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Energy security&Enviromental Protection
É Fossil energy is increasingly

exhausted.

É Mankind is facing the problemof

energysecurity.

Conventional energy

developmentis limited
É Thermal power: environment

protection & energy

consumption

É Hydropower: resources,

environmentprotectionand land

acquisition

National policy

É The 19th National Congressof the Communist

Party of China requires establishment and

improvementof a green, low-carbon and circular

economic system, promotion of revolution in

energy production and consumption, and

construction of a clean, low-carbon, safe and

efficient energysystem.

Peak carbon dioxide emissionsand

Accordsde Paris

É Non-fossilenergy: 20% in 2025

É Non-fossilenergy: 25% in 2030

Developmentof newenergy

É With the progressof technology,new

energy is increasingly feasible in

economy, and can compete with

fossil energy in somecountries and

regions.

ProblemsFacedby New Energy

É Randomness 

É Intermittency 

É Uncontrollability 

É Wind and PV-curtailment Power - electric 

quantity problem 

New energy 

1.1 Background 
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1.2 Research Significance 

Large-scale PV Power Plant + Ecological Restoration 
X Achieve the goal of sustainabledevelopment,control desertification and build a community with

sharedfuture for mankind.

X Severalcountries with the highestdegreeof land desertification, rich in solar energyresources,not

only urgently need to establish a clean modern energy system, but also have the demand for

desertification control aswell.

X Promote the developmentmodel of PV industry + ecologicalrestoration for mutual benefit and

multiple-win.
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Relationship between PVDevelopment 

and Ecological Environment 
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2.1 Large-scale PV Power Station Development and Ecological Environment Impact 

PV arraycan convertpart of solar energyinto electric energy

and has changed local surface energy distribution .

With thecontinuousexpansionof scale,it is necessaryto study

ecologicalelementsof local and surrounding areas.

Construction of Large-

scale PV Power Plant 01 
Climate elements 

Microclimate regulation in power 

station farm 

02 
Soil factors 
Regulation of water and soil function in 

power station farm 

03 
Vegetation factors 

Vegetation Restoration in Power Station 

Farm 

Facing the new requirementfor ecologicalcivilization development,in

constructionof large-scalePV power stations,quantitative research on

their ecologicalenvironment effect,explorationandresearchon how to

ensure win-win in safeguarding ecological environment, maintaining

ecologicalbasicfunctionsof plateauandhealthydevelopmentandutilization

of rich light energyresourcearethe socialresponsibilitiesthat PV enterprises

needto performandthekeyproblemsto besolved.

Qualitative 

judgment 

Improve the quality of regional 

ecological environment 

Quantitative 

study 
Mechanism of influence and action 
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2.2 PV Power Station + Desertification Control 

Ecological 

environment 

Wind speed reduction 

The decreaseof wind speedis beneficialto soil humidity

retention,vegetationrestorationandsandstabilization.

Suppress dust 

Improve surface cleanlinessof each Module, increase

powergeneration; reducehot spoteffectandimprovetheir

servicelife

Module cooling 

With the drop of ambienttemperature,power generation

of eachmoduleis increased.

Temperature drop 
The temperaturein the PV farm is reducedby about1 ,

and this has reduced volatilization rate of water and

contributedto slow absorptionof waterby vegetation.
Support bracket stabilization 

Groundvegetationrestoration,forming groundturbulence,

reducingwind speed,improving the reliability of tracking

system,andreducinginvestmentonsupportbracket

Vegetation restoration 

Vegetation restorationSuppressionof dusting and dust

storm

Humidity rise 

Humidity rise, vegetation restoration and sand

stabilization

Module cleaning 

Module cleaning, improve soil moisture and promote

vegetationrestoration

PV power 

station 

Virtuous 

circle 

Win-win 

situation 
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2.2.1 Longitudinal comparison of satellite remote sensing data 

É Construction scale of PV power

stationshasincreasedyearby year

since 2013 and the improvement

effect of ecological environment

hasbeengraduallyreflected.

