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Abstract

In the context of escalating global climate change, the pharmaceutical industry, being energy-intensive
and high-emitting, bears significant responsibility for low-carbon transformation. China’s “dual-carbon”
goals further promote green and sustainable development in this sector. This study aims to explore the
paths, challenges, and policy support for low-carbon transformation in China’s pharmaceutical industry.
Through literature analysis, it systematically reviews the current status of carbon emissions, technological
pathways, policy support, and challenges faced by the industry. The study finds that carbon emissions
mainly originate from production processes, with notable regional variations and imperfections in
monitoring and evaluation systems. Key pathways for promoting low-carbon transformation include
green pharmaceutical technology, clean energy application, circular economy models, and digital
technology. However, major obstacles remain, such as dual challenges of technology and cost, insufficient
corporate transformation motivation, and supply chain coordination issues. Therefore, the study
proposes policy recommendations including strengthening national policy support, improving financial
mechanisms, and enhancing regulatory systems, while outlining future directions for technological
innovation, international cooperation, and long-term strategic planning.
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Introduction

Global climate change, one of the gravest challenges in the 21st century, impacts
economies, societies, and the environment. The Intergovernmental Panel on Climate Change
(IPCC) report highlights that global warming is closely linked to human-induced greenhouse
gas (GHG) emissions, primarily due to the continuous increase in CO, and other GHGs [1].
Under this backdrop, all sectors face pressure to reduce emissions. The pharmaceutical
industry, a significant player in the global economy, involves substantial energy and resource
inputs in production processes, encompassing raw material extraction, drug manufacturing,
packaging, and transportation. These processes consume considerable energy and generate
notable carbon emissions [2]. Specifically, pharmaceutical processes such as autoclaving and
freeze-drying require substantial electricity, while solvents and reagents used in chemical
synthesis generate greenhouse gases [3]. Additionally, the logistics sector, particularly cold
chain transportation, significantly contributes to carbon emissions [4]. Carbon emissions
from the pharmaceutical industry not only exert environmental pressure but also conflict
with its social responsibility. As a crucial industry for human health, the pharmaceutical
industry should lead by example in addressing climate change. Globally, more pharmaceutical
companies are recognizing the importance of low-carbon transformation and adopting
measures like optimizing production processes, enhancing energy efficiency, and using clean
energy [5]. However, challenges remain, including high costs of technological innovation,
complexity in supply chain coordination, and uncertainty in policy support [6]. In the
context of global climate change, low-carbon transformation is not only an environmental
responsibility for the pharmaceutical industry but also an inevitable choice for its sustainable
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development. By reducing carbon emissions, the industry can
mitigate environmental impact, enhance competitiveness, and
meet growing green consumer demand [7]. Future efforts should
focus on technological innovation, policy support, and international
cooperation to achieve low-carbon transformation goals and
contribute to global climate governance.

China’s “Dual Carbon” goals, aiming for carbon peaking by 2030
and carbon neutrality by 2060, demonstrate its proactive stance
and responsibility in global climate governance. These goals are not
only China’s strategic choice in addressing global climate change
but also a crucial driver for green transformation of its domestic
economic structure. As one of the high-energy-consumption
and high-emission industries, the pharmaceutical industry faces
profound policy guidance and transformation pressure under
the “Dual Carbon” goals, while also embracing new opportunities
for low-carbon development. The “Dual Carbon” goals set clear
carbon reduction requirements for the pharmaceutical industry,
promoting its transformation towards green and low-carbon
directions. According to the “14th Five-Year Plan,” China aims to
accelerate the development of a green, low-carbon, and circular
economy, with key industries required to formulate carbon
peaking action plans and implement emission reduction measures
[8]. The pharmaceutical industry, as a crucial component of the
national economy, is increasingly facing scrutiny regarding energy
consumption and carbon emissions during production. Processes
such as raw material extraction, chemical reactions and equipment
operation in drug manufacturing, as well as the production and
logistics of medical devices, involve significant energy use and
high carbon emissions. Thus, pharmaceutical enterprises must
reduce carbon emission intensity per unit product through
technological innovation and process optimization to meet the
policy requirements of the “dual-carbon” goals. These goals
promote the R&D and application of low-carbon technologies in
the pharmaceutical industry through policy incentives and market
mechanisms. Mechanisms such as green finance and carbon trading
provide financial support and market impetus for the low-carbon
transformation of pharmaceutical enterprises. Green credit policies
encourage the adoption of clean energy and energy efficiency
improvements by directing capital flows toward low-carbon
projects [9]. The establishment of carbon trading markets offers
platforms for pharmaceutical enterprises to trade carbon emission
quotas, promoting carbon reduction through market-based means.
These policies and mechanisms not only reduce the costs of low-
carbon transformation but also create new economic growth
points. The “dual-carbon” goals accelerate the green collaborative
development of the pharmaceutical industry chain. Low-carbon
transformation in the pharmaceutical industry involves not only
production processes but also the full lifecycle management
of upstream raw material supply and downstream product
distribution. Pharmaceutical enterprises need to collaborate
with suppliers to promote the R&D and application of green raw
materials, while optimizing logistics networks and packaging
designs to reduce carbon emissions in product distribution [10].
This synergistic effect within the industry chain enhances overall

carbon reduction efficiency and strengthens the international
competitiveness of the pharmaceutical industry. The “dual-carbon”
goals promote the deep integration of the pharmaceutical industry
with digital technologies, providing new technological pathways
for low-carbon transformation. The application of digitalization
and intelligence technologies, including big data, Al and IoT,
can optimize production processes, improve energy utilization
efficiency, and enable real-time monitoring and management
of carbon emissions [11]. Through intelligent manufacturing
technologies, pharmaceutical enterprises can achieve precise
control over production processes, reducing energy waste and
carbon emissions. Additionally, digital technologies support the
tracking of the full lifecycle carbon footprint of pharmaceutical
products, providing consumers with transparent information on
low-carbon products.

China’s “dual-carbon” goals provide clear policy guidance
and transformation momentum for the pharmaceutical industry,
promoting low-carbon development across technology, markets,
industrial chains, and digitization. In this process, pharmaceutical
companies must not only address emission reduction pressures
but also seize new opportunities from green transformation to
contribute to the industry’s sustainable development.

Analysis of Low Carbon Transformation Status in
China’s Pharma Industry

Driven by global climate change and China’s “dual carbon”
targets, the low-carbon transformation of the pharmaceutical
industry, a high-energy-consumption and high-emission sector,
has emerged as a crucial issue for sustainable development. After
discussing its background and significance, this chapter focuses
on the current carbon emission status and issues in China’s
pharmaceutical industry. By analyzing industry distribution,
primary sources, monitoring and evaluation systems, and regional
differences, it reveals the challenges faced by the industry
in carbon emissions, laying the foundation for subsequent
exploration of technical pathways and policy support for low-
carbon transformation. This research aims to provide data support
and problem-oriented solutions for the green and low-carbon
development of the pharmaceutical industry.

