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Buildings account for a large amount of global CO, emissions, consumption of natural
resources, and deterioration of ecosystem due to the expansion of land use. Under the
pressure of reducing impacts of buildings on the environment, green building rating tools
have been developed to provide frameworks for high-performance building designs and
practices based on the three pillars of sustainability: environment, society, and economy.
Certified green buildings are expected to achieve high performance in energy efficiency,
occupant satisfaction, and have lower operating costs. However, during the occupancy
phase, there are many factors that cause changes in buildings such as technical issues,
users’ behaviors, or social and economic situations. Thus, the real performance of green
buildings is not always as good as it is shown in the design phase. In reality, very few
buildings conduct a post-occupancy evaluation to assess building performance, and
evaluate the effectiveness of changes in buildings, from occupants’ perspective. There-
fore, this thesis conducted a post-occupancy evaluation survey in a certified green build-
ing, Kampusareena in Hervanta Campus, Tampere University, to (1) evaluate the build-
ing’s performance in terms of physical features and indoor environment quality and (2)
occupants’ satisfaction with additional new energy-saving measures, to further improve
the efficiency of building performance. The results showed that the green building’s phys-
ical features had high recognition among users and therefore, connected to the occu-
pants’ experiences in the building. In terms of indoor environment quality, occupants
were more satisfied with the overall comfort and thermal comfort in the green building
than in other campus buildings. However, they felt no differences in the remaining ele-
ments between the green building and other conventional buildings. Lighting and noise
level received many negative responses, especially from the university staff, which may
require improvements in the future. Additionally, the new energy-saving measures ap-
plied in the building, which were the reduction of indoor temperature and water flow rate,
did not have much effect on the occupant’s comfort. These measures also received a lot

of support for their continuation in the future.
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1. INTRODUCTION

Buildings provide shelter for people, facilitate activities and services, and the construc-
tion industry creates jobs for many people. However, despite positive impacts, the con-
struction sector affects hugely on the environment due to the exploitation of nature for
materials, energy consumption throughout the whole life cycle of buildings, and atmos-
pheric pollution from manufacturing and transporting construction materials (Spence and
Mulligan 1995). To minimize these negative impacts, the constant development of inno-
vative building design, culture, and operation is very necessary, otherwise, we will come
closer to the result that the World Resources Report asserted in 1992 “The world is not
now headed toward a sustainable future, but rather toward a variety of potential human
and environment disasters”. In Europe, buildings emit about 36% of all CO2 pollution
and consume 40% of the final energy for heating and cooling purposes (European Union,
2018). Therefore, reducing energy consumption in buildings is critical to meet energy

and CO2 reduction goals.

Among several efforts to lessen the harms of construction activities on the environment,
green building is considered a movement toward sustainable development (Sinha,
Gupta, and Kutnar 2013). Green building practices can help to (1) minimize or eliminate
impacts on the environment by reducing the use of natural resources and non-renewable
energy sources; (2) improve health, well-being, and productivity of users; (3) contribute
to economic development and financial returns; (4) enhance community planning and

development (Robichaud and Anantatmula 2011).

The first idea of the green building was created by the architect Paolo Soleri in 1969,
called “Arcology”. The term is put together from architecture and ecology, which aims to
promote a healthy and comfortable living environment for people and be considerate
towards energy efficiency and ecological impact (Cranz 1971). After that, in 1992, the
theme “green building” was officially introduced at the United Nations Conferences on
Environmental and Development. Nowadays, as green building is a broad concept, com-
panies and institutions define it based on aspects that are considered more important for
them. Many definitions focus on increasing energy efficiency and reducing environmental

impacts, for example, definitions from the US Environmental Protection Agency, Green



Building Canada, or Hong Kong Green Building Council (US Environmental Protection
Agency 2016, Green Building Canada 2021; HKGBC 2023).

Some definitions of green buildings also mention health issues and users’ well-being,
meaning that occupants should feel comfortable, healthy, and satisfied inside the build-
ings. For example, LEED’s definition states that the holistic of green building needs to
begin with the consideration of the natural environment and people who use the building
(USGBC 2014), which shows the importance of human factors in building design. De-
spite various approaches from different green building schemes, green building’ issues
generally belong to 3 widely-known pillars of sustainability that are environment, society,

and economics. (United Nations 2005).

On a building level, green building practices are applied in all phases, from the design,
construction, operation, maintenance, renovation to the demolition of the buildings.
Among those, the operation phase of a building accounts for the longest period of its life
cycle, and therefore, is the most crucial phase in determining the sustainability of a build-
ing. Most of the time, the decision-making on the application of green building practices

belongs to national guidelines and professionals in the building field.

Users’ opinions are also important because green buildings are meant to provide them
with a comfortable environment for their living and activities. Therefore, users’ opinions
could be valuable insights to assess the building’s performance and inspiration for future
improvements of green buildings. However, in reality not many green buildings conduct
post-occupancy evaluation (POE), which can be due to lack of budget, unavailability of
measuring tools, and methods to take the full benefits from it (Eley 2001).

This thesis conducted a POE survey in a certified green building - Kampusareena of
Tampere University, Hervanta Campus. The main purposes were to (1) evaluate green
building performance in terms of the indoor environment, and (2) users’ awareness and
evaluation of newly-applied energy-saving practices. Then, it recommended some pos-
sible improvements to the indoor environment in the buildings and discussed the appli-

cation of POE in building management in general.



2. LITERATURE REVIEW

2.1 Different green building standards

Green building rating tools (GBRTs) are defined as “typically third-party, voluntary, and
market-driven standards that measure buildings’ sustainability level by multi-criteria as-
sessment, and encourage the adoption of environmentally, socially and economically
sustainable practices in design, construction, and operation of buildings (or neighbor-
hoods)” (Marchi, Antonini, and Politi 2021). In short, they are compilations of various

solutions that are designed to reach sustainability targets defined by GBRT’s assessors.

There are many green building rating tools in the global market such as Building Re-
search Establishment Environmental Assessment Method (BREEAM) from the UK
(United Kingdom), Leadership in Energy and Environmental Design (LEED) from the US,
Building Environmental Assessment Method (BEAM) from Hong Kong, Deutsche Gesell-
schaft fir Nachhaltiges Bauen (DGNB) from Germany, Comprehensive Assessment
System for Building Environmental Efficiency (CASBEE) from Japan, and Green Stand-
ard for Energy and Environmental Design (G-SEED) from Korea. This literature review
will introduce the two most popular rating tools in the world LEED and BREEAM to un-
derstand the scope of green building’s rating systems and their evaluation methods. In
particular, energy and indoor environment elements in these two rating tools will be re-
viewed to give an overview of their guidelines to make building more energy-efficient and

user-oriented.

