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Abstract

Climatic change has compelled constructors, workers and governments to look
for new and innovative technologies to reduce the impact of human activities
on Earth. Residential green buildings can offer an alternative to conventional
green buildings. These buildings reduce the effect of the building industry on
the environment by adopting features and measures that reduce GHGs as well
as heat emissions. The current study is focused on evaluating the role of such
residential buildings in increasing awareness regarding sustainability in the
UK. This study adopted a survey-based approach that targeted the occupants
of residential green buildings in the UK to achieve its objectives. This study
determined the impact of green design features and sustainable building prac-
tices on occupants’ awareness regarding sustainability. Encouragement to
adopt an eco-friendly lifestyle was the most important impact. In terms of the
perception of occupants about benefits and drawbacks, lower maintenance cost
was the most prominent benefit while increased construction cost was the most
important drawback. The current awareness status of occupants was also de-
termined. Occupants were most well aware of energy-efficient lighting and
BREEAM certification while they were least aware of workshops regarding the
use of green technologies. Lastly, it was determined that organizing events like
Earth Day and using digital displays were the most efficient modes of promo-
tion while publishing sustainable reports was the least efficient. Hence, green
buildings can effectively increase awareness regarding sustainability among
their occupants while organizing events, which can be the most effective mode
of promotion.
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1. Introduction

Climate change poses a serious threat to the world. Every part of the world is ex-
periencing the adverse effects of climate change in various ways. The governing
concern of this super-wicked problem has pushed researchers and institutions to
start initiatives for sustainable development all around the globe. Recently, there
has been a rapid technological advancement that has revolutionized all industries.
The construction industry is said to be impacted by these innovations, specifically
in the building construction process [1]. The process of building construction in-
volves multiple variables and needs an array of collaborations. Eventually, con-
struction management is vital for establishing a well-structured, coordinated and
maintained work environment [2]. Recent studies are making progress in deter-
mining and suggesting that information technologies have become likely more
important in systematically storing construction data and ensuring its proper and
efficient utilization, especially for a sustainable tomorrow [3]. Green buildings are
unique compared to ordinary buildings because they are designed to minimize
their negative environmental impact and encourage their positive impact on the
tenants’ health and well-being as well as the ambiance surrounding them [1].
These buildings are constructed considering all the aspects of sustainability such
as using sustainable materials, incorporating energy-efficient technologies, and
optimizing resource utilization for the welfare of the environment. Green building
entails constructing structures while using processes that are certified as environ-
mentally friendly as well as resource-efficient at every step of the building and
building’s lifecycle, including the selection of site, building designing, construc-
tion of building, operation and maintenance as well as renovation, and decon-
struction [4]. Green buildings are crucial not only for the environment but also
for promoting the well-being and productivity of tenants by providing a healthy
indoor environment, which ultimately helps spread awareness regarding sustain-
able development [1]. In the UK, green buildings have grabbed significant atten-
tion as a source of reducing greenhouse gas emissions and promoting sustainable
living. The UK’s regulatory framework emphasizes saving energy and has proved
to be the key driver of the energy efficiency campaign, explicitly with regard to
reducing carbon emissions and developing energy efficiency schemes for build-
ings [5]. This strategic framework is based on the EU’s legislation policy, which
implies that buildings play a significant role in achieving energy efficiency goals.
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To comply with these laws, the UK has implemented two initiatives. The first in-
itiative requires the display of certificates. These certificates include energy per-
formance as well as the declaration of energy. The second one is known as zero-
carbon building initiatives. Additionally, a carbon market has been established
that focuses solely on building energy consumption. It is called the Carbon Re-
duction Commitment of 2010 [6].

Seeing the UK’s determination toward sustainability through green buildings,
it is evident that the occupants of green buildings are surely key stakeholders who
can contribute to the awareness of the sustainability of the building and its sur-
roundings by being part of the sustainability campaign themselves [7]. By adopt-
ing sustainable practices living in green buildings, tenants can minimize their car-
bon footprint and contribute to the building’s overall sustainability goals. Green
buildings can, therefore, act as an educational tool that promotes sustainability
awareness and encourages occupants to adopt sustainable practices [5].

