need for a procedure for accurate and reliable measurement under realistic conditions.
This paper reports on the field studies at the SOLARCH: Solar Architecture Research Unit, Sydney, Australia. A
field model calorimeter is used to verify larger sample properties against laboratory tested and theoretical results.

FIELD TESTING
Two key methods of field assessment of thermal and optical performance of glazing systems have been:

. comparative assessments using passive test cells.
bd quantitative (absolute) measurements using calorimeters.

The former have been full size insulated direct gain rooms in parallel, with a control room and one or more test
rooms. The inside have largely been unconditioned and a comparative strategy has been devised for component
characterisation. Moore (1982) summarised in detail the American use of this procedure. PASSYS program is
currently finetuning an advanced adaptation of this procedure for its test program.

At SOLARCH we started using this technique in 1979. In a heat gain dominated climate the inside temperatures
in free running cells rise to around 45°C above ambient. Due to the facility dependent nature of such cells it is
difficult to quantify all the effects. The use of internal shading devices tends to affect the convective behavior near
the glass surface (Smart, 1987).

The use of field solar calorimeters date back to 1945 when ASHRAE built their version in Florida (Parmalee et al,
1945). This resulted in a lot of useful design information for simple systems. Since the 1970’s and with the
marked growth in the use of glass in buildings, others have been built to varying levels of complexity (NBS,
McCabe, 1984; U.A., Yellot, 1965; MOWITT, Klems, 1985; FSEC, 1986; NRCC, Barakat, 1982; U.W., Harrison,
1989; and others in Europe). These have added to the knowledge on field testing but unfortunately most are not in
operation. A lot still remains to be researched.

The basic principle in all these has been the detail accounting of heat balances between that gained through test
interface and that collected by the absorbent resulting in an increase in its temperature. The inside/outside
temperatures are kept closely the same to eliminate conductive transfers. Building on its past experience
SOLARCH has built a calorimeter for field characterisation of building components in Australia.

PERFORMANCE EVALUATION OF GLAZING SYSTEMS

Figure 1 in the appendix illustrates the calorimeter and control systems employed in the SOLARCH facility. The
heat extraction consists of a primary chiller unit with an intermediate buffer tank between the calorimeter and the
chiller. A high flow rate is maintained in the calorimeter to ensure a uniform absorber plate temperature.

The flow rates in the absorber cooling loop and the air coil are automatically controlled to maintain the average
absorber temperature and average air temperature to within a specified tolerance of ambient temperature (usually
1K). The heat extracted from the absorber is removed by the heat exchanger in the return line to the buffer tank or
by direct temperature control of the buffer tank from the chiller tank.
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All control operations are determined by a real time monitoring and control program in an on-line computer. The
primary control function is to maintain the average absorber temperature and air temperature within 1K of ambient
temperature. A secondary control function is to maintain a minimum temperature difference of SK between the
absorber and air coil input and output flow lines in order to minimise errors in thermal energy evaluation.

The primary control functions are achieved by automatic adjustment of the flow rates in the absorber and air coil
lines and by operator specification of the temperatures of the buffer tank and chiller tanks. The design points for
the buffer tank and chiller tank are 5K and 10K below ambient respectively. The chiller tank temperature is
specified by the user in the setup data file and then maintained automatically by software control of the chiller
system compressor. A dead band of 2K (user specified) on the chiller tank should be used to minimise compressor
cycling.

The energy flows into the absorber plate and the air space of the calorimeter are monitored by measuring the flow
rate and temperature change of the two water cooling circuits. The energy lost through the walls of the calorimeter
and the energy input by the absorber circulating pump, air circulating fan and air reheater are subtracted from the
total thermal energy output to give the net energy transmitted by the window system. The on-line program
averages all measurements over 10 sec and displays the most recent readings on a mimic diagram of the system.
One minute averages of all parameters are stored on a running results file. The running results may be viewed at
any time by the operator or displayed graphically.

USER INTERFACE FOR CONTROL AND DATA ANALYSIS

The control program has been structured so that the user can specify all parameters relevant to the calibration of
transducers, control functions and data recording. The main operation specification file contains all control
function set points and data stability tolerances. The user should edit this file to control the setup for each test.
The control state and graphical data display functions available to the user are:

Solar calorimeter - a mimic diagram of the system and control data.
Absorber plate temperatures
Absorber water temperature
Absorber air temperature

Buffer and Chiller tank temperature
Solar radiation

Solar angles

Shade coefficient

Air flow rates

Heat collected by absorber

Heat collected by cooling coil

HSOENA M AW N

=-e

The run time user interface to the data display and control functions is via pull down menus on the screen. The
pull down menu structure depends on the display page the user has selected.

RESULT FILES

Measurements collected during a test are analysed and stored at 3 levels. The minute by minute records of all
temperatures, flow rates, energy flows and computed transmission are stored in a file DD-MMM.TMP where
DD= day of month; MMM = month eg 04-MAY.TMP. The stability of the calorimeter operation is over intervals
defined by the user. Each minute all stability tolerances are evaluated. When a valid test period is observed the
measured and computed results are written to file. A typical graphical result file is shown in Figure 2.

CALORIMETER CHAMBER
Figure 3 shows a photograph of the test facility in use. The test sample size is within the range 1.80m X 1.20m,

inclusive of frame. The chamber can be manually aligned to all usable altitude and azimuth combinations. It is on
a mobile chassis for transportability.
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FIGURE 3 A PHOTOGRAPH OF THE TEST FACILITY

RESEARCH PROGRAM

The first phase of the study currently under way is looking at two sample, a 3mm DSA reference and a commonly
applied 6mm tinted glass (TS21). The results have been validated using manual calculation procedures and
manufacturers specification. The correlation has been accurate to 94%. Detail sensitivity tests are now under way
to establish facility characteristics and variability to ambient conditions. This paper is therefore a progress report
on the overall testing program. The facility will be used to provide a service to the industry and be an integral part
of a proposed standards development project. An inside scanning system with radiation and photosensors is being
mounted for further data extraction.

CONCLUSION

The need for accurate field measurement of component performance is evident. The study of solar gains and
visual transmission through glazing systems is underway to provide further information on product performance.

Acknowledgement: This project was supported by the National Energy Research Development & Demonstration
Council, DoPIE, Canberra.
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ABSTRACT

The utilisation of evaporative air cooling in Islamic architecture
is discussed in this paper. Several systems are presented for
which description, operational method and climatic conditions are
discussed. The systems which are discussed in this paper; they are
completely passive. Some of them are going to be compared with
active cooling systems. It shows that some of the passive systems
are more efficient than the active ones. They always blend with the
needs and the environment.

KEYWORDS
Fountain; Salsa’beel; A’ cool; Wind tower; Courtyard house
concept.
Introduction

Islamic architecture implemented evaporative air cooling as one of
the passive cooling techniques utilised in different types of
climates. It was mainly used in the hot-arid regions of that part
of the world. Several evaporative air cooling techniques have been
used according to the climatic conditions and the available
resources.

Some of these techniques are presented in the following discussion.
It is 4important to notice that almost all of the presented
evaporative cooling systems are passive ones. These systems do not
only work effectively as cooling systems but also take into
consideration the aesthetic appeal of the living environment.

The Fountain as an Evaporative Air Cooler

Fountain (Nafora or Fasquia, in Arabic) is a very essential
architectural concept in the Islamic architecture. When water is
scarce, talking about hot-arid regions, the fountain is recognised
as a valuable architectural work of great aesthetic appeal.
Moreover it works as an evaporative air cooling system, specially
when located in a way of an air stream or a wind passage. The
latent heat of water evaporation is absorbed from the passing hot-
dry air stream. The process is an adiabatic humidification process
in which part of the sensible heat of the air stream is transferred
to latent heat. Therefore the sensible heat of the air stream
decreases and its DBT decreases, while on the contrary its latent
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heat increases. Due to this fact the fountain is used in both the
traditional and the contemporary Islamic architecture as a passive
cooling system or part of a complex passive cooling system such as
in the middle of a courtyard house, in the exit air from a wind
tower or located in an air stream passage inside a living room as
shown in Fig.1l.

The Salsa’beel as an Evaporative Air Cooler

It is a kind of fountain composed of an inclined marble plate
carved in a wavy pattern on which water stream is trickling. It
is an option provided when there was not enough water pressure for
operating a fountain, and can be considered as a transposition of
the fountainhead placed outside the fountain [7]. The carved wavy
pattern, as it reflects and enhances the formation of water waves
as an aesthetic view in the living area, also creates more surface
area to enhance the water evaporation on that surface. Air cooling
by salsa’beel works in a similar manner as that of the fountain.
The idea of salsa’beel operation is very simple in which water
trickles over the inclined surface of the marble tile. As water
accumulates between the carved wavy pattern of the tile; it tends
to flow on it in a wavy form, as shown in Fig.2. As water reaches
the bottom edge of the marble tile it moves into a marble channel
which as creating more aesthetic appeal it provides more water
surface area for the evaporative cooling process.

The "A’cool"™ as an Evaporative Air Cooler

Ancient Bedwins of Arabia used to sell evaporative air coolers to
people settled in cities. These coolers were named "A’cool", which
is an Arabian word. An A’cool is made of desert thorn and namely
a special type of thorn called camel thorn or A’cool thorn. The
thorn is used as a packing media that acts as an evaporative air
cooling surface. It is packed between two layers of palms’ sticks
formed in a grid shape frame as shown in Fig.3. The sticks tied
together with palm leaves to form the above mentioned grid shape
frame. The camel thorn has a major advantage which is moisture
retention for a long period of time compared with other types of
plants. This advantage reduces the amount of water consumed in the
process of evaporation and therefore helps in the conservation of
water, the most precious element in the hot arid desert climates.
Moreover the capability of moisture retention keeps the camel thorn
green for a long period of time and this gives an additional
advantage of aesthetic appeal to the A’cool. In fact its green
appearance indicates the freshness of the camel thorn as a packing
media which usually lasts for more than two months before it dries
and therefore needs to be changed. The A’cool is usually fixed on
a window or sometimes on a door opening facing the prevailing wind
or a local wind. Since air is hot and dry in these areas, A’cool
is wetted with water and therefore when air passes through the wet
media of camel thorn it operates as a direct evaporative air
cooler. This cooling process is an adiabatic humidification
process in which the latent heat of water evaporation on the wet
media is absorbed from the outdoor hot dry air stream while passing
through the A’cool. The entering air stream sensible heat
decreases, whilst its latent heat content increases. The DBT
decreases, simply because some of the sensible heat originally
present in the entering ambient air is converted into latent heat.
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Air humidity increases after it passes through the A’cool wet
media, and in hot dry climates this humidification action gives an
additional pleasant comfort feeling.

Psychrometric Charts and Climatic Conditions

Fig.4. shows a hypothetical psychrometric chart showing a
comparison between the cooling effects of the presence of a direct
evaporative cooler, an A’cool, a Salsa’beel or a fountain in a
living environment. Further investigation and experimental work is
needed to prove the ranking of the cooling efficiencies of these
systems.

The above mentioned systems works as follows : the air cools
evaporatively along a line of constant wet bulb temperature (WBT)
moving it from conditions at point A to these represented by the
points B,, B,, B, or B,, while the ambient air DBT is reduced its
humidity increases. The cooled air then gets mixed with room air
improving its conditions to those shown at points C,, C,, C, or C,.

The WBT of the entering air conditions (point A in the chart) is
the most limiting factor for the efficiency of these systems. The
above mentioned systems are more efficient in hot dry climates.
They are not going to provide the desirable comfort in hot-humid
climate this is due to the fact that the humidity will increase to
unpleasant level with less achievements in reducing the DBT. If
the indoor conditions have a relative humidity exceeding 70-75% RH,
the above mentioned systems will cease to function.

Wind Tower as an Evaporative Air Cooler

Wind is a very important factor in the design of buildings
specially when air movement and ventilation are necessary in
achieving human thermal comfort. In hot-arid climates a window
cannot function as one unit capable of providing the required
natural lighting, ventilation and view. This is because of the
nature of that climate which can be characterised by high
temperature accompanied by large diurnal range (18-22°C) and dusty
winds of fixed diurnal and seasonal patterns. It is also
characterised by high solar radiation and hot days with hot
draughts and high radiation rate to the sky during the night with
cool nights. Therefore, people living in these areas found it
impossible to design windows that function as a 1lighting,
ventilation and view source, as well as being able to resist the
above mentioned characteristics of that climate. Due to high solar
radiation and to prevent excessive illuminance and glare in the
living environment, windows must be small. The suitable size of
window for day-lighting is wusually insufficient size for the
required ventilation. Large windows also allows more dust to enter
specially when knowing that dust is more concentrated in the lower
layers of the wind =zone. Air gusts are normally dry and hot.
Therefore for people living in these areas inorder to overcome the
problem of excessive illumination, dust and hot dry winds they have
to find another sort of windows different from the common ones.

A normal but small window can be provided in such climate to
function as a daylighting and viewing source. Shading devices are
good solutions to overcome the problem of excessive direct solar
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radiation. Special types of shading devices can be designed to
provide both shading and privacy. The third function of a window
which is ventilation. It can be interpreted as part of the window
area transpositioned to a more convenient location of the building
structure where it is mostly needed in order to achieve comfort.
This transpositioned part must function to overcome the problem of
hot air draughts, dust and sand storms as well as utilising the
characteristic of cold nights to cool the hot days. Moreover it
works as an evaporative air cooler by utilising the characteristic
of hot-dry air during the day.

Wind towers were found to be a good solution to overcome the above
mentioned problems of the hot-dry climate. It can be considered as
the part of the overall area of the windows in the building
required for ventilation removed from their places and placed on
top of the building for more convenience.

It is not the aim of this discussion to present the history,
theory, design and operation of wind towers, which have been
presented by several contributors [2, 3, 4, 5, 7, 8 & 9], rather
than presenting its partial operation as an evaporative air cooling
system.

When a fountain, a pool or a salsa’beel is placed in the way of
the outflowing air from a wind tower, as shown in Fig.5, further
air cooling can be achieved. An additional pleasant thermal
comfort will be achieved from the action of humidification of the
hot-dry air.

This system works as a complete passive cooling since no active
parts are added (such as pumps or fans). The wind tower as a
cooling system was found to be a more efficient one when compared
with several modern evaporative air coolers [2].

Several modifications have been presented in the literature, some
of which are shown in this paper. The modifications presented are
the ones related to evaporative cooling. Other possible
modifications covering the cooling aspects of the wind tower are
well documented in the literature. Fig.6 presents an old
modification in the wind tower that enhances the evaporative
cooling effect of the tower. The modification is simply by
providing a row of porous pottery jars just after the inlet of the
tower and charcoal on grating before the exit of the tower. A pool
of water is usually provided in the bottom of the tower. Jars are
filled with water which wet the surface of the jars, moreover
droplets of water from the bottom of the jars will also wet the
charcoal; excessive water ends into the pool provided at the bottom
of the towers’ exit.

When hot-dry air passes through the tower it gets humidified and
evaporatively cooled when contacting with the wet surfaces of the
jars, the water droplets, the charcoal and the pool water surface.
Additional to the humidification and cooling effects it also cleans
air from the suspended solids of dust which is a common feature of
the wind in hot arid climates.

The wind tower of Fig.7 implements another modification that
utilises evaporative cooling concept [7]. The evaporative cooling
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system is simply an inverted Y-shape metal plate on which charcoal
is placed and held in place by grating on top of it. Another V-
shaped plate is suspended with the Y-shaped plate and also filled
with charcoal. Water is pumped to the upper part of the tower and
sprinkled on the charcoal. When hot dry air passes over the wet
charcoal surface it gets humidified and evaporatively cooled before
entering the living environment. The same tower can be further
modified [7] by providing a salsa’beel and / or a fountain in the
passage of the air while leaving the tower, as shown in Fig.8.
Salsa’beel or a fountain in the 1living environment not only
enhances the evaporative air cooling of the tower but also provides
an aesthetic appeal to that environment.

When an underground water stream is available or the water table
is high in the site of the building, the wind tower of Fig.9 can
be a good evaporative air cooler [2]. As the underground water
temperature is normally low, this provides the system with an
additional cooling factor. Therefore this system is employing a
more cooling efficiency when compared with several other towers.
The house is connected with the underground water with shafts such
as D. Air enters from point d of the tower with high velocity.
While entering it carries the cold air at point ¢ to the other
parts of the room. At point a the transported air enters again and
gets circulated through the underground water passage therefore
further cooling is achieved. The underground water can be utilised
by several neighbours by implementing the same system in each
house.

Another wind tower incorporated several modifications [3] is shown
in Fig.10 in which only the evaporative cooling modifications are
intended here for discussion. The system is capable of directing
more air to the living space and capable of storing and retrieving
coolness with a higher efficiency. Moreover the tower is provided
with unglazed clay conduits sprayed with water from the upper part
of the tower. When hot-dry air passes over the wet surface of the
clay conduits evaporative air cooling takes place. Therefore air
enters the living space with a much lower temperature. This tower
is also successfully functioning in removing dust particles from
the entering air and therefore passing clean air to the living
space.

A wind tower incorporating an evaporative air cooling media [5] of
thick celdek evaporation pads made of special paper honeycomb have
been designed and constructed in a test house. The cooling
efficiency of the tower was investigated.

A wind tower for passive cooling and heating in hot-arid regions
was successfully designed [4]. The cooling mode of the tower
utilised evaporative cooling pads across which hot-dry air passes
and leaves the pads as a humidified and cold air.

Psychrometric Charts and Climatic Conditions for Wind Towers

Different designs of wind towers tend to have different
psychrometric charts, when considering the final cooling effects.
A typical psychrometric chart can be considered as that shown in
Fig.1ll which is related to the cooling effects of the wind tower
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presented in Fig. 9 [2].

Wind towers can be used as cooling systems in hot dry climates and
the cooling effect of the tower can be enhanced when provided with
evaporative cooling parts. The systems can also be used in warm
humid climates where air circulation is important in achieving
thermal comfort. A wind tower for both passive cooling and heating
was reported [5] and proved to be efficiently operating.

Evaporative Air Cooling in the Courtyard Concept

It is not the aim here to discuss the courtyard concept, which has
been well studied by several other workers [6, 7 & 9], rather than
discussing the utilisation of evaporative air cooling as one of the
passive cooling techniques utilised by the courtyard concept.

A simple description of the courtyard concept is provided in
Fig.1l2. It is usual to provide a pool or a fountain at the centre
of the courtyard for the purpose of evaporative air cooling. The
presence of the fountain (or the pool) surrounded by the rooms
provide a shelter for the fountain from the direct flow of the hot-
dry winds and therefore limits the amount of evaporated water.
This is good decision making knowing that water is precious in the
hot-dry climates, and therefore it is good to use it for cooling
purposes providing that excessive evaporation is prevented. A
salsa’beel might be provided in another part of the house such as
a living room. An A’cool is provided to serve a room or a number of
rooms or spaces inside the house. Several A’cools are possibly
provided each to serve a certain space of the house. These are
usually fixed on window openings.

During summer some of the houses are provided with two A’cools
standing in an L-shape opposite to the main entrance. A third
A’cool is used to cover the previous two A’cools. The main
entrance door is kept open and the three A’cools structure serves
as an evaporative air cooler and as a curtain that keeps the house
private. The green looking of a number of A’cools in front of the
entrances of several courtyard houses adds an additional aesthetic
dimension to the alleyway.

The courtyard flat roof usually used for sleeping during summer
times and water sprinkling on the roof, before sleeping is a common
practice. The idea of sprinkling water on the roof is to create
evaporative cooling as an additional cooling method to the cooling
by radiation to the sky which is a natural phenomena in hot-arid
regions. The rooms of the courtyard house which are away from the
courtyard breeze are usually provided with wind towers similar to
that shown in Fig.5.

Therefore the courtyard concept can be considered as an extreme
case of the utilisation of evaporative air cooling.

Conclusion

The discussed evaporative air cooling systems are not the only
implemented ones by the Islamic architecture. They are only
presented as examples from some Islamic regions. Other evaporative
air cooling systems can be found in other regions of the Islamic
world. The presented passive evaporative air cooling systems can
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be characterised by their design simplicity, aesthetic appeal,
quietness and good efficiency which are very important parameters

in any architectural design. Some of the presented systems were
found to be more efficient when compared with several modern
evaporative coolers. Further modifications and studies are still

required before implementing these techniques as part of the modern
architecture, although some have been successfully used in some
modern buildings.
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ABSTRACT

Attached sun spaces and glazed extensions to buildings act as passive solar
systems with a relatively low efficiency. This paper analyses the useful
solar heat obtained using sun spaces attached to dwellings in different
regions of Argentina. The results show that they perform well in Patagonia,
southern Argentina, where attached sun spaces offer other climatic and
functional benefits in a region with high wind speeds and 1low rainfall.
Design guidelines are provided, based on a study of alternatives which
increase useful solar heat gain.

KEYWORDS

Sun spaces; solar systems; patagonia; Argentina; solar radiation; glazing;
climate.

INTRODUCTION

Attached sun spaces and glazed extensions sct as passive solar systems of
relatively low efficiency, providing less useful solar heat gain than direct
gain systems and Trombe walls of the same effective exposed area. However,
they provide additional benefits such as extra living space for intermitant
use, protection from strong winds, space for plants protected from frosts,
and a transition between indoor and outdoor spaces, which may be used to
provide an entrance with low heat losses or a thermal buffer. At the same
time these spaces may suffer from summer overheating and reduced ventilation
to habitable rooms.

It 1is therefore important to identify the region where attached sun spaces
perform well and to clarify the design variables which influence the useful
heat gain (Evans et al, 1989). These two aspects are studied in this paper.
Simple design recommendations are presented, allowing the designer to
evaluate alternative solutions in relation to the solar-thermal properties
as well as functional, aesthetic and other factors involved.
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CRITERIA FOR THE USE OF ATTACHED SUN SPACES

Four criteria are proposed to identify climatic variables that favour the
use of attached sun spaces. The criteria adopted are useful solar heat,
avoidance of summer overheating, wind protection and 1low rainfall. They
define the geographical region where benefits of sun spaces are optimized.