211 LEED

LEED, which stands for Leadership in Energy and Environmental Design, is a rating tool
developed by the US Green Building Council (USGBC). It is the most popular rating tool
in the United States and is also widely known around the world. LEED introduced the
first version in 1998, and since then the LEED rating system has been constantly updated
through many versions LEED v2.0 (2001), LEED v2.1 (2002), LEED v2019 (2009), LEED
v4 (2015), and LEED v4.1 (2019) - the newest version. (USGBC 2023b)

Currently, LEED offers 6 options for different building purposes, which are Building De-
sign and Construction (BD+C) for new construction and major renovations, Interior De-

sign and Construction (ID+C) for complete interior fit-out projects, Residential (BD+C)



for residential projects, Building Operations and Maintenance (O+M) for existing build-
ings, Neighbourhood Development (ND) for new land development projects and rede-
velopment projects, and Cities and Communities. Under each system, there are options
for different building types such as new construction and major renovation, core and shell
development, schools, retail, data centers, warehouses and distribution centers, hospi-
tality, and healthcare. (USGBC 2023a)

Each LEED system includes 8 categories that are Integrative process, Location and
Transport, Sustainable Sites, Water Efficiency, Energy and Atmosphere, Materials and
Resources, Innovation, and Regional Priority. Each category consists of many credits
and each credit is assigned with certain points, which can be gained through achieving
the assigned criteria, as shown in Table 1. To get a LEED certificate, a project needs to
collect enough points from these 8 sections and compare the total points with the LEED’s
ranking: 80 points or over for a Platinum certificate, 60-79 points for a Gold certificate,
50-59 points for a Silver certificate, and 40-49 points to be certified. (LEED 2019)

Category Number of cred- Number of Category
its points weighting

Integrative process 1 1 1%

Location and 8 32 25%
Transport

Sustainable Sites 11 10 8%

Water Efficiency 4 11 9%

Energy and Atmos- 7 838 26%
phere

Materials and Re- 9 13 10%
sources

Indoor environmental 9 16 13%
quality

Innovation 2 6 5%

Regional priority 1 4 3%

Total 52 126 100%

Table 1: Distribution of points in LEED BD+C: New Construction (LEED 2019)

Energy and indoor environment aspects are the important parts of LEED rating tools,
accounting for 26% and 13%, respectively in the total assessment (Table 1). Besides,
LEED also discusses the issues between the project site and surrounding areas. The

summary below shows how LEED mitigates energy and indoor environment issues and



improves the quality of green building sites from an example of LEED BD+C: New Con-
struction. To read the summary of all categories in LEED BD+C: New Construction, they

can be found in Appendix 2: Categories of LEED.

Energy and Emissions
There are 4 prerequisites that buildings should meet before achieving credits, that are

conducting fundamental commissioning and verification, meeting minimum energy per-
formance, installing building-level energy metering, and managing refrigerant. After that,
a project can earn points in 4 credits with the same contents as those prerequisites by
having better performance. LEED also has credits for designing Demand Response Pro-

gram, generating renewable energy on-site, and engaging in qualified energy usage.

Indoor environmental quality
LEED’s indoor environmental quality (IEQ) concerns indoor air quality, acoustic design,

lighting, thermal comfort, and quality views. LEED ensures minimum standards of venti-
lation, prohibits smoking inside buildings, controls the levels of volatile organic com-
pounds (VOC), and manages indoor air quality during the construction and preoccu-
pancy phases of the building. Buildings, especially schools, and offices, should provide
anti-noise solutions to prevent distraction for occupant’s activities, and facilitate more
effective communication. In terms of thermal comfort and lighting, LEED has require-
ments to ensure high quality and provision of temperature and lighting controls in both
individual and all shared multi-occupant spaces. Natural lighting is encouraged to reduce
the use of electrical lighting. Moreover, LEED has one credit for buildings providing qual-

ity views with a good direct line of sight from inside the building.

Sustainable Sites

LEED focuses on creating a balance between the natural and built environment by ap-
plying solutions such as designating an amount of area for green space, developing a
vegetation restoration plan, using natural solutions to manage rainwater, and mitigating
the heat island effect. The night-time environment can be improved by regulating the
maximum lighting rate for luminaries to get better night-time visibility and night sky ac-
cess, and minimize impacts on wildlife. Besides, buildings should better facilitate the
user’s interaction with green spaces and open spaces, especially in hospitals and
schools, where there are needs for respite places and joint access areas. LEED projects
can also gain points by educating occupants about the building’s design, features, and
providing recommendations for everyone to work cooperatively in achieving sustainable

goals.



2.1.2 BREEAM

BREEAM development started at the Building Research Establishment in England in
1988. It was first used to assess new offices in 1990, and until 2015, BREEAM has been
certifying around 535,000 buildings in the UK and in 74 other countries. In Europe, 80%
of certified buildings were assessed by BREEAM. During its development, BREEAM has
continuously expanded its scope such as the launch of EcoHomes, a scheme for homes
in 2000, or BREEAM international versions in 2008. (BRE Group 2016)

BREEAM provides 5 selections for different types of buildings and different locations,
which are BREEAM New Construction for new non-residential buildings in the UK,
BREEAM International New Construction for new buildings anywhere in the world,
BREEAM In-use for existing buildings, BREEAM Communities for the planning of com-
munity areas, and BREEAM Refurbishment & fit-out for renovating external and internal
design. (BRE Group 2022)

BREEAM'’s assessment includes 2 parts conducted separately. The first part concerns
the performance of an asset, and the second part discusses building management of the
asset. In each part, a building will be assessed based on criteria within 8 sustainability
categories: Management, Energy, Transport, Water, Materials, Waste, Land Use & Ecol-
ogy, and Pollution. The definitions of category, credits, and points in BREEAM are slightly
different to LEED. In BREEAM, buildings will earn credits in each issue. The distribution
of them could be seen in Table 3. In other words, BREEAM'’s “issue” mentions the same
thing as LEED’s “credit’”, and BREEAM'’s “credit” and LEED’s “point” are the same.
Based on the final percentage score a building gets, it will be ranked as “Pass” (30-39%),
“Good” (45-54%), “Very Good” (55-69%), “Excellent” (70-84%), or “Outstanding” (over
85%). (BRE Group 2020)

Category Number of is- Number of cred- Category
sues its weighting
Management n/a n/a 0%
Health and Well- 13 47 20%
being

Energy 18 66 25%
Transport 04 22 5%
Water 10 38 11%

Resources 04 23 13%



Resilience 05 18 13%

Land Use and 02 06 4%
Ecology

Pollution 05 18 9%

Total 61 238 100%

Exemplary 12 10%

Table 2: Distribution of points in BREEAM In-Use International v6 for Commercial
buildings — part 1 (BRE Group 2020)

In BREEAM In-Use International v6 for Commercial buildings, energy and emission, IEQ,
and sustainable sites criteria are also discussed, but BREEAM divides the categories in
a different way as LEED does. Therefore, the name of the categories in BREEAM will be
put in brackets next to the name of the subtitles below. In addition, Appendix 3 covers all
categories of BREEAM In-use International v6 for Commercial building part 1 for further

information.

Energy and Emissions (Energy)

BREEAM encourages buildings to use renewable electricity sources and produce solar
electricity on-site. It also aims to reduce the need for energy use in heating, cooling,
ventilation, hot water, lighting, and transport. Besides, applications of energy monitoring
methods are encouraged such as installing sub-meters for end users and separate ten-
ants, self-control of temperature, air humidity, airflow, and assessment of building fabric

performance.

Indoor environment quality (Health and Wellbeing)

BREEAM covers a wide range of issues such as lighting, view out, user’s thermal comfort
control, ventilation, carbon monoxide detectors, carbon dioxide detections, provision of
rest areas, availability of drinking water, and inclusive design. The targets are to provide
occupants safe, comfortable, and recreational spaces and ensure a healthy environment

for the physical and mental health of people.

Sustainable Sites (Landuse and Ecology)
BREEAM gives points to buildings that have some amount of planted area and a diversity
of ecological features. Some guidelines are that buildings can have planters outside,

plant native floral species, and assist local fauna features.



2.2. Disadvantages of Green Building Rating Tools

Although green building rating tools have many benefits in improving building perfor-
mance, there are still many controversies about the actual performance of green build-
ings over conventional buildings. As initial costs of green building projects are generally
higher than conventional buildings, it is commonly expected that the extra investment

could return in higher quality and a shorter payback time (Ugur and Leblebici 2018).

