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Abstract
Conservatory use in UK is ever increasing since it is more
advantageous from many aspects. It adds value to buildings
898

with its pleasant appearance, provides well-lit space connected
to outside environment and reduces the space heating demand
reasonably. However, conservatories should be designed more
energy efficient particularly in countries such as UK which have
relatively limited solar access to reduce the space heating
demand noticeably. Energy efficient conservatory shows high
performance compared with a conventional one in reducing
winter energy demand since the system aims to collect as
much as energy in a very limited time. The aim of this paper is
to investigate the impact of volume factor in energy-efficient
conservatory design and to analyze the spatial disposition of
a conservatory in terms of thermal performance. This research
will test the thermal performance of various conservatories
depending on their length and depth dimensions through using
IES thermal simulation software in Oxford, UK.
Keywords: Energy-efficient conservatory, passive space
heating
1. Introduction
Sunspaces are a very interesting architectonic solution from
an energy point of view since by means of the use of solar
radiation they allow energy benefits to be obtained for adjacent
spaces in terms of the reduction of winter energy demand and
the extension of usable space in
conditions of acceptable thermal comfort for the occupants.

[1] Conservatories have remained an economic way of
extending living space in the home and adding value to
the house.[2]
Conservatory use and its heating is one of the reasons of
ever-increasing space heating energy in UK. Surprisingly,
given the improvements in energy efficiency, heating’s share of
total energy use in homes has also grown: from 58% to 66%.
This may indicate that the rise of central heating made more
difference to energy use than better energy efficiency – by
allowing people to heat the whole of their homes rather than
just individual rooms. Another interpretation is that this reflects
the way homes have been extended over the years, increasing
the heated volume, and especially how conservatories have
been added and heated – which significantly raises heating
energy use.[3]

Table 1. Household energy use (TWh) in UK [3]
Year

Space heating

% household energy

1970

236.3

57.8%

2008

331.7

65.7%

Heating the conservatories in UK raises the space heating
demand. To reduce this demand, it is critical to design
conservatories as energy-efficient that are highly insulated
and have high solar energy collection capacity. However, in
UK, it is not probable long sunlight hours in heating season to
operate conservatories efficiently. For instance, in December,
in Oxford the average sunlight hour during the day is merely
1 hour. It means that conservatory that will heat the building
should collect and store the solar energy as rapid as possible.
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As long as a conservatory starts to collect solar radiation, the
air begins to be heated.
But the required time to reach the sufficient temperature is
dependent on some factors. One of them is to optimize the
volume of conservatory for maximum energy gain and minimum
energy loss. The aim of this investigation is to analyze energy
gains of various conservatories depending on their volume
and spatial disposition. The formula below shows that heat
capacity of the air influenced by specific heat capacity, density
and volume of the air and temperature differences as well.
E = p V c (T1– T2) where
Heat capacity: E

Specific heat capacity of air: c

Density of air: p

Volume of the air: V

(1)

Figure 2. 3D views of the model obtained from IES for
transfer testing

Table 2: Model assumptions
Infiltration heat loss

0.25 ach

2. Methodology

Ventilation heat loss

0.35 ach

A primary research has been conducted by means of
computer-aided thermal modeling. The performance of
various conservatories that have different volume and spatial
disposition have been tested and measured through the IES-VE
Simulation Software.

Shading

Un-shaded

Internal gain

0

Heating profile

Off continuously

Cooling profile

Off continuously

The design aim of the conservatory in terms of energy
performance is based on to increase the net energy input
showed in the formula below. It is essential to minimize the
energy output with highly efficient building envelope, while
maximising the energy input from the sun.
Qu= Qin– Qout

heat

(2)

Qu is the net energy input
Qin is the solar gains and internal gains
Qout is the conductive, convective and radiative heat losses
The conservatory model was designed to analyze the impact of
changeable depth and length factors in thermal performance
measurement. (see figure 1)

The conservatory was designed with structural insulated
timber panels in place of timber or steel frame structure that
enables heat bridges.

Table 3: U values of conservatory construction materials
Building construction materials
External wall
Ground floor
Roof

U (Wm-2K-1)
0.10
0.10
0.10

Table 4: Thermal features of glazing type
Glazing Type

Gas Fill

SHGC

U (Wm-2K-1)

Triple 4:/12/4/12/:4

Krypton

0.50

0.49

3. Results
3.1. The impact of depth factor
In model 1, the depth (B) of the conservatories has been
changed and the length (A) has been left the same to measure
the impact of depth factor in thermal performance analysis.