Industry carbon emissions distribution in

pharmaceutical industry

The carbon emissions of China’s pharmaceutical industry are
distributed across production, logistics, waste disposal, and exhibit
significant sectoral variations, mainly concentrating in sub-sectors
such as pharmaceuticals, medical devices, and biomedicine. The
pharmaceutical sector, as the core, dominates carbon emissions.
Major sources include energy consumption and chemical synthesis
reactions, particularly in the production of APIs and chemical
formulations, which are energy-intensive and high-emission
processes [12]. Traditional Chinese medicine (TCM) manufacturers
also face carbon emission issues from energy consumption and
waste disposal [13]. In the medical device sector, emissions
concentrate on manufacturing and logistics, involving energy-
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intensive processes like metalworking and plastic molding, as well
as high-emission logistics, especially cross-border transportation
[14,15]. Sterilization and packaging also contribute significantly
to emissions due to energy use and material consumption. In the
biomedicine sector, particularly biopharmaceuticals and genetic
engineering, emissions stem from energy consumption in R&D
and production processes, including fermentation and purification,
which require substantial electricity and produce greenhouse
gases. Cold chain logistics further increases energy consumption
and emissions due to strict temperature control requirements.
Regionally, eastern China exhibits higher carbon emissions than
the west due to higher industrial agglomeration and production
scale, while the west, though smaller in scale, has a coal-dominated
energy structure leading to high emission intensity per unit output
[16,17].

The carbon emission distribution in China’s pharmaceutical
industry is influenced by industry characteristics, regional
energy structures, production scales and technological levels.
The pharmaceutical manufacturing sector, as a major contributor,
has the greatest potential for emission reduction. Medical device
and biopharmaceutical industries, due to the specificity of their
production processes, require more aggressive measures in
technological innovation and energy structure adjustment.

The main source of carbon emissions in the

pharmaceutical industry

The carbon emissions of China’s pharmaceutical industry
mainly originate from production, logistics, and waste disposal,
closely related to industry characteristics. Production, a significant
emission source, is greatly influenced by manufacturing processes
and technology levels. Complex chemical reactions and energy
consumption are involved, especially in the production of APIs
and intermediates, where extensive fossil fuel use directly leads
to greenhouse gas emissions [18]. Stringent temperature and
humidity control further increases energy consumption and
emissions [19]. Logistics emissions are linked to the specificity
of pharmaceutical products, requiring specific conditions during
transportation, particularly for cold chain products like vaccines
and biologics, consuming substantial energy to maintain [20].
Brett et al. [21] indicate that carbon emissions in pharmaceutical
logistics stem mainly from road transport and warehousing, with
road transport emissions varying by vehicle type, loading rate and
empty running rate. Warehouse energy consumption, especially
cold storage operations, also significantly impacts emissions [21].
Waste disposal emissions are related to pollutants from production,
including wastewater, exhaust gas and solid waste containing
organic solvents and heavy metals, which require energy-
intensive treatment to meet discharge standards. Incineration
of pharmaceutical waste directly releases CO, and other harmful
gases, exacerbating emissions [18].

These emission characteristics indicate that the pharmaceutical
industry’s low-carbon transition requires a focus on green
production technology, enhanced logistics efficiency and innovative
waste treatment technology. This aligns with previously discussed

industry differences and regional distribution features, providing
a foundation for subsequent challenges in carbon emission
monitoring and assessment.

Monitoring and evaluation of carbon emissions in the
pharmaceutical industry

China’s pharmaceutical industry faces multiple challenges in
carbon emission monitoring and assessment, posing significant
obstacles to precise carbon emission managementand optimization.
A comprehensive monitoring system has not been fully established,
lacking unified standards and methodologies. Many pharmaceutical
companies struggle with incomplete and inaccurate data in
collection, organization, and reporting processes, compromising
the reliability of carbon emission assessments [12]. These data
quality issues stem from limitations in monitoring technology and
inadequate awareness of carbon emission management among
enterprises.

The standardization of carbon emission assessment methods
in the pharmaceutical industry remains unestablished. Significant
variations exist among enterprises in terms of emission accounting
boundaries, calculation methodologies, and data sources, hindering
horizontal comparisons of assessment results. For instance, some
enterprises solely focus on production-related emissions while
neglecting contributions from logistics, waste disposal, and other
stages [22]. This limited scope impedes comprehensive carbon
emission assessments. Current methods largely rely on traditional
static accounting models, lacking real-time monitoring and
predictive capabilities for dynamic carbon emission changes, which
are inadequate for the rapid development of the pharmaceutical
industry. The application of carbon emission monitoring
technologies in this industry is also underdeveloped. Although IoT,
Al, and Machine Learning (ML) exhibit great potential in carbon
emission monitoring, their application in the pharmaceutical
industry is still in its infancy [23]. loT-based real-time monitoring
systems can collect data on electricity consumption, fuel use,
and transportation activities through sensors and predict future
emission trends using ML models. However, the adoption of such
systems in the pharmaceutical industry is low. This technological
lag not only constrains the accuracy of emission monitoring but
also affects enterprises’ abilities to formulate scientific emission
reduction strategies.

Lack of transparency in carbon emission data within the
pharmaceutical industry hinders effective disclosure and
monitoring mechanisms. Firms selectively disclose carbon emission
information, impeding stakeholders’ access to comprehensive and
authentic data [24]. This opacity undermines public trust in the
industry’s low-carbon transition and obstructs policymakers from
formulating effective reduction strategies based on accurate data.
Additionally, the carbon emission assessment framework in the
pharmaceutical industry fails to account for regional disparities.
Significant variations exist in energy structures, technological
levels and developmental stages across China’s pharmaceutical
sectors; however, current assessment systems often apply a one-
size-fits-all approach, neglecting regional characteristics’ impact
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on carbon emissions [25]. This limitation hinders carbon emission
optimization at the regional level.

In summary, China’s pharmaceutical industry faces multiple
issues in carbon emission monitoring and assessment, including
data quality, evaluation methods, technological application,
transparency and regional variations. To address these issues,
comprehensive measures encompassing technology, standards, and
policies are needed to improve and optimize the carbon emission
monitoring and assessment system in the pharmaceutical industry.

Regional differences in carbon emissions of the
pharmaceutical industry

China’s pharmaceutical industry exhibits significant regional
variations in carbon emissions, primarily due to an uneven
distribution across eastern, central, and western regions.
Eastern regions, with developed economies and high industrial
concentration have relatively larger total carbon emissions. In
contrast, central and western regions, characterized by smaller
industrial scales and relatively backward technologies have lower
total emissions but potentially higher emission intensities per
unit of output. These differences reflect not only disparities in
regional economic development levels but are also closely related
to factors such as energy structures, technological levels and policy
enforcement efforts.

