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Abstract— Inventory is one of the operational components
that contributes to carbon emissions through warehouse
electricity consumption; however, this aspect has not yet been
integrated into conventional inventory models, despite growing
attention to green supply chain management. This study
develops a multi-item Economic Order Quantity model that
considers all-unit discounts, warehouse capacity constraints,
and carbon emissions as cost components and examines the
effect of carbon emission variables on the mathematical model
structure. The development was carried out by adding a carbon
cost variable, calculated as the product of average warehouse
energy consumption, the carbon emission factor, and the carbon
tax, to the storage cost equation and the formula for the optimal
reorder interval. Solutions were obtained through an iterative
approach to determine a valid discount price interval.
Proportional adjustments were then applied to satisfy the
warehouse capacity constraint. A numerical example involving
three product items yielded an optimal cycle time t* = 0.144
periods, a reorder interval after capacity adjustment G = 0.108
periods, and total inventory costs of IDR 2,086,099,971 per
planning period. The addition of carbon emission variables
increases the holding cost component and reduces the optimal
reorder interval compared to the reference model, resulting in a
total inventory cost IDR 1,488,996 higher than the reference
model. Sensitivity analysis results indicate that warehouse
capacity has the greatest influence on total costs compared to
carbon emission parameters. This study contributes to the
integration of environmental aspects into a deterministic multi-
item inventory model, thereby providing a more comprehensive
decision-making framework for retail managers.

Keywords— All-Unit Discount, Carbon Emission, Economic
Order Quantity, Multi-Item Inventory, Sustainable Inventory,
Warehouse Capacity Constraint.

I. INTRODUCTION

Effective inventory management is a key factor in the
operational success of a supply chain, as it directly affects a
company's storage and ordering costs and working capital [1],
[2]. In deterministic inventory systems, the Economic Order
Quantity (EOQ) model is the most widely used approach due
to its clear calculation structure and ease of implementation
[3], [4], [5]. In multi-item retail environments such as
minimarkets, the EOQ model can be extended by
incorporating warehouse capacity constraints and all-unit
discount policies, which create a trade-off between discount
utilization and storage space limitations [4], [5].
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The EOQ model has undergone substantial development
to accommodate the growing complexity of inventory
systems. Originally formulated for single-item systems under
simplified assumptions, the model has since been expanded to
address multi-item settings by incorporating various pricing
policies, including all-unit discounts and incremental
discounts [6]. Subsequent extensions introduced warehouse
capacity constraints to reflect the physical limitations
encountered by retail companies in practical inventory
management [4], [5].

As attention to green supply chain management continues
to grow, inventory activities are no longer evaluated solely
from an economic standpoint. Storing goods requires
continuous energy for lighting, cooling, and warehouse
maintenance, while all-unit discount policies that encourage
bulk purchasing extend storage durations and further increase
energy consumption [7], [8]. Studies on supermarket retail
operations show that inventory activities such as upstream
logistics, warehouse energy use, and procurement generate
measurable greenhouse gas emissions across the value chain
[9]-[11]. These operational patterns generate carbon emissions
that are seldom explicitly considered in conventional
inventory models, despite increasing regulatory pressure on
companies to address the environmental impact of their
operations [9], [12], [13]. In several countries, this pressure
has materialized into concrete policy instruments such as
carbon tax regulations, which directly impose financial
consequences on emission-generating business activities
including inventory operations [12], [14],[15].

The integration of carbon emissions into inventory models
has become an increasingly active area of research. Several
studies have demonstrated that environmental considerations
significantly influence optimal ordering decisions, particularly
through carbon tax mechanisms that can substantially alter
inventory cost structures [12], [16], [17]. In retail settings
specifically, carbon regulations have been shown to drive
firms to revise their inventory strategies, particularly when
order-volume discounting schemes are in place, because the
interaction between discount utilization and emission costs
directly affects optimal ordering policies [18]. These findings
confirm that incorporating carbon emissions into inventory
models is not only environmentally relevant but also produces
measurable effects on ordering policies and total inventory
costs.