1. Useful Solar Heat: The useful solar heat is the energy received by the
sun space and transmitted through the shared wall to the building, when this
is required, replacing conventional fuels and improving comfort conditions.
The useful solar heat gain was estimated for 60 towns, 20 sun space designs
and three insulation levels. The Passive Solar Handbook Method (Balcomb and
Jones, 1983) was adopted, using data prepared for Argentina (Fabris and
Yarke, 1986). Figure 1 shows the typical variation of useful solar heat
gain in Argentina for a sun space with double glazing, vertical walls and
30' roof slope, opaque insulated lateral walls, without night insulation.
The rate of dwelling heat loss per unit temperature difference per unit area
of dwelling/sun space wall is 8.45 Watts/m2'C. Other configurations show
similar distributions with minor variations and a clear general tendency:

i). The low latitude, low altitude region in the north has low useful solar
heat gain, due to the mild winters with low heating demand.

i1). The western limit of the country, with high altitudes, has high demand
due to low temperatures, coupled with high solar radiation intensities.

11i).The useful solar energy increases at higher latitudes in the centre and
south due to colder and longer winters, which increase heat demand.

iv). In the far south and west, useful solar energy diminishes slightly due
to low angle winter sun and increased cloud cover.

2. Summer Overheating: Attached sun spaces are prone to summer overheating,
as they are difficult to shade from high angle sun. Overheating can be
controlled in regions where the maximum average monthly temperatures do not
exceed the upper comfort limit. With good ventilation, sun spaces will
rarely exceed comfort levels and heat transfer to the dwelling will be low
and unlikely to cause unwanted temperature increases. A maximum monthly
temperature of 25'C was chosen as the proposed upper 1limit to control
overheating of the sun space. In areas of high temperature swings, partial
heating may be required at night, even though daytime temperatures are
comfortable or hot. In this case, a heavy, high heat capacity wall between
sun-space and dwelling can provide a useful fly-wheel effect, delaying heat
transfer for several hours. The sun space itself may suffer from high midday
temperatures, but the dwelling still benefits. A maximum average monthly
temperature of 20'C is proposed to avoid overheating of the dwelling when
the summer range exceeds 15'C. Figure 2 shows the areas defined using recent
met. data (S.M.N. 1986). The high altitude region in the north and west of
the country is excluded using these criteria.

3. Wind protection: The patagonian region is characterized by very strong
and persistent winds. The attached sun space provides an intermediate
indoor/outdoor space protected from these winds. Figure 3 indicates the
distribution of average annual wind speeds which have maximnm values on the
southern atlantic coast.

4. Low rainfall: Attached sun spaces may also be used for cultivating
plants, protected from low temperatures. Plants may require partial winter
heating to avoid frosts as attached sun spaces are inherently badly
insulated. Plants may also require protection from excessive temperatures in
summer using the previously proposed criteria.
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The possibility of cultivating plants in attached sun spaces provides
additional benefits in Patagonia, as the combination of climatic factors
limits cultivation 1in conventional gardens: very low rainfall, low
temperatures and high winds. Figure 3 also shows rainfall distribution in
Argentina. The hatched area has an annual average rainfall of less than 500
mm, the minimum required for tree growth without artificial irrigation.
Humidity from sun spaces can also improve indoor comfort in this dry region.

The four criteria related to climatic variables allow the definition of the
region where attached sun spaces can be used with greatest benefit. This
region is shown in Fig. 4 and extends over the greater part of Southern
Patagonia. Although the useful heat gain is slightly less in the far south,
(Tierra del Fuego), attached sun spaces still provide an attractive and
energetically useful addition to dwellings. This evaluation defines a region
which coincides with the zone where glazed galleries are found in the
traditional "estancias" (sheep farms) in the south of Patagonia.
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Fig.1l. Useful solar heat gain. Fig.2. Avoidance of overheating.
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OPTIMIZING USEFUL SOLAR GAIN

The comparison between different sun space designs in the same locality
indicates the design variables that influence useful solar gain, such as use
of nocturnal insulation, combinations of vertical and/or inclined glazing,
thermal properties of the wall between sun space and dwelling and treatment
of the lateral walls of the sun space: glazed, insulated or shared with the
dwelling. The following recommendations will improve solar gains thought
variations in useful solar gain with different designs are often small and
the relative importance of alternatives also varies slightly with latitude:

1. Nocturnal Insulation: The variable that provides the greatest increase in
useful heat gain is effective night insulation. This must be provided in the
form of insulated shutters, which reduce night heat losses without
interrupting daytime gains with open shutters. This element is especially
beneficial in the far south where night temperatures are lowest. Despite the
benefits, effective insulated shutters are difficult to design and costly to
install, especially in the high wind speed area in southern Argentina. In
practice, insulated shutters are rarely used with attached sun spaces.

2. Geometry: The geometric configuration of the attached sun space is the
second most important design variable. 50' inclined glazing was found to
provide more solar energy; vertical and 30' glazing give average levels and
vertical glazing, (glazed galleries) provide lower levels. Although glazed
galleries with vertical glazing are the least efficient as solar systems,
they are the easiest to protect from sun and hail. An east facing gallery of
this type has been incorporated in the solar house at Abra Pampa, with
positive results (Lesino, et al, 1990). It provides useful morning heat and
humidity, while avoiding midday overheating.

3. Wall between dwelling and sun space: There are three alternatives for
walls between attached sun spaces and dwellings, allowing energy transfer by
radiation, convection or transmission. A glazed wall transmits direct solar
radiation, especially with low angle winter sun which can penetrate directly
into the dwelling, after passing through the sun space. However, glazed
walls transform sun spaces into rather more elaborate direct gain systems,
where the main solar gain is received directly in the dwelling space. A
heavy, high heat capacity wall of dense brick or concrete receives solar
energy on the inner sun space wall and transmits this to the dwelling by
conduction, with a time lag. An insulated lightweight wall with controllable
high and low level vents allows heat transfer by convection. The evaluation
shows that the convective transfer is not as effective as the conduction
tranfer, even when the improved insulation to reduce heat losses is taken
into account.

High heat capacity walls are therefore prefered; they also avoid moving
parts or controls. In practice, the three alternatives can be combined in
the same wall; windows or glazed doors allow direct gain and convection,
while a heavy wall provides accumulation and transmission. Glazed openings
should not exceed one third of the dwelling/sun space wall and incorporate
double glazing or internal insulated shutters to reduce night heat loss.

4. Lateral walls: The treatment of lateral walls also affects the efficiency
of sun spaces. It was found that opaque insulated walls performed slighty
better than glazed 1lateral walls (attached sun spaces) or lateral walls
shared with the dwelling (intergrated sun spaces), through differences are
not significant.
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Link wall.
Loteral wall. E i i
3 g 3
Atternatives 1" 50° glazing 1 High heat capacity 1 VUpuque
2 30°+90° 2 Insulated wall 2 Transparent
J Vertical and vents 3 Dwelling

Fig. 5. Order of priority for design alternatives

CONCLUSIONS

Sun spaces may be difficult to justify as passive solar systems to provide
partial energy to dwellings. However, they offer other advantages to improve
the quality of life, especially in the inhospitable patagonian region, where
they provide move usefull solar energy than in other regions of Argentina.
In this region summer overheating can be controlled, wind protected spaces
are required and indoor plants can compensate for scarce natural vegetation.

However, the use of the sun space in different seasons depends on the
duration of comfortable temperatures. High temperature swings, convection
currents, partial shading and stratification make confort analysis even more
complicated. A test cell has been constructed in the Faculty of Architecture
to study these problems. Measurements are in progress and a computor model
for the prediction of sun space performace is being calibrated. Design
guidelines will be further developed when the results of measurements in the
test cell and output from the model become available.
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PAS5IVE SULAR BUILDING DESIGN IN THE HUNGARIAN BUILDING IMCULTRY
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ABUTHACT

The application and the result of the passive solar architecture cepends
primarely on the knowledge of the architect-designers and on the quality
of the construction process itself too. There are new developments in
the Hungarian building industry too. There has finished a new regulation
which is now concentrated onto the solar technology. There has preparec
a data bank of the buildings tested, which experiences are available for
all the designers. there have established new educational programs for
different educetional levels on passive solar. There are collected the
possible failures indicating the ways how to repair those. Because of
the great volume of the reconstruction design, there are many instruc-
tions for these works. All these works are directed and connected by a

complex marketing work which one provides the success of the programe.

KEYi/ORDS

Standards, informations, education, reconstruction, marketing, comfort-—

designe

STANDARDS

For the modernization of the regulations there were carried on a very

comprehensive research in the last few years in Hungary and as the re-

sult of it, was prepared the new prescription in 1989. The new regula-

tion is concentrated to the solar energy. Its' requirements are given
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for the specific volume of the buildinge With the calculation methods
and data the regulation helps to determine the applicable amount of so-
lar energy. 1t gives several possibilities to fulfil the energetical
demands, so it urges to use the solar radiation energy on different
ways / eeget thermal insulation /. Therefore it initiates to use the

solar energy in the buildingse.

RECONSTRUCTION

Beside the construction of the new buildings, - because of the slow in-
crease in their volume - it is very important the problem of the exis-
ting buildings. In the same time when the solar energy systems are in-
tegrated to old buildings there is necessary to apply a control-system

to control the traditional heating system. Here is one of the point,
where the architectural and the building physics knowledge have to be
connectede. There are several methods to apply passive elements in old
buildings, like insulating-shading constructions. In the case of reconst-
ruction for example sometimes there is a need to change the flooring-
system and in this case it is possible to improve the active thermal
storage capacity of the buildings. By a general reconstruction can pre-
pare a subsequent thermal insulating work, and can add a new green—house
to the old building. The possibilities of the changes in the orientation
of an existing building needs more modification in it®s functional arran-
gement, but in some case this work also helps to the energy economy of
the building. Such = modification is useful just in that case, if the
ageing of the very building itself needs also a general reconstruction.
The reconstruction work costs much more than a construction of a new
building, so the results are also restricted. Therefore it needs very ca-

reful design work, because they have to count with many existing factors.

DATA UF THE e£XISTING PASSIVE BUILDINGS

There is a need to know the proper information from the methods and
possibilities tested earlier. It means, that it is an important data how
the passive elements work in the real built construction, because that
depends on the construction process as welle. This elaboration of the
data-collection was carried on in ihe same time of the elaboration of
the new standardse. These evaluations give information about the possible

failures also, and orientation for the further developments and researche



108
EDUCATION

For the effective work on the field of passive solar design it is needed
to educate the workers in the industry, the researchers, the developers,
the architects, the mechanical engineers, the contributors, the contrac-
tors at each level. This education has to be present not only at the
technical field. Because of it complexity it is important to involve
into this activity the problems of the economy, environment, comfort-—
studies, etce The aim of the education is to give to the proper people
the proper knowledge from the research and from the industry as well, as
soon as possible. For this point of view it is important for the eduda-
tors to have a very close connection with the industry and research ins—
titutes too.

THE MARKETING ACTIVITY OF THE DESIGNER

The main role of the architect-designer is to facilitate the communica-
tion between the demands of the users and the products of the industry
by the particular methods of the design. To fulfil this role the desige
ner needs also information on the new products appearsd in the market
and about the new standards, etc. On the base of these knowledge can

carry on the special solar marketing work the architect designer too.

SUMMARY

The above complex coordinated activity is necessary for the effective
passive solar building. Therefore in the building industry it needs the
cooperation of different institutes, factories, companies, universities,

professionse..



TOWN PLANNING FOR SOLAR ENERGY
URBAN DEVELOPMENT FOR SOLAR RIGHTS IN HIGH LATITUDES
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ABSTRACT

In southern Argentina, the useful solar energy received in conventional
housing and passive solar systems increases up to latitudes 47' - 50'S due
to the higher heating demand and the longer heating season. This paper
analyses the problems of protecting solar rights and avoiding over-shadowing
at these high latitudes. Recommendations for planning criteria are given for
high latitudes, based on a study of solar energy resources and heating
demand in over 100 towns in Argentina from latitude 22'S to 55'S. Densities
are indicated for different subdivision characteristics and design
guidelines are given for solar access in high latitudes.

KEYWORDS

Building densities; high 1latitudes; planning codes; solar radiation;
subdivisions; sunlight; Argentina.

INTRODUCTION

Continental Argentina stretches from latitude 22'S to 55'S and has a wide
range of climates and varying solar energy resources according to latitude,
altitude, cloud cover, etc.. This study aims to identify criteria for
housing sunlight standards in these different regions, as the widespread
benefit of solar energy can only be assured when there is effective building
control to avoid excessive overshadowing and protect solar rights. Planning
codes can ensure adequate winter sun without unduely limiting building
heights and densities at latitudes up to 40'S (Evans and de Schiller,
1988a). Sunlight is more difficult to ensure at higher latitudes where
winter sun is lower and shadows are longer.

This paper analyses heating requirements, solar energy resourses and solar
geometry in high latitudes of Argentina, where useful solar heat is
available (Evans and de Schiller, 1988b). Recommended densities and design
guidelines are proposed, based on the maximum dimensional building limits to
control overshading of adjacent plots.
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EXISTING SOLAR RIGHTS AND STANDARDS

Solar rights were promoted in the United States during the 1970's, to
ensure that collectors were not overshadowed by adjacent buildings. Since
these were often placed on roofs, some proposals emphasised solar rights for
this surface (Arumi and Dodge, 1977). Later studies proposed similar
safeguards for fachades, with reduced solar exposure (Knowles, 1981).

Sunlight standards for housing, which are used in most of northern european
countries since the 1950's, usually require 1 or 2 hours of direct sun in a
proportion of habitable rooms on a specified date with additional conditions
such as maximum angles of incidence and minimum solar altitude. Low sun has
weak radiation intensities and may be blocked by distant obstacles, while
high angles of incidence reduce radiation transmited through glazing and
wall thickness may shade direct sun.

An analysis of these existing standards and proposals indicates that they
often depend on latitude and availability of direct sunlight. In high
latitudes with increased winter cloud cover, dates further from the winter
solstice are chosen and fewer hours of sun are required. Minimum sunlight
hours also depend on solar energy use: flat plate collectors and passive
solar systems require more sun than domestic windows.

ZONES FOR THE APPLICATION OF SOLAR RIGHTS IN ARGENTINA

Information on the heating demand and solar energy availability (S.M.N.,
1986; Pracchia et al., 1986) was prepared for 113 localities in Argentina,
using monthly data of solar radiation, heat demand, 1latitude, altitude,
etc.. This data was used to determine regions where similar conditions
indicate the need for common responses to "solar access”. Heat demand and
solar radiation during the four winter months were studied. Two climatic
criteria, radiation and degree days, coincided with locational criteria,
latitude and altitude, to define 6 zones, shown in Table 1 and Fig. 1.

Table 1. Zones for the application of solar rights in Argentina.

Zone Solar radiation Degree days Latitude Altitude
Zone 1 > 6 KJ/m2 > 150 / month 22'S to 30'S > 1000 m
Zone 2 >4 & < 6 KI/m2 < 150 / month 22'S to 30'S < 1000 m
Zone 3 > 6 KJ/m2 > 220 / month 30'S to 38'S > 600 m
Zone &4 >4 & < 6 KJ/m2 150-220 / month 30'S to 38'S < 1000 m
Zone 5 >3 & < 6 KJ/m2 > 220 / month 38'S to 47'S -

Zone 6 < 4 KJ/m2 > 400 / month 47'S to 55'S -

DEVELOPING CRITERIA FOR SOLAR RIGHTS

Studies were made of typical subdivisions and existing private sector
and government financed projects to determine the range of typical plot
sizes, set-backs from plot boundaries and critical relationships for
receiving sunlight in corner plots. A spread sheet was used to calculate
maximum plot ratios, building densities and population densities according
to plot sizes, sunlight standards, floor heights, building depths, set-
backs, height plot boundary walls and space standards. These variables apply
the limiting planes from Table 2, which indicate the maximum dimensional
limits of buildings to avoid overshadowing of adjacent buildings and plots.
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Table 2. Angles of inclined planes that form the solar envelope tn
provide 2 hours of direct sunlight.

Date  Latitude Orientation of the plot boundary; east or west of north.
0 10 20 30 40 50 60 70 80 90 100

22/6 54.8 - - - 11 12 14 10 - - - -
53.8 12 12 13 13 15 15 13 - - - -
51.6 14 14 15 17 19 18 15 13 - - -
49.3 16 16 18 20 22 21 19 15 - - -
47.7 18 18 20 23 24 23 20 17 - - -
45.0 20 21 23 26 27 25 24 20 15 - -
42.0 23 24 26 30 30 29 26 23 17 12 -
15/ 54.8 12 13 14 15 17 16 15 - - - -
53.8 13 14 15 17 18 18 16 10 - - -
51.6 16 16 18 20 21 20 18 15 - - -
49.3 18 19 20 23 24 22 21 17 - - -
47.7 20 20 22 25 25 24 23 19 14 - -
30/7 54.8 16 16 18 20 21 20 18 15 - - -
53.8 17 17 19 22 22 21 19 16 - - -
51.6 19 20 22 24 24 23 21 18 14 - -
49.3 21 22 24 27 27 26 23 21 16 - -
47.7 23 24 26 29 29 28 25 22 17 10 -
Notes: Minimum solar altitude = 10'. Maximum angle of incidence = 67.5
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Fig 1. Regions for the application of solar access standards
a). Solsr regions (Table 1)}, b). Radiation and degree days.

Walls at the plot boundary will shade part of the plot. With partial
shading, higher densities can be achieved, so two cases were considered:

i). Without walls at the plot boundaries, planes start at 0,0 w.

ii). Walls at plot boundaries, planes start at a height of 2,5 m.
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In Zones 1 to 4 (latitudes up to 38'S), reasonable densities for housing
layouts can be achieved with 2 hours of sun, as high angle sun does not
require wide spaces between buildings on the winter solstice. 4 hours of
direct sunlight may be received at medium residential densities, but 6 hours
of sun requires limitations of orientation: North +/- 30'.

In Zone 5, solar access is more difficult as planning limitations are more
restrictive. It is still possible to receive mid-winter sun though this will
result in reduced densities, especially in the south. Densities and building
heights have to be progressively decreased as latitudes increase.

In zone 6, it is very difficult to achieve a standard of 2 hours of sun on
principal building fachades during the winter solstice with reasonable
residential densities: possible orientations are also restricted. The date
for establishing sunlight standards and maximum densities must be adjusted
to achieve a balance between economy, sunlight and other design factors.

Table 3 shows the plot densities that can be achieved using inclined planes
from Table 2 to form an envelope for a typical plot. Two cases are
presented: free-standing buildings with set-backs from all site boundaries
and buildings with party-walls on both lateral boundaries as shown in Fig.2.
Free standing buildings in small plots must have low densities to allow
direct sunlight in adjacent plots; plot sizes should exceed 20 m x 40 m to
achieve useful densities. Solar envelopes for buildings with party walls
allow plot ratios between 1 and 2, even in high latitudes.
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Fig 2. Examples of solar envelopes in Rio Gallegos, 1latitude 50'S
to allow 2 hours of sun in adjacent plots at 2.5 m.
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RECOMMENDATIONS FOR SOLAR STANDARDS IN HIGH LATITUDES

The following recommendations are based on our studies of building form and
density in relation to sunlight on fachades with different orientations:

All housing should receive at least 2 hours of direct winter sunlight
through windows in main fachades. At least half of the habitable rooms of
each dwelling, including the 1living room, should have windows on this
fachade. Dates (and solar declination) for verifying winter sun are as
follows: between 1lat. 52'S and 55'S (Tierra del Fuego), July 30 (18.42);
between lat. 48'S and 52'S (south of Santa Cruz Province), July 15th
(21.52); north of 1lat. 48'S (centre and north of Santa Cruz Province),
winter solstice: June 22 (23.45).

These windows should be placed in north facing fachades, with a maximum
deviation of 70' to the E or W of N to receive 2 hours of sun. Direct sun is
not considered useful and is discounted when the angle of incidence exceeds
67.5' or when the solar altitude is below 10'.

When buildings are grouped in parallel rows, the relation between building
height and distance between buildings should allow an angle of 15' between a
horizontal plane and an inclined plane projected from the sill of the window
to the highest point of the roof of opposite buildings. Windows orientated
between 20' to 60' E or 20' to 60' W, allow reduced distances between
buildings, with a plane inclined at 18'. Alternatively, houses may be
designed to receive 1 hour of sun on E and W fachades with limiting inclined
planes of 15' on both sides of the building. Streets with continuous rows of
buildings orientated E-W will have permanent shade in winter, and may suffer
from ice and snow accumulation. Spaces between parallel buildings with a
NE-SW or NW-SE orientation will have more direct sunlight.

In collective housing projects, as opposed to single family dwellings in
individual plots, up to 10% of the dwellings may receive less than 2 hours
of direct sunlight, if this allows other benefits such as closer grouping
for energy savings or wind protection. These dwellings must have a view onto
a space with a minimum of 2 hours of direct winter sunlight.

With complex building forms or special cases, graphical methods or model
studies may be used to test and improve direct sunlight standards. Using
these methods, it may be possible to achieve slightly closer grouping of
buildings than that indicated in these general recommendations.

Table 3. Range of building density (building area as a proportion
of net site area) for typical residential plots.

Building type: With free perimetre With lateral party walls
Boundary wall height: 0Om 2.5m Om 2.5m

Zone 1 and 2 0.1 - 0.5 0.7 - 1.0 1.0 - 2.0 1.0 - > 2.0
Zone 3 and 4 0.1 - 0.5 0.7 - 1.0 0.5 - 2.0 1.0 - > 2.0
Zone 5 0.1 -0.5 0.7 -1.0 0.5 -2.0 1.0->2.0
Zone 6 0.1 - 0.5 0.7 - 0.9 0.3 - 0.9 1.0 - 2.0
Plot characteristics: Plot 15 x 40m Plot 10 x 40m

Side building line 1.2m Side building line 0.0m
Front building line 3.0m Front building line 3.0m
Back building line 8.0m Back building line 8.0m
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Fig. 3. Use of inclined planes to form solar envelopes.

