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ABSTRACT

Passive solar gains to buildings in North European Climates can

be significant and an dinvestigation 1is made into the effect of
orientation upon solar gains based upon known weather data.

~

The conservatory is a particularly useful collector because of
its 1nclusion to existing houses and 1ts desirability ‘to the
householder for reasons other than solar collection. A conservatory

was adapted and monitored. A computer model was written. The

behaviour of the conservatory was examined for various criteria.

The possibility of inclusion of a conservatory into houses in the

existing housing stock was examined. The effect of occupancy on
heating demand and solar delivery was revieved and the likely overall

energy saving was egamined.

A new house system was developed including the use of a first
floor concrete slab and a gas warm air heating unit. A concrete floor

slab was cast to examlne its storage potential.

A preliminary design for the heating system of the new houses was

undertaken.
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Area

: Area of glass

Empirical discharge coefficient
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Ground reflectance component

+ Grashof number

» Direct irradiance

Direct irradiance on the beam

Design direct irradiance
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Diffuse (sky) irradiance

Diffuse (sky) irradiance on a horizontal surface

Deéign diffuse (sky) irradiance on a horizontal
surface

Total (global) irradiance on a horizontal surface

Design total irradiance on a horizontal surface

Total (global) irradiance on a vertical surface
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¢+ Net heat flow

+ Volume flow rate

Total solar irradiance on the horizontal

: Total solar irradiance on the vertical
: Thermal resistance

: Internal surface resistance

: External surface resistance

: Temperature

: Temperature at preceeding time interval

: Inside air temperature

Qutside air temperature

Temperature of logger room back wall
Conservatory ailr temperature
Conservatory ailr temperature

Time of day

: Environmental temperature

Sol—-air temperature

Temperature of conservatory floor

Air temperature of logger room

¢« U-Value
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: Thermal heat capacity
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Distance / diameter

Height

Heat transfer coeficient for horizontal surface
Heat transfer coeficient for vertical surface

Convective heat transfer coefficient

Radiative heat transfer coeficient

Thermal conductivity ’
Day”“s number in year

Heat Input

Heat Loss-due to Ventilation

Heat Loss from Wall
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CHAPTER 1 INTRODUCTION

Much emphasis in the design of new houses- and the rehabilitation

of older houses 1n recent years has been placed upon the reduction of

heating costs. Thils is not only because of the increasing costs of
fuel but also because of the growing realisation that our present

reserves of fuel, particularly fossil fuel, are dwindling.

1.1 Insulation and Energy Saving Measures

In the past decade there has been a 1large 1increase 1in energy

saving devices 1n both existing and new houses. These include draught

exclusion, loft insulation, double glazing and cavity wall 1insulation.

Recent Building Regulations have required a great i1increase in

insulation . New homes now come complete with good insulation and

often highly efficient space heating systems.

We have also seen the growth of active solar systems in which a
liquid is heated 1in a solar panel usually on the roof. Although much
success has been had with these systems in Southern Europe and America,

thelr suitability for space heating in North Europe is suspect due to

the climate.



1.2 Passive Solar Energy

Passive solar collection is far simpler than active. At - 1its

crudest, it involves the orientation of the building, the building’s
shape and the correct positioning of the windows. These will be

investigated. None of them need add to the cost of construction,
however they may only be implemented in new buildings. This would
limit the potential of passive solar measures since we are likely to
have to rely upon our existing buildings, many of which are pre=war and
some considerably older, for many decades to come. It would therefore

be wiser  to consider a system which satisfied the needs of existing

buildings, yet was able to be incorporated into new ones.

There are many kinds of passive solar systems, of which some can
be used 1in botﬁ old and new buildings. They work with varying degrees
of success 1in the British climate. Some of these 1include a
conservatory or “sunspace” which has the advantage of being a commonly
available structure that 1s intrinsically valued and is therefore more

likely to be readily acceptable to builders and home owners alike if it

can be shown to have thermal advantages.

1.3 Insulation and Passive-Solar Energy

A poorly insulated house has a high energy demand due to high

fabric heat loss. Passive solar energy may make a great contribution



under these circumstances. However, if the house 1s well 1insulated,

often at fairly 1low cost, or built to current building regulations,
then the fabric loss 1s considerably reduced. Given lower fuel bills
from lower fabric lqss, the potential total saving from passive solar
energy may be reduced. Generally the payback period - for any systenm

concerned with reducing fuel costs due to fabric losses is long. It is

usually more financially viable to improve insulation rather than to

incorporate a passive solar feature.

