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SCOPE OF STUDY 

This report looks at the state of development of solar energy under 
the climatological conditions in the Netherlands and determines the 
immediate and near future possible applications that are within the 
realm of the Rijksdienst voor de IJsselmeerpolders (Lake IJssel 
Polders Development Authority). 
The R.IJ.P. has little role as a research institute in this field. 
It is concerned with large scale applications within the new towns 
in the Flevoland polders of tested solar energy uses. Therefore 
system design is analysed only so far as it externally effects the 
structure of the building and the environment. 
The impacts of solar energy on design of a residential area are 
emphasized and applied to the situations in Almere and Lelystad. 
Implementation of solar energy will involve the work of many dis
ciplines within the R.IJ.P. The role of the architect is inevitably 
emphasized, but aspects of the town planner, the constructional 
engineer and the landscaper are also discussed. This report considers 
designers and planners who may be completely unknowledgable about 
solar energy use and impresses what is necessary to know to make 
solar energy one of their priorities. 
To stimulate further investigation this report reviews selected 
ongoing experiments and research having special interest to the 
R.IJ.P. and its designers and planners, so that solar energy's 
potential may be developed. 
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INTRODUCTION 

Solar energy cannot be considered a replacement for fossil fuels. 
It cannot reasonably smelt ores or propel transportation vehiles. 
It is not a highly concentrated form of energy as are coal, oil 
and gas. It is appropriate for low temperature thermal applica
tions. Space heating, space cooling and water heating are all 
relatively low temperature energy demands, around 40°-90°C. 
(100°-200°F) compared to temperatures of 150°-300°C (300°-600°F) 
required for mechanical or electrical power production. 
The fossil fuels should be as much as possible reserved for high 
temperature applications - industrial - where there are yet no 
substitutes for fossil fuel. 
Use of solar energy for central heating in modern houses has been 
researched since the 1940's. Its development has been held back 
by the cheap and seemingly abundant fossil fuels, and the con
venience of the heating systems using these fuels. With fossil 
fuel heating traditional building methods could largely ignore 
the outside climate. Today with quantum leaps of fossil fuel con
sumption in industry the depletion of gas and oil is forecasted. 
Only the length of time is disputed. Austerity of fossil fuel con
sumption is encouraged in all ways possible, and alternative 
energy sources are being sought. 
Solar energy has the most potential of the "rediscovered" or 
"renewable" energy sources, especially in a densely populated 
area. 
Conversion of nuclear fission energy into electricity with wide
spread use of electrical power for low temperature thermal needs 
has received much attention and expectations. Nuclear energy 
enthusiasts argue that this energy source can more immediately 
assume a greater load now carried by fossil fuels. But nuclear 
fission fuels are subject to quick depletion and resulting en
vironmental pollution may be very serious. Nuclear fission pro
duces large quantities of devastating waste and the confidence 
that exists among these enthusiasts to contain this waste until 
it is harmless, 25.000 years, is amazing. 
Naturally in industrialized countries, where tremendous amounts 
of fuels are spent in energy intensive refining, processing and 
manufacturing, the contribution of solar energy during the next 
50 years will be a small percentage of the national energy con
sumption. The introduction of building innovations has always 
taken many years in penetrating the traditional building methods. 
Solar energy use as a building innovation is slow for various 
reasons: 
- The solar energy industry is struggling with a classical 
chicken-and-egg game: 
Mass production is only possible if there is a large market, 
but the market will get larger only when a good inexpensive 
product becomes available. 

- It is not clear who should take the iniative in implementing 



solar energy. There is little knowledge and experience of 
solar energy in those professions who have the possibility to 
assume iniative. 

- The building industry is controlled by building associations, 
trade unions, materials suppliers and fuel companies who have 
an interest in maintaining the status quo. 

- Finally solar energy does not have clear economic competitiveness 
with the conventional methods. The rate of infiltration of solar 
energy into the constructions industry is closely tied to the 
price. 

Within its realm of applications solar energy has luminous advantages 
over nuclear and fossil fuel sources: 
- Solar energy will be here at least as long as we are, while 
nuclear and fossil fuels are subject to depletion and political 
packaging. 

- It is pollution free in operation. Holland, with its high 
industrialization and high population density needs to put 
high significance on pollution control. 
These are unmeasurable social benefits which are given their 
weight before planning and design. 

I 

Holland seems a very unlikely place for solar energy. Because 
The Netherlands lies on a fairly far north latitude and has a high 
degree of cloud cover in the winter (85%), the average radiation 
intensity varies widely during the year. 
However studies done by the T.N.O. (Toegepast Natuurwetenschappelijk 
Onderzoek), Technische Hogeschool Eindhoven and Technische Hoge-
school Delft have all concluded that a solar energy system can 
provide 50-60% of the energy requirement of a house in Holland 
given an improved insulation level of houses. It should be clearly 
stated that improved insultation in the case of Dutch houses, 
can save 50% of home energy consumption with much less invest
ment or experimentation than solar energy. Moreover improved 
insulation is necessary before solar space heating or cooling 
are considerable. 
Solar radiation is naturally distributed so to speak to every 
building. Transportation and distribution of fuels and resources 
are a major cost in the use of fossil fuels and centralized 
utilities. 
Numerous solar systems are being tested in Holland and other 
northern European countries. These experiments are aimed more at 
economic competitiveness than at improved technical capability. 
There is now technical capability to heat a Dutch house all year 
only on solar energy but costs are extravagant. 
The potential of solar energy in a new town under development 
is far greater than that in an existing situation. The use of 
this energy becomes much simpler when shading obstructions, 
orientation, local street layout and building codes are con
sidered before any construction in the area. The new town is an 
ideal situation for a large scale application; especially towns 
that are developed by a national government agency, where social 
welfare is the overriding objective of the project. 
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SOLAR ENERGY APPLICATIONS FOR THE R.IJ.P. 

Of most concern to the Rijksdienst voor de IJsselmeerpolders are 
solar energy applications for large scale housing developments, 
especially row housing complexes. Also more or less within its 
influence are the numerous surrounding farms of the polder, com
mercial and office buildings, municipal buildings, hospitals, 
schools and recreation centers. 
The average Dutch house in 1972 used 42.000 kWh of fossil fuel 
energy. This total can be divided according to these percentages: 

space heating 66% 
hot water 10% 
electrical lighting 10% 
all other electrical apparatus 10% 
cooking 4% 
Most of this energy consumption is potentially supplied by solar 
energy. 
Three general areas of application which may be implemented 
by the R.IJ.P. are: 
1) water heating; providing hot water for such uses as washing, 

showering and laundry in the home, and applications such as 
swimming pool heating, 

2) space heating, providing heat for rooms during cold periods 
of the year; space cooling may be possible, usually as a 
reversal of a space heating system, 

3) electricity production, which is a distant possibility yet 
but having a potentially high impact for housing. 

There is certainly a large number of specially designed appli
cations that haven't been thought of yet. The Agricultural Uni
versity in Wageningen, for instance, is looking for the possi
bility of using solar heating in the milk pasteurizing process. 

i 
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HOT WATER 

Hot water by solar heating is one application which is in all 
aspects immediately practical in Holland. Hot water in the house 
accounts for 4% of the United States energy consumption. Through 
a typical flat plate collector hot water may attain much higher 
in fact than generally necessary temperatures. A solar water 
heating system is simply connected to a standard hot water tank 
which regular heating element is used during cloudy weather. 
In many warm climate countries solar water heaters have for many 
years been available in common shops, just as domestic refrigerators 
or washing machines. Flat plate collectors for home water heating 
are now mass produced by a Dutch firm Nijs & Vale B.V. '' for use 
in northern European climates. The system includes 4-5m2 area of 
flat plate collectors and a 200 liter storage unit which is 
connected into a conventional system. 
Normally 3 collector units (80cm x 165cm) are recommended for 
home use. The costs of the system is about / 1.200.- additional. 
In a newly constructed house there are some savings in roofing 
materials. Monetary savings, that may be expected are / 100.-// 150.-
a year, thus paying back full costs in about ten years. 
A further 10 years minimum operation can be expected after that. 
Energy savings should amount to about 60-70% of that normally 
consumed. No maintenance is necessary except yearly washing of 
the collector glazing. No specially skilled labor is necessary 
for installation. 
The company started production in November 1975 and now has 
thousands of square meters of collectors on order. 
A ten house complex in Leiden has tested the system for 1 J years. 
A 400 dwelling project in Nijmegen, instigated by the architect 2) 
is near approval of government subsidy. 
If the Nijmegen project receives government subsidy, the city of 
Amsterdam has decided to put solar water heaters in a 100 dwelling 
section of a large project. 
Subsidies are available for such projects from agencies3) under 
the Ministry of Economic Affairs. However these water heaters 
are established as money saving installations and so do not 
really demand financial support if the initial capital investment 
creates no barrier. 
Many buildings besides houses are using hot water. Restaurants 
use much hot water for washing dishes. Sporthalls must supply 
large quantities of hot water for showering. Hospitals, dormitories, 
factories and assorted commercial bussinesses may be very suitable 
for solar water heaters. 
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A swimming pool built in Springfield, Missouri in the U.S.A. is 
heated by solar energy. 
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Swimming pools are an especially approprial and practical appli
cation because the demand on the system corresponds to favourable 
sunshine months. 
A solar heated swimming pool has been built in Missouri in the U.S.A. 
Highly polished stainless steel concave reflective sheet focuses 
sunlight in six collector panels. Water is circulated through 
the panels using the pool's existing filter pumping system. Water 
is heated then inside the panels and returned to the pool. 
Because the angle of the reflective sheet sunlight does not reach 
the collector panels in the mid-summer midday, so overheating is 
avoided. 

The city of Nijmegen is now constructing a swimming pool which 
will be solar heated, scheduled to be completed in the summer 
of 1977. A large swimming pool complex has recently opened in 
Wiahl, in southern West Germany. This project however, is using 
an experimental system and has been highly subsidized. 
A privately owned solar heated swimming pool was built at Westerham, 
Kent, England in 1967. The owner has reported that no problems 
have occurred. Here again the pump of the filtration plant is 
used to circulate water through the collector. Data about the 
extra costs of the system and fuel savings are not available, 
but most authorities feel that heating a swimming pool is a safe 
application of solar energy, even in the climate of Holland. 
The use of flat plate collectors for water heating needs no 
further research to prove valuable in both energy and monetary 
savings. The use of them will increase as the small contribution 
they make gains appreciation. 
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Active systems using flat plate collectors normally use either water 
or air as a heat collecting and transfer medium. A solar water heating 
system will usually be incorporated in any solar space heating system. 
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SPACE HEATING 

Space heating by solar energy is a far more demanding task than 
water heating. Research is now concentrated in this application 
because of the large amount of fossil fuel energy presently con
sumed in a house for this purpose. Methods in use for the utili
zation of solar radiation in space heating may be put in two 
general categories: 
1) Active systems are mechanically automated usually using flat 

plate collectors and some heat storage systems. These systems 
are much more elaborate than the flat plate systems used for 
water heating. Such systems have been under development by 
experimentors for about 40 years; 

2) Passive systems have none or only manually operated moving 
parts, thereby requiring no energy to sustain their operation. 
A structure may be designed to inherently take advantage of 
solar gain directly or indirectly. 

