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Solar energy potential assessment: A framework to integrate
geogr aphic, technological, and economic indices for a potential

analysis

Abstract: To develop solar energy as a primary source otr&déy supply in China, it
is imperative to also develop an overall and cotepdelar energy potential analysis. Such
an analysis technique would be a substantial dmrtan to solar power generation
development both nationally and regionally. Thisdgtanalyzes the spatial and temporal
distribution of solar energy in China and estimdtes solar energy potential from three
aspects: geography, technology, and economy. Eudtseof this research showed that the
solar energy resource in China is substantially and stable, but also has notable spatial
heterogeneity. A potential estimation indicatedt tanjiang Province was the most
optimal site for large-scale photovoltaic stati@mstruction, displaying the highest values
for all three potentials. It was also found thalas@nergy potential in western China is
greater, while the eastern region is less suitkdrleolar photovoltaic developmefthese
results can provide support for the large-scaleeigament and utilization of solar energy
resources in the future.

Keywords. solar energy potential; temporal and spatial amglyonstraint analysis;

China
1. Introduction

In the light of ensuring a sustainable future addrassing the increasingly serious
impacts of climate change, especially global wagnuteveloping countries are urgently
seeking to switch from traditional energy to renkleaenergy [1-5]. Solar energy is
abundant, free, and non-polluting; hence, it isstered one of the most competitive
choices of all the renewable energy choices [4,6¢ global solar PV market has rapidly
grown by 50% over the past decade [7]. The Intewnat Energy Agency (IEA) expects
that the share of global electricity from photoaait(PV) systems will reach 16% by 2050
(IEA, 2010). In particular, China is playing an feasingly immense role in the PV

electricity supply. Due to the guidance of the 1Bive-Year Plan in China, more than 110
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million kilowatts of solar power is planned to bestalled by 2020 [9]. It has also been
estimated that nearly 40% of the global installét dapacity will be held by China by
2023 [10]. According to the CHINESE RENEWABLE ENERGEVELOPMENT
REPORT (2018) [11], solar energy and wind power ai@enthe two primary pillars of
electricity generation in China. A critical steptime process of utilizing this tremendous
solar energy resource is to identify and prioritagimal sites for PV power stations
[12,13]. Furthermore, to find suitable places folas energy exploitation, it is imperative
to first estimate the actual solar energy potemtiaithe ground [3].

The estimation of solar energy potential dependsiolti-dimensional indicators. These
include but are not limited to local solar energgaurces, land cover, technological
development, the economics of solar products, hedjpvernmental policies. All of these
factors exert significant impacts on the develophoéithe solar energy market [14]. Land
cover is a major factor in the selection of a dldaarea for solar PV generation
installation [15]. Technological development ditgatetermines the efficiency of the solar
power transition [16], which could influence theoromic feasibility of solar power
generation. In addition, governmental policy haseady been confirmed to play an
indispensable role in solar PV generation operafibi]. Due to these factors, a
comprehensive solar energy potential analysis shbel based on not only the solar
energy resource but also the technological poteettanomic potential, and other factors.
A complete evaluation of solar energy should idgrguccessful installation factors while
minimizing construction and operational costs [18].