The world’s population is increasing with a robust momentum which has in-
creased the demand for houses and commercial buildings. Currently, one of the
largest and most rapidly developing industries is the construction industry. The
UK government encourages efforts to improve power efficiency in the building
sector and should prioritize by taking initiatives to reduce resource consumption
throughout the whole lifecycle of buildings to achieve their full potential. A well-
structured and coordinated approach to resource-efficient buildings can contrib-
ute to other goals, such as lowering the energy consumption of buildings and
emissions, by prioritizing material and energy flows over the building’s lifetime.
Despite this mentioned knowledge, there is currently a lack of strong policies
aimed at minimising resources in major EU legislation as well as a lack of aware-
ness among the occupants already inhabiting green buildings [8]. End-use energy
efficiency within the construction sector is better understood and considered to
have the greatest potential due to a wide array of effective technologies and
measures. EU legislation often only focuses on achieving energy efficiency levels,
which may not precisely depict the measures taken by EU member states with
comparable building standards to those of the UK [9].

This research paper aims to inspect the extent to which green buildings can
increase sustainability awareness among occupants, especially in the UK. There-
fore, this study aims to find the components that contribute to the increase of
sustainability awareness among occupants of green buildings, along with an anal-
ysis of the effectiveness of diversified sustainability initiatives that are in action
within these buildings in the UK. Lastly, this research would also aim at the pro-
motional measures that can be adopted to increase awareness regarding sustaina-

bility in green building occupants.

2. Methodology

2.1. Rationale of Research

This research aims to add additional knowledge to already existing literature re-
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garding green buildings and sustainability with special consideration of their lo-
cation ie., United Kingdom (U.K.). In this study, the impact of green building
features such as the material used, their energy efficiencies, water conservation,
passive solar design, and green roofs and walls will be discussed in detail. Special
attention would be given to their impact on occupant’s awareness of sustainability.
This study will also focus on sustainable building practices and their impact on
occupant’s awareness of sustainability.

The perception of occupants will be determined based on the benefits that green
buildings and practices provide to them. Their thoughts regarding the drawbacks
of green design features would also be considered. Both of these perceptions
would be evaluated to determine the future feasibility of green buildings in the
UK as both, the benefits and drawbacks of green design features, play a critical
role in the formation of policy and inclination of interests of major construction
companies.

Occupants’ awareness level regarding sustainability in the UK is a key driving
force of regulations and policy formation, and it develops the interests of con-
struction companies and building owners towards green practices. Their cur-
rent awareness level towards sustainability and the impacts of green building
on the environment will be determined and analysed for future recommenda-
tions.

The promotion of sustainability awareness also determines the environmental
effect. As occupants’ awareness level regarding sustainability and the impact of
green design features increases, they tend to shift their interests toward green
buildings from conventional buildings. This would prompt, both construction
companies and owners of buildings, to choose green design features rather than
conventional ones. In addition to this, the public would demand that the govern-
ment shift its focus towards green design features and provide incentives and

other benefits to increase the number of green buildings.

2.2. Research Philosophy

Two prominent research philosophies exist in qualitative research. Positivism fo-
cuses on the collection of data and deduction of hypotheses, theories and/or law
while ignoring the human interpretation and influence on data. On the other
hand, interpretivism is based on the depth of data as well as the variables. It is
argued that the method of collection of data, as well as the condition under which
the data is collected, plays a major role in deducing the hypothesis [10] [11]. The
current study would be more inclined toward positivism rather than interpre-
tivism, as data would be collected and interpreted while ignoring the conditions

of data collection such as culture, ethnicity and behavior.

2.3. Research Approach

In terms of qualitative research, two common research approaches exist. In the
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deductive approach, already existing theories, laws, and/or principles are used to
form a hypothesis. The observations are used to confirm those theories. In the
inductive approach, data is obtained before the formation of a hypothesis. The
obtained data is sorted into different categories and the interpretation of the data
results in the formation of a hypothesis [12] [13]. The current study would be

inductive in nature as data would be collected before variable formation.

2.4. Methodological Choice

Data can be collected via various methods. A mono-method involves using only
one method, either qualitative or quantitative. In contrast, the mixed method in-
volves both qualitative and quantitative methods [10]. The current study will be

based on the mono-method and will only use qualitative data.