CONCLUSIONS

Planning controls to ensure reasonable standards of sunlight in urban areas
must be based on simple evaluation criteria and allow acceptable densities
and forms of urban development. This study shows that simple building
controls can be incorporated in planning codes to obtain established levels
of sunlight in latitudes from 38'S to 55'S. These standards can be applied
in low and medium density residential areas without restricting existing
forms of building development. The next stage of the study is the drafting
of standard clauses for planning codes in different zones and discussions
with municipal authorities with a view to incorporating these criteria in
current planning legislation.
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THE APPLICATION OF THE DOUBLE ENVELOPE STRUCTURE WITH
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ABSTRACT

This FPaPer discusses the afFplication of the double envelope
structure with convective loop in a Passive solar building. That
iss the stable air in the double envelope loop is changed to
circulating air moving through the passage. Natural convection
from a south facing Trombe wall carries the heated air up through
the space in a double-skinned roof. The moved air then passes down
through the north wall to an underground thermal rock storage bed.
fit nights single direction dampers Prevent the air from reversing.
Thus: the air gap acts as an additional sealed thermal insulation.
Practical surver indicates that the passive solar building adopt-
ing double envelope structure has good heating effect. This method
is an advanced and rational one that incorporates direct gain and
convective loopP methods-

¥ * * * s

Passive solar heating system is the solar heat using system
which incorporates the building and the heating facility as one.
In winters this system can collect: storage and distribute solar
heat effectively. In summer, it can obstruct solar radiation and
dissipate the heat excess. In designing of the passive solar
building, the following should be dealt with correctly:

a. To reduce heat loss, carry out the insulation design

Properly.

b. Install sufficient solar heat collectors on the south wall.

c. Install sufficient heat storage devices in the building.

d. Arrange the heating room against the collectors and storage
dexices.

In accordance with these principPless the authors developed a
doub le envelope structure heating model first in China. Test data
indicated that this new typPe of passive solar building had good
heating effect.

1. DOUBLE ENVELOPE STRUCTURE

The double erwvelope structure with convective loop is shown in
Fig.1. It contained the improved Trombe wall: the double envelope
convective looP and the underground thermal rock storage bed. The
double envelope convective loop was built within the roof and
north wall. Therefore, the imProved Trombe wall, the roof, the
north mall and the space above the rock bed formed a circulating
air passage.- In sunshim day, natural convection from the south
facing Trombe wall carried the heated air up through the convec-
tive looP in the roof.- The moving air then passed down through the
convective loop in the north wall to the underground rock storage
bed. In its circulating pProcess: the heated air heated the walls-
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Thus, the wall temperature was raised. The
heat excess was storaged in the rock bed
for the use in cloudy days.The circulation
of air could be natural convection.It also
could be forced convection created by
small-sized fans- Therefore: in designing
of the double envelope structure with
convective looP: the resistance of the air
circutation should be reduced as low as
possible. In constructing of the double
envelope structures clog or block of the
corwech tive :ooPd must bed avoided. Inltl:l;g
nights; single irection dampers insta W"""-W'ﬂﬁ
in the convective looP Prevented the air TR

from reversing. The air in the circulating Fig.1 double ervelope

NN N\

passage acted as an additional thermal structure with
insulation layer, thus reduced the heat convective loop
loss.

Compared with the direct solar heating system, double envelope
structure heating system not only made more use of the heat ga: n
of windows but also strenthened the insulation of walls. Therefore,
good indoor temPerature stability was achieved. Compared with the
tradditional Trombe wall> this new heating system had the heat
collecting function of convective loop but need not build special
heat storage wall. Because of the circulation of the heated air»
temperatures of the four sections of the surrounding structure
were raised and the comfort condition of the building was imProved.

2. THERMALTECHNICAL TEST

In order to examine the heating effect of the double envelope
structure with convective loop, two winter thermal condition tests
and one summer thermal condition test were conducted. These tests
were carried out before the passive solar building went into use.
on the condition that there was no suPplementary heat sources.
Fig-2 shows the daily maximum and minimum temperatures of the
standard room {referred to the room heated by the double ervelope
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- / \g
«|  ean outdoor tesp. ®
N . To & & BN b F AN
2 NEN1L 4 TPISNY hor
Dec. h. &‘e
Fig-2' Daily max and min room Fig-3 The hourly temperature
temperatures and daily of the standard room
mean outdoor temperatures in two days (Jan. 13-14,

of the standard room 1989)
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structure with convective loop) and the daily mean outdoor
temperature. The figure.indicates that the highest fluctuation of
room temperature was 5 C. Therefore, the standsrd room had good
temperature stability and fine heating effect. The hourly tempera-
tures of the standard room in two davs are given in Fig-2. The
maximum difference of room temperature and outdoor temperature was
more than 25°C. In wview of this, the standard room had good
heating effect ---- the improved Trombe wall absorpted solar heat
effectively, and the double eonvelope structurae with convective
loop had good insulating function. Fig.4d illustrates the hourly
temperatures of the north wall’s interior surface of the standard
room and the compared room (referred to the solar heating room
which did not possess the double envelope structure). As Fig-4
shown, at night, the temperature of the north wall’s interior
surface of the compared room mas higher than that of the standard
room. It was because that the higher heat loss of east breast wall
made the air temperature of the standard room decreased. thus
resulted in lower surface temperature. In the daytime. temperaturs
of the north wall’s interior surface of the standard room was
higher than that of the compared room. It was because that the
moving air in the double envelope convective loop heated the north
wall of the standard room- The heated wall then heated room or
reduced the heat loss. Therefore, higher room temperature was
aquired. Fig.5 shows the maximum temperatures of the standard room
and the compared room in ten days. Test results made known that in
summer, overheating could be avoided completely if windows were
timely opened for wentilating.
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dte 1. 2 5 4 5 9 e
Fig.4 Hourly temperatures Fig.5 Max indoor temperatures
of the north wall’s of the standard room
interior surface of and the compared room
the standard room in ten days {(August,
and the compared 1988)

room {Jan.13, 1989)

3. CONCLUSION

Test results proved that the double envelope structure with
convective loop heating system was an advanced and rational
heating swstem. It had such characterastics like.
. 1. Ordinary solar building uses solid material as insulating
lasers but the double envelope convective loofF structure changed
+the fixed laser to air laver. In the daytimes,the moving air heated
the room and the heat excess was storaged in the rock bed. In the
night, single direction dampers imnstalled in the convective loop
prevented the air from reversing. The air layer acted as an
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night: single direction dampers installed in the convective locP
prevented the air from reversing. The air layver acted as an
additional thermal insulating layver, thus reduced the heat loss-
Compared with the direct solar heating system. the double envelore
convective loop heating system either satisfied the need of
heating: or raised the temperature stability of the building.

2. The double envelope convective looP structure depended on
natural convection to carry the heat gain. The surrounding
structure of room was heated by the moving air and the surface
temperature of the wall was increased.This led to even temPerature
field and confortable condition-

3. The advantage of sunspaces is that it can be used as the
buffer area to reduce heat loss. But it takes some of the archi-
tectural area- The double envelope convective looP structure also
had the advantage of reducing heat loss and by constructing this
structure, architectural area was Put to a better use.

4. In summer, overheating could be completedly avoided if the
windows were timely ofFened for ventilating.
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ABSTRACT

Development of a prototype double-glazed window with evacuated silica aerogel filling,
which can give major impact on low energy building construction, retrofitting and
architecture, is described. The influence of silica aerogel windows on the energy
consumption in houses has been investigated.

The contribution is an evacuation technique and edge sealing, which can sustain the
vacuum within the window pane and thus partly ensure its insulating properties and
partly protect the aerogel from absorption of atmospheric moisture. The edge sealing
is carried out by a technique, giving reduced heat loss through the edges.

The center U-value obtained was below 0.7 W/(m?K), which is twice as good as the
best industrial products.

KEYWORDS

Silica Aerogel; Evacuation; Window pane; Passive Solar Energy; Insulation

INTRODUCTION

The fragile, ultra-porous and highly insulating glass material silica aerogel, first
produced at the American Stanford University in 1931, seems to be on the way to
practical usage in windows, solar collector panels and solar walls. In the latter half
of the 1980's, interest began to arise in utilizing aerogel as a transparent heat-
insulation material. This has, inter alia, occured as a result of development projects
at the Technical University, Lund, Sweden, and has then resulted in a commercial
production by the Swedish company, Airglass AB (Sten Henning,1990).

Airglass AB has within recent years made great progress in the process of producing
a more handy, highly transparent aerogel, which is suitable as a practical, insulating
layer, between two ordinary glass panes.
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Several R&D Institutes are interested in the implementation of transparent insulation
material, also The Danish Thermal Insulation Laboratory at the Technical University
of Denmark, where an aerogel-based solar collector has been constructed (Svendsen
and Jensen,1987). It was the Danish Minstry of Energy's EFP research progamme
which finally gave significant impetus to Danish research of aerogel's potential in
buildings. Finance from such research programmes has enabled the Danish
Technological Institute's departments for Energy Technology and Building Techniques
to cooperate in development of a 55 x 55 c¢m prototype window pane on the basis of
a 15 mm thick aerogel tile produced by Airglass AB in a construction protected by a
4 mm thick glass pane on both sides.

If the current well-founded hopes for a continued development of silica aerogel are
fulfilled, the material can thus become one of the key elements in fulfillment of the
anticipated energy-political aim towards reducing consumption of fossil fuels
(Andersen,1988).

SILICA AEROGEL

The principal component of silica aerogel is the same as that of ordinary glass - silicon
dioxide, which is the main constituent of beach sand. Silica aerogel is monolithic and
amorphous with a certain inhomogenity. The solid material, which only forms a small
fraction of the volume, consists of fine particles of almost pure silicon dioxide. The
main part of the volume is air.

The basis for production is a jelly of silicon dioxide particles and liquid alcohol. During
the normal production process, the alcohol is withdrawn in an autoclave at a tem-
perature of 270°C and at a pressure of approx. 90 bar (Henning,1990). The material
is produced with densities ranging from approx. 70 to 250 kg/m". Changes in density
will change the proporties significantly.

The density of the aerogel used in this context was around 110 kg/m>.

The material is quite brittle and fragile, but developments are in progress making the
material more elastic. The compressive strenght is 3-4 bars, which is enough to
withstsand vacuum. The modulus of elasticity is about 10 MPa at a density of 100
kg/m’.

Solar_transmission

The material is characterized by a very low index of refraction, approx. 1.02 to 1.04.
As a result, aerogel behaves nearly like air concerning reflections at surfaces. The
absorption of the spectra of solar radiation is also very small but some scattering in
the aerogel occurs (Hunt and Berdahl,1984), which gives a slight colouring of the
material. Viewed against a dark background the material seems slightly blue and
against daylight it seems yellow.

Thermal transmission

Apart from the density, the transmission of heat in silica aerogel is dependant on the
internal air pressure. The main part of the possible reduction in thermal conductance
is obtained at a pressure below 100 mbar. Thermal radiation is transmitted through
aerogel thus contributing to the overall thermal transmission. This can be expressed by
means of an apparent thermal conductivity, which is shown in fig. 1.
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Fig.1 Apparent thermal conductivity versus mean radiative
temperature for silica aerogel. Assumption: emissivity of

Evacuated aerogel

Non-evacuated aerogel

Thermal radiation alone

20 40 60

80 100 120 140 160 180 200

Average temperature (°C)

glass on both sides.

121

The radiation term will take into account the emissivity factor of the glass facing the
aerogel. The size of this term depends strongly on a mean radiative temperature in the
construction (Caps and Fricke,1986). As an insulating material, even non-evacuated
aerogel is better than other known materials.

The solar transmittance as a function of the angle of incidence is shown in fig. 2 .
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OPTIMIZING AEROGEL WINDOW PANES

The advantages of aerogel materials for window applications are: good solar
transmission, very low heat transmision and a fair, perhaps also acceptable visual
transparency. Using thicker aerogel tiles, it is possible to obtain U-values as low as
required. However, thicker tiles at the same time reduce the amount of transmitted
light and energy. Construction of aerogel based window panes is thereby affected by
both effects in order to optimize the performance. The sealing of the two panes and
the window frame must be paid great attendance, as cold bridges easily can spoil the
good center U-value of the window.

For comparison it can be suitable to describe the performance of window panes by a
resultant U-value, which incoorporate the solar gains. This U-value is specific for the
actual window construction, orientation and surroundings. Thus, the value are only valid
for a certain window in a certain building. In fig. 3 are shown the resultant U-values
for southfaced windows with the heat capacity factor of the house as a parameter. The
heat capacity factor, which is between 0.0 and 1.0 expresses the ability to use the solar
gains. Conventional new danish houses are meeting a value of about 0.5, an extremely
heavy house will meet a value of 1.0 . It is seen in fig. 4 that a minimum of resultant
U-value is reached with an aerogel thickness of 16-20 mm for southfacing windows.

U-value [W/(m%K)]

Lo s
[

Heat capacity factor
S 8§ £

Acrogel thickness [mm]

Fig.3 Resultant U-values for aerogel panes versus aerogel
thickness. Heat capacity factor of the house 0.7-0.9;
Non-evacuated (3 upper curves), Evacuated (3 lower curves).

A study has also been made in order to evaluate the effect of aerogel windows on
the annual net energy consumption in traditional detached houses and in low energy
houses with heavy constructions and with a lot of southfacing windows. Assuming that
the internal heat production from people etc. is used before taking advantage of the
passive solar gains, several simulations have been made. The computed consumptions
shown in fig. 4 do not include domestic hot water, neither electricity.

It is seen from this figure, that an adequate thickness of aerogel is 10-15 mm. From
an economic point of view the lower thickness, perhaps 10 mm, can be appropriate,
whereas from a technical point of view about 15 mm of aerogel was choosen for
prototype production.
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PROTOTYPE PERFORMANCE
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With the aim of producing an evacuated window pane with silica aerogel filling,
research has been carried out on adequate sealing methods and evacuation processes.
The seal chosen is in principal based on existing standard isobutanol rolls combined
with a metal film; the latter to prevent diffusion through the seal. Some preliminary
results (Andersen,1988) pointed out that aerogel between two glass panes was difficult
to evacuate through holes in the edges due to insufficient air permeability. The
prototype, therefore, was produced in a vacuum chamber. When a sufficient low
vacuum was obtained within the chamber, assembling of the second glass pane took
place with a remote controlled instrument. One advantage of the technique utilized
is, that it does not leave holes in the sealing edge. An evacuated window pane,

produced in this way with an aerogel thickness of 14.5 mm is shown in fig. S .

Fig.5 Two identical papers,
one behind an
evacuated aerogel
window pane.
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It has not been possible to measure the obtained absolute vacuum in the construction
after leaving the vacuum chamber, but a measure of the level of vacuum is indirectly
given by the measured center U-value. By use of two evacuated window panes with
silica aerogel sized 55 x 55 x 1.5 cm. the U-value was measured in a guarded hot box
construction giving as a result a U-value of 0.7 W/(m? K).

In order to check the durability of the vacuum seal, the weight of the construction is
measured regulary. Until present, no longterm increase in the weight have been
introduced.

DISCUSSION

The center U-value of a prototype has been found to be lower than 0.7 W/(m?K),
excluding heat loss through the frame edge. This is twice as good as the very best
thermal windows on the market, and four times better than traditional double-glazed
windows. Utilization of such aerogel window panes comprises significant energy savings,
since calculations show that heat loss through windows at present amounts to a quarter
of the total heat loss from buildings.

Aerogel is still a very brittle building material and difficult to produce in a usable
form. Even though the aerogel prototype window pane approaches the demands which
should be met for clarity, the visual transparency of silica aerogel still cannot tolerate
comparison with ordinary window glass. Variations in pore size and particle size cause
a certain light scattering. In addition, non-uniform thickness of the aerogel tile causes
disturbances in visual transparency. Improvement of the aerogel material is necessary.
Airglass AB are working on development of an even clearer aerogel.

The edge solution is under development, because the need for avoiding thermal bridges
increases at the same rate as the insulation properties of the window pane.

On a long term basis, DTI is seeking extended industrial cooperation concerning
development of commercial aerogel products.
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ABSTRACT

Throughout history mosques have been built which reflect the sanctity of
their use. Modern technological solutions can sacrifice simplicity and
produce noise, dirty conditions and an increased need for maintenance.
Soiutions which respect the environmental needs of a mosque are discussed.

KEYWORDS
Comfort; thermal adaptation; acoustical environment; lighting.

APPLICATION OF ENVIRONMENTAL ENGINEERING IN THE DESIGN OF
MOSQUES IN SAUDI ARABIA

The aim is to produce an environment offering simplicity, dignity and
spiritual quality that is conductive to meditation and concentration. The
spaces should be quiet, shaded, airy and without distraction while being
efficient in operation and easy to maintain and clean.

These ideas can be achieved by an environmental design that considers the
natural response of the Mosque to the environment, a response that can be
modelled and controlled by the use of mass, form, height and materials to
moderate the extremities of climate. Daylight and fresh air must be
brought into the building for it to function and this involves the
purictuation of the building fabric by discrete openings and channels which
must not allow the ingress of noise and dust.

The area climate of Riyadh is characterised by being part of the Central
Arabian anti-cyclone. The air mass is polar continental, generally in a
SE direction over the dry land mass to the North, thus there is very
little cloud cover and rainfall; the sun shines intensely and
continuously; the air flowing over the arid land to the North is intensely
hot. The combination of clear sky and dry land produces high mid-day air
temperatures with frequent peaks of 50°C and average peaks of 46°C.
During the night, high radiation to the clear sky from the dry land
produces 'low' night temperatures. In summer the day-night temperature
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range is about 10°C but in winter this may be as high as 25°C. During the
day the ground is heated by solar radiation and the air nearest the ground
acquires the highest temperature. In calm conditions the air within 2m of
the ground remains stratified in layers of differing temperatures. Mixing
of the hotter and cooler layers take place as the heat build up of the
lower layer becomes great enough to cause an upward eddy of warmer lighter
air, causing 1local dust storms. At night the ground loses heat by
radiation and after sunset its temperature falls below that of the air and
the direction of heat flow is reversed from the air to the ground. This
phenomenon is known as temperature inversion.

The direction of the wind, the hot land mass which it travels over and the
absence of rainfall result in very dry conditions during the summer months
and evaporation rates are rapid.

The above statements are general and a study of local conditions are
required to determine 'site' parameters. However some general statement
can be concluded for the designers to include in their analysis of
building form and construction.

- PEAK TEMPERATURES 50°C
AVERAGE PEAKS 46°C

- INTENSE RADIATION
900-1000 W/m2

- VERY LOW HUMIDITY LEVELS
DURING SUMMER

- LOCAL DUST STORMS

- COOL CALM NIGHTS

~ CLEAR SKIES, PRODUCING
UNCOMFORTABLE GROUND
GLARE

- LARGE DIURNAL TEMPERATURE RANGE

- VERY LITTLE RAINFALL AND ONLY

DURING OCTOBER TO MARCH
(100 mm PER YEAR AVERAGE)

Mass, Materials and Building Construction

A Mosque in Saudi Arabia is used for prayer five times each day at Sunrise
(Fajr), Noon (Dhuhr), Mid-afternoon (Assr), Sunset (Maghreb) and Night
(Isha), each prayer time lasting approximately twenty minutes. ‘The Friday
sermon during Noon prayer lasts approximately one hour. This intermittent
occupancy suggests the use of the traditional thick construction with a
dense inner structural leaf to absorb the short-term variations in solar
gain. A moderately high level of insulation behind the inner leaf will
reduce the temperature to which the inner surface is subjected. The outer
leaf will be of medium weight material which provides a balance between
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insulation properties and thermal storage effects. The fabric should
provide a barrier to the flow of heat such that a thermal time lag of 10-
12 hours is achieved. If the Mosque was airconditioned this would greatly
reduce the cooling load by 1limiting it to internal gains and the
requirements of fresh air for the occupants.

Thermal Comfort

The internal environment of the Mosque needs to feel cool. Comfort
conditions will vary from person to person but field studies carried out
throughout the world have shown a close relationship between the preferred
indoor temperatures and the mean outdoor temperature. This data provides
a background of experience against which to consider indoor temperatures
for the Middle East.

Higher temperatures are acceptable in spaces with transitory occupancy.
Such spaces are often useful in many types of buildings in order to
provider a buffer zone between warm outside conditions and the cooler ones
inside thus allowing a gradual acclimatisation thereby avoiding thermal
shock. Where a buffer zone 1is provided the temperature differential
between outside and inside should be limited to about 15°C.

Normally internal temperature swings are limited to about 2 to 4 deg C to
take into account economic considerations for the building structure and
plant provisions but higher temperature swings are permissible in-spaces
with intermittent occupancy.

In hot-arid climates the band of comfortable internal temperature © is
wider than that experienced in Europe. The light clothing worn in the
Middle East means that higher temperatures are acceptable physiologically
and these can be estimated using the equation:

@ = 37-M [0.05 + 0.7 (R, + 0.113)]

Where Rc is the clothing resistance and M is the metabolic rate. People
praying will have a metabolic rate of about M=60 W/m2 and their clothing
will have a thermal resistance of about R, = 0.047 m2°C/W thus an

acceptable temperature would be:
e = 27.3 deg. C

In practice airconditioning systems in the Middle East are usually
designed to temperatures of between 22 and 26°C in accordance with Western
practice for continuously occupied spaces assuming the metabolic rates and
hence the degree of activity is the same. There has been a fashion
recently to imitate this practice for a building like a Mosque using
airconditioning. Mechanisation needs maintenance, space and is often
dirty and noisy - the opposite characteristics of purity, tranquility and
serenity are needed in Mosques.

Internal relative humidity is also related to external conditions. When
the outside relative humidity is low as in Riyadh, then the inside
relative humidity should also assume lower values in the order of 45 to
50% but for coastal locations with high humidities the inside values will
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be relatively higher.

Relative humidity affects the body sweat rate and this is an important
mechanism for body heat loss especially when the internal temperature
rises above about 26 deg.C. But again a broader tolerance is permissible
for transitory occupancy.

Air movement is also important to disperse heat and moisture but care
should be taken to avoid draughts. Ventilation should be sufficient to
dilute odours and distribute cool air as well as keeping a fresh
atmosphere. A fresh air supply quantity of 5 to 10 litres per second per
person should be allowed using passive means wherever possible.

Bcoustical Environment

Sound plays an important role in creating atmosphere. In mosques there is
a conflicting requirement because speech intelligibility is important for
sermons but due to the size of some mosques and the variability of voice
projection a loudspeaker system may be necessary.

Materials have an important effect on the sound environment. Hard
materials are cold and give a reverberant space whereas soft materials are
warm and produce a dry sound environment.