Modern houses have a lower level of draughts, little heat being

lost by escaping warm air and incoming cold air. There is a limit to

how much ventilation may be reduced, since some fresh air must enter

the house to maintain comfort conditions. The level of ventilation is

difficult to recommend since it is dependent upon the rate of pollution
within the building, which 41is 1in turn dependent upon the number of

occupants, the amount of cooking, combustion 1in open fires and

cigarette smoking.

Insufficient ventilation results in unpleasant odour from the

occupants and cooking, a high humidity 1level as well as a lack of

oxygen which can produce drowsiness or illness.

Recommended guidelines (I.H.V.E.,1971) suggest a minimum level of

21 ﬁVh of fresh air per person. This equates to the rule of thumb of
one complete air change per hour in normal housing. Highly dense areas
and places with large amounts of cooking etc. need higher levels,

usually provided by mechanical means. Therefore no matter how well

insulated a house is, there is still a need to bring external air into



the house. If any passive solar system can warm up this external air
there 1is no 1loss of solar efficiency with increased ventilation. The
house would be well insulated and thus have a low fabric 1loss. Fuel
would be saved by reducing the amount necessary to provide for the
fabric loss, perhaps reducing the heating season at the beginning and

end, but more particularly fuel would be saved on the increased

temperature of the incoming air for ventilation.

1.4 The Conservatory

M

Conservatories of one form or another have been 1in use in the

U.K. for two centuries or more. They have been used as lean~to glass

houses for the propagation of plants etc. and are a pleasant addition

to the ordinary house creating, on occasions, an indoor garden.

The benefits of an attached conservatory are summarised by

Turrent, Doggart and Ferraro (1980):

1) It helps to reduce heat losses from the main part of the

building by increasing thermal resistance.

2) It acts as a passive solar collector, delivering useful

quantities of heat into the house.

3) It provides an extension to the living space, which is usable

for a large part of the year.



A conservatory could be considered as analogous to the Trombe

Wall on the side of a house with a thermal storage wall between it and

the house. Assuming that the conservatory 1s not to be used once the

sun has set, the alr temperature within the conservatory does not

require very good thermal control. Occupants may, however, heat ‘their

conservatory such that they may continue to use it in the evening or

early morning. This obviously detracts from its use as a collector and

may result in more ~ not less~ fuel consumption.

Problems arise however with the use of the conservatory as a

solar collector. Overshadowing and reduction of light in the house may
occur when a conservatory 1s added, hence the desirability of it

providing an acceptable living space.

Cost may prevent the use of double glazing, although this 1is

becoming more popular with commercial ventures. Construction 1s rarely

airtight and thus one can expect a flow of warm air to the outside. If

the conservatory 1s linked to the house, the interchange of air from it
to the house 1s relatively easy although the conservatory should help
to reduce unwanted draughts. To control high.summer air temperatures,
adequate top and bottom openable glazing is required. Sun shading may

also be needed and this can be achieved in various ways including the

use of plants and deciduous trees.

The conservatory has a poor resistance to conduction losses. 1Its

thermal benefits are likely to be strongly dependent upon the physical



properties of the wall between the conservatory and the living space
and by the efficiency by which heat may be transferred from the

conservatory to the dwelling. It may be possible to have additional

movable insulation between the house and the conservatory to reduce

losses at night.

1.5 The Performance of the Conservatory

The performance of a conservatory 1s obviously dependent upon the

weather. Table 1.1 shows what this 1s likely to be in the south of the

United Kingdom. The average temperature (C.I.B.S.E.,1982) is a 24 hour
average over each month at Kew for the ten years 1959-68. The monthly

global radiation (Meteorological Office,198l) 1s for a south facing
vertical surface at Easthampstead, Berkshire and is the total radiation

for the month averaged over the nine years 1967-75. The number of

hours sunshine (Meteorological O0ffice,198l1) 1s a ten year monthly

average.

{"l

At a simple level, it is possible to consider the reduction of

heat loss from a wall due to an attached conservatory and the
contribution of the conservatory to the prewarming of any fresh air
necessary for ventilation. There will be additional gains such as the
likely buffer gain, thanks to there being an additional zone of warﬁ
air attached to the house, and fabric gains from the natural storagé of

the conservatory. The total contribution of the conservatory will be

consldered in detail below.



The sol-air temperature is defined as (Markus & Morris, 1980)
the increased external temperature which could produce the sam
internal ‘temperature rise as would be obtained with the solar

radiation acting in conjuntion with the actual external air temperature.

