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Abstract: The construction industry is so fragmented that in its implementation many have resulted in
increased costs, delays, and inefficiencies. But this fragmented can not be a reason not to innovate. One
approach to the solution used is supply chain construction. The purpose of this study is to map supply chains
micro, meso, and macro. This level is tiered from the bottom to the top level as the concept of supply chain
management. The qualitative and quantitative research method was used to map and analyze supply chains
for each level. The results showed the micro-level is the basis of the supply chain which can be measured
by SCOR for example. The meso level focuses on the strength of construction companies. Construction
company strategies framework contract and Enterprises Resource Planning (ERP). Macro-level includes
supply chain accumulation from micro and meso. It is expected that at the macro level is the harmonization
of supply chains between stakeholders, namely the government, contractors, suppliers, and distributors with
good policy regulations.
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1. Introduction

In several countries including Indonesia, the construction industry is called a fragmented industry
[1]. This mention is fact and becomes a big problem that will be continually faced by construction
actors such as contractors, government, academic, and also the supplier. This is due to the level
of specialization in the tier chain is very numerous and varied. So, main contractor as central of
project usually overwhelmed in maintaining communication and relationship with sub-contractor,
supplier, and owner.

Fragmentation in the construction industry cannot be prevented because that is the characteristic
of construction projects that distinguishes it from the manufacturing industry [2]. The challenge
is how to reduce this fragmentation with a solution. One of the solution approaches is a supply
chain that is adopted by the manufacturing industry. Supply chain management is a management
concept that sees the flow of material, information, and money from upstream to downstream
[3][4]. Supply chain in construction industry is important but the learning is reduced because of
the short project cycle [5]. This condition is different from the manufacturing industry that works
repeatedly. Therefore it is expected that there is knowledge management in the construction
supply chain so that it can be used as a reference in next projects [6].
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At present, there have been many approaches and research of supply chain construction
horizontally, the flow between contractors to sub-contractors, suppliers, to users or owners, but
vertically there is still not much [7]. Vertical means how the supply chain at the project level up
to the national or multi-national and between construction actors. So that the purpose of the study
is to map the supply chain in the construction industry into three-level: micro (intra-
organizational), meso (inter-organizational), and macro (cross-organizational).

Supply chain at the micro-level as a relationship between contractor and supplier in a project. One
of performance measurement in the project used Supply Chain Operations Reference (SCOR) [8].
Meso level such as construction supply chain in a company scope. The strength of a company’s
supply chain will be advantage when participating in tender. While at macro level will describe
the national supply chain of several companies. In this level will better if mapped in vertical and
horizontal relationships.

2. Research Method

The research method was designed with a qualitative and quantitative approach. The subject was
taken from the survey and questionnaire to the project at the micro-level. Meso level took data
from PT Adhi Karya and PT PP as state-owned enterprises in Indonesia. While macro-level by
formulated concepts from micro and meso-level. For more details illustrated in Fig. 1.

QUESTIONNAIRE (quant)
INTERVIEWS (qual) Supply chain flow
Method: Construction supply chain: ':[,I:' Data of suplier
micro-meso-macro Data of distributor
Material procurement
Data
Collection: Face to face Questionnaire form
Data result
Data Qualitative analysis bgsed compare Quantitative anlalysis with
Analysis: on level of construction supply chain map
supply chain Do the questionnaire
results match with the
interviews?

Fig. 1. Framework for thinking and analysis

Based on Fig. 1, the research method of study was divided into qualitative (interviews) and
quantitative (questionnaire). Data collection by face to face and questionnaire form. Project
manager, supply chain division, and logistic or procurement division was chosen as respondents
of the research. Qualitative data analysis was based on the concept of tier in supply chain that
used micro-meso-macro to find out the fully concept. While quantitative analysis with supply
chain map that combined with qualitative results.

Performance measurement in micro-level used Supply Chain Operations Reference (SCOR)
model. SCOR is supply chain model that measured the project or activity based on reliability,
responsiveness, agility, cost, and asset [9][10] as performance criteria. Every performance criteria
has key performance indicator namely reliability: perfect order fulfillment; responsiveness: order
fulfillment cycle time, agility: upside supply chain flexibility, upside supply chain adaptability,
downside supply chain adaptability, overall value at risk; cost: supply chain management cost,
cost of goods sold; asset: cash to cash cycle time, return on supply chain fixed assets, return on
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working capital. This key performance indicator used as measurement tools pada supply chain
activities in project or micro level.

Supply chain in meso and macro level is more towards mapping the supply chain of construction
companies with tiers before and after. There is also not much research on supply chains at this
level. Therefore, the analysis at the meso and macro level towards the concept has not yet reached
the measurement of performance properly at the micro-level. But this concept will be the basis of
the supply chain in general.

