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CORRESPONDENCE

Productivity is a challenge in the construction industry, commonly initiated by fragmentation.
In addition, some work levels have been identified, including the micro, meso, and macro.
However, the construction supply chain is one of the possible solutions adopted to increase
productivity. The purpose of this study, therefore, is to develop a framework for measuring
supply chain construction performance at the micro, meso, and macro levels. These respective
stages are tiered from the bottom to the top level as a supply chain management concept.
Furthermore, a design for the supply chain performance measurement framework is created,
followed by formulation with KPI, and the consequent application in the project. Therefore,
performance is evaluated based on the construction materials, as a large resource. The results
identified the supply chain performance at the micro-level as the basis for possible measures
between contractor and supplier, using the SCOR. However, the emphasis was made on the
strength of construction companies with large suppliers at the meso level. Meanwhile, the
macro-level includes the accumulation of related measurements from micro as well as meso,
and are consequently used to define the relationship between construction actors at the national
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INTRODUCTION

High productivity is one of the challenges in construction
industries. According to the Lean Construction Institute, the
waste generated is up to 57%, while only 10% of activities add
value. This sector has acquired significant knowledge from
manufacturing industries required to facilitate productivity. In
addition, several innovations were equally adopted to strengthen
the sectors’ development, especially modular systems or
fabrication, precisely precast concrete [1]. Furthermore, several
countries including Indonesia identify the term construction as a
fragmented industry [2], and this has become a big problem faced
by construction actors, especially contractors, government,
academia, and also suppliers. These discrepancies ensue because
specialization levels in employment and supply chains are
numerous and varied. Hence, the main contractor is usually
overwhelmed to maintain maximum communication and
relationships with sub-contractors, suppliers, and project owners.

However, fragmentations are not preventable, being a notable
characteristic ~ distinguishing the construction from the
manufacturing sector [3]. This challenge is combated through
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innovation and a good supply chain management, referred to as
the control and flow of materials, information, and money
between construction actors from upstream to downstream in
achieving lean construction [4][5].

Meanwhile, the supply chain is attributed as more important
because of technological advancement.  Furthermore,
improvements from subsequent works are limited due to the short
cycle of projects [6]. This condition is different from the
manufacturing industry where works are carried out repeatedly in
the same place and object. Also, knowledge preservation in the
construction supply chain is important and servers as a reference
for future projects [7]. This goes a long way to strengthen the
relationship between actors and also serves as a guide in project
management [8][7].

Presently, numerous approaches and research on supply chain
construction are horizontal and are specifically known to flow
between actors, including contractors to sub-contractors,
suppliers, and owners. Conversely, the vertical aspect deals with
projects up to national and multinational levels between
construction actors [9][10]. In addition, it is important to evaluate
logistics management performance at each level. This research
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aims to measure the supply chain construction performance in
three different levels, particularly micro (intra-organization),
meso (inter-organization), and macro (cross-organization). These
activities are generally material-oriented, being one of the largest
resources in managing construction projects [11].

Previous studies have disclosed a balanced scorecard as a tool to
help managers measure supply chain performance, although there
has been a review on the metrics [12]. Furthermore, adequate
measurements enable managers to accurately compare the supply
chain of competitors as well [13]. Meanwhile, past investigations
also stated SCOR as a reference for business orientation, with the
intrinsic capacity to improve managerial effectiveness [14]. This
simulation was created based on dynamic supply chain analysis
and is applied by project managers to determine the allocation of
resources in an international production network [15].
Meanwhile, some of these investigations are limited to enlist
SCOR a company-wide performance measurement.

This supply chain at the micro-level is defined as the relationship
between contractors and suppliers in a project, therefore, regarded
as a small scale in the supply chain level. Furthermore, one of the
measurements on a project scale uses the Supply Chain
Operations Reference (SCOR)to survey the entire process [16].

Meanwhile, the construction supply chain at the meso level is
categorized within the company’s scope. This is considered an
advantage in tender participations, and the presence of stronger
management serves as an indicator to determine the winner [17].
However, the performance of the national supply chain at the
macro level is measured by those engaged in construction
projects, also it reckons supply and demand for the required
materials at the national level. Furthermore, performance at this
level is assumed to be better measured in terms of vertical and
horizontal relationships.

