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Abstract. As the world shifts toward sustainable energy, wind power has become a cornerstone of
this transition. Countries worldwide are prioritizing its industrial growth. This study offers a
comprehensive comparison of the industrial ecosystems of the two global leaders in wind power:
China and the United States. Findings indicate fundamental differences in development scale, policy
instruments, market structures, financing models, and technological pathways, leading to two distinct
success paradigms. Through strong national planning, large-scale investment by state-owned
enterprises, and full supply chain integration, China has achieved unmatched scale dominance,
emerging as the global hub for wind equipment manufacturing and deployment. In contrast, the U.S.
depends mainly on market incentives such as tax credits, energizing a dynamic private-sector market
that thrives on competition and innovation. Despite different models, both nations have greatly
accelerated global wind technology advancement, lowered costs, and supported green economic
growth. Examining the differences and rationales behind U.S. and Chinese development models is
essential not only for understanding clean energy geopolitics but also for providing valuable insights
for other countries crafting their own renewable energy strategies.

Keywords: Wind Energy Industry; Energy Transition; Green Development.

1. Introduction

The world is undergoing a profound and irreversible energy revolution—transitioning from fossil
fuel dependence to a clean, low-carbon, and sustainable system built on renewables [1]. This shift is
not only a crucial response to climate change but also a strategic necessity for nations pursuing energy
independence and future economic competitiveness. Within this context, wind power stands out as a
major force for decarbonizing electricity systems and meeting Paris Agreement goals, owing to its
enormous resource potential, maturing technology, and steadily improving cost advantage [2].

According to reports from organizations such as the International Energy Agency (IEA) and the
Global Wind Energy Council (GWEC), the wind industry has experienced strong growth over the
past decade [2,3]. Demonstrating remarkable resilience, especially since 2020, the sector has achieved
record new capacity additions annually despite global economic headwinds and pandemic-related
supply chain disruptions [4]. If we consider the growth trajectory since 2015, global cumulative
installed capacity increased steadily at first; after 2020, however, the rate of growth intensified
markedly, signaling a phase of accelerated expansion expected to hit unprecedented levels by 2025
[5].

Amid this powerful global trend, China and the United States serve as indispensable “twin engines.”
By the end of 2023, China’s installed wind capacity exceeded 440 GW, accounting for nearly half
the world’s total. It also manufactures more than two-thirds of global wind turbines, solidifying its
status as an industrial titan [1]. The U.S. ranks a strong second, with over 148 GW of installed capacity.
Its extensive “Wind Belt” in the Midwest offers ideal conditions for onshore wind, while the East
Coast is rapidly developing into one of the most promising offshore wind markets worldwide [4].
Although both nations dominate wind market size and lead in technological innovation, investment
patterns, and industrial policy, their routes to leadership, internal drivers, and market structures differ
considerably [6]. Hence, this research conducts a systematic and in-depth comparison of their
development status, policy frameworks, and market player behavior. The study seeks not only to
elucidate the growth logic and distinctive challenges of a new energy industry under differing
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political-economic systems but also to provide theoretical and practical guidance for other countries
developing their own renewable energy strategies.

2. Wind Industry Development and Impact in China and the U.S.

2.1. China's Wind Industry: Scale, Policy, and Transition

Over the past two decades, China’s wind industry has undergone a stunning transformation—from
a technological follower to the global leader. Under the guidance of the “dual carbon” goals (peak
CO: by 2030 and carbon neutrality by 2060), wind power is now central to the country’s energy
transition [5]. China’s wind power development has been guided by a coordinated policy framework.
The Renewable Energy Law of 2005 laid the foundation; subsequently, a suite of powerful policy
tools was introduced. Early on, feed-in tariff subsidies guaranteed returns and stimulated market
growth [7]. Guided by successive Five-Year Plans, the National Energy Administration of China then
organized the development of multiple gigawatt-scale wind power bases in the “Three North” regions
(Northwest, North, Northeast) and coastal areas. This centralized, large-scale transmission model
spurred exponential growth in installed capacity. By the end of 2023, cumulative capacity in China
surpassed 440 GW—more than the European Union’s total.

