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Abstract The construction industries had a significant
role as emission gas contributors through direct activities,
such as the construction process, the operation and
demolition of the building, and indirect activities, which is
the designing process to decide the types of materials and
the shapes of the building. This paper aimed to create an
embodied and operational energy assessment concept
based on a project life cycle using qualitative methods
through a research questionnaire. In the questionnaire,
there were 18 indicators based on a literature review
relating to embodied and operational energy within the
scope of the project life cycle (initiation, design,
construction, and operation). Indicator assessment used a
Likert scale and was analyzed by Structural Equation
Modeling Partial Least Squares. Respondents in this study
include consultants, contractors, and stakeholders. The
results of the study showed a significant relationship
between the initiation and design phases of the construction
phase and the operational phase to minimize energy.
Stakeholder commitment to the environment and planning
that prioritizes energy efficiency (embodied and
operational energy) had the highest T-Statistic values of
100.479 and 61.581 with a 95% confidence level. This
showed the role of stakeholders and designers is crucial to
the reduction in energy embodied and operational during
the project life cycle, so that awareness and commitment
are needed in realizing green construction.

Keywords Embodied and Operational Energy, Project
Life Cycle, Energy Assessment, Structural Equation
Modeling Partial Least Squares

1. Introduction

The high-temperature changes are mostly caused by the
increase of carbon dioxide and other man-made emissions
to the atmosphere. The UNEP data stated that the
construction projects spent 40% of energy, 25% of water,
and 40% of global resources that were directed to the
atmosphere for 1/3 of the world’s emission; besides there
were 60% of the world’s electricity that was consumed
during the building operational phase [1]. The energy of
material building and construction process consumed most
of the energy of the buildings towards their life cycle.
There were three ultimate ways to decrease energy
consumption, i.e., decreasing the utilization of the
building’s energy, replacing fossil fuel with renewable
energy, and increasing energy efficiency. Accordingly,
decreasing the energy contained in the building had
become a concern as one of the issues to decrease the
carbon dioxide emission and global warming [2].

The embodied energy was the total of energy-related,
directly or indirectly, to the delivery of goods or services
[3]. However, some researches showed that there were
some different perspectives to define the embodied energy
on the chosen boundaries of the study. Three common
choices were cradle-to-gate, cradle-to-site, and
cradle-to-grave [4]. The embodied energy was the energy
consumed by all processes related to the production of the
buildings, mining, natural resources’ processing, and
manufacturing, transporting, and delivering products.
Transportation was the main element of the construction of
material energy [2,5]. Embodied Energy and Carbon were
the energy expended during the construction process,
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focusing on the energy from the manufacturing process,
distribution/ supply, transportation, and tools utilized
during the building process. Commonly, this energy used
fossil fuels, such as factories and vehicles. The operational
energy was from the energy expended during the operation
of the building within 50 years. The operational energy
included the utilization of electricity, air conditioning,
kitchen, and so forth. The operational energy contained
80%-90%, while the embodied energy was between 10% to
20%. The requirements of operational energy in buildings
include the amount of energy used to protect the
environment inside the building, in other words, all energy
was imported into the system to operate lights, elevators
and escalators, ventilation systems, heating, and cooling
systems, water heaters, and pumping systems. These
energies included the energy coming from electricity, gas,
and fuel, for instance, oil and coal [6].

This research aims to create an assessment concept of
embodied and operational energy according to the project
life cycle (PLC) by formulating the assessment indicators
from the result of the literature study and interview
observation to the experts in the construction field. This
model is supposed to be a basic concept to evaluate and
control all phases, starting from the phase of Initiation,
Design, Construction, and Operation. This model can be
applied to the Consultants and Contractors as an effort to
minimize the embodied energy in the construction field.

2. Project Life-Cycle and Life-Cycle
Energy Concepts

Project Life Cycle (PLC)

The project life cycle is the stages of project activities
starting from the initiation/idea/conceptual to the project
which is declared completed and operationalized, where
each stage has its own characteristics. The project life cycle
has 4 stages: initiation, design, construction, and
operational [7]. The characteristics of several projects
differ in each project's life cycle. The Planning stage
includes conception design, preliminary evaluation, then
the Design stage involves the initial design and detailed
design, the construction stage includes the project building
production project, the Utilization stage continues to refer
to the use or operation of the building owner or tenant and
finally the decommissioning stage consists of demolition
and recycling building or material [8].

