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Abstract  Currently, the green concept is a trend for 

sustainable development in all sectors. The concrete 

industry plays an important part but also harms the 

environment. Green concept planning and construction are 

10-20% more expensive than conventional buildings. The 

researcher applied the concept of the green concrete 

industry to statistical analysis and case study with cost 

savings by combining value engineering (VE) and lifecycle 

cost analysis (LCCA) approaches. This research had an 

update on the concept of green retrofitting for concrete 

industry objects and examined influencing factors in 

implementing the green concept using Structural Equation 

Model-Partial Least Square (SEM-PLS) analysis and 

modeling of green retrofitting concepts based on VE and 

LCCA to improve green retrofitting cost performance. The 

results showed that there are "10 influencing factors on the 

green cost performance in the concrete industry", namely 

commitment management, energy and climate, water 

efficiency, secondary material, air quality, economic and 

financial availability, legal compliance and regulation, 

supporting rules, functional analysis, and environmental 

management. Implementing VE and LCCA methods was 

able to increase the cost performance of green retrofitting 

by 8.66% with a return of 3 years and 8 months with the 

benefits of being an eco-friendly and sustainable concrete 

industry. 

Keywords  Ready-mix Concrete, Green Retrofitting, 

Value Engineering, FAST, SEM-PLS 

1. Introduction

The Indonesian government keeps pushing for the 

adoption of green industrial practices across the board in 

the manufacturing sector. According to the Environmental 

Performance Index (EPI) in 2022, Indonesia's ranking 

dropped to 164th from the previous year, which was 116 

with an EPI Score of 28.20 out of 77.90. This proves that 

public awareness of the environment in all sectors needs to 

be increased. The Sustainable Development Agenda 

(SDGs) in 2030 is to declare a development shift towards 

sustainable development based on equality and human 

rights to promote social, economic, and environmental 

growth. This tactical move will aid in the development of a 

globally competitive, environmentally sustainable 

enterprise. The Sustainable Development Goals (SDGs), 

which have been ratified through Presidential Regulation 

Number 59 of 2017, concerning the Implementation of the 
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Achievement of the SDGs, are being realized with an 

emphasis on the growth of the green industry. Green 

development with 17 SDGs Indicators, and 4 indicators is 

a method of sustainable development in the development 

of green industry projects. 

According to UNIDO, a competitive and eco-friendly 

sector is key to encouraging economic growth, poverty 

alleviation, and development achievement. This industry 

has positive and negative impacts on the surrounding area. 

Positive impacts tend to be expected rather than negative 

impacts that need to be controlled so that there are benefits 

for society and the environment. For a project to be 

delivered successfully, it must be material control [1]. In 

Indonesia, the concrete industry and the demand for 

concrete materials are predicted to increase in line with the 

National Medium-Term Development Plan (RPJMN) in 

2020-2024. Infrastructure development is one of 

Indonesia's visions for 2019-2024. According to the Public 

Works and Housing (PUPR) Ministry, data on the 

estimated demand for construction materials, especially 

concrete, is predicted to increase by 8% in the 2020-2024 

fiscal year which can be shown in Figure 1. 

The green concept is the process of building a structure 

by considering the environment and efficient resources 

throughout the life cycle of the building, from design, 

construction, operation, maintenance, renovation, and 

deconstruction [2]. It is possible to successfully use the 

capabilities of the sustainability index to provide an overall 

indicator of how well existing applications perform in 

terms of the environment [3]. 