2.5. Research Strategy

Multiple research strategies are available for qualitative research. The strategy can
be based on surveys, archival research, case studies, narrative inquiries, ethnogra-
phy, and/or interviews [14]. The current study would be based on a question-

naire/survey.

2.6. Questionnaire Design

The questionnaire was designed based on previous studies as well as the various
features that are included in green building design features and sustainable build-
ing practices. Educational knowledge of the general population of the UK was
considered while designing. Lastly, the objectives of this study played a vital role

in designing the questionnaire.

2.7. Target Population

This research target population included occupants of green buildings only. Non-
green buildings or conventional buildings’ occupants were not included. The

buildings will be residential.

2.8. Sample Frame

There are over 600,000 BREEAM-certified buildings in 93 countries. According
to an estimate, in 2020, 4000 such buildings exist in the UK alone [15]. This study
will target occupants of at least 2 BREEAM Certified residential buildings for data

collection and survey.

2.9. Sample Population

The population in this study would be the occupants of the BREEAM-certified
buildings. These occupants can be the residents, and/or workers. They can also
include the building’s owners as well as the security officials. The current study

was based on a short survey.
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3. Results and Interpretation
3.1. Questionnaire’s Response

Three BREEAM-certified residential green buildings were selected for this survey.
More than 150 occupants were handed the questionnaire. Among them, only 100

occupants returned the completed questionnaire.

3.2. Respondents’ Demography

The respondents’ demography included age, gender, and qualification. It also in-
cluded the number of green buildings the respondent has lived in as well as the
number of years as an occupant of green buildings. The gender distribution of
respondents is provided in Table 1. Half of the participants were male while al-

most half were female.

Table 1. Summary of gender of respondents.

Gender Frequency Percentage
Male 53 53%
Female 46 46%
Prefer not to say 1 1%

Table 2. Summary of age groups of respondents.

Age Group Frequency Percentage
18 - 20 years 2 2%
21 - 25 years 5 5%
26 - 30 years 9 9%
31 - 35 years 20 20%
36 - 40 years 17 17%
41 - 45 years 16 16%
46 - 50 years 8 8%
Older than 50 years 9 9%
Prefer not to say 15 15%

Table 3. Summary of qualification of respondents.

Qualification Frequency Percentage
Diploma 44 44%
Bachelor’s/B. tech degree 31 31%
Master’s degree 7 7%
Doctorate 5 5%
Prefer not to say 13 13%

Table 2 represents the summary of the age groups of the respondents. The
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highest frequency (20) was recorded for 31 - 35 years of age while the lowest (2)
was recorded for the 18 - 20 years age group. 15% of respondents did not feel
comfortable mentioning their age. Similarly, Table 3 provides a summary of the
educational background of respondents. The majority of occupants (44%) were
diploma holders while most of them had at least 14 years of education (31%). 13%
of respondents were reluctant to provide their educational background.

The years of experience as an occupant of residential BREEAM-certified build-
ings and the number of green buildings are shown in Table 4 and Table 5, respec-
tively. Most of the occupants (25%) have been occupants for 21 - 25 years while
the 16 - 20 years’ experience group was 2™ most common (24% frequency). In
terms of building numbers, 27% of occupants have lived in 3 - 4 buildings while
21% have lived in 5 - 6 buildings.

Table 4. Summary of experience in poultry industry of respondents.

Experience as an occupant of green building Frequency Percentage

1 -5 years 5 5%

6 - 10 years 8 8%

11 - 15 years 12 12%

16 - 20 years 24 24%

21 - 25 years 25 25%

26 - 30 years 19 19%

More than 30 years 7 7%

Table 5. Summary of association of respondents with poultry farms and/or projects.

Number of green building occupants have lived in ~ Frequency Percentage

None 2 2%

1-2 11 11%

3-4 27 27%

5-6 21 21%

7-8 17 17%

9-10 15 15%

More than 10 6 6%

The impact of green building design features and sustainable building practices
was based on multiple factors. Table 6 represents the summary of all the features
that were considered during this study. These features were given code from ISB01
to ISB11. The highest mean score was achieved by ISB07 (3.77) and ISB09 (3.54).
Both these features are present to a large extent. The lowest mean scores were 2.89
and 2.86, which were achieved by ISB10 and ISB11, respectively. Based on their

mean scores, both these features fall under the small extent category of impact.
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Table 6. Summary of impact of green building design features and sustainable building
practices on occupant’s awareness of sustainability in the UK.