Religious spaces invite an open acoustic because reverberation is
associated with the uplifting of the spirit. Besides, any internal sounds
which intrude on prayer will be amplified, and this instills a discipline
of quiet thus heightening concentration. On the other hand speech
intelligibility is impaired by reverberation and as a consequence the
reverberation time is usually restricted to 0.8 to 1.2 seconds for speech
auditoria, whereas in a mosque corresponding values would be 1.5-2

seconds. The Imam has to project his voice over 30 metres in larger
mosques and should be raised above the audience to minimise the effect of
audience absorption. The human voice must be 22 decibels above the

background sound level for B80% intelligibility. For this to -be achieved
with a background sound level criterion of 25 dBA then a 47 dBA voice
sound level is needed at the back of the space for clarity. Over a
distance of 30 metres assuming an attenuation of 0.7 dB per metre the
voice level at the front would need to be 68 dBA. A normal raised male
voice level is about 73 dBA.

In order to avoid echoes the direct and the reflected pathways should not
Le more than 15 metres apart.

High sound levels in a large space can produce reverberant masking and
thus certain consonants in the speech will not be clear. A recommended
volume per person in speech auditoria is wusually 3.5m”, whereas in a
mosque this factor is often nearer 10m®. A reverberation time criterion
of about 1.5 seconds can be achieved by the use of a carpet having a sound
absorption coefficient greater that 0.15 and the use of sound absorption
materials applied to back walls.

Many mosques contain an open cloister-like wall so it is now customary to
use voice amplification systems so that the Imam will be heard outside

where people can congregate.
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Clearly, there has to be great restraint in distributing air to the space
so that it is quiet; any equipment should be located as far away as
possible. In addition the structure should have a mass of at least 400
ky/m*> to give adequate sound insulation; this will also increase the
thermal inertia of the Mosque.

Lighting

Natural and artificial lighting need to be soft in character and evenly
distributed throughout the space. Indirect lighting is preferable so that
visual distraction is minimised. One solution for introducing indirect
perimeter day-lighting is to use a system of screened skylights between
columns to light the interior areas to a uniform level. Lighting should
give a minimum daylight factor of 2% which equates to a floor luminance of
500 lux on a bright day. If the skylights are located near the top of
columns then filtered daylights washes down them and they appear luminous
so helping to diffuse the iight.

Artificial lighting within the prayer hall of a mosque can be installed so
as to re-create the effect of natural daylighting. The illuminance of
artificial lighting will be lower than natural daylighting but it can be
designed to come from a similar direction and to be of similar colour.
The level of natural lighting on the floor of the spaces in the mosque
will vary throughout the day and around the year due to the angle of
incidence of the sun on the building surface. The resultant illumination
will not be uniform throughout the area.

The apparent colour of daylight is not constant, as the special
distribution at any particular time depends upon the scattering and
absorption of the sun's light in the prevailing atmosphere. The
correlated colour temperature (K) of daylight is in the range of 5000K to
about 10,000K. The colour of daylight is important if artificial lighting
is to in any way resemble natural lighting; this is an important factor in
selecting the type of electric lamps. For example, mercury vapour lamps
could be mounted and concealed in the rooflight arrangement to achieve a
certain resemblance to natural lighting (correlated colour temperature
would be approx 3700K whereas Sodium lamps are 2000K). A similar system
would be adopted around the perimeter using linear fluorescent fittings to
emulate the direction of the natural light.

External lighting of Minarets for example may be achieved by floodlighting
from a distance or by locating downlighting fittings or even fluorescent
luminaries at high level. The first solution is preferable as it is more
discreet and allows complete control of glare as well as being more
accessible for maintenance. Courtyards can be lit artificially by either
linear or downlighting luminaries mounted around the perimeter at high or,
alternatively, by a lighting system incorporated into Lhe courtyard
sunscreen.

Coda

There is a danger of the developed nations providing a glamorous image of

woudern technology to Third World countries. Any attraction may be false
and may simply provide a way of spending money. Mosques are sacred places
and have an aesthetic rooted in Arabic culture. Environmental engineering
solutions need to reflect the peace, serenity and spiritual values
demanded by the brief for a mosque.
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ABSTRACT

One specific activity of Task XI of the IEA Solar R&D Programme,
carried out by a small working group designated the Expert Sys-
tem Working Group, deals with the development of an Integrated
Knowledge Based Solar Design Tool, ISOLDE. ISOLDE basically pro-
vides computerised access to the Task XI information through
expert system advise, and video-disc illustrations. Besides, the
system will provide access to design calculation and simulation
tools.

KEYWORDS

IEA; passive; hybrid; solar; integrated; knowledge based; design
tool.

INTRODUCTION

Within Task XI "Passive and Hybrid Solar Commercial Buildings"
of the IEA Solar R&D Programme a number of activities has been
undertaken. These activities cover the areas: case study analy-
ses, advanced case study analyses, parametric sensitivity stu-
dies, and compilation of design guidance for the strategies,
principles and systems, which have been investigated. The re-
sults of this work are presented in several documents, a slide
set of the case studies, and in one main design guidance book,
designated the source book. To provide alternative (computeri-
sed) access to the results of the TASK XI activities a working
group has been put together within the task to develop a solar
design tool for passive and hybrid solar commercial buildings.

The information arisen from the task activities are to a large
extent in a form which can be characterised as knowledge opposed
to calculation formulas. On the other hand, some of the results
stemming from the parametric sensitivity analyses obviously
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exist in the form of numbers, and finally, to verify a proposed
building design, calculation and/or simulation methods are ne-
cessary. Taking the consequences of the very nature of this mix-
ture of information and methods the working group decided to
work towards the development of an Integrated Knowledge Based
Solar Design Tool, which has been given the acronym ISOLDE. For
those not familiar with the terminology of Artificial Intelli-
gence (A.I.) and Expert Systems, it is in place to explain that
the term knowledge based refer to the use of certain programming
tools stemming from R&D on A.I. allowing the programmer to embed
knowledge in the computer program in a straightforward way using
almost plain english.

OBJECTIVES

The objectives of the development of ISOLDE has been defined in
a working document specifying the functional requirements to the
design tool. The presumption for these requirements is that the
user shall be able to use the tool from the very beginning of a
design process, through the selection of techniques to implement
in the building, to the final design optimisation based on a
simulation method. It was further agreed that the tool also
should be useful outside an actual design situation, as an edu-
cational system. As mentioned above it is a primary objective to
provide computerised access to the experience and information
derived from the TASK XI activities.

IMPLEMENTATION

To meet the functional requirements as specified above it was
decided to develop the system in three separate parts: General
advise, case oriented advise, and calculations/simulations. Fi-
gure 1 presents the overall architecture of the system.

ﬁSOLDE Managil
[ ]
General Advise Case Oriented Analysis Calculations/
simulations
fesulls avaluaion
‘ Video Interface |
I Documentation B

Fig. 1 Overall system architecture



132

Definitions

The working group found it useful to agree on the following ter-
minology definitions:

-Strategies: Cooling, Heating, Daylighting

-Principles: Ventilation, Shading, Evaporative cooling, etc.
-Systems: Atria, Trombe walls, air solar collectors, etc.
-Concepts: Combinations of strategies, principles and systems

General Advise Part

The general advise part has been designed to serve two purposes:
To present advise on different solar strategies, principles and
systems either for the programming phase of an actual building
project, or as an educational introduction for building desig-
ners.

This part of the design tool has been designed to present advise
to the user in a logical hierarchical way, starting with solar
strategies, continuing with the principles and finally the spe-
cific information about the individual systems. The information
represented about each principle/system have been ordered under
the following headlines:

-Principle/ system definition

-Advantages/ disadvantages

-Side-effects to other strategies/principles/systems

-Design advise

-Rules of thumb for design

Atria takes a special role, as it does in the Task itself, as
atria as a system can take many different forms and can be cho-
sen for a combination of strategies.

To supplement the textual advise the system will provide access
to illustrations of the different solar systems in the form of
slides presenting actual buildings featuring these techniques.
The slides, presenting the case study buildings of Task XI, have
been transferred to video-pictures, which can be shown on an
ordinary PC VGA-colour screen using a special graphics card.

Case oriented analysis

Before entering into this part of the system it is anticipated
that a solar system, and energy/comfort strategy has been chosen
for a specific project, and that the architect/engineer wants to
know what performance to be expected. This part will also be
introduced by a menu of choices and explanations.

First, the user have to specify the characteristics of the ac-
tual building project by providing additional input on:
-climatical specification

-building description and use (proportions, orientation,
thermal properties of building components), advise on appropri-
ate ranges of variables should be available.

-energy/ comfort strategy

-solar system (e.g. atria typology)
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The results is to be presented as graphs, showing the sensiti-
vity of chosen building performance parameters, characterising
energy, comfort, and daylight conditions, to selected indepen-
dent variables. A rating structure making comparison between
various strategy combinations/ solar systems is to be developed.
The implementation of this part of the ISOLDE requires the deve-
lopment of a means to place the actual system within the regions
of system parameters of known performance.

Calculations/simulations

This will be implemented as an interface to established calcula-
tion/simulation programs. This interface is intended to include:
-advise on how to simulate (zoning of buildings for respectively
temperature, energy and daylight calculations; how to simplify
the building specification)

~interface to chosen calculation/simulation programs

-transfer of already given data to calculation/simulation pro
grams

-use of ready to use input data sets stemming from previous si
mulations (one example only). This could be input data files
from the Task parametric sensitivity runs.

Results evaluation. A module which allows some evaluation/inter-
pretation of results from the calculation/simulation programs.
It would include:

-a set of performance benchmarks for each climate to allow for
comparisons between predicted performance of the actual system
to make it possible to "rate" the performance.

-a specified range of acceptable values for for example:
-max/min temperatures

-utilisation factor

-energy use pr sgm.

-max pover pr sqgm.

-duration of temperatures above a certain limit.

Documentation

Documentation in the form of printed material should in princi-
ple be available from all parts of the system. The way this is
going to be implemented is not established yet.

IMPLEMENTATION PLAN

The development of the ISOLDE system is planned to happen along
the following main milestones:

1. November 1990: Complete draft system of the general advise
part.

2. August 1991: Complete draft system including all three parts.
3. December 1991: Final version of complete system.
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FLUDIZED TROMBE WALL SYSTEM
Murat Tung

Thermod ynamics Department, Technical University of Istanbul,
Mechanical Engineering Faculty ,
1TO, Istanbul, TURKEY

NOMENCLATURE
. Width of the channel [m]
: Specific heat of the fhad [ kRkg K |
: Specific heat of the particles [ k¥kg K |
: Specific heat of the gas [ k¥kg K |
: Aversge Liameter of paticles [ m ]
: Gravititionsl accelaration 9.301 [ m sa2 )
: Total heat gain of the fiwid at the owtlet of the chammel { kN's )
: Thermal condwctivity ([w m °C ]
: Height of the choanel [ m ]
: Miass flow rate { kgisee. |
:Fan power [ HP )
: Presswe at the outlet of the fan [ Pa )
: Praadt] avmber
: Vohmmetric flow nate [ m3 #sec. |
: Temperntwe [ °C ]
: Inlet temperatwre of the (i [ °C }
: Mean temperetwre of the (haid at the owtlet of the channel [ °C |
: Glass temperatwre [ °C ]
: Wall temperstwe [ °C |
: Velocity in the X direction [ misec. |
: Inlet velocity of the flvid [ misec. |
: Misimwm flvidizing velocity [ misec. )
: Velocity in the Y direction [ misee. )
: Thermal &iffusion coefficient [ m2isec. |
: Coefficiem of volumetrie thermal expaasion [ K-1]
: Particle dexsity [ kgim3 )
: Air dexsity [ kgtm3 |
:Dynamic viscosity [ kgim sec |
:Kinematic viscosity [ meisec. |
: Voilage of (luidized bed
:Glsstempertwe [°C ] ; Ty : Vall temperitwre [ °C )
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ABSTRACT

The pwpose of this stuly is to perform 2 mathematical modelling of an aw-{lwidizel bed sobar collector and
thermal analysis of the system via compwer simulation. A new model for an air{lvidized solar collector is developed
which is Jased oa “Trombe Wall” structwe and theoretic aad experimental studies oa fhwidized beds. Computer solwtions
are oMained for temperatwe, aad velocity fields and for the power extracted from the system.

KEY VORDS

Trombe wall; Flwdized beds; solar heating;

INTRODUCTION

The Fludized Trombe wall system is a mew concept. In this system the gap between the wall and the glass is
fludized by wsing kigh adsorbtance aad Jow dexsity particles.

The present work consist of two main parts. In the first past, the classical trombe wall system is amaliced.
Governing equations are solved and the heating capacity of the system is obtained.

In the secomd part of this stuly, the medivm Detween the ghss and the wall of trombe system is flvidized by
wsing Jow deasity paticles. The system wader consideration is depicted in the figwe-1.

A enters the channel from the bottom and leaves at the top. A fiker is placed ot the top of the channel to keep
the fhudized particles inside the chanmel.

In this system air a5 2 hesting (hwid, is in & direct coatact with particles whick incresses the ovenall efficiency of
the system.

The temperstwe and velocity profiles between the ghss and the wall are determined for the Classical aad Fludized
trombe wall systems.

The flow is assumed to be aminar. The total rate of hest absorption is caleulsted for both systems.

X
[
b
2o
Filter _—
Inside of the house L| 7 T
Cleas —» Trombe wall
uwe B
Fen =
e ‘ y o
IS )
Figure 1. Description of the fludized Figure 2. The geometry of the flow
trombe well system problen in trombe wel] chennel.

THEORY

3) Formulation of the coavestionsl type trombe-wall model.
The flow geometry of interest ix trombe wall channel is depicted in Figwe-2.
The flow is assumed to be steady, hminar, compressible. The presswre defect as a function of hight is assumet to
be linear for Jow flow rates [2). Governing equations of continwity, momentum and energy are:

U, g (1)
Ix ay
"a2 ) i
30 e 20 218,28 20 [ 4 op(TTy)  (2)
3x dy p XK [ 2 2!

X [

/s



136

.
]

2 2

|' i
pcp(uaT+vﬂT =k|3T s T (3)
Ix 1,2 2
19X [ }
The bovndary conditions are :

1) x=0 and O<y=<a
u=u, v=0 T=T, P=P,

2) 0O=<x=2L eand =L
u=0 v=0 T=Ty

Heat gain from the channel is caleulated as follows :
H=f puacy { Tage - To) dy (4)
0
}) Formulstion of the fludized bed trombe wall model.
R is assumed that minimum fludization condition is prevailing inside the chanmel. Where the total presswe drop
inside the channel is equal to the weight of the pasticles. The fludization velocity may be calculated as follows [3].
B
um,=_‘{( 25.25 + 0.0651 Ar )“-25.25} (5)
P dp
3
617

}lg=s+T

where

b= 1.458. 10 [ kg/msK1/2]

=1104[K)
and Ar is Archimedes number :
Ar=gdg® (pp - plp Ipngd
Because of the low opersting temperatwres thermophysical properties of the particles and air are assumed to be

independent of tempersture.
Exergy equation for the air can de written as follows :

(6)

aT f°1 o1
PCpu(a—)=k‘—2+'——2 +q (7)
X '-ax d .'
2 the equation-7 q term represemts heat trusfufron Wks to air.
Roundwry conditions are :
1) O=<x=<L
U= Uypf
Ozy=za
2) O<y=<a and x=0
T=T,
THE METHOD OF SOLUTION :

The equations were solved using & forwsnd marching, lime- Dy- line imphieit finite-difference technique permitting
Merstions on each new lime.
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A rectaagulyr gvil [Figwe 3], seross the channel widkh is wsed to establish the inerements of the finite-difference
approximations to the equations (1), (2}, (3) and (7).
3

) 4
M
141 — == I
AX
1 14
1-1
3
2
17—/ T 1 # L Y

8. Grid for inite-difference
representetions for solution.

DISCUSSION OF RESULTS

2] The conventional trombe wall system .

In the Figwe4 varistion of w velocity across the channel is depicted for three differemt wall Jeaghts and for a
constant volume flow rate. At the Jower flow rates, swiace friction is lagely responsible for the initial acceleration of
the flwid. That's why a clear indication of the hesting effect is noted in w velocity by the more rpidly moving laders of
fluid & small distance Crom the swaces and progressive decrease ix the velocity within the ceniral region.

Similsr results sre presented in the Figwe-5 for a different vohume (low rate. At higher (low nites, the v wlocity
profile shows a parsdolic development soon after entry when the plates are of eqwal tempensture.

As the ghiss tempersiwe is lowered progressively more & symmetric w velocity profiles are oMtained.

In the Figuwe and Figwe-7 the varistion of v velocity across the chaanel wilth is shown for different flow
rtes and leaghts. v velocity componest represents the movement of the fhid across the channel gap cawsed by 2
combimation of friction and beating.

Dwing the ssymmetric heating the (Iuid flow away from the cooler swiace is considerably greater than from the
WaRer side.

Figwe-8 am Figwre-9 illustrate air temperstwre varistion scross the chanmel gup for two differeat flow nates. The
coolest portion of the flwil is the fastest moving central layer for higher flows amd symmetric heating. Dwing the
syRRetric heating (huid temperstwe aear the warmer wall incresses.

The total heat extracted (rom the system as a function of height is depicted in the Figwre-10.

) Flwdized trombe wall system w velocity profiles is almost horizostel aeross the channe] width as expected.

This w velocity varistion is shown in the Figwe-11 and Figwre-12 for two differest volvme rates and for sevenl
channel leaghts.

The luid tempersiwe variskion across the gap is depicted in the Figwe-13. The temperstwre of the (lwid imeresses
new the wmer wall. But, dwe to the heat transfer from the particles to the air, the temperstwre profile is almost linesr.

Inthe Figwe-14 the heat extracted from the system as a fumction of channel leaght is illwstrated for two different
flow rates. K we compare the results of this figure with the Figwe-10, it is apperently can be seen, the superiority of the
fludized system over the convemionsl one. The awmerical results oMained in this work indicate the fludization of the
trombe wall channel appears to be a visible coneept. Fan power requirements for Q=0.018m37sec and Q=0.035m31sec ane
caleulsted to De 0.81 HP and 1.61 HP respectively.
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Figure 10. The extracted total
heat as a function of height.
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NON-DOMESTIC BUILDING DESIGNS INCORPORATING
PASSIVE ENERGY SYSTEMS
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ABSTRACT

A series of design studies is being sponsored by the Department of Energy to
investigate the practical application of passive solar technology in
non-domestic buildings. The first set of eight studies is complete
(Campbell et al., 1987), and two further sets managed by Halcrow Gilbert
Associates (HGA) and Building Design Partnership are under way. This paper
presents the results of HGA's first group of three studies in the light
industrial building sector. These studies illustrate the opportunities to
produce marketable low energy designs in which the architectural form plays
the major role in generating a comfortable internal environment. The
studies also show that such designs need cost no more than their
conventional counterparts. A second group of studies in out-of-town office
developments has started and the initial results are equally encouraging.

KEYWORDS
Industrial, Buildings, Energy, Design, Studies, Passive, Solar, Daylight,
Rooflights, Cost.

DESIGN STUDIES

The objectives of the current set of HGA design studies are to:

¢ produce a series of case studies demonstrating best practice in the
application of passive energy systems to a range of building types.

¢ act as a mechanism for transferring technology from R&D projects to the
architects and clients involved in the studies, and ultimately to the
design community and construction industry at large.

¢ generate data on the cost, performance and amenity benefits of
non-domestic passive buildings.

¢ develop practical building designs that can act as a seed bed for live
building projects.

Crown Copyright 140
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In each design study, the suitability of various passive energy techniques
is explored for a particular building type by asking a firm of architects to
propose a design that uses them effectively. The brief for each study is
prepared in consultation with a client who has offered to cooperate in the
study. These "quasi-clients" are also involved in the evaluation process.

The key factors used to evaluate the proposal are energy performance,
environmental performance, amenity, and capital cost. In order to judge
these factors in context, a ‘'typical' reference building of a more
conventional design is also assessed. To be successful the proposal must
not only use less energy than the reference, but the value of the energy
saving must be seen to justify the capital cost of providing it. The
design proposal is developed through an interim sheme to a final sketch
design with formal assessment at both stages.

The twelve non-domestic design studies managed by Halcrow Gilbert Associates
have been divided into four groups of three. Each group of design studies
concentrates on a particular building sector which has been selected with
reference to a previous market study (Duncan et al., 1983). The first group
of studies involve light industrial buildings.

INDUSTRIAL BUILDINGS

A recent study has shown that fairly simple energy conservation measures
such as; reducing fabric U values to “0.4W/m2K and incorporating high
performance loading bay doors, can reduce the space heating requirement of
industrial buildings by up to 40% (Hughes, 1989). After applying these
energy conservation measures there is only limited potential for further
displacing space heating with passive solar gains. This is particularly
true of buildings which have a high level of internal heat gains. There is
however, considerable scope for saving energy by displacing artificial
lighting with daylight, and since the energy saved is electricity the
financial value and environmental benefits have greater significance.

The three types of accommodation typically provided by industrial
buildings, offices, workshops and warehouses have distinct requirements
for temperature, lighting levels and other environmental criteria. 1In the
schemes presented below, the architects were asked to consider carefully
the environmental requirements of each space at the outset of the design.

Jestico + Whiles Design

The furniture maker SunarHauserman required a high quality building with a
strong visual image for its European HQ. In their proposal, Jestico +
Whiles designed each of the three main areas, offices, assembly shop and
warehouse, with an environmental responsiveness appropriate to its function.

A 2120m2 warehouse is located at the north end of the building in the form
of a well insulated box with small windows. The storage of light sensitive
materials and the low comfort temperature requirement of this space meant
that daylight and solar heat gains would not have been welcome.

