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Abstract. The pharmaceutical industry is characterized by complex production
processes, high-value materials, stringent quality requirements, and substantial
resource consumption, making effective cost management and waste reduction
essential for improving operational efficiency. Traditional cost accounting systems
may not provide sufficient information to identify the activities responsible for
resource consumption or to determine the costs associated with material losses. This
study aims to develop an integrated framework combining Activity-Based Costing
(ABC) and Material Flow Cost Accounting (MFCA) to reduce material losses and
improve resource allocation efficiency in the pharmaceutical industry.

The study adopts an applied case study approach based on production, cost, and
material-flow data from a pharmaceutical manufacturing environment. ABC is used to
identify production activities, allocate resource costs, and determine activity-level
costs, while MFCA is applied to quantify material inputs, positive outputs, negative
outputs, and the costs associated with material losses. The two approaches are
subsequently integrated to establish a relationship between resource consumption,
production activities, material flows, material losses, and loss costs.

The results indicate that total material input amounted to 12,000 kg, of which
1,200 kg represented material losses, corresponding to a loss rate of 10%. The total

cost of material losses was estimated at USD 21,100, with the production stage
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accounting for the largest share of material loss and associated costs. Under the
proposed integrated approach, material losses decreased to 960 kg, while the
associated loss cost decreased to USD 16,880. Resources allocated to non-value-
adding activities decreased from USD 34,000 to USD 27,200, while resource
allocation efficiency increased from 80% to 84%.

The findings indicate that integrating ABC and MFCA provides more
comprehensive information for identifying loss-generating activities, measuring the
economic consequences of material losses, and supporting more efficient resource
allocation. The study contributes to cost management research by demonstrating the
applicability of an integrated cost and material-flow approach to pharmaceutical
manufacturing and provides a basis for reducing avoidable losses and improving
resource utilization.

Keywords: Activity-Based Costing; Material Flow Cost Accounting; Material
Losses; Waste Reduction; Resource Allocation Efficiency; Cost Management;
Pharmaceutical Industry.
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HUHTET'PALIUSA KAJIBKYJIUPOBAHUSA 3ATPAT 110 BUJAM
JEATEJBHOCTHU U YUYETA 3ATPAT IO MATEPUAJIBHBIM IIOTOKAM
IS COKPAIIEHUSA ITOTEPH U TIOBBIIEHUSA DOP®PEKTUBHOCTHU
PACTIPEJEJEHHUSA PECYPCOB (HA IPUMEPE ®APMAIIEBTUYECKOHN
IMPOMBIIIJIEHHOCTHN)

®apax Hagxum Hlamxu
MarucTp 10 HampasjieHuio «byxranrepckuii yuér»
Kadenpa ¢hruHaHCOBBIX 1 0AHKOBCKUX HAYK,

Kostex yripaBienust 1 9KOHOMUKH, Y HUBepcureT Bacut, Upak

AnnHotaumus. DapmarneBTuueckas  NPOMBIIUIEHHOCTh  XapaKTEPU3YETCS

CJIOKHBIMH TIPOU3BOJACTBCHHBIMU IIPpOHCCCaMH, MCIIOJB30BAHHUECM JOPOroCTOAIMX
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MaTepUajoB, CTPOTUMHU TPEOOBAHUSIMH K KaYeCTBY M 3HAUUTEIBHBIM MOTpPEOICHUEM
pecypcoB, uTo AenaeT 3(pPeKTUBHOE yNpaBiICHHUE 3aTpaTaMU U COKPALLEHUE OTXO/I0B
HEOOXOJAMMBIMH  YCJIOBUSIMU  TOBBIIICHHS  ONEPAUMOHHON  3((EKTUBHOCTH.
TpaguuroHHbIE cUCTEMBbl y4€Ta 3aTpaT MOTYT HE NPEIOCTaBIATh JIOCTATOYHOMN
uH(pOopMaUu 171 BBISIBJICHUS BUIOB JESTEIbHOCTH, OTBETCTBEHHBIX 32 MOTPEOJICeHNE
pPECYpCOB, WX JUIsl ONIPEIENIEHUs 3aTpaT, CBA3AHHBIX C MOTEPSIMU MaTepuaioB. Llenpb
JAHHOTO HCCIICIOBAaHUSl 3aKJIIOYaeTcsl B pa3pabOTKEe HWHTETPUPOBAHHOM MOJEIH,
oOBbeUHSIONIEH KaIbKyIMPOBAaHUE 3aTpaT Mo BUAaM JestenbHocTH (Activity-Based
Costing, ABC) u yuér 3arpar mo martepuaibhbiM notokam (Material Flow Cost
Accounting, MFCA), ¢ 1enpi0 COKpallleH!usI MaTepuajIbHBIX MOTEPh M TOBBIIICHUS
3(()EKTUBHOCTH paclpeeIeHHs pECYPCOB B (papMalieBTUUECKON MPOMBIIIJIEHHOCTH.
B wuccrnenoBaHnHM HCHOJB3YyETCS NPUKIAJHON IMOAXOJ HAa OCHOBE aHajIu3a
KOHKPETHOT'O cllydasl C HCIOJb30BAHUEM IPOU3BOJICTBEHHBIX JAHHBIX, JAHHBIX O
3aTpaTax U MaTEpHAIbHBIX MTOTOKAaX B YCIOBUAX (papMalleBTUYECKOTO MPOU3BOJICTBA.
ABC npumensiercss Mg BBISIBJICHUS TNPOU3BOACTBEHHBIX BHJIOB JIEATEIIBHOCTH,
pacnpeesieHus 3aTpaT PECypCcoB U ONPEEIICHHs 3aTPpaT Ha YPOBHE OTIEIbHBIX BUOB
nearenbHocTH, Torna kak MFCA wucnons3yeTcs [isi KOJMYECTBEHHOW OIEHKH
MaTEPUAIBHBIX BXOJIOB, IOJOKHUTEIBHBIX BBIXOJOB, OTPULATEIBHBIX BBIXOJOB M
3aTpaT, CBS3aHHBIX C MaTepUalbHBIMH MOTEpsMHU. BrocneactBum oba monaxona
MHTETPUPYIOTCS JI1 YCTAHOBJICHHSI B3aWMOCBSI3M MEXKAY MOTPEOIEHUEM DPECYpPCOB,
MPOU3BOACTBEHHBIMH  BUJAMU  JIEATEIbHOCTH, MAaTE€pPUAIbHBIMU  MOTOKAMH,
MaTepUaJIbHBIMU MOTEPSIMHU U 3aTPATAMHU, CBSI3aHHBIMU C 3TUMH MOTEPSMHU.
PesynbraThl MOKa3bIBalOT, YTO OOMIMKA OOBEM MaTepUalbHBIX PECYpPCOB Ha
Bxozae coctaBui 12 000 xr, u3 koropsix 1 200 Kr mpuXoauiIoCh HA MAaTepUATIbHBIC
IIOTEPH, YTO COOTBETCTBYeT ypoBHIO 1oTeph B 10%. OOmas cTrouMocTh
MaTepHallbHBIX TOTeph Obuta orneneHa B 21 100 momn. CHIA, npu sTomM Ha
MIPOU3BOICTBEHHYIO CTAJIMIO0 MPUXOAMIACH HANOOJIbIIAs 10 MATEpUAIbHBIX OTEPh

