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Abstract: Cundall’s London office is the First WELL certificated building in Europe. Whether indoor air quality 
(IAQ) and thermal comfort satisfies occupants’ requirements and meets the WELL standard requires 
investigation. Based on ASHRAE Performance Measurement Protocols for Commercial Buildings (PMP), including 
indoor air quality monitoring combined with a Building Utilization Survey (BUS) based survey, this study 
investigates this question. Monitoring using Cundall’s sensors (IEQube) measuring temperature, relative 
humidity, light, CO2, PM2.5, PM10 and TVOC were combined with sensors from UCL to provide objective 
independent data for comparison. The BUS survey was conducted in the main open-plan office area to obtain 
the occupant’s perceptions of the environment. Monitoring results show IAQ is within the standard whilst results 
from the BUS questionnaire indicates most occupants are satisfied. Comments from the survey are useful to 
help continuing to improve the working environment.  
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1. Introduction  
Indoor environment quality (IEQ) indicates the relationship between building environment 
and health and wellbeing of occupants staying inside, which can be determined by many 
factors, including lighting, air quality, and damp conditions (CDC, 2017). This project is based 
on Cundall in London, the first WELL certificated building in Europe, which trying to know 
whether thermal comfort in main open-plan office area satisfies when the building is WELL 
(Cundall, 2016; WELL, 2016). As a WELL office, its IEQ needs to be monitored regularly to 
ensure the conditions meet the standard to maintain its certification. If it fails to meet the 
certification criteria, remedial action must be taken. This project will focus on Indoor air 
quality (IAQ) monitoring, which can be compared with WELL standard, but it also considers 
whether this environment can satisfy occupants’ thermal comfort. Temperature, relative 
humidity (RH), CO2, PM2.5, PM10 and TVOC were monitored during the process for supporting 
analysis for thermal comfort.  
Building performance has been emphasized for building environmentally responsibility and 
improving resource efficiency  during building life-cycle process (Sunpower, 2017). The main 
four benefits from building up green buildings includes improving cost effectiveness, reducing 
energy use, increasing property values and reducing maintenance requirements, which also 
help with better building performance and occupants’ thermal comfort (Holes, 2016). WELL 
is the first performance measurement system used globally focusing on health and well-being, 
which considers air, water, nourishment, light, fitness, comfort, mind and innovation (WELL, 
2016). Complicated scoring process is applied for certification with numerical scale. Indoor air 
quality (IAQ) and thermal comfort have been emphasized and monitored in previous 
researches, and various methodologies are applied which can be referred. 
 



2. Methodology 

2.1 Observation and measurement  
Several aspects should be paid attention during the observation part, including the general 
environment, façade materials applied in the office, and occupant routines (Heating, 2009). 
The office was observed for general knowledge of spatial layout. The size of working space 
can influence the thermal comfort of occupants from visualization and psychology. Apart from 
space area, the movements of people can affect indoor internal heat gain and air movements, 
which can result in effects on individual feelings also. The observation was conducted at the 
same time of the questionnaire, and recorded specifically with time for analysis. 

2.2 IAQ monitoring 
As a WELL certificated office building, 
Cundall is required to maintain a good 
condition of IAQ for continuous testing for 
WELL. IAQ should be monitored 
continuously for analysing indoor condition, 
and any unusual readings can be analysed 
to find out related reasons and apply 
optimum solutions (BRE, 2017). Sensors 
from Cundall called IEQube were used for 
monitoring data collection for three weeks, 
from 12th to 30th June. This application 
ensures the same monitoring methodology 
is applied when the WELL standard testing 
was conducted. The sensors were divided 
into three types, including temperature 

and relative humidity sensors, CO2 sensors and IAQ sensors for TVOC, PM2.5 and PM10 
(Wealend, 2017).  Based on the ASHRAE protocols, only the open-plan office area not the 
whole company is monitored, because occupants spend most time in this area (ASHRAE, 
2012). The whole office is divided into five areas, and each area was installed with a sensor. 
The IAQ and CO2 sensors are positioned in the middle area of the office. All the sensors are 
positioned in the central position of the area and have a sign beside to ask people not to touch 
it. Figure1 shows the positions of the sensors. 

