f{usf{lusr L [Jwuroéotuwuvlpr1 3s
VI RI[THRULYU RI[1TR [ . 1. Jf [ 4]
LJltdARY[HSRE AdsUL[]P2u( U

= Xr q’,‘J:S‘ \\I'J
¢ r’ ’ ” r
.- [ T I
S=c~u'ui
A;<*eo< como*
AN
T
i
I
o Tt . T _toho Y
l1d” @ 1o 7™ x*m "3y “@TPP” d _heo
OO} s ¢S @o S BDY P "o " 3






) I 2 I O O O ¢

LI (R I T 1o v 3 T o O U PRRSRRPR 4
Lo T (=LY T (o R 10

¢Hﬁltr1r11ir IrRtgYffreps
1
1

iIvddferf3r rR LT
[ R H.U..o[...Y..'[...R.s..R ................. 13

quimSdn tj Mkt
@mkme@J%rJ

fde'j isBEEOMOMISafQ o dHT

Zjdr 8 4 dzj ©G.4.s.doud.0S.d.014t | iz temt

LtsBdeso dzv j ' | dMlssyded S d 1 dzj to

ﬁ_. = -
— 9
Y
[INIESSN

MO oatsL BB SO 2V § 3" =

J SBLISBdZtSSdZWJd3r: dmistsydzd € so 1 dzj t
CitetOWdyd Me.54...cO0my.taj.H.j.dR4dzd |

4. Mot 3 dedesy Mtmistswdzedy dMf sdzr Lt
sL B dse dzv j &3 = d Msuded C.sa...L.28) o6 d d
.5, GjtsctOWdw ofsLtsBdztse dzv j digs?2 1 dzj to«
Wd Hd 8.0 G 36
stdzstetsdz! dz' j o tsf.tesfl....d...L.OKOd#¢Y

[ OIS EZEO ff S t8OL b Oz 45

¢
]

11

P ORrOoOR Nk ooglk

lost2ouvsdc MmOt dsuvtREURSO v mL L[ {4
Jav L1l fcefds St d - URS R A7

2. 1. vuj Rtetedg @ dath? .A.dzj.16.C. . bs.q.C.d48

2.2. UjRdsdsedd..ojlsesi.da.6.6 0] < J

23u jRdsdzse dd ¢ d.Hies. dzj.te.6.4.1s.d. .64

245 60OICOY ROLOSKjtdmsdCO Ijndsdsded?

[
I

L dz] 186G JodSd. Sl i, 60
stdzlstetsdz! dz' j 9 tsf.tesfl....d...L.OK.OdAapw
[ dlsj Ot 0. 41515 4 B, 62



T

1
R
]

[ o1 BfCytLlURsG: RHBUJYLRSR JRJ[ OH
(ML JJ{1RR Ylrtrt¢1JvsrR, IRLZBIAIR[UJI]
3.1. vteOHdydesdaEaz@® Mfg'd HH dzw ﬂls.cﬁdzujdchw
3.2. Ujndasecdd {tdkzyi.ddw.... 1.82] s dd
3.3. 1sdzkzyjddd 3.d4H0S5.d.n...B.d&lssdodde
s sdalstets dz! dgr asﬂmsm ........ d....L.OH.OdARW .
[ dlsjtcOizteO . f.6..6O0LHj.AZZ. ..ccvvvvvrnee 93

[ ol otrdevt 3y R 1Jur1ARG[ 3
rdavddifcrf3am REUEYURARR:

todrrse JrtrrefriRre

RHUIY{RSR S 0 e e a5

4.1 t d Metemr MmMdzdsj ydes? + dzj ecadd. RMI
Hdzw tsftejHjdj ddw ttjmMktemMtse Misdzdzj ydats?
[ IssHdCO BftejHjdjddy tjmMkztemtse  f tslis
M dzdzj Ydats 2...4..02J 8.6 0. Doeerereeeee e, 96