A window is a solar collector in its simplest form using solar 
radiation directly. Complementary to the window, other architectural 
features control overheated and underheated periods. This method 
of using the heat from the sun is elementary but it is not in 
common use today. 
A passively working system may use more indirectly solar gain through 
use of specially designed building elements. This is an approach 
applying principles of physics or chemistry inherent to a material 
to control the inside temperature in a desirable way. Parts of 
walls or roofs are designed in such a way to act as a collector 
and sometimes, a storage device as well. 
The line between these two passive methods is not clear and designs 
will often integrate both. 

Space heating by Active Systems 

Nearly all active systems for low temperature thermal use of 
solar energy implement flat plate collectors, as opposed to focusing 
collector types. 
Water systems are more compact, an important consideration for 
the Netherlands. Where water systems need a small pipe for transport, 
air systems need a much larger duct. Air systems are advantageous 
in extreme climates, very hot in summer and very cold in winter, 
where water systems would be subject to freezing and boiling. 
However in Holland's mild climate this is not such a problem. 
Most flat plate systems besides collector have a storage tank, 
auxiliary heater, distribution system and emitters, and controls. 
All these components nay be highly elaborate technologically or 
very simple. 
The advantage of the flat plate systems is to store heat when 
the radiation level is more than necessary, for periods during 
the night or cold overcast days when the heat is needed. The 
storage of the heat is a largely technological difficulty and the 
expense of these systems and not the flat plate collectors them
selves. Some space heating systems use air as the collection and 
distribution medium and some use water. Water systems use large water 
tanks for heat storage. Most air systems use large rock beds for 
heat storage which are near the heat storing capacity of water. 
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The estimated heating capacity of solar energy in a thermally well-
insulated house shows that by far its greatest contribution will be 
during the months of October, November, February, March and April. 

In Oss the Bouwcentrum is conducting an experiment using solar energy 
for heating space and water in 4 dwellings. 
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Most experiments in temperate climates attempt to store enough 
heat to carry through three days of cloudy weather. 
Inter-seasonal storage, that is storing unwanted heat in the summer 
for the winter season has so far been attempted by only three 
houses with a couple more under construction (all in the U.S.A. 
and Canada). They all use hudge underground heat storage filled 
with water or water and rocks together. These storage tanks range 
in size from 62 nr to 225 m . Such designs are obviously elaborate 
and need long investigation and data collection. 
Dutch researchers have concluded that a reasonable solar space 
heating system (with a storage capacity covering about three 
days overcast and with 40-50 tar collector surface) could provide 
50-60% of the energy requirement of a house. At the same time 
most feel that such a system is not financially rewarding at 
this time. An investment of / 12.000.- may return only / 400.-
annually. The initial costs of the systems are expected to go 
down when mass production rises, while the returns will increase 
as fuel prices increase. High initial capital investment is the 
greatest problem with most sources of renewable energy. 
Solar flat platecollectors won't play a role in space heating in 
The Netherlands until economic fluctuations say that it clearly 
saves money. That condition now exists in many more favourable 
climates and will spread to less favourable regions as the 
science is developed. 

With isolated experiments of flat plate collectors, both water 
and space heating, problems of stress on materials and construc
tional difficulties are not so significant. When collectors are 
applied in mass numbers, a certain technological and economic 
success is assumed, and these small problems seem to become the 
important success or failure factors. Flat plate collectors are 
exposed to the weather. Problems often involve the high temperature 
differentials a collector must withstand, especially the extreme 
heat from prolonged sun radiation. Difficulties already noteworthy 
are glazing damage from hail and vandalism, yellowing of plastic 
glazing films, maintenance of a wind and waterproof seal, con
densation on the inner surface, dust accumulation on the outside 
glazing, accumulation of particles from roofing materials washed 
into the collector by rain, and rusting of aluminium framing. 

The Bouwcentrum of Rotterdam is conducting experiments with in
expensive solar space heating designs on four row houses in Oss. 
These are somewhat an unique design, an air system using a concrete 
slab as the absorbing plate which also serves to store heat. 
The storage capacity of this concrete slab is likely much less 
than the several days carry over hoped for by Bouwcentrum. The 
first test results are leading to modifications of the system. It 
was not possible according to designers to integrate the collec
tors into the design and construction of the dwellings, which 
admittedly results in their unesthetic appearance. 
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The solar heating experiment in the English new town Milton Keynes 
is valuable to the R.IJ.P. because of similar design objectives and 
climatic factors. 
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At the English new town project Milton Keynes^) a solar energy 
system has been installed in one of a row of typical terrace 
houses. 
The roof incorporates the 45 m^ of flat plate collectors at a 30° 
tilt. The experiment is expected to show the solar system providing 
over 50% of heat and hot water requirements. It is a quite elaborate 
water system design. The system costs £ 2100, but designers feel 
that mass production would halve that figure. 
Flat plate space heating experiments in England are numerous and 
valuable to the Dutch situation because of similar climatic con
ditions. There are other systems being tested in climate having 
the limited radiation problems of The Netherlands if not worse: 
in Ayrshire, Scotland; Aachen, West Germany; Copenhagen and 
Lyngby, Danmark; Malmo, Sweden; Toronto, Canada and several in 
the far northern parts of the United States. 
The economics of flat plate space heating systems have been till 
this time almost exclusively tested with each dwelling incor
porating its own collector panel array. Many researchers have 
suggested that it would be economically favourable to have a large 
collector array for a "collective" group of dwellings. The total 
collector area could be reduced in such a plan. Row housing and 
apartment buildings are in this way more prospective for flat 
plate heating systems than detached houses because besides one 
common collector array, there are other cost advantages with one 
set of controls, common pumps and most important one storage 
system. With such a plan the collectors and storage may be visua
lized separated from the dwellings, as a structure themselves. 
One presently operating experiment in Brookline, Vermont, U.S. 
uses the approach for space heating and hot water heating, for 
two groups of ten unit condiminiums-'). 

The concept of detaching solar collectors from a group of dwellings 
raises questions of economy of scale: how many dwellings ars most 
economically served bij one collector array and one storage tank? 
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The office building which will house the Keuringsdienst in Enschede, 
Holland. 
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Before the difficult task of space heating for full time dwelling 
is solved, there will likely be practical systems developed for 
heating day use buildings. A tremendous amount of stress is taken 
off systems in such applications as schools, office buildings 
factories and shopping structures, where overnight heating is 
not required. 
Honeywell Corporation, a manufacturer of thermostatic controls, 
has a large solar development program. The company presently re
commends a system of flat plate collectors to pre-heat ventilating 
air for day use buildings in its home state of Minnesota, a very 
cold climate area. They claim a 25% heating bill reduction is 
easily achieved by a "moderate" initial capital investment which 
pays for itself in five years. 
In Enschede a Dutch architect, J. Cannegieter ^ ) f has started 
construction on a three floor office building (Keuringsdienst) 
which will incorporate 400 m^ of collectors. It will be possibly 
the first large building in Europe, using flat plate collectors. 
Its financial savings is yet questioned by some Dutch researchers. 
The design as seen by the architects rendering beautifully incor
porates the collectors into the architecture. 
It is commonly believed by Dutch researchers that 10 years time 
will be significant for some kind of conclusions to the flat 
plate collector's value in space heating to the region. 
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These graphs show the heat effect for four typical days of the year. 
"A" indicates the daily drybulb temperature change. "B" curve shows 
the solar impact on a vertical surface oriented 11 1/2° East of South. 
"C" curve indicates the solar impact on a south-facing surface. "D" 
curve indicates the solar impact on a vertical surface oriented 25° 
west of south. 
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There are appropriate orientations for most rooms of a house, according 
to time and duration of use, which will take advantage or avoid solar 
gain. 
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Climatic Architecture 

Cheap fossil fuels have evolved highly automated central heating systems 
in most homes of industrial countries. Simple architectural prin
ciples of using solar radiation advantageously have lost nearly 
all significance with often the notable exception of the architect's 
own house. Other priorities of public housing designs, such as 
pedestrian, bicycle and auto traffic and the creation of private 
spaces, do not necessarily exclude a balancing of climatic architec
ture considerations. 
Principles of climatic architecture will vary with the climates of 
regions. In warm climates the houses are normally white or light-
coloured, have small windows and are closely spaced to keep 
exposure of walls at a minimum. In parts of Israel houses are 
traditionally whitewashed in the spring to reflect the summer sun. 
With the autumn-rains the white is washed off to expose the darker, 
sun-absorbing colour of the building fabric. 
In a temperate climate such as Holland, solar gain is desirable 
during most of the year. The window becomes a solar collector. 
On south facing facades, if windows are only curtained on winter 
nights the solar radiation gained during the heating season will 
exceed the losses through the window. However where windows are 
uncovered day and night the convection losses exceed the radiation 
gains. Window shutters have disappeared from modern design but 
they are potentially excellent features, much more than curtains 
or double glazed windows. North facing windows are not gaining 
radiation during the heating season, and so for energy conser
vation should be kept minimal to lighting needs. 
Solar gain from eastern windows is usually desirable, and from 
western windows often undesirable (to the inside of the house) 
because of the warm summer afternoon sun. The graphs shown here 
look at distribution of hourly insolation in relation to the 
daily temperature curve for a given orientation. If most radiation 
is received in the forenoon (as in the case of an east orientation) 
the curve shows a rather even distribution of heat. If most 
radiation is received in the afternoon (a west orientation) the 
temperature peak and the radiation peak are added together. 
Thus a heavy impact (often overheating) in the afternoon and 
little gain in the forenoon. 
Detached houses have greater opportunity to use solar gain ad
vantageously than do row houses which are thermally protected 
on two sides. Detached houses may be climatically designed on 
all facades, and interior room arrangement then may be considered 
according to the time use of the rooms. South-eastern solar gain 
will benefit early day use rooms such as the kitchen, and south
western solar gain may benefit evening use rooms. 
While underheated periods are more important for climatic architec
ture in Holland, solar heat gain in the summer (and on days of 
intense winter sun) is very undesirable. Controls for these periods 
are as important to the principles as the south facing glass area. 
Retractable sun shades are as old of a heat control feature as the 
window shutter. The principles of overhangs were described by 
Xenophon, a Roman architect, 2000 years ago and are excellent ar
chitectural feature. They allow the low altitude sun radiation to 
penetrate the window but block the higher summer sun, and they re
quire no daily manual adjustment as does the retractable sun shade. 
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An appropriately sized overhang over south windows will block the high 
summer sun but allow the low winter sun to penetrate the windows. 

heat radiated from 
floor 

massive floor construction heat absorbed 
by floor 

Massive floor construction absorbs heat rapidly and releases it after 
the incoming heat decreases. Lightweight or carpeted floors will reach 
high surface temperatures and a large proportion of the heat will 
immediately be dissipated into the room giving higher peak temperatures. 