The central section of the building is occupied by a 1030m? assembly shop
which is daylit through two south facing rooflights running the length of
the building. Facing the brighter southern horizon, a smaller glazed area
is required to achieve a given level of daylight and hence heat loss can be
reduced. Each rooflight is shaded by a series of louvres suspended in an
extension of the curved roof frame. These shading devices allow diffuse
light and low altitude solar radiation to enter, but reject high altitude
summertime solar radiation. Ductwork and service zones have been designated
in order to limit the obscuration of the rooflights.
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The 1530m2 offices are located to the south of the assembly space, separated
by a courtyard which enables an otherwise deep plan office to be daylit and
natural ventilated, as well as providing a pleasant recreation space. On
the southern elevation horizontal shading extends through the fenestration
to form an internal light shelf with the intention of improving the
distribution of daylight by reducing daylight levels close to the window and
increasing them further away. The luminaires and their control system have
been carefully designed to respond to the availability of daylight.
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Fig. 1. Jestico + Whiles design for SunarHauserman

Scheme Assessment. Nearly 60% of the lighting energy demand should be saved
by comparison with the reference buildings, but the heating demand likely to
be 50% higher. In energy cost terms the design achieves an overall saving
of 22% compared to the reference building. It is important to realise that
savings in lighting energy demand do not translate directly into energy cost
savings since the maximum demand element of the tariff is unlikely to be
reduced in the winter period when lights will be on at least part of the
time. Generally, the value of daylighting and solar heat gains outweigh the
cost of the heat lost through the windows and rooflights. The exception is
the north office facade onto the courtyard which is excessively glazed.

By comparison with the reference buildings, which suffer badly from
overheating (a common complaint in many factories), the final design shows
no overheating in any area of the building. Visual comfort should be
considerably enhanced in all areas as a result of the careful design of
external and internal shading devices.

The estimated cost of the final design at £450/m2 is within the original
client budget of £485/m? and shows a cost reduction of £42/m2 from the
interim sheme design. SunarHauserman's managing director concluded that
"the design represented an excellent investment .... and could be funded by
normal financial institutions."

The Ryder Nicklin Partnership Design

Graphex Industrial Art are a design conscious company who required a new
facility for manufacturing signs and exhibition materials. In their compact
square shaped design, the Ryder Nicklin Partnership provided 1762m2 of
double-height workshop and 894m2 of office space on two floors. The main
feature of the design is the so-called "responsive roof" which comprises
five 'Toblerone' shaped rooflights with sloping faces orientated
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north/south. Reflective roller blinds operate under the south face of the
rooflights responding to temperature and solar radiation in order to combat

overheating and glare. At the interim design stage the building had six
rooflights and a substantial amount of side glazing in the workshop, the
combined effect of which were very high levels of daylight. Removing one
rooflight and much of the side glazing reduced both the building heat loss
and the capital cost without affecting the lighting energy savings.

In this design the offices are located at the north end of the building
since the extent of internal heat gains suggested that solar gains during
the heating season would not be useful. Facing north, it was possible to
size the double glazed windows to provide adequate daylight without the need
for shading. Daylighting in the first floor office is supplemented by one
of the rooflights which has a horizontal leylight underneath it to prevent
cold down draughts and to diffuse incoming solar radiation.

Fig. 2. Ryder Nicklin design for Graphex

Scheme Assessment. Nearly 60% of the lighting energy demand and 20% of the
heating energy demand should be saved by comparison with the reference
building. In energy cost terms the design achieves an overall saving of 36%
compared to the reference building. On balance, the value of daylighting
and solar heat gains are substantially larger than the cost of heat lost
through the windows and rooflights.

The rooflights provide evenly distributed, adequate levels of daylight in
nearly all areas. The roller blinds under the south face of the rooflights,
and openings for natural ventilation in the north face combine to limit
overheating to less than 2% of the working year in the workshop.

The estimated cost of the final design at £412/m2? is £4/m2 less than the
estimated cost of the reference building and shows a cost reduction of
£55/m2 from the interim proposal. In the client's opinion "...the
advantages of daylight and a view to the outside can not be overestimated.
The design appears to offer ample opportunities to create an excellent
working environment." Graphex were "very impressed" with the predicted
annual energy cost saving of £2,150.
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The ECD Partnership Design

English Estates presented The ECD Partnership with a very tight budget
(£332/m2?2) within which to design a speculative industrial building
containing 1600m? of workshop space and 600m2 of office space. English
Estates normally require the provision of rooflight areas at least
equivalent to 10% of the floor area in their speculative industrial
buildings. 1In response to this brief ECD applied considerable effort to
optimising the size and location of rooflights in order to obtain good
daylighting with minimal overheating.

As with the Ryder Nicklin design, offices, workshops and stores are all
enclosed in a simple rectangular building. GRP rooflights are incorporated
in continuous strips as far as possible on the north facing slopes of the
roof. Physical scale models were used to establish daylight levels and
distribution patterns. The resultant uniform distribution of daylight in
the workshop allows the artificial lighting system to be controlled by a
single switching circuit. The offices in this design are located on two
floors at the north of the building and are daylit by north facing windows,
thereby avoiding the need for expensive solar shading.

Natural ventilation of the workshop is achieved in the summer months by
opening the loading bay doors, and if necessary operating fans at high level
in the east and west facades. In the offices, natural ventilation is
enabled through controllable low level vents and opening skylights.
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Fig. 3. ECD Partnership design for English Estates

Scheme Assessment. The ECD design gives rise to 50% savings in lighting
energy demand and only a small increase in heating energy demand compared to
the reference building. Overall, the annual energy cost savings amount to
30%, or £1,570. The design is estimated to cost £6/m2 (2%) more than the
reference building due to larger rooflight areas and lighting controls.

Diffusing GRP rooflights located on the north facing roof slopes will reduce
glare, but are unlikely to eliminate it. The predicted incidence of
overheating at 4% of the working year is substantially less than that
predicted for the reference building.

Overall, the design is a credible and attractive solution to the provision
of this type of low cost industrial building. Recognising the wide range of
potential tenants and owners for their buildings, English Estates felt that
this design approach could be best employed where the type of building
occupant was identified at the outset.
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Table 1. Energy and cost data for designs and reference buildings

Client SunarHauserman Graphex English Estates
Architect Jestico + Whiles Ryder Nicklin ECD Partnership

Design Ref.Bldg Design Ref.Bldg Design Ref.Bldg

Capital Cost £€/m2 £450 £485 £412 £416 £338 £332
Heating kWh/m2 /yr 53.7 35.7 29.1 35.7 42.3 36.3
Lighting kWh/m2 /yr 14.5 33.0 14.3 33.0 15.7 33.8
Heating Cost £/m3/yr £.94 £.62 £.51 £.62 £.74 £.64
Lighting Cost £/m2/yr £.80 £1.61 £.91 £1.61 £.93 £1.74
Fuel Cost £/m2/yr £1.74 £2.23 £1.42 £2.23 £1.67 £2.38
% of Year Overheated 0% 25% 2% 25% 4% 22%
Important Legssons

This group of design studies has so far revealed that:

¢ there is considerable potential for saving energy through the
exploitation of daylight in industrial buildings.

¢ both north and south facing rooflights can be employed to daylight
workshops, but south facing rooflights must be shaded.

¢ integration of artificial lighting systems and their controls with
daylighting is vitally important if energy savings are to be realised.

¢ performance and cost assessment undertaken at the early stages of
design can lead to improved energy performance at a lower capital cost.

¢ the final design costs are very close to the targets - demonstrating
that low energy design need not involve higher capital expenditure.

¢ predicted energy savings have both significant financial value and
important environmental benefits.

The work reported here is fully funded by the Energy Technology Support Unit
for the Department of Energy. The performance assessments were undertaken
by YARD and cost assessments were performed by Davis Langdon & Everest.
Specialist advice was provided by D Hawkes of Cambridge University, P Owens
of Pilkingtons, N Vaughan of UWIST and A Richens of Ferguson & Partners.
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ABSTRACT

The procedure is an optimization of the total percent of the
sunlit area and the thermal effect due to the beam component of
total solar energy on the vertical exterior surfaces of a
tuilding of minimal energy consumption. 1in Olgyays’  bioclimatic
chart which considers temperature, solar energy, wind.
precipitation. relative humidity and vapor pressure. The
procedure 1is a new and comprehensive interpretation of Olgyvayvs’
well known Overheated Period charts, by replacing the second
position of the observer in hourly simulation by the original
gnomonic diagrams based on the first position of the observer.
The procedure is presented for the use of architectural, urban
planning. and energy engineering purposes.

KEYWORDS

Passive Solar Architecture, Olgvays” Method, Energy Conservative
Design, Orientation, Shadow Analyses

ENERGY CONCIOUS DESIGN AND PASSIVE SOLAR ARCHITECTURE

Substitution of passive s8olar systems for use of fossil fuels in
buildings to keep the environment biologically clean. can make
important contributions to the health of individuals and the
global ecosystem, as well as contributing to the energy economy.
Passive solar architecture integrates energy conservation with
paseive solar heating., natural cooling and daylighting for a
comfortable building of % 50-90 less operating energy.

Hour-by-hour simulation provides the backbone for design
analysis. For emaller or simpler buildinge simplified methods
are usually based on monthly analysis. For 1larger or more
complex buildings, the use of the current generation of powerful
microcomputers are advised in simulation directly for design
(Balcomb and Jones, 1988; Little, 1979; Kusuda, 1980).
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2olar Radiation Data for Passive Architecture

)

Much of the past solar radiation data will be rehabiliated and
additional data will be collected in the future: however. it is
unlikely that the hourly data to be taken will be extended to
cover surfaces other than the horizontal for the majority of the
stations. Using Liu and Jordan’s (1960, 1961. 1963) emperical
correlations. it is possible to estimate monthly average daily
total radiation on a horizontal surface, divide the daily total
into direct and diffuse components, convert each component into
hourly values, and then compute the hourly value of either
component, on a surface of any orientation desired (Duffie-
Beckman., 1980: Kusuda-Ishii, 1977).

Shadow Apnalveis Techniaues
S5hadow analysis techniques for bhuilding energy studies are

examined in two parallel groups of classification (Elagdz,1989):

A. The methods deal either with the building as a whole or only
with the windows.

B. ©Shading and solar influences on a building can be understood
from two different observer positions (Wright. 1982):

1. The observer stands at the ground or the building element
and looks toward the Sun. The entire yvearly movements of the
Sun and relationship to the modifying intermediate conditions
are seen at one time: thus. from the single station point. the
observer has a vyearly picture of solar movement, . The
disadavantage of this technique is that every position of the
subject surface must hbe seperately analyzed with a a new drawing
and accompanving calculations. For a total analysis, A
continious three-dimentional site volume must necessarily be
broken into discrete representative points each of which is
seperately analyzed. Without intermediate obstructions any
point on a site is equivalent in a solar analysis. since solar
rays are parellel. However when the obstruction is large or
close., ite influence on different station points may be quite
varied. Since the proximity of the obstruction determines the
the degree of variation in complex situations. differences may
be considerable. Therefore, the movement or location of shadows
is impossible to analyze, for only by accident can one determine
whether the discrete object point is at a shadow edge: total
overshadowing effects and shadow patterns cannot be seen. nor
can the entire building be examined at one time.

2. The observer is located at a spot between the Sun and the

building. By considering both the Sun and the entire building
at once, all surfaces in any orientation can be observed under
solar illumination. The relationship of one portion of the site
can be understood acting on another portion of the site.

Numerous examples (Elagdz, 1989) show that the observer.
generally, is in the first position in the methods dealing only
with the windows. and he is in the second position in the
methods which consider the building as a whole.

Gonomonic Projections (or Sun Path Diagrams) as having
significant emphasis in Olgyays’ method, have been widely used
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for shading study techniques. The sun-path diagrame are the most

efficient tools to draw shadows on horizontal surfaces but share

the common failings mentioned below:

1. They require several kinds of constructed drawings such as
plans, elevations, sections which are time consuming to make

2. are 1illustrative of only one view slice, and are true for
only one observation point in the project,

3. usually assign the 21st of each month as a representative
mothly day. This simplification ignores the characteristics
of day-to-day solar movement, which is less rapid at the
solstices than near the equinoxes.

4. The charts themselves, require special scaling and are
unmanageable in their sizes.

NEW PROCEDURE

The procedure is a new and comprehensive interpretation of
Olgyays”~ well known Overheated period charts. By replacing the
second position of the observer in hourly simulation by the
original gnomonic diagrams based on the first position of the
observer, the procedure gets closer to the aims of
0lgyavs (1963) method in the interpretation of architectural
principles, site selection, sol-air orientation, solar control,
environment and building forms, wind effects and air-flow
patterns, and finally the thermal effects of materials. It ie
compiled in two parts and eleven steps as follows

The first part of the procedure deals with the changes in the
sums of the total annual percents of sunlit areas (sunny portion
of total exterior walls/total area of exterior walls) of a
building relative to the changes in location, form and the
orientation. In the second part, the thermal energy of the
direct component ie added to the variables mentioned above.

Thus, each wall is taken into consideration seperately, with the

changes of intensity of direct solar energy and the percentages

of sunlit area on it.

1. Olgyays” Dbioclimatic chart is adapted to the geographical
place. The Overheated and the Underheated periods for
selected hours of daytime are marked for selected days. For
the selected hours of the selected days

2. percentages of sunlight on the walls of the building of a
given orientation are computed, with any shading algorithm
of parallel projection.

3. areas of sunlight (m®*) on the walls of the building of =a
given orientation are computed,

4. total percentages of sunlight on the building are

computed and grouped under two intensities, e.i. the

Overheated and the Underheated.

The annual sums of the total percentages of sunlight for

the Overheated and Underheated periods are devided by the

number of the Overheated and Underheated daytime hours
respectively. This step gives the intermediate result.

6. Solar thermal energy due to the beam component of hourly
radiation is computed for each orientation (KJ/m? .h).

7. Solar thermal energy due to the beam component of hourly
radiation is computed for each wall (KJ/h).

8. Total solar thermal energy gain of the building due to the
beam component of hourly radiation is computed (KJ/h).

9. Annual hourly solar thermal energy gaing of the building

o
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due to the beam component of solar energy are grouped
under two intensities, the Overheated and the Underheated.

10. The annual sums of solar thermal energy gains of the
building due to the beam component of solar energy for the
Overheated and Underheated groups are devided by the number
of Overeated and Underheated daytime hours respectively.

11. The results of the fifth and tenth steps are evaluated
comparatively.

The first part of the procedure is applied to three blocks

(Fig.1) of the same area and hight, but of different design, for

tstanbul and Antalya and for 1., 11., and 21. days (Fig.2) of

the months with Zeren's (1962, 1967) adoptation of Olgyay

charts. For the second part. however. only the second block is
examined for tstanbul, and only for 21. days (Fig. 3, 4) of the
months. Hence comparisons of two sets of meteorological data and

all

the parameters mentioned above may be seen clearly from the

graphics relative to the changes in eight orientations. e.i., N,
E. SE, 5, SW, W, and NW.
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Although percentages of sunlight on the vertical exterior walls
are computed with program Sunlight, a shading technigue based
on a parallel projection algorithm and the inclusion of the
thermal effect mentioned above is done by Liu-Jordan's well
known equations, the procedure is applicable to other
scientists” formulae and shadow analyeis models as well.

RESULT

The procedure may be used to generate a wide variety of building
blocks and to define alternative proportion of block’s sides

The irradiance load and the climatological effects on external
surfaces of building blocks may be evaluated for any
orientation. +time of day and for different localities to define
rhysical characteristics of building surfaces. The procedure
generates useful information for the control of solar and
climataological environment and to develop building regulations
for planning control. Thus the procedure may be employed in
conjunction with other performance criteria for a sythesis of an
integrated architectural solution.
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ABSTRACT

This paper is based on a study carried out for DGXII of the
Commission of the European Communities in 1989/90 on the current
and potential future use of passive solar energy in buildings
throughout Europe. Presented here are the results for eight
northern countries, Belgium, Denmark, France, West Germany,
Ireland, Luxembourg, the Netherlands and the UK.
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PURPOSE OF THE STUDY
The study set out to answer three main questions:-

How much solar energy is currently used in buildings in the
European Community?

How much solar energy could be used in the future, in the years
2000 and 20107

What could be the consequent reduction in pollution, particularly
the reduction in carbon dioxide (CO,)?

USING SOLAR ENERGY

Making use of the sun's energy has always been an essential part
of living. All buildings can be designed to make use of the sun
for heating and to exclude the sun to stop overheating. The sun
also provides natural daylighting inside buildings.
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Passive solar definitions:

This study looks at the use of passive solar energy in all
buildings for heating, cooling and lighting. Heating by passive
solar energy was defined as the sun entering a building directly
through the windows or indirectly through sunspaces, wall panels
etc, and being used or stored inside the building with little or
no use of fans or pumps. Cooling by passive solar design was
defined as shading, natural ventilation and the use of naturally
cooled air (from the ground or evaporative cooling) to stop a
building overheating. Daylighting by passive design was defined
as allowing natural light to enter deep into a building and
ensuring that artificial lighting is only in use when natural
lighting is insufficient.

Passive design in new buildings, refurbishments and for
retrofitting.

All buildings make use of some solar gain for heating and
lighting and this use can be increased at any stage in the
building's life. The simplest and most effective way is at the
design stage, when solar heating, cooling and daylighting
measures can be incorporated with minimal extra cost or
inconvenience. During major refurbishment, some solar measures
can be introduced with significant effects. Lastly, some solar
measures can be added on to a building at any time, sunspaces,
shading devices, transparent insulation cladding, etc.

ESTIMATING SOLAR ENERGY USE

The "spreadsheet" and information sources.

The method used was to build up the total solar usage from all
the constituent parts, in all the constituent countries. A
computer "spreadsheet" was developed, one for each country, and
available information, estimates and projections inserted.
Information was collected from published sources such as the CEC
Eurostats data, unpublished papers and documents and experts in
each country. Much of the information required was simply not
available, so estimates were made on the basis of what was
available, comparison with other countries and expert opinion.
The spreadsheet approach makes future updating, when new
information becomes available, fairly straightforward.

Base and "technical potential" solar contributions.

The "base case" solar usage was defined as the contribution of
passive solar design to heating and cooling loads if no action
is taken to increase the usage in the future. The base case does
not include any solar contribution for daylighting in either
houses or non-domestic buildings.

The "technical potential" solar contributions to heating, cooling
and lighting were defined as the maximum achievable overall in
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the years 2000 and 2010, taking into account technical
difficulties such as overshading but assuming that otherwise all
houses would be built or refurbished according to solar
principles. Clearly this potential will not be achieved without
drastic measures. This is discussed later.

Solar heating in houses.

Using solar energy to heat houses is the best researched and
documented area in the field of passive solar research. The
current, or base, solar usage was built up for each country from
the number of houses, their gross heating demand and the
percentage solar contributions as determined from monitoring
projects. New build, refurbishment and demolition rates were
used together with solar contributions monitored in new and
refurbished solar houses to estimate technical potential solar
contributions for 2000 and 2010.

Solar cooling in houses.

The need for cooling in houses was only considered for countries
in southern latitudes but this includes France to a small extent.
Passive or natural cooling design is estimated in this study to
currently provide half of the demand in houses where cooling is
necessary but where air-conditioning is not used. 1In the small
proportion of houses already using air-conditioning, no passive
cooling contribution was considered. The possible contribution
of passive design for the years 2000 and 2010 was built up from
new build and refurbishment rates assuming increased natural
design contribution rates to the cooling demand.

Daylighting in houses.

Daylighting in houses was not considered as an area of solar gain
since auxiliary lighting is not normally required in houses in
the daytime so no savings can be made by improved design.

Offices, factories, schools etc.

The non-domestic sector has far more diverse building types and
less information is available. Broader estimates were made
mainly on the basis of current energy usage and estimates of
increases in energy consumption available from CEC research. New
build and refurbishment rates were forecast and estimates made
of possible solar contributions from case studies and other
research. Solar contributions to heatlng, cooling and lighting
for year 2000 and 2010 were built up in this way.

Pollution savings from solar design.

Pollution savings in terms of CO,, SO,, NOx and nuclear waste for
each country were calculated based on the fuel split within that



154

country and the total equivalent savings resulting from the solar
design.

Development of new technologies.

The estimates are made on the basis of the use of tried and
tested methods and components for maximising solar gain. Whilst
on the one hand it is unlikely that all these will be
implemented, on the other hand it is possible that new
technologies will be developed which could significantly increase
solar usage. over the next 20 years the development of
transparent insulation seems likely to have the most significant
effect.

RESULTS - SOLAR ENERGY USE AND POLLUTION REDUCTION

Solar enerqy use in 1990 compared with other fuels.

Passive solar energy at present supplies the eight northern
countries of the European Communities with the equivalent of 61
million tonnes of o0il equivalent (mtoe) of primary energy per
annum. In the building sector alone (ie excluding industrial
process heat and transportation energy use) solar energy supplies
11% of the total (figure 1). Thus it is clear that solar energy
is already a very important fuel in northern Europe.

Solar energy use_in the future.

Over the next 20 years, if no specific action is taken to promote
the use of passive solar energy, a small rise of 4.5% above the
1990 levels is predicted by the year 2000, falling back to the
1990 level by the year 2010. The reduction is due to reduced
heating demand resulting from higher insulation standards.
However if action is taken, the potential exists to greatly
increase the use of solar energy. By the year 2000 the overall
amount could be increased by 22% of the 1990 usage, an increase
of more than 13 mtoe, and by 2010 the amount by 43%, or more than
26 mtoe per annum.

These potentials are the maximum technically possible and include
allowances for buildings which cannot be oriented optimally etc.
In practice the potential will be reduced by such factors as low
take up rates and poor design and operation.

Where most solar energy is used.

Figure 2 shows the increase in individual solar contribution in
the 5 categories (domestic heating, non-domestic heating,
domestic cooling, non-domestic cooling and non-domestic lighting)
for the eight countries.
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FIGURE 1 FIGURE 2
Eight Northern European Member Countries
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Solar contributions to heating (nearly 60 mtoe per annum) are the
largest, in absolute terms, and the largest increase is forecast
in solar heating in non-domestic buildings at over 11 mtoe per
annum by 2010 and reflects the relatively high rates of new
construction and refurbishment in this sector compared to
housing. Nearly as large is the increase in the use of
daylighting in non-domestic buildings, an increase of 11 mtoe per
annum by 2010.

The contribution of passive solar design to the reduction of
cooling loads gives much smaller savings than that to the
reduction of heating loads, due to the small need for cooling in
northern Europe.

Atmospheric pollution savings from the use of solar energy.

At present passive solar design saves 162 million tonnes of CO
per annum, 0.7 million tonnes of SO, and 0.2 million tonnes o
NO, (Oxides of Nitrogen).