Existing studies have addressed these elements only
partially. Silitonga and Moses [18] developed a multi-item
EOQ model incorporating all-unit discounts and warehouse
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capacity constraints but did not account for carbon emissions.
Pramesti et al. [19] integrated carbon emission costs into an
inventory model but limited the scope to a single-item setting
without warehouse capacity constraints. No existing model
simultaneously integrates all three elements within a unified
analytical framework [20]-[23]. This study addresses that gap
by developing a multi-item EOQ model that incorporates all-
unit discounts, warehouse capacity constraints, and carbon
emissions as explicit cost components, and by identifying the
effect of carbon emission variables on the mathematical
structure of the model.

II. METHOD

A. Model Description

The model developed in this study applies to multi-item
retail inventory systems such as minimarkets, with
deterministic demand that remains constant over a one-year
planning horizon. All items are ordered from a single supplier
under a joint ordering policy, where the supplier applies an all-
unit discount based on predefined quantity intervals. The order
quantity for each item is adjusted proportionally to warechouse
capacity as a physical constraint of the system. Carbon
emissions resulting from the warehouse's -electricity
consumption during the storage period are incorporated as an
additional cost component into the reference model [14],
enabling the developed model to simultaneously integrate
economic and environmental aspects. Transportation
emissions are not explicitly modeled because the joint
ordering policy consolidates all item replenishments into a
single delivery, thereby inherently minimizing distribution
emissions.

B. Assumptions
The following assumptions are adopted in this model:

e Demand is deterministic and occurs continuously at a
constant rate throughout the planning horizon.

e All items are ordered from a single supplier under a
joint order policy, with instantaneous replenishment
and known lead time.

e No stockout occurs and all items are in good condition
with no expiration during storage.

e Warehouse capacity is constant and expressed in units
compatible with all stored items.

e Average warchouse energy consumption and carbon
tax rate are known and constant throughout the
planning horizon.

C. Notation
The notation used in this model is as follows:

e D; : Demand of item-i over the planning horizon
(units/period)

e (;; : Unit price of item-i at discount interval j
(IDR/unit)

e S : Ordering cost per order (IDR/order)
e 1n: Number of items

e H; : Holding cost of item-i per unit per period,
considering discount and carbon emission: Hi = hij-Cjj
+w, X E, X t,, (IDR/unit-period)

e H;j : Holding cost percentage per period relative to the
unit price of item-i at discount interval j

e @/ : Economic order quantity for item-i (units)
e T* :Optimal reorder interval (period)

e r: Number of discount price intervals

e N : Order frequency

e QwP; : Volume proportion of item-i considering
warehouse capacity

e Qw; : Volume requirement of item-i (m?)

e QW; : Volume of item-i after considering warchouse
capacity (m3)

e Qg; : Economic order quantity for item-i after
considering warehouse capacity (units)

e W : Warehouse capacity (m?®)
e wi: Volume per unit of item-i (m>?/unit)

e G : Reorder interval after considering warehouse
capacity (period)

e t, : Carbon tax rate (IDR/ton COz)

e w, : Average warchouse energy consumption
(kWh/unit-period)

e [, : Grid emission factor of Indonesia (ton CO2/kWh-)

e (, : Total purchasing cost per planning period

(IDR/period)

e (, : Total ordering cost per planning period
(IDR/period)

e (, : Total holding cost per planning period
(IDR/period)

e TIC : Total inventory cost per planning period

(IDR/period)

D. Model Formulation

The model consists of three cost components: purchasing
cost (Cp), ordering cost (C,), and holding cost (C), which
together form the total inventory cost (TIC).

Purchasing Cost

The purchasing cost is calculated based on the unit price
of each item at the applicable discount interval multiplied by
the demand of each item over the planning horizon.