However, it is not usually the case in terms of energy efficiency. Although certified build-
ings have been proven to have less energy consumption than non-certified buildings,
many studies found the opposite results or had no conclusion, (Amiri, Ottelin, and Sorvari
2019, Sinha et al. 2013). For example, in 2008, the New Building Institute studied the
energy usage of 112 LEED buildings under the commission of the US Green Building
Council, and then compared the data with 71 buildings in LEED submittals and over 5000
buildings from the 2003 Commercial Building Energy Consumption Survey (CBECS) da-
tabase (Cathy Turner and Mark Frankel 2008). The results showed that green buildings
used 32% less energy than conventional buildings. It also found that the higher number
of energy credits buildings obtained, the more energy-efficient they were. In 2009, News-
ham, Mancini, and Birt conducted the same study on the same data with different anal-
ysis methods (Newsham, Mancini, and Birt 2009). The results showed that on average,
green buildings saved 18-39% of energy per floor area compared to conventional build-
ings. However, 28-35% of the green buildings in the study had higher levels of energy
usage than conventional buildings. In addition, there was little association between the
number of energy credits obtained or green building certification levels with the actual
energy performance. In general, reasons for the dissensus between studies on this topic
might be due to the variations in buildings’ features such as location, climate, occupants’
characteristics, and the small sample size of the studies (Amiri, Ottelin, and Sorvari
2019).

Another criticism is that indoor environment quality (IEQ) credits are not always designed
to focus on the people, as much as they focus on the building’s technical aspects. How-
ever, characteristics of indoor environments vary significantly depending on many factors
such as demographics, sex, age, socio-cultural habits, the purpose of space, task re-
quirements, and types of organization. Therefore, metrics and criteria of GBRTs made
for standard uses might not be sufficient to cover the intrinsic inter- and intra- variability
of different people (Altomonte et al. 2019). For example, a study of a high-standard office
building in China showed that there was a small proportion of users dissatisfied with the
thermal conditions of the place, at 12% and 20% for summer and winter temperatures,

respectively. The sources of dissatisfaction came from the workstation located near air



outlets of air conditioners, and the building having cooler temperatures in low-occupied
areas. Although workers in the offices were given high controls on overheating, cooling,
and ventilation, the heating control option was not available in the winter (Gou, Lau, and
Chen 2012).

Additionally, although green building rating tools consider all sustainable pillars in their
assessment, environmental factors are still predominant (BRE Group 2016, Awadh
2017). The social aspect is not being given an adequate attention in the weighing scale,
for example, it only accounts for around 19% in BREEAM and under 10% in LEED sys-
tem (Awadh 2017). Therefore, sustainability aspects should be integrated more evenly
in decision-making support for the building’s design and functions, and to ensure the
benefits not only to targeting the environmental issues but also to the economy and peo-
ple occupying them. It is suggested that green building rating tools should set up more
sustainable targets within the building scope depending on the local context and enhance

collaboration with the local community to achieve common objectives.

2.3. Additional energy efficiency measures

Energy saving in buildings is one of the key factors in reducing climate change, over-
coming the energy crisis, and achieving sustainable goals. While green building tools are
intended to reduce energy use in buildings, additional measures may also be employed.
The ongoing energy crisis in Europe has led to a shortage of energy supply in many
countries and a significant increase in energy prices. Under the pressure of saving en-
ergy, more effective solutions are crucial to ensure the energy security of every country

in the long term.

One energy-saving method is to reduce the difference between the setpoint, an indoor
temperature set for a building, and an outdoor temperature to decrease the heating and
cooling loads. It means that we could lower indoor temperature during winters and in-
crease it during summers to save energy. It is found that people can accept and stay
comfortable in a wider range of temperatures than is usually applied in buildings. Factors
such as clothing, metabolic rate, and physiological adaptations also affect people’s tol-
erance to indoor temperature (Arens et al. 2010). On the other hand, a one-degree
change in the setpoint could save 10% of energy expenditure in buildings (Hoyt et al.
2005). Therefore, if the range of indoor temperature could be extended, it will help to

decrease energy expenditure in buildings significantly.
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However, this energy-saving measure should be applied with great consideration as
some groups of people are more vulnerable to heat. It was found that the change in the
indoor temperature could have negative implications for people who are sensitive to cold
temperatures (Rupp et al. 2023). Besides, males and females could have different feel-
ings about the same room temperature. A study on air-conditioned offices in Qatar, India,
and Japan has found that in Doha, females are two times more likely to be dissatisfied
with thermal comfort as they feel colder than men (Indraganti and Humphreys 2021).
Especially, young-age females with high BMI (Body Mass Index), a measurement using
weight and height to indicate how healthy people’s weight is, have lower comfort tem-
peratures than other groups of people. On the other hand, other studies found there was
no difference in thermal perceptions between males and females in a controlled environ-
ment for clothing and some important heat exchange parameters (Rupp et et. 2023). To
reduce the dissatisfaction of temperature-vulnerable users, it is suggested to install per-
sonal controls of room temperature, so that the energy usage for heating and cooling
could be effectively used by various people (Arens et al. 2010; Indraganti and Hum-
phreys 2021). Besides, different groups of users' opinions should be taken into consid-

eration to have specific solutions targeting their expectations.

2.4. Post-Occupancy Evaluation (POE)

The inconsistent results between studies about green building real performance such as
energy efficiency and indoor environment might lead to skepticism about the actual ben-
efits of GBRTs. One of the reasons for the under-performance of green buildings is the
occurrence of unexpected factors during the operational phase that have not been iden-
tified. However, most buildings don’t usually carry out POE, a method that can help to

notice problems in the buildings and causes occupants unsatisfaction.

Post-occupancy evaluation (POE) is “a systematic evaluation of opinion about buildings
in use, from the perspective of the people who use them” (Watson 2003). Based on the
feedback from the building’s users, we can learn about its functions in accordance with
demands and expectations from people and therefore have actions to improve the build-

ing's quality and prepare for future plans.

The duration of POE varies a lot depending on the method selection, scope of the inves-
tigation, and complexity of the approaches. It could take a few days, a few weeks, a few

months, or even more than a year to complete if it aims to get multi-dimensional per-
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spectives by using complicated data collection and data analysis methods. Data collec-
tion in POE can be carried out in many different ways such as observing the building’s
features, walking around the site, measuring physical conditions using instruments,
sending out questionnaire surveys, and organizing focus group meetings (Sanni-Anibire,

Hassanain, and Al-Hammad 2016).

There have been many studies that use POE to evaluate buildings’ IEQ. A study by Gou,
Lau, and Chen (2012) used post-occupancy evaluation based on the Building Use Stud-
ies (BUS) Occupant Survey and Reporting Method, an methodology to rate occupant
satisfaction according to a standard scale built on a large database on similar buildings,
to assess IEQ of a certified office building in China’s IEQ and its association with the
occupants’ working productivity. The study used both subjective evaluations, which are
questionnaire and benchmarking approaches, and objective evaluations, measurements
of air temperature and humidity in the building, to assess occupant comfort and satisfac-
tion. After that, correlation analysis was done to see whether temperature, air, controls,
and perception of health are associated with workers’ productivity. The results summa-
rized the building’s successes and failures and suggested some implications for future
renovations and improvements of green building designs in general. On the other hand,
POE could also be used to compare indoor environment performance between green
buildings and conventional buildings, as in a study by Bonde and Ramirez (2015). The
study collected data through interviews and online questionnaires and then analyze the
differences between the two buildings using Chi-square tests. The study’s result showed

which elements the green building outperformed the conventional one and vice versa.