Sustainable building practices and Mean
Code 1 g‘p Rank
green building design features score

To what extent have they encouraged you to adopt an

ISB07 _ . 3.77 1
eco-friendly living style?
To what extent would you say that your building has a

ISB09 e _ 3.54 2
positive impact on the environment?

ISB04  To what extent do they promote social sustainability? 3.44 3

ISBO6  To what extent do they improve indoor air quality? 3.43 4
To what extent do they increase your knowledge about

1SB03 . 3.28 5
sustainability?

ISBO1  To what extent do they achieve environmental goals? 3.25 6
To what extent would you recommend conventional

ISB08 1 . 1 3.23 7
building occupants move into green buildings?
To what extent can they influence investors to invest in

ISB05 o 3.15 8
green buildings?

ISB02  To what extent do they reduce electricity bills? 3.03 9
To what extent would you say renewable energy source

ISB10 . . 2.89 10
is a necessary green building feature?

ISB11 To what extent are you knowledgeable regarding green 2.86 1

building certification?

The perception of occupants regarding the advantages and disadvantages of
green building design features and sustainable building practices was determined
using multiple variables. Table 7 represents the summary of all the features that
were considered during this study. These features were given code from OPB01
to OPB11. The lowest mean scores were 2.91 and 2.78, which were achieved by
OPB12 and OPBI10, respectively. Based on their mean scores, both these features
are considered minor drawbacks. The highest mean score was achieved by OPB05
(4.24) and OPB79 (4.17). Both these features are considered major benefits.

Table 7. Summary of perception of occupants regarding the benefits and drawbacks of sus-
tainable practices and design features.

Code Gre‘en buildit'lg ‘design fe‘atures and Mean Rank
sustainable building practices features score
OPBO05 Lower maintenance cost 4.24 1
OPB07  Increase in thermal comfort 4.17 2
OPB06  Mitigation of climatic change 4.14 3
OPB03  Improved energy efficacy 4.12 4
OPB02  Improved water efficacy 4.06 5
OPB16  Low flow toilet 4.02 6
OPB04  Lower electricity and water bills 4.01 7
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Continued
OPB01  Increased natural ventilation 3.89 8
OPB08  Reduction in noise disturbance 3.89 8
OPB09  Increase in natural lighting 3.89 8
OPBI11 Requires more maintenance 3.58 11
OPB14  Daylight saving 3.3 12
OPBL3 Clin?atic variability can affect the passive heating and 3.08 13
cooling system
OPB15  Each building cannot have every green design feature 3.06 14
OPB12  Require more planning because of the complexity 291 15
OPB10 Increase in cost of construction 2.78 16

The current awareness status among occupants regarding sustainability and the
impact of resident green buildings on the environment was determined on the
basis of multiple. Table 8 represents the summary of all the attributes that were
considered during this study. These features were given code from ARTO01 to
ART11. The highest mean scores were 3.79 and 3.75, which were achieved by
ARTO07 and ARTO08, respectively. Based on their mean scores, both these features
fall under the large extent category of awareness level. The lowest mean score was
achieved by ARTO02 (2.83) and ARTO06 (2.44). Both these features are present to a

small extent.

Table 8. Summary of current status of awareness among occupants in the UK about sus-
tainability and the impact of residential green buildings on the environment.

Mean

Code Attributes score Rank
ARTO07  Energy-efficient lighting 3.79 1
ART08 BREEAM certification 3.75 2
ARTI11  Buildings have a positive impact on the environment 3.47 3
ARTO05  Presence of HVAC system 3.45 4
ART10  Positive effect on your productivity 3.4 5
ARTO04  Energy Storage System 2.98 6
ART09  LEED certification 2.89 7
ARTO1  Solar and/or wind power 2.84 8
ARTO03  Green roofs and walls 2.84 8
ARTO02  Rainwater harvesting 2.83 10
ART06  Workshop on using green technologies 2.44 11

The last objective was to determine effective ways to adopt sustainability aware-
ness among occupants of green buildings in the UK. Multiple modes of promotion

were selected so that occupants could choose the best among them. Table 9
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represents the summary of all the attributes that were considered during this
study. These features were given code from MPAO1 to MPA11. The highest mean
score was achieved by MPAO04 (3.58) and MPAO3 (3.41). Both these modes are
effective to a large extent. The lowest mean scores were 3.01 and 2.99, which were
achieved by MPAO07 and MPAO6, respectively. Based on their mean scores, both

these features can be considered moderately effective modes of promotion

Table 9. Summary of current status of awareness among occupants in the UK about sus-
tainability and the impact of residential green buildings on the environment.

