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Abstract. As the population in Indonesia grow, the use of energy n eco-
friendly residences increases. Conceming this issue, the Green Building
Council  Indonesia  provides  standard  cnena  for  greenhouses,
Nevertheless, eco-friendly homes' users are sull not familiar with the
application of these ¢nteria. Therefore, this research aims (o investigate the
users” perception of eco-fnendly homes® energy efficiency. The study was
conducted in Surabaya and Malang, using a cross-sectional survey method
by distnbuting questionnaires; 200 respondents participated in the study.
After the descriptive analysis, it was revealed that most of the respondents
had the same perception regarding the importance of energy efficiency in
their homes. According 10 the results, the cntena of water conservation,
under the sub-cntena of using fittings for water-saving, shows the highest
mean value; so, it can be concluded that the respondemts prioritize the
household water use efficiency more than other types of energy.

Keywords: Eco-friendly residence, greenship, household perception,
water conservation, water efficiency.

1 Introduction

Indonesia is the fourth most populous country in the world and thus includes it as one of the
suitable property locations. On top of that, it is the country with the largest economic
growth rate in Southeast Asia [1]. Today, more than 50 % of 240 x 10° Indonesians reside
in urban arcas, In 2025, it is estimated that 68 % of the population will live in this arca,
Thus, housing is essential to meet the need of the growing population [2]. However,
residential development in urban areas entails the concept of environmental degradation
and brings fundamental changes in respect for the environment [3). Due to its limited
carrying capacity, an cco-friendly home nceds to heed the needs of people and provides
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environmental, social, and economic benefits, as well as protects the carth and mankind [4).
An cco-friendly home is a part of the sustainable development and green buildings which
focuses on preventing the house resources from polluting the environment and emphasizes
on energy-saving features [ 5, 6).

Based on data obtained from the Ministry of Energy and Mincral Resources of the
Republic of Indonesia [7], the housing sector, especially the use of electricity, contributes
more than 30 % of the national energy consumption. Electricity is mostly used in urban
arca residences. Inevitably, this will trigger excessive use of energy, even though the effort
to control the use of energy depends on the individual. Thereby, the community should
possess the understanding, behavior, and motivation to use energy cfficiently in pursuance
of a sustainable environment [8]. Community understanding is inseparable from their social
activities. Social interaction of each individual within the community generally occurs in
their neighborhood. Through interaction, knowledge can be directly transferred and
understood. However, each family’s perception of energy cfficiency will certainly be
different,

The living environment might influence each individual's understanding of energy
saving. Generally, energy use can be divided into contextual and psychological (behavior)
categories [9]. The contextual category involves local climate, energy marketing, and
attributes in buildings, including the physical and system of energy use [10]. The second
category focuses on the consequences of building attributes and user characteristics [11].
Related to this matter, user satisfaction in eco-friendly homes is influenced by energy
efMifiency.

Green Building Council Indonesia (GBCI) is an institution that focuses on the
application of the green building concept as a solution for sustainable development issues.
The agency has crcated a system of criteria called the *Greenship’ as a standand to
determine a residence’s environmental friendliness. The cnteria system is still new to the
people of Indonesia, so it is necessary to investigate their perceptions of the criteria for
environmentally friendly homes concerning energy efficiency.

2 Energy efficiency and user behaviour

‘Energy efficiency’ is a generic term. In other words, it denotes the efficient consumption
of energy. It refers to low encrgy consumption and simultancously produces the same or
better total consumption value [12]. Some views state that cnergy efficiency means “energy
conservation™ as it refers to the same meaning. Energy conservation refers to low energy
consumption along with low encrgy production [11). The use of the term “energy
consumption” reflects the total energy consumed. There is a close relationship between the
terms; thus, their focus is interrelated in “energy consumption towards cfficient use.” [fhere
are eight [9] main concepts in constructing an energy-efficient building: wind break; p

and water; indoor/outdoor rooms; earth sheltering: solar walls and windows: matenal
thermal-envele: sun shading; and natural ventilation.

Reducing energy consumption in buildings rclij on users’ awareness. Several studies
have explored how users’ behavior may affect energy consumption in buildings. For
instance, Fabi, Spigliantini and Corg 13] and Soares et al. [14] evaluated how different
behavior pattems affect the quality of indoor climate and energy consumption. In the first
study, ts' behavior (opening and closing the house's windows) has something to do
with the building control systems; in the second study, a probabilistic approach was
proposed and applied to realistically simulate occupants’ behavior,
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3 Green building rate systems

A green residential is a wise choice of home in terms of land use, efficient and effective use
of energy and water, considering the material conservation of natural resources, as well as
health and safetyof the occupants. The treatment and safety of green residential are also
essential since the sustainability of eco-friendly home must be accompanied by the eco-
friendly behavior of its occupants, Understanding the concept of green residential should be
prioritized to avoid a misconceptionstating that environmentally friendly homes require
high maintenance costs or that they just have a lot of green lands [15].