2.5. Research question

Certified green buildings usually have design and operation practices that help the build-
ing to work more efficiently. However, during the operation phases, changes need to be
made to adapt to many internal factors such as user behaviors, and technical issues,
and external factors such as energy crises, changes in policy for buildings, and pressures
to accomplish local and regional sustainable goals. However, many buildings do not con-
duct a POE after the building is occupied, which is an addition to a holistic view of how
the building actually works and the effects of changes in the building on its users. Nor do
they do POE after significant further changes to reduce energy consumption, such as

the reduction in indoor temperatures and water flow.

Therefore, this thesis aims to conduct a POE survey focusing on indoor environment
quality to understand how the users feel about being inside the green building and their

perceptions about changes made in the green building recently. The survey was sent to
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students and workers of Kampusareena, a green building in Hervanta Campus, Tampere

University to collect their opinions about this building.
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3. METHODS

3.1. Background to Kampusareena

Kampusareena is the newest building in Hervanta Campus, Tampere University. The
building was officially inaugurated in 2015 and is owned by University Properties of Fin-
land Ltd (SYK). With a floor area of 16.000 m2, 60% of the space is rented by Tampere
University, and the remaining 40% is reserved for companies (Tampere University n.d.-
b). It is the first university building in Finland to serve various users from students, and
university staff, to around 100 companies (BRE Group n.d.). The proximity between dif-

ferent users is believed to facilitate innovations and create opportunities for everyone.

The Kampusareena project team had integrated BREEAM rating early in the planning
and construction stage. The building received a “Very Good” certification for BREEAM
New Construction in 2016, which is also a minimum level set by SYK for all of their new
buildings and big renovation projects. After 5 years of operation, it obtained an official
certificate for BREEAM In-Use (BRE Group n.d.-b). In March 2021, the Kampusareena
building was awarded by BRE Group for its excellent performance in promoting sustain-

able development in different phases of buildings (Tampere University 2021).

The unique ecological features of the building are a green roof and a solar energy sys-
tem, which can be easily recognized in Picture 1. The green roof of 1800 m? gives a
pleasing visual attraction to the campus and creates an open space for social interaction
and outdoor activities. It is not only reserved for university students but also attracts kids
from nearby elementary schools to come and play. The green roof of Kampusareena is
the most biodiverse rooftop in Finland, which is a home for many plants growing here
such as Alchemilla Mollis, Waldsteinia Ternata, and Bergenia cordifolia (Tampere Uni-
versity n.d.-b). The solar energy system of Kampusareena consists of 560 solar panels
installed on the South and West sides of the building. These panels can generate around
80 MWh of electricity each year and also bring shades to the windows below them (BRE
Group n.d.-b).
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Picture 1: An image of Kampusareena in Hervanta Campus

Besides, Kampusareena is equipped with other green building features with different

purposes to help improve the building performance in terms of energy consumption and

occupancy satisfaction, as shown in Table 1 below. The list of the green building’s fea-

tures was obtained from the user guide for the Kampusareena building by SYK (Univer-

sity Properties of Finland 2015).

Kampusareena’s green features

Aims of the building features

Solar panels

Reduce carbon emissions and diminish
the dependence on grid supplied electric-
ity by generating renewable energy on-
site.

Green roof

Support biodiversity and improve health
and well-being of occupants by provision
of access to natural environment.

Sun louvres

Reduce the heat radiation from entering
the site to save energy for cooling in sum-
mers.
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Waterless urinals Decrease the water usage by using wa-
ter-efficient products

Dual-flush toilets Decrease the water usage by using wa-
ter-efficient products

Electronic taps Preserve water through low water flow

rate and the system also prevents water
leakage. Touch-free taps avoid cross-
contamination between users.

Individual controls of room tempera- Save energy through reducing unneces-
ture sary heating and cooling but also ensure
occupants’ thermal comfort.
Venetian blinds Control glare from sunlight for regular as-
set users.
Automatic adjustment lights Save energy use for lighting by flexibly ad-

justing the lights’ brightness and opera-
tion time of lights depending on level of
sunlight and users’ presence.

Table 1: Some green building features available in Kampusareena (University Proper-
ties of Finland 2015)

In the winter of 2022, Finland encountered one of the biggest energy crises due to the
halt of natural gas imported from Russia since May 2022. The situation had led to a lack
of energy supply in the country and elevated electricity prices. To save energy in the
winter, Tampere Universities had applied some measures such as decreasing the default
room temperature by one degree, adjusting the duration and power of air conditioning,
minimizing the use of cooling devices in the winter, modifying the ventilation of fume

cupboards, and reducing lighting in general (Tampere University 2022).

In general, Kampusareena could have high performance in many aspects, proven by the
award in sustainable development it received from BRE Group. The building also man-
aged to overcome the peak of the energy crisis in Finland in the winter of 2022-2023 by
using various measures to cut down on energy consumption. However, there is a lack of
information on the satisfaction of the building users, especially on the IEQ compared to
other campus buildings, and their perception towards the recent changes applied in the

recent winter.

3.2. Post-Occupancy Survey

To understand how occupants felt about Kampusareena, a survey was developed to
evaluate occupant satisfaction with the IEQ and the saving-energy measures and assess
their willingness to keep these changes in the long term. Their opinions could be used to
evaluate the possibilities for future changes to further increase the building’s resilience

and adaptation to climate change and extreme circumstances like energy crises.
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3.2.1. Survey Questions

The survey included 14 closed-ended questions, falling into 4 sections: (1) basic infor-
mation, (2) understanding of green buildings and GBRTSs, (3) the usage of building’ fea-
tures and evaluation of Kampusareena’s IEQ, and (4) awareness of energy-saving
measures and support for future changes. The complete questionnaire could be found

in Appendix 1.

In section 1, respondents’ characteristics such as gender, job title, and how frequently
they visit Kampusareena. The information on respondents’ gender and job title will be
later used to compare the research questions between different groups, i.e., between
males and females, students and staff. The question on the number of visits to the build-
ing was used to ensure that the survey was answered by the current users of Kampusa-
reena. Therefore, the data from respondents who haven't visited Kampusareena will not

be used for the data analysis.

Section 2 asked the respondents about their awareness and understanding of some
main concepts of the thesis’s topic such as green buildings, GBRTSs, and green building
certification of Kampusareena. This section gives an overview of the occupant’s back-

ground knowledge and their recognition of Kampusareena as a certified green building.

Section 3 contained questions on the building’s physical features and its IEQ. The re-
spondents were asked to select from the list of building features that they could recognize
in the building. The results will give an idea of the level of popularity of each building’s
feature. To assess IEQ, the Likert scale was used to ask questions on 8 elements: overall
comfort, thermal comfort in summer and winter, air quality in summer and winter, lighting
for general use, lighting for studying and working, and noise level. The respondents will
rate each IEQ element of the green building Kampusareena compared to other campus
buildings on a 5-point scale: Much worse — Somewhat worse — Similar - Somewhat better
— Much better. The results will be also compared between respondent groups to identify

any different effects of IEQ elements on different building users.

In the last section, opinions on two saving-energy solutions that are reducing the indoor
temperature by one degree and water flow were collected in terms of whether they no-
ticed the changes, how they felt about these changes, and whether these changes
should be kept in the future. By understanding how occupants feel about the effects of
changes on the building and on themselves, further improvements in energy saving could
be considered to make the green building become more environmentally friendly and

user-friendly.