METHOD

Research Method Concept

This research was conducted in several steps to produce a
preliminary assessment of the supply chain performance
measurement framework at Micro, Meso, and Macro levels. The
first step was to design an analysis parameter for these levels,
followed by the formulation of a Key Performance Indicator
(KPI). Finally, the third step involved implementation of the
project. Figure 1 shows the concepts of this research method.

Designing a construction
supply chain performance
measurement framework
at the micro, meso, macro

D

Formulate key
performance indicators
(KPI) at the micro, meso,

Application of
construction supply chain
performance measurement

o

level macro level to the project
I I I
1 1 1
] i ]
* Micro, meso, macro « KPIs of the SCOR + Performance
supp]y chain maps process (plan, source, measurement quels n
* Micro, meso, macro make, deliver, return) construction projects
supply chain + KPIs at the micro, meso, *  Performance
stakeholders macro level measurement results
* Additional indicators of
the project

Figure 1. The Research Method Concept

The result of the first step was a construction supply chain map at
the micro, meso, and macro levels in correlation with the
stakeholders involved and was based on material flow
management. The second stage involved formulating a Key
Performance Indicator (KPI) adopted from the Supply Chain
Operations Reference (SCOR) model. Therefore, the additional
indicators from stakeholder input were further explored.
Meanwhile, the third step generated examples of project
performance measurements based on the SCOR model formula.

The thinking framework provides the most basic perception of
any analysis and is, as a result, referred to as the flow of thoughts
during research. The thinking framework in Figure 2 explains the
rationale, starting from the SCOR model version 12.0, a
performance measurement model adopted from the Supply Chain
Council. Level one SCOR indicators are adopted for application
in construction. Subsequently, validation is conducted by
contractors and suppliers of state-owned enterprises to determine
the possibility and extent of use in future projects.
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Validation and Data Processing

The local conditions influence the validation of a project and
supply chain implementation method. For instance, a project’s
location determines the choice of suppliers and consequently
influences sustainability. SCOR indicators are applied to project
conditions, before validation while those from other sources are
set aside for additional studies.

Table 1 shows that most of the respondents are male (75%). This
indicates the construction field to be dominated by men, due to
job specifications and difficulty. Furthermore, in terms of
educational qualification, DIV/S1 graduates compose the
majority, with the minority comprised of DIII graduates with
S2/S3 graduates in between, as nearly all employers require
DIV/S1 graduates as project workers, while, S2/S3 graduates
work as academics on average. In addition, state-owned
enterprises held the highest number of respondents, while private

DOI: 10.25077/josi.v19.n2.p101-110.2020


https://doi.org/10.25077/josi.v19.n2.p101-110.2020

SHOLEH ET AL. / JOURNAL ON OPTIMIZATIONS OF SYSTEMS AT INDUSTRIES - VoL. 19 No. 2 (2020) 101-110

companies and firms owned by the Ministry of Public Works and
Housing (PUPR), a government sector, had equal percentages.

Local conditions in the
construction project
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Figure 2. Research Thinking Framework

Table 1. Composition of Respondents based on Gender,
Education, and Company Scale

Criteria Sub Criteria  Numberof %
respondents
Gender Male 15 75
Female 5 25
Level of education DIl 2 10
DIVI/S1 13 65
S2/S3 5 25
Company scale Government 5 25
State-owned 10 50
enterprises
Private 5 25

The next stage involved the construction supply chain
performance measurement, with indicators designed based on the
SCOR model, local conditions, and other suitable sources to
validate the project and suppliers. This process aims to measure
KPI implementation. Furthermore, a questionnaire was filled by
the project manager or the head of material procurement at this
stage to elucidate the data analysis process and ensure a
successful formulation.

The SCOR model measures projects through performance criteria
[18], and each has a major indicator. These include reliability:
perfect order fulfillment, responsiveness: order fulfillment cycle
time, agility: flexibility and adaptability of the reverse and
downside supply chains, overall risk value; costs: costs of supply
chain management and goods sold, asset management efficiency:
cash to cash cycle time as well as return on fixed assets and
working capital. Therefore, these KPIs serve as tools to measure
activities at the project or the micro-level.