An establishment can be characterized as a green building if it passes the evaluation
process and acquires the green building certification. A rating system is used in the
cvaluation of the benchmark assessment. At present, the Green Building Council of
Indonesia has developed a rating tool called the'Greenship'. This system is expected to help
the green residential development clements (consumers, industry, and govermment) to
reduce the negative impacts on the environment. By this virtue, the vision and goals of
housing and settlement development in Indonesia are stipulated in the Law of Housing and
Settlement Arca Act No. 1, year 2011, The law states that the advancement and
development of housing and habitation should be pursued as a single entity to implement
the spatial function with the physical, life and social economics of culture whichcan
guarantee the environment conservation and restore the quality of Indonesian people life.

In drafting the Greenship, GBCI attempted to address the local context, such as reusing
water after ablution (techmically, the water is still very clean). They also consider the
tropical climate regarding health and comfort of rooms in the building, as well as the effect
of the climate on the energy required for heating, cooling and air-conditioning (HVAC). In
manufacturing, the Greenship as an assessment tool requires a reference and support from
the government. Therefore, it uses the assessment criteria based on the local standards,
videlicet Act, Presidential Decree, Presidential Instruction, Minister Regulation, Local
Government (Province) Decree, and the Indonesian National Standard. The following
regulations are the referendl in making the Greenship:

i. Minister Regulation of Public Works No. 30/PRT/M/2006 on Technical Guidelines

and Accessibility Facilities in Buildin Environment.
ii. Minister Regulation of Public Works No. S/PRT/M/2008 rcgarding ruang terbuka
hijau (green open space).

ii, Law of the Republic of Indonesia No, 28 of 2002 on Buildings.
iv. Law No. 26 of 2007 on Spatial Planning.
v.Law No. 32 0f 2009 on the Protection and Environmental Management.
vi. DNA (Designated National Authority) Decree in the B-277/Dep 111 /LH/01/2009
vii. Decree No. 112 of 2003 on the Gross Domestic Water Quality Standard.
vili. Minister Regulation of Public Works No. 2 /PRT/M/2006 on Guidelines for Technical
Requirg®ents for Building Structure.
ix. Minister of Health Decree No. 1405/ Menkes/'SK/XT1/2002
x. Law No. 18 of 2008
Accordingly, the Greenship consists of six main criteria: (i) Appropriate Site
Development (ASD); (i) Energy Efficiency and Conservation (EEC); () Water
Conservation (WC): (iv) Material Resources and Cycles (MRC): (v) Indoor Health and
Comfort (IHC); (vi) Building Environment Management (BEM) along with the sub-criteria
[15]).
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4 Methodology

The rescarch subjectswerethe environmentally friendly home occupants (and/or users) from
several housing zones in Malang and Surabaya, East Java, Indonesia. This domain
(environmentally friendly home) was sclected based on its potential role in energy
cfficiency practices; it is estimated that the occupants significantly practice encrgy
efficiency.

This rescarch employs post-positivism paradigm as it determines the cffects or
outcomes needed to be identified. This paradigm also intends to make the ideas into small
and discrete sets of tests, for example, vanables consisting of hypotheses and research
questions. Therefore, the most important point of post-positivism starts with a theory that
needs to be tested or verified and refined to understand the world [16). Furthermore, the
quantitative research approach used in this study has been proven empincally by many
rescarchers in studies of green consumer behavior [14-18]. In general, this research is
designed to discover the users or occupants” perception of environmentally friendly homes
on energy efficiency.

The data were collected using a survey method which was self-administered and cross-
sectionally conducted through questionnaire distribution. The advantage of this method is
that it can provide a higher response rate than questionnaires distributed by mail, telephone,
and electronics [17-19]. The second advantage is that respondents can be directly asked
about things that are still not clear after the researchers read their responses. The third
advantage is that this technique is very flexible for obtaining data. In regard to data
sampling, more than 200 respondents were involved in this research,

Data analysis is highly essential in a study as it will provide answers to research
problems and objectives. This research employs a descriptive analysis method. The
research instruments based on the Greenship criteria related to energy efficiency, water
conservation, and indoor comfort are presented in Table 1. The data measurements used a
Likert scale. The guidelines for all variables measurement indicate the usage of a five point
Likert scale allowing the respondents to select their level of importance with a statement.
The categones available for cach answer are as follows: very important (5-point score);
important (4-point score); moderately important (3-point score); less important (2-point
score); un-important (1-point score).

Table 1. List of greenship critena for green home [15].

Code Objective Criteria

ENERGY EFFICIENCY & CONSERVATION (EEC)

Providing sub-metering for lamps

EEC | Electnic Sub-metering Providing sub-metering for
airconditioner(s)

Providing sub-metering for electnic sockets
Knowing the average usage of lamps
cakulated by Wm?

EEC2 Artificial Lighting Using automatic features such as motion
sensor, timer, and light sensor in at least
one room
Using airconditioner(s)for 50 % of the total

EEC 3 Air Conditioning e M most

Understanding the COP (coefficient of
performance) of the airconditioner(s)

Using thermal absorbing material for the
roof

EEC 4 Thermal Reduction

Table 1. continue to the next page
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Table 1. (Continued).