The Hendriksen glass house was not built with energy conservation 
intentions, but it displays some sound principles. 
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The length of the overhang needed is a function of the window 
size and sun altitude during the overheating season. 
Deciduous trees are natural complements to solar gain designs (but 
also to flat plate systems). They allow sun penetration in the 
heating season and give sun protection in the warmer months. 
The degree to which a window is a heat contribution depends largely 
on the international finishes. If a sun's rays after penetrating 
the window fall on carpeting and lightweight material the heat 
will go quickly into the air and the room will overheat. If on 
the other hand the sun's rays fall upon fairly massive materials 
having substantial capacity for heat storage then much heat will 
be absorbed and give heat off after the incoming sun has gone. 
The idea of attaching a greenhouse to the south side of a house 
is at least as old as the 18th century conservatory. Using the 
greenhouse to produce food and using transparent or moveable 
insulation on the greenhouse to produce space heating for the 
home reflects more recent ideas brought on by energy conservation. 
The greenhouse may be expanded in concept to be a glass-walled 
(roof-covered) extension to the living area, subject to more 
temperature changes than the inside of the house. The Hendriksen 
glass house7) in Boskoop was not designed permanently for heating 
economy but it demonstrates ideas which are good for this purpose, 
as well as some that are not. The basic concept of the house is that 
it is divided into two zones according to temperature needed to 
support daily family activities. The inner and well heated and 
insulated zone accommodates all sedentary living activities such 
as sitting, eating, sleeping. The outer all glass enclosed space 
is slightly heated and intended for work and play. The division 
of home space into use and temperature zones is an excellent 
method of minimized heat loss. 

The University of Cambridge experimental total energy house will 
be built extensively on this principle of separation of space. 
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Energy-autonomous housing experiments, such as the University of 
Cambridge experiment, are valuable because they define the full 
spectrum of centralized energy systems (most conventional houses) 
to fully decentralized systems. The optimum combination of both 
can then be better analysed. 

A house in the southwest United States which demonstrates good 
climatic architecture. 
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The terrace area is expected to be usuable during most waking hours. 
The plant growth within this space has yearly favourable climate 
modification effects, especially summer cooling. During periods of 
intense radiation, warm air from the glass space is openly vented 
to the interior space by large windows. 
The aspects of climatic design can be applied only to new buildings 
where form and orientation can be controlled. They are extremely 
attractive ones from an energy conservation point of view. 
Houses that are designed to benefit from solar gain, that is with 
a large south glass area, an overhang to protect it from the sun, 
with solid insulated shutters or curtains and massive floor and 
wall surface to absorb the incoming winter sun are simple, efficient 
and effective energetically. 

A workshop in the central U.S.A. demonstrates that climatic 
architecture and day use buildings go well together. 
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The Trombe design solar wall gives both heating and cooling effects 
with amazingly simple operation. 

The Odeillo houses during construction. 
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Special Building Elements 

Special building elements can be designed as a method of utilizing 
solar radiation which use most of the basic principles of climatic 
architecture, but in a more applied result. They may be techno
logically simple designs or using highly sophisticated, specially 
manufactured materials. 
A passively working structural wall element developed in the 1950's 
by Felix Trombe, France's leading solar authority, is an elegantly 
simple and effective one8). in Trombe type houses large sections 
of the south wall consists of thick masonry, a material such as 
concrete which has good thermal storage capacity. On the outside, 
this wall is painted black and covered with glass. This wall accu
mulates heat during the day and gives it up gradually to the interior 
of the house at night as a function of the storing capacity of the 
wall (fabric and thickness). There is a time difference between 
the absorption of the radiation on the outside and the reradiation 
of the heat into the interior. This time lag is useful to heat 
evening and night used rooms such as a living room area and bed
rooms. In operating Trombe wall houses at Odeillo, France, the 
time lag was about 11 hours. 
But natural convection is the real beauty of the design. As air 
is warmed between the outside of the wall and the glass covering 
it rises, without external energy, into the room space. As it 
rises without external energy, into the room space. As it rises 
it creates a vacuum which forces air at the inside bottom of the 
wall to be drawn into the cavity. A puff of cigarette smoke blown 
into the lower duct is sucked away to appear at the top of the 
wall in about two seconds. 
Adding significantly to the value of this natural working wall is 
its space cooling capabilities. 
For this purpose the air warmed in the glass covered cavity is 
instead vented to the outside. Air vented from the north side is 
drawn into the room by the continuous vacuum created in the wall 
cavity. It is necessary for good convection that an overhang 
shade an area at the top of the wall but only a small part. 
In Holland this overhang should be a size to cast partial shade 
on the wall with a sun attitude of 45°-62°. 
A significant problem of the wall is the loss of window space, 
although a south facade is not necessarily entirely such a wall. 
General aesthetics is also a common criticism of such a black 
glassed wall. 
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The south wall of each unit of the Marseilles complex is 40 m . 
About 23 m of this is a Trombe type wall with an absorbent surface 
covered with sets of aluminium louvres. 

Many existing structures have large sections of south wall which is 
easily visualized as a heat supplementing "Trombe" wall. 
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Two complexes of houses using Trombe type walls have been built 
in Marseilles in France. The houses have fireplaces but no back up 
heating system. The Marseilles houses use manually operated louvres 
over the black wall instead of glazing, a slightly more sophisticated 
design. A number of Trombe type houses are being built around the 
United States. Such walls (and solar energy in general) are of 
course more practical in southern France and much of the United States 
than in the Netherlands. However because of the simple operation 
and construction, and the dual heating and cooling function, 
researchers 9) at x.H. Eindhoven plan to calculate the effectiveness 
of the Trombe wall under Dutch climatic conditions within the coming 
year. 
The Trombe wall, in addition to its simple and efficient operation, 
serves as part of the building fabric. In a house, the massiveness 
of the wall (perhaps 40 cm) may be abnormal as well as the use of 
concrete itself, so there are costs which cannot be totally written 
off as necessary building fabric. The thickness of the wall deter
mines the heat time lag, which is desired for a house in the night 
hours. 
The Trombe wall system may be especially appropriate for the south 
face of an office building, factory or other day use structure. 
A sizable area between window space, perhaps 1/2 to 2/3 of the 
facade, may already be concrete construction. Typical wall thickness, 
about 25 cm, would result in a heat time lag which is shorter than 
that described for the home design, a favorable affect for a day use 
building. Furthermore the space cooling capacity of the wall is much 
more significant in its application to a day use building. 
Such a system could be implemented on one long south face of a 
building, without reducing window space, for the additional costs 
of single glazing, properly sized overhangs (about 0.5 meter), and 
air venting fixtures. The system requires no maintenance, has 
a long life, and uses no outside energy for sustaining operation. 

w . 

For a day use building a slight southeast orientation would give 
optimum heat demand/supply balance. 
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The St. George's School in Wallesey, England is an amazing example 

of simple solar energy technology. 
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An annex to St. George's School in Wallesey, England was built 
in 1961. It is heated by solar gain through its very large south 
wall. The active children and lighting make a significant heat 
contribution, but no other auxiliary heating system is used. A con
ventional furnace was installed when the annex was built but was 
never used and has since been removed. For nearly 15 years these 
temperatures have been maintained: 

June-October 18°-24°C 
November-February 16°-20°C 
March-May 17°-21°C 

The annex is trapozoidal shaped so that the south wall surface is 
maximised. The solar wall is approximately 10 meters high and 
70 meters long, and all interior classrooms are adjoined to it. 
This wall consists of two glass skins separated by a space of 
24 inches (0.6 meter). The outer face is clear glass and the inner 
face is largely obscure glass, so that the wall admits diffuse 
light to the inside rooms. Much of the inner skin is covered by 
small aluminium panels, painted white on one side to reflect the 
heat and painted black on the other to absorb the heat. The panels 
are easily reversible by the children to reflect or absorb ac
cording to need. 

Apart from this solar wall the building is heavily insulated. 
Massive concrete floors absorb radiation and the building retains 
heat for a very long time. A thorough study of the thermal per
formance of the building was made by the Thermal Research Group 
of the Department of Building Science at Liverpool University by 
Dr. M.I. Davies10). 
Wallesey, Cheshire, is at a latitude of over 53°N and in a maritime 
climate on the mouth of the River Mersey, where in winter high 
winds and clouds prevail. 

Passively operating solar heating systems do not provide high 
control nor are they precisely predictable in performance. They 
are generally only assisting the heating requirements of a structure. 
Flat plate collector systems provide more control and heat storage, 
but also would require an auxiliary heating system under The Nether
lands climatic conditions. 
While the physicist or engineer designs the flat plate systems the 
architect must largely become the designer for passive systems. 
With a good understanding of solar energy physics the architect 
may design a solar gain heating system specific for his structure. 
The principles of climatic design are simple. 
Solar energy for space heating of most all methods and levels of 
sophistication implies more personal residence reaction to climate 
fluctuations. Costs become increasing in attempts to manipulate 
this energy source into the automated heat control now common in 
homes. Meanwhile a small percentage of this energy can be gained 
simply by facing a window south and insulating it during cold 
nights. It should be very significant for people's behaviour to 
move away from so finely automated temperature control and adjust 
their home with the very cold and very warm days. 
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SPACE COOLING 

An incidental, to Holland, application of solar energy is space 
cooling. Usually solar cooling is a reversal of the same system 
used for space heating ir. cold months. In warm climates of course 
the heating is incidental to the cooling. 
Most technologically elaborate combination cooling and heating 
systems use a heat pump. The heat pump is considered a method of 
high potential for heating and cooling on its own without solar 
energy involved, but the two methods are often considered com
plementary. This is not particularly true. Heat pumps are actually 
one kind of auxiliary heating system, with added cooling capability. 
The costs of heat pump systems are high and must be reasoned by 
this cooling capacity, if it is otherwise only an auxiliary heating 
function. 