The questionnaire didn’t include any personal or personally identifying questions.
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3.2.2. Survey Delivery

The online questionnaire form was created using Microsoft Forms and targeted students
and workers who are frequent users of Kampusareena. To reach the potential respond-
ents, a call for survey participants was posted on the university intranet newsletter on
11.04.2023, available in both English and Finnish. The news was delivered to students
and personnel in the Faculty of Built Environment, Faculty of Information Technology
and Communication Sciences, and Faculty of Engineering and Natural Sciences. In ad-
dition, the questionnaire was also sent to groups of students using social media. The
data collection started on 11.04.2023 and ended on 15.04.2023.

The survey was completely anonymous, and no personal data was collected. It received

a low threshold ethics and data protection approval from the university to be launched.

3.2.3. Survey analysis

The data was exported to Excel from Microsoft Forms and analyzed using descriptive
statistics including tables, and charts. The data from sections 1 and 2 of the question-
naires were presented in 2 tables containing the number of responses and the percent-
age of each selection in the questions. Section 3’s data on the building’s physical fea-
tures and IEQ was presented in 6 bar charts: a normal bar chart, a segmented bar chart,
and 4 clustered and segmented bar charts. The first bar chart shows the number of oc-
cupants aware of each green building’s physical features. A segmented bar chart illus-
trates the occupant’s satisfaction with the building’s IEQ, and the last four clustered seg-
mented bar charts compared the satisfaction of IEQ between male and female respond-
ents, and between students and staff. The segmented bar chart and clustered seg-
mented bar charts show the ratings on IEQ elements on the scale Much worse- Some-
what worse- Similar- Somewhat better- Much better in terms of percentage, and in dif-
ferent colors, ranging from dark red— red- white- blue- dark blue, respectively. Lastly, the
feedback from occupants about the new energy-saving measures was demonstrated us-

ing pie charts showing the percentage of each response in questions.

The data analysis excluded the answers from respondents who have never visited Kam-
pusareena to ensure that the feedback was given from truly personal experiences being

in the building of Kampusareena.
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4.1. Respondent Characteristics

18

At the end of the data collection time, the survey received 59 responses in total. In 59

responses, there were 6 participants who reported that they had never been to Kam-

pusareena, therefore, their answers were not included in the analysis. Table 3 gives an

overview of some characteristics of 53 respondents. Most of the participants were stu-

dents taking bachelor's degrees (70%) or master’s degrees (15%), and a small propor-

tion of respondents were doctoral students and university staff. Two respondents carried

out two positions, both students and staff. The majority of respondents were male (57%),

compared to female (43%). Among those who reported visiting Kampusareena, 60%

visited this place 1-2 times a week, and 38% visited it 3-6 times a week.

Parameters

Job Title

(*Note: some re-
spondents have more
than 1 job title)

Gender

Visit frequency of

Kampusareena

Description

Bachelor’s stu-
dent
Bachelor’s student;
University staff
Master’s student
Doctoral student;
University staff

Doctoral student

University staff

An employee of a
company

Other

Male

Female

Other

1-2 times

3-6 times

7 times or more

Number of re-

sponses
37

0
30
23
0
32
20
1

Percentage

70%

2%

15%
2%

4%

8%
0%

0%
57%
43%
0%
60%
38%
2%

Table 3: The summary of respondents’ characteristics
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Table 4 shows the general awareness of green buildings and green building rating tools
amongst respondents. In general, the awareness of green buildings was very high
among the respondents (over 80%). For those who hadn’t heard about the concept of
green building before, they could still interpret it in the same way as it was defined in this
thesis. This is apparent, as most of them (80%) defined green buildings as “buildings
with electricity-saving, water-saving, and thermal-saving techniques”, and some associ-
ated green buildings with green plants indoors. In contrast with the popularity of green
buildings, most people didn’t know about green building rating tools (68%) and Kam-

pusareena as a certified green building (75%).

Parameters Description Number of re- Percentage
sponses
Familiarity  with Not familiar at all 9 17%
green buildings Slightly familiar 28 53%
Somewhat familiar 10 19%
Very familiar 6 1%
Awareness of Yes 13 25%
green building rating No 36 68%
tools Maybe 4 8%
Awareness of Yes 12 23%
BREEAM certification No 40 75%
of the Kampusareena Maybe 1 2%

Table 4: Respondents’ familiarity with the main concepts of the thesis
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4.2. Occupant satisfaction with the building

4.2.1. Satisfaction with physical features
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Figure 1: Number of occupants aware of green building’s physical features

In terms of green buildings’ physical features, over 50% of people recognized the avail-
ability of solar panels, green roofs, and electronic taps. More than 25% of respondents
recognized sun louvers, waterless urinals, dual-flush toilets, room temperature self-ad-
justment, and automatic-adjustment lights. Only 5 people (less than 10%) were aware of

the Venetian blinds in the building.

4.2.2. Satisfaction with IEQ elements

According to Figure 2, most respondents perceived that the two elements, overall com-
fort, and lighting for studying and working in the green building, in Kampusareena, were
better than in other campus buildings. Especially, many people (nearly 60%) responded
that green building was more comfortable in general. The other indoor environmental
factors in Kampusareena were rated as similar to other buildings by the majority of re-
spondents, however, they also received high percentages of over 30% for the rating
“somewhat better”. Noise level and lighting for studying and working had a higher number
of negative comments overall, at 15% and 11%, respectively. In all 8 elements, the noise
level is the only one that received responses in the lowest ranking “Much worse”, alt-

hough its proportion is not significant, at around 4%.
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Noise level

Lighting for studying and working

Lighting for general use

Air quality during winter

Air quality during summer

Thermal comfort during summer

Thermal comfort during summer

Overall comfort

0% 20% 40% 60% 80% 100%

| B Much worse Somewhat worse Similar Somewhat better M Much better |

Figure 2: Occupant’s satisfaction towards 8 IEQ elements in Kampusareena

Figures 3 and 4 show that there are no maijor differences in the level of satisfaction be-
tween males and females in terms of overall comfort and thermal comfort. Men were
slightly more satisfied than women with lighting and air quality in both seasons. On the
other hand, women were more satisfied with the noise level, with 60% of women thinking
that the noise level in the green building was better than in other buildings, compared to
40% of men. Women felt more comfortable than men with lighting for studying and work-

ing, 17% of women compared with 7% of men.

100%
oo B ™ ] I [] I - N
80%
70%
60%
50%
40%
30%
20%

10%
0% | | | |

Female Male Female Male Female Male Female Male

Overall comfort = Thermal comfort during = Thermal comfort during Air quality during summer
summer winter

B Much worse M Somewhat worse Similar Somewhat better B Much better

Figure 3: Occupant’s satisfaction in terms of gender towards 4 elements overall

comfort, thermal comfort during summer, and air quality during summer
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Figure 4: Occupant’s satisfaction in terms of gender towards 4 elements air quality dur-

ing winter, lighting for general use, lighting for studying and working, and noise level.

According to Figures 5 and 6, occupants’ satisfaction with overall comfort and thermal
comfort between students and staff were not pronounced. Staff were more satisfied than
students in terms of air quality in both seasons, whereas students were much more sat-
isfied than staff in terms of lighting and noise elements. Especially, the dissatisfaction
rate with the noise level of staff is much higher than students. 14% of staff selected the
“Much worse” option compared to 2% of students, and the percentage of rating “Some-

what worse” was also higher among staff.
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Overall comfort = Thermal comfort during | Thermal comfort during  Air quality during summer

summer winter
B Much worse  ® Somewhat worse Similar Somewhat better B Much better

Figure 5: Occupant’s satisfaction in terms of job title towards 4 elements overall com-

fort, thermal comfort during summer, and air quality during summer
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Figure 6: Occupant’s satisfaction in terms of gender towards 4 elements air quality dur-

ing winter, lighting for general use, lighting for studying and working, and noise level.

