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Abstract: Barging vessel construction in the shipyard industry often faces
discrepancies between material purchases and actual usage, leading to excess
inventory, project delays, and cost inefficiencies. This study aims to analyze the
implementation of Material Requirement Planning (MRP) in material planning,
specifically for three main types of materials: Steel Unequal Angle, Steel
Inverted Angle, and Steel Plate, to improve procurement efficiency and inventory
control. A mixed method approach was employed, combining descriptive
qualitative and applied quantitative methods. Data was collected through
observation, interviews, and documentation of a barge construction project, and
were analyzed using three MRP techniques: Lot for Lot (LFL), Economic Order
Quantity (EOQ), and Periodic Order Quantity (POQ). The findings indicate that
the LFL method is most optimal for Steel Unequal Angle and Steel Inverted
Angle, while the POQ method is the most cost efficient for Steel Plate. The
implementation of MRP has proven effective in enhancing material planning
accuracy and cost efficiency, serving as a strategic solution for inventory
management systems in the shipbuilding industry.

Keywords: Material Requirements Planning, EOQ, POQ, LFL, Barge
Construction.

1 Introduction

The shipbuilding industry has changed significantly due to efforts to reduce costs and
delivery time while improving product quality [1]. The shipyard industry is strategic,
playing a vital role in ship construction, where material procurement is crucial, account-
ing for 50-70% of total new shipbuilding costs [2]. Poor material management causes
issues such as inaccurate inventory records, surplus from overordering, improper stor-
age, unavailable materials during production, delayed deliveries, substandard materials,
and cash flow problems [3]. Minimizing inventory and rotating materials quickly
(achieving zero inventory) can significantly reduce management costs, decrease work-
ing capital needs, and increase profits [4]. In one project, discrepancies arose between
purchased and used materials. A total of 227 steel unequal angle bars were purchased,
but 234 were used, indicating extra demand. For Steel Inverted Angle, 139 bars were
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purchased but only 132 were used, suggesting excess stock from efficiency or design
changes. For Steel Plate, 10 sheets were purchased but 12 were used, showing overcon-
sumption due to specific needs. These discrepancies reveal inaccuracies in material
planning that affect cost efficiency and disrupt execution. Lack of materials on-site,
delivery delays, and poor inventory management have been key factors in project de-
lays[3]. The following table presents a summary of the final construction report for Hull
1746, which reflects the discrepancies.

Table 1. Final Report of Barge Construction

. Qty
NO Material Description Uom Qty Or- Mto Qty Us-
Code der age
Rev 1

STEEL UNEQUAL

1 6706579 ANGLE 150MM X LGTH 227 227 234
90MM X 9MM X OM
STEEL INVERTED
ANGLE 250MM X

2 6706845 90MM X 10MM X LGTH 139 139 132
15MM X OM

3 6707100 ;,T;;:l;‘{;, PLATE SMM X SHT 10 10 12

Source: Internal Company Data, 2025

Based on Table 1, the issue reflects inaccuracies in initial material planning. Field ob-
servations revealed inconsistencies between the purchased materials and the actual ma-
terial usage in the shipbuilding. Materials often did not match the required specifica-
tions or quantities at certain stages. Effective raw material planning is needed to mini-
mize cost [5]. To address this issue, several studies proposed Material Requirement
Planning (MRP) as a solution. MRP plans and controls inventory and orders for items
with irregular and uncertain demand [6]. Key parameters include lot size, planned lead
time, and safety stock [7]. The MRP system calculates the lot quantities to produce or
order for each component in each period, based on the Bill of Materials (BOM), which
outlines the product structure and required components for each finished item or sub-
sequent component [8].

Most previous studies have focused on MRP in manufacturing, with limited re-
search on its application to shipbuilding, particularly barge construction. Existing stud-
ies do not examine how MRP adapts to frequent changes in material requirements com-
mon in ship construction. Thus, MRP implementation in shipyard operations remains
underexplored. The problem in this study is the suboptimal material planning system,
which causes discrepancies between actual project needs and available materials. This
study aims to analyze MRP as a more systematic and efficient planning method. By
applying MRP methods such as Lot for Lot (LFL), Economic Order Quantity (EOQ),
and Periodic Order Quantity (POQ), the company is expected to optimize procurement,
minimize waste, and improve cost and time efficiency in barge construction.

In a broader context, Material Requirements Planning (MRP) functions as a critical
component within the overarching framework of Supply Chain Management (SCM).
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SCM focuses on the coordination and integration of procurement, production, and dis-
tribution processes to achieve seamless material flow and cost efficiency across the
value chain [9]. By incorporating MRP into the supply chain, organizations can syn-
chronize production schedules with supplier deliveries and demand forecasts, thus im-
proving coordination, visibility, and responsiveness throughout the network [10]. MRP
thereby acts as a tactical enabler of strategic supply chain objectives, bridging the gap
between operational planning and long-term resource alignment.

Moreover, the advancement of digital logistics and Industry 4.0 technologies such
as real-time inventory tracking, data analytics, and integrated Enterprise Resource Plan-
ning (ERP) systems has significantly enhanced the practical implementation of MRP
[11], [12]. In shipyard operations, where material variability, complex assemblies, and
extended lead times are common, integrating MRP with digital logistics tools allows
planners to anticipate shortages, optimize order timing, and enhance overall system re-
liability. Thus, positioning MRP within a digitally connected supply chain framework
enables greater adaptability, efficiency, and resilience in managing complex industrial
projects.