Life Cycle Energy (LCE)

The energy life cycle is the stages of development
activities that utilize energy in each of its activities starting
from the production and construction process to the
building demolition. The buildings, materials, and
components consume almost 40% of global energy every
day in their energy life cycle, such as production and
materials procurement, construction, operation, and
demolition [10]. Embodied energy is the energy contained
in the buildings and building materials for the process of
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production, construction implementation, buildings’
demolition, and the disposal of remaining materials [9,11].
The high level of embodied energy shows the higher
pollution level at the end of production as energy
consumption mostly produces emission. Concrete,
aluminum, and steel are materials that contain high energy
and produce high CO, emission [12].

Operational energy includes the numbers of energy
released to operate lighting, lift and escalator, ventilation
system, heating and cooling system, pumping system used
to support the activities of all buildings. The operational
energy is mostly related to stable internal environmental
maintenance [6]. The target of this energy utilization will
be varied. It depends on the needs and functions of the
building and the surrounding.

3. Methodology

This research employed a qualitative method by doing
literature studies, observation, and some interviews with
the experts in the construction services, such as consultants,
contractors, and stakeholders. The result of the literature
studies and observation was used to identify some
variables and elements to compile the indicators of
embodied and operational energy assessment. Those
indicators were arranged into questionnaires. The
questionnaires were given to the experienced respondents
and experts in the construction’s activities.

There are 18 statements (table 1 and appendix A) that
represent energy optimization based on the project life
cycle from the results of the literature study. This statement
will be filled in using a Likert scale (table 2) by the
respondent. This research was taken in Indonesia. The
respondents were the consultants and contractor companies
of construction services, which were taken from the list of
the members of Green Building Council Indonesia (GBCI),
which consisted of 89 companies. The result of the
questionnaires was processed using Structural Equation
Modeling (SEM SmartPLS Version 3.0) [13].

Table 1. Phase and Indicator
No PLC Category Indicator
1 Initiation 2
2 Design 4
3 Construction 10
4 Operational 2
Total 18
Table 2. Degree of Importance
No Category Likert Scales
1 Strongly Disagree 1
2 Disagree 2
3 Neutral 3
4 Agree 4
5 Strongly Agree 5

The indicators of embodied and operational energy
assessment were obtained according to the literature study
and were grouped according to the variables of each step in
the Project Life Cycle (PLC) as follows:
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Figure 1. The concept of the Embodied energy and Operational Energy Assessment Model

Table 3. Respondent’s profile

Experience in years

Participants by Occupation

Participants <10 10-15 >15 Amount % Position Amount %
Stakeholder 2 3 5 10 14 CEO/GM 25 13.5
Consultant 2 8 19 29 39 PM/CM 39 52.7
Contractor 4 12 19 35 47 SPV/AE 10 338
Total 8 23 43 74 100
% 11 31 58 Total 74 100

Note: CEO = Chief Executive Officer, GM = General Manager, PM = Project Manager, CM = Construction Manager, SPV = Supervisors, AE =

Assistant Engineer

Figure 1 showed the concept of the embodied energy and
operational energy assessment model which was used to
observe the relationship between ecach variable. This
concept was divided into 2 sub-models. First, the structural
Model (Inner Model) showed the estimation strength
between the latent and construct variables (Variable of
Initiation, Design, Construction, and Operation). The
Measurement Model (Outer Model) showed how the
manifest or observed variable (Element and indicator)
represented the latent variable to be measured. In the Inner
Model, two factors were influencing the latent variables.
The exogen factor was the cause variable or variable
without being started by other variables using arrows
towards other variables (the latent endogenous variable),
while the Endogen factor was the latent variable that was
influenced by the exigent variable. Those concepts were
the first step before being tested using Partial Least Squares
(PLS) to create the new model.

4. Results and Discussion

The data collection of the research was collected by
sending the questionnaires to the respondents, doing the
observation, and directly contractors and consultants of
construction services. There were 74 respondents or about
83% who sent back the questionnaires which were proper
to be analyzed. The following was the result of the
respondent’s data analysis (table 3).

Table 3 showed the respondent who was involved in this
research. There were 47% of contractors, 39% of
consultants, and 14% of stakeholders. There were 58%
respondents which had working experience for more than
15 years; 31% respondents which had 10-15 years of
working experience, and only 11% respondents which had
less than 10 years of working experience. Based on the
respondent position, 52.7% came from the project manager
(PM) and construction manager (CM), 33.8% came from
the supervisor (SPV) and technical assistant (AE), and
13.5% of respondents held the position of the chief
executive (CEO) and general manager (GM) of the
Company.
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Table 4. The Result of the Structural Model Test (Inner Model)