A cooling effect can be gained by flat plate collectors if they 
can be well insulated from the heat of the day. The collectors 
are exposed during the night, thereby cooling to a small extent 
the circulating water. During the day, when the collector is in
sulated, the water is circulated through the room radiator system, 
but not through the collector. 
The cooling capacity of the Trombe wall must be again mentioned 
here. The cooling effect of this wall is partly from removing the 
warmed-over air inside the room, but much more from naturally 
forcing a constant ventilation. A north side air vent is required 
by this ventilation. In Holland solar cooling is most valuable 
to office buildings and other day use structures. 

SOLAR ELECTRICITY 

The solar cell is a highly technological little thing that produces 
electricity from solar radiation. The two most studied types are 
the silicon cell and the cadmium sulfide cell. 
They have been used on all outer _space flight vehicles, and present
ly on patrol boats and remote telephone lines in Australia. 
Their high cost is not yet nearly competitive with the cost of 
conventional electric power. The solar cell formerly cost $ 300 
per watt of output and are now available for $ 20 per wat; but this 
is still many times the cost of conventional electrical power. 
Further research may bring the solar cell to a point of high sig
nificance to residential house utility service, but this is not 
yet within sight. The University of Delaware's (U.S.) Solar One 
house is the only experimental house using solar cells. 

f solar cells 

•hermetic seal 

abctte- coated 
plexiglas 

Cross section through a solar 
electic/thermal collector as 
proposed for the University of 
Delaware's Solar One house. 

roof joists 
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EVALUATION SYSTEM-FIGURE OF MERIT 

The evaluation of the investment and returns of a solar system may 
be carried out from two points of view, capital economics and 
energy economics. 
Capital economics weighs the monetary costs of the installation 
opposed to savings in fuel costs. This is of course an extremely 
critical evaluation, as in practice it is the most significant. 
A somewhat useful expression of the capital cost effectiveness of 
a system is the figure of merit. 

Money value of energy saved in 10 years 
Figure of Merit • Extra installation costs 

It is generally suggested that the system will be competitive with 
conventional energy if the figure of merit reaches a value of 1 
(that is if 10 years saving will equal the initial investment). 
As a system becomes more technologically elaborate the investment 
costs rise as do the fuel savings. However the probabilities of a 
favourable figure of merit value are diminished because the energy 
savings (numerator) receives diminishing returns for capital in
vestment. The energy savings have a practical limit (under 70% for 
Holland) while capital costs have no limit.. 

The figure of merit was devised assuming that the components of a 
system will have a life of at least 10 years. Most flat plate 
systems are expected to function without major problems for 20 
years or more, so this may be a great underscoring of a system by 
the "F.M. evaluation. Estimating costs of fuels over a ten year 
period may also prove to be a gross error. 

If in the first place the purpose of considering solar energy is 
to save energy, costs of energy investment and returns must be 
evaluated. This basically involves fixing a energy cost to the 
fabrication of all materials used. Industrial processes are energy 
intensive and materials have a corresponding energy investment 
to the processes involved in their manufacture. It does not save 
energy to install a system with many industrially sophisticated 
parts costing many times the cubic meters of fuels in production 
than are saved by the installation over years of use. A figure of 
merit value with units of energy rather than monetary units is 

devised. . 
K.cal of energy saved over 10 years 

Figure of Merit = c o st s of production of system components 
Here also are diminishing returns of energy saved as energy input 
into production is nearly infinite. 
As a pure concept such an evaluation must go beyond the national 
boundary and return to the point of extraction of all raw materials. 
This evaluation is obviously arduous, very complex and unrealistic 
in common practice. However the diminishing returns aspect of both 
figure of merit values discussed lead to a basic conclusion about 
solar energy use. A comparative simple design that saves 40% of fuel 
comsumption in the home is likely of more value than a sophisticated 
system that saves 60% of operating fuels. 
The last 20% is energy saved at much more investment than the 
first 20%, which may be gained through a window. 
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Two angles, the altitude (3) and the azimuth (a), are needed to 
describe the sun's position relative to one point. 
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A sun path diagram graphically shows the altitude and azimuth angles 
for every hour of every day of the year. 
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URBAN DESIGN CONSIDERATIONS 

The problem of system engineering design and analysis is currently 
receiving much research. But problems of a different level arise 
when groups of solar buildings are considered. As the housing 
density climbs higher some difficulties of solar energy use, which 
are not of such concern to the single house, become more prominent. 
The role of the urban designer in solar energy involves orientation, 
spatial requirements, shading and aesthetics. This section dis
cusses the impacts of large scale solar energy use on architecture 
and the urban layout in general and for Almere and Lelystad where 
their special case becomes meaningful. It is mostly, concerned 
with the likely design impacts of a flat plate collector system 
for space heating. A flat plate system for water heating only gives 
much less design impact because only 4 or 5 m' of collectors per 
house are needed. Climatic architectural aspects are naturally 
considered in the process. 
Large scale use of solar collectors would have a significant design 
influence on high density housing (about 55 dwellings per hectare 
for Almere). For space heating a collector size of about 40 m2 
per house would likely be required. Then the collector orientation 
would determine the orientation of the building. This is neces
sarily true of row housing, but less so for detached units. 

SOLAR GEOMETRY 

Solar energy concerned designers must have an understanding of the 
sun's path throughout the year on their latitude. The position 
of the sun at any time is defined in terms of two angles: 
altitude 05) which gives the height of the sun off the horizon, 
and the azimuth (a) which is the angle off true north. 
The altitude and azimuth angles are changing constantly both 
during a day and throughout the year. The solar year begins Decem
ber 21 and from that date the daily range of altitude and azimuth 
angles increases until June 21, at which time this range decreases 
daily until December 21. 
A meaningful expression of the changing position of the sun rela
tive to a point on earth is the sun path diagram. It expresses 
the yearly range of the sun's position at a given latitude. With 
increasing latitude this yearly pattern becomes more fluctuating. 
Daylight is longer in the summer and shorter in the winter at 50° 
latitude than at 40° latitude. Thus with increasing distance from 
the equator not only is the yearly pattern more varied, but day 
to day change in altitude and azimuth angles is greater. 
The sun path diagram is simple to read. The concentric circles 
expanding from the center point express all altitude angles pos
sible, from 90° to 0°. The azimuth angles are read by lines 
radiating out from the center just as the degrees of a circle, 
from 0° to 360°. The intersection of these two functions correlates 
to a day of the year and a hour of the day. 
A good understanding of the solar behaviour of a region is essen
tial for designers of all levels in applying solar energy. 
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An object may extend up from a point at the bottom of a collector 
approximately 1/6 of the ground distance between them with negligible 
loss to overshadowing. 
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The sun path of most concern to the urban designer is seen when 
the radiation that would be received from November 21 to January 21 
and that below 10° altitude during the entire year is discounted. 
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SHADING 

In a high density area a collector is subject to last effective
ness from shadow by another structure. Severe shading occurs when 
the sun is at a low altitude, however this radiation intensity 
is not so very strong. 
A generally taken compromise is that shading occurring when the 
sun is below 10% altitude is too difficult to avoid and of 
negligible significance. This means that an object may extend up, 
from a point at the bottom of a collector, 1/6 of the ground 
distance between them without overshadowing loss. A collector is 
less sensitive to overshadowing from obstructions directly to the 
south of it, where the sun is at its highest daily altitude, than 
from a southeast or southwest obstruction, where the sun is at 
low altitudes. 
Directly to the south of a collector an object may extend up 15° 
(1/4 the ground distance) without obstructing sun even at its 
lowest midday altitude on December 21. 
However in a large complex of row houses, what is directly south 
of one collector is southeast or southwest of others. 
The short hours of solar energy gained during the most cloudy 
months of December and January in The Netherlands is not worth 
the difficulties of working with the low altitude angles occurring 
during this time. Therefore a designer may look at the January 21 
/November 21 sun path for more reasonable minimal altitudes to 
consider. 
The advantage of incorporating the collector on the highest part 
of a roof are obvious, especially in a high density housing area. 
Row housing indicates tight spacing while in detached housing 
areas, with more distant spacing, these shading problems are 
much less. Within residential areas of Almere and Lelystad most 
structures are close to the same height. The most severe example 
would likely be a structure two floors (5.4 meters) above the 
bottom of a collector, in which case the designer must consider 
a minimum 32 meters distance between them. 
Trees would not create the great shading difficulty many people 
now foresee. Certainly mature street trees will attain heights 
well past all possible spacing requirements as discussed for 
buildings. However during cold months when all possible radiation 
must be collected, leafless deciduous trees cast very little 
shadow. As the leaves come out less radiation will be needed, 
likely only for home water heating needs. 
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With some caution of species use, deciduous trees would likely 
not cause unbearable loss of radiation. 
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Each change of latitude gives a slightly different diagram charting, 
however the one given here for 52° N latitude is suitable for all 
of Holland. 
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It wduld take several large trees planted close to the collector 
to block all the hours of radiation during the warm months. 
Deciduous trees are further complementary to solar systems because 
flat plate collectors are subject to damage from overheating in 
the summer, so some shading during this time may be advantageous. 
It is remotely possible, however, that a system becomes practical 
which stores summer heat for winter use, in which case summer 
shading is not desirable. 
Tall growing evergreen trees must be treated differently, with 
more consideration given to planting. But few evergreen species 
planted in the polder are of potential heights of over a few meters. 
When they are planted .they are best on the north side where winter 
wind protection is desired anyhow. Deciduous tree species that 
are planted in potential obstruction spots should be selected for 
a normal. 
May and October leaf blooming and leaf dropping, relating to the 
heating season. Some species such as oak (quercus) keep their 
leaves through November or December. Some Species such as willow 
(salix) and poplar (populus) generally come out early in the 
spring before the heating season has ended. 

