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Abstract 

The effect of the heat island of London on cooling and heating load is investigated 

using the building energy simulation software IESVE and site specific weather files 

for 20 locations across the east-west axis of London.The study simulated an office 

with typical construction, heat gains and operational patterns and calculated energy 

consumption and overheating risk. It was found that cooling is necessary to eliminate 

overheating and the most energy efficient building model would require comfort 

cooling, heavy thermal mass, high internal gain and night ventilation both in urban 

and rural sites.  
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1. Introduction 

Increased air temperatures in cities due to Urban Heat Island will affect building 

performance, particularly with regards to cooling and heating load, implications for 

the quality of the indoor environment and carbon emissions. In order to overcome 

these effects, building design which can withstand the urban climate change, reduce 

energy consumption and greenhouse gases emission whilst provide occupant comfort 

has been intensively investigated.   

This paper investigates the effect of Urban Heat Island on the energy performance and 

design of buildings in London by simulating an office building. The office building 

was modeled using IES-VE advanced thermal simulation software and use 20 weather 

files based on measurements carried out across the urban heat island(east to west) of 

London in 1999/2000. Through the simulations, the best combination of parameters 

which was the most energy effective building design can be identified.   

2. Simulation Variable parameters 

In this paper, four particular mitigation methods have been studied: thermal mass, 

night cooling, different services strategies and different level of internal gain. 
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Figure-2: the plan and elevation of the office building model 

 

 Building Thermal mass: 

Buildings are classified as slow or fast response to heat transfer. Buildings with a high 

thermal response factors (fr >4) are referred to as heavy weight buildings (slow), and 

those with a low thermal response factor (fr <4) are referred to as light weight 

buildings (fast). 

Four different thermal mass building will be studied in this essay, which is very light 

weight (fr =2.2), light weight (fr=2.72), heavy weight (fr=4.2), very heavy weight (fr= 

4.6). 

 Services strategies 

In this project, there are two service strategies to overcome the heating and cooling in 

the building, which is mechanical ventilation and comfort cooling. 

   Comfort cooling: 

Comfort cooling is the strategy that maintains the room temperature at heating and 

cooling set point in winter and summer from 08:00 to 18:00, Mondays to Fridays, 

21°C and 24°C respectively (Kolokotroni et al.,2007). 

 Mechanical ventilation: 

During winter, air supplied to the room is heated to offset the heating load while air is 

directly supplied to the room without cooling but need to be heated when the 

temperature below the heating setpoint 21°C during summer. 

 

 Internal gain 

Internal heat gain is the sensible and latent gain that emitted from human bodies, 

lighting system and office equipment. In this paper, the Benchmark values for internal 

gains from CIBSE Guide A are used, which can be categorized as for sensible load 

57W/m
2
 (high), 42 W/m

2
(medium), 26 W

2
/m2(low). 

 

 Night cooling 

Stack night ventilation is used here to simulate the original situation. A set-point of 

18°C is applied to control the night ventilation system to avoid overcooling, only 

when the indoor temperature exceeds 18°C, night cooling can be operated. For the 

same reason, the night cooling is only switched on when outside air temperature 

Figure-1: Simulation office building model 
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exceeds 12°C. These two conditions must need to be met at the same time. Night 

ventilation is designed to start at 21.00PM, continue all night and switched off at 

7.00AM during the summer period of May to September (Kolokotroni et al.,2006). 

 

3. Results and analysis 

For one service strategy, there will be 2 night ventilation method (apply it or not), 4 

building thermal mass, 3 different internal gain level. With 2 different services 

strategies, the total number of different parameters combination is 2*2*4*3=48. 20 

weather files are needed to run in each model, therefore there are 960 simulations. 

The weather files were constructed from DSY Heathrow weather file and adapted for 

London sites according to the method developed in Kolokotroni et al (2009). 

 

Due to the different energy demand requirement and analysis method, results and 

analysis will be divided into two parts: comfort cooling model analysis and 

mechanical ventilation model analysis 

 

3.1 Comfort cooling model analysis 

There are 24 models with different parameters in comfort cooling. After obtaining the 

simulation results, the energy demand in each thermal mass’s 6 models will be 

compared with varying parameters and the trends of the fluctuation are analyzed as 

well. After that, the crucial data selected from each thermal mass will be compared 

base on the average energy consumption across London to optimize building design 

as they help to save the building’s energy consumption as a result of UHI. 

The following tables show parts of the simulation results across London: 

  Table-1: simulation result of HW, C-H-NC model    

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number Transect Distance(km)
Mean

temprature

Sensible

heating

load

sensible

cooling

load

1 WW11 -28.8 10.71 31.15 22.44

2 WW10 -25.6 11.07 29.91 24.62

3 WW09 -22.4 11.36 28.65 27.55

4 WW08 -19.2 11.55 26.29 28.31

5 WW07 -16.0 11.64 26.02 29.49

6 WW06 -12.8 11.6 27.72 28.77

7 WW05 -9.6 11.72 26.10 27.98

8 WW04 -6.4 11.97 23.91 30.25

9 FW00 0.0 12.4 21.75 29.98

10 FE00 0.0 12.35 21.69 31.01

11 EE01 1.6 12.44 21.88 31.13

12 EE02 3.2 12.67 18.95 32.51

13 EE03 4.8 12.33 21.60 29.20

14 EE04 6.4 12.07 23.70 29.27

15 EE05 9.6 12.26 22.74 31.32

16 EE06 12.8 12.35 18.44 30.61

17 EE07 16.0 11.98 24.04 28.70

18 EE08 19.2 12.06 22.95 30.67

19 EE09 22.4 11.72 25.27 29.24

20 EE11 28.8 11.46 26.61 25.84

31.15 32.51

18.44 22.44

40.80% 44.84%

24.47

28.94Average cooling load

HW, C-H-NC

MAX

MIN

Average heating load
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Table-2: Average load of heavy and light weight building model. 