In the last decade, considerable efforts have beade to evaluate the global and
regional solar energy potential, both on the groand on building rooftops. However,
most studies have only estimated direct solar ressy namely, naturally obtained solar
radiation, without considering the impacts of tealogical transition efficiency, let alone
the economic feasibility. For example, Fillol et g1017) evaluated the potential for solar
energy based on the Diffuse Horizontal IrradianGéll), the Direct Normal Irradiance
(DNI), as well as the inter-variability of radiation the Guiana Shield. Jung et al. (2019)
proposed a computational method that estimatedstier energy potential on national
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highway slopes that referred to simply solar radratHuang et al. (2018) successfully
identified suitable areas for large-scale PV statgperation but failed to perform a
complete solar energy potential estimation. Adddiby, urban solar energy potential
estimations, particularly rooftop solar energy, dnaso been focused on. Still, a majority
of the studies have explored methodologies forrsodaiation evaluations [21-24].
Recently, a considerable number of studies havestat on the technological feasibility
and economic feasibility of solar power PV generatby integrating these factors into
solar energy potential analyses. Hoogwijk (2004gspnted a comprehensive analysis
framework to assess the geographical, technicdl,eaonomic potential of all renewable
energy. Mahtta et al. (2014) considered land-us#ofa and the solar to electric
conversion efficiency of PV modules to map the isptawer potential of India. Polo et al.
(2015) mapped the theoretical and technical paknfi Vietham and the solar potential
for concentrating solar power (CSP) and for gridreected photovoltaic (PV) technology.
Sun et al. (2013) evaluated the comprehensive patemalysis of solar PV generation
for the Fujian Province of China from the perspexgi of the geographical potential,
technological potential, and economic feasibillty.et al. (2015) investigated the solar
potential of urban residential buildings by consiig the resource, technological, and
economic potentials from the perspective of indrepsolar energy potentials.

Solar potential studies in China are still in thafiancy, and the studies are limited. To
our greatest knowledge, only Huang et al. (2018)ehavaluated China’s entire solar
energy potential, yet they also only consideredgdegraphic constraints and mapped the
GHI nationally. They did not consider technologiead economic factors. In order to
develop the enormous solar PV generation potenfidhina, it is urgent for China to
perform an overall and complete solar energy p@kahalysis. Such a comprehensive
analysis will make a substantial contribution ttaspower generation development.

Thus, by referring to the evaluation model of Hogg\{2004) and GOmez et al. (2010),
a complete solar energy potential analysis foritis¢allation of large-scale photovoltaic
(LS-PV) stations in China is performed in this studhis knowledge is vital for
over-coming problems in the development of solargy production projects. Section 2
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details the methodology utilized for the estimatafrthe solar energy potential. Section 3
details the results and contains the discussiomwels Finally, section 4 outlines the

primary conclusions and provides policy recommeiodat
2. Methodology and data

Figure 1 shows a summary of the study methodolbay. fPrior to the solar energy
potential analysis, the spatio-temporal distributiof solar radiation was analyzed to
determine the characteristics of solar radiatiosoueces in China. Then, a constraint
analysis was performed to exclude the unsuitabléddor LS-PV stations. This was based
on the above two portions of the study that wemedocted in advance. The geographical
potential, technological potential, and economicteptal were also progressively
estimated. Finally, the optimal sites for solarrggeexploitation were selected based on

the results of the previous work.

Spatio-temporal Geographical
Solar Radiation— analysis of solar— Potential
radiation gl

; Optimal
Technological

> Potential Sitesfor
Geographical L i | Comparatio
restriction LS PV

Constraint analysis | Economic : )
for LS-PV station Potential ; stations

n

Solar radiation
threshold

Figure 1: Study methodology flow
2.1 Constraint analysis

The potential analysis was established based ahdegas suitable for the construction
of LS-PV stations that excluded geographic constsaand the solar radiation threshold. It
was essential to identify and eliminate all of tiesuitable areas prior to the potential

evaluation, thus avoiding unsuitable lands thatd@mfluence the potential results. Based
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on previous studies, constraint factors for the R\5-station typically referred to
geographical restrictions and the solar radiatioeghold. Among these, the geographical
restriction consisted of three types of land arpastected areas, unsuitable land use areas,
and land with slopes of more than 5°. In termshefgolar radiation threshold, areas with
solar radiation below 5400 MJfmwere generally considered unsuitable ardasGIS
software was used to merge and reclassify all testcaint factor layers and then
compound the maps for LS-PV stations constructibme two constraint factors are