2 Research Method

This study adopts a mixed methods approach, with a dominant descriptive quantitative
method supported by qualitative data. According to [13], mixed methods approach
combines qualitative and quantitative research in a single study to obtain more valid
and reliable data. This study uses an explanatory sequential design, beginning with col-
lection and analysis of quantitative data, followed by qualitative data to explain or fol-
low up the quantitative findings [14]. This approach ensures analysis results are based
not only on numerical results but also contextual field conditions.

Quantitative data were obtained from the barge construction project, including cus-
tomer demand for 2025, the Master Production Schedule (MPS), BOM, product struc-
ture, stock records, lead time, and ordering and storage costs. This data formed the basis
for calculating material requirements using three MRP techniques: LFL, EOQ, and
POQ.

The Economic Order Quantity (EOQ) method determines the optimal order quantity
that minimizes the total cost of ordering and holding inventory. The formula expresses
as:

2XDXS
H

EOQ= (1)
Where D is the total demand (units), S is the ordering cost per order, and H is the hold-
ing cost per unit per period.

The Periodic Order Quantity (POQ) method determines the order quantity based on
a fixed time interval rather than a fixed quantity. It is calculated as:

EOQ

Average monthly demand

POQ = (2)



120 H. Salsabila and A. M. Devano

Results were analyzed to compare cost efficiency and accuracy in material planning.
Qualitative data came from direct observation of material management and procure-
ment at the project site and semi-structured interviews with key informants. Observa-
tion aimed to understand field procedures and identify obstacles not recorded adminis-
tratively. Purposive sampling was used, with informants deliberately selected based on
criteria relevant to the research objectives [15]. Informants had at least five years of
experience in material planning and logistics in shipyard operations. Interviewed par-
ticipants included the head of inventory, material planning staff, project logistics ad-
ministrator, and warehouse supervisor. By combining quantitative and qualitative data,
this research provides a comprehensive analysis of MRP implementation in barge con-
struction, with recommendations to improve material planning in shipbuilding. The re-
search flow is shown in Figure 1.

Primary Data:
Interview, Observation, Bill Of Mate- Secondary Data:
rial, Product Structure, Master Plan Holding Cost and Set Up Cost
Schedule, Inventory Records |

Economic Order Quantity (EOQ)

!

Periodic Order Quantity (POQ)

!

Lot For Lot (LFL)

!

Comparative analysis of total cost effi-
ciency using EOQ, POQ, and LFL meth-
ods

Fig. 1. Research flow for implementing Material Requirements Planning (MRP) in shipyard pro-
jects. Each stage represents a systematic process designed to address the research problem.



Implementation of Material Requirement Planning in the Material ... 121

3 RESULTS AND DISCUSSION

3.1 Customer Demand Data

Table 2. 2025 Consumer Demand Data

Period Dgﬁll?tl)ld
January 11
February
March 3
April 16
May 15
June 8
July 5
August 10
September 8
October 2
November
December
Total 88

Source: Internal Company Data, 2025

Table 2 presents the customer demand data for barge vessels in 2025. The demand
fluctuates, with a total accumulated annual demand reaching 88 units. This data serves

as the basis for material planning using the MRP method.
3.2  Master Production Scheduled (MPS)

Table 3. Master Production Schedule (MPS)

Raw Material Requirements

Steel Inverted

Steel unequal Angle 250mm

Barge Produc-  Angle 150mm Steel Plate
x 90mm x

Period :
tion Plan X 90mm X L0mm x 9mm x 8' x
9mm x 9mm 30' (SHT)
(LGTH) 15mm x 9mm
(LGTH)
2574 1452 132

January 11
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February 9 2106 1188 108
March 3 702 396 36
April 16 3744 2112 192
May 15 3510 1980 180
June 8 1872 1056 96
July 5 1170 660 60
August 10 2340 1320 120
September 8 1872 1056 96
October 2 468 264 24
November 0 0 0
December 1 234 132 12
TOTAL 88 20592 11616 1056

Source: Internal Company Data, 2025

Table 3 illustrates the MPS, which forms the basis for material planning using the MRP
method. The total planned barge production in one year is 88 units. Based on monthly
volume, requirements for three main material types are calculated. This serves as a key
reference for determining material needs in each period, enabling efficient and timely
procurement and inventory control under MRP principles. The MPS was developed
from project timelines and production targets, manually set by the planning division.
According to the head of inventory control and a planning staff member, the company
still relies on manual methods and experience-based estimates for production sched-
ules, without digital tools or demand forecasting.

3.3 Inventory on Hand

Table 4. Inventory on Hand

Inventory on

No Raw Material Types Hand
1 Steel Unequal Angle 150mm x 90mm x 9mm x 34
9mm
5 Steel Inverted Angle 250mm x 90mm x 10mm x 2764

15mm x 9mm
3 Steel Plate 9mm x &' x 30’ 6
Source: Internal Company Data, 2025

Based on Table 4, the data presents the inventory of three main raw materials that are
the focus of this study. These materials are utilized in the barge construction project.
The inventory quantities for each material are 34 units of Steel Unequal Angle, 2,764
units of Steel Inverted Angle, and 6 units of Steel Plate. Thus, the total inventory for all
three raw materials amounts to 2,804 units. This data serves as the basis for calculating
material requirements in MRP analysis.
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3.4  Bill of Material