Cp =2i=1Cij - D; Q)

Ordering Cost

The ordering cost arises from the multiplication of the
order frequency (N) and the cost per order (S,,), which can be
expressed as:

Co=NXxS,

If the order period t = %is identical for all items under

the joint ordering policy, such thatt; = t, = t; =...= t,,
the ordering cost equation becomes:
s

Co — (2)
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where t* denotes the optimal reorder interval obtained
when the ordering periods of all items are synchronized.

Holding Cost

The holding cost extends the reference model by
incorporating a carbon cost component w, X E, X t, into the
per-unit holding cost.

Ch:l

2 ?zlt*'Di'(hij'Cij-l_We'Ee'tx) (3)

Total Inventory Cost
51
TIC = Xy Cij - Dy + -+ 520, G- Dy - (hij - Cij + we -
Ee : tx) (4)

Optimal Reorder Interval

The optimal reorder interval is obtained by minimizing
TIC with respect to T™.
s 1 .
TIC = Z"ilzl C’-J Di + F + E Z_{l:l T". Di' (hl Cl] +
we. Eq. ty)
9 2‘{1:1 Cij-Di+%+% Z?:l T*. Di-(hi-Cij + We.Ep.ty) _
9T -

N 1
0 _TTZ-I_ E Z?:l Dl(hlcl} + We'Ee'tx) =0

0

s
Yic Di(hi Gy + We.Eety) =5 =0

s
o1 Di.(hi-Cij + We.Ee.ty) = —

2s
Zlnzl Dj.(hi.Cij + we.Ee.tx)

2s
T = 5
\[ ‘{7'=1 D; .(h;. Cij + We.Ep.ty) ( )

E. Solution Procedure

T2 =

The solution procedure for determining the optimal
inventory policy follows an iterative approach adapted from
Silitonga and Moses [14], with modifications to the T* and
TIC formulas to incorporate the carbon emission cost
component. The procedure is as follows:

1. Determine the values of the model input parameters:
Di’ Cij’ hij? S, Wi, W, and We
2. Calculate the optimal reorder interval (T™*) at discount

price interval j, starting from the lowest unit price.

= \/ " Di(hy -ZCSij + We.Ee.ty)

3. Calculate the optimal order quantity for each item i
@D-
Qi =T x D

4. Check whether Q; falls within the valid discount price

interval j. If valid, proceed to Step 5. If not, repeat Step
2 using a different discount price interval.

5. Calculate the volume requirement for each item i
Qw).
Qw; = Q] X w;

6. Check whether the total volume requirement of all
items exceeds the warehouse capacity (W).

rLQw>WwW
If it does not exceed capacity, proceed to Step 10. If it
does, proceed to Step 7.

7. Calculate the volume proportion of each item i

(QWP).

Qwp; = =24

- n *
Yimq QW{

8. Calculate the adjusted volume for each item i after
considering warehouse capacity (QW;").
QW = QwP x W

9. Convert the volume back to units to obtain the order
quantity for each item i after capacity adjustment

(Qg)-
Qg =

Verify that Qg; falls within the applicable discount
price interval.

*
Qw;

wi

10. Calculate the reorder interval after warehouse

capacity adjustment (G).

G = Z?:l Qg;
Z?:lDi

11. Calculate TIC using G as the reorder interval.

S 1
TIC = Z?:l CL]DL +E+E Z:lzl G Dl(thU +
We. E.. ty)

III. RESULTS

A. Data Input

The model was tested using numerical data adopted from
Silitonga and Moses for inventory parameters, and from
Pramesti et al. [15] for carbon emission parameters. These data
were adopted from previous studies and are used as a
numerical illustration to validate the proposed mathematical
model. Therefore, the data do not represent actual industrial
data from a specific company. The use of reference data allows
the proposed model to be compared directly with the reference
model under the same experimental conditions. The inventory
parameter data for each product are presented in Table I.

TABLE L. INVENTORY PARAMETER DATA
Parameter Product1 Product2 Product3
D; 55,500 40,000 80,000
h; 0.001 0.015 0.01
w; 2.5 2 3
W 50,000
S 235,000

The all-unit discount policy applied by the supplier for
each product is presented in Table II.