2012 2013 2014 2015 

2018 2016 
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2.2.2 Horizontal comparison of measured data analysis 

¸ Variation trend of wind speed and direction

¸ According to statistical data, the monthly maximum wind speed in the field is 13.4% lower than that out of the field. 

out-of-field in-field 

Comparison of wind direction and wind speed Wind speed comparison 

Number 

of Days 

Station 1 (completed operation area and demonstration 

base) 

Station 2 (planning and construction area) 

Station 3 (off-field control area) 
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2.2.3 Research Findings 

1. Longitudinal comparison: With the construction of large-scalePV

power stations, their cumulative effect on the regional ecological

environment has becomegradually apparent and the vegetationcoverageis

gradually increasing.

2. Horizontal comparison: Large-scale PV power stations have

changed local climate, especially reduced wind speed and increased air

humidity, and in addition, the regional soil nutrient content as changed

obviously,and the soil fertility hasbeengreatly improved.

Large-scale PV power stationspromote regional ecological restoration,

which hasimprovedtheir powergenerationandequipmentsafetyandstability,

which hasinitially formeda win-win situation of development. subsequently,

we will continueto pay attentionto the impact mechanismof large-scalePV

powerstationson ecologicalenvironmentin combinationwith multiple research

methods,and provide technicalsupportfor the decision-making of ecological

environmentprotectionandmanagementin large-scalePV powerstationparks.

Coordinated Development of PV Power 
Generation and Ecological Environment 

Original 

landform 

Vegetation 

restoration 

Coordinated 

development 
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2.3 Application of Agro-PV 

Complementary Power Station 

Outdoor Agro-PV 

Complementation 

Indoor greenhouse-type 

Agro-PV complementary 

Agro-Fishing-PV 

Complementation 

Agro-PV Complementation:
just a project of installing PV moduleson

existing agriculturaland forestry facilities or

breeding greenhouses for agricultural

production, nursery or breeding under

greenhouses.

Agro-PV  

Complementation 

Outdoor Agro-PV 

Complementation 

Indoor Agro-PV 

complementation 

Anti-season warm-in-winter type 
Agro-PV complementary 
greenhouse 

Low-light Agro-PV complementary 

greenhouse 

PV breeding greenhouse 

Fishing-PV complementary 
agricultural greenhouse 
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2.3.2 Ecological environment change trend of Agro-PV complementary power station 

Outdoor Agro-PV Complementary Power Station: Original Landform ŸPrimary crop ŸCrops grow and change the 

original desert landform. 

Outdoor PV greenhouse: Crops have afforested the original 

land. 
Agro-PV complementation: change trend of green and sparse land. 
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2.3.3 Application Significance of Agro-PV 

Complementary Power Station 

Improve land 

utilization rate 

PV is built in the 

upper part and crops 

are planted in the 

lower part; 

Protect the 

ecological 

environment 

Turn desert into 

cropland; 

Increase 

economic benefit 

Desert turns waste 

into treasure and 

crops increase 

economic benefits; 

Reduce 

investment cost 

Combination of 

aquaculture to 

increase 

employment rate 

and economic 

benefit; 
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Large-scale PV Power Station + 

Ecological Restoration 

Application 
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3.1 Qinghai PV Power Station + Desertification Control 

Source area of Three Rivers 

Grassland degraded area 

Farming-pastoral ecotone 

Mineral exploitation area 

Deserts and desertification areas 

ü covering almost all the most 

concerned typical fragile 

ecoregion. 

ü Involving the "ecological barrier of Qinghai-Tibet 

Plateau" in "two barriers and three belts", and 

playing an extremely important supporting role in the 

construction of China's ecological security strategic 

pattern; 

Hercynian PV Power 

Generation Base 

Hainan PV Power Generation 

Base 

Qinghai 

Ecological 
environment 

Typical ecologically fragile areas with 

great environmental specificity and 

sensitivity. 

PV industry 
China's solar energy resource-rich region is 

the largest base of PV power generation. 