The construction supply chain maps at the meso and macro levels
focus on the pre- and post-project stages. However, there is
limited related research these days. This analysis technique has
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no attained good performance at the micro level [16], although
the concept forms the basis of the construction supply chain at the
national level.

RESULT AND DISCUSSION

This study aims to design the concept of supply chain
performance measurements in construction. Hence, it is
important to create the concept of a framework, as shown in
Figure 3. The outcome is assumed to be good on instances where
materials, costs, and information are properly handled. These
considerations follow the project stages and are initiated by an
idea or concept, design, material procurement, implementation,
and up to the finished building, before submitting to the customer.

Moreover, a good construction supply chain is observed from the
problems in the projects. Hence, the assessment ought to be based
on performance. Therefore, several steps were carefully drafted,
including the execution level measured, detailed to the method,
and indicator. This evaluation is conducted properly on instances
where the performer's performances are also assessed.
Furthermore, three main parties are involved in the evaluation at
each level in the construction supply chain, consisting of the
micro, meso, and macro. The parties referred comprise (1)
construction, as well as material and heavy equipment companies
as the main actors in the project, (2) materials and heavy
equipment suppliers, assumed to support the work progress, (3)
the Ministry of Public Works and Housing as policymakers in
determining the supply chain in Indonesia.

The concept of performance measurement is needed to determine
the extent of operational capabilities in maintaining the supply
chain. However, the micro-meso-macro aspect is considered an
interesting topic of conversations amongst contractors, suppliers,
academics, and the government. In addition, each stakeholder has
a personal opinion and view, particularly because of the
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respective interest to be achieved as a target. This is considered
especially by contractors and suppliers assumed to observe the
supply chain or procurement from a business perspective [19].

Consequently, an efficient set up is estimated to increase
company profits.

Supply Chain in Construction
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Figure 3. Concept of Supply Chain Performance Measurement Framework in Construction

Critical questions have been raised by stakeholders in the
construction sector bothering on the effectiveness of the supply
chain required to generate several benefits. However, the
perception of government and academic community is built on a
predefined model and standard in managing projects. Generally,
construction stakeholders recognize the need for each level
(micro-meso-macro) to specify the material inflow and technique
adopted to measure appropriate performance.

The construction supply chain covers the project work cycle from
conception, design, material procurement, implementation, and
user experience. Several workflows are to be managed during this
stage, including material flow, finances, and information.
However, three parties are involved in the measurement of supply
chain performance at each construction phase. The first category
comprises the Ministry of Public Works and Housing,
construction materials, and equipment companies, as well as the
industry. In addition, the second group involves the construction
materials and equipment companies as well as construction
companies, while the third party refers to the suppliers, as well as
the projects. Therefore, evaluating supply chain performance at
each level (micro, meso, and macro) is very significant. Large and
fragmented construction industry requires adequate support in
terms of effective supply chain at every phase. In this study, the
measurement of construction supply chain performance is
consistently focused on the micro stage at the project scale as few
contractors and local suppliers are employed. This is indeed
different from meso and macro levels, where the company and
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national scales were consulted to formulate supply chain policies.
However, preliminary studies on performance evaluation were
also performed to determine the patterns and challenges.

The next step after creating a concept of construction supply
chain management and measuring the performance is to develop
a model for the micro-meso-macro level. This depiction is
illustrated horizontally to ensure the concept map is easier to
comprehend, as observed from low to high level or conversely
(Figure 4).

Basically, the level on the left encapsulates the right. Therefore,
the meso summarizes the events at micro, while the macro
reviews the occurrences at the micro and meso. The supply chain
at micro is referred to as intra-organization and is measured at the
project work phase. The meso stage, also called the inter-
organization, links the micro and macro. This level is quantified
at the scale of construction companies and suppliers. Meanwhile,
the macro shows an accumulation of meso or several construction
companies commonly referred to as cross-organizational on the
national scale. Furthermore, consideration of the supply and
demand for national construction materials is necessary to
become a variable in the supply chain [20].