TABLE I ALL-UNIT DISCOUNT POLICY
Quantity Price
Item Interval (IDR/unit)
Product 1 Q <9,000 13,000
Q=>9,000 12,000
Q> 15,000 11,000
Product 2 Q<6,500 16,000
Q>6,500 15,000
Q>12,000 13,000
Product 3 Q< 13,000 9,000
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Quantity Price

Item Interval (IDR/unit)
Q>13,000 8,000

Q>21,000 7,000

The carbon emission parameters used in this study
combine data from multiple sources. The average warehouse
energy consumption (w,) was adopted from Pramesti et al.
[15] as a numerical illustration. The carbon emission factor
(E,) reflects Indonesia's grid emission factor based on
official data from the Ministry of Energy and Mineral
Resources (ESDM) 2021, while the carbon tax rate (t,)
follows the rate established under Indonesian Law No. 7 of
2021 on Harmonization of Tax Regulations (UU HPP). Thus,
while (w,) is illustrative, E, and t, represent actual
regulatory values applicable in the Indonesian context. The
carbon emission parameters used in this study are presented
in Table III.

TABLE III. CARBON EMISSION PARAMETER DATA
Parameter Value
We 1.14
E, 0.000817
ty 30,000

B. Numerical Result

Based on the model solution procedure, valid order
quantities were obtained in the third iteration using the highest
price level, with C1 = IDR 13,000, C2 = IDR 16,000, and C3
= IDR 9,000. The complete results of the model calculation
are presented in Table I'V.

TABLE IV. MODEL CALCULATION RESULTS
Parameter Value
T* 0.144
Qg1 6,040
Qg5 4,350
Qg3 8,717

G 0.108

Gy 2,081,500,000

c, 2,158,540

Cy, 2,441,431
TIC 2,086,099,971

C. Model Comparison

To evaluate the effect of incorporating carbon emissions, a
comparison of cost components between the reference model
[14] and the developed model was conducted. The results are
presented in Table V.

TABLE V. CoST COMPONENT COMPARISON
Reference T
evelope
Cost Component Model [14] Model (IDR)
(IDR)

Cp 2,081,500,000 2,081,500,000

C, 2,156,125 2,158,540

Cp 954,850 2,441,431
TIC 2,084,610,975 2,086,099,971

The purchasing cost (C,) is identical in both models as
unit prices and demand remain unchanged. The most
significant difference occurs in the holding cost (C;), where
the developed model produces a substantially higher value

due to the addition of the carbon cost component w, x E, X t,
per unit. The total inventory cost of the developed model is
IDR 1,488,996 higher than the reference model, entirely
attributable to the increase in Cj from the carbon cost
component. This difference represents the environmental cost
of warehouse electricity consumption that has not been
accounted for in conventional inventory models.

D. Sensitivity Analysis

Sensitivity analysis was conducted to examine the model's
responsiveness to changes in parameters w,, t, and W, with
variations of +10%, +20%, and +30% from the base case
values. The sensitivity analysis results for parameter w, are
presented in Table VI.

TABLE VI SENSITIVITY ANALYSIS OF PARAMETER W,
Variation w, T G TIC
-30% 0.80 0.149 0.10887  2,085,939,811
-20% 0.91 0.148 0.10887  2,085,993,197
-10% 1.03 0.146 0.10887  2,086,046,584
0% 1.14 0.144 0.10887  2,086,099,971
10% 1.25 0.143 0.10887  2,086,153,357
20% 1.37 0.141 0.10887  2,086,206,744
30% 1.48 0.140 0.10887  2,086,260,131

The sensitivity analysis results for parameter t, are
presented in Table VIL.