4. 2 tdMmMetemr o jbtesotc? 1 dzgjteecdd. dMmist
Hdzw tsftejHJ dzj dzedw toj MztemMtse o jlstetso 52 -
[ ibsHdCO tsftejH]dddW! e eg def@pOdzse o,
4.3. timMetem BBt dzitecj sdsd:

dmlssydzd S d HOdzdz" = d Bd.IstH.dS.dI7sftc] HJ
stsdzstetsdz dz j o tsf.tesfi... d...L.OH.OdRPY

[ dlsjtcOlktO® .fi5. 6OLHj.d2Z oo, 128
I¢JQ¢§iI14RYrH5Rr

ARL G 1w 1 3 tRusrR 1R Rul [[?27[]1061RR
Y Javd1fcrfam rRev [yl RrReLLELI29 | RR

5. 1. JBLHJ?fI’]lSSdJ sBl jCIstso oftsL 5B dzs o ¢
&Z0 sltkyOshks MejHk. CCtdsedyd MSdJ
edmMéd fted dmisd LtsoaOddd oL 5B dztso dzw
SO o 73 N (=~ c o o (PR 130
5.2. CCtdzsedud mMétsy osLHj2Mlsad] d 1 ¢
ofsL tsB dztso dzvw j.d3s.2.....4..dzj..16.6. J..Is.d.C..j131
. 3. ¢ dzOdzd L -dig iy SHisjadz  ddzlste d ) &
otsL sB dztso dzv j.Bs.2....4..dgj. . 16.6.J..Is.d.C.. j151
stdzlstetsdz! dz' j 9 tsf.tes.fl....d...L.OK.OdBRY
JdIsj tOkzteO .f.65..60LHj..02Z. oo, 165

© 01 ©



s Rr Ylrm{rs3s

RO truuvtufl

(.‘ T O S 3 - - - S 166

6.1. 1tfdzjHise Olj dz dztsfils! toj ¢ d 5dzOdz! dat
COtclstsctcOW dqtetso Odegd ™ toj MzteMms.a..167s5L 5B dats ¢
6. 2. [ ficSBqesiasdnds@Y dtetso Odzd W R Ot OC Isj tod
9dltesos?2 d MmMtsdzdzj..ydets.2.... . dzj. tec.d1B

6.3.{ Mtse j dABEBHCOW Jicso Odzgd™w W OCIststetso
odzdwes h R dzOj totOm ik P I§teaf Mt dzdzj ydzets?2
9 jltotso 52 4. .02j.16.6G JtS.0. S 175
sdastetsdz! dz' j o tsf.tesfl...d...L.OK.OdRFY

[ dlsj 60O E©O..Condte.OL H ozl 186

[ ¢
I

m9—.¢
—
-e-

—_—

oy t7RrEr vtV REUAMRE[ [ [ L RE
Vs L1 Jcecefdsv Car.tod.f-v.RS.....187

7.1. 1itddtsttdOydsddzs § Md.m4ag8dzr ¢ dztsi
7.2. t(t4eddzOdzt dz" §j 6 j tsd.dzit.sie.d®yd s dadz
stdElstetsdz dz' j o ..M. d...L.OH.OG0RY
[ dIsj OB BO®OHJHZEZ oo, 205

Lol orBL LI OARL VLI vrmL ] JLIRR
JRLUGCU I T 4 [ U RS R aeeee e 207
8.1. [dCtctoHBMdzd B dBRNEEOH dyd s
Hdzw 1 dgj 66 j sd.uj.MS.d.o.. . yd.dzj.2........ 208
8.2. 1Itdkkyjdd) Bddzi Wisd L dBISttso 51
Isj mdztsdztse d W d3d U’q’tctsdchLO d cdJ.RrREslsj tcdgO

stleictsdz! dz" | o Y tetsm.l...... d....L.OH.0Q.dzd221
Jdlsj cOIsktcO .f.6..6OLHj..Azlz....cccvieeis 221
Lol RN JIOAREFL VU ML LS JLIRR
Crrtadewartrrrdrcovvsr ey fryvf1de
UL JRU[ [ B, 223
9. 1. 1 Jdzj detsy mbmsqbgwimbas: tsfndzts o dz
d ¢jtscteOWduyj MSdj.. vollsste!...6.024 dlsdw
920 dzj e s slstej Bdzj dzdd MdMmilsj ds 3 dL dzj 5B §
\