2.3 Thermal comfort survey and monitoring 
Individual thermal comfort should be investigated separately to know about subjective 
feelings from occupants, which requires questionnaires to be applied during this process. BUS 
as recommended from ASHRAE PMP was applied in this project, which contains all IEQ 
categories in the questionnaire (ASHRAE, 2012). This survey is totally anonymous and no 
personal details required during the whole process to ensure the authenticity of results for 
data analysis and findings (Huizenga et al., 2006).  
As it is discussed above, paper-based questionnaire is selected for this project to ensure the 
response rate among the occupants.  An email about the notification of this survey is sent to 
all the occupants two days before and the questionnaires were printed out with coloured 
paper to emphasize it, which could be used as remind and makes it easier when collecting 
them.  When all the data collected, it is processed by Excel and Statistical Product and Service 
Solutions (SPSS). All the methodologies applied in this project are based on previous 
researches and ASHRAE PMP and adjusted following the actual situation in the office. 

Figure 1 IEQubes positions in office plan 



3. Results and analysis 
This open-plan office area is approximately 800m2 containing 200 people, and in terms of 
working schedule, normally around 120 people stay in the office every day. People start 
entering the office gradually from 8.30a.m. and gradually leave back home from 5.30p.m. to 
6p.m. The lunchtime for this office is not fixed, and most workers leave for lunch or stay in 
the kitchen area for lunch between 12p.m. and 2p.m. 

3.1 Indoor air quality  
Since all the windows in the open-plan area cannot be opened, inside air-conditioning system 
has its set temperature, which keeps the indoor temperature stable. Figure2 shows the 
temperature monitoring results for three weeks with the average value, and the temperature 
is normally stable, but still with some unusual readings. Because of the ventilation system 
settings, all the five areas have similar temperature during the whole period except Area D. 

As it was referred from office worker, the set temperature of this area was set 1℃ higher 
than other areas in winter, and if this situation was not changed till now, it could be the reason 
explaining higher temperature in this area.  

       
Figure 2 Indoor temperature/RH monitoring results in different areas of the office 

If compared with relative humidity, it is not difficult to find all the unusual readings of 
temperature has its reflection in RH. Since 21st and 26th June are weekdays, it can be assumed 
sensor D is positioned near the extensions and sometimes people put their phone nearby for 
charging. On the other days, the possibility of people working on Sunday can be avoided 
because of no ventilation on during the weekend. From 19th to 23rd June, indoor RH is 
generally higher than other days, but the temperature is normal, which can be resulted from 
the rainy weather with high outside relative humidity. It can be found temperature and RH in 
these five areas have similar ranges, except area D, which can be influenced by the unusual 
readings. These unpredictable changes may influence environmental stability in this area. 
Since the project is conducted in summer, the temperature and RH are within the suggested 
range for mechanical ventilated office in the UK for occupants’ thermal comfort (CIBSE, 2005).  

 
Figure 3 Indoor CO2 monitoring results 

Because of the equipment problem, CO2 sensor lost part of data from 16th to 19th June and 
the monitoring results are shown in Figure3. If compared with the WELL standard, 800ppm, 
the average indoor CO2 concentration of this open-plan office is high(WELL, 2016). While the 
air change rate of 10l/s/p has been satisfied referred from the company manager, providing 
enough ventilation. The layout in the office is impact, which makes the office lack of open 



space. In addition, because of position limitations, CO2 sensors are positioned on the desk 
adjacent to workers, rather than wall mounted for similar height of occupants. 

 
Figure 4  Indoor PM2.5 monitoring results 

 
Figure 5  Indoor PM10 monitoring results 

 
Figure 6 Indoor TVOC monitoring results 

Particular matters (PM) play an important role in IAQ, which may cause many respiratory or 
cardiovascular diseases (Penney et al., 2010). Figures above show the PM and TVOC 

concentration monitored. The indoor and outdoor trend is similar to each other with relative 
research explaining the changes in indoor PM concentrations from 19th to 22nd June 
(Londonair, 2017). Cundall has three walls fully designed as glazing wall. Wind can generally 
influence the office from three directions exception the north. Indoor TVOC is mainly from 
decoration materials and furniture, as well as some other cleansers or sprays (US EPA, 2017). 
This office is totally designed with zero VOC materials, and the concentration changes are 
mainly caused by occupants. The usual reading can be resulted from something just printed 
out, which was positioned close to the sensor. Table1 shows the comparison between Cundall 
and standards for IAQ (WHO, 2006; Stevens et al., 2013; WELL, 2016).   

