
Engineering 64 (2026) 4–6
Contents lists available at ScienceDirect 

Engineering 

journal  homepag  e: www.elsevier .com/ locate/eng  
News & Highlights
A Green Computing Revolution Driven by Photovoltaic Power: 
Alternative Solutions for AI Data Centers
Fig. 1. The Ulanqab Data Center is the largest project of its kind in China, 
integrating wind and solar energy generation with energy storage to power data-
center operations. It has a smart control mode and features 300 MW of self-built 
renewable power sources (200 MW wind power and 100 MW photovoltaic (PV)
power) and 45 MW/180 MW h of energy storage. This system closely matches
renewable power generation with data-center demand, delivering 850 GW h of
green electricity each year and reducing carbon emissions by 860000 tonnes.
Credit: Visual China (with permission).
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China has launched its first renewable, energy-colocated data-
center project with fully integrated power source–grid–load–stor-
age capabilities, marking a significant milestone in China’s
‘‘East Data, West Computing” initiative and the decarbonization
of the data-center industry [1]. The project, Centrin Data’s Low-
Carbon Computing Base in Ulanqab, north China’s Inner Mongolia
Autonomous Region, officially began operation on July 15, 2025
(Fig. 1). 
As the backbone of the digital economy, data centers consume 
huge amounts of energy, and their energy consumption is growing
at an alarming rate [2–5]. According to the Internationa l Energy
Agency (IEA) [6], global data-center electricity consumption is pro-
jected to double to about 945 TW h by 2030—slightly higher than 
Japan’s current total consumption—and is expected to reach
roughly 1200 TW h by 2035. Data centers in China and the United
States account for the largest share of this growth.

Green power offers a viable solution to meet the enormous 
electricity demands of data centers [3–6]. At the CERAWeek energy
conference in Houston, TX, USA, on March 13, 2025, the vice pres-
ident of Energy Bobby Hollis at Microsoft (Redmond, WA, USA) sta-
ted, ‘‘The midwest and southwest regions of the United States
possess immense potential for wind and solar energy develop-
ment, which can provide sustainable power for data centers [7].” 

Among green power sources, photovoltaic (PV) power has 
multiple advantages for powering data centers. Compared with 
location-dependent wind power, PV modules can be flexibly 
installed on data-center rooftops or adjacent sites. Even more 
importantly , falling costs are making PV technology more econom-
ically viable. Both PV and onshore wind power costs have dropped
significantly, according to the International Renewable Energy
Agency (IRENA) report [8], making them the cheapest electricity 
sources in many regions. The cost of PV power has fallen particu-
larly rapidly. S&P Global Commodity Insights (S&P Global Inc.,
New York City, NY, USA) [9] reports that the United States data 
centers signed more than 50 GW of clean energy power purchase 
agreements (PPAs) by the end of the third quarter of 2024, includ-
ing 29 GW of PV power, 13 GW of wind power, and smaller 
amounts of nuclear and integrated energy. Junfeng Li, founding 
director of China’s National Center for Climate Change Strategy 
and International Cooperation, has stated, ‘‘China possesses a com-
plete PV industry chain, and the cost of PV power generation has
decreased substantially over the past decade, enabling it to com-
pete with conventional energy sources. This provides a strong eco-
nomic and technological foundation for large-scale application of
PV power in data centers.” A report by the Energy Transitions Com-
mission (ETC, London, UK) [10] notes that China’s high-solar 
regions, such as Xizang, Qinghai, and Xinjiang, could see the leve-
lized cost of electricity (LCOE) for PV power plus energy storage
drop to 0.2–0.3 CNY (kW h)−1 by 2050, making it cheaper than
electricity generated from fossil fuels.

Many governments and international organizations are using 
policy measures to actively encourage data centers to adopt PV 
power. The European Union’s Net-Zero Industry Act and a series 
of other policies mandate 420 GW of additional PV capacity by
2030, with at least 50% of the clean energy from PVs aimed at sup-
porting computing [11]. In May 2021, China released the Imple-
mentation Plan for the Computing Hubs of the National
Integrated Big-Data Center Collaborative Innovation System [12],
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Fig. 2. The Qaidam Green Microgrid Computing Center in Golmud, Qinghai 
Province, is the world’s first 100% clean energy microgrid aimed at providing 
power for computing centers, with self-generation, self-storage, self-consumption, 
and self-protection capabilities. Using a novel approach combining PV power, 
energy storage, and computing demand, it is equipped with a 122 MW PV power
system and a 75 MW/300 MW h electrochemical energy storage system, allowing
more than 95% of its daily electricity needs to be met by renewable energy. Credit:
Visual China (with permission).
proposing the construction of nationwide integrated data centers 
around eight national hub nodes, namely the Beijing–Tianjin– 
Hebei region, the Yangtze River Delta region, the Guangdong–Hong 
Kong–Macao Greater Bay Area, the Chengdu–Chongqing economic 
circle, Inner Mongolia Autonomou s Region (north China), Guizhou
Province (southwest China), Gansu Province (northwest China),
and Ningxia Hui Autonomous Region (northwest China). These
developments create new opportunities for PV application in data
centers.