9 L H Oz Mmoot 229



9.3. [jNHEZdO®EHd j d tshid2msdj
fjtesd®dSOydd ¢ L.g.dzj.dz..0.8..L.H.00E0?

s sdzlstedrdzi o Y LC®OMOAEdYrrriiiiiiieee 244
[ dlsj tOlkzteO . f.t5.. . 60LHj..dzZ...ccoenennn. 244
89 J H JSHR9YIS B8O i iiiie e see e eee e see e eneee e 246

fd



Ytrrref LIRY

g tso toj d3j dzde®@s j Is f ©20O weo dzw j Isfyw BOL tsot
ftesd3 " dzj dedesflsd o Mmjr MlstcOdze BBJte® d Mmtsi
wogdws h g2y shdses 2 Y dLdd Mo tej d3j dzdats @
JLOBBY  dzdzs s YJ dzse j yi Mo O ftesB dzj d3OC
O tCtekzy O h kzs fMted H [ to dsjiclOdsiy dif ditsdedz® 2 d 1
Ol s d3detsfiplste § d3dzj ded § ¢ HdojtemdWwdScOydd (g
tOLoadlsdj dOESd d Isjn ddXdstste® olod Goxfp J td2
f sfpdzy H ded | HiMmwisddzj Isdw ¢ L d20ydlilsj dz' ¢
otsLcBdEsoa dzv j 3" 3 dMlstsyded S Oz L daficedd d

dmfsd LEzshdn. { sffdw, &0 Y O dzO 0O
pSLEGB O 2 j 352 L dzjtecjlsdSd (I6) ¢sLH
oL 5B dzso dzv j dsts 2 Ldzj €56 j s BHOR, o f)t2LOH:

GsmMizHOteMmise j dzdzzy MdMmilsd i3z Y sHHjtey Cd B
sjrdetsdzsed?2 d )i cHED dAff i ts i) tsoBtEiHSiplsj odfdlz 5B 1S
Hdzw SlteOmdd. I sLdydy {0 fsdvksdkd d ¢t
CdzsmMmOdz dzr dzd LOf OMOdd Feddzj o sHEStEISH (
Ols 5 d3dzts 2 Lz sezshfmOER dz" &3 tsfrlstsd3 Mistets

1 e z Ol Oydd Stk d 7 ¢ dHtets iy d@esotas fifils (
s d Bk dzts @ tOLodlsdw 1¢ b t sifipdd o :
dzj 5B R HJ BEMIs! tOLodldY hdesSt ot
sjrdtsdzsed?, MsLHOdd] ftsdL otsHMmlse j dzdz
pTABHO d&0 Ko t?2 tof dsC. 1 sftwjHjd

oL 5B dztso A joissRS f daj t sMmdd MisOdzse d lsmw
o Mmewid M EmMddde" &My o f§MmdjHddj ¢t
ftso jMisSd, YSHHjty Odedats? Bsdz " ddzilse 53
ftedojfMmisd ¢ fMmdedyjded® CtdeClzte] delstsft st
Cdi3f ORdRMY stcls | tetsd j 20C g3 tor dzf | . 1l fe
Ytej L o7 YOl des 9O dg" s MlsOdeso dlsmw w©OL o (d
oL sBdso dzv j d3s? L dzgjtecdilsdSd, ftedyd &5 dzj
s d ® obkLOR cjtcwOU¥dujmStset ftosy ddw

d

t tsdz Y j y{ Odhdtindstts@ ¥ ts o do { BBdzO®Mmisd
oL s dz J i3S 2 LdgjtecjIsdsd dzj seteOdzd yd
9LHj2AMadwy dzO Sty O hze fMej HEk MiIsC
1 Oy dz" a3d dz0f e O9 dzj dad v dzd fwcOCIsdud MSdn
dmmdzj Hise Oded 2, H dzv ftetso 4 HJ ded W Colstster
GitsctcOW O, Wy dzw 8 Isfygw Sy ligCday d O de' j digdz e
ftesdLotHdIlsj dz' desfplsd MilsOdzyd 2, 9" Bistc
sBi jCIstse oftsL 5B dztso dzv j dZts 2 Ldzj e IsdCd