In Indonesia, the green concept and green certification 

parameters in the concrete industry from related 

regulations are still not widely implemented. Meanwhile, 

in Europe and other developed countries, the green 

concrete industry concept has been applied by adopting the 

green Concrete Sustainability Council (CSC) concept. CSC 

is a partner agency for the concrete industry in Europe, the 

United States, Latin America, and Asia, which initiated the 

development of an industrial certification system and has 

social and economic environmental responsibilities in its 

operations. CSC promotes and exposes the concrete 

industry and eco-friendly products for sound decision-

making in construction. The CSC certification system for 

the concrete industry is issued and applies globally [4]. One 

solution to overcome is to build a green concept for 

industrial development that prioritizes environmental 

factors in the manufacturing process and operations. The 

development of green buildings demands excellent starting 

with the design phases. Alternative designs that are 

"greener" will use more environmentally friendly products 

and materials [5]. Other problems in implementing the 

green concept were identified, such as the high cost of 

green investment compared to conventional buildings, lack 

of understanding of green concepts, lack of eco-friendly 

products on the market, and the lack of financial and non-

financial support from the government. Conversion can be 

found from the old conditions to the green concept. One of 

the problems in implementing green concepts such as the 

implementation of energy-saving systems, lighting, 

conservation, and water recycling causes the cost of green 

construction (retrofitting costs) to increase by 10.77% [6]. 

 

Figure 1.  Estimation Demand for Construction Materials in Indonesia 
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Value Engineering (VE) has very significant benefits in 

the civil engineering construction industry, especially in 

cost savings and increasing project benefits. VE is a 

systematic review of projects, products, or processes to 

improve performance, quality, and/or life cycle costs by an 

independent multi-disciplinary specialist team [7]. Life 

Cycle Cost Analysis (LCC) in VE is value-based and useful 

for determining the alternative with the lowest cost. Green 

concepts in hospital buildings can improve cost 

performance through value engineering techniques and 

make life cycle costs more profitable in the long term [8]. 

The development and use of green retrofitting and the VE 

concept aim to improve the cost performance of green 

retrofitting in the concrete industry. This research aimed to 

analyze the influencing factors of increasing the cost 

performance of green retrofitting based on Value 

Engineering and Life Cycle Cost Analysis in the concrete 

industry with a structural correlation model using 

Structural Equation Modeling–Partial Least Square (SEM-

PLS) and develop the implementing green retrofitting 

concept to improve the cost performance of green 

retrofitting based on Value Engineering and Life Cycle 

Cost Analysis in the concrete industry. 

2. Literature Review 

In this study, literature related to green retrofitting 

concepts in ready-mix concrete, Value Engineering (VE) 

and Life Cycle Cost Analysis (LCCA) is used. 

2.1. Green Ready-mix Concrete Concept 

The green concept is the building structures process 

based on the environment and efficient resources 

throughout the building life cycle from design, construction, 

operation, maintenance, renovation, and deconstruction [2]. 

Concrete Sustainable Council 2022 data showed that 

ready-mix concrete (RMC) producers who notice the 

environment and have the Concrete Sustainable Council 

certificate as Green in developed European countries are 

continuously increasing. In 2021, 485 concrete industries 

obtained Green certification (https://csc.eco/Concrete 

Sustainability Council, 2022). 

The introduction and application of the green concept in 

the concrete industry provide a platform to address 

interrelated global problems through cross-sectoral 

methods and initiatives and it is also beneficial for industry 

participants. This rating system is a way to evaluate the 

eco-friendly level of green buildings. There are several 

categories, criteria, and benchmarks in GREENSHIP that 

have certain points. The credit criteria parameters for the 

green retrofitting concept of the concrete industry are 

decided by the CSC such as Management-(M) (33 points), 

Environment-(E) (73 points), Social-(S) (48 points) and 

Economic-(B) (25 points) [4]. The rating of CSC for 

industry construction of material can be seen in Figure 2. 

2.2. Value Engineering (VE) 

Value engineering is generally defined as a creative 

organized method for maximizing the cost and/or 

performance of a facility or system. It is conducted by 

checking excessive costs that are avoided to identify 

between the required functionality and the most affordable 

price without compromising the required quality. 

According to Eng Karim Ragab in an article about 

Planning and Project Controls Engineer SAVE 

International, the steps of planning Value Engineering 

activities include 1) information step, 2) function analysis 

step, 3) creativity and innovation step, 4) development step, 

5) decision analysis step, 6) decision-making step, 7) 

implementation step, 8) recommendation step and 9) 

research results [9]. 