detailed below.
2.1.1 Geographical restriction

The construction of LS-PV stations has strict gapgrcal land limitations. According
to previous research [28-30], six land use pattenctuding protected areas, water bodies,
cultivated land, forest land, high-coverage grasfda and construction lands, are not
suitable for the construction of LS-PV power stasidn addition, steep land is also a
geographical restriction, which would make LS-PVngmtion construction projects
maintenance expensive. Some studies have showrh#hahaximum acceptable surface
slope for photovoltaic construction varies fromt8°5.2° [31-34], and most studies have
used 5° as the referencEherefore, areas where the surface slope exceetedere

excluded.
2.1.2 Solar radiation threshold

The abundance of the solar energy resource is oslyicthe primary factor that
influences PV power generatioAdequate solar radiation is very important for the
development and utilization of solar energy andnecaic feasibility.There has been no
consensus regarding the minimum acceptable radi&iosolar photovoltaic systems. In

this study, 5400 MJ/frwas chosen as the baseline.
2.2 Solar potential estimation

In this study, the solar energy potential was exawohiusing three aspects: geography,

technology, and economy, as proposed by Hoogwi(R42 and Gomez et al. (2010) [14].
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The principle is similar to that published by theoMd Energy Council [35]. All three
potentials were calculated for the provinces oammual basis, and ArcGIS was employed
to map the solar energy potential. By using ArcGHg, potential of every grid was first
estimated. Then the average potential data of guenyince were calculated. According to
previous studies [14,25,27,36] and the availableastd, the definition of geographic
potential, technological potential, and economiteptial was as follows:
® Geographic potential: the amount of the total annual solar radiationypet area,
excluding geographically restricted areas.
® Technological potential: the amount of the total electric energy that dsn
translated considering the technological limitasiasf conversion efficiency and
suitable land areas.
® Economic potential: the costs of PV power generation per unit of teleity with
competitiveness at the cost level.

The three solar energy potentials are detaileterfdallowing sections.
2.2.1 Geographical potential

Based on the constraint analysis, the geograppigintial for the suitable area was

calculated by averaging the amount of solar raahait the remaining areas.
2.2.2 Technical potential

Solar photovoltaic technology is based on phot@aoltells that can directly convert
solar radiation into electrical enerdyrom the technical and economic point of view, the
current photovoltaic power generation technologgossidered a mature technology [37].
Photovoltaic power generation technology can beddi into the following categories
[37]: (1) Photovoltaic cells that include crysta#i silicon materials such as
monocrystalline silicon, polycrystalline siliconpc gallium arsenidg2) thin film solar
cells based on amorphous silicon, cadmium tellyr@emium sulfide, or copper indium
gallium selenide/copper indium selenium materiéd3; organic polymer solar cells; (4)
hybrid solar cells; (5) dye-sensitized solar cedis¢l(6) photovoltaic technology based on
nanotechnologyl'hese technologies differ in efficiency and cogtphmtovoltaic modules.
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Currently, crystalline silicon materials occupy@nant position in the market [37], and
single crystal materials account for approxima@0d@o of the totaphotovoltaic market
[38].

In recent years, the efficiency of photovoltaic govgeneration technology has been
significantly improved. According to research byddi et al., 2013), the efficiency of
monocrystalline silicon solar cells was approxirateb% in the 1950s, and it has now
increased to 28%. In addition, the efficiency olypoystalline solar cells has reached 19.8%
[39]. However, commercially available photovoltaic cedlsd modules are less efficient.
According to research by (Razykov et al., 201thg efficiencies of single crystal
photovoltaic cells sold on the market are now betw&5% and 22%.

By considering both the efficiency and suitabledl@neas, the technological potential
(total electricity converted) was calculated udtygiation (1) [30,40]:

E; =SRXCAXAF Xn (1)

where SR is the geographical solar radiatiatd is the appropriate total land
area;AF is the area factor, indicating that the solar para# cover that portion of the
calculation area; angl is the photovoltaic system efficiendccording to the maximum
footprint of the photovoltaic panel, AF=70% wasesttd due to the minimal shadowing
effect [30]. The efficiency of single crystal phatdtaic cells ranges from 15% to 22%,

and this was calculated as= 22% in this study.
2.2.3 Economic potential

The electricity cost,C,;, of a solar power plant operating in solar modeetes
primarily on its investment cost, |, the annual rgp@g cost of operation and maintenance,
Cosm» the economic life cycle, n, the average capiitdrest ratej, and the annual net
solar power generation at the corresponding looatioe following equation was used to
calculate the cost [41]:

i-(1+)"