u CBJ3aHHBIX C HHMMH 3aTpar. HpI/I HCIIOJIBb30BaHNU npcajiaracMoro
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MHTETPUPOBAHHOIO TOAXOJAa MAaTepHANIbHbIE MNOTEPU CHU3WIUCH a0 960 kr, a
cBs3aHHBIe ¢ HUMH 3arpatbl — g0 16 880 momn. CIIA. O6béM pecypcos,
HAIpPaBJIEHHBIX HA BHUJBI JEATENHHOCTH, HE CO3Jaroniue M00aBICHHOW CTOMMOCTH,
cokparmwicas ¢ 34 000 mo 27 200 momn. CIIHA, Torma xak 3¢@dEKTUBHOCTH
pacnpeneneHus pecypcoB yBenuuuiach ¢ 80% 10 84%.

[TomyyeHnHble pe3ynbTaThl MOKa3biBalOT, 4To uHTerpauus ABC u MFCA
npenocTaBisieT 0Oojiee  KOMIUIEKCHYIO HH(OpMaIuio JUisi  BBISBICHUS BHJIOB
JCATEIHHOCTH, TPHUBOJANIUX K BO3HHUKHOBEHHUIO IOTEPh, OICHKH 3KOHOMHYECKHX
MOCJICJICTBUI ~ MAaTEPHAIBHBIX TIOTePh M TOMIEPKKH Oonee  3hHEKTUBHOTO
pacnpeneneHusi pecypcon. MccienoBanue BHOCUT BKJIaJ B Pa3BUTHE UCCIICIOBAHUM B
00JIaCTH ympaBlIeHUS 3aTpaTaMH, IEMOHCTPUPYS MPUMEHUMOCTh WHTETPHPOBAHHOTO
MO/IX0/1a K 3aTpaTaM M MaTepuaIbHBIM MMOTOKaM B (papMarieBTHIECKOM MPOU3BOJICTBE,
a Takke (QopMHUpPYET OCHOBY JUISI COKpAIICHUS TPEIOTBPATUMBIX TIOTEPh U
MOBBIIEHUS Y(PHEKTUBHOCTU UCTIOJIb30BAHUS PECYPCOB.

KiroueBble c¢jioBa: KaJlbKyJIMpOBaHUE 3aTPAT MO BHUAAM JEATEIBHOCTH; yUET
3aTpaT Mo MaTePHAbHBIM IOTOKaM; MaTepHaIbHBIC TOTEPH; COKPAIIEHUE OTXOJIOB;
3¢ (HEeKTUBHOCTh pacmpeneneHus PECYpCOB; yIpaBJIeHUE 3aTpaTaMu;
(dapmarneBTUYECKas MPOMBINIIIEHHOCTD.

Knacenpuxanusa JEL: M41; M11; D24; Q53.

1. Introduction

The pharmaceutical industry is characterized by complex production processes,
high-value raw materials, strict quality requirements, and substantial resource
consumption. These characteristics increase the importance of effective cost
management, waste reduction, and efficient resource allocation. Recent studies
emphasize the need for accounting systems that provide more detailed information
about resource consumption and production losses (Usul & Olgun, 2025).

Activity-Based Costing (ABC) provides a useful approach for assigning

resource costs to activities and subsequently allocating activity costs to products
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based on appropriate cost drivers. This approach can improve the accuracy of cost
information and support managerial decisions concerning resource utilization and cost
reduction (Wang & Simarmata, 2024).

However, ABC primarily focuses on the cost of activities and may not provide
sufficient information about the physical flow of materials and the costs associated
with material losses. Material Flow Cost Accounting (MFCA) addresses this issue by
tracing material flows through production processes and identifying the quantities and
costs of positive and negative outputs. Recent research indicates that MFCA can
improve transparency regarding material losses and support more efficient resource
utilization (Al-Eqabi, 2024; Dierkes & Siepelmeyer, 2025).

Furthermore, recent evidence indicates that MFCA can contribute to reducing
product costs, improving waste management, and identifying opportunities for
resource efficiency (Cavalcante et al., 2025; Usul & Olgun, 2025). In the Iraqi
industrial context, studies have also demonstrated the applicability of MFCA in
identifying material losses and improving cost and resource management (Al-Eqabi,
2024). Of particular relevance to the present study, Mohammed Ali (2025) applied
MFCA in the pharmaceutical industry and highlighted its potential role in supporting
more sustainable production and improving material-flow management.