Figure 5 shows the pollution savings arising from the use of
passive solar energy for all eight countries.

If the technical potential solar contributions determined in this
study were achieved, the amount of CO, saved per annum by the
year 2010 would rise to 223 million tonnes, an increase of 38%.
The annual saving in CO, production below 1990 levels, due to
solar design, could be 30 million tonnes by the year 2000 and 61
million tonnes by the year 2010.

Potential savings in SO, and NO, are shown to reduce in the
future due to 1mplementat10n of leglslatlon to reduce emissions
of these gases from power stations. If targets for reduction in
emissions are met, the problems associated with emissions of SO,
and NO, (pr1n01pa11y "acid rain") will thus be greatly reduced
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FIGURE 3 FIGURL 4
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Two countries, Germany and the UK, currently contribute two
thirds of the savings in CO, due to solar design. France
contributes only 13% to the savings due to its large nuclear
energy sector. The picture is broadly unchanged by 2010, if the
technical potential is achieved.

Nuclear waste savings from the use of solar energy.

At present solar energy reduces nuclear waste by more than 18%
from that which would be produced without the solar contribution.
Five countries use nuclear power but France dominates and
contributes around 77% of the 1990 savings and 67% of the 2010
potential savings. Overall, solar design could increase savings
of nuclear waste by around 67% by 2010.
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ABSTRACT

A comparison is made between northern and southern latitude locations of
the U.K. with regard to energy requirements and the availability of solar
and wind energy. Two case studies are presented, one of passive solar
heating of local authority council housing at a latitude location of 58°N,
and another of wind energy for holiday chalets at a latitude location of
60°N. Finally a case is presented to combine solar and wind energy to
reduce the mismatch between the availability of energy and its requirements.
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INTRODUCTION

In the north of Scotland the question is still frequently asked, "Is there
enough sunshine for harnessing solar energy?". The case for higher solar
energy utilisation, specially for passive solar heating, could not be more
straightforward. Firstly, the irradiation on south facing inclined and
vertical surfaces at higher latitudes is not significantly less than that at
lower latitudes. Secondly, almost year round requirement for space heating
at higher latitudes makes the match between energy needs and the
availability of solar energy more attractive. Finally summer overheating at
higher latitudes is less problematic.

In the case of wind energy the match between energy needs and its
availability is much more in tune. In the U.K. higher latitude locations
are generally windier than lower latitude locations. Also, the seasonal
variations in solar and wind energy densities complement each other.
AVAILABILITY OF SOLAR RADIATION AND ENERGY REQUIREMENTS

Although the incidence of solar radiation on a horizontal surface decreases
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with increasing latitude, the north/south divide is not clear cut. For
example, over a 30 year period, Aberdeen recorded 3.71 average daily bright
sunshine hours, compared with 3.65 hours at Durham, 3.55 hours at Birming-
ham, and 3.74 hours at Greenwich (Meteorological Office, 1963). These
locations lie at latitudes of 57.1, 54.3, 52.5 and 51.5°N.

Table 1 shows yearly irradiation on horizontal and south facing (vertical
and 45° inclined) surfaces and Degree Day data (base 18°C) grouped at two
monthly intervals for Lerwick, Aberdeen and Kew (Page and Lebens, 1986).

Table 1. Yearly global irradiation and Degree Days for three
locations (Values in brackets show % of Kew values)

Location

Kew (51.5°N) Aberdeen (57°N) Lerwick (60°N)

Yearly irradiation (kWh/m2)

Horizontal 941 (100%) 864 (91.8%) 786 (83.5%)
South (Vertical) 743 (100%) 747 (100.5%) 641 (86.3%)
South (45°) 1051 (100%) 1003 (95.4%) 882 (83.9%)

Degree Days (base 18°C)

January, December 817 936 917
February, March 718 1009 865
April, November 589 743 778
May, October 381 562 630
June, September 194 371 472
July, August 158 289 404
Yearly total 2820 3756 4056

For a south facing inclined surface (optimum for active systems) gap in
availability of solar radiation between Aberdeen and Kew is narrowed
considerably, compared with irradiation at a horizontal surface. For
passive solar applications, a south facing vertical surface in Aberdeen
receives somewhat more irradiation than in Kew, reversing the trend of 8.2%
lower incidence on a horizontal surface. The Degree Day figures in Table 1
illustrate that much higher space heating load at higher latitude locations
is present between May and October. The lower latitude locations are more
likely to be unable to utilise the available radiation and in many
situations a problem of overheating may occur. Utilisation of active and
passive solar thermal systems rarely exceeds 30-40% and 15-25% respectively.

AVAILABILITY AND POTENTIAL UTILISATION OF WIND ENERGY

The wind data recorded at the Meteorological Office (MO) sites is not a
good indicator for the availability of wind power, as the logging equipment
is usually located on a flat ground and at a low anemometer height of
around 10 m. There are several sites which have potentially higher wind
regime than those at the MO sites. The MO site data on mean annual wind
speeds for the period 1971-80 is given in Table 2 (Page and Lebens, 1986).
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Table 2. Mean annual wind speeds (m/s) at U.K. locations

Plymouth 5.5 Cambridge 4.8 Belfast 4.9
London 3.7 Birmingham 4.4 Newcastle 4.7
Cardiff 5.0 Manchester 4.5 Glasgow 4.5
Aberporth 6.5 Sheffield 4.0 Aberdeen 5.0

(1973-80) Lerwick 7.1

The wind energy density (W/mz) is proportional to (wind speed)a. Doubling
the height of wind utilisation point would increase wind energy density by
30% to 60% or more depending upon the topography of the site. European Wind
Atlas (Troen and Peterson, 1988) classifies whole of Scotland and western
coast of Ireland as having best wind resource in Europe. Theoretical
maximum power extracted by a wind turbine generator (WTG) has been estimated
by A. Betz as 59.3% of the wind energy density. In practice it is more
likely to be 40% for the best machine. Further limitations reduce the wind
speed/power coefficient to 2-2.5 instead of 3. In Shetland and Orkney a
wind turbine generator could harness at least twice as much energy as
possible from many mainland locations.

CASE STUDIES
Passive So ts_at Stile Park, Stornowa Western Isles (58°N Latitude

The project consists of 22 energy conscious single person flats which were
designed in 1983/84 and built in 1985. The flats were planned in typical
Scottish tenement fashion, in pairs on each side of a common access stair,
in two and three storey terraces. Service areas were located to the north
and living area and bedroom in a 5.8 m frontage south facing aspect. The
entry space was designed as a sunporch which also acted as a buffer zone.
The living room had an additional window. Thus advantage was taken of
direct gain and thermo-circulation from the sunporch. An independent solar
collection feature was the glazed south surfaces of the common stairs.
Surplus gains from sunporch and living area could be vented to the
stairwell. The third feature was a glazed roof collector area which charged
the rock-bed store by the help of a differential sensor and a fan. Any
surplus heat from the stairwell was vented to the roof space. Manually
controlled flaps provided natural thermo-circulation of rock-bed store
heat, thus completing the thermal loop. Figure 1 shows the general ar-
rangement of the flats highlighting passive solar features. Low level
monitoring data and occupants’ reaction were recorded during first two
years of occupation from August 1985 to June 1987. With the help of Envi-
ronmental Systems Performance (ESP) model, it has been estimated that the
solar contribution amounted to between 25% and 33% of the total energy
requirements. Details of this study are published elsewhere (e.g. Saluja
et _al, 1988). Occupants' reaction has been favourable and the demand for
the flat is high despite a slight rent levy. Although the flats were built
on the basis of council cost guidelines, the passive solar features were
estimated at ?400/flat (1983 ?) and a payback period of 10 years was calcu-
lated at the design stage.

Further Developments. Western Isles Islands Council also built a similar
number of family houses at the Stile Park Development during 1985-86 incor-
porating the sunspace concept, with the provision of a short duct to the
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north side and a differential sensor to transfer the surplus heat. These
houses are currently being monitored under a DoE contract. The Council is
embarking on another set of passive solar flats at the nearby Spring Field
Road Development. These flats will have sunporch, glazed stairwell and
roof collector, but no rock-bed store.

The Gordon District Council Howford Housing Scheme, currently under con-
struction in Inverurie, near Aberdeen, includes six units in shelter hous-
ing with a passive glazed facade of S-SW, as well as a roof collector. One
of the features of these units is to admit maximum daylight by providing
strategic spacing between different houses. The houses are scheduled to be
completed in summer 1991 and will also be monitored under a DoE contract.

Wind ener for Easterhoull chalets at Scallowa 60°N_ Latitude) in Shetland

This project was sponsored by the Commission of the European Communities
(CEC) as a demonstration scheme to provide wind generated electricity to
tourist isolated and island communities. It provided electricity for 11
all-electric holiday chalets and the owners’ house. The project was sanc-
tioned in 1984 and a 55 kW wind turbine generator (WIG), with two induction
generators rated at 11 kW and 55 kW and a tower height of 22.3 m, was
installed in August 1985. Figure 2 shows the layout of the scheme. The
WTG was connected to the island’s diesel grid. Detailed description of the
project can be found elsewhere (e.g. Saluja, 1989a and 1989b). Daily
records were kept of energy production, its import from and export to the
grid during the monitoring period of 33 months. The location of WTG was
not ideal as it was shadowed by a surrounding hill when the wind was blow-
ing from east or south east. Some important results are summarised below.

Machine availability and production of wind generated electricity: Over
the 33-month monitoring period the WTG produced 368,103 kWh of energy and
the availability of the machine was 97%. In 1986 the machine produced
152,308 kWh of energy (a capacity ratio, actual output/output at rated
power, of 0.31) at an average annual wind speed of 7.41 m/s at Lerwick.
The WTG produced energy for 67% of the period in 1986. When normalised at
long term mean annual wind speed of 7.21 m/s at Lerwick and predicted for
the WIG site, the production should have been 198,700 kWh of energy, based
on performance curve of the WIG, resulting in the energy loss of 30%.

WTG cost, electricity tariffs and economics of installation: The total

cost of installation was £41,102 (1985 £). Insurance cost for the first
five years was £1,108 and regular servicing cost was around £300 per year.
Electricity tariffs include availability, reactive energy and unit charges.
In 1989 the unit charge was £0.0518/kWh and excess of energy exported to the
grid earned £0.0258/kWh (this compared very favourably with the mainland
North of Scotland rate of £0.0186/kWh). Since 1985, the cost of importing
energy from the grid has increased and the income from export of the surplus
energy has decreased. Consumption during 1986 was 118,411 kWh and only 43%
of wind generated energy was directly used. The payback period was estimat-
ed at 10.7 years. However if the utilisation factor increased to 60%, 80%
and 100%, then payback periods would reduce to 9.5, 8.6 and 7.8 years re-
spectively. These calculations ignore local authority rates payable.

Operational and maintenance problems: Remoteness of the location put some
strains on the O & M schedules and costs. No planned service contract was
taken out, resulting in some delays. The WIG performed well until a fate-
ful day of 28 December 1988. As a result of high wind speeds and severe
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gusting, power cuts and machine malfunction the nacelle fell off the tower
onto the ground and the system had to be scrapped. The owner, manufacturer
and the insurance company accepted part liabilities and an amicable settle-
ment was reached. Provision of improved controls in the later models of
WIGs has considerably reduced the chances of such fatalities.

PROSPECTS OF COMBINING SOLAR AND WIND ENERGY

Table 3 shows the estimated solar energy density at a 45° south facing
surface (Page and Lebens, 1986) and wind energy density at a 20 m (Troen and
Peterson, 1988) for long term monthly averages for Aberdeen and Lerwick.
Solar and wind energy complement each other and reduce seasonal variation in
total energy which is also more in tune with energy needs of buildings. The
cost aspects could easily provide an economic case for large solar areas and
small wind turbines. Combination of wind energy for electricity and solar
energy for thermal needs would prove immensely beneficial to the mankind.

Table 3. Wind and solar energy densities (W/mz) at Aberdeen and
Lerwick Meteorological Office Station locations

Lerwick Aberdeen

Wind (20 m) Solar (S) Total Wind (20 m) Solar (S) Total

Month

January 975 15 990 295 45 340
February 650 58 708 165 75 240
March 715 100 815 325 90 415
April 435 156 591 210 115 325
May 325 163 488 180 110 290
June 295 189 484 150 120 270
July 250 166 416 110 105 215
August 250 148 398 90 105 195
September 495 106 601 150 95 245
October 585 66 651 170 80 250
November 845 30 875 305 50 355
December 1105 10 1115 295 40 335
Annual 577 101 678 204 115 319
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ABSTRACT

Proper choice of storage batteries in photovoltaic systems (those
which require storage) is very essential for the system
reliability and to meet the 1load demand throughout the
operational 1life. Battery voltage and capacity are the most
important parameters to know. This paper discusses the battery
requirements for PV applications(the exact requirements of the
battery system for PV use is a complex one, considering the
electrochemistry involved, different battery designs, and control
systems) and the battery storage systems at present available for
selection.The final decision however should base on optimization
of parameters such as energy and power density, current demand,
cycle life, required maintenance, service temperature range,
safety aspects and the costs of both the battery and the control
system which must control both the rate and level of charge and
discharge.

INTRODUCTION

Electric power produced by solar cells is highly dependent upon
the amount of sunlight the solar cells receive. Since the
insolation level (W/m’) changes as a result of variations in
atmospheric conditions, the PV output would fluctuate. Unlike
solar thermal plants that have thermal inertia, the response of
PV output to any change in solar intensity is immediate. Because
of its intermittent nature, PV power generation systems are
usually oversized and need some form of energy storage back up.
In most cases the back up provided is in the form of
"batteries" (i.e an energy storage device or reservoir that when
charging directly converts electrical energy into chemical
energy). By connecting it to a consumer device/apparatus, the
stored energy is received during discharge.The DC output from the
solar cell array can either be used to charge the battery or be
transmitted directly to the 1load. For an AC output it is
essential to incorporate an inverter with the system.

The battery size(capacity) chosen should be able to meet the
load demand reliably throughout the duty cycle and life. Sizing
requires the typical input characteristics of the solar array,
the kW profile over an average day, month and year, max. and min.
kW, insolation data, environmental conditions, and system
voltage.
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REQUIREMENTS FOR PV APPLICATIONS

All installation and applications of batteries have their
particular characteristic needs as common car batteries have to
deliver a high current for a small period of time, a traction
battery supplies current for a longer duration and so. Similarly,
PV systems operate to supply load for extended periods and
batteries are discharged to a higher depth of discharge (DOD) . The
exact requirements of the battery system for PV use is a complex
one, however, in brief to satisfy most of the requirements of PV
application, battery should have following characteristics’

Low cost ( ~ $ 100 /kwh)

Withstands deep depth of discharge ( ~ 80 %)

Cycle life >4000 cycles

Withstands overcharge and overdischarge

. No maintenance requirements

Capability to indicate the state of charge

The battery having all the above mentioned characteristics is
not available as yet. Nickel hydrogen mainly used in space
applications meet most of the requirements except cost’. At
present lead-acid and nickel cadmium batteries are mostly used
in photovoltaic systems compromising some of the disadvantage.
A table at the end is presented giving the comparison among the
battery systems.

d\U’\nwal'-'

LEAD ACID BATTERY

Lead acid cell, more consistently named the "lead acid oxide
cell” commenced in 1859 with the construction by the French
physicist, Gaston Plante, of the first practical rechargeable
cell, consisting of two coiled lead strips, separated by a linen
cloth, which forms the basis of the most widely used secondary
battery. The detail and theory of electrochemical reactions can
be found in the literature>*®. The basic reactions are,

at positive electrode (PbO,),

PbO, + 4H' + SO0~ + 2e~ = PbSO, + 2H,0
at negative electrode (Pb)

Pb + SO, = PbSO, + 2e”
The overall electrochemical reaction is

Pb + PbO, + 2H,SO, = 2PbSO, + 2H,0

The electrolyte density vary from 40% by weight of H,S0, (1.30
Kg dm-’) at full charge, with an associated open circuit voltage
(OCV) of 2.15V at 25°C to about 16% by weight of H,S0, (1.1 Kg
dm-’) when fully discharged, with an OCV of 1. 98V Major
advantages and disadvantages are listed as under

ADVANTAGES: 1. Long life ( ~ 300-400 cycles depending on DOD)

. Ability to be discharged to a very low value

Relatively good cell voltage; 2.1V/cell approx.

Fairly acceptable energy density; 12 Wh/lb

. Satisfactory safe working temperature range -18°C to 43°C

. The completely reversible reactions produce little physical

AU WN
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change in plates

7. Uses comparatively cheap and plentiful material

8. Low operating and initial cost over other systems’

9. Delivers both low and high currents

10.Use of gel electrolyte enables full discharge to be employed
without sulphating even if left in this condition for 28 days

DISADVANTAGES: 1. Utilizes one of the heaviest metals, lead.

2. Develops stratification over the period of time which reduces
the performance

3. Low service life; 3-5 years

NICKEL CADMIUM BATTERY

In a nickel cadmium battery system, the positive plate is nickel
hydroxide and negative plate is a mixture of cadmium and iron.
The reaction occurring on these plates (electrodes) can be found
in literature’. Most simply the reactions are

at positive plate

NiOOH + H,0 + e~ = Ni (OH), + OH~

at negative plate
Cd + 20H" = Cd(OH), + 2e°

The overall cell reaction commonly acceptable is
2NiOOH + Cd + 2H,0 = 2Ni (OH), + Cd(OH),

The electrolyte in Ni/Cd is a solution of potassium hydroxide

with a density of 1.18 to 1.23 g/ml® which may also contain 15-

50 g/1 1lithium hydroxide to improve the cycle life of the

positive plate, especially at elevated temperatures. Nickel

cadmium cell behaviour is strongly temperature dependent, and

gives longest life at about 5°C to 15°C°. Charge control method,

voltage limit (temperature compensated)/current taper, optimizes

the life of Ni/Cd battery’. The cost of nickel cadmium system is

generally higher than that of lead acid so that overall cost of

energy storage is 5-7 times higher. However, long cycle life, low

maintenance and high reliability have made it an obvious choice

for a number of applications. The basic features of the system

ADVANTAGES: 1. Outstanding long life both in shelf and operation

2. Low maintenance cost

3. Holds a constant voltage over the normal discharge time

4. Good performance at low temperatures

5. Able to accept high charge/discharge rates, high overcharge
and can remain, discharged for long periods without damage

6. Higher service life >10 years®

7. Standard cell potential; 1.299V at 25°C

DISADVANTAGES: 1. Expensive storage system

2. Very high self discharge

3. Very low charge efficiency at low charging currents

4. Check of charge condition is not possible

NICKEL HYDROGEN BATTERY
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This system is the hybrid of hydrogen electrode technology of
the fuel cell and nickel electrode from alkali secondary cells.
The battery generally consists of nickel oxide and hydrogen
electrodes separated by zirconium oxide cloth or asbestos felt
separators used to immobilize the 30% KOH aqueous electrolyte.
The principle cell reaction is

1/2H, + NiO(OH) + H,0 = Ni (OH),.H,0

It has an OCV of 1.5-1.6V, in its fully charged state. The system
have the following advantages

1. High cycle life ~~ 6000 cycles at 80% DOD’

2. Higher energy density >25 Wh/1lb

3. Deep depth of discharge capability

4. Insensitive to overcharge and overdischarge

5. Offer substantial weight savings

But with these good features it also posses some undesirable

1. Degradation of nickel electrode’

2. High cost as compared to other systems

SOLID STATE BATTERY

Considerable effort has been focused in recent years on the
development of secondary(rechargeable) ambient temperature
lithium batteries, due to the desirable characteristics generally
associated with primary batteries including high gravimetric
energy density, volumetric energy density, long charge retention
times (10 years or more'!), absence of any possible leakage or
gassing. These could be constructed with excellent packing
efficiency for the active components, without separators and
using simple light weight containers.

1. LITHIUM MOLYBDENUM

This system is approx.50% higher in energy density than that of
state of the art NiCd and proportionately higher than that of
sealed lead acid. The charge retention capability of the system
is excellent, with a charge retention time in excess of 8 years.
The system utilizes a lithium metal as anode and a granular
molybdenum disulphide as the cathode, having open circuit voltage
approx. 2.30 V for a cell in fully charged state.

2. LITHIUM POLYMER

The mechanical flexibility of the polymer enables solid state
cells to be designed with optimized electrode/electrolyte
interface configuration(e.g. composite electrodes). A number of
polymers are in use which attracted the great attention for
further improvement such as

Li (s) / (PEO) (,LiC,0,F,(s) /TiS, (8)

which has an emf 2.60 V at 25°C°. The main advantages are

1. High energy density; 60-70 Wh/Kg depending on the rate of
discharge

2. Inherent safety below 110°C for electrical, mechanical and
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thermal abuse
. Wide ambient temperature operating range; -20°C to 70°C
. Charge retention capability of greater than 8 years
. Leak proof construction
. Low cost as compared to other rechargeable systems
. Extremely long shelf life
Excellent packing eff1c1ency
DISADVANTAGES. 1.Anode is not 100% reversible
2. Cell cannot accommodate gross changes in electrode volume.

mqmmbw

CONCLUSION

The study was done as a part of the research work to look into
the battery systems suitable for photovoltaic applications
functionally as well as economically, making the PV systems
reliable and cost effective to other conventional energy
supplying systems. At present no battery system meets all the
requirements of the PV applications, however, it is concluded
that lead acid battery seems to be more promising due to its
availability, cost and fair operation during the operational
life. In colder regions Nickel cadmium can perform the job at
best.
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COMPARISON OF BATTERIES FOR PV APPLICATIONS

NiiCd Lead acid Lead acid Ni/H2
(consumer type) (industrial type)

solf discharge very high low low

Cycle life high low high very high
gf?gg%gy (:?'z)'WOX) very good very good good
Cyclingabiity | 900 low good | very good

(80% DOD) (50% DOD) (80% DOD) (80% DOD)

Charge not possible possible possible possible
monitoring

Service life |>10 years 3-8 years 10 yoars »10 yoars

Cost very high low high very high
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A 44 m2 Low Flow Solar System for Domestic Hot Water

by
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A solar system for heating of domestic hot water has been
contructed at Seofartsskolen situated in Senderborg in
Jutland.

Seofartsskolen is a bording school with 96 seamentrainees.

The system has functioned without problems since January
1988 and is now being monitored.