OVERSHADOWING CALCULATIONS 

The designer applying solar energy may need to calculate the 
amount and duration of shadow cast on a collector by an obstruction. 
For"this it is necessary to have a sun path diagram of the 
appropriate latitude and a shadow angle protractor. Both must 
be of an equal radius dimension. A shadow angle protractor may 
be fabricated from this diagram by transferring it into a clear 
plastic film which may be marked (by wax pencil), wiped clean and 
used again. The included sun path diagram is suitable then, to use 
if calculating for The Netherlands. 
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A simple shadow angle protractor. 
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The graphic technique of determining the extent of overshadowing 
is more difficult to describe than to do: (This technique is des
cribed in Dutch by Hamaker •') : 

a. Construct a plan drawing of the collector and pocential radia
tion obstruction. Locate a point (P) at the center of the lower 
edge of the collector, and establish the collector's true 
orientation. 

b. Construct a section drawing through point (P) and on a plane 
in the collector's orientation. 

c. Determine all points which are the far extents of the obstruc
tion on the plan and section. With point (P) these points 
determine the critical angles of a sun obstruction. In this 
first example there are two far extents in the plan drawing, 
forming critical azimuth angles, and one point of far extent 
in the section drawing, the critical altitude angle. Actually 
there must be one altitude angle determined for each azimuth 
angle, however in this example point (C) represents the altitude 
of both azimuth angles (a) and (b). 

d. Transfer the angle calculations to the shadow angle protractor. 
The angles taken from the plan, the azimuth angles, are read 
on the outside edge of the protractor and extend as lines 
radiating from the center point. 
Angles taken from a section, altitude angles, are read on the 
center line of the protractor and extend as the elliptical 
shaped arcs. 
Determine the intersection points of the appropriate elliptical 
arc with the azimuth angles, thus constructing the shading 
mask. If a shadow angle protractor is fabricated from a good 
plastic film, the shading mask can be darkened and later wiped 
clean. 

e. Superimpose the shadow angle protractor on the sun path diagram. 
The center line of the protractor must be aligned with the cor
rect collector orientation. A photocopy is easily made to re
cord the area of overlap from which can be read the hours of 
overshadowing on every day it occurs. 
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A radial diagram is a more precise type of shadow angle protractor. 
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Here is a slightly more complex problem of overshadow calculation. 
The shadow angle protractor (radiaaldiagram) used in this example 
is read the same, only more precisely, and as if 4 of the simpler 
protractors were put together, one in each cardinal direction. 

a. Proceed as in the first example. Construct a plan, locate (P), 
establish the collector's orientation. At this time determine 
the points of far extent. 

b. Construct the section through (P). Note that point (9) is hidden 
in the section, but must be plotted on the radial diagram with 
both an azimuth and an altitude angle. 

c. Calculate all critical azimuth and altitude angles. 
d. To plot these calculations on this radial diagram do not confuse 

the (a) degree readings along the outside of the diagram with 
the degrees of a compass. The vertical center line corresponds 
to the true orientation of the collector which may or may not 
be perfect south. 
Plot the critical azimuth angles then, relative to the vertical 
center line. Each azimuth angle has a corresponding altitude 
angle (a) with (g), (b) with (f) and so on. These points of 
intersection form the shading mask. 
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dd) This radial diagram allows a further check of the intersection 
points. 
Construct a section through (P) perpendicular to the first. 
Calculate all critical altitude angles. Remember that on the 
radial diagram the vertical center line (A1-A2). is the true 
orientation of the collector. These angles were calculated on 
a plane perpendicular to that plane, and so are plotted by 
reading the horizontal center line (Bj-B2). The angles calculated 
from this section will lie on either the left or right side 
relative to point (P) and must be plotted on the corresponding 
half of the diagram. Point (K) should plot on the same spot 
as points (b) and (f), and so on. 

e) Superimpose the shading mask on the sun path diagram. 

N 
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The problem becomes more complex when the obstruction is not a 
rectilinear form, when it is not orientated perpendicular to or 
against the collector, or when it has varying height. A structure 
with varying height must be subdivided (according to the desired 
precission) into sections having a common height, and calculated 
as separate sun obstructions. . 
One very important consideration-* comes out of working with over
shadow calculations. An obstruction of the same size and orientation 
will give much less sun blockage if it is directly south of the 
collector than if it is perhaps 60° east or west of the collector. 
One error of this method is that a shading mask for a small ob
struction that is close to the collector may be the same size as 
that for a large obstruction which is a considerable distance 
farther away. The overshadowing affect will appear the same and 
it will be as far as direct radiation is concerned. However the 
small obstruction that is close to the collector will not allow 
the penetration of diffuse light back into the shaded area that 
the obstruction farther away will. Analyses of the contribution 
of diffuse light to the solar energy potential of Holland give it 
no slight significance. 
The overshadowing calculations are useful for surveying the effect 
of existing or proposed developments. However the designer/planner 
must also assess the likehood of future developments on neigh
bouring sites which may cause overshadowing at a future date. This 
assessment will rely on the local zoning restrictions, an aspect 
discussed in another chapter. 
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Daily means of total radiation falling 
on a surface inclined towards south. 

Most any angle of collector tilt 
between 30° and 70° can be justified. 

The tilt angle highly influences the density of a residential area 
of like structures. A 60° tilt may demand a greater spacing than 
otherwise desired for the density of 55 dwellings/hectare. 
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ARCHITECTURAL IMPLICATIONS 

There are basic implications for the building shape, size and 
orientation that hold for both flat plate collectors and climatic 
architectural principles. A house that is considered for one is 
also partly designed for the other application. The tilt angle of 
the collector is a special consideration for flat plates. Some of 
these design implications for using solar energy are already an 
existing part of the architecture of the new polder towns. 

Tilt angle 

Optimally a flat plate collector is tilted perpendicular to the 
sun's altitude angle (and its orientation perpendicular to the 
sun's azimuth angle). But since these angles are constantly changing, 
this would require a sun tracking collector (one that is mechanic
ally adjustable). These systems are not economically reasonable, 
so a compromised tilt angle must be chosen. 
For year round, the flat plate collector tilted at an angle equal 
to its latitude will collect a maximum of sun radiation. This 
angle should be reduced to collect diffuse whole sky radiation 
during overcast weather, as is desirable in Holland. It should be 
increased however if winter sun is to be maximised, as is also 
desirable in Holland. 
Practically any angle between 30° and 70° can be justified by 
reasons other than collector efficiency. In architecture this im
plies a pitched roof or an inclined wall, but a pitched roof 
has several advantages over an inclined wall. A wall will be lower 
on the structure and create more shading problems and it would 
reduce potential window area. A roof typically gives greater heat 
loss than a wall, and a flat plate collector is inherently 
providing extremely good roof insulation. 
There seems to be little evidence to suggest that a steeply 
sloping collector will provide a substantial gain in winter, con
sidering the high latitude and cloud cover which can be expected. 
Most ongoing and proposed experiments near the 51°N latitude of 
the polders incorporate tilt angles between 30° and 60°. 
If the collector is placed on a roof in a high density area the 
tilt angle has a large effect on spatial requirements. With in
creasing tilt angle greater interspaces are needed. A 60° collec
tor tilt may affect urban design if a 55 dwelling/hectare density 
is desired. A 45° (or less) collector tilt will not affect spatial 
layout since other urban design considerations will likely have 
exceeding spatial demands. 
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The value of a reflecting surface to a flat plate collector 
can be increased much more when the reflecting panel is hinged 
to the bottom of the collector and used as an insulating 
cover during cold nights (and over-hot days). 

w**r«-- s*r 

So*Tk 

Olgyay's cube gives dramatic 
implications for structure 
shape. 
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A structure's dimensions for 
temperate climates are best 
between 1:1.2 and 1: 2.4. 

Olgyay determined that an orientation 18° east of south is optimal. 
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Collector Size 

The area size of the flat plate collector needed to provide space 
heating varies with many factors, but mostly the storage system and 
the efficiency of the collector. Most houses, experimental or other
wise using flat plate collectors seem to have a collector area of a 
size near one-tenth of the volume (m2 to m^), of the house. For most 
of the row houses in Lelystad and Almere this would be a range of 
collector size from 25 m^ to 40 m̂ -. Existing houses of typical 
ground dimensions (5.5 m x 8.5 m) with a 45° inclined roof would 
give 35 m^ of roof surface (half of roof) available for collectors, 
favourably within this range. The roof area for collectors may be 
increased with special roof designs. The area of collector surface 
necessary for water heating only is much less, about 4 or 5 meters. 
If flat plate collectors occupy only part of a roof surface, they 
should be placed to avoid the path of rain run-off from the roof 
slope. Besides particle accumulation on the collector glazing, rain 
run-off from roofing materials may pick up trace metals, namely 
copper and lead, leading to corrosion and deterioration of aluminium 
collector frames. Tight seals on the collectors must be maintained. 

Reflectors 

A reflector surface angled to bounce sunshine into a collector can 
give significant increases in solar gain and be made cheaply. In 
temperate latitudes, an inexpensive reflector effectively increases 
solar gain into a collector by 1.4 to 1.7 times. Such data was es
tablished in solar research at the University of Oregon. Oregon is 
located in the northwestern United States which has a similarly 
mild and overcast climate like Holland. 

Structure Shape 

Calculations made by Olgyay'2) 0f the optimum shape for buildings 
takes into account both heat loss in winter and heat gain in summer. 
The study shows clearly that in temperate climates a rectangular 
plan elongated in the east-west direction is the most favourable. 
With this shape and orientation the large south wall receives all 
winter radiation but not so much in the summer, so this south wall 
is favourable to increase. In contrast the east and west faces each 
receive more summer radiation than the south side, and therefore it 
is favourable to minimize these walls. 
Olgyay gives a dramatic demonstration of this effect. Consider a 
perfect cube orientation at perfect cardinal directions at 40°N 
latitude. In midwinter a southern exposure receives nearly three 
times as much total sun exposure as both the east and west sides 
together. In midsummer the sun exposure on the east and west sides 
together is twice that on the south exposure. 
Everywhere within I0°N latitude of the equator, a south wall will 
receive less energy in midsummer than in midwinter in clear sky 
conditions. Olgyay's conclusion is that the optimum shape for a 
24 hour's residence is a rectangle with a width to length ratio 
of 1:1.6. The long side should best face 18° east of south. Maximum 
heat is gained by the morning wintersun and minimum heat is gained 
by the hot afternoonsun. 
Olgyay's work considered solar gain by climatic architecture but 
solar energy by flat plate collectors may be applied also 
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Many designers and planners visualize 
a monotonous urban design if solar 
energy is used. 
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A collector's performance will not be 
significantly impaired (less than 2%) 
by an orientation of up to 30°either 
way of true south. 
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The orientation of the roof of a block 
of row houses perpendicular to its long 
facing means gabled roofs. 