Despite these developments, there remains a need for an integrated approach
that connects activity costs, resource consumption, material flows, and losses within a
single analytical framework. Integrating ABC with MFCA may provide more
comprehensive information about the activities responsible for excessive resource
consumption and the costs associated with material losses. Such information can
support management in identifying inefficient activities, reducing avoidable losses,
and reallocating resources toward value-adding activities (Dierkes & Siepelmeyer,
2025; Usul & Olgun, 2025).

Accordingly, this study examines the integration of Activity-Based Costing and

Material Flow Cost Accounting to reduce losses and improve resource allocation
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efficiency in the pharmaceutical industry. The study aims to provide an integrated
accounting approach that links resources, activities, material flows, losses, and costs,
thereby supporting more effective managerial decisions and improving the efficiency
of resource utilization.

1.1 Significance of the Study:

The significance of this study lies in addressing the need for more
comprehensive cost information in pharmaceutical manufacturing, particularly where
production processes involve multiple activities and material flows. Integrating
Activity-Based Costing with Material Flow Cost Accounting provides a broader
perspective for analyzing production costs and material losses.

From a theoretical perspective, the study contributes to cost accounting
research by bringing together activity-based cost information and material-flow
information within a single framework. This integration extends the analysis beyond
conventional cost measurement to consider the relationship between activities,
resources, material flows, and losses.

From a practical perspective, the proposed approach can help management
identify the stages of production where material losses and resource consumption are
concentrated. Such information can support the evaluation of production processes
and the identification of opportunities for operational improvement.

The study also has managerial significance, as the information generated by the
integrated approach can support decisions concerning production planning, cost
control, process improvement, and the allocation of available resources.

Finally, the study provides an applied contribution to the pharmaceutical
industry by examining the feasibility of using an integrated accounting approach
within a manufacturing environment characterized by complex production processes

and stringent quality requirements.

1.2 Statement of the Problem
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Pharmaceutical manufacturing involves multiple production activities, diverse
material inputs, and strict quality requirements, which can make it difficult to
accurately determine how resources are consumed and where material losses occur.
Traditional cost accounting practices may aggregate costs at a level that does not
clearly identify the activities responsible for excessive resource consumption or the
costs associated with material losses.

Although Activity-Based Costing can provide more detailed information about
the cost of production activities, it does not by itself provide sufficient information
about the physical movement of materials and the losses generated throughout the
production process. Conversely, material flow management techniques can identify
material movements and losses but may not adequately link these losses to the costs
of specific activities.

This creates a need for an integrated approach that connects activity costs with
material flows and losses. Accordingly, the problem addressed by this study is the
extent to which integrating Activity-Based Costing with Material Flow Cost
Accounting can improve the identification and measurement of losses and provide
more useful information for improving resource allocation efficiency in the
pharmaceutical industry.

1.3 Measurable Research Gap

Previous studies have generally examined Activity-Based Costing and Material
Flow Cost Accounting as separate approaches. Activity-Based Costing focuses
primarily on assigning resource costs to activities, while Material Flow Cost
Accounting focuses on tracing material flows and identifying material losses.
However, limited attention has been given to quantitatively integrating activity-level
cost information with material-flow losses to determine the cost of losses attributable
to specific production activities.

Accordingly, the measurable research gap addressed by this study is the

absence of an integrated measurement framework that simultaneously determines:
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1. The cost of individual production activities using Activity-Based Costing.

2. The quantity and cost of material losses at each production stage using material
flow analysis.

3. The activity-level cost of material losses by linking losses to the activities in which
they occur.

4. The proportion of total resources consumed by non-value-adding activities and
material losses.

5. The potential improvement in resource allocation efficiency resulting from
reallocating resources from inefficient activities toward value-adding activities.

The study therefore seeks to measure the difference between the existing
allocation of resources and the allocation proposed after identifying activity-level
losses. This allows the research gap to be examined quantitatively through indicators
such as loss quantity, loss cost, activity cost, resource utilization, and resource
allocation efficiency.

The main contribution of the study is consequently not merely the application
of Activity-Based Costing or material flow management separately, but the
development of an integrated measurement approach that connects activities —
resource consumption — material flows — losses — loss costs — resource allocation
within the pharmaceutical manufacturing process.

1.4 Research Questions

The study seeks to answer the following main research question:

How can the integration of Activity-Based Costing and Material Flow Cost
Accounting reduce material losses and improve resource allocation efficiency in the
pharmaceutical industry?

This main question is addressed through the following sub-questions:

1. What are the major production activities and resources consumed in the

pharmaceutical manufacturing process?
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2. What are the quantities and costs of material losses generated at each
production stage?
3. Which activities are associated with the highest levels of resource consumption
and material losses?
4. How can Activity-Based Costing and material flow information be integrated to
measure activity-level loss costs?
5. To what extent can the integrated approach improve resource allocation
efficiency?
6. What changes in resource allocation can be identified after measuring activity-
level losses?
2. Literature Review
2.1 Activity-Based Costing
2.1 Activity-Based Costing
Activity-Based Costing (ABC) is a management accounting approach that
provides detailed information on the relationship between resources, activities, and
cost objects. Rather than allocating indirect costs using broad volume-based
measures, ABC identifies the activities that consume resources and assigns costs
according to the extent to which products or other cost objects use those activities.
This approach can improve cost transparency and provide more relevant information
for managerial decision-making and resource allocation (Wang & Simarmata, 2024).
Recent research has continued to demonstrate the relevance of ABC in complex
manufacturing environments. Wang and Simarmata (2024) developed a fuzzy
activity-based costing framework that identifies and allocates resource and activity
costs under conditions of uncertainty, demonstrating the potential of activity-based
approaches to improve the accuracy and usefulness of cost information. Similarly,
Rajan and Pillai (2025) found that ABC can improve the allocation of overhead costs

by linking indirect expenditures to the resources consumed by individual activities.
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The application of ABC 1is particularly relevant to pharmaceutical
manufacturing because production processes involve multiple activities with different
resource requirements and cost characteristics. Muoneke and Dandago (2024), in their
study of the Nigerian pharmaceutical industry, emphasized the usefulness of ABC for
improving production cost management, reducing cost distortion, and supporting
more informed production and pricing decisions. In the Iraqi pharmaceutical context,
Abd et al. (2024) examined Performance-Focused Activity-Based Costing (PFABC)
in the State Company for Drugs Industry and Medical Appliances—Samarra and
reported its relevance to cost reduction and product-quality improvement.

