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The CIBSE Technical Memorandum 68 (TM68) on Monitoring Indoor Environmental Quality
(CIBSE, 2022) provides building professionals with a primer on continuous IEQ monitoring
by presenting a wholistic picture that includes delineating units and performance metrics,
available instruments and sensors, practical sampling consideration and case studies for
four principal IEQ aspects. Best practice for collecting and using data gathered from sensors
and meters in and around buildings are suggested.
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1. Introduction

Europeans spend approximately 90% of their time
indoors for work, study and living (EVIA, 2022),
while nearly 40% of global energy demand is attrib-
uted to building sector (UNED, 2022). The quality of
living, health, productivity, and satisfaction of building
occupants are generally correlated to the Indoor
Environmental Quality (IEQ), which encapsulates
four major environmental conditions, namely, thermal
comfort, air quality, luminous quality, and acoustic
quality (CIBSE, 2015). The average loss of human
life expectancy due to particulate pollution alone is
estimated to be 2.2 years (AQLI, 2022). Office users
can be benefited from interventions in their working

environment, in return for their enhanced health,
comfort and productivity (Felgueiras et al., 2022). In
the post-pandemic era, provision of good IEQ in indoor
premises whilst minimizing energy consumption is
vital for a return to normal life without sacrificing
wellbeing and climate change aversion measures. This
is where CIBSE’s new TMG68 fills a competence gap
by equipping practitioners with guidance on the selec-
tion and implementation of tools and methods that
can assist with improving thermal comfort, air quality,
luminous quality, acoustic quality whilst supporting
improvements in energy performance. The next section
presents an overview for each of these aspects and they
are summarized in Figure 1to 4 for ease of reference.

55


mailto:siu.fung.22@ucl.ac.uk

2. Overview of IEQ monitoring
considerations highlighted in TM68

Thermal comfort is defined as the ‘condition of mind
that expresses satisfaction with the thermal environment
and is assessed by subjective evaluation” (ASHRAE, 2021).
Thermal comfort is influenced by physical parameters
listed in Figure 1, for example, air temperature, radiant
temperature, air velocity and relative humidity, which
can be measured and monitored by various sensors.
Personal parameters, including metabolic rate and
clothing insulation, are not directly measured and
they can be referenced from guidelines and standards
instead. The effect of the above factors on thermal
comfort can be quantitatively evaluated by different
performance metrics for naturally and mechanically
ventilated buildings. Common instruments and
sensors used for continuous monitoring are tempera-
ture probes, humidity probes and occupancy sensors.
In addition to selecting appropriate sensors, several
sampling issues should be considered. Frequency and
granularity of data collection should be informed by the

investigated variables and project specific requirements.
Instruments should preferably be small to capture dis-
tinctive indoor climatic parameters and they should be
mounted one meter away from the walls. Furthermore,
capturing parameters for several consecutive summers
can enable the investigation of longitudinal trends and
the effect of year-to-year weather variations while a
monitoring protocol should also be developed to define
the function and location of sensors in various spaces.

The inhalation of airborne pollutants in our environment
can result in adverse health impacts, such as respiratory
and cardiovascular diseases. Most of these pollutants
are relevant to the concept of indoor air quality (IAQ).
An acceptable IAQ can refer to “air in which there are
no known contaminants at harmful concentrations, as
determined by cognizant authorities, and with which a
substantial majority (80% or more) of the people exposed
do not express dissatisfaction” (ASHRAE, 2022). Common
pollutants include carbon dioxide (CO3), carbon
monoxide (CO), nitrogen oxide (NOx) and volatile
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Figure 1. Summary of Thermal Comfort in CIBSE TM68 Indoor Environmental Quality Monitoring (CIBSE, 2022).
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organic compounds (VOC) as tabulated in Figure 2.
Measurement of their concentration for IAQ assess-
ments and monitoring in accordance with health-based
guidelines requires different well-calibrated sensors and
instruments. Particularly, CO; and total VOC (tVOC)
are proxies used in the evaluation of ventilation and air
quality. Short-term (less than one hour) and long-term
(few days to few weeks) aggregated sampling can be used
to assess the acute and chronic health risks respectively.
In terms of sampling considerations, the recommenda-
tions are similar to those considered for thermal comfort.
However, measurements in winter should be recorded
with care as higher ambient pollutant concentration and
lower ventilation rate during the heating season often
result in the “worst case’ conditions.