Coordinating the relationship between PV development and utilization 
and ecological environment protection is a major issue that must be 
considered in Qinghai's future clean energy development.
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3.1.1 Overview 
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¸ Climate warming and desiccating 
Temperature and precipitation are the main factors in climate change. Affected by global change, the temperature of Qinghai-Tibet Plateau 

generally shows a rapid upward trend. Rainfall increases in winter and spring, but decreases in summer and autumn. The changeof seasonal 

distribution of rainfall leads to obvious drought in grassland. Climate warming and desiccating provide internal dynamic conditions for plateau 

grassland degradation. 

¸ Harm of rodents 
Plateau pika, plateau zokor, etc. have a very high breeding rate in degraded grassland. 

Under the joint influence of global warming and human activities, the ecological environment of Qinghai-Tibet 

Plateau is mainly manifested in grassland degradation, especially in the hinterland of the plateau. 

Causes of Grassland Degradation in Qinghai-Tibet Plateau -
Present Situation of Ecological Environment 
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3.1.1 Overview 
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¸ Overgrazing 

According to statistical data, the overgrazing rates in Qinghai and Tibet  are 16% and 78% respectively, with an average of 45%.The latest scientific research results 

show that the decrease of total nitrogen content and imbalance of nutrient flow caused by overgrazing and export of livestockproducts are the main reasons for 

degradation of grassland in Qinghai-Tibet Plateau.

¸ Man-made unreasonable interference, 

including blind grassland reclamation, road construction, gold mining and sand excavation, have also accelerated the process of grassland degradation. In addition, in 

order to find medicinal plants and Cordyceps sinensis, local herdsmen dig out complete turf and cut down shrubs, and this action is very harmful to grassland, such as 

forming "black soil beach" deteriorated grassland. 

Human factors are the external driving force of grassland degradation in Qinghai-Tibet Plateau. 

Causes of Grassland Degradation in Qinghai-

Tibet Plateau - Present Situation of Ecological 

Environment 
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3.1.2 Desertification control result 

¸ In the first, second and third quarters of 2019, temperature in PV park 
was 0.74 , 0.26  and 0.23  lower than that in the off-field control 
area. 

¸ Large-scale PV construction has certain attemperation effect. 

¸ In the first, second and third quarters of 2019, the air 
humidity in the PV park was 4.96%, 2.26% and 0.90% 
higher than that in the off-field control area. 

¸ Large-scale PV development can increase local air humidity. 

Temperature comparison 
Humidity comparison 

Station 1 (completed operation area and 

demonstration base) 

Station 2 (planning and construction area) 

Station 3 (off-field control area) 

Q1 Q2 Q2 

Q3 

Q1 

Station 1 (completed operation area and 

demonstration base) 

Station 2 (planning and construction area) 

Station 3 (off-field control area) 
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3.1.2 Desertification control result 

¸ Before and after establishment of the station, vegetation coverage in the park increased 

significantly, mainly in July and August, with the growth rate of 15%. With the commissioning of 

the power station, the vegetation improvement effect was significant. 
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Before the station is built 

After the 

station is built 
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3.2 Ningxia Agro-PV Complementary Project 
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3.2.1 Overview 

Ecological resources such as

wetlands,lakesanddesertsarerich

anddiversein the riversideareaof

Yinchuan,Ningxia.

Ningxia, as the hometown of

Lycium barbarum, leadsthe world

in the quality of Lycium barbarum,

and the combination of Lycium

barbarumplanting and PV power

generation project has become a

beautifullocal landscape.

In the locality, the cooperative
business mode of "enterprise +
farmer" is adopted and the
enterprises are responsible for
investing, seedling, planting,
purchasing,processingand selling
in a unified way. Each poverty-
strickenhouseholdis contractedto
be responsible for daily field
managementand picking of 6 mu
of lycium barbarumplantingareaat
zero cost and they are both
industrial workers and business
owners.

The Regionhasgiven full play
to the advantageof regional
resources and the world's
largest tracking-type Agro-PV
complementary project has
been developed in the vast
desert area. Planting 100,000-
mu Lycium barbarumunderPV
modules can provide 80,000
jobs for the poor. The desert
coveredby PV power stations
is turninggreenlittle by little.