As the industry matured, policy emphasis shifted decisively from blanket subsidies toward
competition-based mechanisms. Since 2021, all new onshore wind projects must achieve grid parity
and secure development rights through competitive auctions, a shift that has significantly accelerated
technological progress and cost reduction [8]. Yet challenges around intermittency and long-distance
transmission remain. To address these, China has invested heavily in its Ultra-High Voltage (UHV)
transmission grid. These UHV corridors form the critical infrastructure backbone that enables the
country’s large-scale development model, transmitting clean power from the resource-rich north and
west to demand centers in the east [8,9]. The wind industry’s impact in China is twofold. On the
environment and green development front, wind power has become the workhorse of China’s clean
energy transition. Annual wind generation displaces hundreds of millions of tons of coal, drastically
reducing emissions of CO, sulfur dioxide, and nitrogen oxides. This contributes significantly to
national climate commitments and improves air quality. Notably, wind farms built in arid regions like
the Gobi Desert also help combat desertification and improve local ecology. the economy and
supply chain side, the wind sector exemplifies China’s economic restructuring and industrial
upgrading. Drawing on the world’s largest domestic market, China has nurtured world-leading
turbine manufacturers—such as Goldwind, Envision, and Mingyang—that compete at the global
level both in market share and technology [2]. The country has built the world’s most complete and
cost-competitive wind energy supply chain, with high domestic production rates for all key
components—blades, bearings, gearboxes, towers, and final assembly. This robust supply chain has
created over half a million jobs and driven growth in advanced materials, high-end equipment
manufacturing, and power electronics. Moreover, China has begun exporting equipment on a large
scale, reshaping the global industrial landscape.

2.2. The U.S. Wind Industry: Markets, Innovation, and Transition

The U.S. wind industry started earlier, and its growth reflects the characteristics of a market
economy and private-sector innovation. A combination of federal and state policies has made wind
power essential for cleaner electricity.

The industry’s growth is closely tied to two key tax incentives: the Production Tax Credit (PTC)
and the Investment Tax Credit (ITC). The PTC offers per-kWh credit for the first ten years of a
project’s operation, while the ITC allows investors to deduct a portion of upfront capital costs.
Although effective, historically short-term and irregular extensions of these policies led to boom-bust
cycles. The Inflation Reduction Act (IRA) of 2022 marked a turning point—extending core incentives
for a decade, thus providing long-term stability. It also introduced “bonus credits” for using U.S.-
made materials, siting projects in energy communities or low-income areas, and established the
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Advanced Manufacturing Production Credit to subsidize domestic production of clean energy
components. This multifaceted strategy aims to reshore manufacturing and build a secure, resilient
domestic supply chain. By the end of 2023, U.S. installed capacity exceeded 148 GW, with Texas
leading in onshore wind and the Atlantic coast gaining momentum in offshore development [10].

The wind industry’s impact in the U.S. is also twofold. Regarding the environment, wind power is
the largest contributor to emissions reduction in the U.S. power sector. In central “Wind Belt” states
like Iowa, Oklahoma, and Kansas, wind already supplies a major share of electricity, displacing coal
and natural gas and underpinning state and national emission targets. Economically, the wind industry
injects substantial vitality into the U.S. economy, particularly in rural areas. Wind projects provide
hundreds of millions in annual lease payments to landowners and significantly boost local property
tax revenues, funding schools, roads, and public services. The industry supports over 120,000 stable,
well-paying jobs across development, construction, and operations. Although the U.S. trails China in
turbine manufacturing market share, it remains a global leader in high-value areas such as wind
resource assessment, energy forecasting software, advanced composites, power electronics, and
sophisticated project development and finance.

3. A Comparative Look at the U.S. and Chinese Wind Industries

Although the U.S. and China collectively lead the global wind industry, closer examination reveals
striking contrasts in their underlying logic, organizational forms, and innovation pathways.