The eastern region of China, a major hub for the pharmaceutical
industry, exhibits significantly higher carbon emissions than other
areas, due to the large-scale and intensive production activities
in Beijing, Shanghai and Guangdong. However, eastern regions
also lead in energy structure optimization and technological
innovation, with some enterprises adopting clean energy and
green production technologies, thereby mitigating carbon emission
growth [26]. The central region displays transitional characteristics
in pharmaceutical carbon emissions. While gradually expanding
the scale of the pharmaceutical industry through the transfer of
industries from the east, the region faces high carbon emission
intensity per unit output due to technological and energy structural
constraints. The rapid development of the pharmaceutical industry
in Henan and Hubei relies heavily on coal consumption, resulting in
low carbon emission efficiency. Additionally, policy implementation
and technology promotion in the central region lag, exacerbating
carbon emission issues [27]. The western region, economically less
developed, has a smaller pharmaceutical industry and lower total
carbon emissions but potentially higher emission intensity per unit
output. This region’s heavy reliance on coal, low application of clean
energy, and limited technological capacity contribute to inefficient
carbon emissions. Prominent carbon emission problems in energy
consumption and waste disposal exist in the pharmaceutical
industry of Shaanxi and Sichuan. Furthermore, inadequate policy
support and funding in the western region hinder the promotion
and application of low-carbon technologies [28]. Regional
differences are influenced by local policies, energy structures,
technological levels, among others. Eastern regions are advanced
in policy implementation and technological innovation, while
central and western regions face challenges such as inadequate

policy enforcement and technology promotion. Moreover, regional
variations in energy structures are key drivers of carbon emission
differences, with eastern regions actively adopting clean energy,
while central and western regions predominantly use coal, leading
to higher carbon emission intensities [29].

In summary, regional variations in carbon emissions from
China’s pharmaceutical industry reflect the complex influences
of economic development, energy mix, technological level, and
policy implementation. Future efforts should focus on regional
coordinated development, optimizing energy structure, and
promoting low-carbon technologies to gradually narrow regional
disparities and facilitate the low-carbon transformation of the
pharmaceutical industry [30].

Tech Path for Low-Carbon Transformation in
China’s pharmaceutical Industry

Based on the current carbon emission status and issues of
China’s pharmaceutical industry, exploring effective technological
pathways has become a core task for achieving low-carbon
transformation. As an energy-intensive and high-emission sector,
the low-carbon transformation of the pharmaceutical industry
relies not only on policy drives but also on technological innovation.
This chapter delves into key pathways such as green pharmaceutical
technology, energy efficiency enhancement, circular economy
models, and digitalization and intelligent technologies, analyzing
their potential and practices in reducing carbon emissions and
optimizing resource utilization. It provides technological solutions
and forward-thinking for the low-carbon transformation of China’s
pharmaceutical industry. As a strategic industry vital to national
economy and people’s livelihood, the low-carbon transformation
of the pharmaceutical industry exhibits distinct characteristics
compared to other manufacturing sectors. From an industrial
perspective, pharmaceutical manufacturing is typically energy-
intensive and high-emission. An empirical analysis by Zhang et al.
(2023) on traditional Chinese medicine preparation production
shows that the energy utilization rate of traditional decoction and
alcohol precipitation processes is less than 40%, while modern
countercurrent extraction technology can increase it to 65%, but
with an average equipment retrofitting cost increase of RMB 3.2
million per production line. This techno-economic characteristic
often traps small and medium-sized enterprises in a dilemma of
“retrofitting leading to losses,” forming a barrier to transformation.
The rigid requirements for drug quality control impose institutional
constraints on the application of low-carbon technologies.

Innovation and application of green pharmaceutical
technology

Innovations and applications in green pharmaceutical
technology represent a pivotal pathway for advancing the low-
carbon transformation of China’s pharmaceutical industry. By
optimizing production processes, reducing harmful substance
use, and enhancing resource utilization efficiency, this technology
significantly decreases carbon emissions during pharmaceutical

production. The application of green chemistry principles,
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particularly through the reduction or substitution of toxic
solvents, has emerged as a crucial means of mitigating carbon
emissions. The use of green solvents such as water and ethanol,
as alternatives to traditional organic solvents, not only minimizes
environmental pollution but also reduces energy consumption
[31]. The introduction of biocatalysis has also markedly elevated
the greenness of pharmaceutical processes. Biocatalysts efficiently
react at ambient conditions, decreasing energy demand while
avoiding the formation of toxic byproducts [32]. Continuous
manufacturing offers new possibilities for the low-carbon
transformation of the pharmaceutical industry. Compared
with traditional batch production, continuous manufacturing
significantly reduces energy consumption and waste emissions
by optimizing reaction conditions and minimizing intermediate
steps. The use of continuous-flow reactors for the production of
pharmaceutical intermediates enhances production efficiency while
decreasing solvent use and carbon emissions [33]. Additionally,
continuous manufacturing supports real-time monitoring and
process optimization, further improving resource utilization
efficiency. Innovations in green pharmaceutical technology also
encompass waste recycling. By developing efficient waste recovery
and reuse technologies, pharmaceutical companies can convert
waste generated during production into valuable resources,
thereby reducing carbon emissions. For instance, advanced solvent
recovery technologies enable the efficient recovery and reuse of
solvents used in pharmaceutical processes, lowering raw material
costs and reducing the environmental burden of waste disposal.
Organic waste produced during pharmaceutical processes can also
be converted into biofertilizers or other useful products through
biodegradation technologies, further promoting the development
of a circular economy. In practice, the application of green
pharmaceutical technology has achieved remarkable results. One
pharmaceutical company successfully reduced carbon emissions by
30% and energy consumption by 25% in the production process of a
key drug by introducing green chemistry processes and continuous
manufacturing technologies [34]. Some enterprises have achieved
zero-waste emission targets and significantly lowered production
costs by optimizing waste management processes [35].

Innovations and applications in green pharmaceutical
technology have not only provided technical support for the low-
carbon transformation of China’s pharmaceutical industry but
also promoted sustainable development by optimizing production
processes and enhancing resource utilization efficiency. With
continued technological advancements and policy support, green
pharmaceutical technology is expected to be widely adopted,
injecting new impetus into the low-carbon transformation of

China’s pharmaceutical industry.

Energy efficiency improvement and clean energy
application

Energy efficiency enhancement and clean energy application
constitute a pivotal technological pathway for the low-carbon
transformation of China’s pharmaceutical industry. As an energy-
intensive sector, pharmaceutical production, particularly in

manufacturing pharmaceuticals and medical devices, consumes
substantial energy, accounting for a major portion of carbon
emissions. Building upon innovations in green pharmaceutical
technology, improving energy efficiency enables enterprises to
reduce energy consumption without compromising production
capacity, thereby decreasing carbon emissions. Additionally, the
widespread adoption of clean energy fundamentally diminishes
reliance on fossil fuels, further advancing the industry’s low-carbon
transition.

