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Abstract: Most people spend a considerable amount of time every day working in offices. Work spaces in Europe
are accounted for consuming up to 50% of the building sector’s energy consumption and most of this energy is
used to heat and cool the buildings. Thus, a correct evaluation of thermal comfort and energy consumption in
the workplace is important, particularly, prior to construction or retrofit. This research aimed to investigate the
gap between simulation and the collected data through a field study of thermal comfort regarding the thermal
performance of the building. An air-conditioned office with non-openable windows in Stockholm was
investigated. 21 respondents with a good balance of age and gender participated in the study. The results were
compared against the simulation of the building using IES-VE in order to understand the difference between
performance and prediction. The contrasted results provided evidence that simulations achieved to predict
temperature levels of around 23°C during occupied hours but failed to predict sudden changes in temperature
that lead to dissatisfaction in users. Although thermal analysis can have a certain amount of predictability,
neither performance nor simulation predictions comply with the ASHRAE 55-2017 standard. Simulated energy
levels were lower than registered but still close to the value of the first year in operation recorded levels.
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1. Introduction

European buildings consume 40% of the total energy and produce 36% of the CO2 emissions.
About 50% of this energy comes from office buildings and 50% is designated to HVAC systems
(Pérez-Lombard, et al., 2008). This work focuses on an air-conditioned Swedish office where
occupants don’t have control over their thermal environment. This research aims to
investigate the gap between simulation and the actual collected data through field studies of
thermal comfort (building performance and users’ views) regarding the thermal performance
of the building.

This research investigates human thermal comfort and energy performance in office
buildings by exploring POE and Simulation methods to clarify the existing gap between them.
It analyses predicted thermal performance and energy consumption using simulations whilst
understanding the POE collected data regarding thermal comfort and energy consumption.
Moreover, a contrast between POE and simulation to conclude about the existing gap.

2.  Energy and Comfort

Thermal comfort is “the condition of mind that expresses satisfaction with the thermal
environment” and is a subjective evaluation (ASHRAE, 2013). Nicol & Roaf (2017) define it as
“the term used to describe a satisfactory, stress-free thermal environment in buildings and,
therefore is a socially determined notion defined by norms and expectations”. Nicol &
Humphreys (2002) highlight that ‘comfortable’ conditions are affected by the characteristics
of the building and the chances of individual adaptation by the occupants. Climate change
needs to be addressed in the various thermal comfort approaches to achieve new methods
for adaptation, especially in matters of overheating (Nicol & Stevenson, 2013).



The low cost of energy in past years has allowed waste of energy by means of achieving
thermal comfort (Nicol & Roaf, 2017). The European Commission (2019) outlines that 40% of
the total energy is consumed by buildings and produce 36% of the CO2 emissions. In Sweden,
office buildings consume 28.7% of the energy. Usually, 50% of the energy consumed is derived
from HVAC systems (Pérez-Lombard, et al., 2008). Energy consumption in buildings is usually
assessed using simulations to achieve benchmarks. There is a gap between prediction and
actual performance that needs to be assessed (Bordass, et al., 2004; Menezes, et al., 2012).
Control over the thermal environments is often denied to occupants to decrease energy
consumption: fixed windows and centralised HVAC systems (Meir, et al., 2019).

3. Methodologies: POE and Simulation
An office building was investigated in this research to examine the differences between POE
and simulation parallelly to assess thermal comfort and energy consumption in the workplace.

3.1 POE
Post Occupancy Evaluation (POE) was introduced in the ‘60s as an answer to issues expressed
by occupants in office buildings (Preiser, 1995). POE studies buildings systematically when
they’re occupied to understand the conditions that can be improved and work as future
guidelines. POE pursues the enhancing of buildings performance and evaluates potential
energy efficiency and sustainable measures (Nicol & Roaf, 2005). Cooper (2001) proposes
three perspectives:

. POE as a design aid

° POE as a management aid

. POE as benchmarking aid

3.2 Simulation

Simulations help to assess ideal or current conditions, behaviours and alternative scenarios
in architecture. It also helps to identify and to quantify possibilities prior, during and after
construction (Marans & Stokols, 2013). Simulations are used in addition to POE and
monitoring to achieve a broader approach to the built environment (Stevenson, 2009). The
same building can have different outcomes using different software (Crawley, et al., 2008).
Simulations should aim to prevent overheating in buildings as climate change challenges point
out an increase in temperatures, hence in overheating (Nicol & Stevenson, 2013).

3.3 Gap between POE and Simulation

The performance gap is the difference between expected and recorded performance
(Borgstein, et al., 2016). It can happen during design, construction or operational stages
(McElroy & Rosenow, 2019). This can also happen due to unpredicted weather, lack of
maintenance, changes on occupancy hours, technology failures and connected gadgets not in
use (Liang, et al., 2019). This gap must be bridged as climate change is becoming a more
urgent problem to tackle (Bordass, et al., 2004; Menezes, et al., 2012; De Wilde, 2014).

3.4 Research approach and methods

3.4.1 POE



POE was conducted to acknowledge thermal performance and occupants’ views. This
approach was split into: indoor environmental monitoring and questionnaires answered by
occupants. The collected data was done by Dr Sally Shahzad and the methods of collecting
this data are explained in Shahzad (2014).