Accordingly, ABC provides the cost dimension of the present study by
identifying production activities, determining the resources consumed by each
activity, and assigning the corresponding costs to production activities. This
information is subsequently linked with material-flow information to identify the
economic consequences of material losses.

2.2 Material Flow Cost Accounting

Material Flow Cost Accounting (MFCA) is an environmental management
accounting approach that examines the physical and monetary dimensions of material
flows within production processes. Its central purpose is to make material
consumption, material losses, and the associated costs more visible by tracing
materials through different stages of production.

Recent studies have emphasized the ability of MFCA to quantify both material
flows and the costs associated with waste and losses. Usul and Olgun (2025) describe
MFCA as an approach that tracks production waste in both quantitative and monetary
terms and demonstrate that it can reveal the costs associated with material losses
under different cost accounting systems. Similarly, Dierkes and Siepelmeyer (2025)
developed an MFCA framework that differentiates among various sources of
inefficiency, including waste, rejects, rework, and recycling, thereby providing more

detailed information about their economic consequences.
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Empirical evidence also supports the role of MFCA in improving resource
efficiency and reducing waste. Ahmed et al. (2024) applied MFCA in a corrugated-
packaging manufacturing enterprise and demonstrated its usefulness in identifying
negative costs and areas of inefficient resource utilization. Kurniawan et al. (2024)
likewise showed that MFCA can increase transparency regarding material use and
support resource-saving and waste-reduction scenarios.

The relevance of MFCA is also evident in the Iraqi industrial environment. Al-
Eqabi (2024), through an applied study in a Wasit weaving and knitting factory, found
that MFCA can provide information useful for waste management, cost reduction,
productivity improvement, and product sustainability. Dahi and Abdullah (2024)
further reported that MFCA can contribute to green productivity by reducing material
and energy consumption and improving production-related outcomes.

Within the present study, MFCA provides the physical-flow dimension by
measuring material inputs, positive outputs, negative outputs, and material losses at
different stages of pharmaceutical production. The resulting information is then
connected to activity-level costs obtained through ABC.

2.3 Material Losses and Waste Costs

Material losses represent an important source of production inefficiency
because they involve resources that are consumed without generating an equivalent
level of productive output. In manufacturing environments, losses may arise from
processing activities, quality problems, equipment operation, material handling,
packaging, rejected production, rework, or other operational conditions. Recent
MFCA research emphasizes the importance of measuring such losses not only in
physical quantities but also in monetary terms.

Dierkes and Siepelmeyer (2025) demonstrate that material inefficiencies may
arise from several sources, including waste, rejects, reworking, and recycling, and
argue that differentiated information about these factors can improve the analysis of

their economic consequences. Similarly, Usul and Olgun (2025) show that MFCA can
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identify the costs associated with material losses and provide information that extends
beyond conventional cost accounting.

The economic significance of material losses is also demonstrated by Ahmed et
al. (2024), whose application of MFCA in the corrugated-packaging industry
identified substantial negative costs associated with material, system, energy, and
waste-management factors. Their findings indicate that identifying the sources of
negative costs can provide a basis for reducing waste and improving resource
utilization.

In the Iraqi industrial context, Al-Eqabi (2024) found that the information
generated by MFCA can support waste management, cost reduction, and
improvements in production and product sustainability. Dahi and Abdullah (2024)
similarly emphasized that reducing material and energy consumption through MFCA
can contribute to lower production costs and improved productivity.

For pharmaceutical manufacturing, the economic measurement of material
losses is particularly relevant because losses may involve not only the direct cost of
raw materials but also labor, machinery, energy, quality-control activities, packaging,
and other production resources. Therefore, measuring material losses solely in
physical units may not fully reflect their economic significance. The present study
addresses this issue by linking material losses to the production activities in which
they occur and by determining the corresponding activity-level loss costs.

2.4 Resource Allocation Efficiency

Resource allocation efficiency refers to the extent to which available
production resources are directed toward activities that contribute to productive
output while minimizing unnecessary or non-value-adding consumption. In
manufacturing organizations, such resources may include raw materials, direct labor,
machinery, energy, production capacity, quality-control resources, and packaging

materials.
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ABC provides information that can support resource allocation by identifying
the activities that consume resources and measuring the costs associated with those
activities. Wang and Simarmata (2024) demonstrated that activity-based costing can
be used to identify and allocate resource and activity costs within complex production
environments. Rajan and Pillai (2025) similarly emphasized the role of ABC in
improving the allocation of overhead costs by linking indirect costs with the activities
that generate resource consumption.

MFCA provides a complementary perspective by identifying the physical use
of materials and the losses generated during production. Dahi and Abdullah (2024)
found that MFCA can support green productivity through reductions in material and
energy consumption. Kurniawan et al. (2024) likewise demonstrated that MFCA can
improve transparency regarding resource utilization and support scenarios for
resource saving and waste reduction.

The combination of these perspectives provides a broader basis for evaluating
resource allocation efficiency. ABC identifies where financial resources are
consumed, while MFCA identifies where material resources are consumed and lost.
When these two types of information are analyzed together, management can identify
activities that consume substantial resources while generating relatively low
productive output.

In the pharmaceutical industry, this approach is particularly relevant because
production activities are often interdependent and subject to stringent quality
requirements. The findings of Muoneke and Dandago (2024) and Abd et al. (2024)
further demonstrate the relevance of activity-based approaches to cost management
and production performance in pharmaceutical manufacturing.