The equation for the sol air-temperature is:

TEO = TAO + as Ty R__ . - (1.1)
The long wave radiation term has been ommited for simplicity since
high accuracy is not required at this stage. a is the solar absorptance
taken as 0.5 and RSo as 0.06 m?K/W*(CIBSE;l97]). s, the amount
of radiation transmitted, was taken as ‘1.0 when there was no glass
and 0.76 when there was. R__ for the wall and conservatory was

SO

0.30 mZK/W; ITV is the monthly average global radiation on the
2

vertical surface in W/m calculated from the data in Table 1.1

for Meteorological data for the sum of the whole month.

The average monthly sol-air temperature was calculated using
equation (1.1) from the data 'in Table 1.1 for an ordinary south
facing cavity brick wall and the same brick wall covered by a

conservatory. The resulting sol-air temperatures are shown in

Table 1.2.

A simple steady state calculation was made for the heat

loss through the wall in the form of:

q -7 AU (TEO - TEI) (1.2)



For the purpose of simplicity TEI was taken to be TAI. The
conservatory was assumed to be 3m wide by 2.8m high covering a cavity
wall. No window area in the wall was considered. The results were

O
calculated on a monthly basis with an internal air temperature of 20 C.

The results are shown in Figure (l.la) for a normal solid wall of

2
thickness 200mm and area 8.4 m, and the same wall with an attached

conservatory. The' shaded area is the net saving. Of note is that in

September, April and May there is a net gain through the wall from the

conservatory. There 1s very little variation in saving from month to

month, the lowest being 190 MIJ/month 1in December, the highest 250

MJ/month in April.

1.5.1 Ventilation Gain

The heat loss due to bringing in fresh air for the purpose of

ventilation may be expressed as:

q,, = f cv (TAI = TAO) (1.3)

If all the air could be supplied from the conservatory, the heat

loss 1s:

q; = f’ cv (TAI - TC) ' (1.4)



The air temperature of the conservatory TC, may be crudely

estimated from an admittance calculation:

sI Ag = (TC - TAO)(AgUg +.f’cv) +

TV
(TC = TAIL) Uw AW (1.5)
Where Uw is the U value of the wall, taken as 1.5 W/ﬁZK and Aw as
2
the area of the wall at 8.4 m. For simplicity, Ag 1s taken to be the

same as Aw, 8.4 mg i.e. considering the conservatory to be a shallow

collector. The other dimensions are as above. The internal

O 2
temperature of the house was taken to be 20 C. Ug was 5.7 W/m K.

If the ventilation rate 1s considered to be one air change an
hour in a house of 180 m, an average monthly value of TC may be
calculated. The results for this are shown 1in Table 1.3. Using
equations (l.i) and (1.4) the overall ventilation heat losses may be
estimated. The results are shown in Fig(l.lb), once again the shaded

area is the net saving.

There is a variation in the net saving with the peak of 1000 -

1200 MJ/month being achieved in the middle of the heating season.

In practice, the figures are likely to be 1lower since we 'are

dealing with simplified averages and assuming 24 hour occupancy and
unvaryling demand. But they do indicate the potential benefit of a

conservatory . A system could be developed which would ensure that

most of the air necessary for ventilation could be taken from the
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conservatory and could easily be warmed to comfort conditions without a

complicated heating system.

1.6 Occupancy and Fuel Usage

T e e e ——

Important in any passive solar system 1s the likely occupancy of
the dwelling. Occupancy patterns fall roughly into two groups:
domestic and non domestic. Non domestic includes offices, schools,
public buildings and some factories which are generally used during the

day and little or not at all in the evening. These are outside of the

scope of this work.

Domestic occupancy often, but not always, means that the house 1is
empty during the day. This poses problems of storage of heat and

possibly orientation of the conservatory to maximise the output at time

of need. The time that heat 1s needed will vary from household to

household depending upon many variables such as household size, work

patterns etc. An attempt will be made to quantify the different

heating regimes that exist.

1.7 Storage

To benefit from solar energy it 1is generally necessary to store
the heat so that it may be available when it is required. This poses
many problems, not least of which is the difficulty of storing 1low

grade heat and the general inefficiency of most heat stores.
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Some natural storage 1s inherent in any form of construction.
The conservatory itself will have some natural storage, particularly in
the floor, but will tend to lose heat easily and hence much of this

stored heat may be lost to the outside. Removable insulation may be
provided to reduce this heat loss at times of no sunshine, as suggested

by Sodha, Nayak, Bansal and Goyal (1382).