Figure 5 broadly describes the performance measurement at all
levels, where the micro stage or construction project scale
focused on small to large projects. However, the assessment
method as well as the applied indicators were adopted from the
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SCOR model. Meanwhile, attention is on small to large
companies at the meso or company scale, and the performance
assessment method also originated from SCOR. At the macro or
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Figure 4. The Concept of Micro-Macro-Macro and Stakeholders in the Construction Supply Chain
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the national scale, the effort is on national construction companies
where the performance measurement method applied input-
output analysis.
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Supply Chain Performance Measurement at the Micro
Level (Intra-Organizational)

Supply chain construction at the micro-level is the principal basis
in the flow. The strength at this phase is observed from the
relationship between contractor and supplier, where performance
measurement is analyzed, and also adopted from the SCOR
model. In addition, a case study was conducted on an apartment
project in Semarang. Furthermore, the concept of performance
measurement framework is based on the work attributes of the
SCOR model version 12.0.

Explanation of each performance attribute based on the Supply
Chain Council [21], including:

o Reliability: the ability to complete tasks as expected. This
focuses on the ability to predict the results of an activity. The
metrics on reliability attributes include punctuality, quantity,
and quality. In addition, the attribute measures delivery time,
material quantity, and quality according to specifications in a
construction project.

e Responsiveness: speed of performing supply chain tasks
required to provide customers the desired products. This
comprises the speed cycle time metrics for tasks performed.

e Agility: ability in responding to external influences and
market changes to gain or maintain a competitive advantage.
SCOR's agility metrics include flexibility and adaptability.

e Costs: operational costs of the supply chain process,
including labor, material, management, and transportation.
The typical cost metric covers the price of goods purchased.

e Asset management efficiency (assets): The ability to utilize
assets effectively and efficiently. Asset management
strategies include inventory reduction and in-sourcing vs.
outsourcing. Also, the metrics consist of inventory periods
and capacity utilization.

Table 2. Micro-level Supply Chain Performance Indicators

Reliability, responsiveness, and agility are all focused on the
customer. The costs and asset management efficiency (assets) are
considered as an internal focus. In addition, all SCOR metrics are
grouped under one performance attribute, where each possesses
one or more levels or strategic metrics. This calculation is
employed by organizations for performance evaluation in a
competitive market space. The Key Performance Indicator (KPI)
adopted while assessing the supply chain from SCOR, as captured
in Table 2.

Based on Table 2, KPI from perfect order fulfillment to return on
working capital is an indicator adopted from SCOR model 12.0.
Additional indicators, including technology application and the
supplier's activeness, were based on project questionnaires and
validation. Performance indicators of information technology
calculate its utilization by ready mix concrete suppliers in
supporting supply chain activities. According to Simchi-Levi and
Zhao [22], the purpose of information technology is to provide
openness and availability of information, allow single data
contact, formulate decisions based on overall supply chain
details, and ensure enabling collaboration with supply chain
peers.

The suppliers’ activeness is an additional KPI criterion at the
project as it becomes a reference in providing the best service to
customers. According to Lu et al. [23], effective communication
and supplier activity influences supply chain with customers.
Also, the level of activeness is the initiative to request for and
offer material needs, provide delivery information, and updates
on new material types, as well as to generate feedback from
contractors. These five (5) components are used as references in
measuring supplier performance from an active point of view.

Performance type KPI

Assessed Party

Reliability Perfect order fulfillment

Responsiveness

Agility Upside supply chain adaptability
Downside supply chain adaptability

Overall value at risk

Cost Total supply chain management costs

Cost of goods sold

Asset management efficiency Cash-to-cash cycle time

Return on supply chain fixed assets

Return on working capital
Additional indicators Application of technology

Supplier activity

Order fulfillment cycle time

Contractors and suppliers
Contractors and suppliers
Contractors and suppliers
Contractors and suppliers
Contractors and suppliers
Supplier
Supplier
Supplier
Supplier
Supplier
Contractors and suppliers

Contractors and suppliers
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Supply Chain Performance Measurement at Meso Level
(Inter-Organizational)

