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1.1 Background

@® Energy security&Enviromental Protection

E Fossil energy is increasingly
exhausted

E  Mankindis facing the problemof
energysecurity

Conventional energy

o .
developmentis limited
E Thermal power. environment

protection & energy
consumption
E Hydropower: resources,

environmentprotectionandland
acquisition

@ National policy

E The 19%h 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

®
E
E
E
E

Research Background

Peak carbon dioxide emissionsand

Accordsde Paris

E Nonfossilenergy 20% in 2025
E Nonfossilenergy 25% in 2030

@® Developmentof newenergy

E With the progressof technology,new
energy is increasingly feasible in
economy, and can compete with
fossil energy in some countries and
regions

ProblemsFacedby New Energy

Randomness

Intermittency

Uncontrollability

Wind and PVYcurtailment Power electric
guantity problem
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1.2 Research Significance
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,6\ Relationship between PV Developmen

and Ecological Environment

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

Construction of Large-

Climate elements
Microclimate regulation in power
station farm

Soil factors
Regulation of water and soil function in

power station farm

Vegetation factors
Vegetation Restoration in Power Station

scale PV PowelPlant

PV array can convertpart of solarenergyinto electric energy
and has changed local surface energy distribution .

With the continuousexpansiorof scale,it is necessaryo study
ecologicalelementsof local and surrounding areas

Facing the new requirementfor ecologicalcivilization development,n

Qualitative Improve the quality of regional con§tructionof IargescEaIe PV power stations,quantitative research on
judgment ecological environment their ecologicalenvironment effect, explorationandresearchon how to
5 ensure win-win in safeguarding ecological environment, maintaining

Quantitative Mechanism of influence and action ecologicalbasicfunctionsof plateauand healthydevelopmentand utilization
study of rich light energyresourcearethe socialresponsibilitieghat PV enterprises

OO TSP TUTRPTTT: 5 needto performandthekey problemso be solved
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2.2 PV Power Station + Desertification Control

Ecological

environment
\j

Vegetation restoration

Vegetation restoration Suppressionof dusting and dust
storm

Humidity rise

Humidity rise,
stabilization

vegetation restoration and sand

Temperature drop

The temperaturen the PV farm is reducedby aboutl
and this has reduced volatilization rate of water and
contributedto slow absorptiorof waterby vegetation

Wind speed reduction

The decreasef wind speedis beneficialto soil humidity
retention,vegetatiorrestoratiorandsandstabilization

Virtuous
circle

iy

Win-win
situation

Relationship between PV Developmen
and Ecological Environment

PV power

station
\J

Suppress dust

Improve surface cleanlinessof each Module, increase
powergenerationreducehot spoteffectandimprovetheir
servicelife

Module cleaning

Module cleaning, improve soil moisture and promote
vegetatiorrestoration

Module cooling

With the drop of ambienttemperaturepower generation
of eachmoduleis increased

Support bracket stabilization
Groundvegetatiorrestorationforming groundturbulence,

reducingwind speedjmproving thereliability of tracking
systemandreducinginvestmenbon supportbracket



’6\ Relationship between PV Developmen
and Ecological Environment

2.2.1 Longitudinal comparison of satellite remote sensing data

Construction scale of PV power
stationshasincreasedyear by year
since 2013 and the improvement
effect of ecological environment

hasbeengraduallyreflected




\)6\ Relationship between PV Developmen
) and Ecological Environment

2.2.2 Horizontal comparison of measured data analysis

Variation trend of wind speed and direction

Wind speed comparison

Comparison of wind direction SPee¢ red
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According to statistical data, the monthly maximum wind speed in the field i£3.4% |lowerthan that out of the field.
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2.2.3 Research Findings

Original
landform .