Original Mean Standard T Statistic
Path Coefficient (Indicators) Sample Sample Deviation (I0/STDEVI) P Values
()] ™M) (STDEV)
INITIATION-> Regulations and Policies (A1) 0.900 0.900 0.027 33.603 0.000
INITIATION%Coemnsﬁggirlgn(if(ilg)stakeholders to the 0.950 0.952 0.009 100479 0.000
DESIGN->Design of low and zero waste energy materials (B1) 0.875 0.871 0.028 31.638 0.000
DESIGN->Recycle and Renewable of wasted materials (B2) 0.850 0.850 0.030 27.889 0.000
DESIGN%DeSg;‘e‘r’;i‘;earlggnifg;;"gg)(]ambodied and 0.933 0.934 0.015 61.581 0.000
DESIGN->Design of Flexibilig/:;nd Efficiency of the buildings 0.932 0.932 0.016 58,422 0.000
CONSTRUCTION->Supply Chain Materials (C1) 0.836 0.836 0.037 22.618 0.000
CONSTRUCTION%Manag(eCn;;nt of Transportation System 0.829 0.832 0.045 18.450 0.000
CONSTRUCTION->Construction Method (C3) 0.873 0.873 0.027 31.905 0.000
CONSTRUCTION%EfVﬁ;iI?SZ}S/(?f) Optimization of Heavy 0816 0.814 0.052 15.768 0.000
CONSTRUCTION9Utillgilzl;iilt(il(i)rrllgcs>f(l\c/lsa)terials for the Supporting 0.746 0.750 0.054 13.775 0.000
CONSTRBSE iggfoififtf;‘;ytlsi Efecrtgyc‘(t(y: ;nergy and 0.870 0.870 0.028 31.058 0.000
CONSTRUCTION-> Repeated Works (C7) 0.742 0.740 0.065 11.414 0.000
CONSTRUCTION->Skill of the Workers (C8) 0.742 0.745 0.050 14.860 0.000
CONSTRUCTION-> Waste Management (C9) 0.867 0.870 0.023 38.100 0.000
CONSTRUCTION-> Reuse & Recycle Materials (C10) 0.837 0.839 0.028 29.432 0.000
OPERATIONAL-> Operational buildings (D1) 0.977 0.978 0.005 211.231 0.000
OPERATIONAL?{ZI%%{Z‘;]?::; E;g;‘ir’ Replacement & 0.877 0.879 0.025 34.802 0.000
INITIATION-> DESIGN 0.732 0.737 0.064 11.487 0.000
INITIATION-> CONSTRUCTION 0.263 0.257 0.096 2.744 0.006
INITIATION-> OPERATIONAL 0.251 0.245 0.117 2.148 0.032
DESIGN-> CONSTRUCTION 0.642 0.645 0.089 7.236 0.000
DESIGN-> OPERATIONAL 0.254 0.273 0.134 2.186 0.043
CONSTRUCTION-> OPERATIONAL 0.618 0.620 0.140 4417 0.000

According to the result of the structural model
evaluation in Table 4, it was found that almost all
indicators had influenced the variables. The influence of
the stage of initiation to the indicator of the stakeholder’s
commitment to the environment had a significant relation,
in which the T-statistic value was 100.479 and the P-value
was 0.000. In the stage of design, the most influencing
indicator was the design of energy efficiency (embodied
and operational energy), in which the T-statistic value was
61.581 and the P-value was 0.000, while in the stage of
construction, the most influencing indicator was Waste
Management, which T-statistic value was 38.100 and the
P-value was 0.000. The last, the stage of operation, the
operational building indicator influenced the T-statistic
value significantly, that was 211.231 and the P-value was
0.000. The structural model test (Inner Model) decided the

value of T-value and P-value. The minimum limit value
allowed for the T-value was 1.96 for two-tailed, while the
P-value might be lower than the significant error value. In
this research, the significant error (o) was 0.05 or 5% [14].

The energy assessment model can be formulated into an
equation with a constant value based on the path coefficient
in the original sample column in Table 4. The original
sample shows a value of 0.9 or has a respondent confidence
level of 90% of the Al indicator in an effort to reduce
energy consumption in the Initiation phase. Likewise with
the A2 indicator which shows a value of 0.95 or 95% of the
respondent's confidence level. Furthermore, each
respondent shows the value of the level of confidence
which is used as the basis for the formulation of the level of
assessment. The equation for the energy valuation model in
a construction project (Energy Assessment Model in



674

Construction Project (EAMCP)) is formulated as follows:

EAMCP=0.9A1+0.95A2+0.875B1 + 0.85B2 + 0.933B3
+0.932B4 + 0.836C1 + 0.829C2 + 0.873C3 + 0.816C4 +
0.746C5 + 0.87C6 + 0.742C7 + 0.742C8 + 0.867C9 +
0.837C10 +0.977D1 + 0.877D2 1)