Code Objective Criteria

Using thermal absorbing material  for
glasses and skylights
Using a solar water heater that does not

EEC 5 R:ne‘wable Energy consume electrical energy
Sources Providing an alternative power plant
WATER CONSERVATION
WAC | Water-saving fitting Using fitting for water-saving
Providing rainwater tanks with & minimum
capacity of 200 L
WAC 2 Rainfall Utilization Providing rainwater tanks with & minimum
capacity of 500 L
Providing 1A and using it for flushing the
toiket
Not using main water sources to water the
WAC 3 Walehsaving imigation  |-Eiass
Having a strategy of water-saving to water
the plants

INDOOR HEALTH AND COMFORT (IHC)

Providing naturalventilation

Providing circulation for a minimum 5 % to
10 % of the 1otal area

IHC | Indoor air Circulation Covering 50 % total area with cross
ventilation
Covering 75 % total area with cross
ventilation
Covering 100 % 1ol area with cross
ventilation

Providing unnatural ventilation
Putting on the exhaust fan in bathrooms
Putting on the exhaust fan in the kitchen

Minimization of Polutant g’;’fom;;'muvgﬁ“ (Ve g
Sources Using low VOC sealant and adhesive
Making sure that the sunlight can illuminate
a family room area as much as 200 lux in
HC 3 Maximize Natural 50 % of the room

Lighting Making sure that sunlight can illuminate a
bedroom area as much as 200 lux in 50 %
of the mom

IHC 2

5 Results and discussion

Tests were conducted to verify the reliability and validity of the instruments. Total of 250
questionnaires were distributed, and 200 responses were obtained: not withstanding, the
number of respondents meets the minimum requirement. Statistical measurement was
conducted to test the reliability and validity of the instrument. Pearson correlation and
Cronbach’s alpha coefficient were applied and are presented in Table 2. This approach was
employed to ensure that the measurement instrument worked well. For all items, the
Cronbach’s alpha coefficient values were greater than the acceptable value of 0.6,
indicating that the items assigned to the constructs were reliable.
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Table 2, Validity, Reliability, and Mean
Pearson Reliability e
Variable Item Correlation Cronbach = Mean M can
r Status Alpha
EECI 0.530°* | Bid 373
EEC2 0.771** Valid 367
EEC3 0.664°* Valid 374
: EEC4 0.758%* Valid 374
g‘r‘;:!fc’my o [ EECS 0680+ | Valid 378
Cicasvatiog EEC6 0.676%* Val?d 0.886 3.79 3.80
(EEC) EEC7 0.737** Valid 3.55
EECS 0.700%* Valid 386
EECY 0.637** Valid 395
EEC10 0.707+* Valid 399
EEC1 1 0.682%* Valid 400
WCI (.848%* Valid 4.11
Water WC2 ().848%* Valid 392
Conservation | WC3 0.871%* Valid 0,900 394 4,00
(WC) WC4 0.848%+ Valid 401
WCS 0.818°* | [l 404
. IHCI 0.696%* Valid 397
L 2] 1
B HE2 {130 2
and : : 0.846 3.89
(IHC) IHC 4 0.807** Valid 3.72
IHC 5 0.779** Valid 3.96
IHC 6 0.766%* Valid 392

Based on the data shown in Table 2, EEC 11 indicated the highest mean value; the
criteria address renewable encrgy sources with the sub-criteria of altemative power supply
plant. The Water Conservation (WC) criteria indicate that WC 1 has the highest mean
value, asserting that using fitting for water-saving is highly important. As for the Indoor
Health and Comfort (IHC) critenia, the highest mean value at IHCI is the Indoor Air
circulation sub-criteria; it shows that it is important to have natural ventilation in an
environmentally friendly home., The highest mean value of all sub-criteria in
environmentally friendly homes is in the water conservation criteria,

In sequence, the users’ perception of environmentally friendly homes™ energy efficiency
is the importance of water conservation, indoor health and comfort, and energy efficiency
conservation. In Indonesia, the importance of saving water in homes has become a national
issuc and jargon in saving energy and clectricity. Nevertheless, according to the results of
the analysis, the health and comfort of the residents are also essential in the sake of encrgy
efficiency. By providing a lot of windows or ventilation, it can naturally reduce the use of
air ventilators (exhaust fan), and thus reduce the use of electrical energy as well.

6 Conclusion

The main objective of this paper is to study the users’ perception of energy efficiency in
eco-friecndly homes. This study discovered that items adopted to measure all encrgy
efficiency criteria from the Greenship provided a good reliability value; the mean values
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indicate that all criteria are essential. These findings clarified that users’ perception of eco-
friendly home increases along with energy consumption efficiency. The findings support
recommendations on the need to consider users’ factors in measuring energy cfficiency in
the building. This study also revealed that users already perceive that encrgy efficiency is
highly important. Therefore, the simultancous application of the Greenship critenia for
housing is needed to achieve sustainable development goals in Indonesia,
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