7



GjBetOW duj M fint dztshgisid] Gndk'ddzts EmMdzse d2 d
dzgj sBrsH B &5 wWodzw jIsfyw Wstcdzdtetso Odzd | 7
Bl joSdisfs s d oL9 jh jdedzsets tsilsdetsh jdedw ¢ o
ColsBtOY HEdy @O B'lk! dMitcd Lo 0k kO®
sBjMjujdz® HshisOsydy 3 tj MzemMOodkd
Mo dzj ded® f Isjndesdzsedw d3d ISt OH dyd s dzdzts

Il MmewirLd f)iylsddzOygdizdhj o otsL tsB detso dzw j
dzj HiZH Jsdzv Is ! HPLZOdd &z 3ils j ctcdIssted 9
Misd Lsoe0ddi B3 KBJlssHBe-IsjGusstsstd@y dd
tedodzi yj dedj ds msotej d3j dede’ = dMmistsydzed C ts9o
dMmdzy OFCIsd dels Bidls teiflsiQ {d s @ dzge T d 1 M 5O
0¢ toj Mztemr , sO¢ d dzd b d dmf sdz! L &
Mistsydzd € 59 Ldzj eedd o ftejHj dzOR ¢ tets
tcjLor yoO2 dzts cOL destsB te OL dz’ L Ists L Of
skjdydodkz wOLesdlsdw 16 o dOh j2 MO
J 6d tsdztdadets RS2 RBOMh IsOB dMmMmdzj Hse Odzed
B tsdzj j Ctodz€ toj Isdz o3 sBl jJ SO d iy dz,
jLEzd sOIsT , HOsh dj GMdselz Hdv tjh jda
sjtejMmMdes?2 o fjtemf jCisdoe dzs?2 lstcOMmdzd T

agrgagangsas

fdzso dzgs?2 Yj dz ¢ iy tseddsssondzv Iigthvo L cdkj to
dels j € Mlsj ttj cdtsdzOdz! desets twWOLoadlsdw e

PHjdzstse BOLtsea' R ftjHMisOodzj dzed?2 & My
ndsd&sedW R o B dOMisd oGLSBdS d&Zv | d3t
tedlsjd Misej d kM2 ydo sEy dapidm® R Is c
tjMtemdr 7 OM{jSIOR drR dmMisd Lse Od
Y

j| Cktef 9 C dzs yj dzr teOL H j dzr , tOMmEC tor ¢
sjrdsdzcedd oL tsBdso dzv j d3s2 1 dzj tec j Isd € «
oL sBhsodzy jd&3r 7 dhstsydedStse +dzjtecdd o
t oyl o, B nOdedL B YSHHJjteyCd ©WOLadIqW
el cdtsdzOdz! degsds ktetsodzj, LOHOUYd d dj IstSHT
oadHtse | RC, ZOf Qo dzj dzedvw dMYf sdz' L 59 Odzd
(MO0 dzqelgjjtte ted@ o Wj MS R, COkltsctOW dyyh
ud M dn, MEdpsidfia jddtst dn) fted tejh-jdedd L
dzs? oL BBMGMSO AW j B2 1 dzjtecjlsdS o, L jdzj
hOWisdatsets ftsjClsdtetse Odzgdw . wlskzh-j dzst B
HOBd tyjdsd f(slsjdydodktss d ftetsdL o SH
sBl jCIktse dz® 1 RC d Bt€asdzfB d wjjfydsg i Gefy



Zujbstsd -ddscf€@i dui s dn -1 Yts datidsdg jOe izt
stse j dedesMis j 2 tjedbdesa [ smdd.