2.3. Life Cycle Cost Analysis (LCCA) 

LCCA is an optimization method for selecting a solution 

to generate a lot of money over its lifetime. In other words, 

the lowest life cycle cost is the main goal of technical and 

economic analysis [10]. For building owners, the initial 

cost of a retrofitting project is critical. Life Cycle Cost 

considers all costs associated with a retrofitting project. 

Depending on the circumstances, higher-cost retrofitting 

packages may result in better LCC performance due to 

higher cost savings. LCCA is very useful for comparison 

between alternative projects that fulfill the same 

performance requirements but different initial costs and 

operating costs as a solution to choose the one that 

maximizes cost savings [11]. The general steps for 

estimating LCC analysis are as follows: 

Cost Breakdown Structure (CBS) – LCC Modeling 

without salvage value – Lifecycle Cost Analysis – 

Sensitivity Analysis – Efficiency [12]. 

The entire project life cycle and green buildings are 

prioritized. This includes the manufacture of building 

materials, planning, design, construction, operation, 

maintenance and removal, as well as recycling of waste 

throughout the entire process. 



 Civil Engineering and Architecture 11(5A): 2958-2973, 2023 2961 

 

 

 

Source: Concrete Sustainability Council, 2022 

Figure 2.  Rating Green RMC 

3. Methodology 

The research location is PT. XYZ, is one of the concrete 

industries in Indonesia. The research was conducted from 

April to June 2022. There was around 531 ready-mix 

concrete operating in Indonesia in 2021. Respondents were 

obtained from ready-mix concrete stakeholders in the 

research location area by distributing questionnaires. 82 

respondents returned the questionnaire completely. The 

researchers analyzed and determined the sample size 

required to full fill the SEM-PLS model using the SEM-

PLS version 3.0 software. The researcher constructed a 

research flow chart at each step to obtain statistical analysis 

and case study research steps. Only half of the systematic 

reviews that included flowcharts were conducted. 

Researchers need to construct a flow chart to explain the 

thorough knowledge of the research review procedure. A 

case study on the implementation of the green retrofitting 

concept in the concrete industry was conducted based on 

primary, secondary, observation, literature review, and 

analysis data. 

The concept of statistical analysis research and case 

study could be seen in Figures 3 and 4. 
Figure 3, explaining the flowchart process to obtain 

statistical results with SEM-PLS by output obtaining key 

success factors that are involved in the application of green 

retrofitting ready mix concrete (RMC), while in Figure 4 

the following is a diagram for the application of Green 

retrofitting on RMC to be able to improve its Green cost 

performance with a case study on the RMC plant object. 
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Figure 3.  Data Processing Diagram with SEM-PLS 
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Figure 4.  Green Retrofitting Concept Implementation 

4. Research Results & Discussion 

SEM-PLS is an excellent research tool for advancing and 

developing theory. There are three simultaneous activities 

in SEM, namely confirming the validity and reliability, 

testing the model of the correlation between variables (path 

analysis), and obtaining the appropriate prediction model. 

Second-order confirmatory factor analysis is a type of two-

level SEM measurement model that describes how the first-

level latent variable acts as an indicator of the second-level 

latent variable [13].  

The lowest sample size is taken based on the different 

levels of path coefficients (p Min) and 80% statistical 

power test [14]. The minimum sample was 69. In this 

research, there were 82 respondents (80.4%) of 102 

respondents. The data population was determined based on 

journal literacy and the experts’ validity so that the 

population is appropriate. Data was examined and grouped 

by education, position, and experience. Table 1 explains the 

minimum sample requirements that must be taken based on 

the reference 

In SEM-PLS, there are three simultaneous activities, 

namely confirming the instrument's reliability and validity 

(confirmatory factor analysis), testing the correlation 

model between variables (path analysis), and obtaining a 

suitable model for prediction (structural model and 

regression analysis). Table 2 showed a list of key success 

factors from the literature study and expert validation. Data 

analysis was applied to the concrete industry to identify and 

analyze the influencing factors of the cost performance of 

green retrofitting based on VE and LCCA. Factors and sub-

factors of the variables were tested using SEM-PLS as 

shown in the following Table 2. 