Heavy overshadowing results from gabled 
roofs on row housing blocks. 
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Orientation 

The orientation of the solar structure is an important urban design 
topic. The use of flat plates for space heating in north latitudes 
means a south facing collector. This implication is a concession 
urban designers tend to visualize in the extreme, especially for 
row housing - perfectly straight row after row of houses all facing 
perfect south. Much more variation is possible. It has been calculated 
at the Polytechnic of Central London that a 30° east or west deviation 
from south will not appreciably reduce collector potential (less 
than 2% reduction). This fact is confirmed by solar energy research
ers at T.H. Eindhoven9'. One reason for this is the high proportion 
of diffuse radiation usuable in The Netherlands and Britian. This 
30° deviation allows considerable more freedom than normally sus
pected. When collector orientation dictates structure orientation 
(when considering space heating) a 60° margin is given, which is 
1/3 of all possible orientations. 
An orientation to the southeast or southwest may be more advantageous 
than perfect south. Southeast is preferred by Olgyay for solar gain 
principles, and it is an orientation especially suitable for day 
use buildings when heat is desired early in the day more than in the 
afternoon. A southwest orientation may be desirable for a building 
which is afternoon or evening use such as a cafe, restaurant or 
theatre. 
The type of heat storage of a solar system may also prefer a SE or 
SW orientation. A moderate capacity heat storage, such as building 
fabric will prefer SW (30° deviation is actually SSW) if the 
building needs heat in the evening and through the night. A higher 
capacity heat storage will allow other factors to determine this. 
Close examination of October to April climatological data may 
reveal a clearer morning sky than afternoon or vice versa. This 
characteristic of a region will then prefer a non-perfect south 
orientation. Data were collected at the T.H. Eindhoven') for the 
amount of solar radiation received by a west facing facade versus 
an east facing facade in Holland (De Bilt) during a period of many 
years. The east facade received 3-4% more radiation than the west, 
meaning that the morning sky was clearer than the afternoon. 
The southernly facing collector is a restriction in most cases 
on the orientation of an inclined roof, and not necessarily on 
the orientation of the long facing of the structure. For a detached 
house the roof may easily enough be inclined on a plane in a per
pendicular orientation to its long facing. This allows the long 
side of a detached house to be oriented 30° either way of the 
east-west direction or 30° either way of the north-south line, 
2/3 of all possibilities. 
For row housing blocks with their long sides orientated in a 
east-west facing, a southernly facing roof incline implies gabled 
roofs. A significant question for Almere and Lelystad is whether 
gabled roofs on a block of row houses are useful as collector 
surfaces. The south side of a gabled roof in a north to south line 
of such kind of roofs receives much overshadowing from the gable 
to the south of it during the winter. 
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A small area at the top of gabled roofs receives most 
critical radiation. 
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Construction of the Nijs en Vale solar water heater requires 
the bottom of the storage tank to be above the top of the 
collector. The collector cannot be placed at the top of the 
roof pitch. 
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Still a certain area on the top of the roof receives unobstructed 
radiation even in midwinter. These gable sections and overshadow 
diagrams show that area(c) receives nearly all useful (above 10° 
altitude) sun radiation. This area is far from the likely surface 
needed for space heating but quite adequate for water heating col
lectors. The already small overshadowing effect is further diminish
ed when this surface is applied for water heating which utilizes 
the high summer sun. 
Unfortunately the Nijs & Vale water heating system design does not 
allow the collector to be placed at the top of a roof. As shown 
by these gable sections the bottom of the water storage vessel 
(0.5 m diameter x 1.60 m) must be above the top of collector plates. 
Construction can allow the placement of the water storage tank 
(2.70 kg when full of water) at the top of the roof pitch, so that 
the collector may be placed as high on roof as possible. These 
sun path diagrams demonstrate an important point concerning orient
ation of blocks with gabled roofs. The overshadow from a collector 
orientation of 30° off true south has nearly the same total effect 
as true south orientation. A significant difference is that the 
shadow of a south orientation comes at times in both morning and 
afternoon on short sunshine days; thus the shadowing on December 21 
is high. A SSE or SSW orientation would distribute the shading over 
more days into the season when short periods of lost sunshine can 
be more afforded; the shading on January 21 is halved. 



58 

NOBT* 
0" 

I900 

A 30° southwest or southeast for gabled roofs would give more 
desirable distribution of radiation than a true south (assumes a 
20° altitude angle sun block from the gabled roof). 
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Staggering the roof heights of a north to south aligned block 
can give sufficient unobstructed radiation, but only for 4 
or 5 dwellings. 

N 

The small radiation demands of solar home water heating 
allow roofs to be oriented in most any direction. 
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The overshadowing that results from gable roofs will prohibit space 
heating by solar energy if a collector surface of about 40 m^ is 
needed. The only possible solution that would allow each unit a 
roof surface of this size is a staggering of the heights of conse
cutive units. Even this approach is only possible for a line of at 
most 4 or 5 units. This would also require a different floor design 
for each unit. 

This discussion on orientation of solar structures is mostly 
considering the high roof surface area demands of space heating 
by collectors. If only water heating collectors are considered 
then orientation restrictions are small, because the radiation 
demands are so easily met. The 400 dwelling Nijmegen project will 
impliment collectors on houses with roofs facing east and west. 
Such houses will have two collectorpanels on each side of the roof. 
The houses with a roof side facing south will have three panels. A 
block of houses oriented southeast (100° -150° from North) or 
southwest (210° -250°) can incorporate four units on the southern 
roof incline, but these are not preferred orientations. 

A high incident angle (especially higher than 50°) will result in 
more radiation being reflected off the glazing than penetrated to 
the absorbing surface. Thus units that have a roof inclined to the 
east or west will have radiation penetrating the collectors on 
both roof sides for more hours with a lower tilt angle. 



61 

The "step back" block oriented true south. 

Housing blocks which have a "step back" corner can give heavy 
overshadowing. The orientation of this block 30° east of south 
will give little overshadow and none during critical months. 
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... 30 west of south 

... 30 east of south 
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A stepped form is a possible variation in urban design for row 
housing which if properly designed had negligible overshadow impact. 
These overshadow calculations show the amount of shade given by a 
stepped forvard gable to a roof surface set back to the north of 
it. They show that an azimuth orientation off true south is 
particularly favoured by the direction of the stepped collectors. 
Stepping back in an eastern progression favours a southwest col
lector orientation, just as westerly depressing steps favour a 
southeast orientation. Not only is the size of the shading mask 
decreased by following this pattern but it is decreased in critical 
periods during the winter months. 
A decreasing ground distance of the step back will give decreasing 
shadow, as will a decreasing tilt of the roof. There is a favoured 
corner of the roof in such a housing pattern which receives 
maximum of sunshine. This corner is significant when considering 
a collector area which is not covering the full roof surface. 
All these discussed restrictions on architecture and urban design 
are removed from the dwelling roofs when the type of "collective" 
flat plate collector systems are visualized. That is the method 
where a structure detached from a group of dwelling units incor
porates a collector array and storage tank for those dwellings. 
This approach is considered very favourable by many but no 
experiments seem to be researching the possibility in northern 
Europe. The group of ten dwellings in Vermont in northeastern 
United States incorporates the collectors, both for space and 
hot water heating, on the roof of a common garage structure. 

Several units may share one large collector array, storage tank, 
controls, etc, which are detached from the units themselves. Orien
tation restrictions are then removed from the units. 
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A block of row houses oriented 
east and west displays poor 
climatic architecture in Holland. 
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A house oriented 30° east of 
south receives sunshine on its 
north side during most summer 
afternoon hours. 
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A 30° east of south orientation is very favorable in Holland 
according to climatic architecture. 
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The orientation and other restrictions for solar space heating 
place concessions on the designer which may or may not conflict 
with other priorities in a particular situation. It is interesting 
to note that in several residential areas of Lelystad, over 75% 
of the row housing structure have a west and east facing long side. 
This is obviously not done for energy conservation purposes. It 
is done with consideration of sunshine into the garden rather than 
through the windows or onto the roof. A westeast facing aligment 
of a block gives each unit the possibility of a west side private 
garden and full afternoon sun. Considering home heating impacts, 
besides eliminating the future possibility of implementing solar 
space heating, a west facing block results in frequent overheating 
of west rooms in the summer months and very little heat gain by 
winter sun. A west facing block in Holland also means full exposure 
to the cold winter wind, a very significant impact. In terms of 
climatic architecture this orientation is the worst. 
Another presently high design priority in Almere is the creation 
of an interior space within several blocks, generally by arranging 
blocks which are closely spaced or attached to each other. This 
creates problems if it is desired to give each unit a sunny garden 
and solar heating orientation. If the gardens of all units are 
on the interior side of the blocks some houses will have gardens 
with undesirable north orientations. The general housing pattern 
of the first Almere-Stad plan minimizes the north facing gardens 
and maximizes the east and west facing blocks. As a result of this, 
the block groups are also minimizing units with a south side. Thus 
the advantages of climatic architecture and the potential con
version of the unit to solar space heating are lost. 