The system is the first in Denmark designed for larger
applications than single-family houses and making use of
the attractive low flow principle based on lower flow,

smaller piping and stratification in the storage tank.

It is probably also among the first larger systems inter-

nationally operating after this principle.
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As in most larger solar applications the system is supplying
heat for both the domestic hot water use and the consider-

able heat losses in the circulating piping of the hot water.

It is expected that the monitoring period will clarify the
advantages and disadvantages using the low flow principle

for larger systems.

For small system experiments at the Thermal Insulation
Laboratory at the Technical University of Denmark have
shown, that the low flow principle can increase the thermal

performance with 15 to 20%.

This is obtained with systems, which are a little cheaper

than normal systems since piping have smaller dimensions.

The system is of significant importance for the future
design of larger solar systems in northern countries. If
expectations are met it will function as prototype for these
systems. Furthermore the monitoring project will add know-
ledge about the low flow principle to be used for future
design tools.

The monitoring project is financed by the Danish Agency of
Energy. The system has been designed by consulting engineers
Esbensen.

The monitoring is performed by the Danish Solar Energy
Testing Laboratory, while the evaluation is performed by the
Termal Insulation Laboratory.



Investment

44 m2 solar collectors installed
Piping in the collector circuit

2000 litre storage tank including
heat exchanger

Piping in the storage circuit
Insulation of pipes and storage tank
Solar collector liquid

Electrical supply
Project fee
VAT

30% governmental grant

Total price for the system-owner

Output_for_a normal system_:

22.000 kwh (500 kWh/mz) x 0,45 Dcrs

Simple pay-back period

Estimated output for a low-flow

26.000 kWwh (600 kWh/m’) x 0,45 Dcrs

Simple pay-back period

Heating_demand :

Total domestic hot water :
Heat loss in the circulating pipes:

Dcrs 60.000
Dcrs 15.000

Dcrs 30.000
Dcrs 16.000
Dcrs 18.000
Dcrs 3.000
Dcrs 4.000

Dcrs 146.000
Dcrs 24.000

Dcrs 160.000
Dcrs 35.000

Dcrs 195.000
Dcrs 58.000

Dcrs 137.000

9.900 Dcrs/year.

14 years

11.700 Dcrs/year

12 years

73.000 kWh/year
54.000 kWh/year

127.000 kWh/year

171
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ABSTRACT

Renewable energy resources in the form of fuelwood, charcoal and direct sun-
shine provide most of Ghana's energy requirements. Fuelwood and charcoal to
gether contribute over 807 of the country's energy consumption and enormous
amounts of natural sunshine are used for both  domestic, agricultural and
industrial activities. However, the continued supply of woodfuels is threa-
tened by deforestation and desertification which are being accelerated by
the rapidly expanding population, timber operations and shifting agricultur-
al cultivation. The excessive and inefficient burning of woodfuels,especia-
1ly during charcoal production and use is also putting pressure on the coun-
try's forests and causing considerable environmental degradation.

Ghana's Renewable Energy Development Programme aims to assess the availabili-
ty of renewable energy resources; to examine the technical feasibility and
cost-effectiveness of promising renewable energy technologies; to ensure the
efficient production and use of the country's renewable energy resources;and
develop the relevant information base that will facilitate the establishment
of a planning framework for the rational development and use of the country's
renewable energy resources.

KEYWORDS

Cassamance Kiln; Half-Orange Brick Kiln; "Ahibenso"; Improved Coalpot; KVIP
toilet.

INTRODUCTION

Renewable energy resources in the form of fuelwood, charcoal and direct sun-
shine provide most of Ghana's energy requirements. Fuelwood and charcoal to
gether contribute over 807 of the country's energy consumption and enormous
amounts of natural sucnshine are used for both domestic, agricultural and
industrial activities, especially to dry agricultural export commodities and
forest industry products. However, the continued supply of woodfuels is
threatened by deforestation and desertification which are being accelerated

by the rapidly expanding population, timber operations and shifting agricul-
tural cultivation. The excessive and inefficient burning of woodfuels,

especially during charcoal production and use is also putting pressure on the
country's forests and causing considerable environmental degradation.
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THE NEB RENEWABLE ENERGY WORK PROGRAMME

The NEB's Renewable Energy Programme, which has been designed to tackle the
woodfuels supply and attendant environmental problems, aims: to assess the
availability of renewable energy resources in Ghana; to examine the techni-
cal feasibility and cost-effectiveness of promising renewable energy techn-
ologies; to ensure the efficient production and use of the country's renew-
able energy resources; and develop the relevant base that will facilitate
the establishment of a planning framework for the rational development and
use of the country's renewable energy resources. The specific projects
designed for the achievement of the overall objectives are grouped under two
broad headings of BOIMASS and SOLAR ENERGY.

BIOMASS

The Biomass activities of the NEB are aimed at conserving forest resources
through improved production methods decreasing demand through the use of
more efficient cooking devices; expanding the use of other biomass energy
sources such as biogas and logging and wood processing residues; planning
for the future security of biomass supply through the implementation of a
sustained programme of forest regeneration and afforestation; and substitu-
ting other fuels for woodfuels. The specific projects include the following

Conserving Forest Resources through Improved Production Methods

An improved method using the Cassamance kiln developed in Senegal, was
demonstrated to 42 people in separate activities in Kumasi ( a major saw-
milling centre) and Jema/Ampoma in the transition zone. Trial firings of
both the traditional earthmound and Cassamance kilns showed that the Cassa-
mance yields more charcoal (about 167) than the traditional kiln, and that
the Cassamance kiln carbonises wood four times faster than the traditional
earthmound method. A post-training monitoring exercise was conducted to
determine the extent of adoption of the improved method showed that although
the Cassamance kiln technique had advantages over the traditional method in
terms of the yield and shorter carbonisation period, there were certain
factors which limited its immediate adoption by the traditional charcoalers.
Whilst the Cassamance technique required twenty-four hour surveillance,
charcoalers using the traditonal earthmound method were able to leave it
unattended to engage in other income-generating activities such as farming
and hunting. Also, whilst the traditional method required virtually no in-
vestment, the Cassamance technique required the procurement of a mettalic
chimney which is an essential part of the kiln. Demonstration of the Cassa-
mance technique is continuing in the Kumasi area alongside efforts to intro-
duce improvements to the traditional method.

In addition to the above activities, the NEB is also demonstrating and eva-
luating the economic viability of theuse of sawmill residues for charcoal
production in Half-Orange Brick Kiln. This activity is aimed at encouraging
sawmillers to incorporate charcoal making activities into their operations
if this should prove to be economically viable.

Decreasing Demand For Woodfuels through Efficient Cookstoves

Most urban households depend on charcoal as fuel for meeting their cooking
needs. However, due to the increasing scarcity of our forests, this fuel is
becoming more and more expensive. This problem is aggravated by the fact
that the traditional coalpot is very inefficient and wastes fuel. The
Improved Charcoal Stoves activity is aimed at disseminating improved stoves
in urban households, including the development of local capability in the
fabrication of such improved stoves.

A locally designed stove '"the Ahibenso'" improved stove, has achieved average
charcoal savings of 30-457 in field tests carried out in 800 household in
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Accra over a nine-month period. An expenditure survey also showed that
larger families consume less charcoal per person than smaller families. An
average figure of about ¢9 per person/day was found for a sample of 340
households. Savings in household charcoal expenditure amounted to about
15-20%.

An assessment of the acceptability or otherwise of the new stoves was
conducted using the retention rate of the stove models that participating
households preferred most. At the end of the field tests about 907 of the
trial households preferred the "Ahibenso" model and wanted to buy it even
though they fels it was too expensive, especially in areas inhabited pre-
dominantly by the low-income group. Even when the participants were offered
the stoves at a 507 discount, they could still not afford. However, 557 of
the trial households have so far purchased the "Ahibenso" model. Also 207
of the households opted for the "Improved Coalpot" which is an improvement
on the traditional coalpot and costs only slightly more than the latter.

The next phase of this activity, which is on-going, involves the dissemina-
tion of the "Improved Coalpot" and "Ahibenso' models in the Regional
Capitals and other selected urban centres to monitor the stoves and to
assess their long-term performance.

Expanding the Use of other Biomass Sources

In order to counter the ecological damage that has resulted from the excess-
ive dependence on woodfuels, the NEB is assessing the use of other biomass
resources such as biogas generated from both animal and human waste through
pilot testing of the technology. The first pilot project was undertaken on
a cattle ranch at Shai Hills with Chinese Government technical assistance
and was used to teach local artisans to construct and operate biogas
degesters. Two other pilot projects are underway at Appolonia, near Afienya
and also at Okponglo, near Accra.

The objectives of the Appolonia village project are to study the various
factors that may influence the transfer of biogas technology in Ghana; and
demonstrate the full socio-economic benefits of biogas technology and there-
by accelerate the process of biogas transfer in Ghana. The Appolonia
project converts both animal and human waste to biogas which provides cook-
ing energy to selected households. In addition, ten digesters of 50 cubic
meter capacity are being constructed to produce biogas to generate electri-
city for lighting up the village. The Opkonglo Integrated Biogas Project
involves the provision of a KVIP (Kumasi Ventilated Improved Public) toilet,
whose human waste is converted to biogas for cooking and to generate electri-
city to light up the area and use its substrate as fertiliser for landscap-
ing and vegetable farming.

Preparatory work for phase 2 has also started. This phase will consist of
the extension of the integrated approach to biogas development to areas with
a high concentration of feedstock, especially in the Northern Regions. A
preliminary assessment has been carried out in the Bimbila district where a
biogas programme started a few years ago 1is at a standstill due to a number
of problems such as: (a) insufficient skill in the construction of digesters;
(b) lack of basic tools for the construction work; and (c) lack of transpor-
tation to convey construction materials to the selected sites. Since the
local populations have shown great enthusiasm for the project, it is impor-
tant to offer assistance to them, as well as to other communities facing the
same problems, in order to maintain their interest.

Another activity being pursued in this area is the promotion of the use of
logging and wood processing wastes as a source of energy. This includes the
commercial production and use of sawdust briquettes as an energy source for
commercial and industrial activities such as baking and brick and tile
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manufacture. As a further measure, the use of sawdust and logging residue
for charcoal production in brick kilns is being investigated. This activity
has the advantage of promoting currently unused residues.

Planning for the Future Security of Biomass Supply

This objective is to be achieved through a sustained programme of forest
regeneration and afforestation, especially in areas where intense charcoal
production activities have destroyed the land and created environmental and
ecological problems. In this regard under the Improved Charcoal Production
activity the NEB is investigating the relocation of charcoalers from the
transition zone to the areas where timber operations are carried out and
where logging residues abound. A demonstration activity is in progress in a
Kumasi-based sawmill to evaluate the economic and technical feasibility of
using timber offcuts for charcoal production in brick kilns. This activity
will also investigate the possibility of introducing this method of charcoal
production to the timber producing areas. The NEB is also developing an
afforestation programme in collaboration with the relevant public agencies.

Substitution of other Fuels for Fuelwood

In order to reduce the country’s dependence on fuelwood and charcoal, the
NEB is promoting the use of other fuels as a substitute. Thus, activities
have been initiated to increase the use of liquefied petroleum gas in urban
households. the Government has abolished the sale of LPG cylinders
and introduced new marketing arrangements by which the cost of the cylinder
is amortised over its life. Smaller size LPG cylinders have also been intro-
duced to make gas accesible to the low income groups and also measures are
being strengthened to ensure the safe use of LPG. Since one of the const-
raints to the wider use of LPG has been the high cost of stoves, the NEB is
investigating the technical feasibility of local production of multi-fuel
stoves which can use both LPG and charcoal and which will be affordable to
low income groups.

SOLAR ENERGY PROJECTS

The successful exploitation of Ghana's solar energy resources to pump irri-
gation water, dry crops, improve communication and health facilities and
provide opportunities for access to modern recreational and educational
facilities will foster rapid improvements in the living standards of the
country's predominant rural population. To turn the enormous solar energy
potential into real benfits, the NEB has embarked on a programme to assess
and quantify the resource base, monitor the performance of existing solar
installations and demonstrate promising solar energy technologies for selec-
ted applications. The specific activities being implemented are:

Solar and Wind Energy Resources Assessment

This activity involves a comprehensive assessment of the country's solar and
wind energy resources to establish the necessary information base for accu-
rate design and siting of solar installations. The NEB has already comple-
ted an assessment of existing climatic data on solar and also the state of
equipment at meteorological stations all over the country. Further work to
be implemented will involve upgrading of the equipment to ensure that all the
necessary information will be collected. The existing data and subsequent
ones to be collected will be analysed and compiled into the appropriate form
(e.g. solar maps) for the design and sizing of solar installations.

This project started in January, 1988 with the installation of solar radia-
tion measuring equipment at the Meteorological Services Department )MSD)
Radiation Centre at Legon and three synoptic stations at Kumasi, Tamale and
Navrongo. All the twenty-two (22) synoptic stations belonging to the MSD
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have been visited to evaluate their status and data acquisition systems,
particularly hteir accuracy and reliability.

The NEB is currently analysing the following meteorological data acquired
from MSD: Solar Radiation-Daily Monthly Mean and Hourly Mean of 17 synoptic
stations for 10 years; Sunshine Duration-Daily Monthly Mean of 10 synoptic
stations for 10 years; Relative Humidity-Daily Mean at synoptic hours for 10
years; and Wind Speed-Daily Mean at synoptic hours for 10 years.

Monitoring the Performance of Solar Systems in Ghana

About 220 solar-powered systems have been installed all over the country
inlcuding 163 communication equipment, 29 vaccine storage refrigerators and
27 other installations consisting of lighting, solar-powered pumps and
ventilation equipment. Most of these installations have not performed as
expected due to incorrect design and siting. In spite of these observations
there is no systematic programme for monitoring and evaluating the perfor-
mance of these installations, even though adequate information on the perfor
mance of these systems under local climatic conditions will be extremely use
ful for selecting appropriate systems for future applications and increase
confidence in the promotion of solar photovoltaic devices in the country.

The objective of this activity is to monitor and evaluate selected solar
photovoltaic installations in three different climatic zones in the country
and compare their actual performance with design objectives. A nationwide
census of solar installations established that most of the installations
were not functioning properly due to incorrect orientation of the equipment
as a result of which they are covered by shadows at certain periods of the
day; poor quality storage batteries which malfunctioned after less than one
year of installation; and inavailability of spare parts to carry out effec-
tive maintenance of certain components of the installations. Thus, over 807
of the communications equipment have operational problems (poor audio out-
put) due to incorrect selection of the components.. Also, out of the four
solar water pumps identified, only two were found to be working; one of them
had never worked. However, it was observed that the solar refrigerators had
a better track record than the other installations since only two of the
eleven inspected had malfucntioned.

On the basis of the above observations, some installations have been selec-
ted further study, involving the use of solar PV measuring equipment to
monitor the performance of these installations.

Demonstration of Integrated Solar Power for Villages

The solar energy activities also cover demonstration and evaluation of solar
energy technologies such as water heating, portable lighting and battery
charging. To assess the potential contribution of solar energy to the
Government's National Electrification Programme, the NEB intends to demon-
strate and evaluate the concept of an integrated solar-powered village,
relying entirely on solar energy to meet its electricity needs.

Twelve villages have been shortlisted for detailed screening, which should
lead to the selection of one or two for the implementation of the pilot
project. Each of the villages is at least 50km away from the national grid
and the solar power option is preceived to be cheaper than connection to the
grid. Some of the other criteria used for the screening of the villages are
accessibiluty and road net work; economic and agricultural potential, solar
insoaltion and annual sunshine hours.
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ABSTRACT

Since commercially produced nickel pigmented aluminium absorbers show large scattering in
their solar optical parameters a program for preparation, characterization and optimization of this
surface has been initiated. In this laboratory program surfaces with optimum properties of
a=0.95 and €=0.13 have been prepared, while the best factory produced commercial absorber
have values of 0=0.95 and €=0.19. The emittance is critically dependent on the thickness of the
surface oxide, while the absorbtance depends both on thickness and nickel content. The
importance of measuring the hemispherical emittance is pointed out.

KEYWORDS

Anodic; aluminium oxide; nickel pigmented; solar absorption; thermal emittance; reflectance.

INTRODUCTION

An ideal solar selective surface should have 100% absorbtance for wavelengths shorter than

2 pum and zero emittance for wavelengths longer than that, if the solar absorber surface have a
temperature around 100°C. The solar and blackbody spectra both have low intensity at this
wavelength as seen from Fig. 1. A variety of different surfaces have been tested and fulfill to
some extent these conditions. One of the most frequently used commercial material, in solar
absorbers is nickel pigmented aluminium oxide on aluminium. The production cost of this
surface is low and it has fairly good selective properties and is quite resistant to degradation.
The physical principle for the optical properties of such a surface is that the nonabsorbing plain
oxide is changed to highly absorbing in the visible part of the wavelength region due to small
nickel particles which are incorporated in the aluminium oxide. The presence of these particles
introduces an absorbing component in the dielectric host matrix which changes the optical
properties according to the mean field theory (Sievers, 1979).
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Fig. 1.The solar spectrum and blackbody spectrum at 100°C are plotted together
with the reflectance of a SUNSTRIP ™, nickel-pigmented aluminium oxide
on aluminium solar selective surface.

One example is illustrated in Fig. 1 by the reflectance of a SUNSTRIP™ surface. Three main
features deviate from the ideal case. First, the transition between high and low absorbtance of
the cermet layer is broad and overlaps with both the solar and blackbody spectrum. Secondly,
optical interference effect within the double layer is inevitable and the interference maximum in
the range 1-2 pm, where the film has insufficient absorbtance, reduces the solar absorbtance. In
the case of the SUNSTRIP™ surface in Fig. 1 this fortunately coincides with a low intensity
interval of the solar spectrum. The third drawback with this type of cermet layer is the rather
strong absorption bands of the oxide in the wavelength region 8 - 25 um (Tartre, 1967). There
are also some absorption bands in this wavelength region originating from phosphor anions of
the electrolyte, which has been incorporated in the aluminium oxide during formation (Tran
Tach Lan et al., 1964). These bands affect the 100°C emittance severely.

The aim of our project is to improve the solar selectivity of this type of solar absorber material.
Sunstrip absorbers installed in different solar systems show large scattering in their optical
properties. a-values of 0.90 - 0.95 and e-values of 0.14 - 0.25 are obtained when different
samples are characterized (Dolley and Hutchins, 1987; Roos gt al., 1988). A project for the
preparation of this surface on a laboratory scale has therefore been initiated, where the physical
effects which determine and limit the solar optical properties are analyzed

SAMPLE PREPARATION

The aluminium substrate used was rolled aluminium covered with an electroplated aluminium
layer, 10 pm thick and of 99.98% purity. The samples were cut in pieces of 35x50 mm and
cleaned before anodization. They were immersed for about 10 s in a concentrated alkaline
detergent solution and immersed for five minutes in 1 M nitride acid. Finally they were rinsed in
distilled water and dried quickly in a nitrogen gasflow.

The electrolyte used for anodization was a 2.5 M phosphoric acid at (19.5 £ 0.5) °C. A constant
dc-voltage of 10 V was used for producing oxide layers of up to 0.5 um which appeared to be
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the limiting thickness before growth and dissolution of the oxide reached a state of equilibrium.
For thicker coatings the voltage was set to 15 V. The samples were anodized in pairs, clamped

together back to back. Since they both got the same oxide thickness, one of them could be kept
as an anodized reference to the pigmented twin sample.

The following nickel-pigmentation was also carried out electrochemically, in a solution of pH
4.7 containing: 30 g NiSO,, 20g (NH,)250,, 20 g MgSO, and 20 g H,BO, per litre distilled
water. The pigmentation process took between 4 and 6 minutes in order to get a visually dark
surface of the sample. The initial ac-voltage of 17 V was kept constant during the first two
minutes. The current had then dropped to about 350 mA. After this the voltage was
continuously adjusted to maintain this current.

MEASUREMENTS

The optical reflectance measurements were performed with a Beckman 5240 double beam
spectrophotometer in the 0.35 - 2.5 pm wavelength range. The Beckman instrument was
equipped with a 198851 integrating sphere for measuring the hemispherical reflectance with a
BaSO, reference plate.

The spectral reflectance in the infrared wavelength range between 2 - 50 pm was scanned with a
Perkin Elmer 983 infrared double beam spectrophotometer using a reflectance accessory with
nearly normal incidence of the incoming light. An evaporated aluminium film on glass was used
as a reference. The infrared reflectance data presented here are not corrected for the less than
100% reflectivity of the reference. Since this measurement only accounts for the specular part of
the radiation the measured reflectance is to low compared to the reflectance data from the
integrating sphere measurements in the overlapping region around 2 um. This mismatch is
however only noticeable for the highly reflecting samples.

The solar absorbtance was calculated from the integrating sphere measurements using ASTM
solar data. The normal emittance at 100°C was calculated from the infrared reflectance data
corrected for the emittance of the aluminium reference used in the measurements.

The total hemispherical emittance was measured calorimetrically at 100°C.

The thickness of the anodic layer was estimated from the interference fringes in the visible
wavelength region using a refractive index of 1.7 for the aluminium oxide (Pastore, 1985).

RESULTS

An anodic oxide layer formed in an acid solution has a porous structure with the pores
perpendicular to the surface (Keller gt al., 1953). During pigmentation the pores are filled with
nickel particles starting from the bottom of the pores (Andersson et al., 1980; Uchino et al.,
1979). The filling factor - volume fraction of nickel to the total cermet volume - depends on
both pigmentation current and pigmentation time in combination with how large the total pore
volume of the specific oxide is. The total pore volume is largest for oxides anodized in
phosphoric acid and at lowest possible voltage (Keller et al., 1953). A pore volume as large as
30% of the total oxide volume can than be obtained (Pavlovic and Ignatiev, 1986). Our oxides
are not quantitatively analyzed yet but they were anodized under the condition for maximized
pore volume.
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In order to investigate how the optical properties of the sample changes progressively during the
anodization-pigmentation process, a sample were measured before cleaning, after anodization
and after one, two and four minutes of pigmentation. The corresponding reflectance curves are
presented in Fig. 2.
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Fig. 2.The reflectance of a 0.35 pum thick sample has been measured between
subsequent steps of the pigmentation process.