D1
C — (1+1)
el E;

‘1+CogM

2)
To simplify the evaluation process, the averageestwment cost per unit grid, 1=420

USD, was used in this study. This figure was cal@d in reference to the Chinese PV
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190 market and (Sun et al., 2013). The average capitadest rate is 9%, the economic life
191  cycle is 25 years, and the annual operating cospefation and maintenanc€ggy is

192  assumed to be a constant value during the lifeegydhich is 3% of the investment cost.
193 2.3 Data source

194 The solar radiation dataset used in this studyhes ERA-Interim meteorological
195 reanalysis data provided by the European Centréviedium-Range Weather Forecasts
196 (ECMWEF).This study selected the dataset that covered &hafa from January 1, 1979,
197  to December 31, 2017, with a spatial resolutio®.@5°x0.75° and a temporal resolution
198 of the monthly total [42,43] in order to simpliffhé calculation process. The World
199 Database on Protected Areas (WDPA) derived from BMEd the World Conservation
200 Union (IUCN) was used to extract the protected @rda addition, the 2015 land
201 use/cover data provided by the Data Center for &ess and Environmental Sciences,
202 Chinese Academy of Sciences (RESDC) (http://wwwleceas1), were used to extract the

203 unsuitable area.
204 3. Resaults and discussion
205 3.1 Solar radiation estimation

206 3.1.1 Temporal distribution
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207 Figure2: Trendsin solar radiation from 1979 to 2017
208 Figure 2 shows the long-term trend of solar radrain China from 1979 to 2017, and

209 the red line is the 39-year trend fitting line ola radiation.The solar radiation value in
210  China ranged from 5486.82 MJrto 5776.70 MJ/m and the variation trend of the solar
211 radiation over the years was 2.54 MJn The solar radiation increased overall during
212  the period from 1979 to 2017. However, it showedkeareasing trend from 1979 to 1990,
213 and it stabilized after 1996t the beginning of the 21st century, it displayedincreasing
214  trend, and after 2007, it displayed a downwarddreret, the solar energy resource in
215  China was still abundant and stable.

216 Studies have shown that since the 1950s, solaatradion the surface has generally
217 decreased, and the world is in a dark period [44—#© 2005, Martin Weald [50]
218  published an article entitled “From Darkening tghiing: Interdecadal Variation of Solar
219  Radiation on the Earth’s Surface” in the jour8eilence. In this article, he pointed out that
220 the solar radiation on the surface had a signifidamvnward trend in many observational
221 records up to 1990, but this trend did not lastrathe 1990s. According to the fourth
222 IPCC (Intergovernmental Panel on Climate Changppnte “global dimming” will not
223  continue after 1990 [51,52]. The results in Figdrare basically consistent with the

224  process from darkening to brightening.
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3.1.2 Spatial distribution
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Figure 3: Spatial distribution map of the annual average solar radiation

As can be seen in Figure 3, China’s solar radiatsogenerally high in the western
region and low in the eastern region. The averagea solar radiation is bounded by the
east side of the Inner Mongolia Plateau, Taihangiidain, Qinling, the west side of the
Sichuan Basin, and the border between Yunnan amzh@u Solar radiation is relatively
weak in the east and south of the boundary andggran the west and north. Tibet in the
southwestern region has the strongest solar radjateaching 7347.55 MJfiHigher
provinces also include Qinghai, Xinjiang, Gansuha northwest, and Hainan in central
southern Chinalhe provinces with low solar radiation are Chonggamd Guizhou in the
eastern part of southwest China and Heilongjiangartheast China. By comparing the
solar energy resources of each province, the sasgthand northwest regions with higher
altitudes are richer, and the eastern regionsesiTihe western provinces, such as Tibet,
Qinghai, Xinjiang, and Gansu, are rich in solariaidn. Chongging, which has lower
altitudes, and Heilongjiang, which has higher latés, are poorer in solar resourcebet,
with abundant solar resources, and Chongging, pitbr solar energy resources, are in

southwest ChinaThe two provinces are at the same latitude, buetThms a higher

10



243  altitude, thin air, and strong solar radiation. @§ging is in the Sichuan Basin, with a

244  lower terrain, more clouds, more rain, and lesarsaldiation.