Figure 1: The plan of the conservatory for testing
The model below is composed of a very simple geometry that
includes a main model (living room) and a glazed box that will
place in front of the room. At the simulations heat transfer will
be tested between conservatory and living room and final air
temperatures of living rooms will be compared to each other.

Figure 3: Model 1 by depth (B) factor
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Graph 1: Air temperatures of the conservatories
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Graph 2: Air temperatures of the models after heat transfer from conservatories

Graph 3: Monthly solar gains of the conservatories
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The graph 1 shows the air temperatures of the conservatories

and air temperatures of the models monthly. While solar

whose volumes are different from each other depending on

gain amount and air temperature of the largest conservatory

their depths.

is at the highest in summer, it is at the lowest in winter that

The temperature difference between 6 m2 and 48 m2
conservatory reaches up to 25 oC on 5th of January. While
radiation flux of 48 m2 conservatory is 330 W/m2, it is 600 W/m2
of 6 m2 conservatory.
The smallest conservatory (6 m2) that have more solar exposure
surface to the south in proportion to its volume shows better
thermal performance by maximizing air temperature and heat
flux per/m2 in winter since the long edge (length) is oriented
to south and short edge (depth) is oriented to east and west
sides.

is not preferable since the overheating might be occurred in
summer. However the smallest conservatory shows better
thermal performance from October to 15th of March that is
to say in heating season.(see graph 4) It collects more solar
energy in winter less solar energy in summer in proportion to
its volume. As conclusion, it might be said that if the depth
of a conservatory decreases in proportion to its length, its
thermal performance increases significantly in winter. High
air temperature and high heat flux/m2 in conservatory rises
the temperature of adjacent building that is connected to
conservatory. Large-scale conservatory with long depth

The graph 2 shows the solar gain amount and diurnal air

doesn`t show a good thermal performance in less sunlight

temperatures of the models after heat transfer between

hours since first it uses the collected solar energy to heat itself

conservatories and living rooms (main models). Although

and then heats the adjacent building. However in summer it

the solar gain amount of the model connected to 48 m2

gains more solar energy that may causes overheating.

conservatory reaches 7,5 kW at noon, the conservatory raises

3.2. The impact of length factor

the air temperature of the living room to 18 oC since it uses
the solar gain primarily for heating itself. However, the model
connected to 6 m2 conservatory whose solar gain amount is
5 kW at noon raises the air temperature of the living room to

In model 2, the length (A) of the conservatories has been
changed and the depth (B) has been left the same to measure
the impact of length factor in thermal performance analysis.

20,5 oC since it heats itself very rapidly and transfers the rest
of the heat to the living room.
The graph 3 and graph 4 shows the comparison of solar gain

Graph 4: Air temperatures of the conservatories by depth factor
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gain amount raises the air temperature of living room to
20 oC, the smallest one (4 m2) raises it to 12 oC since it has
less solar exposure surface to the south in proportion to its
volume. As conclusion it might be said that if the length of
the conservatory decreases in proportion to its volume, its air
temperature decreases significantly. Large-scale conservatory
that is designed by increasing its length shows a good thermal
performance in winter since its solar exposed surface is
maximised.

Figure 4: Model 2 by length (A) factor

4. Conclusion

The graph 5 shows the air temperatures of conservatories
whose volumes are different from each other depending on
their lengths. Unlike the previous
investigations, an extension in conservatory length increases
the air temperature considerably since the long edge (length)
is oriented to south. The temperature difference between 4 m2
and 12 m2 conservatory reaches up to 5 oC on 5th of January.
While radiation flux of 12 m2 conservatory is 650 W/m2, it is
600 W/m2 of 4 m2 conservatory. The largest conservatory (12
m2) that have more solar exposure surface to the south in
proportion to its volume shows better thermal performance by
maximizing air temperature and heat flux per/m2 in winter.
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The graph 6 shows the solar gain amount and diurnal air
temperatures of the models after heat transfer between
conservatories and living rooms (main models). While the
largest conservatory (12 m2) that has the maximum solar

This paper investigated the relationship between thermal
energy performance and the impact of volume in energyefficient conservatory design. Investigations show that changes
in volume and dimensions affect the thermal performance
of conservatories significantly. It cannot be said that the
largest conservatory is always better for space heating. If a
conservatory properly designed in accordance with climate and
seasonal changes by focusing on true spatial disposition and
optimization of volume, it may operate a passive heat pump
of a building to some extent and reduce the household space
heating demand in UK. It is therefore possible to heat the
buildings with energy-efficient conservatory in place of heating
the conservatory with fossil fuel even in a climate that has less
sunlight hours like UK.
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Graph 5: Air temperatures of the models by length factor in a period of winter
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Graph 6: Air temperatures of the models after heat transfer from the conservatories
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