. / ~ \ i 
Blocks of houses in the first Almere-Stad plan are generally 
aligned facing east and west. 
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Blocks of houses forming an interior space with gardens in that space 
will result in some units with undesirable garden orientation. 
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An architectural solution to the north facing garden is a low angle 
roof slope that is close to the ground at the garden side of the 
house. Thus sun shines into the greater part of the back of the garden. 
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The sunny garden is important to the Dutch families moving to 
Almere and Lelystad, and climatic architecture will not override 
this priority. The south facing garden has always been as desirable 
if not more than the west facing garden and further. The block 
in a south gives maximum potential to roof surface for solar space 
heating and is appropriate in a climatic architecture sense. 
People do have different preferences but east facina gardens are 
desirable only to a small number. North facing gardens where much 
shadowing from the house occurs are undesirable. P) 
There is a good solution to the shadowing problem of the north 
facing garden in the Almere-Stad plan. A north side roof incline 
of 33° which slopes down to 3 meters above the ground allows sun 
to enter the back of the garden much of the time. This approach 
however allows only a small south facing roof surface, adequate 
for water heating purposes but a problem for space heating. 
The overshadowing effect on the garden that results from this 
architectural solution can be demonstrated by the sun path tech
nique. The ground surface becomes the collector surface when this 
is done. For a block that is perfectly oriented to the north and 
south, sun would enter the garden in midday during periods of 
high sun altitude and in the late afternoon during mid-summer. 
A much better result is seen when this roof design is implemented 
on a block facing 30° east or south. This modification would 
allow unobstructed sun into the garden during very desirable after
noon hours. Blocks of houses oriented in this way would allow 
the creation of internal spaces with each garden receiving desirable 
sunshine, and completely satisfy requirements for presently usuable 
solar energy applications - solar water heating and climate 
architecture. 
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Using this roof incline solution on the units with a north facing 
garden, a block that is oriented 30° east of south will give more 
afternoon sun and a much better balance of desirable sunny gardens 
for all units. 
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An axial town development plan would not prohibit an individual axis 
extending in a northeast, northwest, southwest or southeast. An axis 
of development can be divided into subunits which give a potential 
for a favorable solar orientation to structures within that subunit. 
The axis of development can extend in any direction then, while the 
orientation of subunits within that axis may reflect other orientation 
priorities. 
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TOWN PLANNING CONSIDERATIONS 

If a housing group is planned for solar energy use the road 
layout, both residential and arterial, are factors which should 
be considered early in the planning stage; . 
It is normal in urban design that a facing of a block of houses 
is parallel with the street alignment. This restriction is more 
tight with row housing than with a free standing house. Thus 
when considering solar space heating the residential traffics lanes 
and overall housing pattern should generally follow a pattern 
related to the cardinal directions, north-south and east-west, 
opposed to a pattern of northwest-southeast and northeast-southwest, 
The layout of blocks of houses within a housing group normally 
gives the group a rectangular form which reflects a common 
orientation of the blocks within the group. The arterial road 
which connects the group with the greater road network will affect 
the orientation on the housing group if that group is expected 
to be parallel or perpendicular to this arterial road. 
Axial town development plans may have axes (and arterial roads) 
extending in a northwest, northeast, southwest or southeast 
direction. Such axes imply that development (i.e. housing groups) 
within the axes be oriented as rectangular forms in the same 
direction that the axis extends, giving them an unfavorable solar 
orientation (see axis A in diagram). 
However an axis of development may be broken down into subunits 
with orientations which do not reflect the lineal direction of 
the axis, but instead imply a favorable solar orientation for 
the structures to be built within the subunits. An arterial road 
in such an axis may result in corners of wasted space (see axis B). 
Otherwise the arterial road may take on a zig-zag routing (see 
axis C). 
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A sunshine protection code could allow a gradual increase in the 
maximum height allowed as distance from a collector increases. 
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The restrictions directly to the south of a collector may be slightly 
more lax becoming at a point approximately 25° east or west of south 
(Zone A). Zones B are very critical ones as these provide important radiation 
during months when solar energy will make its greatest contribution at low 
sun altitudes. Zones C don't need restrictions because sun radiation above 
10° altitude beyond these points is during the warm months. 
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LEGAL ASPECTS 

Technical problems of solar energy have mostly been solved; economic 
problems are in research or already feasible in some applications; 
but legal problems await the large scale application. There is 
nearly no legislation regarding the sunshine rights of buildings. 
Legal practice is based on precedent. 
If solar energy is to be encouraged at any meaningful scale, 
structures whose heating systems are dependent on direct sun 
radiation must be given legal protection. Current town planning 
regulations (zoning, height restrictions) give something to work 
from but a more firm guarantee is necessary. A new set of local 
regulations must accompany any area of houses using solar energy, 
concerning rights to sunshine. This would basically involve control 
of new structure heights and tree planting by neighbours. Small 
lots and tight spacing of houses dictates more needed control. 
A sunshine protection code should specify in what position and what 
heights solar collectors be installed to give them reasonable 
success. If installed outside such limits, they would have no 
legal protection. No new construction should be allowed to en
croach on these limits. 
The guidelines for a sunshine protection code might be based on 
the diagrams at the left. 
The lower diagram defines (h) as a point on a collector. If a 
structure is constructed at point (m) precisely to the maximum 
height allowed by this code, a large area between (h) and (m) is 
detrimented for future solar installations. A sunshine code should 
not only protect existing solar installations, but encourage 
further installations in the same area. Point (h) may be better 
considered the minimum height of a collector, located on the east, 
south or west edge of a large sunshine protection area. Within 
the area a height code must reflect the spacing of structure as 
if the area were at maximum density. 
For Almere and Lelystad such a code creates little problem for 
residential areas. Housing areas are planned and built at full 
density and height maximums and aesthetic controls for housing 
now being enforced generally are as restrictive as such a code 
would mandate. Residential areas are designed clearly apart from 
multi-story buildings, but because of potentially great shadows 
from them, these situations may cause problems. Multi-story 
buildings will require special attention. It may be most appropriate 
to establish a process of application for sunshine rights and 
obstruction, through the municipal planning agency, and handle 
each proposal individually. 
One small problem a sunshine code must handle is the definition 
of a sun obstruction. Clearly buildings structures must be con
trolled but obstructions such as street lamps or flagpoles may 
extend the height restriction but are meaningless sun blocks. 
The solution of course is a minimum width which anything below 
that is not restricted by the code. 
A difficult problem for this code would be trees. Tall growing 
evergreen trees clearly must be restricted but as discussed before 
deciduous trees may not be a significant obstruction. 
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If solar systems become favourable in Holland which are significant
ly harmed during the leaf season, problems will begin. The mature 
heights are known only within fairly wide ranges. The question 
will become whether a few hours of radiation lost are worth more 
than the top of the tree. To most people the tree top will be more 
valuable. One deciduous tree would block sun only during periods 
of low demand on the collector and only for a short duration, 
however a sunshine code must guarantee that, for example a hedge 
of tall growing Lombardy poplars, which leaf early in the spring, 
is not planted on the east or west edges of tightly spaced lots. 
Guidance on planting of potentially large trees must be given to 
the public. 
Again it can be seen that most problems of solar energy are handled 
much easier if an area is designated a sunshine controlled area 
and a code is instituted before development begins. A person who 
has a collector on his own roof is going to be more aware of his 
neighbour's collector. 
The city of Santa Clara, California will have available a model 
of local legislation to protect sun rights in spring of 1977.'-*' 

-M^'m^ 
Solar home water heating collector on the roof of a Dutch house. 
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CONCLUSION 

Solar energy has developed some kind of credibility gap. Many avid 
but unknowledgable enthusiasts have become disenchanted when it is 
seen that solar energy will not solve their energy problems. By 
far most of the potential of solar energy for Holland long lies 
out of reach. Energy strategists often concentrate on solving 
great problems with great solutions involving a great amount of 
work, and so have developed an "all or nothing" attitude towards 
the existing solar energy uses. It makes no sense to push aside 
small practical applications of this wonderful energy source while 
anticipating economical space heating or the grand schemes of 
covering the deserts of the earth with solar collectors or of 
satellites laser beaming all the world's energy needs. 
There is little reason why the houses and swimmingpools of Almere 
and Lelystad could not have water heated by solar energy. Some 
structures such as restaurants may consume large amounts of hot 
water, and could highly benefit from such a system. 
Improved insulation levels of houses is needed before solar space 
heating may be feasible but this is not true of water heaters. It 
would be very significant for the advance of solar energy use in 
The Netherlands and Europe that the Dutch company manufacturing 
flat plate collectors is supported by the large projects of the 
Rijksdienst voor de IJsselmeerpolders. Very valuable experience 
in the use of these flat plate collectors could be gained within 
the R.IJ.P. preceding the possible development of space heating. 
If solar flat plate collectors for space heating ever become useful 
to Holland, the effectiveness will depend to a large extent on 
the conversion of existing buildings. Houses being built today can 
be designed with no extra costs (excepting the necessary improved 
insulation levels) so that conversion is possible. At the same time 
this is done the contributions of solar gain may be used. Sunshades 
or overhangs and window shutters are simple and highly effective 
ideas. 
The residents who come to live in these houses are likely not aware 
of the effectiveness of these temperatures control features. Some 
kind of shading feature and manually operated inside window 
insulators may be part of the architectural features put in a 
house before it is sold. The additional costs to the price of the 
house should be small. It is entirely within the social responsibil
ity of the planners of Almere to add this cost to a house. 
Solar energy may always have a small role in Holland but small 
roles shouldn't be denied importance. Small returns in savings of 
fuel and costs require comparatively small investment in design 
and construction, and are a safe investment. 
When looking at solar energy it is easy to get lost in a guagmire 
of numbers and efficiencies. The primary inherent values of solar 
energy must be given a weight that numbers cann't express. It's 
long-lasting pollution free and the principles are simple for 
designers and the residents. 
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APPENDIX I 

1. Nijs & Vale B.V., Nijmegen 
consulting engineers: Van Heugten B.V., Nijmegen 
refer to: P.H.H. Leijendeckers 
telephone 080-228317 

2. Den Have, architect, Nijmegen 
Barbarossastraat 64 
telephone 080-224320 

3. Landelijke Stuurgroep Energie Onderzoek 
Ministerie van Economische Zaken, den Haag 
telephone: 070-814011 

Nederlandse Energie Ontwikkeling Maatschappij 
Heerlen 
telephone: 045-782490 

4. Milton Keynes Development Corporation 
Wavendon Tower 
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APPENDIX-II 

This appendix gives information on the precise solar position 
for every half hour of daylight during the critical months of 
October through March. It also gives data on the incident sun 
radiation received direct and diffuse, in watts per square meter 
for cloudless conditions. 