A “thermal wall”® can be placed between the conservatory and the

house. In a simulated model (Nayak, Bonsal & Sodha, 1983) a 0.22m

thick concrete partition was found to give an almost constant heat flux

into the living room. This however necessitates a different and more

expensive external construction than {s traditional. Additionally,

many modern houses are of lighter construction, reducing the amount of

natural storage the house will possess, and an additional heat store
will be required if a conservatory”s output is to be maximised. This

could take many forms and be 1In any part of the house. Typical
solutions have included large outer walls, thermal chimneys and heat

storing basem;hts (Lebens, 1980).

The most sigqificant problem with any store is its 1inefficiency.
It loses heat continually, even when 1t is . not wanted. All of the
store”s surfaces will lose heat and this may result in the loss of heat
to the outside or to the ground. Insulation may partially overcome
this. If by contrast all of the surfaces of the store are in contact |
with the inside of the dwelling, any losses will be to the house and
although they may be at undesirable times they are likely to be of some
benefit since they will warm the house and thus make the heatiﬁg “start

up” easler.



A good position in a two-storey house for such a store 1is the
first floor. Apart from the edges of the floor, which are minimal, all

surfaces are 1In contact with the 1inside. Traditionally, the first

floor is of timber, but if it could be of concrete, it could then be

used as a heat store. Precast concrete floors are now available in a
range of sizes from many manufacturers and the majority of them have a
hollow section, usually consisting of 50mm diameter holes running the

length . of the slab. These could be used to pass warm air through from

the conservatory and thus charge the slab with heat.
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1.8 Prewarmed Air

As mentioned above, there 1s much to be gained by using prewarmed
air from the conservatory for ventilation since it has a thermal

contribution to make, no matter how low its temperature 1is, provided

the conservatory air 1is warmer than the outside air. This will be

investigated below.

There are two problems with the use of prewarmed air for

ventilation:

1) Storage.

2) Temperature.

The concrete store as described in section 1.6 can be charged by

passing warm air, when available from the conservatory, through 1it.
When ventilaéing air 1s required this may be brought through the
conservatory, via the concrete floor where it may be warmed by the
slab. In this way the increased air temperature of the conservatory

may be used at all times. When the occupants,are out the conservatory

will charge up the store, when they are in it will provide prewarmed

ventilated air partially warmed by the store.

Natural convection is unlikely to be sufficient, and a fan will

be necessary to drive the air through the store. The air may emerge

too cool and the conservatory will certainly not be able to provide
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sufficient heat to keep the house warm. These two problems can be

solved with a warm air heating system which could entrain the

ventilated air necessary. With a simple modification a typical
gas=-fuelled unit could be set to run with or without the heater on.
The incoming air can then be warmed or not as necessary. Fuel will be
saved since at all times the ailr entering the boiler will be at a
higher temperature than the outside air. The only additional energy

would be that of the fan during charging periods. This should be

Sma].].-

There 1s a risk that in getting a house warmed to comfort

conditions the slab may be warmed by the house rather than the
conservatory. This 1s not a drawback since the incoming air at the
entrance to the slab is likely to be warmer than the outsid; alr, and
the slab”s contribution to the warming of the air will still be

advantageous.

-

1.9 Proposed ﬁassive solar system for new houses

A system comprising a conservatory, concrete first floor and gas

warm air heating unit will be investigated. ..

An ordinary conservatory, similar to those available at any

garden centre, will be wused. No alterations to the conservatory are

envisaged. There will be an outlet from the conservatory to a plenum

duct, which in turn will be connected to the ducts through the concrete
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The Concrete and Cement Association state that a precast concrete
floor will cost no more than an ordinary timber floor. The output of
the slab will be connected to the ventilated air input of a gas fired

warm air heater, similar to that produced by Johnson and Starley.

The control system of the warm air heater will need to be changed

to maximise the output and the precise alterations necessary will be

investigated. Additional costs are expected to be very low since all

items might normally be included in low cost housing.

It is believed that the conservatory 1s a desirable addition to

the house and that its costs could be therefore justified on these
grounds alone. The "payback period" would then relate only to the
costs of additional ducting and a new control system. Provisional
estimates for the additional cost of the system are of the order of
£50.00 to £100.00 per house. The greates cost may be the new control
system but the price of this would drop with increased production. The
savings are not likely to be great, possibly of the order of £15.00 per

annum. There will still be a need for substancial heat input from
other sources. It is bearing these small but significant gains in

mind that the system has been developed as a low cost passive solar

system.

Fig(1.2) shows an outline of the proposed system with provisional

operating conditions.

During the day, 1if the house is unoccupied, the fan will be

switched on whenever the air temperature of the conservatory is higher
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than the air temperature of the house. The warm store will start to

radiate heat to the house and the prewarmed air will warm the house.