Accordingly, the present study evaluates resource allocation efficiency by
examining the relationship between resources consumed by production activities,
material losses, loss costs, and the proportion of resources directed toward value-

adding activities.
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2.5 Integration of ABC and MFCA

Activity-Based Costing and Material Flow Cost Accounting provide
complementary information for analyzing production performance. ABC focuses
primarily on the cost of activities and the resources consumed by those activities,
whereas MFCA focuses on the physical movement of materials and the losses
generated during production. The integration of these perspectives can therefore
provide a more comprehensive basis for identifying production inefficiencies and
evaluating their economic consequences.

Recent research provides evidence supporting the usefulness of each approach
independently. Wang and Simarmata (2024) demonstrate that activity-based costing
can provide detailed information for identifying and allocating resource and activity
costs, while Usul and Olgun (2025) demonstrate that MFCA can quantify material
losses and their associated costs within different cost accounting environments.
Dierkes and Siepelmeyer (2025) further show that MFCA can provide differentiated
information about various forms of material inefficiency, including waste, rejects,
rework, and recycling.

The integration of ABC and MFCA is particularly relevant when material
losses generate costs beyond the direct value of the materials lost. A material loss may
also 1involve labor time, machine usage, energy consumption, quality-control
activities, packaging resources, and other activity-related costs. ABC can identify the
activities responsible for these resource costs, while MFCA can identify the material
losses occurring within the production flow. Consequently, their integration can
establish a relationship between resource consumption, production activities, material
flows, material losses, and loss costs.

The practical relevance of this integrated perspective is also supported by
recent studies conducted in industrial and pharmaceutical contexts. Al-Eqabi (2024)
and Dahi and Abdullah (2024) demonstrate the usefulness of MFCA for improving

resource efficiency and reducing waste, while Muoneke and Dandago (2024) and Abd
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et al. (2024) demonstrate the relevance of activity-based approaches to
pharmaceutical cost management and production performance. Most importantly for
the Iraqi pharmaceutical context, Mohammed Ali (2025) applied MFCA to the
General Company for the Manufacture of Medicines and Medical Supplies—Samarra
and demonstrated its relevance to material-loss analysis and green supply-chain
management.

Despite these developments, the reviewed studies primarily examine ABC and
MFCA independently rather than establishing a quantitative framework that directly
links activity-level costs with material losses and resource allocation efficiency. The
present study addresses this issue by integrating the two approaches within a single
analytical framework.

The proposed relationship can be represented as follows:

Resources — Activities — Activity Costs — Material Flows — Material
Losses — Loss Costs — Resource Reallocation

Under this approach, the analysis does not stop at identifying the quantity of
material loss. It also determines the activities associated with the loss and the
resources consumed in generating it. This provides management with more detailed
information for evaluating production processes and considering alternative resource
allocation decisions.

Figure 1: Conceptual Framework for the Integration of ABC and MFCA
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Source: Developed by the author based on Al-Eqabi (2024); Dierkes & Siepelmeyer (2025);
Mohammed Ali (2025); Usul & Olgun (2025); and Wang & Simarmata (2024).

2.6 Previous Studies

Under this approach, the analysis does not stop at identifying the quantity of
material loss. It also determines the activities associated with the loss and the
resources consumed in generating it. This provides management with more detailed
information for evaluating production processes and considering alternative resource
allocation decisions.

Previous studies have examined Activity-Based Costing (ABC) and Material
Flow Cost Accounting (MFCA) as tools for improving cost measurement and
resource efficiency. Wang and Simarmata (2024) demonstrated the usefulness of
ABC in improving resource cost allocation, while Dierkes and Siepelmeyer (2025)
showed that MFCA can identify material losses and their associated costs. Usul and
Olgun (2025) further examined MFCA under different cost accounting systems and
highlighted its role in identifying waste-related costs. In the pharmaceutical industry,
Mohammed Ali (2025) applied MFCA to a pharmaceutical company in Samarra, Iraq,
focusing on material losses and green supply-chain management.

Table 1. Comparison of Previous Studies and the Current Study
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Study Method Context Main Focus Difference from Current
Study
Wang & ABC Manufacturing Resource cost Does not address material
Simarmata (2024) allocation losses
Dierkes & MFCA Manufacturing Waste and material Does not integrate ABC
Siepelmeyer losses
(2025)
Usul & Olgun MFCA Manufacturing Waste costs Does not focus on
(2025) pharmaceutical production
Mohammed Ali MFCA Pharmaceutical Material losses and Does not integrate ABC
(2025) industry—Iraq green supply chain
Current Study ABC + Pharmaceutical Loss costs and Integrates activity costs with
MFCA industry resource allocation material flows and losses
efficiency

Overall, previous studies have mainly applied ABC or MFCA separately. The
current study differs by integrating both approaches to link production activities,
resource consumption, material losses, and their costs, thereby providing information
to support more efficient resource allocation in pharmaceutical manufacturing.

2.7 Research Gap

The review of previous studies indicates that Activity-Based Costing (ABC)
and Material Flow Cost Accounting (MFCA) have mainly been applied as separate
approaches. ABC provides information on resource consumption and activity costs,
whereas MFCA focuses on material flows, losses, and their associated costs.

However, limited attention has been given to integrating these two approaches
within a single framework, particularly in the pharmaceutical industry. Existing
studies also provide limited measurement of the costs of material losses at the activity
level and their relationship with resource allocation efficiency.

Therefore, the current study addresses this gap by integrating ABC with MFCA
to identify material losses, determine their associated activity costs, and assess
opportunities for improving resource allocation efficiency in pharmaceutical
manufacturing.

3. Research Methodology

3.1 Research Design
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This study adopts an applied case study design to examine the integration of
Activity-Based Costing (ABC) and Material Flow Cost Accounting (MFCA) in the
pharmaceutical industry. The study combines quantitative cost and material-flow data
to identify material losses, determine their associated costs, and assess resource
allocation efficiency.

3.2 Case Study and Data Sources

The study is conducted in a pharmaceutical manufacturing environment. Data
are collected from accounting records, production reports, material consumption
records, inventory records, quality-control reports, and other relevant operational
documents. The data include material quantities and costs, labor, machine hours,
energy consumption, production quantities, and material losses.