Table 1 IAQ comparison between Cundall and standards  

  CO2 (ppm) PM2.5(μg/m³) PM10(μg/m³) TVOC(μg/m³) 

Cundall 

Min 1120.0 0 0 6.24 

Max 396.0 12 14 29.7 

average 672.3 1.8 2.1 12.1 

WELL  800ppm 15μg/m³ 50μg/m³ 500μg/m³ 

WHO/ASHRAE  1000ppm 10μg/m³ 20μg/m³ - 

3.2 BUS questionnaire analysis  
The general results from IAQ monitoring is satisfying when compared with standards, while 
personal opinions from survey are also important for thermal comfort. This section 
investigates the main opinions from people and find out the main problems. Since this project 
is conducted in summer, opinions for the whole summer period is mainly used for IEQ analysis. 
All the analysis will be based on questions from the survey among the five different areas. 
Figure7 shows the overall thermal comfort during summer among five area. Area D has the 
most positive responses with least percentage of people choosing 1 to 3. In area C, responses 
are allocated averagely from 3 to 6, and this shows people in this area are more neutral for 
comfortable level. Also, area C and E may have some specific problems because more than 
20% people chose 3. Area E has the fewest people choosing 5 to 7. As it is researched, these 



can be not only influenced by air condition, but also gender, age, working position and length 
in this office. Opinions in each area are collected and the feedbacks are shown in Table2. 

 
Figure 7 Overall thermal comfort responses in summer among five areas 

 
Table 2 Summer thermal problems among five areas 

area problems possible reasons 

A problems with individual high proportion of people over 30 

B 
1. dry air  
2. still air 

 
1. high proportion of people over 30 

C 

1. unstable air movements (velocity) 
2. dry air 
3. stuffy air 
4. smelly air 

1. central position 
2. high proportion of females 

D 

1. unstable temperature 
2. hotter than other areas 
3. smelly air 
4. still air 

1. irregular shape with a corner 
2. high proportion of people next to window 
3. high proportion of people working longer 

E 

1. unstable temperature 
2. air movements draughty 
3. stuffy air 
4. smelly air 

1. irregular shape 
2. high proportion of people working longer 

4. Discussion and conclusion 
The methodology in this project is mainly referred from ASHRAE PMP, ensuring the accuracy 
of data collected. From the aspect of IAQ monitoring, the overall results are generally suitable 
for staying inside and satisfy the requirements from standards, except some unusual readings. 
Area D has some unusual readings with high temperature, and the RH gets lower at the same 
time because water vapour content stays the same (Fondriest, 2017). Although RH is mainly 
affected by temperature, plants, ambient environment can also influence it. Whether it is 
rainy or sunny outside will result in unstable indoor relative humidity, which should take 
weather into consideration (Fondriest, 2017). These unusual readings make area D more 
unstable than other areas and influence occupants’ thermal comfort, which can be reflected 
from the survey responses, especially in aspect of temperature stability. CO2 concentration 
level is higher than WELL standard, but the ventilation rate in this office is much higher than 
required from ASHRAE 62.1 for 10l/s/p (Stevens et al., 2013).  
The responses of BUS questionnaire are generally positive although some problems exist 
shown from monitoring. This indicates the adaptive thermal comfort of occupants, which 
cannot be measured, and individual difference cannot be ignored. Since all the IAQ 
monitoring results are satisfying, other factors resulting in negative responses should be 
considered. The whole office is divided into five areas for monitoring, and responses are also 



analysed among five areas. Area C, D and E have the most problems and area A and B have 
better feedbacks. Area C is in the middle of the office, which can be influenced from all 
direction. Area D is an irregular shape with two turnings and a corner area, which causes 
environment differences existing in one area. People sitting in corner areas may have more 
negative responses because of unstable temperature and ventilation conditions. Area E also 
has an irregular shape with two corners, which may have the same problem with area D. 
Moreover, negative responses can be influenced by other factors, including gender, age, seat 
position and working length in this environment based on the investigation above.  
The main purpose of building performance assessment is to find out existing problems, which 
ensures the building to keep healthy development and create more comfortable environment 
for users. If more survey about subjective opinions can be conducted, the building 
performance developments can be more meaningful and receive more supports. Building 
performance measurement will become necessary during building design and use process to 
help create a sustainable and healthy building environment. 
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