When the house 1is occupied, the fan will draw the necessary air

for ventilation through the slab and 1f the outlet temperature is below

the required 1level, the heater will be switched on. 1f the

o
conservatory air temperature is above 40 C a vent in the conservatory

will be opened to prevent over heating.

1.10 Intended Research

w

1.10.1 Investigation of the effect of orientation on solar

collection in a British climate.

1.10.2 Analysis of the effect of occupancy and fuel demand.

o

1.10.3 Analysis by experiment and computer of the behaviour of a

conservatory.

1.10.4 Construction of a floor slab and experimental analysis of'

{ts behaviour as a heat store.

1.10.5 Design of whole house systen.
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Av. Air Temp/oc Global Radn/MJ/m2 Daily sunshine

/hours
Sep. 14.7 250 4.9
Oct. 11.8 218 3.4
Nove. 75 155 1.9
Dec. 4.9 98 1.5
Jane. 4.0 93 1.7
Feb. 4.9 159 2.0
Mar. 6.8 236 3.8
Apr. 9.4 245 4.4
May. 12.5 248 6.2

Average temperature 1is a ten year average 1959-68 from
Kew (C.I.B.S.E.,1982a)

Global radiation is a monthly average over 9 years, 1967-
75 for a south facing vertical surface at Easthampstead
(Meteorol&%ical Office, 1981)

Daily hours sunshine 1is also for Easthampstead (Met.

Office, 1981)

TABLE 1.1  Average monthly air temperatures and global

radiation on a South Facing Vertical Surface.
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Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

TEO(CONS) /°C  26.0 21.7 14.5 9.3 8.2 12.1 17.5 20.5 23.7

TEO(WALL) /°C 17.4 14.2 9.2 6.0 5.0 6.6 9.4 12.1 15.2

Sol-air temperatures (TEO) are monthly averages calculated

from the data in Table l.1l.

TABLE 1.2 Sol-alr Temperatures for a Normal South Facing

Wall and the Same Wall with a Conservatory.

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Tc/°C 19.3 17.1 13.7 11.4 10.7 12.0 14.1 15.8 17.9

Conservatory temperatures (TC) are monthly averages:calculated

from the data in Table 1l.1

TABLE 1.3 Expected Average Conservatory Temperatures.
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Heat loss through an ordinary brick wall with and
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CHAPTER 2 REVIEW OF RELATED WORK

2.1 Introduction

Until recently, little thought had been given to the passive
solar gain that a conservatorf may contribute to the building. Whilst

there 1s now a greater awareness of the possible benefits of a suitably

orientated conservatory, there are few examples of them in use within

the British Isles which have been monitored.

2.2 Conservatorlies and New Houses
m—‘“—__—_—

A great deal of experimental and research work has been carried
out upon the integrated design of conservatories by Cedric Green. The
Delta House ih. Suffolk (Green,1979) 1s a highly insulated timber
building with a two storey conservatory. Thermal storage is provided
in the form of a black tiled cancrete raft floor and concrete block
walls around the service rooms in the core of the building. During the

day the sun warms the interior directly. Air thus warmed is convected

around the house returning through the stairwell. Evaluation of the
house from January to April 1975 showed that 43% of the heating of' the

house, including the conservatory, was provided by the sun, but if the

house alone 1s considered the contribution 1s 237%,
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It is useful to note the higher figure 1if the conservatory {is
considered as part of the house. This figure 1is valid since the
conservatory provides an extension to the living space which is usable
for a large part of the year. The attached conservatory can be

considered desirable for this reason alone.

The Solar Heated Experimental Dwelling Project (SHED Project)
(Greeen, 1979) and (Green & Riley, 1983) leads on from the work done on
the Delta House. The SHED Project was designed as a passive solar
laboratory to test various types of heat stores and control strategies,
considering the conservatory to be a low temperature buffer space with
higher temperature solar air heating within 1it. Half of the wall

between the conservatory and the room is glazed aliowing for direct
gain, whilst the remainder is equipped with various solar collectors.

The results show an energy saving of 250 to 360 MJ/m?of vertical plane

for the direct gain system and between 470 and 500 MJ/mzof vertical

plane for the system using some form of thermal storage for the

Sheffield cl%pate.