Where; Al = Regulations and Policies, A2 =
Commitment of the stakeholders to the environment, B1 =
Design of low and zero waste energy materials, B2 =
Recycle and Renewable of wasted materials, B3 = Design
of Energy Efficiency (Embodied and Operational Energy),
B4 = Design of Flexibility and Efficiency of the buildings,
Cl1 = Supply Chain Materials, C2 = Management of
Transportation System, C3 = Construction Method, C4 =
Efficiency and Optimization of Heavy Vehicles, C5 =
Utilization of Materials for the Supporting Buildings, C6 =
Efficiency of Electricity Energy and Utilization of
Alternative Energy, C7 = Repeated Works, C8 = Skill of
the Workers, C9 = Waste Management, C10 = Reuse &
Recycle Materials, D1 = Operational buildings, D2 =
Maintenance, Repair, Replacement & Refurbishment.

Figure 2 showed the relation between variables. The
relation between the stage of initiation towards the stage of
design had a T-statistic value of 11.487 and a P-value of
0.000. It meant that the stage of initiation strongly
influenced the energy decrease towards the stage of design.
The stage of initiation towards the stage of construction got
the T-statistic value of 2.744 and the P-value of 0.000. It
meant that the stage of initiation strongly influenced the
energy decrease towards the stage of construction. The
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stage of initiation towards the stage of operation had the
T-statistic value of 2.148 and the P-value of 0.000. It meant
that the stage of initiation significantly influenced the
energy decrease towards the stage of operational.

The stage of design to the stage of construction had a
T-statistic value of 7.236 and a P-value of 0.000. it meant
the stage of design was significantly influencing the energy
decreasing in the stage of construction. The stage of design
to the stage of operational had a T-statistic value 0f2.186
and a P-value of 0.043. It meant that the stage of design
was significantly influencing the energy decreasing in the
stage of operation. The stage of construction towards the
stage of operational was got the T-statistic value of 4.417
and the P-value of 0.000. It meant that the stage of
construction significantly influenced the energy decreasing
towards the stage of operation. The result of the stage of
design towards the stage of operation showed the different
views from other researchers, where the activities of
building operation were strongly dependent on the design
that had been planned [15,16,17].

Most of the building operations would follow the first
design of the building, but sometimes the design was
changing and adjusting to the needs of users as the owner
of the building. This condition often happened on the
buildings and housings where the renovation could change
to half of the first design. The method to decrease the
embodied energy in the building was by utilizing the local
materials with similar durability, low design, maintenance,
and flexibility while using the building and the right
decision on the material design of the building [18].

| Correlated
T Statistic= 2.148

Pvalpe =0.032

Correlated
T Statistic= 11487

PWalpe =0.000

ﬁsﬂu ction Pha=

Correlated
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Operational
Phase
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w

t Design Phase
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T Statistic = 2.1E8
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Figure 2. The Correlation of Energy Valuation Model according to the Project Life Cycle (PLC)
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Figure 3. The Valuation Model of Embodied Energy and Operational Energy according to Project Life Cycle

(__ CONSTRUCTION

c10 \ cs cs
T Statistic = 29.432 T Statistic — 14.860 || T Statistic - 13.775
PValue < 0.000 Pvalue = 0.000 ||Pvalue = 0.000

7
T Statistic = 11.414
PValue = 0.000

ca
T Statistic = 15.768
PValue = 0.000

(==}
T Statistic = 38.100
\PVaIue = 0.000

6 1 c3
T Statistic = 31.058 | |T Statistic = 31.905
|Pvalue = 0.000 ||Pvalue = 0.000 |

T Statistic = 18.450
|PValue = 0.000

675

c2

INITIATION

A2
T Statistic = 100.476
PValue = 0.000 |

Al
T Statistic = 33.603
Pvalue = 0.000

c1
T Statistic = 22.618
PValue = 0.000 |

ENERGY

D2
T Statistic = 34.802
Pvalue = 0.000 |

(_OPERATIONAL (" pesian )

B2
T Statistic = 27.889
Pvalue = 0.000 |

ASSESSMENT

B1

B3 T Statistic = 31.638

b1 || statistic = 61.581 Pvalue = 0.000 |
TStatistic = 211.231 |\PValue = 0.000 | - }
Pvalue = 0.000 | B4
- T Statistic = 58.422

\PVvalue = 0.000 |

Figure 4. The Fish Bone Diagram of Embodied Energy and Operational Energy

Figure 3 showed the last model of the result of the PLS
analysis. This new model showed that each indicator had
varying values to the latent variables, where the lowest
indicator value was on indicator C7, which was 0.742. This
value was higher than the level of a significant error, which
was 0.05. Thus, the level of trust in this indicator was more
than 95% and could be used as the indicator of the design
variable.

