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RESEARCH ON SUPPLY CHAIN PRICING AND
EMISSION REDUCTION DECISIONS CONSIDERING
DIGITAL TECHNOLOGIES UNDER DIFFERENT POWER
STRUCTURES

ABSTRACT

With the deepening of global climate governance, the development of
a low-carbon economy has become a core strategy for governments and
enterprises worldwide. As a market-based emission reduction tool, the
carbon trading mechanism incentivizes enterprises to reduce emissions
through economic means. However, the manufacturing sector faces
practical challenges such as insufficient funding and weak technological
innovation capabilities in carbon reduction practices. Therefore,
collaboration among supply chain members and the effective application
of digital technologies have emerged as crucial solutions to these issues.
This paper examines a two-tier low-carbon supply chain consisting of one
supplier and one manufacturer. Based on whether supply chain members

engage in emission reduction and the differences in their reduction
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approaches, four decision-making models are constructed: no emission
reduction and no digital technology investment, only the manufacturer
invests in emission reduction technology, the supplier adopts digital
technology while the manufacturer invests in emission reduction
technology, and collaborative digital emission reduction. The study
analyzes the impact of introducing digital technologies and collaborative
emission reduction strategies under carbon trading on product pricing
decisions, market demand, and member profits within the supply chain, as
well as emission reduction decision-making. Three scenarios are explored:
supplier dominance, manufacturer dominance, and equal power between
both parties.

The following conclusions are drawn from this research:

(1) When the supplier is dominant, the manufacturer's investment in
carbon reduction technologies and the supplier's investment in digital
technologies can both enhance the wholesale price and market demand for
products, with the effects of their cooperative carbon reduction being
particularly significant. If the supplier's digital technology investment costs
are low (or high), or if both parties have high (or low) levels of technology
investment, then the cooperative carbon reduction among supply chain
members will help lower (or raise) the retail price of the product. The scale
coefficients of unit production costs and carbon reduction costs inversely

affect the market demand for low-carbon supply chains, as well as the
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profits of both suppliers and manufacturers, while consumers' preference
for low-carbon products positively influences the market demand for low-
carbon supply chains and the profits of both suppliers and manufacturers.
Regardless of whether supply chain members actively engage in carbon
reduction, the carbon reduction rate increases with the rise in carbon
trading prices, leading to a decrease in total carbon emissions and
consumer surplus. The total carbon emissions during cooperative carbon
reduction with digital technology are the lowest, and consumer surplus is
higher than that of non-cooperative carbon reduction.

(2) When the manufacturer is dominant, the unit wholesale price,
market demand, and carbon reduction rate during cooperative reduction are
the highest, while the unit wholesale price and market demand are the
lowest when no technology investment is made. If the manufacturer's
investment costs in carbon reduction technologies are high, it will reduce
the retail price of the product; conversely, it will raise the retail price if the
costs are low. The scale coefficients of unit production costs and carbon
reduction costs inversely affect the market demand for low-carbon supply
chains and the profits of suppliers, while consumers' preference for low-
carbon products positively influences the market demand for low-carbon
supply chains and the profits of suppliers. Regardless of whether supply
chain members actively engage in carbon reduction, the carbon reduction

rate increases with the rise in carbon trading prices, resulting in a decrease
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in total carbon emissions and consumer surplus. The total carbon emissions
during cooperative carbon reduction with digital technology are the lowest,
and consumer surplus is higher than that of non-cooperative carbon
reduction.

(3) When both parties have equal power, the wholesale price and
market demand during cooperative carbon reduction are higher than those
during non-cooperative carbon reduction. Compared to the scenario
without additional carbon reduction technology investment, if the
manufacturer's investment costs in carbon reduction technologies are high,
it will reduce the retail price of the product; conversely, it will raise the
retail price if the costs are low. The scale coefficients of unit production
costs and carbon reduction costs inversely affect the market demand for
low-carbon supply chains and the profits of suppliers, while consumers'
preference for low-carbon products positively influences the market
demand for low-carbon supply chains and the profits of suppliers.
Regardless of whether supply chain members actively engage in carbon
reduction, the carbon reduction rate increases with the rise in carbon
trading prices, leading to a decrease in total carbon emissions and
consumer surplus. The total carbon emissions during cooperative carbon
reduction with digital technology are the lowest, and consumer surplus is
higher than that of non-cooperative carbon reduction. Furthermore,

regardless of whether collaborative emission reductions are undertaken,
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when suppliers are in a dominant position, the suppliers achieve the highest
profits while manufacturers experience the lowest profits.

Author: Dandan Su (Management science and engineering)

Supervised by: Professor Changyi Liu

KEY WORDS: low-carbon supply chain, digital technology, carbon

trading policy, pricing decisions; carbon reduction
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