Vegetation
restoration

Relationship between PV Development an
Ecological Environment

humidity, and In addltlon the reguonal soil nutrient content as
obviously,and the soil fertility- hasbeengreatly improved. -

*Generailon and Ecologieal Environment

%?Irgesale PV power stations promote regional.ecologicalrestoration,
wh asimprovedtheir powergeneratlorand equipmentsafetyand stability,
WhICh hasmltl
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> | Environment

2.3 Application of Agro-PV
Complementary Power Statioyf

[OutdoorAgrePV J — —— .
| Complementation ]+ xgro-pv complementary
Agro-PV Complementation \grgeenhouse ’ ’ )
just a project of installing PV moduleson ) _ .
existing agriculturaland forestry facilities or Agro-PV LOW"'ﬁhtAgro'PV complementary
breeding greenhouses for a_tgricultural Complementauon Indoor AgroPV B :green ouse :
production, nursery or breeding under complementation PV breeding greenhouse
greenhouses ) ’
K ) [ FishingPV complementary
\ - _{ agricultural greenhouse

Outdoor AgrePV "~ Indoor greenhoustype '*‘:"’ ;( Agro-FishingPV
Complementation : ‘ Agro—PVcompIementary g = Complementation




2.3.2 Ecological environment change trend

@ Relationship between PV Development and Ecological Environmen

of AgrPV complementary power station

OutdoorAgrePV Compl ement ary
\ original desert landform.

T

TR
(. R

Outdoor PV greenhouse: Crops have afforested the origin

K[ land. a} /

K [Agro—PV complementation: change trend of green and sparse land. }/




(‘6\ Relationship between PV Development and Ecologic
D Environment

2.3.3 Application Significance of AgrePV
Complementary Power Station

Reduce

Protect the Improve Iand Increase investment cost

ecological utilization rate economic benefit

environment

Combination of
PV is built in the Desert turns waste aquaculture to
: upper part and crops into treasure and increase
Turn desert into are planted in the crops increase employment rate
cropland; lower part; economic benefits; and economic

benefit;




PART 03

Large-scale PV Power Station +
Ecological Restoration
Application
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Is\ Large-scale PV Power Station + Ecologica
\ Restoration Application

3.1 Qinghai PV Power Station + Desertification Control

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

AAe R bkl

AL i Bl

Grasslandiegraded area

Source area of Three Rivers

Deserts and desertification area

Qinghai

e Farmingpastoral ecotone

L W B

Mineral exploitation area

~N o o0 Solifiat ol R b e
=callasitesl Typical ecologically fragile areas with : U Involving the "ecological barrier of Qinghai-Tibet
cologica . great environmental specificity and Plateau" in "two barriers and three belts", and i covering almost all the most
CAVIFONMENT - Ep VI i playing an extremely important supporting role in the concerned typical fragile

: construction of China's ecological security strategic ecoregion.
China’s solar energy resoungeh region is/ i pattern; .
PV industry the 1argest Dase Of PV POWET QEREration,

J

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.

Hercynian PV Power
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\ Restoration Application

D 4
3.1.1 Overview
Causes of Grassland Degradation in Qingharlibet Plateau-
Present Situation of Ecological Environment
Under the joint influence of global warming and human activities, the ecological environment of Qinghdiibet :
' Plateau is mainly manifested in grassland degradation, especially in the hinterland of the plateau. !
> Climate warming and desiccating
QC._{ Temperature and precipitation are the main factors in climate change. Affected by global change, the temperature Gib&ti Riduziau
o generally shows a rapid upward trend. Rainfall increases in winter and spring, but decreases in summer and autumn.dftseakangle
g“ distribution of rainfall leads to obvious drought in grassland. Climate warming and desiccating provide internal dynatrmos&odolateau
_5: grassland degradation.
wn

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




\’6\ Large-scale PV Power Station +

D Ecological Restoration Application

3.1.1 Overview

Causes of Grassland Degradation in Qinghai
Tibet Plateau- Present Situation of Ecological
Environment

Overgrazing
According to statistical data, the overgrazing rates in Qinghai and Tibet are 16% and 78% respectively, with an abétafbeofdest scientific research results

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

degradation ofgrasslandin Qinghai-Tibet Plateau.

Man-made unreasonable interference,
including blind grassland reclamation, road construction, gold mining and sand excavation, have also accelerated tigmasslessi degradation. In addition, in

order to find medicinal plants and Cordyceps sinensis, local herdsmen dig out complete turf and cut down shrubs, imndshisrgdtarmful to grassland, such as

SJ10]oe} uewnH

forming "black soil beach" deteriorated grassland.
Human factors are the external driving force of grassland degradation in Qinghafibet Plateau.