TABLE VII.  SENSITIVITY ANALYSIS OF PARAMETER t,
Variation t, T* G TIC
-30% 21,000.00 0.149 0.109  2,085,939,811
-20% 24,000.00 0.148 0.109  2,085,993,197
-10% 27,000.00 0.146 0.109  2,086,046,584
0% 30,000.00 0.144 0.109  2,086,099,971
10% 33,000.00 0.143 0.109 2,086,153,357
20% 36,000.00 0.141 0.109  2,086,206,744
30% 39,000.00 0.140 0.109  2,086,260,131

The sensitivity analysis results for parameter W are
presented in Table VIII.

TABLE VIII.  SENSITIVITY ANALYSIS OF PARAMETER W
Variation w T G TIC
-30% 35,000 0.144 0.076 2,087,025,059
-20% 40,000 0.144 0.087 2,086,639,606
-10% 45,000 0.144 0.098 2,086,339,808
0% 50,000 0.144 0.109 2,086,099,971
10% 55,000 0.144 0.120 2,085,903,740
20% 60,000 0.144 0.131 2,085,740,214
30% 65,000 0.144 0.142 2,085,601,846

The sensitivity analysis results show that parameters w,
and t, produce identical patterns in T*, G, and TIC. This
occurs because w, and t, always appear together as a single
multiplicative block w, X E, X t, in the formulas for 7* and
Cy, making it impossible for the model to distinguish their
individual effects. An increase in either w, or t, causes T* to
decrease and TIC to increase, while G remains unchanged as
warehouse capacity is assumed constant. Parameter W has the
greatest influence on TIC compared to w, and t,.. Ata +30%
variation, a change in W reduces TIC by IDR 498,125, while
changes in w, or t, only alter TIC by IDR 160,160. Overall,
all parameters are not sensitive to TIC within the £30%
variation range, consistent with the findings of the reference
model [14]. This insensitivity is primarily driven by the
dominance of the purchasing cost (C,) in the total inventory
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cost structure. C, accounts for the majority of TIC and
remains constant across all parameter variations since unit
prices and demand are fixed. As a result, even substantial
changes in w,, t,, or W produce only marginal effects on TIC
relative to its total magnitude.

These findings indicate that the proposed inventory model
is relatively robust to moderate variations in warehouse-
related parameters. From a managerial perspective, changes in
electricity-related factors and operating time may affect the
optimal replenishment cycle, but they are unlikely to
substantially alter the overall inventory cost under the current
cost structure. The greater influence of , however, suggests
that warehouse capacity decisions deserve comparatively
greater ~managerial attention. Nevertheless, because
purchasing cost dominates TIC, cost-reduction strategies
focused solely on warehouse operations may yield limited
financial benefits. More substantial cost improvements may
therefore require simultaneous consideration of purchasing
policies, supplier negotiations, demand management, and
warehouse efficiency.

IV. CONCLUSION

This study developed a multi-item EOQ inventory model
that integrates all-unit discounts, warehouse capacity
constraints, and carbon emissions as explicit cost components.
The carbon cost variable, calculated as the product of average
warehouse energy consumption, the carbon emission factor,
and the carbon tax, was incorporated into the holding cost
equation and the optimal reorder interval formula of the
reference model [24]-[26]. In this research, the formula refers
to Silitonga and Moses [14]. The developed model yields an
optimal cycle time T* = 0.144 periods, order quantities of Qg7
= 6,040 units, Qg5 = 4,350 units, and Qg3 = 8,717 units, a
capacity-adjusted reorder interval G = 0.108 periods, and a
total inventory cost of IDR 2,086,099,971 per planning period.

The addition of carbon emission variables affects the
mathematical structure of the model in two ways. First, the
carbon cost component w, X E, Xt, enlarges the
denominator of the optimal reorder interval formula, resulting
in a smaller T* and lower order quantities per cycle compared
to the reference model. Second, the same component increases
the per-unit holding cost, which raises the total holding cost
and consequently the total inventory cost by IDR 1,488,996
relative to the reference model. Sensitivity analysis further
reveals that all parameters remain insensitive to total inventory
cost within a +30% variation range, with warehouse capacity
having the greatest influence on total cost among the
parameters examined. These findings confirm that integrating
carbon emissions into inventory models produces measurable
economic effects while maintaining model robustness. Future
research may extend this framework by incorporating
probabilistic demand to better represent real-world inventory
conditions.