Table 1.  Lowest Sample Size for Difference Level between Minimum 
Path Coefficient and 80 Power Test [14] 

 

℘ min 

Significance level 

1% 5% 10% 

0.05 – 0.1 1004 619 451 

0.11 – 0.2 251 155 113 

0.21 – 0.3 112 69 51 

0.31 – 0.4 63 39 29 

0.41 - 0.5 41 25 19 
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Table 2.  Key Success Factor 

Variable Main Factor Sub-Factor References 

Batching Plant  

(BP) 

Planning (PR) 

X.1 Geographical Location [15], [16], [17] 

X.2 Economic, Financial Availability [18], [19], [20], [15] 

X.3 Legal Compliance & Regulation  [19], [15] 

X.4 Market Demand [17] 

X.5 Procurement (SCM) [21] 

X.6 Development team [22], [23] 

X.7 Goals and objectives [24], [21] 

X.8 Design & Calculation [19] 

Implementation (PL) 

X.9 Organization project and Functional 

Team 

[33 

X.10 Communication Stakeholder [24], [20] 

X.11 Technic Specification And Drawing [25], [20] 

X.12 BOQ [26] 

X.13 Job Location [16] 

X.14 Time Schedule [24], [20] 

X.15 Selection of Machinery and Heavy 

Equipment 

[27]  

X.16 Technology & Method work [24], [20] 

X.17 Commitment Management  [24], [20] 

X.18 Control and Monitoring [24], [20] 

X.19 HSSE & CSR [28] 

Green Retrofitting 

Concept (GR) 

Management (M) 

X.20 Sustainable Purchasing [29], [4] 

X.21 Environmental Management [30], [31], [4] 

X.22 Quality Management [4] 

X.23 Health & Safety Management [32], [4] 

Social (S) 

X.24 Local Community [33], [28], [4] 

X.25 Health Product information [4] 

X.26 OHS [32], [4] 

X.27 Lab our Practice  [34], [4] 

Environment (E) 

X.28 Water Efficiency [19], [35], [4] 

X.29 Land Use  [36], [4] 

X.30 Life Cycle Impact [31], [4] 

X.31 Energy & Climate [37], [4] 

X.32 Secondary Material [4] 

X.33 Biodiversity [4] 

X.34 Air Quality [4] 

X.35 Transport [4] 

X.36 Secondary Fuels [4] 

Economy (B) 

X.37 Local Economy [38], [4] 

X.38 Ethical Business [4] 

X.39 Innovation [39], [4] 

X.40 Feedback Procedure [4], [40] 

 Information phase (TI) 

X.41 Information and Coordination [41], [26] 

X.42 Data Analysis [42], [7] 

X.43 Supporting Rules [43]  

X.44 Structured planning [28] 

X.45 There is a commitment [29] 
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Table 2 continued 

Value 

Engineering (VE) 

Function phase (TF) 
X.46 Functional analysis [29] 

X.47 Development Stage [44], [7] 

Creative phase (TK) 
X.48 Material Selection System [7] 

X.49 Selection of Working Method [45], [41] 

Evaluation phase (TE) 
X.50 VE. Study Funding [41] 

X.51 Time VE [41] 

Development phase (TP) 
X.52 Selection of Alternative Materials [44] 

X.53 Cost Reduction [42], [7] 

Presentation phase (TPr) 
X.54 Resources [46] 

X.55 Control Implementation [47] 

Implementation Phase (Timp) 
X.56 Implementation [42], [7] 

X.57 Inspection  [42], [7] 

Life Cycle 

Cost Analysis 

(LCCA) 

Cost Breakdown Structure (CBS) 

X.58 Initial Cost [48], [49] 