Meso level is an intermediate phase in the structure of the supply
chain concept. This focuses on supply chains in construction
companies and suppliers. However, the activity is more
pronounced in contractors, with the role to serve as a middle-man
between suppliers and project owners. Figure 6 illustrates the
supply chains of the two companies in contrast. It represents the
concept of measuring supply chain performance from two
separate companies. The concept shows the connection between
two construction companies with major concrete and steel
material suppliers, with each linked to the raw materials dealer.
Although the concrete and steel supplier relationship chain varies
in the supplier company operations, it usually depends on the
project location and is similar to the raw material. This condition
is the difference between supply chains in construction and

COMPANY A

PTA
... Performance
l ' measurement
Concrete Steel
Supplier Supplier
l | l .__ Performance
v v measurement
Raw Material 1 Raw Material 2 Raw Material 1 Raw Material 2 | ---

manufacturing, due to changing locations and supply partners
[24]. Therefore, every construction company has its ability to
manage its supply chain based on the project experience (micro-
level) of the company.

The problems of changing project location greatly affect the
supplier relationship as the source of the materials and tools
required by the contractor to implement an innovation strategy.
One key approach is to instigate framework contracts with
suppliers. This is an agreement with the service provider or
supplier by setting a unit price with terms and conditions for
purchase transactions during the agreed period. However, the
strategies implemented in the meso phase involves improving
enterprise resource planning (ERP). This is an integrated and
automated system required to manage business processes in
companies regarding the more effective operation, production,
and distribution to and from other companies [25].

COMPANY B

FTB
... Performance
i ! measurement
Concrete Steel
Supplier Supplier
l | i .__ Performance
v v measurement
Raw Material 1 Baw Material 2 BRaw Material 1 Raw Material 2 | -—-

Figure 6. The Concept of Measuring Supply Chain Performance in the Company

Performance Measurement of Supply Chain at the
Macro Level (Across Organizations)

The supply chain at macro phase extends to the top level in the
hierarchy. This requires the integration of various parties, from
performers in the field to the government, specifically assigned to
the Ministry of Public Works and Housing, with an important role
in the national supply chain for policymaking. This agency also
has the power to formulate policies, by assembling suppliers and
contractors to discuss the procurement of national construction
materials. As a simple illustration, the macro-level refers to the
accumulation of micro and meso supply chains.

The challenge faced by Indonesia in the material distribution is
associated with the numerous islands, despite the even
distribution of development. The current condition of the supply
source remains centralized on Java Island. Hence, there is always
a possibility of increased cost and time of material procurement
due to the uneven material demand. The challenge to balance
supply and demand per region is potentially resolved using an
approach, to properly meet the material needs from the prepared

supply.

Another problem encountered is the non-transparent supply and
demand. Hence, the government needs to take sides with the
national construction supply chain using instituted policies. The

DOI: 10.25077/josi.v19.n2.p101-110.2020

strategies adopted at this level requires the harmonization &
collaboration of various parties involved. However, the national
construction supply chain in Indonesia is faced with the challenge
of how to connect the distribution of the material between islands
[26]. For example, the price of cement in Java is very different
from Papua. This basically makes sense as distribution costs are
incurred, hence developing a means to minimize these variations
is highly necessary.

The concept of inter-island supply chain integration is to be
developed to improve national performance. The strategy adopted
involves ensuring a good distribution pattern of construction
materials and equipment, therefore enhancing the ease for
contractors to procure materials. This concept needs to be
supported by optimizing the main ports in Indonesia, as an
infrastructure for the distribution of materials between islands.
Therefore, the quality of the main ports outside Java Island has to
be considered, and an effective strategy is also needed in material
procurement. Subsequently, materials prone to price fluctuation
are increased.

Example of Measuring Supply Chain Performance

This research focuses on the quantitative measurement of supply
chain performance at micro level or a project scale. This includes
a construction job involving samples of steel material, while the
KPI used was perfect order fulfillment. In addition, the steel

Sholeh et al. 107
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ordering system in Project A as a case study was performed
through a centralized framework contract between PT. X
(Persero) Thk, with the designated reinforcing steel supplier.
Therefore, after an agreement on the unit price, a purchase order
(PO) is required according to the needs in the field.