Table 5. Bill of Material

Mate- Compo- Raw Specifica- Quan- Unit Total
rial nent Mate- tiorl:/Ma terial it UoM Weight Weight Source
Level Code rial y (Kg) (Kg)
0 Barge Barge 300' X 80' X 18’ 1 UNIT 1098 1,098,000.00 | T rggsc-
125MM X 75MM
Al % IMM X OM 142 | LeTH 96.3 13,674.60 buy
Steel
Une- | 150MM X 90MM
1 A2 qual X OMM X OM 234 | LoTH | 14756 34,538.40 buy
Angle
150MM X 90MM
A3 X OMM X 12M 39 LGTH | 1944 7,581.60 buy
Steel 150MM X
1 Bl Equal | 150MM X 12MM 6 LGTH | 2457 1,474.20 buy
Angle XM
250MM X 90MM
Cl X 10MM X 132 | LoTH | 12246 16,164.72 buy
15MM X 9M
Steel | 250MM X 90MM
1 2 Inverted X 12MM X 215 | LeTH | 256.72 55,194.80 buy
Angle 16MM X 9M
300MM X 90MM
c3 X 11MM X 201 | LotH | 3267 65,666.70 buy
16MM X 9M
203MM X
DI 203MM X 4.96 29 LGTH | 5532 16,042.80 buy
KG/M X 12M
200MM X
200MM X
D2 19.9KG/M X 11 LGTH | 598.8 6,586.80 buy
1 Steel H 12M
Beam 250MM X
250MM X
D3 71 RKG/M X 4 LGTH | 861.6 3,446.40 buy
12M
300MM X
D4 300MM X 30 LGTH | 1116 33,480.00 buy
93KG/M X 12M
Carbon .,
El Steel DIA 10" SCH 80 4 LGTH | 330.1 1,320.40 buy
1 Seam-
E2 11;?55 DIA 6" SCH 40 0.3 LGTH 77.8 23.34 buy
ipe
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9MM X 8'X 30'

Fl SR 128 | sur | 1,575.00 | 201,60000 | buy
F2 9MM X 8' X 30" 12 SHT | 1,575.00 | 18,900.00 buy
10MM X 8 X 30
F3 ey o SHT | 1,750.00 | 73,500.00 buy
12MM X 8 X 30
F4 - Ty 121 | sur | 210000 | 25410000 | buy
I
Plate
Fs MM X8X30' | 88 SHT | 2,100.00 | 184,800.00 | buy
14MM X 8 X 30
F6 Uis 75 SHT | 245000 | 18375000 | buy
F7 MM X8 X300 | 27 SHT | 245000 | 66,150.00 buy
25MM X 8' X 30'
F8 R 01 | sut | 4373.00 4373 buy
Steel | 9MM X50MM X
1 Gl el e 62 |rotH | 2118 1,313.16 buy
Hi 19MM6)§419MM 25 | reta | 1698 4245 buy
Steel
1 Square 20 2
Bor MM X 20MM
H2 Y i 7 |rota | 179 125.3 buy
1 DIA 20MM X 1 | retH | 1482 14.82 buy
6M
Steel
1 v Round | PIASOMMX 73 | ote | s34 389.82 buy
6M
Bar
3 DIA 7651\1/}“‘4 X 02 |rLetH | 2082 41.64 buy

Source: Internal Company Data, 2025

As a reference in material planning, Table 5 contains BOM information for barge con-
struction, detailing components and materials required at each production level. The
barge, as the final product, is at level 0, while all materials are at level 1 as main com-
ponents. This table presents material specifications, required quantity per unit, and total
weight. The BOM is crucial in MRP implementation, serving as the basis for calculat-
ing needs according to the master production schedule. It helps prevent shortages or
surpluses and ensures smooth construction. The BOM in this study was compiled from
standard ship component documentation. Interviews with the head of inventory control
noted that design changes sometimes result in material adjustments, complicating BOM
consistency and planning.
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Level O Barge
I
| | | | | | | | |

F1(128
Level 1 F2 (12)
D1 (29) F3 (42)

Al (142) CHU32) | b 1) | | E14) | [F4 a2y His) | | 1

s2@a) || 1) ||c2em| | SO B TG || erea || Toay | | 2a3

A3 (39) 30| | o S0y ey 13(0.2)
FT (2T)
F8 (0.1)

Fig. 2. Production Structure of Barge

Based on Figure 2, the barge production structure shows the relationship between the
final product and all level-1 material components. Each component is identified with a
code and the quantity required per unit. Key materials such as Steel Unequal Angle,
Steel Inverted Angle, and Steel Plate are included with other supporting materials. This
structure helps identify material requirements at each production level and provides a
foundation for applying MRP to calculate needs in a structured, efficient way.

3.5 Order Cost and Holding Cost

Order cost refers to the expenses incurred each time the company places an order for
raw materials from suppliers. Holding cost, on the other hand, represents the cost asso-
ciated with storing raw materials in the warehouse, including physical storage expenses,
insurance, and the risk of damage or depreciation [16].