X.59 Cost Energy [42], [7] 

X.60 Replacement Fee [50] 

X.61 Cost Operational and Maintenance [42], [7] 

LCC Analysis (A-L) 
X.62 Analysis Period [42], [7] 

X.63 Present Time/Year [51] 

LCC Modeling (L-M) 
X.64 Modeling without Residual Value [51] 

X.65 Modeling With Residual Value [52], [25] 

Cost (Y) Internal & External (Int & Ext) 

Y.1 Material Cost [52], [25] 

Y.2 Lab our costs [43], [25] 

Y.3 Equipment Cost [43], [25] 

Y.4 CSR Cost [43], [25] 

Y.5 Product Cost Fluctuation [25] 

Y.6 Environmental Cost [25] 

 

4.1. Evaluation of the Measurement Model (Outer 

Loading – PLS algorithm) 

Reflective Model Measurement Criteria, Extract 

variance with a value of > 0.5 is valid as convergent 

validity [53]. Composite reliability measures internal 

consistency with a value of > 0.6. Outer loading value of > 

0.7 is acceptable. Meanwhile, the outer loading value of 

<0.5 is constantly eliminated from the analysis process [54]. 

Validity is examined using yet another measure of 

discriminant validity. It is anticipated that each indicator 

block will have a higher loading value than the indicator 

for the other latent variables for each latent variable that is 

assessed [54]. 

The early stage of SEM-PLS analysis is to create a 

structural model. The structural model can be shown in 

Figure 5. 

The table above showed that the Convergent validity 

value on all indicators was > 0.5 so it could be concluded 

that all indicators were accepted and maintained for the 

further process. The AVE test values and Composite 

reliability can be seen in Table 3. 

The AVE value showed that the latent and median 

variables were > 0.5, so the convergent variable was valid 

and adequate. The value of Composite Reliability and 

Cronbach's alpha were > 0.7, so the reliability of the 

instrument could be trusted and accepted. 

4.2. Structural Model Evaluation (Inner Loading – 

Bootstrapping) 

The size indicator of external structure to explain 

endogenous construction was the coefficient of 

determination (R2). The coefficient of determination (R2) 

was estimated between 0 and 1. Models were classified as 

strong, moderate, and weak indicated by R2 values of 0.75, 

0.50, and 0.25 [53]. Chin classified the R2 criteria as strong, 

moderate, and weak with values of 0.67, 0.33, and 0.19 [55]. 

The value of R-square is the independent variable to 

explain the variance of the dependent variable. The result 

of R-square to Y = cost was 0.840 which meant that all 

latent and median variables were able to explain the 

dependent variable or affect the cost by 84%. 



2966 A Study on the Application of Green Retrofitting in the Ready-Mix Concrete (RMC) Industry  

in Indonesia to Improve Cost Retrofitting Performance 

Table 3.  AVE Test and Composite Reliability Results 

  

Variable  

Composite Reliability  

(>0.7) 

Cronbach's Alpha 

(>0.7) 

(AVE)  

(>0.5) 

Analysis LCC (A-L) 0.953 0.902 0.911 

Economy (B) 0.914 0.874 0.727 

Cost Breakdown Structure (CBS) 0.940 0.915 0.798 

Environment (E) 0.938 0.925 0.628 

Evaluation Stage (TE) 0.941 0.874 0.888 

Function Stage (TF) 0.915 0.813 0.843 

Implementation Stage (TIMP) 0.878 0.722 0.783 

Information Stage (TI) 0.879 0.827 0.592 

Creative Stage (TK) 0.876 0.720 0.779 

LCC Modelling (L-M) 0.997 0.994 0.994 

Management (M) 0.870 0.799 0.628 

Implementation (PL) 0.941 0.930 0.591 

Planning (PR) 0.918 0.897 0.584 

Development Stage (TPM) 0.878 0.714 0.783 

Presentation Stage (TPR) 0.906 0.792 0.828 

Social (S) 0.934 0.904 0.779 

VE 0.951 0.945 0.535 

Green CSC  0.957 0.952 0.514 

LCCA 0.932 0.917 0.632 

Y= Cost  0.986 0.982 0.919 

 

Figure 5.  Structural Model and Correlation Path Model between Latent Variables 
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Table 4 below shows the results of the SEM-PLS 

analysis for R–square. 