In enhancing energy efficiency, pharmaceutical companies can
achieve energy-saving goals by optimizing production processes
and introducing efficient equipment and technologies. Adoption
of high-efficiency motors, variable frequency technology, and heat
recovery systems can significantly reduce energy consumption
during production. Deployment of Intelligent Energy Management
Systems (EMS) enables real-time monitoring of energy use and
optimizes energy allocation through data analysis, minimizing
unnecessary energy waste [36]. Xu et al. [37] indicated that
integrated application of these technologies can improve energy
efficiency by over 20% in pharmaceutical enterprises, while
reducing carbon emission intensity per unit product. The utilization
of clean energy represents another crucial direction for the low-
carbon transformation of the pharmaceutical industry. Traditional
pharmaceutical production mainly relies on fossil fuels such as coal
and natural gas,whichnotonly generate significantcarbon emissions
but also pollute the environment. By incorporating clean energy
sources like solar, wind, and biomass, pharmaceutical companies
can markedly decrease carbon emissions. Solar photovoltaic power
generation systems applied in pharmaceutical production provide
factories with clean electricity, reducing dependence on grid power
[38]. Biomass energy, as a renewable resource, can supply thermal
and electrical energy for pharmaceutical production through
gasification or combustion technologies, while also achieving waste
resource utilization [39].

This technological pathway complements the circular economy
model, forming a comprehensive system for the low-carbon
transformation of the pharmaceutical industry. By optimizing
energy use, introducing efficient equipment and technology, and
promoting clean energy, pharmaceutical companies can reduce
carbon emissions while maintaining production efficiency and
competitiveness. This transformation aligns with China’s “dual-
carbon” goals and provides valuable insights for the sustainable
development of the global pharmaceutical industry.

Low-carbon transformation support for DI technologies

Digitalization and intelligence serve as pivotal supports for
the low-carbon transformation of the pharmaceutical industry,
advancing it toward green development through optimizing
production processes, enhancing energy efficiency, and reducing
resource waste. Digital technologies establish intelligent production
management systems for precise monitoring and optimization
of entire pharmaceutical production. [oT and big data analytics-
based smart factory systems collect real-time data on production
equipment, energy consumption, and environmental emissions,
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optimizing production parameters via algorithms to decrease
energy consumption and carbon emissions [40]. Digital Twin
technology simulates and predicts carbon emissions in various
production scenarios by creating virtual factory models, providing
a scientific basis for low-carbon production decisions [41]. Al
application in pharmaceutical R&D and production significantly
improves resource utilization efficiency, reducing unnecessary
carbon emissions. Al-driven drug screening platforms optimize
experimental designs through algorithms, minimizing experiment
trials and chemical usage, thereby lowering the carbon footprint in
R&D [42]. In production, Al utilizes machine learning algorithms to
optimize scheduling, reducing equipment idling and energy waste,
while predicting equipment failures to avoid energy inefficiencies
due to downtime [43]. Blockchain application in pharmaceutical
supply chain management enhances transparency, decreasing
carbon emissionsinlogistics. By tracingand monitoring raw material
procurement, production, transportation and sales, blockchain
optimizes logistics routes, minimizing unnecessary transport steps
and energy consumption [44]. Additionally, blockchain promotes
pharmaceutical waste recycling by establishing waste trading
platforms, improving resource recycling rates, and reducing carbon
emissions [45].

In summary, digitalization and intelligence technologies provide
robust technical support for the low-carbon transformation of the
pharmaceutical industry by optimizing production processes,
enhancing resource utilization efficiency, improving supply chain
management, and strengthening energy monitoring. In the future,
with continuous technological advancements and expanded
application scenarios, these technologies will play an increasingly
crucial role in the low-carbon transformation of the pharmaceutical
industry [46].

Policy & Institutional Support for China’s Pharma-
ceutical Industry’s Low-carbon Transformation

In the low-carbon transformation of China’s pharmaceutical
industry, policy and institutional support are crucial drivers. With
intensifying global climate change and China’s “dual carbon” targets,
the high-energy-consumption and high-emission pharmaceutical
industry faces unprecedented transformation pressure. While
previous discussions focused on technical pathways and carbon
emission statuses, this chapter further examines policy and
institutional frameworks, analyzing national and local policy
landscapes, financial support mechanisms, and the establishment
of regulatory evaluation systems. By reviewing policy trends and
institutional innovations, this chapter aims to provide systematic
policy recommendations for the low-carbon transformation
of China’s pharmaceutical industry, facilitating its sustainable
development goals [47].

Current situation & Trend of national low-carbon
policies

China’'s national policy framework for low-carbon

transformation in the pharmaceutical industry has gradually taken
shape and deepened under the guidance of the “dual-carbon”

targets. In 2020, China clearly proposed “carbon peaking” and
“carbon neutrality” goals, providing top-level design guidance
for the low-carbon transformation of the pharmaceutical
industry. Against this backdrop, the National Development and
Reform Commission, the Ministry of Industry and Information
Technology and other departments have successively issued a
series of policy documents aiming to promote the transformation
of the pharmaceutical industry towards green and low-carbon
development. The “14th Five-Year Plan for Pharmaceutical Industry
Development” explicitly proposes accelerating the construction
of a green manufacturing system, promoting clean production
technologies and circular economy models, and reducing resource
consumption and pollution emissions.

Under China’s “dual carbon” goals, local governments, as crucial
drivers for the low-carbon transformation of the pharmaceutical
industry, have established a multi-layered support system through
policy innovation and practice. This system encompasses five
key dimensions: Policy guidance, where local governments align
with national goals to formulate special plans for low-carbon
transformation in the pharmaceutical industry, setting regional
carbon emission caps and outlining implementation paths such
as energy structure adjustment and green technology innovation
[48]. Incentive mechanisms, which include fiscal subsidies and
preferential tax policies to reduce the cost burden of low-carbon
transformation. Specific measures involve establishing special
funds for green pharmaceutical technology R&D and clean energy
application, as well as tax incentives like corporate income
tax and VAT reductions to enhance enterprises’ internal drive
for transformation [49]. Spatial layout optimization, through
the establishment of low-carbon industrial parks to promote
clustered and low-carbon development of the pharmaceutical
industry. These parks adopt circular economy models, encouraging
resource, energy, and waste treatment facility sharing among
enterprises, improving resource utilization efficiency and fostering
collaborative innovation through policy guidance and technical
support [50]. Technological innovation support, achieved through
cooperation with universities and research institutions to establish
low-carbon technology R&D centers for the pharmaceutical
industry. These platforms provide technical consulting and talent
support, accelerating the development and promotion of low-
carbon technologies, and significantly enhancing pharmaceutical
enterprises’ innovation capabilities through industry-university-
research collaboration [51]. Improvement of the regulatory system,
involving the establishment of carbon emission data platforms for
pharmaceutical enterprises to enable real-time monitoring and
periodic assessments. These measures enhance data transparency
and accuracy, providing a scientific basis for policy formulation and
adjustment [48]. Additionally, local governments actively promote
green financial innovation, collaborating with financial institutions
to introduce green credit, green bonds, and other financial
products. These instruments reduce financing costs, guide capital
flows towards low-carbon sectors through market mechanisms,
and provide crucial support for the sustainable development of the
pharmaceutical industry [52].
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Through multi-dimensional policy innovations and practices,
local governments have systematically supported the low-
carbon transformation of the pharmaceutical industry, effectively
promoting its upgrade towards greenness and low carbon [53].