Table 6. Order Cost and Holding Cost

Holding

No Raw Material Types Order Cost (per Cos.t (per Leadtime
order) unit per
month)

Steel Unequal Angle 150mm x

o0mIm x O < Ormn Rp1,024,920.00 Rp2,242 2 month

Steel Inverted Angle 250mm x

Omin x 10w % 18 < o Rp693,000.00 Rp714 2 month

3 Steel Plate 9mm x 8' x 30’ Rp565,200.00 Rp6 1 month
Source: Interview with the Head of Inventory Control, 2025

Based on Table 6, the data include order and holding costs for the three main materials
in barge construction. Order cost is incurred each time the company places a raw ma-
terial order, while holding cost is the monthly warehouse expense. This information,
obtained from an interview with the Head of Inventory Control, reflects actual field
conditions. These data are essential for MRP, particularly in determining optimal order
quantity and efficient ordering period.
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Table 7. Average Monthly and Daily Demand

Total De- .
Material mand (12 SRV 30 daysmonth
months) g Y
Steel Unequal Angle 20,592 units 1,716 units 57.2 units/day
Steel Inverted Angle 11,616 units 968 units 32.3 units/day
Steel Plate 1,056 units 88 units 2.93 units/day

Source: Prepared by the Author (2025)

Based on table 7, the total material requirements over a 12-month period, the average
monthly demand for each material is calculated. Assuming a standard month consists
of 30 days, the corresponding daily average demand is 57.2 units/day for Steel Unequal
Angle, 32.3 units/day for Steel Inverted Angle, and 2.93 units/day for Steel Plate.

3.6 Material Requirement Planning (MRP)

Economic Order Quantity (EOQ) for Steel Unequal Angle with dimensions
150mm % 90mm x 9mm X 9mm. The material requirement for this steel type has a
total demand (D) of 20,592 units. The ordering cost (S) is Rp1,024,920 per order, while
the holding cost (H) is Rp2,242 per unit.

EOQ= \/2><(20592)x(1024920) = 4339 unit/order

2242

)

Table 8. MRP calculation result using Economic Order Quantity (EOQ) method: Stee! Unequal
Angle with dimensions 150mm X 90mm X 9mm X 9mm.

Month Gross Re- Inventory Net Require- Planned Or- Planned Or-
quirement On Hand ment der Receipt der Release
24-May 0 34 0 0 4339
24-Jun 0 34 0 0 4339
24-Jul 2574 34 2540 4339 0
24-Aug 2106 1799 307 4339 4339
24-Sep 702 4032 0 0 0
24-Oct 3744 3330 414 4339 4339
24-Nov 3510 3925 0 0 0
24-Dec 1872 415 1457 4339 4339
25-Jan 1170 2882 0 0 0
25-Feb 2340 1712 628 4339 0
25-Mar 1872 3711 0 0 0
25-Apr 468 1839 0 0 0
25-May 0 1371 0 0 0
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25-Jun 234 1371 0 0 0
25-Jul 0 1137 0 0 0
TOTAL 20592 27558 5346 21695 5 times

Source: Prepared by the Author (2025)

Based on Table 8, the MRP calculation using the EOQ method for Steel Unequal Angle
(150mm % 90mm X 9mm * 9mm) outlines material needs and ordering from May 2024
to July 2025. The total gross requirement was 20,592 units with peak demand in Octo-
ber 2024. The company had an initial stock of 34 units and accumulated inventory
reached 27,558 units from previous balances and planned receipts. The net requirement
after considering available inventory was 5,346 units, appearing in certain months. To
meet this, planned order receipts of 21,695 units were scheduled across five EOQ cycles
of 4,339 units each, with corresponding releases one month prior given a two-month
lead time. Procurement cost analysis shows a holding cost of Rp61,785,036 and order-
ing cost of Rp1,024,920 resulting in a total procurement cost of Rp 62,809,956.

Economic Order Quantity (EOQ) for Steel Inverted Angle with dimensions
250mm % 90mm x 10mm X 15Smm x 9mm. The material requirement for Steel
Inverted Angle with dimensions 250mm x 90mm x 10mm x 15mm x 9mm is identified
to have a total demand (D) of 11,616 units. The ordering cost (S) incurred each time
the raw material is procured is Rp. 693,000 per order, while the holding cost (H)
required to store each unit of raw material is Rp. 714 per unit.

2><(11616) ><(693000)

EOQ = J = 4750 unit/order 4)

Table 9. MRP calculation results using Economic Order Quantity (EOQ) method for Steel In-
verted Angle with dimensions 250mm x 90mm x 10mm x 15mm x 9mm.

Month Gl:OSS Re-  Inventory On tht Re- Planned Qr- P(l;lf:lneid
quirement Hand quirement der Receipt Release
24-May 0 2764 0 0 0
24-Jun 0 2764 0 0 0
24-Jul 1452 2764 0 0 4750
24-Aug 1188 1312 0 0 0
24-Sep 396 124 272 4750 0
24-Oct 2112 4478 0 0 4750
24-Nov 1980 2366 0 0 0
24-Dec 1056 386 670 4750 0
25-Jan 660 4080 0 0 0
25-Feb 1320 3420 0 0 0
25-Mar 1056 2100 0 0 0
25-Apr 264 1044 0 0 0
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25-May 0 780 0 0 0
25-Jun 132 780 0 0 0
25-Jul 0 648 0 0 0

TOTAL 11616 24282 942 9500 2 times

Source: Prepared by the Author (2025)

Based on Table 9, the MRP calculation using the EOQ method for Steel Inverted Angle
(250mm x 90mm x 10mm X 15mm % 9mm) presents the material planning and ordering
schedule for May 2024-July 2025. The total gross requirement was 11,616 units, with
peak demand in October 2024. The company had an initial stock of 2,764 units, and
accumulated inventory reached 24,282 units from previous balances and planned re-
ceipts. The net requirement, after accounting for inventory, was 942 units, occurring
only in September and December 2024. To meet this, two planned orders of 4,759 units
each were scheduled, with releases in July and October 2024 given the two-month lead
time. Based on this planning, procurements cost analysis showed a total holding cost of
Rp17,337,348 and ordering cost of Rp1,386,000, resulting in a total procurements cost
of Rp18,723,348.