Table 4.  R2 Result 

Variable R-Square 

Economy (B) 0.667 

Environment (E) 0.884 

Evaluation Stage (TE) 0.753 

Function Stage (TF) 0.769 

Implementation Stage (TIMP) 0.645 

Information Stage (TI) 0.822 

Creative Stage (TK) 0.645 

Management (M) 0.765 

Implementation (PL) 0.937 

Planning (PR) 0.877 

Development Stage (TPM) 0.734 

Presentation Stage (TPR) 0.461 

Social (S) 0.643 

Cost Breakdown Structure (CBS) 0.655 

LCC Model (L-M) 0.753 

 

4.3. Path Coefficient and Interpretation 

Path coefficient interpretation results in the path 

coefficient table were the bootstrapping process result. The 

results of the path analysis or structural model had a 

significant effect if the T statistic value was > 1.96 and the 

p-value was < 0.05 [55]. In the hypothesis test, the use of 

the correlation method to the cost of green retrofitting could 

be seen in the indirect path analysis or specific median 

(Specific indirect effect). 

The results of the correlation between the implementing 

green retrofitting concept and the VE and LCCA methods 

had a significant effect on the cost performance of green 

retrofitting in the concrete/batching plant industry. 

Batching plant Green CSC  VE LCCA Cost was 

6.501 (0.000) with a positive Original sample value that 

was 0.643. It showed that the hypothesis was accepted. The 

mathematical model of the results of this study is obtained 

as follows: 

Y= 0.102(BP)+0.024(GR)+1.057(VE)+0.823(LCCA) (1) 

The SEM-PLS analysis results showed that there were 

10 influencing factors to the cost performance of green 

retrofitting based on Value Engineering and Life Cycle 

Cost Analysis in the concrete industry. These factors were 

as follows:  

Table 5.  Influencing Factors 

No Sub Factor Original Sample 

Value 

Mean T- Statistic 

> 1,96 (p < 0,05 

R Square 

Toward 

1. Commitment Management X17 0,838 5,63 43,856 0,937 

2. Energy & Climate X31 0,876 5,61 23,037  

 

0,884 

3. Water Efficiency X28 0,853 5,59 21,636 

4. Secondary Material X32 0,839 5,57 20,529 

5. Air Quality X34 0,814 5,56 19,237 

6. Economic, Financial viability X4 0,806 5,54 15,952  

0,877 7. Legal Compliance & Regulation X7 0,792 5,37 10,944 

8. Supporting Rules X43 0,808 5,35 5,380 0,822 

9. Functional analysis X47 0,918 5,30 6,953 0,769 

10. Environmental Management X21 0,856 5,28 33,463 0,765 

4.4. Correlation among Green Retrofitting Concepts and Value Engineering 

Table 6.  Research Self-Assessment Recapitulation 

Recapitulation Self-Assessment – CSC 

Code Parameter unit Standard Criteria CSC Assessment Retrofitting Recognition 

M Management Points 33 26.3 27.8 

E Environment Points 73 13.5 41.5 

S Social Points 48 42 42 

B Economy Points 25 17 17 

Total Points 179 97.8 127.3 

Percentage (min 65%) 100% 55% 71.5% 
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The SDGs require a development plan, and if statistical 

data is adequately delivered to associated Sustainable 

Development, it will be crucial to the strategy's success 

[56]. Different definitions of sustainable building can be 

viewed from various angles. For instance, sustainable 

construction would use fewer resources and be more 

functional [57]. Construction projects for sustainable 

buildings often face difficulties with project effectiveness. 

The main obstacles to utilizing complex and cutting-edge 

approaches have been cited as a lack of expertise, 

knowledge, and abilities in sustainable initiatives [58]. 