REFERENCES
[1] I. N. Pujawan and E. R. Mahendrawathi, Supply Chain
Management. Yogyakarta: Lautan Pustaka, 2024.
2] Jay. Heizer, Barry. Render, and Chuck. Munson, Operations

management :  sustainability and supply chain management.
Pearson, 2020.

3] R. J. Tersine, Principles of Inventory and Materials Management,
4th ed. Englewood Cliffs, New Jersey: Prentice Hall, 1994.
[4] D. Singh and A. Verma, “Inventory Management in Supply

Chain,” Mater. Today Proc., vol. 5, no. 2, pp. 3867-3872, Jan.
2018, doi: 10.1016/j.matpr.2017.11.641.

[5] N. L. Rachmawati and M. Lentari, “Penerapan Metode Min-Max
untuk Minimasi Stockout dan Overstock Persediaan Bahan Baku,”

[l

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Jurnal INTECH Teknik Industri Universitas Serang Raya, vol. 8,
no. 2, pp. 143-148, Oct. 2022, doi: 10.30656/intech.v8i2.4735.
M. Alnahhal, B. L. Aylak, M. Al Hazza, and A. Sakhrieh,
“Economic Order Quantity: A State-of-the-Art in the Era of
Uncertain Supply Chains,” Jul. 01, 2024, Multidisciplinary Digital
Publishing Institute (MDPI). doi: 10.3390/sul6145965.

J. Marklund and P. Berling, “Green Inventory Management,” in
Springer Series in Supply Chain Management, vol. 4, Springer
Nature, 2017, pp. 189-218. doi: 10.1007/978-3-319-29791-0_8.
Q. Zhu, J. Sarkis, and Y. Geng, “Green supply chain management
in China: Pressures, practices and performance,” International
Journal of Operations and Production Management, vol. 25, no.
5, pp. 449468, 2005, doi: 10.1108/01443570510593148.

R. Mungkung and T. Nudchanate, “Measurement and Management
of Value Chain Greenhouse Gas Emissions from Supermarket
Retailing,” Weather, Climate, and Society, vol. 15, no. 3, pp. 813—
821, Jul. 2023, doi: 10.1175/WCAS-D-23-0012.1.

R. Mungkung, P. Jaieim, and P. Chancharoonpong, “Greenhouse
gas emissions from Thai and Japanese restaurants for reduction
management strategies,” Weather, Climate, and Society, vol. 16,
no. 3, pp. 575-580, 2024.

A. D. Hansen, T. Kuramochi, and B. Wicke, “The status of
corporate greenhouse gas emissions reporting in the food sector:
An evaluation of food and beverage manufacturers,” Journal of
Cleaner Production, vol. 361, Art. no. 132279, 2022.

A. A. Taleizadeh, L. Aliabadi, and P. Thaichon, “A sustainable
inventory system with price-sensitive demand and carbon
emissions under partial trade credit and partial backordering,”
Operational Research, vol. 22, no. 4, pp. 4471-4516, Sep. 2022,
doi: 10.1007/s12351-021-00683-w.

R. Y. H. Silitonga and E. E. L. B. Sembiring, “Inventory Policy for
Retail Stores: A Multi-Item EOQ Model Considering Permissible
Delay in Payment and Limited Warehouse Capacity,” Jurnal
Optimasi Sistem Industri, vol. 21, no. 1, pp. 28-37, May 2022, doi:
10.25077/josi.v21.n1.p28-37.2022.

M. Choudhury, S. Das, G.-W. Weber, and G. C. Mahata, “Carbon-
regulated inventory pricing and ordering policies with marketing
initiatives under order volume discounting scheme,” Ann. Oper.
Res., 2025, doi: 10.1007/s10479-025-06490-2.