4.2.3 Occupant satisfaction with the new energy efficiency
measures

Section 4 of the survey assessed the effect of new energy measures on the building’s
users. Participants were asked about their feelings about the current building conditions,
l.e., the building’s indoor temperature and water flow speed, their awareness of the
changes made in the building this year compared to the previous year, and their willing-

ness to keep the saving-energy measures in the long-term.

HOW RESPONDENTS FELT ABOUT THE TEMPERATURE THE PERCENTAGE OF RESPONDENTS NOTICED THE THE PERCENTAGE OF RESPONDENTS WANTED TO KEEP
THIS YEAR COMPARED TO LAST YEAR CHANGE IN TEMPERATURE THE TEMPERATURE MEASURE
W Hotter M Colder M Similar I don't know MYes ENo WMaybe mYes mNo

7% ’

Figure 7: Occupant’s perception of the building’s temperature and the change in tem-

perature

In terms of temperature, Figure 7 showed that only 11% of respondents (6 people) felt
the building was colder in the building compared to last year, whereas the others said
that it was either similar (34%), or they didn’t pay attention to it (54%). Over 80% of
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respondents didn’t know or noticed that the building’s temperature has decreased by one

Celsius. 94% of people agreed that the down-a-degree measure should be kept long-

term.
HOW RESPONDENTS FELT ABOUT THE WATER THE PERCENTAGE OF RESPONDENTS NOTICED THE THE PERCENTAGE OF RESPONDENTS NOTICED THE
FLOW THIS YEAR COMPARED TO LAST YEAR CHANGE IN TEMPERATURE CHANGE IN TEMPERATURE
Mrfaster MSlower WSimilar M 1don't know HYes WNo WMaybe EYes WNo MMaybe

% 6%

17%

Figure 8: Occupant’s perception of the building’s temperature and the change in tem-

perature

In terms of water flow, 75% of people didn’t know or notice whether there were any dif-
ferences in the water flow this year compared to last year. Very few respondents ex-
pressed the water flow was either faster or slower. 96% of respondents weren’t aware
that the water has been slowed down, and almost everyone (98%) agreed to continue

this measure in the future. (Figure 8)
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5. DISCUSSION

Based on the collected data, the conclusions were made on the awareness of green
buildings and green building rating tools among occupants, the performance of green
buildings in terms of the indoor environment and the usage of green features, and opin-

ions about energy-saving practices.

It was found that most people have heard about the green building concept. But even if
they have not heard about the concept before, their interpretations of the concept are
similar to those who are familiar with it, which refer to the energy, material, or land-saving
energy features of green buildings. In contrast to the popularity of the green building
concept, people have low awareness of the green building rating tool and the green
building certification from BREEAM of Kampusareena. It could be explained by the lack
of advertisement for this certification. It is only known from the metal certification of
BREEAM next to one of Kampusareena’s entrances and the information on the univer-

sity’s website.

In terms of physical features, all building features mentioned in the questionnaire have
been noticed by the building users. Unique features of Kampusareena such as solar
panels and solar panels are widely-known among users. The other features are recog-
nized by more than one-fourth of the respondents, except for Venetian blinds which are
rarely used by users. Venetian blinds are installed for windows in working premises and
outer windows of working and studying facilities. Therefore, if people don’t usually work

or study in this building, they may not be aware of it.

The majority of respondents feel that the indoor environment of the green building is
more comfortable than other campus buildings in terms of overall comfort and lighting
for studying and working. Most people felt no difference between these buildings in terms
of thermal comfort, air quality, or noise level. Lighting and noise level generally received

more negative responses than other elements

The effect of the building’s IEQ on occupant satisfaction was also examined by compar-
ing data between two genders, male and female, and between two job titles, students
and university staff. The result is that no major differences were found between male and
female users. Males’ satisfaction with air quality and lighting was slightly higher than
females, whereas females’ satisfaction with noise level was slightly higher than males.

The comparisons between students' and staff’s satisfaction showed that students were
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more satisfied in terms of lighting and noise level, whereas staff was more satisfied with

the air quality in the building.

It was found that most respondents did not know about the recent changes to cut down
on energy and water consumption in Kampusareena and could not tell the differences
caused by the adjustments. It means that the recent energy-saving methods did not have
much effect on the users’ comfort or their experience being in the building. Even those
who knew and felt the changes, all of them supported keeping these methods for a long-

term period.

5.1. Implications for Building Management

As there were more negative responses to the lighting adequacy and noise level of the
Kampusareena than other indoor environment elements, lighting and noise levels should
be re-examined to ensure a good environment for general uses and studying or working,
especially where the university staff works as a high percentage of negative feedback in
noise level were from this group of respondents. The inadequacy of lighting and noise
level issues do not only decrease the occupants’ satisfaction but may also affect their
productivity in studying and working. Therefore, lighting and noise quality in the building

require some investigations and consideration for future improvements.

In terms of lighting, lighting adequacy in the studying and working corners can be im-
proved by providing personal lamps or lighting controls so that occupants to adjust the
level of lighting in necessary cases. Regular occupants can use personal lamps when
they feel that their working stations are not bright enough. In addition, Kampusareena
could further save energy for lighting by getting enough amount of sunlight through the
use of solar control glass for windows. Solar control glass contains a special coating
which allows it to block excessive sunlight and filters some lights out, which helps to
prevent glare. As a result, the building would get a good level of lighting from sunlight
but does not create more burdens on the cooling system. Solar control glass also solves
the disadvantage of venetian blinds and sun louvres that they are not very flexible in
controlling the level of sunlight entering the premises, therefore, not as optimal in saving

energy.

In terms of noise level, the canteen in Kampusareena may be the biggest source of
noise, especially during lunchtime as it serves a lot of people at the same time. The noise
affects people studying in nearby areas. Sometimes it can be heard from the floors be-
low, because there is an open space between the floors, as shown in Pictures 2 and 3.

Therefore, the application of sound-absorbing materials should be considered to reduce
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the ambiance of noise in the canteen due to the reflection of sounds on hard surfaces.
Some suggested measures would be using wall linings and suspended acoustic baffles

on the ceiling around the canteen to lessen the noise impact to surrounding areas.

The saving-energy measures such as decreasing the indoor temperature by one degree
and reducing the water flow did not seem to affect greatly on occupants’ experiences as
most respondents of the survey did not notice the differences between these factors this
year compared to last year. In addition, the support to keep these two measures was
extremely high among respondents. Therefore, the building could consider maintaining
these conditions in the future. Besides, more research is needed to investigate the po-
tential of further expanding the scope of indoor temperature and reducing the water flow

in the use of different activities.

In a general context of building management, POE should be carried out more often
during the operational phase of the building to help building managers understand the
needs and feelings of occupants toward the building’s design or services. POE helps to
“humanize” the evaluation process of building performance by providing different forms
of data such as narratives, subjective ratings, observations, in addition to physical meas-
urements and technical statistics. The insights from occupants in the building might lead
to new inspirations and unconventional ways of doing things. Besides, the increase in
people’s involvement in building assessment could help to shift the focus of green build-
ing closer to the social pillar of sustainability, which means to increase benefits to users
and users’ experience. To achieve user engagement, green building rating tools can
provide a credit to encourage the establishment of effective communication channels
between building managers and building users, such as through organizing annual meet-

ings, social media, or newsletters.
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Picture 2: Main way leading to the can- Picture 3: The open space between three
teen in Kampusareena floors in Kampusareena, looking from the

main way in Picture 1

5.2. Strengths and Limitations of study

The novelty of this study is the use of POE to understand occupants’ opinions on
changes made in the building and evaluate their willingness to keep these changes in
the future.