 

 

The comparison are made base on the average heating and cooling load across the east 

to west London area, not depend on one specific sample. Base on this, the analysis 

shows that: 

 The effect of London UHI is of significant influence. In each model, no matter 

what parameter set in that model, highest heating load and lowest cooling load 

are all found at the rural site, WW11, 28.8km to the city centre whilst the highest 

cooling load and lowest heating load are always found at urban centre,3.2 km 

from centre,EE02. According to the weather data, the two sites are where the 

lowest and highest outside air temperature are found, which means the outside air 

temperature has a crucial impact on the building energy demand. 

 A higher thermal mass construction will consume more heating energy but less 

cooling energy. Higher internal gain leads to the lower heating load and higher 

cooling load. Opposite situation occurs in the model of lower internal gain. 

 The highest annual heating load of all the building models are found at the very 

heavy weight building, comfort cooling, low internal gain and night cooling 

model, 109.28MWh (81KWh/m2•year), rural site, which has the lowest annual 

cooling demand either, 1.74 MWh (1.28KWh/m2•year). The lowest heating load 

of all model,16.29 MWh (12 KWh/m2•year) is found at the very light weight 

building, comfort cooling, high internal gain and no night cooling model, urban 

site, EE02 which has the highest annual cooling load, 63.61 MWh (47.11 

KWh/m2•year). 

 

It is hard to find out which is the best building design due to all increasing heating 

load or cooling load followed by a decreasing cooling load or heating load. But each 

model share a same external weather condition, thus the energy consumption can be 

considered as the guide line to investigate the best building design. In this project, 

carbon emission is used as the guide line to investigate which is the best building 
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design.  Carbon emissions (CO2) can be estimated using the carbon emissions factors 

obtained from literature, alongside with the calculated gas and electricity consumption 

in KWh: 

Natural gas: 0.19kgCO2/kWh  Electricity: 0.52 kgCO2/kWh 

In order to get the gas and electricity consumption of building model, efficiency of 

heating and cooling system must be applied. Annual efficiency of boiler ηh = 0.7 is 

assumed in this project to satisfy the heating load while COP= 2.85 in urban sites and 

3.0 in rural site are estimated here due to the COP varies with temperature and plant 

load. The trend of variance of CO2 emission against the building thermal mass is 

shown below: 

 

Figure- 3: CO2 emission based on average load of each model. 

 

From the figure-3, it can be seen that the minimum carbon emission is 11.92 ton, from 

heavy weight building, high internal gain, and night cooling，which can be seen as the 

most effective building design in comfort cooling strategy. 

 

3.2 Mechanical ventilation models analysis 

Due to the lack of cooling system, the energy consumption of Mechanical ventilation 

models will definitely consume less energy, thus the priority is not building load 

analysis but the thermal comfort analysis in the building. Same as in comfort cooling 

models, 24 models (4 thermal mass, 2 night ventilation and 3 internal gain level), For 

each model, there are 20 different weather files need to be simulated which cross the 

London area from west to east sites. 

 

Overheating criteria in office defined by CIBSE is: 1% annual occupied hours over 

benchmark summer peak temperature which is 28°C. In this project, the annual office 

working hours is 2610 hours, 1% of it is 26.1 hours. Thus, the acceptable mechanical 

ventilation building design is the annual hours which exceed 28°C are less than 26.1 

hours in each room. Base on the simulation, none models can offer an acceptable 

indoor environment across London and only heavy weight, low internal gain, night 

cooling models and very heavy weight, low internal gain, night cooling models can 

avoid the overheating problem in part of the sites. Therefore, there is no necessary to 

analyse the energy consumption of the mechanical ventilation models. The 
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overheating hours of the heavy weight models at each radial distance are shown in 

figure-4. 

 

Figure-4: Overheating hours of heavy weight thermal mass, mechanical ventilation strategy, low 

internal gain and night cooling model. 

4. Conclusion 

The results demonstrate that the office building in central London will consume more 

cooling energy and less heating energy compared with the same building in the rural 

site. Lower internal gain lead to the higher heating load and lower cooling load while 

the loads of higher internal gain looks the other way around. Among the different 

building thermal mass, higher thermal mass will consume more heating energy and 

less cooling energy compared with lower thermal mass building. In accordance with 

the CO2 emission standard, the heavy weight, high internal gain and night cooling 

model is selected as the best building design which CO2 emission is 11.94 ton/year. 

For mechanical ventilation models, only part of the models (8 models in heavy weight 

building and 11 models in very heavy weight building) can solve the overheating 

problems, thus there is no best building design in mechanical ventilation model and 

cooling system is definitely required in the London office buildings.   
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