MAAND VAN HET JAAR = 10 
DAG VAN DE MAAND - 21 
GEVELAZIMUTH = 0 VOOR EEN HORIZONTAAL VLAK 
GEVELAZIMUTH = 0 — +90 — +180 = Z--0--N 
GEVELAZIMUTH = 0 90 180 = Z--W--N 
GEVELAZIMUTH = 0 
VERVUILINGSFACTOR= 0 
AANTAL GRADEN BREEDTEGRAAD =52 
AANTAL MIN.BREEDTEGRAAD = 30 
VOOR EEN VERTIKAAL VLAK IS DE HELLINGSH0EK 90 
VOOR EEN HORIZONTAAL VLAK IS DE HELLINGSHOEK 0 
VOOR EEN SCHUIN VLAK IS HET DE HOEK MET HET HORIZONTALE VLAK 
HELLINGSHOEK = 90 

TIJD ZONNESTAND OPVALLENDE ZONNESTRALING 

HOOGTE AZIMUTH DIREKT DIFUUS 
HEMEL 

DIFUUS 
GROND 

TOTAAL 

+ 7 : +30 + 3.52 +64.83 + 102 + 19 + 4 + 125 
+ 8 : 0 + 7.54 +58.67 + 176 + 40 + 9 +225 
+ 8 : +30 +11.30 +52.29 +249 + 59 + 15 +323 
+ 9 : 0 +14.75 +45.64 +320 + 77 + 20 +417 
+ 9 : +30 +17.81 +38.70 +385 + 93 +25 +503 
+ 10 : 0 +20.44 +31.45 +442 + 107 +29 +578 
+ 10 : +30 +22.56 +23.90 +489 + 118 +33 + 640 
+ 11 : 0 +24.12 +16.10 +524 + 126 +35 +685 
+ 11 : +30 +25.08 + 8.10 +546 + 131 +37 +714 
+ 12 : 0 +25.40 0 +553 + 133 +37 + 723 
+ 12 : +30 +25.08 - 8.10 + 546 + 131 +37 +714 
+ 13 : 0 +24.12 -16.10 +524 + 126 +35 +685 
+ 13 : +30 +22.56 -23.90 +489 + 118 +33 +640 
+ 14 : 0 +20.44 -31.45 +442 + 107 +29 +578 
+ 14 : +30 +17.81 -38.70 +385 + 93 +25 +503 
+ 15 : 0 +14.75 -45.64 +320 + 77 +20 +417 
+ 15 : +30 +11.30 -52.29 +249 + 59 + 15 + 323 
+ 16 : 0 + 7.54 -58.67 + 176 + 40 + 9 +225 
+ 16 : +30 + 3.52 -64.83 + 102 + 19 + 4 + 125 



78 

MAAND VAN HET JAAR = 11 
DAG VAN DE MAAND = 21 

TIJD ZONNESTAND OPVALLENDE ZONNESTRALING 

HOOGTE AZIMUTH DIREKT 
DIFUUS 
HEMEL 

DIFUUS 
GROND 

TOTAi 

+ 8 0 + .30 +54.14 + 96 + 3 + 1 + 100 
+ 8 +30 + 3.85 +48.08 + 169 +26 + 5 +200 
+ 9 0 + 7.08 +41.82 +249 +46 + 9 +304 
+ 9 +30 + 9.93 +35.34 +319 +63 + 13 +395 
+ 10 0 +12.34 +28.62 +378 +78 + 16 +472 
+ 10 +30 +14.28 +21.69 +426 +91 + 19 +536 
+ 11 0 +15.70 +14.57 +461 +99 +22 +582 
+ 11 +30 +16.57 + 7.32 +483 + 105 +23 +611 
+ 12 0 +16.86 0 +490 + 107 +23 +620 
+ 12 +30 +16.57 - 7.32 +483 + 105 +23 +611 
+ 13 0 +15.70 -14.57 +461 +99 +22 + 582 
+ 13 +30 +14.28 -21.69 +426 +91 + 19 +536 
+ 14 0 +12.34 -28.62 +378 +78 + 16 +472 
+ 14 +30 + 9.93 -35.34 +319 +63 + 13 +395 
+ 15 0 + 7.08 -41.82 +249 +46 + 9 +304 
15 +30 + 3.85 -48.08 + 169 +26 + 5 +200 

+ 16 0 + .30 -54.14 + 96 + 3 + 1 + 100 

MAAND VAN HET JAAR = 12 
DAG VAN DE MAAND • 21 

TIJD ZONNESTAND 

HOOGTE AZIMUTH 

OPVALLENDE ZONNESTRALING 

DIREKT DIFUUS DIFUUS TOTAAL 
HEMEL GROND 

+ 8 +30 + 1.40 +46.73 + 116 + 1 1 + 2 + 129 
+ 9 0 + 4.55 +40.60 +208 +32 + 6 +246 
+ 9 +30 + 7.32 +34.27 +283 +50 + 9 +342 
+ 10 0 + 9.67 +27.73 +344 +66 + 12 +422 
+ 10 +30 +11.56 +21.00 +394 +78 + 15 +487 
+ 11 0 +12.93 +14.10 +430 +87 + 17 +534 
+ 11 +30 +13.77 + 7.08 +451 +93 + 19 +563 
+ 12 0 +14.06 0 +459 +95 + 19 +573 
+ 12 +30 -••13.77 - 7.08 +451 +93 + 19 + 563 
+ 13 0 +12.93 -14.10 +430 +87 + 17 +534 
+ 13 +30 +11.56 -21.00 +394 +78 + 15 +487 
+ 14 0 + 9.67 -27.73 +344 +66 + 12 +422 
+ 14 +30 + 7.32 -34.27 +283 +50 + 9 +342 
+ 15 0 + 4.55 -40.60 +208 +32 + 6 +246 
+ 15 +30 + 1.40 -46.73 + 116 + 11 + 2 + 129 



MAAND VAN HET JAAR = 1 
DAG VAN DE MAAND = 21 
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TIJD ZONNESTAND OPVALLENDE ZONNESTRALING 

HOOGTE AZIMUTH DIREKT DIFUUS 
HEMEL 

DIFUUS 
GROND 

TOTAAL 

+ 8 : ! 0 + .90 +54.52 + 88 + 7 + 1 + 96 
+ 8 : : +30 + 4.47 +48.43 + 181 + 29 + 5 +215 
+ 9 : ! 0 + 7.72 +42.13 +260 + 49 + 10 +319 
+ 9 : : +30 +10.58 +35.61 +329 + 66 + 14 +409 
10 : : 0 +13.02 +28.85 +389 + 81 + 17 +487 

+ 10 ; : +30 +14.97 +21.86 +437 + 93 +21 +551 
+ 11 : ; 0 +16.40 +14.69 +473 + 102 +23 +598 
+ 1 1 : ; +30 +17.28 + 7.38 +495 + 107 +24 +626 
+ 12 : : 0 +17.57 0 +502 + 109 +25 +636 
+ 12 : : +30 +17.28 - 7.38 +495 + 107 +24 +626 
+ 13 : : 0 +16.40 -14.69 +473 + 102 +23 +598 
+ 13 : : +30 +14.97 -21.86 +437 + 93 +21 +551 
+ 14 : ! 0 +13.02 -28.85 +389 + 81 + 17 +487 
14 : : +30 +10.58 -35.61 +329 + 66 + 14 +409 

+ 15 : ; 0 + 7.72 -42.13 +260 + 49 + 10 +319 
+ 15 : : +30 + 4.47 -48.43 + 181 + 29 + 5 +215 
+ 16 : ! 0 + .90 -54.52 + 88 + 7 + 1 + 96 

MAAND VAN HET JAAR = 2 
DAG VAN DE MAAND = 21 

TIJD ZONNESTAND OPVALLENDE ZONNESTRALING 

HOOGTE AZIMUTH DIREKT DIFUUS 
HEMEL 

DIFUUS 
GROND 

TOTA 

+ 7 0 + .29 +71.55 + 52 + 2 + 1 + 55 
+ 7 +30 + 4.54 +65.53 + 113 + 24 + 5 + 142 
+ 8 0 + 8.59 +59.33 + 186 + 43 + 11 +240 
+ 8 +30 +12.38 +52.91 +260 + 62 + 16 +338 
+ 9 0 +15.85 +46.21 +331 + 79 +22 +432 
+ 9 +30 +18.95 +39.20 +397 + 95 +27 +519 
+ 10 0 +21.60 +31.88 +455 + 108 +31 +594 
+ 10 30 +23.75 +24.24 +503 + 119 +35 +657 
+ 11 0 +25.33 +16.33 +538 + 127 +88 +703 
+ 11 +30 +26.30 + 8.22 +560 + 132 +39 +731 
+ 12 0 +26.63 0 +568 + 133 +40 +741 
+ 12 +30 +26.30 - 8.22 +560 + 132 +39 +731 
+ 13 0 +25.33 -16.33 +538 + 127 +38 +703 
+ 13 +30 +23.75 -24.24 +503 + 119 +35 +657 
+ 14 0 +21.60 -31.88 +455 + 108 +31 +594 
+ 14 +30 +18.95 -39.20 +397 + 95 +27 +519 
+ 15 0 +15.85 -46.21 +331 + 79 +22 -432 
+ 15 +30 +12.38 -52.91 +260 + 62 + 16 +338 
+ 16 0 + 8.59 -59.33 + 186 + 43 + 1 1 + 240 
+ 16 +30 + 4.54 -65.53 + 113 + 24 + 5 + 142 
+ 17 0 + .29 -71.55 + 52 + 2 + 1 + 55 
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MAAND VAN HET JAAR = 3 
DAG VAN DE MAAND - 21 

TIJD ZONNESTAND 

HOOGTE AZIMUTH 

OPVALLENDE ZONNESTRALING 

DIREKT DIFUUS DIFUUS TOTAAL 
HEMEL GROND 

+ 6 +30 + 4.56 +84.04 + 28 + 18 + 5 + 51 
+ 7 0 + 9.07 +78.00 + 77 + 35 + 12 + 124 
+ 7 +30 +13.47 +71.81 + 138 + 51 + 18 +207 
+ 8 0 +17.72 +65.39 +205 + 68 +25 +298 
+ 8 +30 +21.75 +58.67 +275 + 83 +31 +389 
+ 9 0 +25.50 +51.57 +344 + 98 +38 +480 
+ 9 +30 +28.88 +44.04 +409 + 111 +43 +563 
+ 10 0 +31.82 +36.04 +467 + 123 +48 +638 
+ 10 +30 +34.22 +27.57 +514 + 132 +52 +698 
+ 1 1 0 +36.02 +18.66 +549 + 139 +55 +743 
+ 11 +30 +37.12 + 9.42 +571 + 143 +57 + 771 
+ 12 0 +37.50 0 +579 + 144 +58 +781 
+ 12 +30 +37.12 - 9.42 +571 ' +143 +57 +771 
+ 13 0 +36.02 -18.66 +549 + 139 +55 +743 
+ 13 +30 +34.22 -27.57 +514 + 132 +52 +698 
+ 14 0 +31.82 -36.04 +467 + 123 +48 +638 
+ 14 +30 +28.88 -44.04 +409 + 111 +43 + 563 
+ 15 0 +25.50 -51.57 +344 + 98 +38 +480 
+ 15 +30 +21.75 -58.67 +275 + 83 +31 +389 
+ 16 0 +17.72 -65.39 +205 + 68 +25 + 298 
+ 16 +30 +13.47 -71.81 + 138 + 51 + 18 +207 
+ 17 0 + 9.07 -78.00 + 77 + 35 + 12 + 124 
+ 17 • +30 + 4.56 -84.04 + 28 + 18 + 5 + 51 