P Large-scale PV Power Station + Ecological
Restoration Application

Large-scale PV construction has certain attemperation effect.
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", Inthe first, second and third quarters of 2019, temperature in PV park_ In the first, second and third quarters of 2019, the air
- was 0.74 ., 0. Dberthanthalintde ofidld control | = humidity in the PV park was 4.96%, 2.26% and 0.90% .
| ' - : - : ; higher than that in the offeld control area. ;

Largescale PV development can increase local air humidity.
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3.1.2 Desertification control result

20.0% A

18.0% A

7~
—e—Before the station is buiItI

—o— After the |

16.0%

station is built

14.0%

12.0%

10.0%

Vegetation coverage/%

8.0%

6.0%

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.

21
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3.2 Ningxia Agro-PV Complementary Project




(B Large-scale PV Power Station + Ecologice
( . S
) Restoration Application

3.2.1 Overview

/[ Background] \

[ Mode ] \ [ Overview] \

Ecological resources such as
wetlands|akesanddesertsarerich
anddiversein the riverside areaof
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
strickenhouseholds contractedto
be responsible for daily field
managementnd picking of 6 mu
of lycium barbarunplantingareaat
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 trackingtype Agro-PV
complementary project has
been developed in the vast
desertarea Planting 100000
mu Lycium barbarumunderPV
modules can provide 80,000
jobs for the poor The desert
coveredby PV power stations
IS turninggreenlittle by little.

23
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\ Application

> |
3.2.2 Ecological environment change based on AgiV
complementary project

Ningxia Agriculture anh
PV Complementary

Project:

Fig. 1 is a primitive desert
landform,;

Fig. 2 is the topography
during construction;

Fig. 3 Planting_ycium
Barbarum

Fig. 4 Environmental
change after completion
of PV power stations.

\_ /
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Application Method of
Desertification Control
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e Application Method of
) Desertification Control

4.1 Traditional Scheme

Free

ﬁsition

watergain

The ecologicalmechanicalpropertiesof soil are self-
repairingandselfregulating
n. Engineering sandstabilization machinery, straw grid for sand stabilization, sanm The failure and fracture of self—repairing soil in
blocking fence,sandbarrier, etc. do not changethe characteristiceof sandparticles,so & ) )
their sandstablizationeffectis notdurable solid statecanberecoveredn rheologicalstate
2. Sprinklingalayerof chemicalcementingmaterialon the surfaceof sandto be stabilized 3
hasgreatimpacton environmentandis very expensiveandit is difficult for seedlinggo 5 NO_ matt(_ar how the arrangem_enbf self regulat_ed
grow. soil particles changes,there is always adhesion
3. Biological sand stabilization covers planting Salix psammophilaand Caragana
korshinskiiand aerialseedingto stabilizesand,howeveri,it is difficult for themto grow betweerthem
K in theirinfancy / K /




4.2 Desert "Sollization" Method

After Soilization:
microstructure of sand

Application Method of
Desertification Control

ﬁThe technical principle impos%

binding force on sand particles - ODI,
enablingthem to have functions of "self-
repair and self-regulation” similar to soil,
andat the sametime havestrongfunctions
of storing water, nutrient and air, and
becomeagoodcarrierfor plantgrowth

U Implementation Binding Material +
Water

U Binding mechanismobi bindingand
adhesiorbinding

\_ /

31




\’5\ Application Method of Desertification Control
D 4

4.3 Overview of Application Cases

The largescale planting experiment of 4000 mu in Ulan Buh Desert, Alashan League, Inner Mongolia succeeddd only
with 6 months.




Application Method of Desertification Control

4.3 Overview of Application Cases
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4.4 Desertification Control in U.A.E.

25



B Large-scale PV Power Station + Ecological Restoratio

Application
4.4.10verview of Desertification Control
Research Overview of this
Background Research
\/ \J
_ _ Professor Yi Zhijian's research team
The United Arab Emiratescoversanareag from Chongging Jiaotong University
of 83,600 square kilometers and its studiedandformedthe original outcome
capital Abu Dhabi covers an area of of "desert soilizatiod from the
about67,300 squarekilometers Approx. perspective of mechanics, which has
85% land in Abu Dhabi'sinland areais fully verified the feasibility of the
classified as "desertified by the project According to the agreemen
Government reachedbetweenthe Partiesconcerneﬁ
researchersfrom Chongging Jiaoton
University will try to plant various
grassesyegetablesndshrubswithin the
extentof about10 squarekilometersin
Abu Dhabi

26
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4.4.20utcome of desertification control

The effect of sand stabilization is remarkable: plant roots are spfead e
. The effect of "soilization" is
aII over the "soll strata and deep in sand strata.

remarkable.