A few schemes, inciuding conservatories, are described by Lebens
(1980). The Maison ;‘Ginestas at Aude, France, 1s a house built on a
1imited budget by Michel Gerber using the principles of direct gain,
{ndirect gain and conservatory. The building 1s of particular interest
since the conservatory 1s carried up to just below first floor windoﬁ
height. The floor continues out to the glazing. Beneath the glass- on
the first floor are water filled steel drums cut off from the house by

roller shutters on sunny winter days. At night the shutters are placed

petween the glazing and the drums to reduce radiation losses to the sky
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and enhance the heat transfer to the room. During the summer the

process 1s reversed to improve cooling.

Lebens (1980) also describes some of the prizewinners of the

European Passive Solar Competition. The simple house with a

conservatory of Lundgaard, Rotne, Sorenen, Steenson and Grimmig at

Thuro, Denmark has a sensibly thought out zoning for the different

needs of the occupants and the climatic changes . throughout the year.

The single dwelling for Edinburgh, by Hewitt and Harrison, uses a large
conservatory which becomes an integral part of the dwelling. The
construction is of timber frame to minimize the fabric losses, with
most of the windows to the south side. Neither of these examples
include any form of storage hence the contribution of the conservatory
may be somewhat debatable given only morning and evening occupancy:
the house being empty during the day. However, both groups of
designers seem to be aware of this and have approached the problem from
different directions. They have used the conservatory as an extension
of the living space =in the case of Edinburgh, a habitable area

throughout most of the year =and in the Danish example as a tool for

extending the short northern summer and as a collector for warming a
secondary zone of the house.

Many problems arise in the use of conservatories for high density
housing, not least of which 1s overshadowing. This problem is
exacerbated if the houses are to be terraced. An interesting attempt
to solve this problem is a design by Malcolm Newton described 1in
(Newton, 1983 and R.I.B.A.,1983). The novel feature of these urban

houses 1s the 1ncorporation of a first floor conservatory. The houses,
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which run on an east=west axis, include a 1large south facing glazed
roof forming the basis of an integral sunspace. Combined with this ,
Newton has reversed the traditional ground and first floor so that the
main living areas maximize any solar benefits. The designer claims
that energy consumption is reduced by two thirds for typical occupancy
as a result of passive solar gain and the conservatory”s effect as a

buffer space improved insulation and a tight building form. It 1is

difficult to estimate the contribution of each measure. It 1is
certainly wise to insulate well any new house today and the most recent
building regulations enforce this. The argument that a tight building

and a conservatory as a buffer space enhance the building”s energy

saving characteristics does not seem realistic. A tight building has
1ittle need for a buffer space between the houses since neighbours

houses are likely to be at a similar temperature. Greater savings

would be made 1f the conservatory were on an external wall.

Similarly, the Peterborough solar project (Peterborough

Development Corporation, 1982) is an attempt to produce local authority

housing which obtains a portion of its energy from the sun. The house

has a totally glazed southern first floor and air ducts for solar

warming on the roof. At the ground floor 1is a conservatory which

preheats the air for the solar collectors and warms the air for

ventilation. The whole system is controlled by a microprocessor which

measures a variety of temperatures around the house and chooses the
most suitable heating mode from eight options. The house is also

particularly well insulated.

The designers claim that the house is revolutionary since it uses
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alr as a heat transfer medium, although little new seems to have been
incorporated. It 1is also claimed that it will receive 50% of 1its

energy from the sun. This seems exceptionally optimistic even though

the microprocessor may make a great contribution by optimizing whatever
energy there 1is. The house however is well designed and appears to

work well as an integral solar collector.

It remains to be seen what the likely pay back period will be,
especially since the energy demand will be greatly reduced by the
inclusion of effective insulation. Should the dwellers wish to use the
conservatory throughout the year they may decide to heat 1it, thus
counteracting any benefits that may be obtained by reduction of the

whole house heating demand.

2.3 Conservatories for non-domestic buildings

Nom~domestic buildings are outside the scope of this work but

many of the advances iIn this field are of use to domestic buildings.

The use of a conservatory or the incorporation of its principles within
the design are particularly relevant 1in the design of non~domestic
buildings because of the common occupancy ‘pattern of this type of
building. In schools and offices especially, this type of solution

seems very apt since most of their usage 1s during the day. This makes

heat storage unneccesary.

An Iinteresting recent example is the Locksmith School (Architects

Journal, 1983a). ‘In this building, the south face has been made into a
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conservatory which will act as collecting space for solar energy and

additionally forms a buffer space between the outside and the carefully

controlled enviromment of the classrooms.