Code Modes of promotion Mean score Rank
MPAO04 Organize events like earth day 3.58 1
MPAO3 Using displays such as touchscreen 3.41 2
MPAO1 Organizing workshops 3.33 3
MPAO5 Social media 3.31 4
MPAO2 Using newsletters 3.05 5
MPAO07 Digital media 3.01 6
MPAO06 Publish sustainability reports 2.99 7

4. Discussion

The data was gathered in the form of a questionnaire with the first objective being
to determine the extent to which these features and practices can achieve environ-
mental goals (ISB01). Its mean score was 3.25 which put its impact in the large
extent category. A study in Canada reported a reduction in GHG emissions from
271 kg COzeq/m? to 37.0 kg CO,eq/m? if sustainable building practices are adopted
[16]. The second important feature was the reduction in electricity bill (ISB02).
Its impact was moderate according to its mean score of 3.03. It has been reported
that shifting to LEED-certified lighting systems can reduce up to 42% of the elec-
tricity bills of residential buildings [17].

Increase in knowledge (ISB03) and promotion of social sustainability (ISB04)
had mean scores of 3.28 and 3.44, respectively and had a large extent impact on
the awareness of respondents. It has been reported that social benefits and sus-
tainability are key aspects of green buildings and their design features [18]. In
terms of influence on investors (ISB05), the mean score (3.15) determines its im-
pact as a moderate one. Green buildings have higher rents and occupancy rates
than conventional buildings, making them a good investment for investors [5].
Furthermore, they have lower maintenance costs which further increases inves-
tors’ interest in these buildings [19]. Improvement of indoor air quality (ISB06) is
an important green design feature. It has a large impact on the awareness of oc-
cupants (mean score = 3.43). It has been reported that green design features can
reduce low-VOC emissions by 90%, airborne pollutants by 20 - 30% and other
pollutants by 80% [20] [21].

Green building design can also influence the adoption of an eco-friendly lifestyle

DOI: 10.4236/0alib.1112393

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1112393

H. Khaliq et al.

(ISB07). The extent of impact can be large (mean score = 3.77). It is the most im-
pactful feature of green building designs (rank = 1). It has been reported that green
building design features influence its occupants to adopt an eco-friendly lifestyle
[22]. It has been observed that green building owners are more aware of general
as well as specific sustainability awareness and would recommend people to shift
to their buildings [23]. In terms of positive impact on the environment (ISB09),
the awareness among occupants was present to a large extent (mean score = 3.54).
It was the 2" most influential feature (rank = 2). Green design features have a
significant effect on GHG emission as they can reduce the emission by 9 times
(271 to 37 kg/CO,eq). Similarly, they also reduce landfill waste by 27% [16] [24].
The last two features were the necessity of renewable energy as a green building
feature (ISB10) and knowledge about green building certification design (ISB11).
Both these features had the lowest mean score, 2.89 and 2.86, respectively. The
impact on awareness was only to a moderate extent. It has been reported that re-
newable energy sources are present in most green buildings. However, they are
not necessarily present in every building [25]. Similarly, it has been reported that
a significant percentage of occupants (70% - 80%) are aware of green building
certification and would like to live in buildings that have that certification [26].
One of the good impacts was increased ventilation (OPBO01). It had a mean score
of 3.89, making it a minor benefit. Similarly, for water efficacy (OPB02) and in-
creased energy efficacy (OPB03), their mean score of 4.06 and 4.12, respectively,
made them major benefits. It has been reported that green buildings increase the
ventilation of fresh air. This results in an increase in IAQ which ultimately in-
creases the ANSI/ASHRAE Standards rating [23]. Green buildings tend to have
water conservation, such as innovative taps, shower nozzles and auto sensors for
flushing as well as rainwater harvesting systems that improve water efficacy [27].
Lastly, it has been reported that shifting to green design features can save 42% of
electricity in residential buildings [17]. Lowering electricity and water bills
(OPBO04) is considered a major benefit (mean score = 4.01). Using innovative wa-
ter taps and nozzles, as well as rainwater harvesting systems, can result in a de-
crease in water bills. Similarly, improving energy efficiency can also decrease elec-
tricity bills. Switching to green building lighting can conserve energy by 42% [27]
[17]. Lower maintenance cost (OPB05) can also be considered a major benefit
based on its mean score (4.24). Green buildings have HVAC systems as well as
water fixture systems which reduces the cost of maintenance [28]. Mitigation of
climatic change (OPBO06) is one of the most important features of green buildings.
Occupants believe that it can be considered as a major benefit (mean score = 4.14).
Green roofs and walls can reduce CO, concentration while increasing oxygen con-
centration. Similarly, their construction can reduce GHG emissions from 271
kg/COxeq to only 37 kg/CO,eq [16] [20] (see Figure 1).