Figure 4 showed the fishbone model for the valuation of

embodied energy and operational energy on the project life
cycle (PLC). The value of T-Statistic and P-Value in all
valuation indicators exceeded the significance value
(two-tailed) T-value 1.96 (significance level = 5%) and
P-value >a = 0.05 or 5%. It showed all indicators
influenced each aspect, so they could be used for the
energy valuation model.

This research showed that the efforts to minimize the
embodied energy and operational energy in the life cycle of
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construction had to be started from the Initiation stage. The
role of stakeholders and the Government determined the
commitment to decrease energy usage and concern to the
environment [11,19]. This commitment could be realized
by issuing the regulations and requirements on the
construction activities and written as one of the Paragraphs
on the contract documents. The public policy became the
key factor to develop a further strategy and build protocols
to reuse the existing buildings to utilize the embodied
energy [17,20]. Besides, the government could offer some
benefits, such as ease of licensing, and the reward to the
constructors and the building managers. It aimed to
encourage investors, constructors, and consultants to the
concern of the eco-friendly building and efficiency of
energy utilization.

In the stage of design, the role of consultant designers
and supervisors decided the form of eco-friendly buildings.
The energy-efficient design would influence the level of
energy utilization. The building design, using sunlight as
the natural light during the day, decreased the utilization of
electrical energy; besides, the right fagade design would
decrease the high temperature from outside the building so
it would minimize the utilization of air conditioners (AC)
[16,17]. Still, in this stage of design, it was time to decide
which materials to use [19,21]. The more natural materials
(recycle and renewable materials) they chose, the more
energy they would save. As the materials produced by the
factories used too much energy, both fossil and non-fossil
[22]. The role of the architect to design the low embodied
energy buildings at the building operational would create a
big impact to decrease the embodied energy level during
the age of the buildings [20].

In the phase of construction, the efforts to optimization
the highest energy could be done on the construction
implementation method, which well-prepared method
would decrease most energy in the construction process.
For example, the method of heavy vehicles’ choices,
management of operational schedule, and the skills of
operators would decide the productivity to optimize fuel
utilization as the main energy. The main components of
energy use at the construction phase consist of embodied
energy in building materials and energy obtained from
production activities, such as transportation, equipment,
processing, and utilization of renewable energy [2].
Besides, a good waste management system would
minimize the wasted materials and facilitate the choice of
the material that could be recycled, renewed, and discarded,
as well as the choice and management of efficient
transportation.

The operational phase is the phase that consumes the
most energy during the project life cycle. It was caused by
the age of buildings, which were about 30-50 years, and
about 80% of the total energy consumption in the building
life cycle [6,15]. On the conventional buildings, the total of
embodied energy was about 10%-20%, while 80%-90% of
energy was on the stage of operation, and less than 1% was

Embodied and Operational Energy Assessment Using Structural Equation Modeling for Construction Project

contained on the maintenance and the last life cycle of the
building [23]. It was proven by the number of validity
levels in the research (T-statistic =211.231). The efforts to
decrease the energy utilization on the building operation
could be done by using the energy-saving materials,
especially electricity, and alternative energy utilization,
such as sunlight energy as the electrical energy for water
heater or lightings, especially around the building and
streets. In the activity of building maintenance, they should
utilize the energy-saving and eco-friendly tools and
materials so the energy utilization could be optimized
during the age of the building.

According to several studies, it is stated that energy
optimization should be carried out in the pre-construction
and construction phases which will directly affect a
significant reduction in the operation phase [2,24]. The
Embodied energy control in building materials used for
building construction can have an impact efficiency of up
to 60% of the energy life cycle. This efficiency has a
significant effect on energy reduction during the
operational period [25]. The role of the designer in
designing the building has a strategic influence in reducing
the overall energy, especially the energy efficiency of the
mechanical and electrical systems used during the
operation of the building [26]. Besides, an energy life cycle
approach to construction projects in designing buildings
that prioritize energy efficiency and are environmentally
friendly will directly impact environmental sustainability
[27]. This research is in line with the results obtained where
the initiation and design phases will significantly
contribute to efforts to minimize energy consumption
during the construction and operational phases of a
building.

5. Conclusions

The initiation and design phases are the initial stages in
the project life cycle that directly affect the construction
and operational processes of the building. Energy
efficiency measures in the initiation and design phases will
have a direct impact on reducing energy consumption in
the next phases.