The U.S. pioneered commercial wind development, yet China’s catch-up speed has been
remarkable. Their policy approaches differ fundamentally. The U.S. relies on tax incentives to create
a favorable investment climate for private capital, allowing market mechanisms to select winning
technologies and developers. The government’s role is largely to set rules and ensure fair
competition—embodying a “market-driven” model [7]. China, by contrast, employs a top-down,
strategically planned policy framework. The government sets clear five-year installation targets, plans
massive energy bases nationally, and coordinates grid expansion directly. This “state-led” system
mobilizes resources for rapid, large-scale industrial expansion. While effective early on for
overcoming market failures and achieving scale, this model later encounters challenges such as local
protectionism, overcapacity, and grid curtailment.

Another key difference lies in market actors. China’s wind sector is dominated by well-funded
central and local state-owned enterprises (SOEs) like China Energy, Huaneng Group, and State Power
Investment Corporation. These entities execute national energy strategy, enjoy access to low-cost
long-term financing from state banks, and invest in capital-intensive projects with long paybacks—
such as massive wind bases and UHV lines. Their decisions balance commercial returns with
mandates to ensure energy security and optimize the national energy mix. The U.S. market,
conversely, is a competitive ecosystem of diverse private players, including investor-owned utilities
(e.g., NextEra Energy), renewable-focused Independent Power Producers (IPPs), private equity firms,
and project developers [11]. This commercial arena demands continuous innovation in technology,
cost management, and business models to secure power purchase agreements (PPAs) and deliver
investor returns. While fierce competition boosts efficiency and lowers energy costs, the lack of a
unified national strategy sometimes causes transmission infrastructure and other public facilities to
lag behind generation capacity.

Technologically, each country excels in different areas. China capitalizes on its vast domestic
market and manufacturing strength to lead in turbine size and iteration speed. Chinese manufacturers
continually break records for onshore and offshore turbine capacity, using longer blades and taller
towers to reduce the levelized cost of energy through economies of scale and tight supply chain
control. Additionally, China’s advanced UHV transmission technology is a key enabler of its large-
base development model. The U.S., though behind in manufacturing scale, maintains a lead in several
core and frontier technologies. These include advanced control systems, predictive maintenance
software for optimizing wind farm output, lighter and stronger composite materials for blades, grid
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integration technologies tailored to the U.S. grid, and next-generation R&D in floating offshore wind
(e.g., for deep-water sites off California) and additive manufacturing (3D printing). Its innovation
ecosystem—featuring top universities, national labs (e.g., NREL), venture-backed startups, and
corporate R&D——cultivates a diverse, bottom-up approach to innovation [12].

4. Conclusion

A systematic comparison of the wind industries in China and the United States reveals two distinct
yet highly effective models of success. China has utilized state direction, industrial planning, and
state-owned enterprises to build the world’s largest and most efficient wind supply chain in a
remarkably short time. This can be termed a “state-led, scale-driven” development model. The United
States, meanwhile, has drawn on its market economy, fiscal incentives, and technological creativity
to foster a competitive and innovative market, sustaining leadership in high-tech and innovative
industry segments. This represents a “market-led, innovation-driven” model. Neither model is
inherently superior; each arises from unique national conditions, and both have achieved world-class
success while collectively driving global wind industry growth. China’s experience shows that strong
state intervention can effectively overcome market barriers early on and achieve rapid scale-up. The
U.S. case demonstrates that a stable policy environment coupled with market competition is key to
spurring long-term private-sector innovation.

Looking ahead, both countries face new opportunities and challenges. China must address grid
stability and curtailment issues associated with integrating large-scale variable renewables; move
from being a “manufacturing giant” to a “technology originator”; and navigate an increasingly
complex international trade environment and potential green barriers. The U.S. must tackle rebuilding
its domestic supply chain, overcoming political obstacles to interstate transmission, streamlining
permitting, and managing local opposition (“NIMBY™ attitudes) in some regions. Despite industrial
competition, the urgent need for collaboration in confronting climate change outweighs rivalry.
deeper cooperation in areas like technical standards, global supply chain stability, advanced R&D
(e.g., floating offshore wind), and green finance would be mutually beneficial and significantly
accelerate the global transition to a green, low-carbon energy system.
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