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FINANCING AND CARBON EMISSION REDUCTION
STRATEGIES FOR THE MANUFACTURER WITH OUTPUT
UNCERTAINTY UNDER GOVERNMENT SUBSIDIES

ABSTRACT

In recent years, the importance of low-carbon development has been
increasingly recognized by governments, enterprises, and consumers
around the world. Governments and regions around the world have
introduced low-carbon policies to encourage enterprises to reduce carbon
emissions, and government subsidies have been widely used as an effective
policy to promote carbon reduction. Meanwhile, the public’s increasing
awareness of environmental protection makes them inclined to purchase
low-carbon products. Under the double pressure of government regulations
and market demand, more and more enterprises take the initiative to invest
in emission reduction. However, the high investment cost and long cycle
of low-carbon products have caused enterprises to face the problem of
capital shortage. In addition to the high costs incurred by production inputs
and carbon emission reduction investments, output uncertainty also affects
manufacturers’ business decisions, further exacerbating the risk of
manufacturers’ capital shortages. Under such circumstances, how to
choose appropriate financing strategies to achieve a win-win situation in
terms of economic and environmental benefits in emission reduction and
pricing decisions is a practical issue that deserves in-depth study. Solving
this problem not only expands the theoretical research on supply chain
management but also helps to realize the balanced goal of economic
development and environmental protection. Therefore, this paper
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investigates operational decisions such as financing and abatement for
manufacturers with output uncertainty for the government-subsidized
supply chain. The main research content and conclusions are as follows:
Firstly, this study is based on a Stackelberg game model of a
secondary supply chain constructed by a single supplier and a single
financially constrained manufacturer. In this model, the manufacturers’
optimal decisions under debt financing, equity financing, and investment
and loan financing are investigated, and the optimal (expected) profits
under different financing modes are comparatively analyzed. It is found
that output uncertainty (the government subsidy) is negatively (positively)
related to carbon emission reduction, raw material procurement, and
supply chain members’ (expected) profit. However, output uncertainty is
not always detrimental to the sales price. The manufacturer needs to
consider a combination of carbon abatement costs, output uncertainty, and
equity financing rate to make financing decisions. Supply chain members’
objectives reach unity within the range of different equity financing rate,
both from the perspective of economic and environmental benefits.
Secondly, the optimal decisions of different financing models are
further discussed in the context of a capital-constrained manufacturer
producing both the low-carbon product (with output uncertainty) and the
traditional product, and the advantages and disadvantages of the different
financing models are compared to help the manufacturer choose the
optimal financing model. Finally, the improved Nash bargaining game
model is used to coordinate the conflicting interests of supply chain
members. The study shows that unlike the influence of government
subsidies, output uncertainty is negatively correlated with the amount of
carbon emission reduction, the amount of raw material purchased for the
low-carbon product, and the (expected) profit level of supply chain
members, and positively correlated with the amount of raw material
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purchased for the traditional product. Equity financing has a relative
advantage among the three financing modes, which is mainly reflected in
the fact that parameters such as carbon emission reduction, market demand
for the low-carbon product, and supplier’s profit are all optimal, but it does
not ensure the highest level of profit for the manufacturer. Using the
improved Nash bargaining game model can effectively coordinate the
supply chain and there exists an optimal profit-sharing ratio to make the
supply chain perfectly coordinated.

Lastly, blockchain technology is introduced into the manufacturer’s
financing and emission reduction decisions, which is used to improve the
predictive ability of the supply chain’s output uncertainty and to obtain the
optimal decision for different financing models. The study shows that
manufacturers’ carbon emission reduction, raw material procurement, and
both supply chain members’ (expected) profits are negatively (positively)
correlated with output uncertainty (the degree of blockchain technology
application and the government subsidy). Carbon emission reduction, raw
material purchase, sales price, and supply chain (expected) profits are all
optimal in the equity financing model when the equity financing ratio is
low, and in the investment and loan financing model when the equity
financing ratio 1is high. Output uncertainty, blockchain platform
construction cost, and equity financing ratio all affect the choice of
manufacturer’s financing modes. With the increase in the proportion of
equity financing, the preference of supply chain members gradually shifts
from the equity financing mode to the investment and loan financing mode.

Author: Lijun Sun (Management Science and Engineering)
Supervised by Yunfeng Zhang

KEY WORDS: supply chain finance, low-carbon supply chain,
government subsidies, output uncertainty, blockchain
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