The highest value on the operational variable by using
the operational building indicator where the T-Statistic
value was 211.231 and P-value was 0.000, meaning that the
item significantly influenced the energy decrease,
especially the operational energy. Furthermore, on the
initiation variable with the stakeholder’s commitment to
the environment where the T-statistic value was 100.479
and the P-value was 0.000, it meant that the commitment of
stakeholders to the environment significantly influenced
the energy decrease for both embodied and operational
energy. There is a significant relationship between the
initiation phase, the design phase, the construction phase,
and the operational phase where the highest T-statistic
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value is 11.487 and the lowest is 2.148, and the highest
P-value is 0.043 and the lowest is 0.000. All of these values
are above the T-value of 2.00 and below the P-value > a =
0.05 or 5%.

This embodied energy research model could be used as a
basis to create an evaluation system to control the value of
embodied energy based on the project life cycle. This
model also could be developed to find out how many
design concepts optimize the value of embodied energy or
could be used as forms of check/list control. While at the
time of construction, it could be used as the guidelines of
energy-saving activities, so the embodied energy could be
decreased in each worker’s activity, implementation
method, tool selection, and its operational, and waste
management.

Based on the results of the analysis, it shows that all the
assessment indicators in this model can be used as a basic
concept for making evaluation modules and work
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standards as well as assessments to minimize the embodied
energy under the project life cycle. For further research, a
more in-depth study of energy use in each phase (initiation,
design, construction, and operational) is needed, to obtain
the right strategy in minimizing energy consumption
during the project life cycle.
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Appendix A
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Table Appendix A: The Variable, Element, and indicator of the Embodied and Operational Energy Assessment base on literature review

No Variables Elements (Codes) | Codes Indicator Assessments References
Al.1 The Government’s regulations/ policies to build by concerning energy efficiency and environmentally
friendly. . .
Regulations and Al.2 The. agreement/ contracts referred to the regulations concerning the environmental factors and energy f/lifmq\ﬁ;nexet, 57;11, 2(;1061’8; Flg;:;ktjm;’
Policies (A1) | comservation. . . . N Lutzkendorf, 2016;
A1.3 The commitment of the stakeholders to realize the environmentally friendly and energy-saving buildings. Uda et. al 2(’)20 ’
A1.4 The designs of the buildings that gave priority to sustainable concepts. B '
| Initiation A1.5 The implementation of the development followed the Government’s standard.
Phase B1.1 Financial profit during the life of the building.
The commitment B1.2 Participateq in the G(.)vernment’s program Fo decrease energy and emission. .
of the stakeholders B1.3 Benchmarking and piloting the low embodied energy buildings. Fuertes, 2017; Balouktsi & Lutzkendorf, 2016;
. B1.4 Preparation forTerm Of Reference (TOR) that concerned with the environmentally friendly principles and | Dixit, 2017; Gregory et.al, 2009;Feng et al.,
to the environment .
(A2) energy efficiency. - 2016; Uda et. al, 2020.
B1.5 Had the value-added to the market buildings.
B1.6 Buildings and their components could last longer and adaptable were profitable.
A2.1 Designing the specification of low materials of embodied energy.
A2.2 Designing low waste material buildings. Dixit et.al, 2012; GBC Indonesia, 2013; EBC
The low design A2.3 Designing the buildings that maximized natural material utilization. Annex 57, 2016; Birgisdottir et.al, 2017; Poyry
materials of A2.4 Designing the buildings that maximized the innovation materials utilization. et.al, 2015; Hammond et.al, 2008; Usep et.al,
embodied energy A2.5 Designing the types of materials that were easy to recycle. 2014; Holtzhausen, 2007; Crowther, 1999;
and waste (B1) A2.6 Designing to minimize the utilization of high embodied energy materials, such as iron, steel, and concrete. | Malmqvist et. al, 2018; Kumanayake R &Luo
A2.7 Designing the materials that utilized low energy and emission transportation. H.,2017; Uda et. al, 2020.
A2.8 Designing the materials that had higher resistance and lower maintenance during the age of the building.
B2.1 Designing the buildings that utilized the recycle materials.
Recycle and B2.2 Designing the buildings that used innovative materials with low embodied energy. Holtzhausen, 2007; Crowther, 1999; Malmqvist
5 Design Phase Renewable wasted | B2.3 Designing the buildings that used recycled materials for new buildings. et. al, 2018; Dixit et.al, 2010;Feng et al., 2016;
materials (B2) B2.4 Designing the buildings that were easier to classify the materials’ components to be recycled and | Uda et. al, 2020.
renewable.
C2.1 Designs that featured the low embodied energy structures/ elements.
C2.2 The building's design that utilized natural energy as the main energy.
. C2.3 The building’s design that minimized the energy by applying the passive system, such as utilizing the | GBC Indonesia, 2013; Birgisdottir et.al, 2017;
The Design of .. L . s
Efficiency and electrlclt}{ fo.r lightings and alr.condltlomng. Orr atal, 2017; Ppyry et.al, 2015; .Yu et.al,
Embodied Energy Cc24 Demgmpg lean construction. . . 2016; Holtzhagsen, 2007; Malmgqvist et. al,
(B3) C2.5 Integrating the BIM concept to the design’s step to prevent the adverse environmental effects and decrease | 2018; Balouktsi & Lutzkendorf, 2016; Fuertes,
the energy cost. 2017; Krantz et.al, 2015; Uda et. al, 2020.
C2.6 Designingmore optimum building’s cover to reduce embodied energy.
C2.7 Designing the buildings with an innovative structure to reduce embodied energy.