Background Mode Overview 
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3.2.2 Ecological environment change based on Agro-PV 

complementary project 

Ningxia Agriculture and 
PV Complementary 
Project:

¸ Fig. 1 is a primitive desert 

landform; 

¸ Fig. 2 is the topography 

during construction; 

¸ Fig. 3 Planting Lycium 

Barbarum; 

¸ Fig. 4 Environmental 

change after  completion 

of PV power stations. 

1 2 

3 4 
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Application Method of 

Desertification Control 



Application Method of 

Desertification Control 

30 

4.1 Traditional Scheme 

1 

1 

2 

3 2 

3 

1. Engineering sand-stabilization machinery, straw grid for sand stabilization, sand-

blocking fence,sandbarrier,etc. do not changethe characteristicsof sandparticles,so

their sandstablizationeffect is not durable.

2. Sprinklinga layerof chemicalcementingmaterialon thesurfaceof sandto bestabilized

hasgreatimpacton environmentandis very expensive,andit is difficult for seedlingsto

grow.

3. Biological sand stabilization covers planting Salix psammophila and Caragana

korshinskiiandaerialseedingto stabilizesand,however,it is difficult for themto grow

in their infancy.

waterloss

watergain

The ecologicalmechanicalpropertiesof soil areself-

repairingandself-regulating.

¸ The failure and fracture of self-repairing soil in

solidstatecanberecoveredin rheologicalstate.

¸ No matter how the arrangementof self-regulated

soil particles changes,there is always adhesion

betweenthem.

Free 

transition 
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4.2 Desert "Soilization" Method 

Wet 

again 
Dry 

After Soilization: 

microstructure of sand 

After Soilization: rheological 

state 

After Soilization: moisture and 

fertilizer conservation 

Soilization: self-repair and self-

regulation

ü The technical principle imposes a

binding force on sand particles - ODI,

enablingthem to have functions of "self-

repair and self-regulation" similar to soil,

andat thesametime havestrongfunctions

of storing water, nutrient and air, and

becomea goodcarrierfor plantgrowth.

ü Implementation: Binding Material +

Water

üBinding mechanism: ODI bindingand

adhesionbinding
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4.3 Overview of Application Cases 

Before transformation: January 2017 During transformation: April 2017 During transformation: May 2017 

After transformation: July 2017 After transformation: August 2017 After transformation: September 2017 

The large-scale planting experiment of 4000 mu in Ulan Buh Desert, Alashan League, Inner Mongolia succeeded only 
with 6 months. 
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4.3 Overview of Application Cases 

Abu Dhabi Desert, UAE 

(Planting) 

Xinjiang Hotan Taklimakan 

Desert (Planting) 

Sichuan Zoige Desertification 

Grassland (Ecological Restoration) 

Sandy Land in Tibet (Ecological 

Restoration) 

Sahara Desert, Niger, Africa 

(Planting) 
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4.4 Desertification Control in U.A.E.
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4.4.1 Overview of Desertification Control 
Research 

Background 

TheUnitedArab Emiratescoversanarea
of 83,600 square kilometers and its
capital Abu Dhabi covers an area of
about67,300squarekilometers. Approx.
85% land in Abu Dhabi'sinland areais
classified as "desertified" by the
Government.

Overview of this 

Research 

Professor Yi Zhijian's research team
from Chongqing Jiaotong University
studiedandformedthe original outcome
of "desert soilization" from the
perspective of mechanics,which has
fully verified the feasibility of the
project. According to the agreement
reachedbetweenthe Partiesconcerned,
researchersfrom Chongqing Jiaotong
University will try to plant various
grasses,vegetablesandshrubswithin the
extentof about10 squarekilometersin
Abu Dhabi.
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4.4.2 Outcome of desertification control 

The effect of sand stabilization is remarkable: plant roots are spread 

all over the "soil strata" and deep in sand strata. 
The effect of "soilization" is 

remarkable. 