Regulatory & Evaluation system for pharmaceutical
industry’s low-carbon transformation

In facilitating the low-carbon transition of the pharmaceutical
industry, establishing a comprehensive regulation and evaluation
system is crucial for achieving industry low-carbon goals. Currently,
one of the major challenges faced by China’s pharmaceutical
industry in this transition is the lack of a systematic regulatory
framework and evaluation standards. To effectively promote the
low-carbonization of the pharmaceutical industry, constructing a
scientific and comprehensive regulation and evaluation system is
vital.

A regulatory framework for the low-carbon transition in
the pharmaceutical industry necessitates clarifying regulatory
bodies, objects, and contents. Regulatory bodies should encompass
government departments, industry associations, and third-party
independent institutions, forming a multi-layered and multi-
dimensional regulatory network [54]. Regulatory objects should
cover all stages of the pharmaceutical industry, including R&D,
production, logistics and waste disposal, ensuring effective carbon
emission control throughout the entire lifecycle [55]. Regulatory
contents should include key indicators such as carbon emission
standards, energy efficiency, and the proportion of clean energy use,
ensuring targeted and operable regulation [56]. The establishment
ofan evaluation systemis a crucial part of the regulatory framework.
It should include both quantitative and qualitative indicators to
comprehensively reflect the low-carbon transition effectiveness of
the pharmaceutical industry. Quantitative indicators can include
carbon emissions per unit of output, the proportion of clean
energy use and waste recycling rates, while qualitative indicators
can include the formulation and implementation of corporate low-
carbon strategies and the level of R&D and application of low-carbon
technologies [57]. The evaluation system should also introduce
a dynamic evaluation mechanism, regularly updating evaluation
indicators and methods to adapt to the rapid development of
the low-carbon transition in the pharmaceutical industry [58].
In the implementation of the regulatory and evaluation system,
the application of digital technology is particularly important.
Through technologies such as big data, IoT and blockchain, real-
time monitoring, precise accounting and transparent management
of carbon emission data can be achieved, improving regulatory
efficiency and evaluation accuracy [59]. Blockchain technology
ensures the immutability and traceability of carbon emission data,
providing reliable data support for the operation of the carbon
trading market [60]. The regulatory and evaluation system for
the low-carbon transition in the pharmaceutical industry needs
to align with international standards to promote the coordinated
low-carbon development of the global pharmaceutical industry.
By drawing on international advanced experiences, China
can further improve its regulatory framework and evaluation

system, enhancing its competitiveness in the global low-carbon
pharmaceutical industry [61]. Simultaneously, China should
actively participate in the formulation of international standards,
promoting standardization and normalization of the low-carbon
transition in the global pharmaceutical industry [62].

In summary, the establishmentand improvement of aregulation
and evaluation system for the low-carbon transformation of the
pharmaceutical industry are crucial for achieving low-carbon goals.
By clarifying the regulatory framework, constructing a scientific
evaluation system, applying digital technologies, and aligning with
international standards, China’s pharmaceutical industry will take
solid steps towards low-carbon transformation.

Prospects for China’s Pharmaceutical Industry’s
Low-Carbon Transformation

As global climate change intensifies and China advances its “dual
carbon” goals, the pharmaceutical industry, being energy-intensive,
faces an inevitable strategic issue of low-carbon transformation.
Building on previous discussions of technical pathways, policy
support, and challenge response, this chapter outlines future
trends and potential opportunities for low-carbon transformation
in China’s pharmaceutical industry. By analyzing technological
innovation, international cooperation, global health contributions,
and long-term strategic planning, this chapter aims to provide a
forward-looking perspective for the sustainable development of
the pharmaceutical industry, enabling it to take a leading position
in the global low-carbon economy.

The technological innovation trends in the low-carbon
transformation of the pharmaceutical industry will center around
green pharmaceutical technology, clean energy application,
circular economy models and the deep integration of digitalization
and intelligence. As the core innovation, green pharmaceutical
technology significantly reduces carbon emissions in chemical
reaction processes through biocatalysis while enhancing drug
synthesis efficiency and selectivity. Advances in gene engineering
and enzyme immobilization will further optimize biocatalysis,
lowering energy consumption and waste emissions. Clean energy
application will accelerate the low-carbon transformation,
with renewables like solar and wind gaining popularity in
pharmaceutical production, drastically reducing fossil fuel use and
carbon emissions. Additionally, innovations in energy efficiency,
such as high-efficiency heat exchange systems and intelligent energy
management systems, will optimize energy utilization and minimize
waste. Digitalization and intelligence will be crucial supports,
with Al and big data analytics optimizing production processes,
enhancing resource utilization, and reducing unnecessary energy
consumption. Furthermore, blockchain technology will enhance
supply chain transparency and traceability, facilitating green
procurementand low-carbon logistics. The integrated application of
these technologies will steer the pharmaceutical industry towards
greater efficiency and environmental friendliness. In summary, the
technological innovation trends in the low-carbon transformation
of the pharmaceutical industry will focus on green pharmaceutical
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technology, clean energy application, circular economy models, and
the deep integration of digitalization and intelligence, significantly
reducing carbon emissions and driving the industry towards
greater efficiency and environmental friendliness.

In advancing the low-carbon transformation of China’s
pharmaceutical industry, international cooperation plays a
pivotal role. Technological cooperation provides crucial support
by introducing and absorbing advanced green pharmaceutical
technologies, clean energy applications, and circular economy
models, accelerating technology upgrades and reducing carbon
emission intensity. Specifically, international technology transfer
has significantly enhanced low-carbon innovation, particularly in
green pharmaceutical R&D. Policy-level cooperation also offers
important safeguards, with international organizations and
multilateral mechanisms facilitating global scientific collaboration
and promoting cross-border cooperation in low-carbon technology
R&D and application. Institutions like the WHO and the UN set policy
frameworks to support industrial transformation. Additionally, EU-
China cooperation in the low-carbon economy provides technical
support and policy insights, enriching transformation pathways.
Industrial chain-level cooperation injects continuous momentum,
emphasizing global supply chain collaboration. International
pharmaceutical firms and academic institutions play a key role in
green pharmaceutical R&D, sharing resources and accelerating
commercialization. companies
carbon standards in supply chain management, driving low-carbon
transformation in raw material sourcing, manufacturing, and
logistics. Market-level international demand offers external impetus.
As global consumers increasingly demand low-carbon products,
the international pharmaceutical market’s demand for low-carbon
technologies rises. Chinese companies, competing internationally,

Multinational introduce low-

adopt low-carbon standards, driving technological upgrades.
Furthermore, mature international carbon trading markets offer
new opportunities, incentivizing low-carbon technology R&D and
application. Through technology transfer, policy support, industrial
chain collaboration and market demand, international cooperation
systematically supports China’s pharmaceutical industry’s low-
carbon transformation. Moving forward, China must deepen
international partnerships, leverage global resources, accelerate
low-carbon goals, and contribute to the sustainable development of
the global pharmaceutical industry.