Economic Order Quantity (EOQ) for Steel Plate with dimensions 9mm x 8’ x 30°.
The material requirement for Steel Plate with dimensions 9mm x 8' x 30" in the material
planning process has a total demand (D) of 1,056 units. The cost incurred for each
procurement of this raw material (ordering cost/S) is Rp. 565,200 per order, while the
cost required to store each unit of raw material (holding cost/H) is Rp. 6 per unit.

Table 10. MRP calculation results using Economic Order Quantity (EOQ) Method for Steel
Plate with dimensions 9mm x 8' x 30"

Month Gross Re- Inventory Net Re- Planned Or-  Planned Or-
quirement On Hand quirement der Receipt der Release
24-May 0 6 0 0 0
24-Jun 0 6 0 0 14224
24-Jul 132 6 126 14224 0
24-Aug 108 14098 0 0 0
24-Sep 36 13990 0 0 0
24-Oct 192 13954 0 0 0
24-Nov 180 13762 0 0 0
24-Dec 96 13582 0 0 0
25-Jan 60 13486 0 0 0
25-Feb 120 13426 0 0 0
25-Mar 96 13306 0 0 0
25-Apr 24 13210 0 0 0
25-May 0 13186 0 0 0
25-Jun 12 13186 0 0 0
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25-Jul 0 13174 0 0 0
TOTAL 1056 162366 126 14224 1 times
Source: Prepared by the Author (2025)

Based on Table 10, the MRP calculation using the EOQ method for Steel Plate (9mm
x 8' x 30") presents the planning and ordering schedule for May 2024—July 2025. Gross
requirement was 1,056 units, with peak demand in October and November 2024. The
company initially held 6 units, while accumulated inventory reached 162,366 units
from planned receipts and unused stock. Net requirement was 126 units in July 2024.
To meet this, one planned order of 14,224 units was scheduled for July, with release in
June considering the one-month lead time. Procurement cost consisted of holding
Rp974,196 and ordering Rp565,200, totaling Rp1,539,396.

Periodic Order Quantity (POQ) for Steel Unequal Angle with dimensions 150mm
x 90mm X 9mm x 9mm. The raw material Steel Unequal Angle with dimensions
150mm x 90mm x 9mm x 9mm has an Economic Order Quantity (EOQ) of 4,339 units,
with an average monthly demand of 1,716 units.

4339
1716

POQ = 2,5 (5)
POQ = rounded to 3 (6)

Table 11. MRP calculation using the Periodic Order Quantity (POQ) method for Steel Unequal
Angle with dimensions 150mm x 90mm x 9mm x 9mm.

Mo Goke e NS e order e
ceipt lease
24-May 0 34 0 0 5382
24-Jun 0 34 0 0 0
24-Jul 2574 34 2540 5382 0
24-Aug 2106 2842 0 0 9126
24-Sep 702 736 0 0 0
24-Oct 3744 34 3710 9126 0
24-Nov 3510 5416 0 0 5382
24-Dec 1872 1906 0 0 0
25-Jan 1170 34 1136 5382 0
25-Feb 2340 4246 0 0 702

25-Mar 1872 1906 0 0 0
25-Apr 468 34 434 702 0
25-May 0 268 0 0 0
25-Jun 234 268 0
25-Jul 0 34 0
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TOTAL 20592 17758 7820 20592 4 times
Source: Prepared by the Author (2025)

Based on Table 11, the MRP calculation using the POQ method for Steel Unequal An-
gle material (150mm x 90mm x 9mm X 9mm) shows a total gross requirement of
20,592 units from May 2024 to July 2025, with peak demand in October (3,744 units)
and in October (3,744 units) and November 2024 (3,510 units). The net requirement
after considering existing inventory amounted to 7,820 units. To meet this demand,
orders were scheduled in four cycles—July and October 2024, and January and April
2025 aligned with the POQ principle of grouping requirements into specific intervals.
With a two-month lead time, releases were planned for May, August, and November
2024, and February 2025. The cost analysis indicates a holding cost of Rp39,813,436
and an ordering cost of Rp4,099,680, resulting in a total procurement cost
Rp43,913,116 for the planning period.

Periodic Order Quantity (POQ) for Steel Inverted Angle with dimensions 250mm
X 90mm X 10mm x 15mm X 9mm. The raw material requirement for Steel Unequal
Angle with dimensions 150mm x 90mm x 9mm x 9mm has an Economic Order
Quantity (EOQ) value of 4,750 units, with an average monthly demand of 968 units.

4750
POQ = % = 9,9 (7)
POQ = rounded to 10 ()

Table 12. MRP calculation results using the Periodic Order Quantity (POQ) method for Stee/
Inverted Angle with dimensions 250mm x 90mm x 10mm x 15mm x 9mm.