Table continued

Civil Engineering and Architecture 9(3): 670-681, 2021

D2.1 Designing low maintenance buildings (replacement, repair, maintenance, and refurbishment).
D2.2 Designing more flexible and adaptable buildings.
D2.3 Designing the building that pays attention to the ease of the demolition process.

EBC Annex 57, 2016; Fuertes, 2017; Dixit et.al,

Construction
Phase

A3.4 Choosing the experienced suppliers related to products’ packaging and fragile materials’ distribution to
minimize the repeated delivery.

Thgifg;ﬁn of D2.4 Designing the buildings that could facilitate the materials’ choices. 2013; Usep et.al, 2014; Holtzhausen, 2007;
2 Design Phase Flexibilit gand D2.5 Designing easy and efficient fabrication buildings. Malmgqvist et. al, 2018. Crowther, 1999;
. Y D2.6 Designing the buildings based on the weather, so the materials were chosen in accordance with those | Gavotsis, E., & Moncaster, A., 2014; Uda et. al,
Efficiency (B4) »
conditions. 2020.
D2.7 Designing the shape of the buildings that could be configurated during the age of the buildings.
D2.8 Designing the low maintenance buildings.
A3.1 Des1g91ng the optln?unl’ suppl}‘/ chain for mgterlals to be us;d. ‘ EBC Amnex 57, 2016; Dixit etal, 2012:
. A3.2 Choosing the materials’ suppliers and distributors that environmentally friendly. .
The Materials of A3.3 Choosing the materials’ suppliers and distributors near the site to reduce transportation Gavotsis, E., & Moncaster, A., 2014; Uda et. al,
Supply Chain (C1) =2 H-100SIng the materials: supplers Stributors ne ¢ to reduce transportation. 2020; Efstratios & Alice, 2014; Malmqvist et.

al, 2018; Dixit et.al, 2013.

The Management

B3.1 Managing the transportation system for project management activities (supported transportation), such as
transportation for the workers, health services, etc.
B3.2 Designing the transportation system for far project sites to reduce the embodied energy.

Holtzhausen, 2007; Crowther, 1999; Malmqvist

of;" ratrlsporéelztlon B3.3 Designingthe transportation system during the construction process in an effective and efficient project’s | et. al, 2018; Uda et. al, 2020; Gavotsis, E.,
ystem (C2) environment. &Moncaster, A., 2014; Dixit et.al, 2013.
B3.4 Utilizing environmentally friendly and energy-saving means of transportation.
C3.1 Designing and developing the process of energy-saving technology on the steps of construction, utilization
and maintenance of the buildings. EBC Annex 57, 2016;Birgisdottir et.al,2017;
The Method of

Construction (C3)

C3.2 The effective method of construction to prevent the dissipation of materials, time, tools and workers.
C3.3 Utilizing the old building’s structure that could be functioned without losing its function and strength.
C3.4 Utilizing the BIM method on the more effective and efficient construction process.

C3.5 Utilizing the light-weight construction.

Malmgqvist et. al, 2018; Dixit et.al, 2013;
Gavotsis, E., & Moncaster, A., 2014; Krantz
et.al, 2015; Uda et. al, 2020; Goggins, J., 2012.

The Efficiency and
Optimization of
heavy vehicles

D3.1 Designing the choices of heavy vehicles in accordance with the construction’s needs.
D3.2 Optimizing the utilization of heavy vehicles during the construction process.

D3.3 Utilizing the energy-saving and low carbon heavy vehicles.

D3.4 Placing the skillful and experienced operators of heavy vehicles.