245 3.2 Constraint analysis
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249 Figure 4: Screening process of areas suitablefor solar ener gy resour ce development
250 Figure 4(a) shows the protected areas in Chinaur&ig(b) depicts the land cover
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251  suitable for the construction of photovoltaic poystants in Chinalt is worth noting that
252 most areas have been excluded, except northwes Chhis is because these excluded
253 lands are covered by agricultural land, constructamd, forests, and other land use types
254  not suitable for PV plant construction. As showrfigure 4(c), areas with slopes greater
255 than 5° are excluded, primarily because the staeg Wwould make construction difficult.
256  Figure 4(d) shows the areas where the annual avegalgr radiation is less than 5400
257  MJ/nP. Large areas of eastern China, northeast Chind, sath-central China are
258 economically infeasible for the development of plvoltaic power plantsAccording to
259  all the exclusion criteria, a photovoltaic adapigbmap of China was drawn. As shown
260 in Figure 4(e), the conclusion of the exclusiongaess is that the land suitable for the
261 development of large-scale photovoltaic power @ast primarily concentrated in the

262 northwest of China.

263 Table 1: Suitable areasin each province
Physical Proportion of Proportion of
Total areas Suitable area
Geographic Province Suitable Areato  Suitable Area to the
(10" km) (10" km)
Division Each Province (%) Whole Country (%)
Xinjiang 176.22 116.29 65.99 12.08
Gansu 41.41 19.07 46.05 1.98
Northwest
Qinghai 71.53 36.72 51.33 3.81
China
Ningxia 5.21 1.60 30.77 0.17
Shaanxi 20.41 0.52 2.55 0.05
Inner Mongolia 135.07 39.30 30.54 4.08
North
Hebei 19.79 0.06 0.3 0.01
China
Shanxi 16.02 0.08 0.5 0.01
Shandong 15.64 0.12 0.77 0.01
East China
Fujian 11.15 0.02 0.18 0
Southwest Tibet 113.94 28.01 24.59 2.91
China Sichuan 45.44 0.78 1.72 0.08
264 As shown in Table 1, among the provinces, Xinjidnag the largest area suitable for
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developing and utilizing solar energy resourddee exploitable area accounts for 65.99%
of the total area of Xinjiang, accounting for 120®f the total area of the countiiyhis
area is followed by Inner Mongolia, the QinghaiWnae, Tibet, and the Gansu Province,
whose exploitable areas account for 30.54%, 51.33%9459%, and 46.05%, respectively,
of the total area of each province and account4f68%, 3.81%, 2.91%, and 1.98%,
respectively, of the total area of the countitye exploitable area of Ningxia accounts for
0.17% of the total area of the entire country. Tdtal area of Ningxia is relatively small,
although the exploitable area is much smaller tian of Tibet and Inner Mongolia, and
the exploitable area accounts for 30.77% of thel tatea of NingxiaThe area of solar
energy resources that can be developed in SichiesnEe and Shanxi Province is small,
and the exploitable area accounts for 1.72% an892.6f Sichuan Province and Shanxi
Province, respectively, and accounts for 0.08% @08%, respectively, of the total area
of the countryShandong, Shanxi, Hebei, and Fujian have very fgulogable areas, the
least of which is Fujian. The area suitable foraleping solar energy resources only
accounts for 0.18% of the total area of Fujian Rros.