3.3 Identification of Production Activities

The main production activities are identified by examining the production
process and the resources consumed at each stage. These activities may include
material receiving, inspection, storage, production, quality control, packaging, and
internal transportation.

3.4 ABC Cost Allocation Procedure

ABC is used to determine the cost of production activities based on the
resources consumed by each activity. Appropriate cost drivers are identified for each
activity, and activity cost-driver rates are calculated. The costs assigned to products
are then determined according to their consumption of the relevant activities.

The basic calculation is:

Cost Driver Rate = Total Activity Cost + Total Cost Driver Quantity

3.5 Material Flow Measurement

MFCA is used to trace the physical movement of materials through the
production process. For each production stage, material inputs are compared with
positive outputs and negative outputs. Negative outputs include waste, rejects,

defects, and other material losses.
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3.6 Measurement of Loss Costs

The cost of material losses is determined by combining the quantity of losses
with their relevant material and process costs. The analysis also links these losses to
the activities where they occur, allowing the study to identify the activities associated
with the highest loss costs.

3.7 Integrated ABC-MFCA Model

The proposed model integrates the cost information generated by ABC with the
physical-flow information generated by MFCA. The relationship can be represented
as:
Resources — Activities — Activity Costs — Material Flows — Material Losses —
Loss Costs — Resource Allocation

This integration enables the study to identify not only the quantity of material
losses but also the activities and resources associated with those losses.

3.8 Resource Allocation Efficiency Measurement

Resource allocation efficiency i1s assessed by examining the proportion of
resources consumed by value-adding and non-value-adding activities. The study
compares the existing allocation of resources with the allocation proposed after
identifying significant losses and inefficient activities.

A proposed indicator is:

Resource Allocation Efficiency = Resources Used in Value-Adding
Activities ~ Total Resources Used x 100

This indicator is used as an analytical measure within the study rather than as a
universally established accounting standard.

3.9 Data Analysis and Scenario Comparison

The analysis compares the existing cost and resource allocation system with the
proposed integrated ABC-MFCA approach. The comparison focuses on activity
costs, material-loss quantities, loss costs, resource utilization, and resource allocation

efficiency.

"IxoHomuka u couuyMm' Ne9(148) 2026 www.iupr.ru



Two main scenarios are considered:
« Current Scenario: Existing cost and resource allocation practices.
o Proposed Scenario: Allocation based on the information generated by the

integrated ABC-MFCA approach.

The results are used to identify potential opportunities for reducing material
losses and improving resource allocation efficiency.

4. Results and Analysis

4.1 Production and Cost Data

The analysis is based on the production and cost data presented in Table 2. The
data include production quantities, material consumption, labor, machinery, energy,
quality control, packaging, and other production costs.

Table 2. Production and Cost Data

Item Value
Production batches 20 batches
Planned production 200,000 units
Actual good output 188,000 units

Material input 12,000 kg
Material cost $96,000
Direct labor cost $42,000
Machine cost $28.,000
Energy cost $14,000
Quality-control cost  [$10,000
Packaging cost $18,000

Other production costs [$12,000
Total production costs ($220,000
Interpretation: Table 2 presents the main production and cost data used in the

analysis. Total production costs amount to $220,000.

For the ABC analysis, $170,000 of the total production costs are allocated to
the selected activity-cost pools presented in Table 3. The remaining $50,000 are
treated as common and unallocated production costs that are not assigned through the

selected activity cost drivers. Accordingly, the subsequent ABC-based analysis and
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resource allocation calculations are based on the $170,000 activity-cost pool, while
the total production cost remains $220,000.

The difference between planned production and actual good output indicates
the presence of losses and non-conforming output, which are further analyzed using
MFCA and linked to activity costs through ABC.

4.2 Activity Costs under ABC

Table 3. Costs Allocated to the Selected ABC Activity Pools

Activity g§t1v1ty Cost Cost Driver gr:z:i ty
Material receiving 8,000 Shipments 40
Material inspection 12,000 Tests 200
Storage 10,000 Storage-days 1,000
Production 82,000 Machine hours 4,000
Quality control 20,000 Tests/batches 300
Packaging 28,000 Units 200,000
Internal transportation 10,000 Material 500
movements
Total costs allocated to selected ABC
activity pools 170,000 B B
Common and unallocated production costs {50,000 — —
Total production costs 220,000 — —

Note. Total production costs amount to $220,000, as reported in Table 2. For
the purposes of the ABC analysis, $170,000 is allocated to the selected activity-cost
pools shown above. The remaining $50,000 is treated in this study as common and
unallocated production costs that are not assigned through the selected activity cost
drivers. Accordingly, subsequent ABC-based resource-allocation calculations are
based on the $170,000 activity-cost pool.

Interpretation: Table 3 shows the costs assigned to the main production
activities. Production represents the largest activity cost, followed by packaging and
quality control. This information provides a basis for identifying activities with
relatively high resource consumption.

The reconciliation presented in Table 3 explains the difference between the

total production costs of $220,000 reported in Table 2 and the $170,000 allocated
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through the selected ABC activity-cost pools. The remaining $50,000 is retained
outside the activity-cost allocation base used in the subsequent ABC analysis.

4.3 Material Flow Analysis
Table 4. Material Flow Analysis

Production Stage |Input (kg) [Positive Output (kg) Negative Output (kg) [Loss Rate
Material preparation (12,000 11,700 300 2.50%
Production 11,700 11,150 550 4.70%
Quality control 11,150 10,950 200 1.79%
Packaging 10,950 10,800 150 1.37%
Total 12,000 10,800 1,200 10.00%

Interpretation: Table 4 traces the movement of materials through the main
production stages. Total material losses amount to 1,200 kg, representing 10% of total
material input. The production stage records the highest quantity of material loss.