¸ Biological crust can be

rapidly formed in 1~2 years

and the soil-forming effect of

sandwith plant decayturned

into green manure can be

continuously strengthened

andthequality level of "land"

can be continuously

improved.

¸ After planting for one year,

the microbial populationand

quantity reachedor exceeded

thecontrolsoil sample.
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4.4.3 Ecological restoration impact based on large-

scale PV power stations 

With the completion of 

PV power stations, the 

wind speed and 

evaporation in the 

region covered by 

original landform 

decreased, and the green 

ring gradually 

improved, thus 

ecological protection by 

large-scale PV power 

stations have been 

greatly improved. 
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Prospect of PV Power Station + 

Ecological Restoration in Africa 

Countries 



Application Prospect of PV Power Station + Ecological 

Restoration in Africa Countries 

35 

5.1 Background 

¸ June17th is the "World Day to CombatDesertificationandDrought",andthe themeof Chinain 2020is "join handsto control sandanddesert

andprotectgreenhills andclearwaters".

¸ ThebiggestdesertñSaharaDesertòin Africa, surroundingareasarea drifting desert. Undertheactionof directionalwind, the

drifting desertwill continueto migratealongthewind direction. Wheneverthereis anopportunity,theyellow sanddrivenby

wind will devourartificial roadsandbuildings.

¸ The global desertification area has reached36 million square kilometers, representing1/4 of the earth's land area.

Desertification,as a major environmentalproblemfacing the world, seriouslythreatensecologicalsecurityand sustainable

development. Facingthis worldwidestubborndisease- "EarthCancer",how cantheworld effectivelycontroldesertification?

How to effectivelycarryout globalecologicalrestoration?

¸ How canPV power stations+ ecologicalrestoration beeffectively applied in Africa countries?
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5.2 Application Significance of PV Power Station + Ecological Restoration in Africa Countries 

¸ The North Africa region and

Middle Eastregionis rich in solar

resources and suitable for

constructionof PV powerstations

and developmentof sustainable

energy;

¸ Desertification is serious in the

region, however,an oasescan be

built throughPV powerstations+

ecologicalrestoration;

¸ PV powerstationscaneffectively

blockdrifting of desert;

¸ Through Agro-PV

complementation,suitable green

produces can be planted in

desertifiedwasteland.



Application Prospect of PV Power Station + Ecological 

Restoration in Africa Countries 

37 

5.3 Feasibility Study on the Application of PV Power Station + Ecological Restoration in Africa 

Conditions permit development of

large-scalePV power stationsin the

Africa countries.

¸ They may havemadegreatefforts to

developPV powerstations;

¸ Large-scale PV power stationsdrive

constructionof ecologicalcivilization;

¸ Conditionspermit PV developmentin

Africa countries.

1. PV construction 

Benefits of Application of Large-

scale Agro-PV Complementary

PowerStationin Africa Countries

¸ Africa Countriescanproduceandsell

greenfruits andvegetables;

¸ Self-supply and self-sufficiency of

farmingandanimalhusbandry;

¸ Economic benefits brought by

agricultural producesreducethe cost

of PV powerstations.

2. Development of 

agriculture and 

animal husbandry 

To protect and improve our living

environment, we must protect and

improveour ecologicalenvironment

¸ A goodecologicalenvironmentis the

most inclusive welfare for people's

livelihood;

¸ Protecting ecological environment

meansprotectingproductivity;

¸ Ecological environmentmanagement

is a systematicproject;

¸ Protectingecological environmentis

priceless.

3. Ecological 

restoration 
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5.4 Application Prospect 

PV power station + sand control + agricultural

planting
¸ SustainableEnergy: Developing Green Sustainable

Energyin Africa Countries

¸ Fruits and vegetables: A brandof fruit and vegetable

productsfeaturing"desertplanting"hasbeencreatedto

supplyArabLeaguecountries.

¸ Pasture: Long-termsupplyof pasturefor "desertsheep"

breedingbase.