Enterprises are also actively developing PV power projects to 
provide power for data centers. In early 2025, Microsoft added 
389 MW of solar energy projects to support its cloud computing 
and artificial intelligence (AI) businesses. In response to the 
national ‘‘East Data, West Computing” initiative, China Unicom 
invested 4.8 billion CNY in its data center in the Guangdong–Hong
Kong–Macao Greater Bay Area, equipping it with a 680 kW PV sys-
tem and a liquid-cooled energy storage system, thus contributing
to the development of a new type of green data center [13]. 

Despite its advantages, PV power presents two main challenges: 
It depends on sunlight and requires large amounts of land. As Pro-
fessor Shengwei Mei from the Department of Electrical Engineering 
at Tsinghua University (China) has noted, ‘‘Data centers require 
24/7 uninterrupted power supply, while PV power generation is 
intermittent and unstable. Large-scale and cost-effective energy 
storage is the key solution for the PV + data center dilemma.” That 
is, because solar resources fluctuate with the time of day and 
season, PV power cannot provide a steady electricity supply with-
out relying on large-scale energy storage. The Ulanqab project
has 45 MW/180 MW h of energy storage to ensure continuous
data-center operation during nighttime or on cloudy days. Accord-
ing to Director Quan Yao of Huawei Digital Power’s Data Center
Energy Division (China), ‘‘Future data centers need to be built
based on three principles: ‘safe and reliable, flexible and respon-
sive, and green and low-carbon’ through the combination appli-
cation of PV and energy storage system(s), the proportion of green
power can be increased, which can support the explosive growth of
the computing load” [14–16]. 

Another way to address PV power’s intermittency is to use 
smart energy management to better align PV power with the
power grid, in what is known as intelligent dispatch [17–19].  In
the United States, companies such as Google and Amazon are using
their data centers as virtual power plants through intelligent dis-
patch [20–22]; this turns data centers from major electricity con-
sumers into flexible resources that can help balance the power 
grid, facilitating large-scale PV integration. Nat Gill, Google’s senior 
director of Technical Infrastructure, is leading efforts to coordinate
data centers in order to adjust their electricity use in response to
power grid needs and provide services that help keep the grid reli-
able [23]. 

In addition to intermittency, the large land area required for PV 
power hinders its application for data centers. To meet the high 
power demands of large data centers, PV power plants may require 
several square kilometers of land—a major challenge in land-scarce 
regions. One solution is to increase PV efficiency through innova-
tion, thereby reducing the scale of land occupation. The US
National Renewable Energy Laboratory (NREL; now National Labo-
ratory of the Rockies) has shown that double-sided PV modules
combined with single-axis trackers can increase PV power output
up to 35%, increasing the electricity generation per unit of land
to 1.8 times that of conventional power plants [24]. Another 
approach is to develop unused land to avoid competing with farm-
land and urban areas. Desert and barren regions offer abundant 
land for the co-development of PV and computing centers. For
example, the China Qaidam Green Microgrid Computing Center
in Qinghai (Fig. 2) is located in the desert region of the Qaidam 
Basin near Golmud. Its 122 MW PV and 300 MW h energy storage
5

system provide a continuous supply of 100% renewable energy 
without occupying high-quality land. Building data centers over 
the sea is another innovative approach to reducing land occupa-
tion. For example, the offshore floating data center in Yokohama, 
Japan, utilizes PV power generation and is equipped with a battery
energy storage system to ensure a continuous and stable power
supply. This approach avoids land resource consumption and pio-
neers a new development path for data-center construction [25]. 

The era of solar-powered green computing may have begun. As 
demand for AI computing continues to surge, a growing number of 
real-world projects show that smart PV power–energy storage sys-
tems, intelligent dispatch, offshore data centers, and other innova-
tions can enable PV power to become a primary energy source for 
data centers. As the cost of PV power continues to fall and energy
storage technologies advance, data centers powered by renewable
energy could become mainstream by 2030. These centers will act
not only as providers of computing capacity but also as integral
parts of a sustainable energy system, helping to create a more sus-
tainable future for both the digital economy and the environment.
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