The low-carbon transition in the pharmaceutical industry
contributes to global health in several ways: Firstly, it mitigates
environmental impacts, indirectly enhancing global public health.
As an energy-intensive sector, the industry’s carbon emissions
exacerbate climate change and pose health risks through air and
water pollution. By promoting green manufacturing, improving
energy efficiency and adopting clean energy, the industry can
significantly reduce emissions and pollution, fostering a cleaner
and more sustainable environment for global health. Secondly, it
enhances the stability and resilience of the global pharmaceutical
supply chain. Climate-induced extreme weather and resource
scarcity pose severe threats, particularly during public health

emergencies, where supply chain disruptions can lead to drug
shortages impacting global health. By transitioning to a low-carbon
model, the industry optimizes resource use and reduces fossil
fuel dependence, strengthening supply chain sustainability and
resilience. Thirdly, it promotes equity in global health. Developing
and underdeveloped regions face greater environmental pollution
and public health issues, with limited capacity to address climate
change and access medical resources. Through international
cooperation and technology transfer, the low-carbon transition
can help these regions establish more sustainable healthcare
systems, improving drug accessibility and affordability, thereby
narrowing the global health gap. Lastly, it provides innovative
impetus for global health. The development and application of
low-carbon technologies not only reduce emissions but also spur
new medical technologies and products. For instance, innovations
in green pharmaceutical manufacturing may lead to more efficient
and eco-friendly production methods, while digital and intelligent
technologies enhance healthcare service efficiency and quality.
These innovations contribute to the sustainable development of the
pharmaceutical industry and provide advanced, reliable solutions
for global health.

Long-term strategic planning for the low-carbon transformation
of China’s pharmaceutical industry requires systematic design
encompassing technological innovation, policy support, industrial
chain collaboration, and international cooperation. Technological
innovation serves as the core driver. The R&D and application
of green pharmaceutical technologies will significantly reduce
carbon emissions during production by replacing traditional
energy-intensive and polluting processes with green chemistry
techniques like enzymatic catalysis and biosynthesis. Additionally,
the integration of digital and intelligent technologies optimizes
production processes, enhances energy efficiency, and achieves
precise energy management through Al and big data analysis.
Policy and institutional support are crucial safeguards. At the
national level, it is necessary to improve the policy framework for
low-carbon transformation, incentivizing enterprises to reduce
emissions through carbon trading mechanisms and green financial
instruments. Local governments should formulate differentiated
support measures based on regional characteristics, promoting
clean energy applications in energy-rich areas and establishing
low-carbon technology R&D centers in regions with strong R&D
capabilities. Industrial chain collaboration is key. The low-carbon
transformation necessitates participation from upstream and
downstream enterprises, such as establishing a green supply chain
management system to encourage joint carbon emission reductions
among raw material suppliers, manufacturers, and logistics service
providers. Furthermore, promoting a circular economy model can
effectively reduce waste, for instance, by recycling and reusing
discarded pharmaceuticals to lessen environmental burdens.
International cooperation accelerates this transformation. China’s
pharmaceuticalindustry should actively engage in globallow-carbon
technology exchanges and cooperation, introducing advanced
technologies and management experiences by joining international
green pharmaceutical alliances and participating in global carbon
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reduction initiatives. Simultaneously, leveraging international
cooperation platforms like the Belt and Road Initiative can propel
Chinese low-carbon pharmaceutical technologies and products into
global markets, enhancing international competitiveness.

During implementation, the long-term strategic planning
for low-carbon transformation in the pharmaceutical industry
requires phased progression. Short-term goals should focus on
technology R&D and pilot demonstrations, conducting trials of
green pharmaceutical technology applications in key enterprises.
Mid-term goals emphasize policy improvement and industrial chain
coordination, promoting upstream and downstream enterprises to
jointly participate in low-carbon transformation through policy
guidance. Long-term goals aim for comprehensive industrial
decarbonization, achieving carbon neutrality in the pharmaceutical
industry through the synergistic effect of technological innovation
and policy support.

Declarations
Funding

This study was supported by the National Key Research and
Development Program of China (2022YFC2105401).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Availability of data and materials

The data supporting the findings of this study are in the
supplementary materials.

Ethics approval
Not applicable.
Author contribution

Zimin Cao: Validation, Formal analysis, Writing - original draft
& review & editing. Yalin Lei: Writing - review & editing.

References
1. Newman E (2000) Energy, Carbon Balance and Global Climate Change.

2. Szmelter A (2019) Global Pharmaceutical Industry. Global Supply Chains
in the Pharmaceutical Industry.

3. Mallu U, Nair A, Sridhar B, Sankaraiah ] (2012) Hold Time Stability
Studies in Pharmaceutical Industry: Review. Pharmaceutical Regulatory
Affairs: Open Access 1: 4.

4. Xinyun Yang, Hanlin Zhao, Yiming Wang (2024) Analysis on the
low-carbon transformation path of china’s logistics industry under
the background of carbon neutralization. Frontiers in Sustainable
Development 4(3): 53-62.

5. Anand Kumar G (2024) Climate change and its impact on the global
pharmaceutical industry. International Journal of Research Publication
and Reviews 5(8): 1003-1005.

6. Zhiyu Zhu (2023) Exploring the transformation path of high energy-
consuming industries in a low-carbon economy. Frontiers in Business,
Economics and Management 11(3): 47-50.

7. Hossain K, As-Saber S (2013) Healthcare Governance and Climate
Change Adaptation: A Pharmaceutical Industry Perspective. Millennium
Development Goals and Community Initiatives in the Asia Pacific.

8. Yinglin Liang (2024) Under the dual carbon goal, explore a climate
change litigation model suitable for China. International Journal of
Social Sciences and Public Administration 5(3): 135-140.

9. Lili Xu, Chang Li, Xinxin Zhang, et al. (2024) Under the Dual-carbon goal:
Green credit policy and high-quality enterprise development in China.
Green and Low-Carbon Economy 3(2): 121-132.

10.Zezhou Wu, Haoquan Huang, Xiang-sheng Chen, Jianjun Li, Qiufeng
He, et al. (2023) Countermeasures for low-carbon transformation of
construction industry in China toward the carbon peaking and carbon
neutrality goals. Strategic Study of CAE 25(5): 202-209.

11.Peifeng Xu, Dan Xia, Wanqiu Deng (2024) Digital transformation
of the power industry in a dual-carbon context. Proceedings of the
5th Management Science Informatization and Economic Innovation
Development Conference, MSIEID 2023, December 8-10, 2023,
Guangzhou, China.

12.Ying Cui, Shuzhen Chu (2023) Study on carbon emission efficiency
evaluation and influencing factors of Chinese pharmaceutical
manufacturing industry. Pharmacology & Pharmacy 14: 98-111.

13. Duanyang Shangguan, Libin Yang, Jun Wang, Dezhen Li, Pengpeng Li,
et al. (2024) Case study on carbon emission of a traditional Chinese
medicine pharmaceutical enterprise toward carbon neutrality. Journal
of Cleaner Production 450: 141600.

