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Abstract. This paper investigates the magnitude of influence of cli-
mate, architectural design and occupants on thermal comfort and final 
energy consumption in offices in different climates. A parametric 
study for a typical cellular office room has been conducted using the 
simulation software EnergyPlus. Two different occupant scenarios are 
each compared with three different architectural design variations and 
modelled in the context of three different locations for the IPCC cli-
mate change scenario A2 for 2030. The parameters evaluated in this 
study are final energy consumption and adaptive thermal comfort ac-
cording to ASHRAE Standard 55. The study shows that the impact of 
occupants on final energy performance is larger than the impact of ar-
chitectural design in all investigated climates, but the impact of archi-
tectural design is predominant concerning thermal comfort. Warmer 
climates show larger optimisation potential for comfort and energy 
performance in offices compared to colder climates. 
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1. Introduction 

In the context of the climate change, buildings have to provide satisfying 

comfort levels for occupants with minimum energy consumption in order to 

reduce resulting greenhouse gas emissions. This is a particular challenge in 

office buildings where significant internal heat gains are caused by occupan-
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cy, while at the same time the building is exposed to solar heat gains from 

the sun. In order to achieve maximum comfort with minimum energy usage, 

it is therefore crucial to identify the best possible balance for architecture 

and occupancy and to tailor this balance to the specific climate. For predic-

tions based on building simulation in early design stages, this requires de-

tailed studies of the context of a specific project and a rather complex model-

ling setup. Due to budget limitations, such modelling complexity is not 

common in early design stages. However this is the project phase where ma-

jor decisions influencing comfort and energy performance are made, and the 

balance of design and occupancy considerations at later stages often do not 

take full advantage of the full optimisation potential.  

This paper therefore uses a parametric study for a typical cellular office 

room to investigate the balance of architectural design and occupancy in 

three different climates. The study is based on the simulation software Ener-

gyPlus (U.S. Department of Energy, 2007) and the climates represent differ-

ent climatic zones of the world, moderate in Hamburg, Germany, Mediterra-

nean in Athens, Greece and hot-dry in Alice Springs, Australia. The 

diversity of these locations allows for an exploration of the impact of climate 

on heating, cooling and lighting in offices. The aim is to identify patterns of 

comfort and energy performance related to climate, architectural design and 

occupancy. 

2. Development of the simulation models 

2.1 SELECTION OF WEATHER DATA  

Three locations in different climate zones of the world representing a moder-

ate, a Mediterranean and a hot climate have been chosen for this study. The 

aim was to use a ‘worst case’ weather data set for comfort predictions, simi-

lar to the years 2003 in Hamburg, 2007 in Athens and 2009 in Alice Springs, 

which have been characterized by major heat waves, human health implica-

tions as well as bushfires. These data have been generated with the software 

Meteonorm (Meteonorm 7.0.) for the IPCC scenario A2 for 2030, and show 

similar characteristics to those measured (U.S. Department of Energy, 

Weather data request form) for the respective extreme year. Also the predic-

tions for 2030 approximately reflect the life span of a new building today. 

2.2 ARCHITECTURAL DESIGN CONFIGURATIONS  

In order to account for the impact of different building design on comfort 

and energy performance in offices, different configurations had to be consid-

ered in this study. All configurations are variations of a typical cellular office 
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room (5,4 x 3,5 x 2,7m), occupied by two persons, and facing the midday 

sun (South orientation for Hamburg and Athens, North orientation for Alice 

Springs). The room is ventilated by a centrally located top hung window, 

which is assumed to be manually controlled by occupants. 

These configurations have been developed from an architectural point of 

view and with driving forces of the real estate market in mind. The design of 

the ‘prestige’ configuration is driven by representativeness and flexibility, 

the ‘low cost’ configuration by lowest initial costs, and the ‘green’ configu-

ration by comfort and energy considerations (Figure 1). Further details on 

the different design configurations can be found in previous publications 

(Roetzel et al, 2001 and Roetzel and Tsangrassoulis, 2012). All configura-

tions comply with the respective national building codes.  

 

Figure 1: Different façade design for the prestige (left), low-cost (middle) and green (right) 
configurations. 

2.3 BUILDING OCCUPANTS  

Occupants interact with a building and thus directly as well as indirectly af-

fect the building’s energy performance as well as thermal and visual com-

fort. However the actual interaction of occupants with their building is 

strongly depending on the context. Among other factors, the use of office 

equipment depends on the tasks performed, the use of blinds is influenced by 

daylighting, views, glare as well as privacy requirements, the use of lights is 

influenced by the task, the lighting concept, the luminaires and the number 

of people in the room, the use of air conditioning also depends on the control 

options, and the use of night ventilation is affected by security issues. Thus 

the specific modelling of occupant behaviour only makes sense for real 

buildings where all these contextual influences are known.  

The approach used in this study is therefore based on two extreme case 

scenarios for occupant behaviour - an ideal and a worst case scenario. More 

details concerning the development of the concept as well as additional 

modelling details can be found in Roetzel et. al. (Roetzel et al, 2001, Roetzel 

and Tsangrassoulis, 2012).  