4.4 Measurement of Material Loss Costs

Table 5. Material Loss Costs by Production Stage

Production Stage |Loss (kg) [Material Cost ($) [Process Cost ($) [Total Loss Cost ($)
Material preparation (300 2,400 1,000 3,400

Production 550 4,400 7,000 11,400

Quality control 200 1,600 2,000 3,600

Packaging 150 1,200 1,500 2,700

Total 1,200 9,600 11,500 21,100

Interpretation: Table 5 converts material losses into monetary values. The
total cost of material losses is $21,100. The production stage accounts for the largest
share of loss costs, with $11,400, indicating that this stage requires particular attention

in the resource improvement process.
4.5 Integration of ABC and MFCA
Table 6. Integrated ABC-MFCA Analysis Based on the Selected ABC Activity-

Cost Pool
Activity Activity Cost ($) [Loss Cost ($) |[Loss Cost / Activity Cost
Material receiving 8,000 1,200 15.0%
Material inspection  |12,000 2,000 16.7%
Storage 10,000 200 2.0%
Production 82,000 11,400 13.9%
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Activity Activity Cost ($) |[Loss Cost ($) |Loss Cost / Activity Cost
Quality control 20,000 3,600 18.0%

Packaging 28,000 2,700 9.6%

Internal transportation {10,000 0 0.0%

Total 170,000 21,100 12.4%

Note. The activity-cost total of $170,000 corresponds to the selected ABC
activity-cost pool identified in Table 3. The remaining $50,000 of total production
costs is treated as common and unallocated production costs and is therefore excluded
from the activity-level loss-cost ratios presented in this table.

Interpretation: Table 6 demonstrates the integration of activity cost
information with material-loss information. Although production has the highest
absolute activity cost, quality control records the highest ratio of loss cost to activity
cost at 18%. This integration provides more detailed information than analyzing
activity costs or material losses separately. The ratios are calculated using only the
selected ABC activity-cost pool of $170,000.

4.6 Comparison of Current and Proposed Resource Allocation

Table 7. Comparison of Current and Proposed Scenarios

Indicator Current Scenario [Proposed Scenario [Change
Material input (kg) 12,000 12,000 —

Material loss (kg) 1,200 960 —240 kg
Loss rate 10.0% 8.0% —2.0 pp
Loss cost ($) 21,100 16,880 —$4,220
Resources in non-value-adding activities ($) [34,000 27,200 —$6,800
Resource allocation efficiency 80.0% 84.0% +4.0 pp

Note. Resource allocation efficiency is calculated using the $170,000 selected
ABC activity-cost pool as the denominator. The $50,000 of common and unallocated
production costs is excluded from this study-specific efficiency measure.

Interpretation: Table 7 compares the current allocation of resources with the
proposed allocation based on the integrated ABC-MFCA approach. The results
indicate a reduction in material losses and loss costs, together with an improvement in
resource allocation efficiency within the selected ABC activity-cost pool. Material

losses decrease from 1,200 kg to 960 kg, while the loss cost decreases from $21,100
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to $16,880. Resource allocation efficiency increases from 80.0% to 84.0%, based on
the $170,000 activity-cost pool used in the ABC analysis.
4.7 Summary of Results
Table 8. Summary of Results

Measure Current Proposed (Change
Material loss 1,200 kg 960 kg |-240 kg
Loss cost $21,100 ($16,880 |-$4,220

Non-value-adding resources [$34,000 [$27,200 |-$6,800
Resource allocation efficiency [80.0% [84.0%  [+4.0 pp
Note. The resource allocation efficiency values are calculated relative to the

$170,000 selected ABC activity-cost pool and do not use the total production cost of
$220,000 as the denominator.

Interpretation: Table 8 summarizes the main results of the analysis. The
integrated ABC-MFCA approach provides information that links production
activities, resource consumption, material flows, and material losses. The results
indicate that identifying activity-level loss costs can provide a basis for reducing
avoidable losses and improving resource allocation efficiency.

5. Conclusions and Recommendations

5.1 Conclusions

This study examined the integration of Activity-Based Costing (ABC) and
Material Flow Cost Accounting (MFCA) as an approach for reducing material losses
and improving resource allocation efficiency in the pharmaceutical industry.

The findings indicate that ABC provides detailed information about the costs of
individual production activities and the resources consumed by those activities. The
analysis showed differences in resource consumption across production activities,
with production, packaging, and quality control representing major areas of resource
consumption. This information provides management with a clearer understanding of

where production resources are being consumed.
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The MFCA analysis identified material losses at different stages of the
production process. Total material losses amounted to 1,200 kg from a total material
input of 12,000 kg, representing a loss rate of 10%. The production stage recorded the
largest material loss, indicating that this stage requires particular attention when
evaluating production efficiency and opportunities for loss reduction.

The analysis also demonstrated that material losses generate costs beyond the
direct cost of the lost materials. The total cost associated with material losses reached
$21,100, including material and process-related costs. This confirms the importance
of considering both physical material losses and their economic consequences when
evaluating production efficiency.

The integration of ABC and MFCA provided a more comprehensive view of
production costs and material losses. ABC identified the activities responsible for
resource consumption, while MFCA identified material flows and losses. Combining
the two approaches allowed activity-level information to be connected with material
losses and their associated costs.

The comparison between the current and proposed resource allocation scenarios
indicated that material losses could be reduced from 1,200 kg to 960 kg, while
material loss costs could decrease from $21,100 to $16,880. Non-value-adding
resource consumption was also reduced from $34,000 to $27,200. Based on the
defined resource allocation efficiency measure and the selected ABC activity-cost
pool of $170,000, efficiency increased from 80.0% to 84.0%.

The remaining $50,000 of total production costs was treated as common and
unallocated production costs and was therefore excluded from the study-specific
resource allocation efficiency calculation.

Accordingly, the study concludes that the integration of ABC and MFCA can
provide useful managerial information for identifying inefficient activities, measuring
material losses, determining loss-related costs, and supporting more informed

resource allocation decisions in pharmaceutical manufacturing.
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5.2 Contributions of the Study

The study provides several contributions to cost accounting and resource
management.

First, it contributes theoretically by integrating two complementary accounting
perspectives within a single analytical framework. ABC provides a cost and activity
perspective, whereas MFCA provides a physical material-flow perspective. Their
integration creates a framework that connects resources, activities, material flows,
losses, and costs.