Environmental Readings

Continuous readings: Temperature and relative humidity simultaneously recorded in
different places. Two workstations with 3 data loggers each, and two for interior and exterior.
Instant recordings: Temperature and relative humidity recorded whilst the respondents were
answering the questionnaires and doing his/her daily tasks.

Survey questionnaires

Questionnaires to be filled by respondents regarding thermal comfort and satisfaction at least
three or four times each day.

Simulation

Using a Revit model of the two-storey office building and IES-VE, energy performance and
thermal comfort are evaluated using a recreation of the HVAC systems, office appliances,
internal and external heat gains, and operation schedules. This is contrasted against the 2006
energy record of 98.6 kWh/m?2 as per discussed with the management staff.

4. Context

The Swedish office building has three types of workstations: cell, open plan and team cluster.
Each workstation is equipped with a desk, a desktop computer, seating and storage furniture.
The office heating system is located under the window sills next to the desks. The air
conditioning is delivered through air-handling units in the ceiling which utilise heat recovery
exchangers for higher efficiency as per discussed with the management staff. All workstations
are next to a window or one desk away from the window, but occupants are not able to
operate them as they are fixed to ensure the effectiveness of air conditioning. The building
has external shading and workstations have curtains to avoid direct glare when the sun is low.

5.  Analysis

5.1 Thermal performance

The three days readings sample is from the 19" of June until the 21%". Thee simulations were
not conducted to emulate a satisfactory or neutral state of the workplace by using different
systems but to recreate the same currently used systems in the office. Both readings and
simulations are compared and put through the online CBE Thermal Comfort Tool to evaluate
if the measurements comply with the ASHRAE 55-2017 Standard.

5.1.1 Questionnaires
e Overall comfort
Most users feel ‘comfortable’ (26.83%) and ‘very comfortable’ (29.27%) during the
period evaluated. However, 19.51% of them find the workspace ‘slightly uncomfortable’.
e Thermal sensation
Results show 41.46% for ‘slightly cool’ and 36.59% ‘neutral’. This suggests that the HVAC
might be set on low temperatures often under the ‘neutral’ state as shown in Figure 1.
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Figure 1. Thermal sensation percentage expressed under the ASHRAE 7-Point Scale.

e Thermal preference
The 43.90% of the users prefer the temperature to stay how it is, whilst 31.71% would
like it to be slightly warmer.

e Satisfaction
The largest group of people consider themselves ‘satisfied” with their thermal
environment, but it only represents 21.95% of the total sample. The second largest is
‘slightly dissatisfied” with 19.51%, then ‘neutral’ with 17.07% as shown in Figure 2.
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Figure 2. Satisfaction percentage expressed under the ASHRAE 7-Point Scale.

5.1.2 Workstations measurements

e Readings
The readings show the air-conditioned office maintains a steady temperature for 24
hours. The HVAC system might operate even when the building is unoccupied.

e Simulation
The simulated exterior and interior temperatures demonstrate that even though the
office is directly affected by the exterior climate, the HVAC system and internal gains
increase the indoor temperature.

e Comparison
Simulations and readings show how indoor temperature during occupied hours is
maintained. Both average temperatures are close to 23°C. HVAC system is still working
during unoccupied hours, whilst simulations consider the turning off during night time.

e Single-day comparison
This comparison shows similarities in exterior temperature with a similar tendency.
Readings show two peaks which are not predicted by simulations. The difference lies in
the indoor temperature as simulation considers the drop of temperature when the
HVAC systems stop working after the workplace is unoccupied.



5.1.3 Thermal Sensation comparison

Readings suggest levels of dissatisfaction of 19% and 21% for simulation but according to the
actual questionnaires, the dissatisfaction percentage is 12.20%. This represents 6.80% less
than readings and 8.80% less than simulation when compared to the levels using the CBE tool
as shown in Figure 3. The surveyed thermal sensation achieves to match with the ‘slightly cool’
value for both readings and simulation, which is not the ideal scenario but the existing one.
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Figure 3. Predicted satisfaction vs surveyed in the ASHRAE 7-Point scale

5.2 Energy performance

IES-VE simulation results suggest consumption of 91.74 kWh/m2/year. These values are
based on the actual operating systems in use. This value contrasted to the 2006 recorded
levels of 98.6 kWh/m2/year which represent just a difference of 6.86 kWh/m2/year. This
difference between these two is not significative, but it can only be contrasted with the first
year of operation (2006) which might mean the use is still very close to what it was predicted
for and the equipment and occupancy hours might still the same as evidenced in Figure 4.
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Figure 4. Comparison of energy consumption per year between 2006 recorded levels and IES-VE simulation.

6.  Conclusion and discussion

The performance gap between predicted and recordings is greater in thermal comfort than
in energy consumption. Results show a fairly accurate energy consumption difference when
compared to the 2006 annual record. Temperature levels are simulated with an ideal set of
turning off the HVAC systems during unoccupied hours whilst readings show a constant
activity of these systems.

In terms of thermal comfort, the contrast suggests that people tend to feel comfortable
regardless of feeling slightly cool in the workplace. The simulations predict much higher levels
of dissatisfaction when compared to the answers from the respondents. Simulations achieved
to predict temperature levels and predict the ‘Slightly cool’ thermal sensation but failed to



predict the satisfaction and comfort levels. However, this means that the systems are setin a
lower temperature which causes dissatisfaction and discomfort levels that could have been
addressed beforehand if simulated correctly.
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