In terms of the positive effect on productivity (ART10), occupants report a large
extent of awareness (mean score = 3.4). It has been reported that green building

design features maximize productivity [4]. Another study reported an increase of
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13 - 15% in productivity [23]. The last attribute was the positive impact on the
environment (ART11). Its mean score was 3.47 which places the awareness extent
at large. Various positive impacts of green buildings have been discussed. They
reduce GHG emissions from 271 kg/CO,eq to only 37 kg/CO,eq [16]. Similarly,
they reduce landfill waste by 27% [24]. It has also been reported that green design
features can reduce airborne pollutants by 20 - 30% and other pollutants by 80%
(20] [21]

Environmental
Goals (3.25)

Reduction in
Electricity Bills
[EXE)]

Water
Efficiency (4.06)

Promotion of
Social
Sustainability
(3.44)

Increased
Ventilation
(3.89)

Impact of
Green
Buildings

Knowledge
about Green
Building Design

Increase in
Knowledge
(3.28)

(2.86)

Necessity of
Renewable
Energy (2.89)

Influence on
Investors (3.15)

Improvement
of Indoor Air
Quality (3.43)

Eco-friendly
Style (3.77)

Figure 1. Illustrates the role and impact of green building in creating overall knowledge
and awareness about green energy in the population of the United Kingdom; according to
our study cohort, their mean values are provided as well.

5. Conclusions and Recommendations

In the present study, it was observed that ISB07 had the highest mean score, fol-
lowed by ISB09 and ISB04. All of these features had a large impact on occupants’
awareness of sustainability. Their least impact features were ISB10 and ISBII.
Both of them have a moderate level impact. Except for ISB 10 and ISB11, all other
features had a large impact on awareness. In addition, the current research ex-
plored that the biggest benefit was the lower maintenance cost, followed by an
increase in thermal comfort and mitigation of climatic change. All of these bene-
fits were major ones. Minor benefits included improved water efficacy and low-
flow toilets. In terms of drawbacks, all of them were minors. An increase in con-

struction cost had the lowest mean score, followed by planning complexity and
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the absence of some features in every building. Climatic variability and daylight
savings had neutral status. Furthermore, energy-efficient lighting had the highest
mean score, followed by BREEAM certification, positive impact on the environ-
ment and presence of an HVAC system. Occupants had a large extent of aware-
ness of all the above-mentioned attributes. The lowest mean score was for work-
shops, rainwater harvesting, solar and/or wind power and LEED certification. All
of their mean score puts them under the moderate awareness category. Lastly, the
most effective mode was organizing events, followed by displays and workshops.
All of these features were effective to a large extent. Social media, newsletters, and
digital media also fall under the same category. Publishing of sustainability reports
had the lowest mean score.

Based on the current study, it can be recommended that green building design
features and sustainable building practices have a significant impact on occupants’
awareness levels. These features help achieve environmental goals set by designers
and owners. The current study was limited to only BREEAM-certified residential
green buildings; hence, it would be recommended that future studies include
LEED-certified residential buildings as well as non-residential green buildings.
Secondly, there is a need to compare green buildings with non-green buildings.
Thirdly, future studies should expand the locality under study and try to include
multiple countries. Lastly, it is recommended that statistical analysis is also in-

cluded in research.
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