The anodized sample has an oxide thickness of 0.35 pm. The overall reflectance is reduced
owing to some etching of the aluminium surface during the cleaning.

It is seen how the nickel changes the optical properties of the film from being highly transparent
to highly absorptive in the short wavelength region. This absorbing region is shifted towards
longer wavelengths with increasing nickel content in the oxide. However, in the infrared
wavelength region, the transparency of the oxide is not altered severely by the pigmentation. It
is therefore possible to select a suitable part of the wavelength region where the cermet film
transforms from highly absorbing to nonabsorbing by adjusting the pigmentation time and
current obtaining a specific nickel content in the oxide. When the film gets optically thicker with
increased nickel content, the interference pattern is also changed in a similar manner, shifting
the annoying first maximum out of the wavelength region of the solar spectrum. The sample has
after four minutes of pigmentation a solar absorption of 0.95 and a hemispherical emittance at
100°C of 0.13.

The selective properties of the cermet can also be changed by varying the oxide film thickness.
Figure 3 shows the reflectance curves of samples of thicknesses 0.25 um, 0.45 pm and 0.7 pm
pigmented under identical conditions. The transition wavelength region between high and low
absorbtance is shifted towards longer wavelengths with increasing film thickness. The thickest
cermet layer has pronounced absorption bands in the 8-25 pum wavelength region. This gives a
large contribution to the emittance which is 0.22 for this sample. The thinnest film also has
some extra absorption at about 6 um which is a feature of heavily pigmented samples. This is
interpreted as the pores in this thin oxide being filled up to the surface. This sample has a
hemispherical emittance at 100°C of 0.13 and the 0.45 um thick sample has 0.15. The samples
have the same solar absorbtance of 0.95.
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Fig. 3. Aluminium oxide of different thickness but pigmented under identical

conditions.

The samples which have the best solar selectivity are presented in Tablel. For comparison we
present both the normal emittance calculated from the reflectance data and the hemispherical
emittance measured calorimetrically. The later one determines the radiation losses from the
absorber. It is important to note that the hemispherical emittance is higher than the normal

emittance.

Table 1.The samples with the best solar absorption and emittance at 100°C are
presented in the table.

Oxide thickness Solar absorbtance Normal emittance Hemisperical emittance

(Lm) at 100°C at 100°C
0.25 0.94 0.11 0.13
0.95 0.11 0.14
0.35 0.95 0.12 0.13
0.96 0.12 0.16
0.45 0.95 0.10 0.14
0.95 0.12 0.15
0.96 0.12 0.15
0.96 0.12 0.16
0.70 0.94 0.15 0.21
0.95 0.17 0.22
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DISCUSSION

The data of Table 1 shows that high absorbtance can be obtained for all the chosen oxide
thickness. The emittance is however increased with film thickness mainly because of the deeper
absorption bands in the 8-25 um range. The thickest oxide of 0.7 um is therefore not suitable
regarding the solar optical properties. All samples of thickness between 0.25 and 0.45 pm have
fairly low emittance values, and compared to the hemispherical emittance of the plain anodized
samples the emittance is nearly unchanged after pigmentation. Most of the nickel pigmented
solar absorbers found in the literature have an oxide thickness of 0.6 - 0.8 um and therefore
higher emittance values than thin oxides. A thicker oxide layer is not completely pigmented, it
has a top oxide layer which is almost free from nickel (Andersson et al., 1980) which could be
preferable regarding degradation. Samples of thickness 0.45 um or thinner are more fully
pigmented. We have not yet investigated how the degradation affects nickel pigmented
aluminium oxide in the thickness range between 0.25 - 0.7 um.

An improvement of the emittance from £=0.22 to 0.13 corresponds to a suppression of the U, -
value for a teflon equipped glazing of around 0.5 W/m2°C. According to Karlssons relation
(Perers and Karlsson, 1990) this increases the annual heat production of a flat plate collector
operating at T=70 °C with 35kWh/m?. An increase of the absorbtance from a:=0.90 to 0.95
corresponds under identical conditions to a similar annual increase of 35kWh/mZ. This means
that optimization of the absorber surface has the potential of increasing the annual heat
production of flat plate collectors installed in the large swedish collector field by around 10%.
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ABSTRACT
The aim of this work has been to obtain a Typical Annual Time function by the application of a
calculating procedure based on a Fourier analysis to a daily solar radiation data of 8 stations of
different climatic conditions in Egypt.
This function allows to estimate the most probable value of the Global Solar Radiation for every
day of the year. The deviation for the annual average, of any year in the period (1981 - 1986),
from the annual average obtained by the Typical Annual Time Function is less than 5 %.

KEY WORDS
Solar radiation over Egypt, Fourier analysis

INTRODUCTION
The determination of the Global Solar Radiation (GSR) is very important in different
scientific applications. Recently, it has been recognized that the type of statistical information
on solar radiation has generally been published in the professional literature is insufficient
for sizing and optimizing solar energy systems of very high solar fractions. For example, the
kinds of emperical and even analytic design methods that are appropriate for solar energy
systems of intermediate solar fractions do not offer adequate accuracy in the optimal sizing of
stand-alone photovoltic systems [1]. Therefore, Solar Radiation Data (SRD) should be "time
series” analyzed. A statistical meaningful projections of these data into the future will be
given by the analysis for a past period of these "time series" [1, 2].
Shaltout (3] calculated the input solar energy for 77 sites in Egypt using the relative humidity
and the cloudness observations with deviation about 5% from the observed values.
Mehanna [4] gave a system of simple linear equations to estimate monthly mean value of GSR
over Egypt with deviation about 10 % from the observed values.
A method of calculation has been developed by Alberto and Recio [5] to obtain a Typical Annual
Time Function using Fourier analysis for Bercelona.
Also, Baldasano Recio et al [6] had been obtained the Typical Annual Time Function by the
application of a calculation procedure based on a Fourier analysis to SRD of 21 stations in
Spain.
Helwa and the authors [7] determined the GSR for different latitudes in Egypt by using The
Fourier analysis of daily SRD for the year 1982.
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DATABASE

It is possible to subdivide the climatological regime of Egypt into different regions as Upper
Egypt, Western Desert, Middle Egypt, Cairo area, Delta and Suze Canal, Red Sea and
Mediterranean Sea [3]. Therefore, we had choiced our available data to cover the most climato-
logical regions. Actually we could not obtain any data for Sinai and the Red Sea regions. The
daily SRD, in our study, were obtained from Solar Radiation and Radiation Balance Data [8].

The names and the climatological regions as well as the available years for each station are
indicated in table 1.

Table 1: Names, Climatological region, and years of data for 8 stations

Station Climatological region Years
Aswan Upper Egypt 1981, 1983 - 1986 5
Kharga Western Desert 1981 - 1986 6
Asiut Middle Egypt 1982 - 1986 5
Cairo Cairo area 1981 - 1986 6
Bahtim Cairo area 1981 - 1986 6
Tahrir Delta and Suze Canal 1981 - 1984, 1986 5
Mersa Matrouh Mediterranean Sea 1982 - 1986 5
Sidi - Barrani Mediterranean Sea 1985, 1986 2

METHOD OF ANALYSIS

The procedure of Fourier analysis depends on the fitting of a trigonometric function (sine and
cosine components). The analysis by this procedure allows to estimate the amplitude and the
phase angle for different harmonics, as well as the percentage of representation of each
harmonic in the data (annual variance). To obtain a Typical Annual Time Function, as
detailed in [5, 7, 9], we had used the following expression :
S (D, r) = SMp + AMr (r) cos (2t Dr/N - Op (r))............. 1)
where S (D,r) is the estimated daily GSR for any harmonic r, (r = 1, 2, ..... , N/2 for 1st, 2nd
harmonic, ..... etc), and for any day D, (D = 1, 2,...,, N); N is the total number of days. SMr is
the annual average of the daily GSR, AM(r) and 6q(r) are the annual amplitude and the phase
angle, respectively, corresponding to the specified harmonic r.
Our method of analysis for obtaining the Typical Annual Time Function consists of two
stages:
1. The first stage is to obtain the representive equation of each year, for different stations, by
applying Fourier analysis to the set of annual series year after year.
2. The second stage is to obtain the representative equation for the average of all the
available years, day by day, for each station. The representative equation in this case
will be called Typical representative equation or Typical Annual Time Function.
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The annual variance, has been estimated by the application of Fourier analysis to obtain either

the annual representative equation or the Typical representative equation (corresponding to the
first harmonic, varies between 73 % and 97 %. The harmonic is the best harmonic describes the

Annual Solar Radiation [5, 7, 9). Accordingly, the first harmonic will be used in this work.

The annual average (SMt in MJ/m2), the amplitude (AMr in MJ/m2), Phase angle (6 in
degree) and the percentage of presentation of the Typical representative equation in the
measured data variance; % VAR) are given in table 2. The same variables with the percentage

deviation of the annual average for the yearly representative equations, of each station, from

the corresponding Typical representative equation are given in tables 3-10.

Table 2: Parameters of the Typical Annual Time Function for analyzed

stations.

Station Year SMp. AMp o % VAR
Aswan 5 23.50 6.60 -0.1984 94.7
Kharga 6 22.88 6.91 -0.1758 96.1
Asiut 5 21.75 7.90 -0.1314 95.9
Cairo 6 19.02 8.46 -0.1043 97.1
Bahtim 6 19.96 8.68 -0.1043 97.1
Tahrir 5 19.93 8.62 -0.1261 97.0
M.Matrouh 5 20.58 9.71 - 0.0952 96.4
Sidi-Barrani 2 19.74 9.40 -0.1221 91.7

Table 8 : Parameters of the yearly representative equation with deviation of

annual average from Typical average for Aswan.

Years SMt AMry o7 %VAR | % Deviation
1981 24.57 6.71 02254 | 887 455
1983 23.53 6.53 -0.1476 | 730 0.13
1984 23.33 6.83 -01916 | 86.1 -0.72
1985 23.13 6.49 -0.1631 | 862 -157
1986 23.03 6.52 -02715 | 922 -2.00
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Table 4: Parameters of the yearly representative equations with deviation of
annual average from Typical average for Kharga.

Years SMt AMy Ly % VAR | % Deviation
1981 23.84 7.16 -0.1810 89.0 420
1982 22.84 6.84 -0.1471 84.2 -0.17
1983 23.13 691 -0.2070 905 1.09
1984 22,58 6.58 -0.2200 87.0 131
1985 22.70 721 -0.0958 83.7 -0.79
1986 22,10 6.81 02171 92.1 -341

Table 5: Parameters of the yearly representative equations with deviation of
annual average from Typical average for Asiut.

Years | SMp AMrp o %VAR | %Deviation
1982 21.65 7.85 -0.0906 | 843 - 0.46
1983 22.07 7.93 -01366 | 88.1 147
1984 22.20 7.90 01744 | 904 2.07
1985 21.50 7.96 -0.0875 | 830 - 115
1986 21.31 7.90 -01761 [ 912 -2.02

Table 6 : Parameters of the yearly representative equations with deviation of
annual average from Typical average for Cairo.

Years | SMy AMrp O % VAR | %Deviation
1981 19.82 8.50 -00903 | 875 -421
1982 19.10 8.74 -00875 | 864 0.42
1983 18.87 8.59 -0.0970 | 853 -0.79
1984 19.16 8.37 -01588 [ 865 0.74
1985 1851 8.35 -00809 [ 825 -2.68
1986 18.62 8.46 -01552 | 87.0 -2.10

Table 7: Parameters of the yearly representative equations with deviation of
annual average from Typical average for Bahtim.

Years SMt AMy 8 % VAR | %Deviation
1981 20.93 8.89 -0.1057 88.3 4.86
1982 19.75 8.77 -0.0777 86.8 -1.05
1983 19.79 8.5 -0.0871 85.8 -0.85
1984 20.02 8.46 -0.1579 88.1 0.30
1985 19.25 8.68 -0.0688 82.5 -3.56

1986 19.99 8.54 -0.1389 85.7 0.15
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Table 8: Parameters of the yearly representative equations with deviation of
annual average from Typical average for Tahrir.

Years SMt AMp ot %VAR | %Deviation
1981 20.71 8.59 -0.1168 87.2 3.91
1982 19.81 8.65 -0.1120 87.0 -0.60
1983 19.88 8.82 -0.0749 85.9 -0.25
1984 20.06 8.75 -0.1584 88.9 0.65
1986 19.16 8.31 -0.1797 87.5 -3.86

Table 9: Parameters of the yearly representative equations with deviation of annual
average from Typical average for Mersa Matrouh.

Years SMt AMq o % VAR | 9% Deviation
1982 20.59 9.96 - 0.0556 84.2 0.05
1983 20.73 9.88 -0.0733 85.9 0.73
1984 21.23 963 -0.1039 86.9 3.16
1985 2051 9.82 -0.0945 83.9 -0.34
1986 19.81 9.31 -0.1613 87.0 -3.74

Table 10 : Parameters of the yearly representative equations with deviation of
annual average from Typical average for Sidi Barrani.

Years SMt AMp o %VAR | %Deviation
1985 20.51 9.82 -0.0945 83.9 -0.34
1986 19.81 9.31 -0.1613 87.0 -3.74

From tables 3-10, it is clear that the percentage deviation of the annual average for the yearly
representative equation, from the average of the Typical one, is less than 5 %. Also, the yearly
variance for all the stations is less than that of the Typical Annual Time Function (table 2).
This indicates that the Typical Annual Time Function obtained by this method of analysis
gives a best fitting for the data of a long period. The longer of the period of the data is the better
for determining the Typical Annual Time Function with more accuracy.

Figures 1-8 show the daily values of GSR measured during 1986 and the corresponding
representative equation for all the analyzed stations. Figures 9-16 show the representative
equations for the period from 1981 to 1986 (dashed lines) and the corresponding Typical Annual
Time Function (dotted lines) of the different climatological regions.

Figures 13 and 14 show that there is a similarity for the Typical Annual Time Function of
Bahtim and Tahrir. Their maximum values are 28.63 MJ/m2 in 25th of June for Bahtim, 28.54
MJ/m2 in 24th of June for Tahrir and minimum values are 11.28 MJ/m2 in 25 th of December
for Bahtim, 11.31 MJ/m2 in 24th of December for Tahrir. Therefore, Tahrir region can be
related to the climatological GSR regime of Cairo area.
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The remarkable decrease of the amounts of GSR for Cairo (maximum 27.47 MJ/m2 in 250 of
June and minimum 10.61 MJ/m2 in 25t of December, Lat. 30° 05° N and Long. 31° 17" E, see
Figure 12) with respect to Bahtim, Lat. 30° 08 * N and 31° 15 * E (see Figure 13) could be atributed
to the air pollution in Cairo.

It is clear, also, from Figures 9, 10 and 11 that, the Upper Egypt region have the maximum
values of GSR (maximum 30.13 MJ/m? in 20th of June and minimum 16.9 MJ/m?2 in 19th of
December for Aswan). The Western Desert GSR regime is lower than that of the Upper Egypt
but higher than that of the Middle Egypt (maximum 29.79 MJ/m2 in 21t of June, minimum
15.96 MJ/m2 in 21" of December for Kharga and maximum 29.65 MJ/m2 in 24P of June,
minimum 13.85 MJ/m?2 in 23" December for Asiut).

Figures 15, 16 show that the Mediterranean Sea region is similar to that of Cairo area in winter

(minimum 10.33 MJ/m2 in 24P of December for Sidi-Barrani and 10.86 MJ/m2 in 26" of

December for Mersa Matrouh). In summer, it is similar to that of Middle Egypt (maximum

29.13 MJ/m2 in 24*M of June for Sidi-Barrani) or the Upper Egypt as in Mersa Matrouh

(maximum 30.29 MJ/mZ in 26" of June).
CONCLUSIONS

A Typical Annual Time Function is obtained for 8 measurement stations, in Egypt, of daily

GSR over a horizontal surface by the application of a computational method based on Fourier

analysis.

The percentage of representation, for the data, obtained by yearly representative equation,

corresponding to the first harmonic, varies between 73 % and 92 %. The Typical representative

equation gives the mentioned percentage between 91 % and 97 %. The percentage of other

harmonics is less than 2.5 %.

The climatological GSR regime of the Mediterranean Sea is similar to that of Upper Egypt

region, in summer, and is similar to that of Cairo area, in winter.

The obtained Typical Annual Time Function, for each station, allows to estimate the most

probable value of the GSR for every day of the year. The deviation of the annual average, of any

year, from that obtained by the Typical Annual Time Function, in the period from 1981 to 1986,

is less than 5 %.
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MODELS FOR ESTIMATING SOLAR IRRADIATION AND ILLUMINATION

J.A. OLSETH" and A. SKARTVEIT
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University of Bergen, Allégt. 70, N-5007 Bergen, NORWAY.

* also at The Norwegian Meteorological Institute, Oslo.

ABSTRACT

There is an increasing demand for detailed data on irradiance
and illuminance on hourly basis both for horizontal and for
sloping surfaces. This paper describes models for estimating
these detailed data from long-term global irradiation and also
presents examples of how these models are used to produce the
required detailed data for the Norwegian solar energy com-
munity.

KEYWORDS

Hourly solar irradiance and illuminance, models.

INTRODUCTION

Mean global radiation yields monochromatic radiance integrated
with respect to wavelength, solid angle and time. But a large
number of radiation-driven processes are both non-linear and
spectrally selective, and they also depend on the orientation
of the irradiated plane. Therefore, the requested data relate
to e.g. specific locations and time resolutions, to specified
sloping planes (e.g. solar collectors, windows) or to specified
parts of the solar spectrum (the entire solar spectrum or e.g.
ultraviolet radiation, photosyntetic active radiation, daylight
illumination). Such detailed data often have to be modelled
from less detailed, existing data (most often mean global
radiation, which are the most abundant solar radiation data).

In earlier papers (Olseth and Skartveit, 1985 and 1986) solar
radiation data on annual, monthly ,and daily basis have been
presented for Norway. In this paper a brief survey of the work
done to provide the Norwegian solar energy community with
detailed solar radiation data on hourly basis is presented.
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MODELS

The frequency distribution of hourly global irradiance has been
modelled in terms of solar elevation, season and monthly mean
values of global radiation (Olseth and Skartveit, 1987a). This
frequency distribution, given in Fig. 1, shows a characteristic
bimodal pattern with the highest frequencies (modes) at high
and low solar radiation. The bimodality, which is a result of
the typical "U-shaped" frequency distribution of cloud cover,
may be highly significant for non-linear radiation-driven
processes.

e T
e ¢ = 0.8
a
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7
3 0.7
]
2 T flo.6
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0.5]
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/1 » 00.47
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0 e 0.?‘_§
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Fig. 1. The probability density function P of hourly
clearness index ¢ (observed global/estimated clear
sky global) for various monthly mean indices ¢.

A model for the partition of hourly global irradiance into its
diffuse and direct components, as a function of clearness index
and solar elevation, has been developed and verified (Skartveit
and Olseth, 1987). This model, given in Fig. 2, together with a
model for the angular distribution of diffuse radiance (Skar-
tveit and Olseth, 1986) yields a complete description of the
angular distribution of hourly global irradiance as a function
of solar elevation and global irradiance. The model for the
angular distribution of diffuse radiance accounts for the facts
that the diffuse radiance increases with decreasing angle from
the sun in cloudless weather, and that it increases with de-
creasing angle from zenith at overcast. Given global irradiance
and surface albedo, these models can be used for estimating ir-
radiances on arbitrarily orientated planes.

By a physically based interpolation between published models
for cloudless (Bird and Riordan, 1986) and overcast (Stephens
et al., 1984) conditions, a model (Olseth and Skartveit, 1989),
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Fig. 2. Modelled hourly diffuse fraction Hy/Hg
(diffuse/global) as a function of clearness index k
(observed global/extraterrestrial global) for various
solar elevations.
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Fig. 3. Modelled vs. observed group mean values
(groups according to solar elevation and sunshine
duration) of hourly global luminous efficacies
(illuminance/irradiance) for Bergen (60.4°N, 5.3°E),
1965-72 (22988 hours).
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giving the spectral composition of direct and diffuse radia-
tion, under arbitrary cloudiness and solar elevation, has been
developed and verified. In the model the diffuse radiation is
decomposed into radiation from cloudless sky, radiation trans-
mitted through thick clouds, and radiation transmitted through
thin clouds or/and reflected from thick clouds. The spectral
composition of each of these three components and of the direct
radiation is subsequently estimated. This model is used for
estimation of daylight illumination from global radiation data,
and it is tested against daylight data from Bergen (Fig. 3).

RESULTS

With monthly mean values of global radiation as the only input,
the models described above have been used to produce tables
giving duration (for each month and for the whole year) of
hourly solar irradiance (entire spectrum) upon 11 differently
orientated surfaces for 16 Norwegian stations between 58° and
70° N (Olseth and Skartveit, 1987b). From these tables the
expected response of non-linear radiation-driven processes can
be estimated, and Fig. 4 shows examples of what can be read
from the tables for one of the stations, namely Lillehammer.

LILLEHAMMER
6007 ) total 2307 p)
§ a
(tQ 500 &I\Z’OO— // \\\rc\cker
8 < // -,
T 400 I / total horizontal \
w  150- ’ \
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o 300 . ~a z
w izontal>  \ [e]
& R 7/ horizontal W\ £ 1004
2 204" 7 0 3
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2 3 4 5 6 7 8 9 101112 2 3 4 5 6 7 8 9 101112
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Fig. 4. a) Monthly number of hours with sun above
free horizon _(total), and with hourly irradiance
above 200 Wm“ for an horizontal surface (horizontal),
a sun-tracking surface (tracker)é and vertical sur-
faces heading towards south (S90°), and north (N90°)
for Lillehammer (61.1°N, 10.5°E).

b) Monthly global irradiation (total horizontal), and
monthly irradiation during hours with irradiance
above 200 Wm° for the same surfaces as in a).
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Similqr tables, giving duration of daily illumination (total
apd diffuse) upon the horizontal and 4 vertical surfaces for
different parts of the day, have also been produced (Skartveit
qnd Olseth, 1988). From such tables summations can give the
1%1umination statistics for a given room/window-geometry and a
given length of working-day, and Fig. 5 gives examples of what
can be read from the tables for Lillehammer in June.

LILLEHAMMER — JUNE
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Fig. 5. Monthly number of hours w