Planned Planned

Month  GrossRe  fvemory  NetROWIT OrderRe-  Order Re-
ceipt lease
24-May 0 2764 0 0 0
24-Jun 0 2764 0 0 0
24-Jul 1452 2764 0 0 8976
24-Aug 1188 1312 0 0 0
24-Sep 396 124 272 8976 0
24-Oct 2112 8704 0 0 0
24-Nov 1980 6592 0 0 0
24-Dec 1056 4612 0 0 0
25-Jan 660 3556 0 0 0
25-Feb 1320 2896 0 0 0
25-Mar 1056 1576 0 0 0
25-Apr 264 520 0 0 0
25-May 0 256 0 0 0
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25-Jun 132 256 0 0 0
25-Jul 0 124 0 0 0
TOTAL 11616 33292 272 8976 1 times

Source: Prepared by the Author (2025)

Based on Table 12, the MRP calculation using the POQ method for Steel Inverted An-
gle (250mm % 90mm % 10mm x 15mm x 9mm) covers May 2024—July 2025. Gross
requirement was 11,616 units, with peak demand in October and November 2024
(2,112 and 1,980 units). Initial stock in May 2024 was 2,764 units, and total inventory
reached 33,292 units. Net requirement after inventory was 272 units in September 2024.
To meet this, one planned order of 8,976 units was scheduled for September, with re-
lease in July given the two-month lead time. Procurement cost consisted of holding and
ordering. With a holding cost of Rp714 per unit and total inventory of 33,292 units,
holding cost was Rp23,770,488. Ordering cost was Rp693,000 for the single order,
making total procurement cost Rp24,463,488.

Periodic Order Quantity (POQ) for Steel Plate with dimensions 9mm x 8’ x 30°.
The raw material requirement for Steel Unequal Angle with dimensions of 150mm x
90mm x 9mm x 9mm has an Economic Order Quantity (EOQ) of 14,224 units, with an
average monthly demand of 88 units.

POQ = “;8“ =161,2 ©)
POQ = rounded to 163 (10)

Table 13. MRP calculation results using the Periodic Order Quantity (POQ) method for Stee/
Plate with dimensions of 9mm x 8’ x 30.

Mo Crehedmemon NORIS orio'ie Onder he
ceipt lease
24-May 0 6 0 0 0
24-Jun 0 6 0 0 1056
24-Jul 132 6 126 1056 0
24-Aug 108 930 0 0 0
24-Sep 36 822 0 0 0
24-Oct 192 786 0 0 0
24-Nov 180 594 0 0 0
24-Dec 96 414 0 0 0
25-Jan 60 318 0 0 0
25-Feb 120 258 0 0 0
25-Mar 96 138 0 0 0
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25-Apr 24 42 0 0 0
25-May 0 18 0 0 0
25-Jun 12 18 0 0 0
25-Jul 0 6 0 0 0
TOTAL 1056 4350 126 1056 1 times

Source: Prepared by the Author (2025)

Based on Table 13, the MRP calculation using the POQ method for Steel Plate (9mm
x 8’ x 30”) outlines requirements and ordering from May 2024 to July 2025. Total gross
requirement was 1,056 units, with peak demand in October and November 2024 at 192
and 180 units. Initial stock in May 2024 was 6 units, and during the period total inven-
tory reached 4,350 units from leftover stock and planned receipts. Net requirement was
126 units in July 2024. To meet this, a planned receipt of 1,056 units was scheduled in
one cycle, in line with POQ which concentrates orders within set intervals. The receipt
was planned for July 2024, with release in June 2024 considering one-month lead time.
Procurement cost analysis shows holding and ordering costs of Rp6 per unit. With
4,350 inventories, holding cost was Rp26,100, and ordering cost Rp565,200 per order.
Since only one order was placed, ordering cost remained Rp565,200. Thus, total pro-
curement cost for Steel Plate during the period was Rp591,300.

Lot For Lot (LFL) for Steel Unequal Angle with dimensions 150mm X 90mm x
9mm x 9mm. In this method, which is the simplest and easiest to understand, the order
quantity is equal to the net requirement that must be fulfilled in the corresponding
period.

Table 14. MRP calculation results using the Lot-for-Lot (LFL) method for Steel Unequal Angle
with dimensions of 150mm x 90mm x 9mm X 9mm.

Planned Planned

Moy Gromle vy NI Onderke OndorRe-
ceipt lease
24-May 0 34 0 0 2574
24-Jun 0 34 0 0 2106
24-Jul 2574 34 2540 2574 702
24-Aug 2106 34 2072 2106 3744
24-Sep 702 34 668 702 3510
24-Oct 3744 34 3710 3744 1872
24-Nov 3510 34 3476 3510 1170
24-Dec 1872 34 1838 1872 2340
25-Jan 1170 34 1136 1170 1872

25-Feb 2340 34 2306 2340 468
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25-Mar 1872 34 1838 1872 0
25-Apr 468 34 434 468 234
25-May 0 34 0 0 0
25-Jun 234 34 200 234 0
25-Jul 0 34 0 0 0
TOTAL 20592 442 20150 20592 11 times

Source: Prepared by the Author (2025)

Based on Table 14, the MRP calculation using the LFL method for Steel Unequal Angle
(150mm x 90mm x 9mm x 9mm) shows a total gross requirement of 20,592 units from
May 2024 to July 2025. Peak demand occurred in October and November 2024. The
company started with an initial stock of 34 units, and inventory remained low since
LFL orders strictly follow monthly needs. Net requirement was 20,150 units, fulfilled
through 11 planned receipts matching monthly demand. With a two-month lead time,
releases were scheduled accordingly. Cost analysis shows holding cost of Rp990,964
and ordering cost of Rp11,274,120 from frequent orders, making total procurement cost
Rp12,265,084.

Lot For Lot (LFL) for Steel Inverted Angle with dimensions 250mm x 90mm x
10mm x 1Smm *x 9mm.

Table 15. MRP calculation results using the Lot-for-Lot (LFL) method for Steel Inverted Angle
with dimensions of 250mm x 90mm x 10mm *x 15mm *x 9mm.