The design has taken careful note of the fact that whilst the

school is occupied, the heat 1loss {1s primarily due to ventilation.
Solar energy is therefore used, via the conservatory, to preheat the
incoming air for. ventilation. This 4s achieved by heating the
classrooms with fan coils over which 1s drawn fresh air from the
conservatory. This seems to be a very realistic approach for
maximizing any solar input for this school, since the conservatory

provides an 1nstantaneous contribution to heating whenever the sun

shines.

The architects have used the conservatory very well: it 1is not

only a 'solar collector but acts as a primary circulation link for the

school, and houses any craft facilities associated with the classroon.

Also ﬁ;rthy of mention 1s the Tabkro Building (Architects
Journal, 1983b) by the Geoffrey Thorpe Practice and Engineers Comber
Building Services. Whilst not appearing to have a conservatory, it
embodies many of {ts features. The whole of its south elevation 1s
glazed with two layers of glass about 900mm apart, separated by a

lightweight venetian blind. The outer glass is clear and the inner
tinted. There are grills at top and bottom of the gap where air' may

enter and leave to be warmed by the sun.

There is little storage apart from the 900mm of concrete floor
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and the building 1is 1lightweight hence there is little storage of the

solar gain. This, however, is not too bad since it is offset by the

simplicity of the system and the 1likely occupancy pattern of the

offices.

It is inevitable that the contribution of the sun will be limited
hecause of the good insulation and compact shape of the building. This

contribution is likely to be of the order of 5% of the seasonal heat

demand of the building.

2.4 Conservatories for rehabilitation

Ferraro (Turrent, Doggart and Ferraro, 1980) describes

conservatories as the "most promising solution for passive solar

retrofit”. It is here that most opportunities lie for simple passive

solar design. It 1s, however, probably where the least work has been

done. At-its most elementary, the addition of a conservatory on any

gide of the house can make a valuable contribution to the energy saving
of a house. ' If however the conservatory 1s well orientated, its

usefulness 1s greatly increased.

Many interesting examples are described by Lebens (1980), 1n

particular the multi-storey housing  in Bath designed by the Eneréy

Design Group. The design, which i1s for a typical Georgian te}racé

house in Bath with south facing exposure, consists of a solar glazed

skin, the purpose being to transform medium and high rise buildings

into energy efficient buildings. The house 1s covered with a
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combination of Trombe walls, conservatories and window box greenhouses.

The conservatories work in a simple manner, by allowing warm air to

flow from the top 1into the rooms behind. The Trombe wall is fairly

standard although it is double glazed and has a heat mirror layer

between the panes. The whole system is well integrated and not ugly
and although the ideas may seem somewhat excessive, if the system could

be made more modular and therefore mass produced, it may be a useful

tool in rehabilitation design.

A survey of Cambridge housing (Hawkes & Sousa, 1984) was
undertaken with the purpose of quantifying the factors relating to the
exploitation of solar energy by retrofit or rehabilitation. These
factors were identified as being primarily orientation and obstruction.
The results showed that given 1limits on orientation of within 45 of
south, 57% of dwellings were found to have one favourable major facade,
of which 76% lost no more than 204 of the possible solar radiation
through the heating season. The report shows, more importantly, that

specific groups of houses have greater potential for passive solar

systems, in particular owner-occupied post 1919 houses. These tended

to be semi-detached or detached and built at low densities.

Additionally owner-occuplers were more receptive to passive solar
systems than any other group. ' Hawkes and Sousa suggest that for this

particular group of houses, the most obvious solution is that of the

low cost standard package conservatory.
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CHAPTER 3 ORIENTATION AND SOLAR GAIN

3.1 Introduction

All buildings are passive solar collectors. They will all
benefit from solar radiation to a certain extent. The actual gain to

the building is dependent upon the construction of the building and its

layout. The total effect of the sun upon the building depends upon the
climate and the orientation of the building. 1In this chapter these

effects will be examined for the heating season, September to May. At
other times of the year the sun may have a useful contribution to make,

but its effect is not as critical at the design stage.

3.2 Weather Data

#__ﬂ'_-

r

Weather data for the years 1959-1968 from Kew were obtained on
magnetic tape from the Meteorological Office. The data consist of
hourly readings of 25 variables including'‘the diffuse radiation
measured on the horizontal surface in W/mg the direct (beam) radiation

measured normal to the sun”s rays 1in W/m3 = The tapes 1include daiiy

sums/averages for all of the measurements. An hour by hour avérage

year was created from the ten years of data.
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3.3 Length of the day

To calculate the length of the day the angle of declination of
the earth must be known. Using the formula of Cooper (Duffie and

Beckman, 1974),the declination is given by:

J‘ = 23.45 sin(360(284+n)/365) ” L (3.1)

