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Abstract VW
The hotel industry con&

d ®xtensive dependence on upstream
Iran have simultaneously addressed

ines the optimal investment portfolio for emission
technical and financial constraints. The research
method is descriptivésanalytical, based on data from the 38-sector input—
output table, the ener@y balance sheet, and IPCC (2019) emission factors.
Using environmentally extended input—output analysis, total emissions were
calculated, and then, using a linear programming model (simplex method)
validated with a genetic algorithm, a Pareto frontier was extracted to balance
cost and emission reduction. The findings revealed that one billion rials of
hotel activity generates 1.84 t CO-, of which over 86% is attributed to indirect

reduction consider1
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supply-chain emissions. The electricity industry (34%) and the food industry
(23%) have the largest shares. The optimal solution under the baseline budget
prioritizes a 50% reduction in the food industry and a 35% reduction in the
electricity industry. This framework can assist policymakers and hotel
managers in efficiently allocating resources and designing effective
decarbonization measures at the supply-chain level.

Keywords: Carbon footprint; Hotel industry; Supply chain; Linear
programming; Pareto optimization.

Extended Abstract

1. Introduction
Tourism is one of the fastest-growing sect alNeconomy,
but its rapid expansion has also increa S emissions
associated with transportation, acco i d supporting
industries. Among tourism activitie ustry is particularly
energy-intensive because and for electricity,
heating, cooling, lig‘ However, the
environmental impac eyond on-site operations, as a
substantial share of cHissions ated indirectly through upstream
sectors such as ‘ectricity

optimal carbon mitigation strategies for the hotel
industry under finan€ial constraints, particularly in Iran. Therefore, this
study develops an integrated framework combining EEIOA and
mathematical programming to estimate and optimize the carbon
footprint of Iran's hotel industry. The research question is as follows:

How can an integrated framework based on environmentally extended
input—output analysis and mathematical programming be used to
estimate and optimize the carbon footprint of Iran's hotel industry under
budget constraints?
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2. Literature Review

Previous studies have demonstrated that a considerable proportion of
tourism-related greenhouse gas emissions originates from indirect
supply chain activities rather than direct operational processes. Zhang
and Xia (2024), using a multi-regional input—output model for China,
identified electricity, food manufacturing, and textile production as the
major contributors to hotel-related carbon emissions. Similarly, Li et al.
(2025) showed that food manufacturing and textile industries dominate

Recent methodological developments ha footprint
estimation through multi-regional input—out d“structural
path analy51s (Zhao et al., 2024; Radch 2025 Tang

been 1ncreasmgly apphe i : t and supply chain

planning (Vanderbei, 2%2

2024 Hamidian et al 4;
, 2025). Howev ‘tudl integrating environmentally extended

1nput—0utput analy51s wi ization for hotel carbon mitigation

remain limited ‘Wularly Andayesh et al., 2016; Khodadadi

A quantitatiye i analytical approach was adopted. Economic
data were obtéi Iran's 38-sector input—output table, sectoral
energy consumptign from the national energy balance, and emission
factors from the 2 IPCC Guidelines for National Greenhouse Gas
Inventories. Carbon @imissions were estimated using Environmentally
Extended Input— t Analysis (EEIOA), in which the Leontief
inverse matrix,
L=U-A)"1

was combined with sectoral emission coefficients to quantify both
direct and indirect emissions associated with hotel activities.

A linear programming model solved by the simplex algorithm was then
developed to determine the optimal allocation of mitigation investments
under budget constraints. The optimization results were validated using
the genetic algorithm and the interior-point method, while Pareto
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frontier analysis was employed to evaluate the trade-off between
mitigation cost and carbon emission reduction.

4. Results
The results indicate that the carbon footprint of Iran's hotel industry is
dominated by indirect emissions generated through upstream supply
chain activities. Food manufacturing and electricity were identified as
the principal contributors to embodied carbon emissions. The
optimization model showed that allocating mitigation investments to
these sectors achieved the greatest reduction in $@tal emissions under
limited financial resources. The simplex solution consistent with
those obtained using the genetic algori interior-point
method, confirming the robustness of t i i
Furthermore, the optimal solution was locat etd frontier,
demonstrating an efficient balance itigation cost and
emission reduction.

5. Discussion
The findings confirm tl& re
industry requires gr
rather than focusing sol
dominant role @f ¢l
consistént with p

footprint of Iran's hotel
am supply chain sectors

tion and food manufacturing is
ang & Xia, 2024; Li et al., 2025;
egrating EEIOA with mathematical
tends previous research from carbon
tifying optimal mitigation priorities under

footprint estim
budget constrai

6. Conclusion
This study pres an integrated framework combining
environmentally nded input—output analysis and linear
programming to estimate and optimize the carbon footprint of Iran's
hotel industry. The results showed that indirect supply chain emissions
account for the largest share of total emissions and that prioritizing
mitigation investments in the food manufacturing and electricity sectors
achieves the greatest emission reduction under limited budgets. The
proposed framework provides a practical decision-support tool for
developing effective carbon mitigation strategies and supporting
sustainable policy-making in Iran's hotel industry.
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