The constraint analysis results can be explainelEsvs. Extensive areas in eastern
China were invalid for large-scale PV generatiomiolh is related to high-speed
urbanization. The provinces in eastern China ark-kmewn for prosperous economies
and flourishing industries. This has also accederatrban expansion [53-55], increased
construction land, and reduced suitable areasdmelscale solar PV stations. Due to
China’s urbanization effort, construction has neaver stopped. Therefore, Hebei and
Shanxi in northern China and Shandong and Fujiaeastern China have lost massive
amounts of available land according to the constranalysis. Furthermore, large
agricultural planting areas are another criticalkin for the lack of suitable land areas for
LS-PV stations in central and eastern China, padrty in the Yangtze and Yellow River
basins [56]. Sichuan, Shandong, Fujian, and othieasaare important agricultural
production provinces [57]. The Three-North Shelk@arest Program (TNSFP) is the
world’s largest ecological afforestation progrand dxas been in operation for 30 years in
China [58]. Shanxi, Shaanxi, Hebei, and other pro#s have implemented the TNSFP

13
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[59]. Large-scale cultivated land in these provendws led to few suitable lands for
LS-PV station construction. Certainly, in additimnthe accelerated urbanization and large
areas of agricultural lands, an increase in fole@sd has also restricted the development
and utilization of solar energy resources. Thersfeuitable land area is a critical limiting

factor for large-scale solar PV development.

3.3 Solar energy potential
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304 The areas with high potential for solar energy imn@ are located primarily in the
305 northwest, southwest, and small parts of eastelinaClirigure 5 shows the geographic
306 potential, technical potential, and economic pa&tiof solar energy resources.

307 The geographical potential of solar energy resauisebetween 5400.00 MJnand
308  8245.05 MJ/f, with an average value of 6429.05 M3/mhe geographical potential of
309 the Qinghai-Tibet Plateau is relatively large, éimel eastern China region has the smallest
310 potential.

311 The technical potential is between 0.90 MJ and 4¥94J, and the average value is
312  147.94 MJ. The maximum and minimum values are giifferent. The Xinjiang region is
313 larger, and the eastern China region is smalls Iéuitable land areas that significantly
314  determine the technological potential. Accordindrigure 5 and Table 1, eastern China is
315 evidently scarce in suitable land areas for laxgges PV station operation, while in
316  northwest China, land sources are abundant.

317 The economic potential is between 0.12$/MJ and $8M0, with an average of
318  1.25%/MJ. The lower the value, the higher the eotngootential. As such, the largest
319 economic potential is in the northwest, while ie #astern portion of northern China and

320 eastern China, the economic potential is small.

321 3.4 Optimal site selection
322 Table 2: Solar energy potential of each province
Physical Geographical Technical Economic
Geographic Province Potential Potential Potential
Division (MJ/mf) (MJ) ($/MJ)
Xinjiang 6683.27 395.28 0.14
Gansu 6697 280.63 0.20
Northwest China Qinghai 7302.86 331.39 0.17
Ningxia 6393.23 191.82 0.30
Shaanxi 6071.42 60.68 0.37
North China Inner Mongolia 6297.25 178.19 0.33
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344