3. Results and Discussions

The concept of micro-meso-macro supply chain in construction industry became an exciting topic
when discussed with contractor, supplier, academic, and government. Each stakeholder has their
own opinions and views on the supply chain. This is because they also have an interest that must
be carried out, especially contractors and suppliers who do see the supply chain or procurement
from a business perspective [11]. How the supply chain can be effective and generate many
benefits. Whereas the government and academics view supply chains as ideal and normative. But
overall they said that every level of the supply chain (micro-meso-macro) must be detailed inflow
and performance measurement. The concept of micro-meso-macro in construction supply chain
as figure below.

Cross-organizational

Macro ‘

National level

[ Inter-organizational

Meso Meso Meso ‘
Enterprise level
Intra-organizational
—{ Micro —{ Micro ‘ —‘ Micro ‘
Project level

Fig. 2. Concept of micro-meso-macro in construction supply chain

Fig. 2 above construct the new concept model about micro-meso-macro level in construction
supply chain management. This level depiction is illustrated vertically to make it easier from low
to high levels. Basically, the level above summarizes the level below it. So the meso level
summarizes the micro and the macro level summarizes the micro-meso. Construction supply
chain at micro-level is intra-organizational that is measured at the project level. Meso level or
inter-organizational is between micro and macro that is measured at the enterprise level. While
the macro level is the accumulation of meso or construction companies. This level is usually
called cross-organizational measured at the national level.

3.1. Micro-level (intra-organizational)

Construction supply chain at micro-level is the main base in the supply chain flow. At this level,
the strength of the supply chain can be seen from the relationship between the contractor and the
supplier. Based on the results of the study obtained the concept of supply chain construction at
the micro-level as Fig. 3 that describes the concept of supply chain flow in project level. The main
stakeholders are supplier, contractor, and owner or client. Suppliers as a source of supply of
materials, tools, and workers have an important role to be the first tier in the supply chain at the
micro-level. Distributor will send the material and tools from supplier to the project which is done
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by the contractor. Therefore the distributor is actually a very important role in this process,
although in practice it is rarely considered seriously. When the materials and tools have arrived
at the project, the contractor will only have to manage according to plan.

* Material * Build . Pa
* Tools * Manage A MZnitor
* Worker * Pay

Distributor

Fig. 3. Concept of micro-meso-macro in construction supply chain

At the micro-level the project can measure supply chain performance. At this level of performance
measurement using the SCOR model. A case study was carried out on an apartment project in the
city of Semarang. Measurement results are as follows:

Perfomance
Attributes et

Fig. 4. Performance attributes by SCOR
Explanation of each performance attribute based on Supply Chain Council [12], namely:

* Reliability: the ability to complete tasks as expected. Reliability focuses on the predictability of
the results of an activity. Metrics on the reliability attributes include: on time, quantity, and
quality.

* Responsiveness: speed of carrying out supply chain tasks to provide products to customers.
Examples include the speed cycle time metrics for which tasks are performed.

* Agility: the ability to respond to external influences, the ability to respond to market changes to
gain or maintain a competitive advantage. Agility SCOR metrics include flexibility and
adaptability.

* Costs: operational costs of the supply chain process include labor, material, management and
transportation costs. A typical cost metric is the cost of goods sold.

» Asset management efficiency (assets): The ability to utilize assets effectively and efficiently.
Asset management strategies in the supply chain include reducing inventory and in-sourcing vs.
outsourcing. Metrics include days of inventory and capacity utilization.

Reliability, responsiveness, and agility are considered customer-focused. Cost efficiency and
asset management are considered an internal focus. All SCOR metrics are grouped in one of the
performance attributes. Each performance attribute has one or more level-1 or strategic metrics.
This level-1 metric is a calculation used by an organization to measure how successfully it reaches
the desired position in a competitive market space.

3.2. Meso level (inter-organizational)

The meso level is the middle level in the structure of the supply chain concept. This level focuses
on the supply chain of construction companies and suppliers but saw more at contractors. So the
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role of the contractor is playing supply chain activities to and from suppliers and owners is very
important. The figure below illustrates the supply chains of the two companies compared.
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Fig. 5. Construction supply chain in the company

In the figure above is mapped how the supply chain concept of two different companies. It can be
seen how the two construction companies are connected with concrete and steel suppliers. Then
each supplier will be connected to a supplier of raw materials. Although in the chain of
relationships both concrete and steel suppliers will be different in the implementation of the
supplier companies that will be established, usually depending on the location of the project.
Likewise up to the raw material. This condition is the difference between supply chains in
construction and manufacturing, due to shifting locations and changing supplier partners [13].
Therefore every construction company has its own ability to manage its supply chain. This is
based on the experience of the projects (micro-level) that the company has worked.