14. Watters JT (2012) The pharmaceutical and medical device industry.
Physicians’ Pathways to Non-Traditional Careers and Leadership
Opportunities, pp. 95-103.

15. Burg K, Shalaby S (1996) Radiation sterilization of medical devices and
pharmaceuticals. Irradiation of Polymers, pp. 240-245.

16.Jiang Y, Wang Y, Yan X (2001) Chinese pharmaceutical companies: An
emerging industry. Drug Discovery Today 6(12): 610-612.

17.Jun Yang, Xiaodan Zheng (2023) The spatiotemporal distribution
characteristics and driving factors of carbon emissions in the Chinese
construction industry. Buildings 13(11): 2808.

18.Kabdasli I, Gurel M, Tunay O (1999) Pollution prevention and waste
treatment in chemical synthesis processes for pharmaceutical industry.
Water Science and Technology 39(10-11): 265-271.

19.Ponnusamy S, Christopher F (2019) Production process in the
pharmaceutical industry. Global Supply Chains in the Pharmaceutical
Industry.

20.Yuri Y (2014) Cold chain management in pharmaceutical industry:
Logistics perspective. Journal of Distribution Science 12(5): 33-40.

21.Brett Ashworth, Du Plessis MD, Goedhals-Gerber L, Van Eeden ]
(2025) The carbon footprint of pharmaceutical logistics: Calculating
distribution emissions. Sustainability 17(2): 760.

22. Miaofeng Xu, Liying Wang, Peng Wang, Liang Sun, Zhongmei Guo, et al.
(2024) Building carbon emission monitoring system design. Proceedings
of the 2024 10th International Conference on Communication and
Information Processing.

23.]Jullie Josephine DC, Kevin joseph ], Manikandan A, Alfred Ebenezer P,
Maharajan P (2025) Accessible carbon emission assessment system.
International Journal of Scientific Research in Engineering and
Management.

24. Pokharel KK (2024) Monitoring, reporting & verification of carbon
emission and its trading. Banko Janakari 34(1): 1-2.

25. Kun LU, Xueyuan Deng, Yubin Zhang, Xiaoyan Jiang, Baoquan Cheng, et al.
(2023) Extensible carbon emission factor database: Empirical study for
the Chinese construction industry. Environmental Science and Pollution
Research 31(29): 41482-41501.

Adv Civil Eng Tech

Copyright © : Yalin Lei


https://ijrpr.com/uploads/V5ISSUE8/IJRPR32151.pdf
https://ijrpr.com/uploads/V5ISSUE8/IJRPR32151.pdf
https://ijrpr.com/uploads/V5ISSUE8/IJRPR32151.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0959652624010485
https://www.sciencedirect.com/science/article/abs/pii/S0959652624010485
https://www.sciencedirect.com/science/article/abs/pii/S0959652624010485
https://www.sciencedirect.com/science/article/abs/pii/S0959652624010485
https://www.mdpi.com/2075-5309/13/11/2808
https://www.mdpi.com/2075-5309/13/11/2808
https://www.mdpi.com/2075-5309/13/11/2808
https://www.sciencedirect.com/science/article/abs/pii/S0273122399002875
https://www.sciencedirect.com/science/article/abs/pii/S0273122399002875
https://www.sciencedirect.com/science/article/abs/pii/S0273122399002875
https://www.mdpi.com/2071-1050/17/2/760
https://www.mdpi.com/2071-1050/17/2/760
https://www.mdpi.com/2071-1050/17/2/760
https://pubmed.ncbi.nlm.nih.gov/37558914/
https://pubmed.ncbi.nlm.nih.gov/37558914/
https://pubmed.ncbi.nlm.nih.gov/37558914/
https://pubmed.ncbi.nlm.nih.gov/37558914/

ACET.000650. 6(5).2025

10

26. Qifeng Meng, Chunyi Li (2025) Spatiotemporal evolutionary patterns
and influencing factors of urban carbon emissions in China. Ecological
Indicators 176: 113665.

27.Qing W, Liyuan F Haitian S (2023) Regional differences, dynamic
changes, and influencing factors of carbon emissions from industrial
production energy consumption in China. Resources Science 45(6):
1239-1254.

28. Shi-gang Yan, Mengsi Zhang, Chenge MA (2022) An empirical analysis
of the influencing factors of carbon emissions in China. Advances in
Engineering Technology Research 1(2): 17-22.

29.Shi Wang, Hua Wang, Li Zhang, Jun Dang (2019) Provincial carbon
emissions efficiency and its influencing factors in China. Sustainability
11(8): 2355.

30. Ning Wang, Zhongke Qu, Jin Li, Yang Zhang, Huanyuan Wang, et al. (2025)
Spatial-temporal patterns and influencing factors of carbon emissions in
different regions of China. Environmental Research 276: 121447.

31.Aranda RM, Lopez-Sanz ] (2012) Green Solvents for Pharmaceutical
Industry.

32.Dunn P, Wells A, Williams MT (2010) Green chemistry in the
pharmaceutical industry.

33.Choi G, Kakumanu S, Lea M Schmitz, et al. (2016) Continuous
manufacturing of carboxyamidotriazoleencapsulated nanoemulsions
using adaptive focused acoustics: Potential green technology for the
pharmaceutical industry. Journal of Biomedical Engineering and
Informatics 2(2): 70-82.

34. Subramaniam B, Saim S, Rajewski R (2000) Green process concepts for
the pharmaceutical industry.

35.Hao Xu, Fengxia Zou (2023) The green process of chemical
pharmaceutical industry. Advances in Analytical Chemistry 13(1): 50-
57.

36. Jait Purohit (2017) IOT and Industry 4.0 - Gateway towards improving
energy efficiency. International Journal of Advanced Research in
Computer Science and Software Engineering 7(9): 58.

37.Mengmeng Xu, Bogiang Lin, Siquan Wang (2021) Towards energy
conservation by improving energy efficiency? Evidence from China’s
metallurgical industry. Energy 216: 119255.

38. Keyi Liu (2024) China’s low-carbon energy transformation: Development
of renewable energy. Advances in Economics, Management and Political
Sciences 125(1): 14-20.

39. Aubaid Ullah, Hashim N, Rabuni ME, Mohd Usman Mohd Junaidi (2023)
A review on methanol as a clean energy carrier: Roles of zeolite in
improving production efficiency. Energies 16(3): 1482.

40. Huang Lin, Fengxia Pu (2023) Empowering the new intelligent power
system with digital technologies to achieve the dual carbon goals. 2023
Panda Forum on Power and Energy (Panda FPE).

41.Svetoslav Tsenov (2022) How next generation digital technologies
are transforming the pharmaceutical industry. Annual for Hospital
Pharmacy.

42.Smaranda Belciug, Gorunescu F (2019) How can intelligent decision
support systems help the medical research? Intelligent Systems
Reference Library, pp. 71-102.

43.Huayou Zhu, Weiping Bao, Guojun Yu (2024) How can intelligent
manufacturing lead enterprise low-carbon transformation? Based on
China’s intelligent manufacturing demonstration projects. Energy 313:
134032.