PT. K as one of the steel suppliers can accommodate the
contractor's request with a total volume of 18,250 kg. This
amount is possibly fulfilled as long as the delivery is timely, with
the right quality and quantity of 17,450 kg. Under this
circumstance, K is considered to demonstrate a fulfillment
percentage of:

The goods arrived perfectl
) perfectly 1009
Total order

_ 17.450Kg

=__"""""7 %1009
18250 Kg * 100%

95,62%

Perfect order fulfillment of 95.62 indicates 4.38% of the steel
material is defective, damaged, or deficit of the specifications.
This value is probably achieved by performing several tasks,
including an improvement in communication with suppliers,
using facilities, including telephone, email, and the WhatsApp
application. Furthermore, quality control was also tightened by
taking steel samples every delivery time for tensile and bending
tests in the laboratory.

The second example is the indicators of order fulfillment cycle
time. This refers to the time taken by a supplier to complete a
delivery. As observed in project A, the following time was
required to meet the steel needs:

« PT.X =5days
« PT.Y =7 days
« PT.Z =6 days

The average estimated time for 3 suppliers to deliver reinforcing
steel to project A in Semarang was 6 days. These supplies were
executed after the framework contract was created, and the
purchase order (PO) was completed as well as legalized by PT.
A, and forwarded to the supplier. There are several considerations
made by project A team to achieve these values, including by
overseeing the process, initiated by the administration, and
followed by production as well as delivery. In addition, it is also
necessary to improve communication and coordination between
the project and the supplier logistics team.

The third example is the indicator of upside supply chain
flexibility. This features the ability for reinforcing steel suppliers
to be flexible on the days number required, particularly on
instances where the contractors’ request changes or is not
planned. Based on project A, the time required by suppliers
involved in meeting the steel needs to increase the volume
include:

« PT.X =14 days
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« PT.Y
« PT.Z

=16 days
=18 days

The duration for steel shipments for Project A in Semarang is
highly dependent on the supplier's production capacity, a number
of expeditionary fleets, and road traffic conditions. Therefore, the
time required for additional requests was stipulated at 16 days.
Meanwhile, there is a need for several considerations before this
value is achieved. This includes simplifying the administrative
process if the addendum contract and overseeing the project to
completion.

The three examples of measuring supply chain performance at the
micro-level are possibly used as a reference during the assessment
suppliers’ performance quality in dealings with contractors. In
addition, the contractors are expected to create a track record of
suppliers used. This is to serve as a selection reference for future
projects in nearby locations.

CONCLUSIONS

The supply chain in Indonesian construction is a very interesting
study topic. This is because the country’s geographic location is
different from others, based on the presence of various islands,
from Sabang to Merauke. The development projects in all regions
require an even distribution of materials. However, numerous
problems have been identified, which lead to an increase in
implementation costs, delays, poor quality of work, and
ultimately inefficiency in the overall project. These challenges are
possibly initiated by inadequate supply chain management; hence
the identification of performance indicators is necessary to help
measure the suppliers’ activities. Moreover, associated
difficulties ought to be addressed immediately. In addition, the
performance of the supply chain concept is possibly measured
based on micro, meso, and macro levels, illustrated horizontally
from left to right. Specifically, the micro phase is at the project
level, and is directly carried out by the contractor.

This micro-level is possibly measured using an indicator from
Supply Chain Operations Reference (SCOR). Furthermore, an
example used in Project A, with KPI for perfect order fulfillment
on steel material obtained a value of 95.62%. Moreover, the meso
level is intermediate, comprising some innovations on the supply
chain conducted by construction companies. These include
framework contracts and Enterprises Resource Planning (ERP),
estimated to be quite effective, and capable of reducing costs. In
addition, the assessment involved comparing the supply chain
performance of several companies. Meanwhile, the macro level
is assumed to be more directed at joint operation in meeting the
supply and demand for national construction materials. The
governments’ alignments in policy and harmonization between
parties ought to be promoted for better output. Furthermore, it is
essential to create regional divisions for fair distribution.

This research has created the concept of performance
measurement at the micro meso and macro levels. However, it is
possible to develop future research opportunities in more detail,
especially at the meso and macro levels. This study used SCOR
as a reference for the indicators adopted in construction.
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Therefore, there is need to explore more models, in order to obtain
more complete concept at all levels.
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