The problem of changing the location of the project so that it affects the supplier relationship
which becomes a source of material and tools that makes the contractor company carry out an
innovation strategy. One strategy is to carry out a framework contract with the supplier. A
framework contract is an agreement with a service provider or supplier by setting a unit price with
terms and conditions for purchase transactions during the agreement period.

Project Project ’ ‘ Project (Project ’ Project ’ (Project ’
A B C D E F
1st year 2nd year
Concrete Steel
Supplier Supplier

Fig. 6. Framework contract in the construction enterprise
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Framework contract as procurement that will be carried out repeatedly with definite
specifications, but the volume and time of order can not be determined. For example, for example,
this year PT A worked on projects in locations A, B, and C with different locations. Each of these
projects requires the same material, for example concrete and steel, although the volume and
processing time are different. On the other hand, PT A will work on projects D, E, and F in
different locations with the same material. PT A then entered into a framework contract with
concrete and steel suppliers to facilitate the procurement of material.

Fig. 6 above illustrates how the concept of a framework contract by construction companies. PT
A as a company is the central actor in this contract. PT A connects to and from suppliers so that
communication is centralized at PT A. In this case study PT A is located in Jakarta, Indonesia as
the center of the nation's capital. The supplier's head office is also around Jakarta and has branch
offices as production sites in several regions. The supplier closest to the project location only
needs to send the material if PT A has ordered.

In the past few years, PT A conducted partial material procurement. This means that when
working on the project at location A, the contractor orders materials around location A. Likewise
when the project is at location B, the material is from around location B. This procurement system
apparently has many problems, especially about different prices, even though the material is the
same. In addition, the strength of the contractor to the supplier is not strong because there is no
long-term agreement. This is different if a contract is made directly from the company's center
with suppliers that are centralized as well. So the advantage of a framework contract is to increase
the efficiency and effectiveness of the procurement administration process. Cost reduction and
time effectiveness due to expenditure aggregation are also obtained. This will be a good profit for
the company. In addition, this contract guarantees the availability of material supply in urgent
conditions. Because the supply chain will be better managed.

In addition to framework contract, supply chain strategy in meso-level is Enterprises Resource
Planning (ERP). ERP is the integrated and automated system of enterprises to manage their
business process about operation, production, and distribution from and to another enterprise [14].
ERP in PT A and PT B have used several years ago. According to these enterprises, the using of
ERP can help enterprises to manage well. Moreover, ERP was advanced to the software.

3.3. Macro-level (cross-organizational)

The supply chain at the macro level becomes the top level in the supply chain hierarchy. It takes
integration from various parties ranging from actors in the field to the government. The
government, in this case assigned to the Ministry of Public Works and Housing has an important
role in the national supply chain. As a simple illustration, macro-level supply chains are the
accumulation of micro and meso supply chains.
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Fig. 7. Framework contract in the construction enterprise
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The problem of the national construction supply chain that occurs in Indonesia is how to connect
material distribution between islands [15]. For example, the price of cement in Java is very
different from in Papua. This is basically reasonable because it requires distribution costs. But
how to minimization the difference in cost is not too wide. The figure below offers the concept
of division of construction material source Indonesia. As a big country with many islands, it needs
distribution of source material. Today most of the source material on the Java island. So that the
suppliers as material source need more build-in Sumatera, Borneo, Sulawesi, and Papua.

Beside the wide and many islands in Indonesia, the other problem is non-transparent supply-
demand becomes a supply chain constraint. So the government needs to take sides in the national
construction supply chain. It also needs harmonization & collaboration of various parties involved
in the supply chain

4. Conclusions

The construction supply chain in Indonesia is very interesting to study. This is because Indonesia's
geography is different from other countries. So the challenges and problems of the supply chain
need to immediately find a solution. The concept of a supply chain can be analyzed in micro,
meso, and macro. This concept is illustrated vertically from the bottom up.

The micro supply chain is at the project level which is directly carried out by the contractor. This
micro-level can be measured by indicators from the Supply Chain Operations Reference (SCOR).
The meso level is the middle level that supply chain innovations have done by several construction
companies. These innovations are framework contracts and Enterprise Resource Planning (ERP)
that are quite effective and reduce costs. While the macro level is more towards how the
government's alignments in policy and harmonization between parties. In addition, regional
divisions need to be made for equitable distribution of material suppliers. For further research, it
needs to be developed in mapping based on big data in national supply chains. So the strength of
data from each company needs to be collected properly.
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