EBC Annex 57, 2016; Gavotsis, E.,
&Moncaster, A., 2014; Dixit et.al, 2013; Krantz
et.al, 2015;Monteiro S.C.A., 2015; Uda et. al,

(€4 D3.5 Decreasing the dissipation of heavy vehicles’ utilization. 2020.
The Utilization of E3.1 Utilizing -the ’env1ronmenta11y fl‘lefldly and low em‘?od}ed energy materials for the supporting buildings, GBC Indonesia, 2013; Dixit etal, 2012;
. such as the project’s office, the workers’ mess, and materials” warehouse. . .
the Materials to the . . . . Birgisdottir et.al, 2017; Ppyry et.al, 2015; Uda
. E3.2 Utilizing the reused materials and recycled materials as a fence protector and scaffolding. .
supporting E3.3 Utilizing environmentally friendly and low embodied energy materials for K3 tools for workers and project t. al, 2020; Hammond et.al, 2008; Malmqvist
buildings (C5) : J y Y &y proj et. al, 2018.

sites.

The efficiency of
electrical energy
and energy
alternative
utilization (C6)

F3.1 Optimizing the utilization of electricity during the project.

F3.2 Utilizing environmentally friendly alternative electricity, such as solar system.
F3.3 Decreasing the utilization of diesel energy as the main electricity source.

F3.4 Utilizing the energy-saving lightings as the project’s lighting fixtures.

Chastas et al., 2016; Feng et al., 2016; Giordano
et al., 2015; Goggins, J., 2012; Sattary, A &
Thorpe, D., 2012.
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G3.1 Managing the workers to reduce the repeated works and dissipation of materials and energy.
G3.2 Decreasing the mistakes of giving instructions and pieces of information in each process of construction.

EBC Annex 57, 2016; Dixit etal, 2013;

Replacement &
Refurbishment
D2

B4.2 Choosing the shortest transportation for material supply.
B4.3 Utilizing the energysaving equipment during the maintenance and renovation.

Repea(tce(;)w orks G3.3 Designing and scheduling the materials and tools’ needs to avoid cumulation and dissipation in the | Balouktsi & Lutzkendorf, 2016; Rasmussen
project’s site. et.al, 2018.
G3.4 Minimizing the mistakes to order the materials and heavy vehicles.
' H3.1 EducaFlng the wor.kers to increase their skill and ability tqwards energy and material efficiency. Balouktsi & Lutzkendorf, 2016: EBC Annex
The skill of the H3.2 Applying the quality management system to the workers in each work. ..
. . . ; 57, 2016; Rasmussen et.al, 2018; Dixit et.al,
3 Construction workers (C8) H3.3 Certificating the skills of each worker. 2013
Phase H3.4 Tight supervising in the construction process. )
The Management 13.1 Choosmg the shortest transportathn way t‘o transport the u§ed mgte‘qals/ waste to the dump area. EBC Annex 57, 2016:Birgisdottiretal, 2017;
. 13.2 Processing the wasted/ used materials during the construction activities. . L.
of used materials/ A ; Gavotsis et. al, 2014; Dixit et.al, 2013;
waste (C9) 13.3 Minimizing the landfill at the end of the project. Malmavist et. al. 2018: Ramesh et.al. 2010
13.4 Utilizing the used land garden work others. q v ’ o
Reuse & Recycle J3.1 Mc?th(?d of wasted/ used .materlals cleanlng.by reuse and recycled. GBC Indonesia, 2013; EBC Annex 57, 2016;
materials (C10) J3.2 Utilizing the used materials for the next projects. Crowther. 1999: Uda et. al. 2020
¢ J3.3 Using the recycle technology to reuse the materials. © ’ ’ ct-al )
A4.1 Utilizing the alternative environmentally friendly electricity.
A4.2 Ut¥l}2}ng energy-saving lighting fixtures by the sensory sysFem. GBC Indonesia, 2013; EBC Annex 57, Macias
. A4.3 Utilizing the energy sensory system for elevator and lift while unoperated.
The Operational . . . e . et al, 2017; Waldron et al, 2013; Uda et. al,
o A4.4 Utilizing the low voltage and energysaving air conditioning (HVAC). . .
building (D1) .S e L. . . 2020; Giordano et al., 2015; Giordano et al,
. A4.5 Optimizing the energy utilization to the electrical equipment.
Operation e . 2017.
. A4.6 Utilizing the low voltage and energy-saving water heater.
4 | /Maintenance e . . . o
Phase A4.7 Utilizing the energy-saving pumping water machine on the sanitation system.
Maintenance,
Repair, B4.1 Utilizing environmentally friendly and low energy materials for renovation. Macias et al, 2017; Waldron et al, 2013;

Giordano et al., 2015; Giordano et al, 2017; Uda
et. al, 2020.
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