For a long time, building management has been only the work of building experts and
there has been little involvement of building users in the decision-making process. How-
ever, the building users are the ones who understand the most how it feels like being
inside the buildings, and therefore, their opinions should become a source for improve-
ments in the building’s services and design. POE is one way to allow occupants to speak
out their concerns and give feedback on building matters, as these concerns also affect
greatly the quality of their experiences and activities carried out inside the building. Thus,
the effective use of POE can help to foster mutual understanding between the building’s

manager and occupants.

In the future, many changes will be made in the building, not only to solve technical
issues and recent demands but also to help achieve bigger goals for the community
targeting sustainable development. As we are facing various challenges from climate
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change, innovations in the building sector are remarkably important to reduce our im-
pacts on the environment but still meet the requirements concerning the life quality of
people. Therefore, in a building context, users can actively support the changes that help
to work on these common goals in the scope of what buildings can do but do not neces-

sarily compensate for their comfort and well-being.

A limitation of the study is that the small sample size of 56 responses in total was small
compared to the entire population, which includes 8000 bachelor’s, master’s, and doc-
toral students, and 2000 professionals studying and working in Hervanta Campus (Tam-
pere University n.d.-a). Besides, the survey did not get any responses from employees
of companies that have offices in Kampusareena, whose insights of their workers would
be beneficial for the evaluation of the building as Kampusareena is a working space of
more than 100 companies. Therefore, the results of the survey might not well represent

the opinions of all users of Kampusareena.

Besides, the thesis didn’t perform any statistical tests, which prevents the generalization
of the results on the entire population. The descriptive statistics presented in the thesis
only demonstrated the opinions of the survey’s respondents. Moreover, the application
of POE in this study concerned limited aspects of the building through the use of ques-
tionnaires. In the future, there could be more POE assessments in the building using
different types of data to give a better overview of the building’s performance, for exam-

ple in terms of energy efficiency, or technical aspects of green building features.
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6. CONCLUSION

Green building is a solution for sustainable development of buildings, in which innova-
tions and continuous improvements in the building’s culture are crucial to tackling climate
change and related environmental issues. Understanding the performance of the build-
ing and the success of new solutions are the keys to exploring the potential for future
improvements. However, these processes are undertaken mainly by building experts
and haven’t taken advantage of occupants’ opinions. Therefore, this thesis conducted a
POE to assess the occupant’s satisfaction with the physical features and indoor environ-
ment elements of the green building Kampusareena, and their perceptions of two newly
introduced energy-saving measures, reduction of the building’s temperature by one de-
gree and decrease in the speed of water flow. It was found that occupants were aware
of all green building features, showing that innovative green building practices did have
a connection with users’ experience in the building. In terms of IEQ, occupants had high
evaluations on overall comfort and lighting for studying and working and had neutral
feelings about the other indoor environment elements. When comparing the feedback on
IEQ between male and female respondents, no differences in satisfaction were found.
However, the comparison between students' and staff's responses showed that staff
were much more dissatisfied with the lighting and noise level in the building. Most of the
respondents did not recognize the changes in temperature and water flow in the building,
and the support for future use of these changes was extremely high. To improve the
lighting in Kampusareena, some suggestions would be providing personal lamps for reg-
ular occupants, and better access to self-control of lighting. In addition, the application
of solar control class for windows could help the building to receive an optimal amount
of sunlight, reduce glare, and save energy for lighting. Besides, sound-absorbing solu-
tions such as wall linings and suspended acoustic baffles in the ceilings could be installed
in the area of the building’s canteen to decrease the level of noise, especially during
lunchtime. Moreover, POE should be a part of building management to have multiple
perspectives about the building’s performance and engage users in innovating the build-
ing’s practices. Green building rating tools could also encourage the formation of effec-
tive communication channels between building experts and users to facilitate the user’s

engagement in a building.
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APPENDIX 1: SURVEY QUESTIONNAIRE

Section 1: Your basic information (Choose one)
1. Which of the following best describes you?

a. Bachelor’s student
b. Master's student
c. Doctoral’s student
d. University staff
e. Employee of a company outside university
f. Other

2. What is your gender?
a. Male
b. Female
c. Other
3. How often do you visit Kampusareena in a typical week? (Choose one)
a. Never
b. 1-2times
c. 3-5times
d. 5-7 times
e. 7 times or more

Section 2: Uderstanding about green buildings and green building rating tools

4. Are you familiar with green buildings? (Choose one)
a. Not familiar at all
b. Slightly familiar
c. Somewhat familiar
d. Very familiar

5. What do you think are green buildings? (Choose one or many)
a. Buildings in green color
b. Buildings with lots of green plants indoor
c. Buildings with lots of green plants outdoor
d. Buildings which are more healthy and comfortable
e. Buildings with electricity—saving, energy—saving, water-saving, and ther-

mal-saving techniques

f. Buildings that are land-saving and material saving
g. Other

6. Have you heard about green building rating tools? (Choose one)
a. Yes
b. No
c. Maybe

7. Do you know that Kampusareena was certified by BREEAM (a green building
rating tool)?

a. Yes
b. No
c. Maybe

Section 3: Satisfaction on Kampusareena’s performance
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8. Which of the following green building features of the building were you aware
of? (Choose one or many)

Solar panels

Green roof

Sun louvres

Waterless urinals

Dual-flush toilets

Electronic taps

Room temperature self-adjustment (+/- 1.5 degree)

Venetian blinds

i. Automatic adjustment lights

9. How does Kampusareena feel to you, compared to other campus buildings you
know? (Likert scale)

Overall comfort

Temperature during summer

Temperature during winter

Air quality during summer

Air quality during winter

Lighting for general use

Lighting for studying and working

Noise level

e

Se ™m0 a0 o

Section 4: Perception on new energy-saving measures in the building

10. Did you notice that this year the temperature in Kampusareena decreased by
one degree compared to last year?

a. Yes

b. No

c. Maybe

11. How do you feel about the building’s temperature this year compared to last
year?

a. Colder

b. Similar

c. Hotter

d. ldon’t know/ | don’t pay attention to it
12. Do you notice that the water flow in the lavatories has been slowed down this

year?

a. Yes

b. No

c. Maybe

13. How do you feel about the water flow speed this year compared to last year?

a. Faster

b. Similar

c. Slower

d. |don’'t know/ | don’t pay attention to it
14. Do you think these energy-saving methods could be kept long-term?
a. Both of them should be kept
b. Only reducing water flow should be kept
c. Only reducing building temperature should be kept
d. None should be kept
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APPENDIX 2: CATEGORIES OF LEED

To understand more about LEED’s criteria, a LEED rating system for new building LEED

BD+C: New Construction will be summarized below.

LEED BD+C: New Construction (LEED 2019)

e Integrative process
LEED aims to bring people with different roles, from professionals to building owners,

together from the early stage of the project to achieve the highest performance in energy

and water strategy development from multi-disciplinary perspectives.

e Location and Transportation
LEED reduces negative consequences from land use by encouraging building develop-

ment in certain areas such as areas with existing infrastructure, or areas with develop-
ment constraints, historic districts, or brownfield areas. The objective is to rebuild previ-
ously-developed land to protect wildlife habitat, farmland, and sensitive lands like prime
farmland, floodplains, and water bodies.