The quality of the indoor luminous environment is
generally monitored by the illuminance and luminance
of the illuminated space. As there is no single defini-
tion of good luminous quality, it should be assessed by
considering the light sources, use of building and other
factors. The assessment of indoor luminous quality
frequently emphasizes identification of sources of
visual discomfort (or glare) and sufficiency of available
light, in other words, whether the spot or average hori-
zontal illuminance is sufficient to perform a specific
task. Figure 3 suggest common instruments shown
as luxmeters and luminance sensors, which should be
calibrated with reference to the angle of incidence and
the photopic V(4) curve for human eye sensitivity. For
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Figure 2. Summary of Air Quality in CIBSE TM68 Indoor Environmental Quality Monitoring (CIBSE, 2022).
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Figure 3. Summary of Luminous Quality in CIBSE TM68 Indoor Environmental Quality Monitoring (CIBSE, 2022).
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continuous monitoring, the lower price of luxmeters
using illuminance sensors makes them more attrac-
tive than the luminance-based systems. The sensors
should be located to mimic the field of view and eye
level height of the space occupants. A typical measure-
ment frequency in the range of 10 to 15 minutes is
recommended, but this should also be informed by the
time and weather conditions. Parallel outdoor meas-
urements should be conducted in close proximity to
the investigated indoor spaces. These outdoor sensors
should be weather-resilient and able to capture high
illuminance readings due to potential exposure to
direct sunlight.

Acoustics quality of indoor spaces is assessed by room
acoustics, sound insulation and sound level, in which
the latter one dynamically reflects the indoor acoustic
environment. It can be evaluated on the basis of acoustic
criteria, users and purposes of the concerned spaces.
Continuous sound level monitoring generally adopts
the A-weighted equivalent continuous sound level over
a defined period of time. Collection of 15-minute
A-weighted equivalent sound level is recommended
to capture temporal characteristic, based on which
the 10" and 90™ percentiles reveal the background
noise levels. However, 1-to-2-minutes sampling is also
advised for spaces with shorter functional time units, for
example, a one-hour university lecture. The captured
data can be aggregated over a day, week, or month
for longitudinal analyses. Sound level meters (SLM)
and low-cost acoustic sensor networks are commonly
used to measure the sound level in the audible range
0f 20 to 20,000 Hz. The tolerance level of class 2 SLM

can be referred to Figure 4. Meters and sensors should
be located to capture the noise exposure of the repre-
sentative users in the investigated space. Symmetric
positioning or mounting of sensors less than 1 m away
from sound-reflecting surfaces should be avoided.

3. Non-technical considerations of IEQ
monitoring systems

Design, operation, and management of IEQ
monitoring systems involves further non-technical
considerations over the lifecycle of the system. Figure 5
illustrates the overall decision-making process for
selecting a continuous measurement system, which is
similar to conventional engineering project workflow.
Stakeholders of the project should establish realistic
goals and expectations through communication
with beneficiaries and delineating responsibilities
among them. For example, combinations of required
IEQ parameters, measurement locations and resolu-
tions could be consolidated into a “wish-list”, which
facilitates the onward economic appraisal and vendor
involvement. Ethical and privacy concerns should be
addressed by complying with the relevant standards
on data protection or equivalent regulation of the cor-
responding jurisdiction. A robust data management
plan should cover essential elements including consent,
transfer, storage, limiting usage and deletion of data.
Risk assessment developed in consultation with cyber
security specialists is also recommended to undergo
scheduled test and review. For successful implemen-
tation, data-informed outcomes related to human
wellbeing should place equal importance to both
technical and non-technical considerations listed above.
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Figure 4. Summary of Acoustic Quality in CIBSE TM68 Indoor Environmental Quality Monitoring (CIBSE, 2022).
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Figure 5. The decision-making process for selecting a continuous measurement system (CIBSE, 2022).

4. Further reading and opportunities

This article summarizes technical and non-technical
considerations on continuous IEQ monitoring
highlighted in CIBSE TM68. Key units and perfor-
mance metrics, instruments and sensors, sampling
considerations are briefly discussed for the four
principal IEQ aspects. To retain holistic generality,
building professionals are recommended to read the
original TM68 in conjunction with the other relevant

Reference List

technical standards listed therein, as also summarized
in figure 1a and 1b. Future works could be focused
on the application in smart building design and
engineering, such as assessing health implication for
indoor environment in conjunction with building
energy optimization through development of timeless
digital twin platform. Productivity studies could be
conducted through implementing these recommen-
dations. m
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