Planned Planned

Mo GreRe vy MR orderRe  Ordor R
ceipt lease
24-May 0 2764 0 0 0
24-Jun 0 2764 0 0 0
24-Jul 1452 2764 0 0 396
24-Aug 1188 1312 0 0 2112
24-Sep 396 124 272 396 1980
24-Oct 2112 124 1988 2112 1056
24-Nov 1980 124 1856 1980 660
24-Dec 1056 124 932 1056 1320
25-Jan 660 124 536 660 1056
25-Feb 1320 124 1196 1320 264
25-Mar 1056 124 932 1056 0
25-Apr 264 124 140 264 132
25-May 0 124 0 0 0

25-Jun 132 124 8 132 0
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25-Jul 0 124 0 0 0

TOTAL 11616 5440 7860 8976 9 times
Source: Prepared by the Author (2025)

Based on Table 15, the MRP calculation using the LFL method for Steel Inverted Angle
material (250mm X 90mm % 10mm x 15mm x 9mm) covers the planning period from
May 2024 to July 2025. The total gross requirement reached 11,616 units, with peak
demand in October and November 2024 at 2,112 and 1,980 units, respectively. The
company had an initial stock of 2,764 units, which was used to meet early demand
before new orders were placed according to actual monthly requirements under the LFL
method. The total net requirement during the planning period was 5,440 units, fulfilled
through nine planned orders scheduled with a two-month lead time. The cost analysis
shows a holding cost of Rp714 per unit, resulting in Rp Rp3,884,160, and an ordering
cost of Rp693,000 per order, totaling Rp6,237,000. Thus, the total procurement cost for
Steel Inverted Angle material was Rp10,121,160.

Lot For Lot (LFL) for Steel Plate with dimension 9mm x 8' x 30'

Table 16. MRP calculation results using the Lot-for-Lot (LFL) method for Steel Plate with
dimensions of 9mm x 8’ x 30°.

Mo Gl ooy N Rt oarie  order e
ceipt lease
24-May 0 6 0 0 0
24-Jun 0 6 0 0 132
24-Jul 132 6 126 132 108
24-Aug 108 6 102 108 36
24-Sep 36 6 30 36 192
24-Oct 192 6 186 192 180
24-Nov 180 6 174 180 96
24-Dec 96 6 90 96 60
25-Jan 60 6 54 60 120
25-Feb 120 6 114 120 96
25-Mar 96 6 90 96 24
25-Apr 24 6 18 24 0
25-May 0 6 0 12
25-Jun 12 6 12 0
25-Jul 0 6 0 0
TOTAL 1056 78 990 1056 11 times

Source: Prepared by the Author (2025)
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Based on Table 16, the MRP calculation using the LFL method for Steel Plate material
(9 mm x 8 x 30”) shows total gross requirements of 1,056 units from May 2025 to July
2025, with peak demand in October and November 2024. The initial inventory of 6
units was used early in the period, after which orders were placed according to net
requirements, consistent with the LFL approach. Over the planning horizon, the total
net requirement was 978 units, with 11 planned orders released one month in advance
to account for lead time. In terms of cost, holding costs amounted to Rp468, while
ordering costs reached Rp6,217,200, resulting in a total procurement cost of
Rp6,217,668.

Total Cost

Table 17. Summary of total cost comparison among EOQ, POQ, and LFL methods.

Material EOQ POQ LFL

Steel Unequal Angle Rp62.809.956 Rp43.913.116 Rp12.265.084
Steel Inverted Angle Rp18.723.384 Rp24.463.488 Rp10.121.160

Steel Plate Rp1.539.396 Rp591.300 Rp6.217.668

Source: Prepared by the Author (2025)

Based on Table 17, there are clear gap in total inventory costs among the three MRP
methods. For Steel Unequal Angle and Steel Inverted Angle, the LFL method provides
the lowest costs, confirming its suitability for materials with relatively low and fluctu-
ating demand. In contrast, for Steel Plate, the POQ method proves most efficient, of-
fering the lowest cost compared to EOQ and LFL. These results emphasize the choice
of MRP method should consider the material’s demand characteristics, with LFL being
preferable for irregular demand patterns and POQ for stable, high-volume material.



136 H. Salsabila and A. M. Devano

Comparison of EQQ, POQ, and LFL Total Cost Across Materials
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Fig. 3. Comparison of total inventory costs for EOQ, POQ, and LFL methods across materials.

The results summarized in Table 17 are further visualized in Figure 3, which clearly
highlights the cost differences among the three methods for each material.
3.7 Discussion

Previous research by [5] compared the performance of the EOQ and POQ methods in
manufacturing under unstable demand, showing that the right procurement model can
significantly improve cost efficiency. In contrast, this study applies MRP methods
(LFL, EOQ, POQ) in the shipbuilding industry, which faces unique challenges such as
sudden design changes and fluctuating materials needs.

The results indicate that LFL is most suitable for Steel Unequal Angle and Steel
Inverted Angle, as it closely follows project requirements and minimizes inventory.
POQ, however, is more efficient for Steel Plate with stable, periodic usage. These find-
ings are consistent with [8], who emphasized that material planning should align with
demand patterns and BOM structure rather than applying a single universal method.
Field data confirm that the company’s current planning is still manual, relying on his-
torical consumption estimates and spreadsheets. This approach leads to frequent mis-
matches between ordered and used materials—such as shortages due to cutting losses
and excess stock from sudden design changes. Coordination issues, delayed updates,
and limited warehouse capacity further complicate procurement. Interviews with in-
ventory control and logistics staff highlighted the need for a system that integrates de-
partments, improves data accuracy, and automates lot-sizing decisions.