Through the rating system issued by the Concrete 

Sustainable Council (CSC), an assessment is needed to 

obtain an assessment of the existing plant and make a plan 

to obtain environmentally friendly concrete industry 

parameters based on the clauses given by the CSC. 

The self-assessment and observation results generated a 

Gold rating with a value of 127.3 (71.5%) and a planned 

green retrofitting cost of 11.06% (IDR.3.263,688.229). 

Self-assessment recapitulation could be seen in the 

following Table 6. 

The stages of evaluation of the function are carried out 

to obtain the alternatives used. Determination of 

alternatives is used according to the expected function and 

the lowest cost. Figures 6 and 7 were a FAST diagram in 

the concrete industry before and after the implementation 

of the eco-friendly concept and the VE process 

The “how-why” logic model aimed to improve the 

development of projects found, categorized, developed, 

and selected [8]. To see how basic functions and 

complementary functions are identified, FAST diagrams 

are used. Understanding the primary function, how to 

accomplish it (how), and the rationale behind it can help 

you understand how this diagram functions (why). To 

achieve the analysis conducted, this figure also divides the 

scope of design and the scope of construction. 

Value = Function / Cost, first proposed by Miles in 1961, 

was later revised to Function / Resources. Even yet, 

because it combines quantifiable (such as cost) and 

immeasurable (such as function) notions, its adaption 

suffers from the same problems as its original version [59]. 

 

Figure 6.  Concrete Industry FAST Diagram before additional Functions 
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Figure 7.  Concrete Industry FAST Diagram After additional Functions 

4.5. Energy Efficiency & Recycle Water 

Global carbon emissions are causing climate change, 

which is endangering life on Earth [60]. The concept of 

energy efficiency with solar panels in this case study aimed 

to obtain more benefits and improve the function of the 

eco-friendly concrete industry. 17,165,05 Kg of CO2e 

might be reduced by the concrete industry with PV solar 

energy. In comparison to January 2019, if the system had 

been implemented in January, it may have reduced the 

carbon footprint by almost 9% each month and by about 

205,980.6 kg CO2e annually. The solar system is therefore 

created to maximize production efficiency and protect the 

environment [61]. 

The installed power for the factory area was 555 kVA 

with a voltage of 380V and three phases. The calculation 

was conducted with the assumption of 80% DOD (Depth 

of discharge) and 4.5 hours PSH (Peak Sun Hours). 

Calculation of the off-grid solar panel system by the VE 

team assisted by Software generated the minimum required 

solar panel capacity of 151.29 kWp. If applied a 550 Wp 

Monocrystalline type of solar panel, the total solar panels 

required were 275 pcs of solar panels < 434 maximum solar 

panels for the number of solar panels with a batching plant 

roof area. The number of batteries with a capacity of 48V 

70AH was 165 pcs with 11 pcs 15KW inverters. 

Population increase has an impact on water quality 

because of domestic and industrial effluent [62]. Specific 

treatment is required in the concept of utilizing and using 

wastewater to obtain more benefits and increase eco-

friendly functions by reducing the use of clean water for 

the concrete industrial process. Liquid waste or wastewater 

is liquid waste from homes, businesses, workplaces, 

industries, and other public places. This waste contained 

components or substances that can damage human health 

or life and disrupt environmental sustainability. The 

concept of utilizing and using wastewater required specific 

handling. Reducing the use of clean water in the concrete 

industrial process can add benefits and eco-friendly 

functions. Wastewater treatment in the concrete industry 

aimed to reduce wastewater pollutant parameters according 

to quality standard requirements or certain qualities for 

reuse. The planning of the wastewater tamping capacity of 

95 m3 and the distribution of recycled water was expected 

to save 50% of clean water use every month and provide 

benefits for the concrete industry business stakeholders. 