J. Xu, G. Lyu, Q. Bai, and Q. Luo, “Robust pricing and inventory
strategies for an omnichannel retailer under carbon tax and cap-
and-offset regulations,” Computers & Industrial Engineering, vol.
185, Art. no. 109615, 2023, doi: 10.1016/j.cie.2023.109615.

Y. S. Huang, C. C. Fang, and Y. A. Lin, “Inventory management
in supply chains with consideration of Logistics, green investment
and different carbon emissions policies,” Comput. Ind. Eng., vol.
139, p. 106207, Jan. 2020, doi: 10.1016/J.CIE.2019.106207.

M. C. Cheng, H. C. Lo, and C. T. Yang, “Optimizing pricing, pre-
sale incentive, and inventory decisions with advance sales and
trade credit under carbon tax policy,” Mathematics, vol. 11, no. 11,
Art. no. 2534, 2023.

R. Y. H. Silitonga and J. Moses, “Pengembangan Model Economic
Order Quantity Multi Item dengan Mempertimbangkan All Unit
Discount dan Kendala Kapasitas,” Journal of Integrated System,
vol. 4, no. Vol. 4 No. 1 (2021): Journal of Integrated System Vol.
4 No. 1 (Juni 2021), pp. 92-100, Jun. 2021, doi:
https://doi.org/10.28932/jis.v4i1.3420.

N. P. D. Pramesti, T. Limansyah, and D. Lesmono, “A
Mathematical Model With Inventory-And Selling Price-
Dependent Demands Considering All-Units Discount And Carbon
Emission,” Barekeng, vol. 18, no. 1, pp. 129-140, Mar. 2024, doi:
10.30598/barekengvol18iss1pp0129-0140.

U. Durgunay and N. Javani, “A unified analytical framework for
capacity factor estimation and availability modeling in wind
turbines: Bridging design and reliability,” Renewable Energy, Art.
no. 124619, 2025.

K. J. Preacher, M. J. Zyphur, and Z. Zhang, “A general multilevel
SEM  framework for assessing multilevel mediation,”
Psychological Methods, vol. 15, no. 3, pp. 209-233, 2010.

M. Januar, Z. F. Luo, K. C. Liu, and M. H. Lee, “Unified analytic
framework for thickness-dependent transport and trap-state
modulation in ultrathin W:In20s field-effect transistors,” Small
Structures, vol. 7, no. 2, Art. no. €202500807, 2026.

M. M. Al-Debei and D. Avison, “Developing a unified framework
of the business model concept,” European Journal of Information
Systems, vol. 19, no. 3, pp. 359-376, 2010.

B. Roy and N. Ghosh, “Optimizing a production-inventory model
under progressive carbon taxation: The role of green investment,

Silitonga, et al.: Sustainable Inventory Optimization: A Multi-Item EOQ Model with All-Unit ... (pp. 160-165) 164



Engineering Science Letter, Vol. 5, No. 02, August 2026

(23]

lead time, and price breaks,” Environmental Modeling &
Assessment, pp. 1-25, 2026.

A. H. M. Mashud, D. Roy, R. K. Chakrabortty, M. L. Tseng, and
M. Pervin, “An optimum balance among the reduction in ordering
cost, product deterioration and carbon emissions: A sustainable
green warehouse,” Environmental Science and Pollution Research,
vol. 29, no. 51, pp. 78029-78051, 2022.

[26]

A. Sharma, V. Kumar, S. R. Singh, and C. B. Gupta, “Green
inventory model with two-warehouse system considering variable
holding cost, time-dependent demand, carbon emissions and
energy consumption,” [International Journal of Procurement
Management, vol. 19, no. 2, pp. 274-296, 2024.

165

EISSN: 2961-872X ePISSN: 2961-8924eDOI: 10.56741/1ISTR.es1.002319



	I. Introduction
	II. Method
	A. Model Description
	B. Assumptions
	C. Notation
	D. Model Formulation
	E. Solution Procedure

	III. Results
	A. Data Input
	B. Numerical Result
	C. Model Comparison
	D. Sensitivity Analysis

	IV. Conclusion
	References