To support practical application, this study also calculated safety stock and reorder
points (ROP). Although not core to MRP, these values (e.g., 258 units for Steel Unequal
Angle, 146 for inverted angle, 14 for plate) provide useful thresholds for companies
still relying on manual planning. The findings underscore the importance of gradual
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MRP implementation, beginning with needs assessment, system design, and pilot test-
ing, followed by broader adoption with training and evaluation [17]. Human resource
readiness is essential, requiring technical training, cost-awareness, and real-time data
use, as also stressed by [18] and [16]. Ultimately, the comparative cost analysis across
the three MRP methods offers a solid foundation for developing a more adaptive, data-
driven procurement strategy. This research thus contributes both technically and prac-
tically to improving material planning and change management in industrial shipbuild-
ing projects.

4 Conclusion and Recommendations

This study aims to evaluate the implementation of the MRP method in a barge con-
struction project to improve the efficiency of material planning. The research compares
three primary MRP methods LFL, EOQ, and POQ by considering material usage char-
acteristics as well as ordering and holding cost calculations. The analysis reveals each
method’s effectiveness depends on material usage patterns. The LFL method proved to
be the most suitable for Steel Unequal Angle and Steel Inverted Angle, as it aligns
purchase volumes closely with actual project needs, thereby avoiding unnecessary in-
ventory surplus. Meanwhile, POQ fits for materials like Steel Plate, whose usage is
more periodic and scheduled. This method optimizes order frequency and reduces hold-
ing costs. Conversely, EOQ is less suitable for dynamic shipbuilding projects, as bulk
purchasing, mismatches field needs.

Beyond the technical simulations, this study also incorporates real-world dynamics
observed through direct field observations and interviews with personnel involved in
material planning and procurement processes. It was found that the current planning
system remains largely manual and is not yet based on real-time data. This results in
mismatches between purchased and utilized material quantities, as well as other issues
such as delays in documentation, inefficient inventory management, and weak interde-
partmental coordination. The lack of system integration and limited human resource
capacity to understand data-driven planning concepts are also key barriers to efficient
material procurement. Interviews further revealed an urgent need for technical training
and capacity building in data-driven decision-making. Implementing MRP effectively
requires not only the right systems and calculation methods but also organizational
readiness for change. This includes developing a structured implementation roadmap,
integrating cross-functional systems, and securing managerial support to foster a plan-
ning culture that is adaptive and responsive to project dynamics.

The findings of this research offer several actionable insights for shipyard managers
and planners. First, decision-makers can apply the comparative results of the LFL,
EOQ, and POQ methods to select the most cost-efficient material ordering strategy
based on demand variability and usage characteristics. Second, integrating MRP into
digital systems such as ERP platforms or project management dashboards enables real-
time tracking of material availability, supports faster procurement decisions, and re-
duces manual documentation errors. Third, managers should prioritize staff training in
data analysis and planning tools to improve their capacity to interpret MRP outputs and
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translate them into operational actions. Finally, promoting collaboration among plan-
ning, procurement, and production departments will ensure material requests are syn-
chronized with project timelines, thereby minimizing waste, reducing costs, and
strengthening overall supply chain performance. These managerial steps can help trans-
form MRP from a technical scheduling method into a strategic instrument for decision
support and competitive advantage in shipyard operations.

Considering all findings, it can be concluded that implementing MRP tailored to the
characteristics of materials and project processes can significantly enhance material
management efficiency, reduce procurement costs, and minimize the risk of production
delays. The study also emphasizes that the success of MRP implementation heavily
depends on the readiness of human resources and the support of an integrated organi-
zational system. For further development, similar studies are recommended on larger
and more complex projects, using an integrative approach that combines MRP with
supplier evaluation systems and long-term supply chain planning.

The results of this study also support the theoretical understanding that effective ma-
terial planning is a cornerstone of supply chain coordination and industrial logistics.
Within SCM theory, MRP contributes to upstream and downstream synchronization by
linking procurement, production, and delivery activities [19]. This alignment mini-
mizes inefficiencies such as excess inventory or material shortages and mitigates the
bullwhip effect, leading to improved responsiveness and reduced total logistics costs.
Therefore, MRP should be regarded not merely as an operational tool for inventory
control but as an integral mechanism for achieving supply chain integration and collab-
oration across departments and suppliers.

Furthermore, the transition toward digital and data-driven logistics management am-
plifies MRP’s relevance in modern industrial systems. When combined with ERP plat-
forms, Internet of Things (IoT) monitoring, and predictive analytics, MRP evolves into
a dynamic decision-support system that adapts to real-time demand fluctuations and
production uncertainties [20]. This integration supports broader SCM objectives, in-
cluding enhanced supply chain visibility, lead-time reduction, and cross-functional co-
ordination. Future research could extend this framework by exploring digital MRP in-
tegration with supplier evaluation systems and long-term sustainability indicators in
complex shipbuilding or maritime projects
4.1 Limitations and Future Research

This study is limited to a single case of a barge construction project with a specific
material composition and project scale, which may constrain the generalizability of the
results. The analysis also focuses primarily on quantitative cost efficiency and does not
incorporate broader supply chain factors such as supplier reliability, lead time variabil-
ity, or external market fluctuations. Future research should explore the integration of
MRP with advanced data analytics and real-time monitoring systems to enhance re-
sponsiveness. Expanding the study to include multiple shipyard or industrial contexts
and applying hybrid approaches that combine MRP with predictive or optimization
models could provide more comprehensive insights into sustainable and adaptive ma-
terial planning practices.
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