Second, the study provides a methodological contribution by proposing a
sequence for measuring activity costs, material flows, material losses, loss costs, and
resource allocation efficiency. This approach can provide a structured basis for
analyzing production inefficiencies.

Third, the study provides a managerial contribution by demonstrating how
accounting information can be used to identify activities associated with high resource
consumption and material losses. Such information can support management
decisions concerning process improvement, cost control, and resource allocation.

Finally, the study contributes to the applied literature on pharmaceutical
manufacturing by examining an integrated cost and material-flow approach within a
production environment characterized by multiple activities, material inputs, quality-
control requirements, and potential material losses.

5.3 Recommendations

Based on the findings of the study, the following recommendations are
proposed:

1. Adoption of an Integrated ABC-MFCA Information Framework

Pharmaceutical manufacturing organizations should consider integrating
activity-based cost information with material-flow information to obtain a more
comprehensive view of production costs and material losses.

2. Regular Measurement of Material Losses
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Material losses should be measured periodically at each major production stage
rather than only at the aggregate production level. This can help identify changes in
loss patterns and facilitate timely corrective actions.

3. Identification of Loss-Generating Activities

Management should identify the activities associated with significant material
losses and investigate the operational causes of these losses. Particular attention
should be directed toward production stages with relatively high loss quantities and
loss costs.

4. Linking Loss Costs to Production Activities

The costs of material losses should be linked to the activities in which they
occur. This can provide more accurate information for evaluating the economic
consequences of inefficient processes.

5. Improving Resource Allocation

Resources should be reviewed according to their contribution to value-adding
activities. Where excessive consumption is identified, management should evaluate
opportunities to reallocate resources toward activities that contribute more directly to
production objectives.

6. Strengthening Production and Quality Controls

Production and quality-control procedures should be continuously reviewed to
identify sources of defects, rejected materials, reprocessing, and other forms of
material loss. Preventive controls may reduce losses before they generate additional
costs.

7. Developing Management Performance Indicators

Management should establish indicators that combine financial and physical
information, such as material loss rate, loss cost, activity cost, resource utilization,
and resource allocation efficiency. These indicators can support continuous
performance monitoring.

8. Integrating Accounting and Production Information
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Accounting departments should cooperate closely with production, inventory,
quality-control, and engineering departments. Integrating information from these
functions can improve the accuracy of activity costs and material-flow measurements.

9. Supporting Continuous Improvement

The results generated by ABC and MFCA should be incorporated into
continuous improvement programs. Management can use the information to prioritize
activities requiring process redesign, waste reduction, resource optimization, or
improved operational controls.

10. Employee Training

Employees involved in accounting, production, quality control, inventory
management, and process supervision should receive appropriate training in activity-
based costing and material-flow analysis. This can improve the quality of data
collection and facilitate implementation of the integrated approach.

5.4 Limitations of the Study

The study has several limitations that should be considered when interpreting
its findings.

First, the analysis focuses on a pharmaceutical manufacturing environment, and
therefore the results may not be directly generalizable to all industries with different
production structures and cost characteristics.

Second, the analysis depends on the availability and accuracy of accounting,
production, material consumption, and loss data. Differences in data quality may
affect the accuracy of activity-cost allocation and material-flow measurements.

Third, the resource allocation efficiency indicator used in this study is an
analytical measure developed for evaluating the relationship between resources
assigned to value-adding activities and total resources consumed. It should therefore
be interpreted as a study-specific performance measure rather than as a universally

established accounting standard.
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In addition, the ABC analysis is based on a selected activity-cost pool of
$170,000 out of total production costs of $220,000. The remaining $50,000 is treated
as common and unallocated production costs because it is not assigned through the
selected activity cost drivers. Consequently, the resource allocation efficiency
indicator should be interpreted in relation to the selected ABC activity-cost pool
rather than total production costs.

Finally, the proposed framework focuses primarily on cost and material-flow
dimensions. Other factors, such as environmental impacts, product quality, customer
requirements, and operational risk, may also influence resource allocation decisions
and could be incorporated into future research.

5.5 Suggestions for Future Research

Future studies could extend this research in several directions.

First, future research could apply the integrated ABC-MFCA framework to
multiple pharmaceutical companies to examine whether similar patterns of material
losses and resource consumption are observed across different organizations.

Second, future studies could incorporate environmental costs and carbon-
related information into the integrated framework to provide a broader assessment of
economic and environmental performance.

Third, researchers could combine ABC-MFCA with other management
accounting techniques, such as Time-Driven Activity-Based Costing, Resource
Consumption Accounting, or Target Costing, to examine whether additional
information can improve resource allocation decisions.

Fourth, future research could develop digital systems for automatically
collecting material-flow and activity-cost information from enterprise resource
planning and production-monitoring systems.

Finally, future studies could examine the long-term effects of implementing
ABC-MFCA on production costs, material efficiency, waste reduction, and

organizational performance using longitudinal data.
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5.6 Final Conclusion

The study concludes that integrating Activity-Based Costing with Material
Flow Cost Accounting provides a useful framework for connecting financial and
physical information within pharmaceutical manufacturing. ABC identifies the costs
of production activities and the resources they consume, while MFCA identifies
material flows, losses, and their associated costs.

The integrated approach makes it possible to trace the relationship between
resources, activities, material flows, losses, and costs. This information can support
management in identifying inefficient production stages, reducing avoidable material
losses, controlling loss-related costs, and improving the allocation of available
resources.

Therefore, the main contribution of the study is the development of an
integrated analytical framework that moves beyond conventional cost measurement
by linking activity-level costs with material-flow losses and resource allocation
decisions. This framework can provide a practical basis for improving cost
management and resource utilization in pharmaceutical manufacturing.

The resource allocation efficiency results reported in this study are based
specifically on the selected ABC activity-cost pool of $170,000 and should not be

interpreted as efficiency measures based on the full production cost of $220,000.
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