For this study the ideal and worst case occupant scenarios have been 

slightly modified. The modifications are: 
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 Update of the power consumption of office equipment  

 Updated concept for the use of air-conditioning. For the worst case scenario a 

fixed cooling set point of 23 degrees is assumed in all climates. For the ideal 

scenario and mixed mode operation the cooling set points are adjusted on a 

monthly basis for each climate separately following the upper limits for 80% 

satisfaction of the ASHRAE Standard 55 adaptive thermal comfort model 

(ASHRAE, 2010).  

A summary of the parameters assumed for the ideal and worst case sce-

nario in this study is given in table 1. 

Table 1: Summary of parameters for ideal and worst case occupant scenarios 

Ideal and worst case occupant scenarios 

Influenced on Parameter Ideal scenario Worst case scenar-

io 

Company level Office equipment Notebooks, possibility 

to disconnect office 

equipment from power 

supply outside office 

hours  

Desktop comput-

ers, no possibility 

to disconnect office 

equipment from 

power supply out-

side 

office hours  

Company level Night ventilation Night ventilation  No night ventila-

tion 

Individual level Use of blinds  Blinds opened and 

closed according to 

heat and glare (active 

user) 

Blinds closed all 

day (passive user) 

Individual level Use of lights Light on/off according 

to daylight (active user) 

Light on during 

working hours 

(passive user) 

Company level Use of air conditioning 

(if applicable) 

Set points according to 

upper limits of 

ASHRAE Standard 55 

adaptive comfort model 

80% satisfaction 

Setpoint 23 degrees 

2.4 HEATING, COOLING AND LIGHTING  

The building context assumed in this study is a medium sized office build-

ing, and the main usage for energy in this study is related to heating, cooling, 
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lighting and office equipment. A multi split air conditioner for cooling as 

well as heating has been assumed for all three climates, in case of mixed 

mode operation. For reasons of comparability the same system has been used 

in all climates (Coefficient of Performance of 3.7 and Energy efficiency Ra-

tio of 5.35 (Michel et al, 2012), which is a good state of the art-, but not the 

best available system according to the European standardization. 

Artificial lighting is based on two different systems, surface mounted lu-

minaires with specular louvers (21.3W/m2) or pendant luminaires with mi-

cro prismatic light redirection (13.1W/m2).  

3. Simulation results 

3.1 ADAPTIVE THERMAL COMFORT, ASHRAE STANDARD 55  

Figure 2 illustrates the shares of comfortable working time, exceeding hours 

and model applicability among the total working hours per year based build-

ing simulation results. The building design and occupant configurations for 

each climate are ordered according to percentage of comfortable working 

time from left (highest value) to right (lowest value). 

 

 

Figure 2: ASHRAE Standard 55, comfort hrs, exceeding hrs, applicability for Athens (ATH), 
Alice Springs (ALICE) and Hamburg (HAM) for the configurations green (G), prestige (P), 

and low cost (L) in combination with ideal (I) or worst case (W) occupant scenario. The dot-
ted lines indicate the average percentage of comfortable working time per climate.  

3.1.1. Applicability of the model.  

Adaptive thermal comfort can only be evaluated according to ASHRAE 

Standard 55 if the mean monthly outdoor temperatures at the location are 
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within the applicability range of 10-33.5 degrees Celsius of the model. The 

percentage of working time when this criterion is met varies from one loca-

tion to another. According to the simulation results, in Alice Springs the 

adaptive thermal comfort model can be applied for 100% of the working 

time, in Athens this percentage is about 80%, and in Hamburg this model 

can only be applied for about 50% of the working time.  

It can be concluded that the ASHRAE Standard 55 adaptive comfort 

model has a larger applicability range, and therefore potentially a larger op-

timisation potential, in hot climates than in cold climates.  

3.1.2. Comfortable working time  

The simulation results indicate significant comfort variability when evaluat-

ing the different building design and occupant configurations individually. 

Table 2 illustrates the comfort variability compared to the average values for 

each location, based on building design and occupant behaviour.  

For the green building design, comfort percentages are about 6-13% 

above the average values for each location. The warmer the climate the 

higher this percentage (lowest in Hamburg and highest in Alice Springs). 

The variability due to occupants ranges from +/- 1 to +/- 5 % and also in-

creases the hotter the climate. This indicates that in warm climates it is im-

portant to improve both, building design as well as occupancy in order to 

maximise comfort percentages. 

For the low cost building design, comfort percentages are below the aver-

age values for each location (minus 3-6%). This design has the largest varia-

bility due to occupants (+/- 6-12%). Since this variability is also larger than 

the impact of the low cost building design, this variation can achieve comfort 

percentages above average and similar to the green configuration when re-

lated to the ideal occupant scenario, and lowest overall percentages, well be-

low average when related to the worst case occupant scenario. With the low 

cost variation, occupants have significant responsibility for thermal comfort. 