In terms of transportation, LEED focuses on increasing transport efficiency and promot-
ing environmental-friendly transport, expected to reduce the environmental impacts and
improve building users’ health through physical activities. Building location is selected to
provide good access to necessary facilities and public transport. The number of possible
access points, distances from the building’ entries, and frequencies of public transport in
the area are taken into account. Cycling is encouraged by regulating the building’s bicy-
cle storage capacity, designing bicycle network connection to other facilities and
transport modes, and the provision of on-site shower rooms. Parking facilities shouldn’t
be built more than the maximum capacity provided by LEED and it is beneficial to reserve

preferred parking for alternative vehicles to conventionally fueled automobiles.

e Sustainable Sites
LEED focuses on creating a balance between natural and built environment by desig-

nating an amount of area for green space, developing a vegetation restoration plan, us-
ing natural solutions to manage rainwater, and mitigating the heat island effect. The
night-time environment is also considered by regulating the maximum lighting rate for
luminaries to improve night-time visibility and night sky access and minimize impacts on
wildlife. Besides, buildings should better facilitate the user’s interaction with green

spaces and open spaces, especially in hospitals and schools, where there is a need for
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respite places and joint access areas. LEED projects can also gain points by educating
occupants about the building’s design, features, and recommendations to work cooper-

atively in achieving sustainable goals.

o Water Efficiency
All buildings need to meet 4 prerequisites that concern outdoor water use reduction, in-

door water use reduction, cooling tower water use, and water metering installation. There
are also 4 credits similar to these prerequisites which require higher performance from
buildings. In terms of saving water, LEED focuses on reducing irrigation water and using

water-saving appliances, such as ENERGY STAR-certified products.

e Energy and Atmosphere
There are 4 prerequisites that buildings should meet before achieving credits, that are

conducting fundamental commissioning and verification, meeting minimum energy per-
formance, installing building-level energy metering, and fundamentally managing refrig-
erant. After that, a project can earn points in 4 credits with the same content as those
prerequisites by having better performance. LEED also has credits for designing De-
mand Response Program, generating renewable energy on-site, and engaging in quali-

fied energy usage.

e Materials and Resources
In this section, LEED v4 aims to reduce construction and demolition waste. Some of

LEED’s solutions are developing a waste management plan, applying the life-cycle as-
sessment method, and selecting a design for easy future adaptation. A building’s life-
cycle concept is used to encourage to reuse some parts of existing buildings, and choose
products, materials, raw materials knowing their life-cycle, source of extraction, and from
a manufacturer that commits to reducing environmental and social impacts.

Particularly, healthcare buildings are suggested to reduce the level of persistent, bioac-
cumulative, and toxic (PBTs) chemicals such as mercury, lead, cadmium, and copper in
building appliances. Freestanding and medical furniture should be checked to ensure

minimal chemical content or have any environmental product declarations.

¢ Indoor environmental quality
LEED’s indoor environmental quality concerns indoor air quality, acoustic design, light-

ing, thermal comfort, and quality views. LEED ensures minimum standards of ventilation,
prohibits smoking inside buildings, controls the levels of volatile organic compounds

(VOC), and manage indoor air quality during the construction and preoccupancy phases
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of the building. Buildings, especially schools, and offices, should provide anti-noise so-
lutions to prevent distraction for occupant’s activities and cause ineffective communica-
tion. In terms of thermal comfort and lighting, LEED has requirements to ensure high
quality and provision of thermal and lighting controls in both individual and all shared
multi-occupant spaces. Natural lighting is encouraged to reduce the use of electrical
lighting. Moreover, it has one credit for providing quality views with a good direct line of

sight from inside the building.

¢ Innovation
This section gives points to projects achieving exceptional or innovative performance,

which can be evaluated by the significant environmental improvements using a solution
outside the LEED system, achieving credits from USGBC’s LEED Pilot Credit Library, or
having exemplary performance in certain LEED v4’s prerequisite or credits. One point is

also given to project teams that have LEED Accredited Professionals.

e Regional Priority
LEED promotes efforts of projects in addressing regional problems, for example in the

environment, social equity, and public health.
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APPENDIX 3: CATEGORIES OF BREEAM

e Health and Wellbeing
BREEAM covers a wide range of issues such as lighting, view out, user’s thermal comfort control,

ventilation, carbon monoxide detectors, carbon dioxide detections, provision of rest areas, avail-
ability of drinking water, and inclusive design. The targets are to provide occupant safe, comfort-
able, and recreational spaces and ensure a healthy environment for the physical and mental

health of people.

e Energy
BREEAM encourages building to use renewable electricity sources, or produce solar electricity

on-site. It also aims to reduce the need for energy in heating, cooling, ventilation, hot water, light-
ing, and transport. Besides, energy monitoring methods are encouraged such as installing sub-
meters for end uses and separate tenants, self-control of temperature, air humidity, airflow, and

assessment of building fabric performance.

e Transport
BREEAM's transport credits are focusing on promoting the use of alternative transport, acces-

sibility to public transport services and nearby amenities, and ensuring the safety of the outdoor
space from service delivery activities. In terms of sustainable transport solutions, BREEAM is
similar to LEED such as the number of cycle storage spaces, compliant cycle facilities, number
of lockers and showers, public bicycle sharing systems, and electric recharging stations, and one

new thing is the implementation of a public bicycle sharing system.

e Water
To increase the efficiency of water usage, BREEAM focuses on reducing water use from com-

mon sources and preventing the water that is not used. Firstly, to save water from necessary
activities, BREEAM encourages installing water meters to better monitor water consumption and
using water-efficient appliances such as dual flush toilets, waterless urinals, hand washing basin
taps, showers, and white goods. Secondly, some measures to prevent water wastage are the
installation of leak detection systems, flow control devices, and isolation valves for water fixtures
and equipment. The idea is to reduce unnecessary consumption due to low demand, defects, or

maintenance.

e Resources
The section emphasizes the importance of reducing the use of new materials, and items, and

increasing reusing and recycling in a project by understanding the current state of a building and
resources through condition survey and resources inventory after 5 years of operation. Besides,

buildings should provide suitable operational waste management facilities to separate and store
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reused or recycled materials. In the design phase, the possibility of future changes in use and

functionality should be considered in the building’s design to make it flexible for such changes.

¢ Resilience
The resilience of a project could be improved using a proactive management strategy, in which

response for risks and hazards to the building and its occupants will be planned in advance based
on risk assessments to ensure a fast recovery. Some risks covered in BREEAM'’s credits are
flooding, surface water runoff, natural hazards, exposed elements of buildings to pedestrian traf-

fic, internal vehicular movement, external vehicular collision, fire, and intruders.

e Land Use and Ecology
In this category, buildings can earn points by the percentage of planted area and the diversity of

ecological features in this area such as having planters outside, native floral species, and assist-

ing local fauna features.

e Pollution
BREEAM covers water and air pollution from an asset in this section. To prevent water pollution,

buildings should be aware of contaminated surface run-off, grease from the kitchen, and leakage
of hazardous chemicals by equipping light-liquid separators within drainage systems, grease sep-
arators, and proper hazardous chemical storage, respectively. In terms of air pollution, the rating
tool focuses on reducing the emission of nitrogen oxides, particulate matter, or volatile organic

compounds from heating and hot water systems and refrigerants from refrigerant equipment.



