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future generations. Burning fossil fuels is an example of an 










unsustainable practice — today we have to cope with the effects 










of climate change arising from fossil fuels burned over the last 










two centuries. So, the IOP’s HQ has important features that 










are intended to minimise the use of fossil fuels. Since, for most 










buildings, heating and cooling put the biggest demands on 










energy supplies, we will look at this aspect first. 










Thermal modelling 










For any building where people work, it is important to have 










rooms at a comfortable temperature, typically close to 20°C. 










The exterior temperature may drop below 0°C in winter 










and rise above 30°C in summer. There is also the day–night 










temperature cycle to take into account. Both heating and 










cooling are needed. 










Once the architects had designed the building, a thermal 










modelling program was run to determine how much heating 
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he Institute of Physics (IOP) is the professional body that 










represents physicists in the UK and around the world. The 










Institute has a new headquarters near King’s Cross station 










in London, constructed inside the shell of a much older building. 










In planning the new HQ, it was decided that the building itself 










should demonstrate aspects of sustainable building design. 










The general idea of 



sustainability 

is that we should not do 










things today that will leave problems (and hence costs) for 
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and cooling would be needed in the course of a year. This is 










a computer program that uses data about the building (areas 










and materials of walls, windows etc.) and about how the 










external temperature varies throughout the year. It calculates 










the rate at which energy will leave the building when the 










external temperature is below 20°C. (Energy leaves by 










conduction through walls, roof and floor, and is carried by 










warm air from the ventilation system.) The program shows 










it the amount of heating that will be required, hour by hour, 










through the year. 










The program also calculates the amount of cooling required 










when the external temperature is above 20°C. Figure 1 shows 










the results of these calculations, month by month, and it is 










surprising to find that almost as much cooling is required as 










heating. 










Thermal mass 










In designing the building, the architects incorporated several 










large concrete columns, positioned so that they are exposed to 










the Sun’s rays during the day. Concrete has a high specific heat 










capacity so, on a sunny day, these columns absorb energy but 










heat up only slowly. At night they cool down slowly, releasing 










energy into the building so that it stays warm for longer. 










Designing buildings to take advantage of the (freely available) 










energy of sunlight like this is known as 



solar gain 

(Box 1). 










Architects and engineers refer to the 



thermal mass 

of these 










structures. Just as an object with a high mass is hard to accelerate 
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Figure 1 



Heating and cooling demand 
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Box 1 



Solar gain 










How much energy can a concrete block store? Consider a concrete 










pillar that absorbs sunlight, so that its temperature rises by 










Δθ 



= 10°C (= 10 K) in the course of a day. The column is 10 m high 










and its cross-sectional area is 0.5 m 










2 










. For high-density concrete: 










specific heat capacity, 



c 

= 1000 J kg 










−1 










K 










−1 










density, 



ρ 

= 2300 kg m 










−3 










mass of column, 



m 

= density 



× 

volume 










= 2300 kg m 










−3 










× 



10 m 

× 



0.5 m 










2 










= 11 500 kg 










energy stored, 



Q 

= 



mcΔθ 










= 11 500 kg 



× 



1000 J kg 








−1 










K 










−1 










× 



10 K 










= 1.15 



× 

10 










8 










J 










It is helpful to convert this to kWh, where 1 kWh = 3.6 



× 

10 










6 










J. 










So: 










Q 



= 










1.15 



× 

10 










8 










J 










3.6 



× 

10 










6 










J kWh 










−1 










= 31.9 kWh 










This figure is comparable to the average daily heating requirements 










for a typical small house in the UK. 
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or slow down, so a building with a high thermal mass responds 










only slowly to external temperature changes. Consequently, 










as the external temperature changes during the day, the 










temperature inside the building changes relatively slowly. 










As shown in Figure 2, the external temperature 



T 



o 

reaches 










its maximum value shortly after noon. Adding thermal mass 










to a building causes its internal temperature 



T 



i 

to reach a lower 










maximum temperature later in the day, reducing the need for 










cooling. 










Energy from underground 










The heating and cooling system of the IOP HQ had to meet the 










following demands: 










■ 



peak heating load of 75 kW, peak cooling load of 121 kW 










■ 



total annual heating load of 56 757 kWh, total annual cooling 










load of 52 444 kWh 










Most buildings in the UK are heated using fossil fuels, such 










as natural gas, an unsustainable energy source. Similarly, most 










cooling systems use electricity generated using fossil fuels. 










The IOP HQ uses 



ground source heat pumps 

(GSHPs) for both 










heating and cooling. These take advantage of the fact that, in 










London, if you penetrate more than 2 m below ground level, the 










temperature is close to 12°C. Sunlight is absorbed at the surface, 










warming the ground, and this energy gradually conducts 










downwards to maintain this more or less constant temperature. 










GSHP performance 










A GSHP works like a refrigerator or freezer. A fridge takes energy 










out of warm objects inside it and transfers that energy into its 










surroundings via the array of black tubing on the back. To heat 










a building, a heat pump takes energy out of the ground and 










transfers it into the air inside the building. 










At the heart of a ground source heat pump (or a refrigeration 










unit) is a circuit around which a refrigerant passes (Figure  3). 










The refrigerant is first compressed and passed through a 
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