St George’s School, Wallasey
The pioneering solar-heated building which is generally referred to as St George’s School was
in fact the Annexe to an existing secondary school when it was built in 1961. The original
(Girls) school for 300 pupils had been built in 1955 and when the Annexe was added the
school became co-educational for 600 pupils. The accommodation in the Annexe was to be
more or less the same as in the original school but with the addition of Woodwork and
Metalwork Rooms. The architect for both buildings was Emslie A Morgan, Deputy Borough
Architect for Wallasey.
The original school, built in 1955, was typical of much post-war municipal architecture.
Minimum capital cost and quick and easy erection would have been uppermost in the mind of
the designers. The building is thermally lightweight, over-glazed (with single glazing), very
poorly insulated, draughty, too cold in winter and too hot in summer.
The Annexe is almost totally the opposite of the above. It is considered by many to be one of
the first buildings in the world to be designed to maximise solar radiation as a means of
maintaining winter comfort conditions. It was certainly the first school in the world where it
was, apparently, intended that the sun would be the primary winter heat source and the first
one where the architect deliberately surrounded a high thermal mass with exceptional (for the
time) standards of insulation.

The main wing of the Solar Annexe, the original school is shown on the left
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The media at the time made much of the revolutionary ‘Solar’ design, however, Morgan
himself was under no such illusion. This is clear from his Patent Application in which he
states ‘The present invention is based on the conception of heating the useful accommodation
of a building solely by heat of radiation emanating from the sun alone and from the sun and
one or more sources of artificial illumination…’.
It was clear Morgan fully understood that in winter the heat from the (tungsten) lighting was
crucial in maintaining an adequate temperature. This was later confirmed by the Research
Teams which monitored the performance of the building over a number of years. It was
normal for the lights to be on in the school for 21 hours a day in the coldest months of the
year. Morgan had convinced the local electricity supplier at that time, Merseyside & North
Wales Electricity Board (MANWEB), that they should grant him a special tariff for the
school otherwise they would be standing in the way of progress!
Construction & Operation
The Solar Annexe is comprised of two wings. The main wing containing all the classrooms is
70m long and faces slightly west of south and the shorter wing containing the gymnasium,
woodwork and metalwork rooms is 31m long and faces slightly east of south. These main
southerly elevations are the ‘Solar Walls’ and are 100% glazed when viewed from the
outside. The solar wall in the classroom wing is 7m high and in the gymnasium wing is 6m
high.

The Gymnasium Wing
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Typical section of Main Wing

The layout of the Main Wing is such that each staircase allows access to a pair of rooms at the
First Floor level. Thus, the only corridor is on the Ground Floor. Daylight only reaches this
corridor via the classrooms but always seemed perfectly adequate. Cross-ventilation is
achieved in the First Floor rooms by means of openable insulated shutters in the North Wall.
Cross-ventilation can only be achieved in the Ground Floor classrooms at the expense of
noise contamination from the corridor.
The slope of the monopitch roof is such that sunlight can reach the whole of the back wall on
the shortest day.
The solar walls are not fully double-glazed, about 10% of the area consists of centrally
pivoted, opening, single glazed windows and about 12% of the inner area of the solar wall is
220mm black brickwork. The rest of the solar walls have a secondary layer of glazing on the
inside with a 600mm gap between the two glass layers. Between pane maintenance walkways
run the length of each solar wall at vertical intervals of 2m and in addition these serve to
separate the vertical air layers to prevent large scale convection currents occurring.
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Maintenance walkway with shutters on right

It is apparent from the architect’s sketches and notes that he had intended that the solar walls
should have insulating shutters inside them which could be closed at night but cost constraints
meant that the shutters were only installed where the black masonry was positioned. Pulley
wheels on the shutter pivots would suggest that there had been an intention to make the
operation of these shutters very simple by means of cords and motors but because in reality
their operation has always been manual they were only ever moved in Spring and Autumn. It
is a very time-consuming operation to move them all and this was not always carried out as
diligently as the architect intended. The shutters are painted white on one side and are plain
aluminium on the other such that the white side faced outwards in summer and the plain
aluminium side was set at 900 to the black masonry in winter.
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The white shutters show the position of the black ‘heat absorption’ wall

Pulley wheel at base of shutter
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The architect incorporated an extra, very novel, heat source in each room in the form of
aluminium panels which hung behind pin-boards just inside the inner layer of glazing. These
aluminium panels were painted black on one side only and, again, the architect’s intention
was that these should all be reversed in Spring and Autumn so that the black side only faced
outwards in winter. However, it needs to be said that this operation was not always carried out
as intended.

Monitored classroom 1969. Note Globe Thermometer

The single glazed, pivoting, opening windows were arranged such that they spanned right
across the solar wall and rigid grilles of angled steel at the top and bottom of the opening
meant that, even at ground level, they could be locked in the open position without
compromising security. This was essential in order to achieve the architect’s intended nighttime ventilation in hot weather. Cross-ventilation could be achieved through hinged
ventilation panels on the north side of the ground floor corridor and, at first floor level,
through hinged panels on the north wall of the first floor rooms. However, adequate
ventilation at ground floor level relied on opening windows from each classroom into the
corridor and this caused serious problems with sound transmission.
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Opening window. Note pinboards which conceal aluminium panels

The solid (220mm brick) external walls and the concrete (175mm thick) roof are both
insulated externally with expanded polystyrene, which was the most efficient insulating
material available at that time. The expanded polystyrene is protected by two layers of felt on
the roof and by timber boarding on the walls. The polystyrene is also protected from moisture
penetration on both sides by a bitumen vapour barrier. The U values of the wall and roof have
been calculated to be around 0.28 w/m2/0C, which compares very favourably with the
Building Regulations of 40 years later and this goes some way towards acknowledging the
foresight of Emslie Morgan.
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The bleak North elevation showing ventilation louvres

The intermediate floor is 220mm concrete and the internal walls are 220mm brick. The
ground floor slab, which sits on 100mm hardcore was cast in two layers, the lower one is
150mm dense concrete and the upper one is 100mm lightweight concrete so what Morgan
created here was effectively a walk-in storage heater. Any building with so much wellinsulated thermal mass will have tremendous ability to even out any changes in external
conditions and, in this particular case, the ability to absorb excess solar radiation.