44.Jinfa Li, Tianmin Zhang, Xiaoyun Du, et al. (2024) How can the digital
economy drive low-carbon city performance in China to achieve

sustainable development goals? A multiple-output perspective. Journal
of Cleaner Production 454: 142316.

45. Lalit Sachdeva, Naveen Upadhyay (2024) Digital transformation and
sustainability: A study of how firms use digital to achieve sustainable
goals. Indian Journal of Information Sources and Services 14(4): 42-47.

46.Feng Y (2023) Research on the status quo, problems and development
path of digital transformation of industrial parks in China. China
Business Review 1: 151-153.

47.Zhang F, Zou ] (2022) Difficulties and countermeasures of high-quality
development of China’s photovoltaic industry under the “dual carbon”
goal. Journal of Xichang University (Social Sciences Edition) 34(2): 53-
57.

48.Jiaying Lin, Shiyong Qiu, Siyi Liu, Diazong Liu (2023) Assessing low-
carbon strategies of local governments through the lens of climate policy
coverage. World Resources Institute.

49. Qiangian Gu, Lei Hang, Yaping Jiang (2024) Compound carbon policy for
promoting low-carbon technology innovation in enterprises considering
government supervision. Environment, Development and Sustainability.

50.Riedel N (1999) Improving local conditions for innovation in the
pharmaceutical industry. Globalisation of R&D and Technology Markets,
pp. 161-172.

51.Julia Paranhos, Hasenclever L (2011) Is industry-university interaction
promoting innovation in the Brazilian pharmaceutical industry?
Industry and Higher Education 25(5): 397-407.

52.Yanan Wang, Wenyan Zhang (2023) Green credit policy, market
concentration and green innovation: Empirical evidence from local
governments’ regulatory practice in China. Journal of Cleaner Production
434:140228.

53.Stec S, Szymanska E]J (2022) Energy innovation of Polish local
governments. Energies 15(4): 1414.

54.Kashmira Bakliwal (2013) Regulatory framework in pharmaceutical
industry. India Law eJournal.

55. Chakraborty M, Arghya P, Rakesh G, Mainak M (2022) Regulatory affairs
in pharmaceutical industry. Pharmaceutical Drug Regulatory Affairs
Journal 4(1): 000129.

56.Raju G, Singh H, Sarkar P, Singla E (2016) A framework for evaluation
of environmental sustainability in pharmaceutical industry. CAD/CAM,
Robotics and Factories of the Future.

57.Decai Tang, Ping Song, Zhong F, Li C (2012) Research on evaluation index
system of low-carbon manufacturing industry. Energy Procedia 16(Part
A): 541-546.

58. Libin Xie, Heyang Yuan (2020) Construction of low carbon environment
evaluation index system based on AHP. IOP Conference Series: Earth and
Environmental Science 440: 042105.

59. Pravin Ullagaddi (2024) Digital transformation in the pharmaceutical
industry: Ensuring data integrity and regulatory compliance. The
International Journal of Business & Management 12(3): 110-120.

60.Chen Xuzhi (2024) Construction of low-carbon development index
system in the electric power construction industry. Economics and
Problem Management Solutions 7/4(147): 64-69.

61. Yongjing Wang, Qingxin Lan, Jiang F, Chen C (2019) Construction of
China’s low-carbon competitiveness evaluation system. International
Journal of Climate Change Strategies and Management 21(1): 74-91.

62. Rockers P, Laing R, Nancy Scott, Paul Ashigbie, Erin H Lucca, et al. (2019)
Evaluation of pharmaceutical industry-led access programmes: A
standardised framework. BM] Global Health 4(4): e001659.

Adv Civil Eng Tech

Copyright © : Yalin Lei


https://www.sciencedirect.com/science/article/pii/S1470160X25005953
https://www.sciencedirect.com/science/article/pii/S1470160X25005953
https://www.sciencedirect.com/science/article/pii/S1470160X25005953
https://www.mdpi.com/2071-1050/11/8/2355
https://www.mdpi.com/2071-1050/11/8/2355
https://www.mdpi.com/2071-1050/11/8/2355
https://www.sciencedirect.com/science/article/abs/pii/S001393512500698X
https://www.sciencedirect.com/science/article/abs/pii/S001393512500698X
https://www.sciencedirect.com/science/article/abs/pii/S001393512500698X
https://www.sciencedirect.com/science/article/abs/pii/S0360544220323628
https://www.sciencedirect.com/science/article/abs/pii/S0360544220323628
https://www.sciencedirect.com/science/article/abs/pii/S0360544220323628
https://www.mdpi.com/1996-1073/16/3/1482
https://www.mdpi.com/1996-1073/16/3/1482
https://www.mdpi.com/1996-1073/16/3/1482
https://www.sciencedirect.com/science/article/pii/S0360544224038106
https://www.sciencedirect.com/science/article/pii/S0360544224038106
https://www.sciencedirect.com/science/article/pii/S0360544224038106
https://www.sciencedirect.com/science/article/pii/S0360544224038106
https://www.sciencedirect.com/science/article/abs/pii/S0959652624017645
https://www.sciencedirect.com/science/article/abs/pii/S0959652624017645
https://www.sciencedirect.com/science/article/abs/pii/S0959652624017645
https://www.sciencedirect.com/science/article/abs/pii/S0959652624017645
https://link.springer.com/article/10.1007/s10668-024-05336-4
https://link.springer.com/article/10.1007/s10668-024-05336-4
https://link.springer.com/article/10.1007/s10668-024-05336-4
https://journals.sagepub.com/doi/abs/10.5367/ihe.2011.0060
https://journals.sagepub.com/doi/abs/10.5367/ihe.2011.0060
https://journals.sagepub.com/doi/abs/10.5367/ihe.2011.0060
https://www.sciencedirect.com/science/article/abs/pii/S095965262304386X
https://www.sciencedirect.com/science/article/abs/pii/S095965262304386X
https://www.sciencedirect.com/science/article/abs/pii/S095965262304386X
https://www.sciencedirect.com/science/article/abs/pii/S095965262304386X
https://www.mdpi.com/1996-1073/15/4/1414
https://www.mdpi.com/1996-1073/15/4/1414
https://www.sciencedirect.com/science/article/pii/S1876610212000975
https://www.sciencedirect.com/science/article/pii/S1876610212000975
https://www.sciencedirect.com/science/article/pii/S1876610212000975
https://iopscience.iop.org/article/10.1088/1755-1315/440/4/042105/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/440/4/042105/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/440/4/042105/pdf
https://www.sciencedirect.com/org/science/article/pii/S1756869219000048
https://www.sciencedirect.com/org/science/article/pii/S1756869219000048
https://www.sciencedirect.com/org/science/article/pii/S1756869219000048
https://pubmed.ncbi.nlm.nih.gov/31423348/
https://pubmed.ncbi.nlm.nih.gov/31423348/
https://pubmed.ncbi.nlm.nih.gov/31423348/

	Abstract
	Introduction
	References