The length of the day T in hours (Duffie and Beckman, 1974)

™D = (2 arccos(=tan L tanc? ))/15 (3.2)
n being the number of the day. (Jan lst = 001)

3.4 Solar Dat

Fig'(3.1) shows the length of the day 1in the heating season,
September to May, and the cumulative monthly hours of daylight at Kew .
Beneath this 1s shown the number of hours of unclouded sunshine
received per month. This is considerably lower than that possible, as

low as about 45 hours total for the month of December. The proportion
of the sun that 1is received varies between 207% of the possible total in

early winter, to 404 at the beginning and the end of the heating
season. Hence, not only does the beginning and end of the heating

season have longer days, but the proportion of the time that the sun
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shines 1is higher.

Fig(3.2) shows the variation in direct and diffuse solar
irradiation through the heating season from ten years of data. The
amount of diffuse irradiation per month varies similarly to the length
of the day. Similarly, the diffuse irradiation varies little from
year to year, usually within 10Z of the average. The direct radia-
tion shown is the integrated beam radiation. No surface will receive
this radiation, it is an indication of the intensity of the direct

radiation at different times of the day and year.

The direct solar radiation varies similarlyithrough the heating
season but by no means as uniformly. The variation from year to year
is far greater, the difference being as much as 607 of the average.
The proportion of the radiation that is direct varies little through
the heating season, however there 1is a large variation from year to
It would appear that overall the proportion of direct radiation

year.

‘e between 50% and 60%Z of the total radiation.

As may be expected, the solar input to a building will be
greatest at the beginning and end of the heating season. This is
true not only for the duration of the solar input but also for the
magnitude of the irradiaticn However, there 1s no evidence to suggest
that during the mid-season the proportion of energy that is received by
direct radiation is lower. Curiously, in the mid-season the proportion

of time that the sun shines is lower. but the energy received is

directly proportional to the possible number of hours of solar input,
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suggesting that when the sun shines in the winter, it is stronger than

during autumn and spring.

A significant proportion of the solar input gained through the

year is in the form of diffuse irradiance. This is true not only in

terms of the total energy received but more significantly, of hours of

diffuse irradlance compared to the total number of hours direct

irradiance. During all daylight hours the building is benefiting from

diffﬁse irradiance whilst the total time of direct irradiance is of the

order of 202 -~ 50 Z depending upon the time of year.

3.5 The Position of the sun

To quantify the effect of the orientation of a building, it is

necessary to calculate the position of the sun at any one time for any

place.

The altitude and azimuth may be calculated according to Duffie &

Beckman, 1974,
sing= (cosﬁx coscfx cosw)+(sin,dx sin 8) (3.3)
- sine= (coséx sinw)/cos o, (3.4)

The solar azimuth is taken as zero if the sun is in the north, 90

if the sun 1s in the east.



33

The latitude is taken as positive for the northern hemisphere and

negative for the southern hemisphere. The hour angle is zero at noon

and is given by

& = (hour-12) x 15° ‘ (3.5)

The angle of a vertical surface in relation to the sun is

Y = &€ =Y (3.6)

The wall azimuth Yo is the horizontal angle between the sun and

the wa{l. The angle 1s positive when measured clockwise from the

perpendicular and negative when measured anticlockwise (C.I.B.S.E.

1982).

3.6 Design Solar Radiation Intensity

_.W

The total solar radiation reaching the surface of a building is

made up from three sources,

1) Direct radiation, which comes directly through the atmosphere.

2) Diffuse radiation, which is scattered by the atmosphere.

3) Ground reflected radiation, a proportion of direct and diffuse

that 1s reflected from the ground.




The intensities of the direct and diffuse radiation depend
upon the latitude and height of the locale, the altitude and azimuth of

the sun and the sky clarity.

From (C.I.B.S.E. ~1982) the design total dirradiance on a

horizontal surface is given by

Irua™ oud hua f (3.7)

i.e. the sum of the design direct irradiance and the design
diffuse irradiance on a horizontal surface. The design direct

irradiance is given by

Fa = & % Ip (3.8)

and the design diffuse by

Ba = ka kalg | e (3.9)

Hence equation (3.7) becomes

Pua = & (kg Tpyt kglay (3.10)

Similarly for vertical surfaces
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Log= Ko (O Ipyt 005Ky Tt 0-5k Ty ) (3.11)

For north facing vertical surfaces 0.5k becomes 0.4k and for

north-east and north-west surfaces 0.45k .

Fig A2.23 of the C.I.B.S.E. guide (1982) shows the design
maximum irradiances for South-East England. These are 