For the prestige building design comfort percentages are 2-9% below the 

average values for each location. The variability due to occupant scenarios is 

rather low in all climates with +/- 1% in Alice Springs and +/-2% in Athens 

and Hamburg, which means that in all combinations comfort percentages are 

below the average. Unlike the green configuration where comfort percent-

ages increase the warmer the climate, for the prestige configuration comfort 

percentages decrease in warmer climates, and are especially low in Alice 

Springs.  
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Table 2: ASHRAE Standard 55 adaptive thermal comfort percentages for different climates, 

building design variations and occupant scenarios. 

Thermal comfort evaluation based on natural 

ventilation 

Alice Springs Athens Hamburg 

Average percentage of working time with com-

fortable temperatures according to ASHRAE 

Standard 55, 20% dissatisfied 

34% 32% 29% 

Variability to average percentage above for the 

green building (and influence of ideal vs. worst 

case occupant scenario) 

+ 13% (+/- 5) + 9% (+/- 2) + 6% (+/- 

1) 

Variability to average percentage above for the 

low cost building (and influence of ideal vs. 

worst case occupant scenario) 

- 5% (+/- 12) - 6% (+/- 6) - 3% (+/- 

11) 

Variability to average percentage above for the 

prestige building (and influence of ideal vs. 

worst case occupant scenario) 

- 9% (+/- 1) - 3% (+/- 2) - 2% (+/- 2) 

3.2 FINAL ENERGY CONSUMPTION (CONDITIONED)  

Figure 3 illustrates the final energy consumption for the different design and 

occupant configurations in the three climates.  

 

 

Figure 3: Final energy consumption of the investigated configurations. 
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It is obvious that for all climates the final energy consumption for config-

urations based on the worst case occupant scenario is on average 2.5 times 

higher than the consumption based on the ideal scenario. This factor is 

slightly lower (around 2) for the colder climate of Hamburg as well as for all 

low cost design variations. And it is slightly higher (3-3.5) for the prestige 

and green variations in the warmer climates of Alice Springs and Athens.  

The influence of different building design is not as strong but neverthe-

less significant. Based on the green configuration with lowest values, the fi-

nal energy consumption for the prestige design is by factor 1.2 higher and 

for the low cost design by factor 1.6 higher. Like with occupant scenarios, 

the influence of building design is stronger in the warmer climates of Athens 

and Alice Springs than in Hamburg.  

The impact of climate on the final energy consumption for the same de-

sign and occupancy configuration is around factor 1.2 on average. This value 

is slightly higher for configurations based on the ideal occupant scenario 

(1.3) and slightly lower (1.1) for the worst case occupant scenario.  

The lowest (35kWh/m2a) as well as the highest final energy consumption 

(180 kWh/m2a) occur in Alice Springs, which therefore has the largest range 

(145kWh/m2a) of variability depending on occupants and design. The sec-

ond largest range of variability occurs in Athens (125kWh/m2a) with a min-

imum of 45kWh/m2a and a maximum of 170 kWh/m2a. The smallest range 

(100kWh/m2a) occurs in the coldest climate with a minimum of 65 and a 

maximum of 165 kWh/m2a.This indicates that the colder the climate the 

larger the minimum final energy consumption for ideal configurations, 

which is caused by increased need for heating as well as for artificial lighting 

due to lower outdoor illuminances. Also, the hotter the climate, the larger the 

maximum final energy consumption for worst case configurations, which is 

caused by increased need for cooling due to high internal as well as external 

heat loads.  

It is interesting to observe that in all climates and for almost all configu-

rations, lighting and office equipment are the largest influences on final en-

ergy consumption. The highest (low cost and prestige worst configurations) 

as well as the lowest (green and prestige ideal) overall final energy con-

sumption can be observed for the two warm climates Alice Springs and Ath-

ens. In all climates, the low cost variation generally tends to lead to higher 

energy consumption and the green configuration to lower energy consump-

tion. The prestige configuration however has the strongest sensitivity to-

wards occupant behavior. In combination with the worst case scenario it 

causes high energy consumption, whereas with an ideal occupant scenario 

the resulting final energy consumption is relatively low. 
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4. Conclusions 

This paper investigates comfort and energy performance in offices based on 

a typical cellular office room in three different climates. The following main 

observations could be drawn: 

 The magnitude of the applicability range of the AHSRAE Standard 55 adap-

tive thermal comfort model strongly depends on the climate. It is smallest in 

Hamburg and increases for warmer climates such as Athens and Alice 

Springs.  

 Another factor which is increasingly important in warmer climates is the sen-

sitivity of comfort and related energy performance to different building de-

sign and occupancy. In case of careful design and occupancy planning this 

sensitivity can provide significant optimisation potential, otherwise it is likely 

to have a strong negative effect on comfort levels and energy consumption. 

 The ideal and worst case scenario approach can effectively demonstrate the 

impact of occupants on comfort and energy performance in offices. It can be 

used in early design stages to derive recommendations for occupant behav-

iour and provide an approach when occupancy details are not feasible to ob-

tain. 

 Building occupants are the predominant influence on final energy consump-

tion in offices in all investigated climates. This is mainly related to the use of 

office equipment and lighting.  

 Architectural design is the predominant influence on adaptive thermal com-

fort in offices in all investigated climates. Key building properties in the in-

vestigated climates are efficient daylighting, thermal mass, solar protection 

and heat protection (u-value of the façade).  
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