Biological crust can be

rapidly formed in 1~2 years
andthe soil-forming effect of

sandwith plant decayturned

into green manure can be

continuously  strengthened
andthe quality level of "land"

can be continuously
improved

3000

After planting for one year,
the microbial populationand
guantity reachedor exceeded

the control soil sample /

27
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76 Large-scale PV Power Station +
\ ) Ecological Restoration Application

4.4.3Ecological 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

Kgreatly improved. /

28




PART O5 Prospectof PV Power Station +
Ecological Restoration inAfrica
Countries
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T\ Application Prospect of PV Power Station + Ecologice

Restoration in Africa Countries

5.1 Background

Juneltth is the "World Day to CombatDesertificationand Drought", andthe themeof Chinain 2020is "join handsto control sandanddesert
andprotectgreenhills andclearwaters"

Thebiggestdeserti S a hDaersadanrAfrica, surroundingareasarea drifting desert Underthe actionof directionalwind, the
drifting desertwill continueto migratealongthe wind direction Whenevetthereis an opportunity,the yellow sanddriven by
wind will devourartificial roadsandbuildings

The global desertification area has reached36 million square kilometers, representingl/4 of the earth'sland area
Desertification,as a major environmentalproblemfacing the world, seriouslythreatensecologicalsecurity and sustainable
developmentFacingthis worldwide stubborndisease "Earth Cancer",how canthe world effectively control desertification?
How to effectively carry out globalecologicalrestoration?

How can PV power stations + ecologicalrestoration be effectively applied in Africa countries?
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Application Prospect of PV Power Station + Ecological

Restoration in Africa Countries

5.2 Application Significance of PV Power Station + Ecological Restoration ifrica Countries

SOLAR RESOURCE MAP @ BT
GLOBAL HORIZONTAL IRRADIATION

MIDDLE EAST AND NORTH AFRICA ESMAP

10°W ) 0
40°N A :
i A

f10°E N i ® 3 e OB 40°E S0°E 60°E

© 2019 The World Bank
Source: Global Solar Atlas 2.0

L Solar resource data: Solargis
Long term average of GHI, period from 1994 (1999 in the East) to 2018 e
Daily totals: 4.0 44 4.8 5.2 56 6.0 6.4 6.8

KWh/m®
Yearly totals: 1461 1607 1753 1899 2045 2191 2337 2483

This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info

/The North Africa region Q

Middle Eastregionis rich in solar
resources and suitable for
constructionof PV powerstations
and developmentof sustainable
energy

Desertificationis seriousin the
region however,an oasescan be
built throughPV power stations+
ecologicalrestoration

PV power stationscan effectively
block drifting of desert

Through Agro-PV
complementation,suitable green
produces can be planted in

k desertifiedwvasteland /
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’0 Application Prospect of PV Power Station + Ecological
\ 9 Restoration in Africa Countries

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

2. Developmentof
1. PV construction agriculture and 3. Ecological

r \ / animal husbandry \ f restoration
Conditions permit development of B T

enefits of Application of Large
largescale PV power stationsin the scale Agro-PV  Complementary
Africa countries PowerStationin Africa Countries

—~

0 protect and improve our living
environment, we must protect and
Improveour ecologicalenvironment

They may have madegreatefforts to
developPV powerstations
Largescale PV power stationsdrive
constructiorof ecologicalcivilization;
Conditionspermit PV developmentn
Africa countries

/

Africa Countriescanproduceandsell
greenfruits andvegetables
Selfsupply and seli-sufficiency of
farmingandanimalhusbandry
Economic benefits brought by
agricultural producesreducethe cost

of PV powerstations

A good ecologicalenvironments the
most inclusive welfare for people's
livelihood,

Protecting ecological environment
meangprotectingproductivity;
Ecological environmentmanagement
IS a systematiqroject

Protecting ecological environmentis

priceless

37
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5.4 Application Prospect

/PV power station + sand control + agricultura}
planting

Sustainable Energy Developing Green Sustainable
Energyin Africa Countries
Fruits and vegetables A brandof fruit and vegetable
productsfeaturing”desertplanting” hasbeencreatedo
supplyArab Leaguecountries
PastureLong-termsupplyof pasturefor "desertsheep”

\, breedingbase /
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