Openable vents in Assembly Hall. Note mass of concrete structure
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Cost
The cost of the building in 1961 was £120,000 but this included a boiler and hot-water
radiator system, which the local authority had insisted on as a safety measure. The cost of this
heating system was £5000 and if we ignore this the cost was thus about 3.5% more than the
estimated £110,000 that a conventional school of this size would have cost. Energy running
costs of the Annexe were carefully monitored in the early 1960s and found to average about
£500 per year less than those of the original (Girls) school on the same site giving a simple
payback for the additional cost of about 8 years.

Performance
The two main tests of this or any other ‘solar-heated’ building are whether it is able to provide
adequately comfortable conditions on cloudy days in winter and whether it overheats on
sunny days in summer. One might also expect that the energy costs would be reduced
compared to like buildings and this has been indicated above.

Sunny Winter day

Overcast Winter day
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The performance of the building was carefully and extensively monitored over the period
from 1964 to 1970. This research was funded by the then Ministry of Public Building and
Works and was carried out from 1964 to 1968 by Wilson, Hitchin and Thompson and then
from 1968 to 1970 by Davies, Sturrock and Benson. A 50 channel data-logger monitored
various temperatures in two classrooms, one above the other, in the building and a number of
other parameters including external wet- and dry-bulb temperature, wind speed and direction,
solar radiation intensity, window opening pattern etc and these were all registered at 20
minute intervals. It is not appropriate to go in detail into the results here but the performance
of the building on cloudy and sunny days in both summer and winter are reproduced here in
graphical form and give a very clear indication that the building passes both the cloudy
winter day and the sunny summer day tests.

Sunny Summer day

Overcast Summer Day

In explanation of the graphs the following should be noted:i)
the ‘air temperature’ is actually the average of 8 sensors in each room, some at low
level, some near to the walls at intermediate level and some at high level;
ii)
the Globe temperature was measured well above head height;
iii)
the ceiling temperature and floor temperature are the average of several sensors set
into the surface;
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iv)

the ceiling temperature minus floor temperature has been plotted because most
comfort experts agree that the temperature gradient from floor to ceiling should
not be excessive.

Calculations indicated that for the cloudy winter day the various contributions to the heat
energy requirement were approximately:Occupants
20%
Lighting
55%
Solar Radiation 18%
From Fabric
7%
Calculations for the following day (13th February 1969), which was predominantly sunny,
suggested that the contributions were approximately:Occupants
9%
Lighting
21%
Solar Radiation 74%
Into Fabric
5%
The heat energy going into and coming out of the fabric of the building have been calculated
taking into account changes in surface temperature but can only be very approximate
however, it is clear that, in winter, the building is primarily heated by the lights when the sun
is not shining but when it is, the contribution from solar radiation overwhelms all other
sources of heat. What is also clear is that the high thermal mass and high levels of insulation
mean that what happens with the weather outside the building has very little effect, on a dayto-day basis, on what happens inside in terms of thermal comfort.
The graph for the Sunny Summer Day (13th June 1969) clearly shows that the building is able
to cope with sunny weather and rapid increases in outdoor temperature. Between 7am and
10am the outside temperature increases by about 8oC but the increase in internal air
temperature is only about 1oC over the same period. Swings in outdoor temperature over the
occupied period can be seen to be mirrored by swings in indoor temperature because the
windows were open.
During the period when the school was being monitored by the Research Teams from the
University of Liverpool there was only one day when the Headmaster reported that
overheating had necessitated the pupils being taken outside. This was during an unseasonal
‘Indian Summer’ and occurred in early October. It should be noted that the maximum daily
solar radiation for this latitude occurs on a South facing vertical surface around late March
and late September.
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Running Costs
Dr Morris Davies, who supervised the second Research Team, has carried out extensive
analysis of the data collected and has shown that St George’s School Annexe had energy costs
(per child per year) which were consistently 45% to 60% of the average for Secondary
Schools in Wallasey during the period from 1963 to 1973. This clearly shows that Morgan’s
design was a success.
Mention should be made again, however, of the special agreement that had been reached
(apparently by Morgan) with MANWEB such that the ‘Lighting Load’ and ‘Total Connected
Load’ used in the tariff calculation were very much less than those actually installed.
The wet central heating system, which had been installed at the insistence of the Local
Authority, was never used during the first 10 years of occupancy and, in fact, the boiler was
removed and put into another school. The Power Workers’ Strike of 1973, when all areas
were subjected to rotational power cuts, usually of four hours, caused problems for the school
because of the reliance on heat from lighting and a boiler was hastily found and installed so
that the radiator system could be used at that time.
Recent History
The building has had a number of different uses over recent years and is currently a centre for
‘Special Needs’ education. The tungsten lighting has long since been replaced by fluorescent
and so this, coupled with the much smaller numbers of children, has meant that the radiator
system is used permanently. However, it would appear that no attempt has been made to take
advantage of the school design by, for example, installing better thermostatic control because
occupants complained, when interviewed in 2006, that the rooms get too hot when the sun
shines! To add insult to injury air-conditioning has been installed in some of the rooms!
What, one can only wonder, would Emslie Morgan have made of that?
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