The design of the Washed Water Treatment (WWT) pond 

in the VE process was as follows: 
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Figure 8.  WWT Image for Benchmark 

To obtain the results of using the Value engineering method on the RMC green retrofitting project before and after the 

VE process is carried out as shown in Table 7 and monetary benefit result in the Table 8. 

Table 7.  Green Retrofitting Cost Before and After VE 

Component Functions Cost Before VE 

(IDR) 

Cost After VE 

(IDR) Verb Noun 

Efficiency Energy 
Energy Management and 

Operations 

Sustainable and environmentally friendly 2.738.790.449 2.462.290.449 

Water Recycle  Utilization and Savings Sustainable and environmentally friendly 434.017.780 427.955.780 

Cover Loading Point Dust Reduction Sustainable and environmentally friendly 38.880.000 38.880.000 

Certification Green  Assessment green Label Sustainable and environmentally friendly 52.000.000 52.000.0000 

Total 3.263.688.229 2.981.126.229 

Amount of Value Engineering (Cost – After Value Engineering)  282.562.000 

Green-Based Value Engineering savings percentage 8.66% 

Table 8.  Monetary Benefit 

ITEM 

MONETARY BENEFIT  

REMARK 
AMOUNT UOM 

VALUE/ 

UOM (IDR) 
TOTAL (IDR) 

Saving Energy 176000 Kwh 1.142 200.946.240 40% of rate capacity 550KVA 

Excess Energy for CSR 10000 Kwh 1.142 11.417.400 Cost CSR /month 

Water Saving 385.61 M3 45.000 17.352.450 
Target saving 50% (25% for Raw 

material and 25% flashing ) 

Total Monetary Benefit/ Month (IDR) 229.716.090 

Total Benefit /Year (IDR) 2.756.593.080 

 

Each Bill of Quantity (BOQ) element was chosen 

without exception and each element should show an eco-

friendly function. The result of the feasibility analysis of 

green retrofitting RMC can be shown in Table 9. 

Table 9.  Feasibility Analysis 

Investment 

Criteria 

Value Remarks 

NPV 1.938.825.115 Feasible Project 

IRR 39.75% Feasible Project 

Payback Period 3 Years 8.66 Months Feasible Project 

Benefit Cost Ratio 1,63 Feasible Project 

All concepts for VE were refined during the evaluation 

stage. The material selection idea of the green concept was 

summarized and calculated to fulfill the objectives of value 

engineering [8]. The case study calculations result for VE 

and LCCA on the implementing green industrial concept 

indicated that the project could be implemented. The rate 

of return period had a return value of 3 years and 8 months 

related to the early target set, which was < 4 years. 

5. Conclusions 

The results showed that the implementing green 

retrofitting concept in the concrete industry using the value 

engineering method and lifecycle cost analysis with SEM-

PLS has a significant effect on increasing the cost 

performance of green retrofitting. The results are as follows: 

- The most influential factors are Management 
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Commitment, Energy & Climate, water efficiency, 

secondary material, air quality, Economic & 

financial availability, Legal Compliance & 

Regulation, supporting rules, Functional analysis, 

and Environmental Management. SEM-PLS 

analysis is proven to be more effective for obtaining 

correlations in the development of research theory. 

- The Green Retrofitting Implementation Flowchart 

using the VE and LCCA methods is proven to be 

effective and can be implemented to obtain a 

solution for implementing the green batching plant 

concept so that the cost performance of green 

retrofitting increases. 

- The saving for investment in implementing the green 

concept in the concrete industry through the VE 

method is Rp.282,562,000 (8.66%) with a return of 

3.86 years ≈ 3 years 8 months for BEP. This 

investment is an additional function of the eco-

friendly and sustainable concrete industry. 

- The novelty of this research is the implementation 

green retrofitting concept for the Indonesian 

concrete industries with VE and the addition of eco-

friendly functions in the concrete industrial process. 

Based on the results, the proposed hypothesis is that 

improving the cost performance of green retrofitting using 

value engineering methods in the concrete industry can be 

realized, eco-friendly, and more profitable in the future.  
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