Hebei 5615.54 28.21 3.11

Shanxi 5787.29 35.33 1.77
Shandong 5705.35 3.18 1.93
East China

Fujian 5718.61 0.92 5.90

Tibet 7753.71 182.91 0.32

Southwest China

Sichuan 6811.13 60.68 0.48
Acentric factor 0.1012 0.8884 1.3308

Table 2 summarizes the potential of solar energpurces in each province. It is
apparent that China possesses rich solar energyroes, yet there exists substantial
spatial heterogeneity. The provinces suitable fevetbping and utilizing solar energy
primarily include 12 provinces, which are XinjianGansu, Qinghai, Ningxia, Shanxi,
Inner Mongolia, Hebei, Shanxi, Shandong, FujiameT,i and Sichuan, and most of these
provinces are in the western regidine province with the highest geographical poténtia
is Tibet, with a value of 7753.71 MJ¥mand the smallest is Shandong Province, with a
value of 5705.35 MJ/fThe largest technical potential is 395.28 MJ injidimg, and the
smallest is that of the Fujian Province, which my00.92 MJ.The economic potential is
represented by the cost of electricity, so the Enaéhe value, the greater the economic
potential. The province with the greatest econgpaitential is Xinjiang, and the smallest
potential is located in the Fujian Province, wilte telectricity cost reaching 5.90$/MJ.
Notably, the acentric factor of three potentialuesl denoted that the technological and
economic desperation degrees were significanthhdrighan the geographical factor,
which was 0.8884, while the acentric factor of ge@graphical potential was only 0.1012.
The high disparity in the 12 provinces’ technicatgntial was primarily attributed to the
strong distinction in their suitable land areas E&@-PV stations, which is detailed in
section 3.2.

In summary, the province with the greatest potémiasolar energy development was
the Xinjiang autonomous region, which had the grstadf all three potentials and was the
most optimal option for LS-PV station operationsnghai Province, Gansu Province, the

Inner Mongolia autonomous region, and the Tibetomomous region, which are
17



345
346
347
348
349
350

351

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

concentrated in the western region, were also ldeitddowever, the eastern region was
not suitable for the development and utilizationsofar energy resources. In fact, the
demand of the eastern region for electricity waghér than that for western China.
Therefore, the electricity supply balance is thg geoblem that needs to be solved. It is
highly recommended that governmental policies stpgolar grid connections and

strengthen the West-to-East Power Transmissiore€toj
5. Conclusions and policy implications

To evaluate the solar energy potential in Chindiaity the spatial-temporal distribution
of solar energy resources was examined, and theerdhstraint factors were excluded.
Then the geographic, technological, and economtenpials were then estimated. The
conclusions are as follows:

(1) Solar energy resources in China are affluent rtatively stable, and they range
from 5486.82 MJ/mto 5776.70 MJ/

(2) Solar radiation in China also has substanpatial heterogeneity, which is stronger
in the western and northern regiofge Tibet, Qinghai, Xinjiang, and Gansu provinces
possess abundant solar energy resources.

(3) There are few suitable land areas for LS-PV grostations. Suitable land areas for
LS-PV stations in China account for only 25.19%hd# total land area, while areas with
abundant solar energy resources (solar radiatidi®®®lJ/nt) are approximately 65.48%
of the total land area of China.

(4) The technological potential and economic pa#rib China display distinctive
spatial heterogeneity, while a small differencestxiin the geographic potential. The
acentric factor of the technological potential aaxbnomic potential was 0.8884 and
1.3308, respectively, while the acentric factogebgraphic potential was only 0.1012.

(5) Twelve provinces were selected as optimal $teES-PV stations: Xinjiang, Gansu,
Qinghai, Ningxia, Shanxi, Inner Mongolia, Hebei,aBki, Shandong, Fujian, Tibet, and
Sichuan. Among these, Xinjiang Province was thet loggion for LS-PV generation
development. The eastern region is less suitabléht® development and utilization of

solar energy resources due to scarce suitable.lands
18
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384
385
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390
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392

393

394
395
396

397
398
399

400

On the basis of the substantial spatial heterotyeaed the severe regional imbalances
in China, some policy recommendations are provittett also refer to the previous
studies that have been conducted [53-57]. Withefiauitable lands for large-scale solar
PV operation, eastern China can take full advantafgsolar thermal technology by
installing solar collectors on the roofs and extewalls of buildings without restrictions
on land use [55]. For areas with affluent lands donstruction, likely in northwestern
China, large-scale PV generation is preferred l@viate energy shortages and make full
use of solar energy resources. In addition, stheEmghg network connectivity would be

conducive to reduce photoelectric losses.
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Highlights:

Chinese solar energy resources are stable and has notable spatial heterogeneity
Northwestern Chinawas with higher potential than the east

Xinjiang Province was the most optimal option for PV station operation

Land use remained critical for large-scale PV generation
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