[ Odzdz 2 Cktefpy otMmyfsdzdzgw jIs dzOf tcOo dzj dac
ftesyd MM, Cobtterj o dOmMlsswh jj otj @3w
Zz0 WOCkd IsjlsOr ¢ jasdjcddzymly d) S sd&s oY ls®
dzj EBjdzjj MbOdesawlkmw o jf! 30 otMmistcj B
LdzjtecjIsdCj d e j ddzt o oL tsB dziso dzw §
Mstesdlsj dz Mlsoa j, EkMts2ydeotsd dzOdzH " OW Is dz

vydBdesy §omtsedd Motslseo jIsMlsakzjls Istey
Tt HdOBs 2O gzelz MlskzH j dzlstso l vy tse, sB |
ZOof Qo dzj dzedvV &3 f sHEBIstse € d:

03.03.06 i CCtsdtsaedw q fodioHSY sdz! L 59 C
BOdkZzZOSC 0o tcdOlsO) ;

05.04.06 i CCtdtsaedw q fodioHSY sdz L 59 C
BOcdMmMisteOlslzter ) .

SOYHT 2 ttOLHjdZz foMmtsedw MmdzOB Y J dz2 M
Codzs e tsz! da s tc s ) O d3q d L OHOdzd v d3q , C s
Eyoh JiddmOdismistswisj dzv des ddzd Mmtse &3j Mis dzts

ftose jtodls! e tsj dad j BOjtedOzO d of
L OHOdzd Vv . -drimdslasjuaz il | o @Il jJuddn@ak’ , o d
ddzls j cOCIsdode § COtwls' Ok WO ik O d3dzder 4j,
ftesHECIST fsLodvsls Bdjj tjLizd 5Ok

GO jtedOd  fodzuydls' ©vH §©OCkduimsd

bolssmMCd2 CtddzjClsdo: r[.R. |GdkBjo
1.1 c&Ooer 1, cd&OosO 9), wOoll, 2dffj dj o ¢
4), 1.R. OpBdBPO oz [OBGEYHPO (C¢d
0. 6. wOOEBp, (cd . 1 OLPHEe®. R ) 6OMGd
(©k6d7), 1.R. ©Ob&IMSOVW (cd

1 smtse d 4 fsHEeBIsso dzj dets fted G BSHHJEYEC
Wsdzh O | ZOHddRdteO® 1 slsOdzd dzO o e Odi3¢
ZjyB dscs CkrtefmO ¢l sL B dets 9 dzv j ZOW 1
e eddzOdz! dgse s tOLoadlsdwee (kG50 5H
e BdO ¢ dzj dzO R dzy Sdlf B EOO) d [ JixHdMmy
RZOZydBc OL 59 Ols j dz' des? h Csdzr [ BMEBoaMm
Fdzdeo jtemdlsj sO [degtidasimtsp O .cu EHizh |
GdzsB Odz! dz" | L d3jdgj dedvy tsCtelzy Osh j2 M



FOREWORD

Modern energy is the basic industry of all countries of the world
and creates (generates) a product that is the basis of the modern human
society life. The concern of humanity tithe problems associated
with the environmental impact of traditional energythermal and
nuclear- the desire to diversify energy sources, the development of
science and technology, as well as a number of other factors have led
in recent decades to ageificant increase in interest in renewable
energy sources and the development of renewable energy
technologies. Russia began the development of its own renewable
energy (RE) later than the modern leaders of renewable energy, in the
2010s, by creating d@ae support system for the industry, supporting
the development of technologies and creating its own production of
equipment for the industry. This position is understandable and is
determined primarily by the colossal reserves of hydrocarbon
resources, e developed nuclear power industry, and the colossal
experience in building and operating large hydroelectric power plants.
One of the main incentives for the development of renewable energy
in Russia in these conditions is the need to develop techneltiygé
are widely in demand in the world, the creation of production chains
with the prospect of entering the world market. To a certain extent, the
development of renewable energy in Russia is also becoming relevant
due to the increased pressure of thimate agenda in recent years,
supported by most Western countries, and which can lead to a
decrease in the competitiveness of a number of Russian exporting
companies in the European market. In this regard, it becomes
extremely important to develop educatiin the field of renewable
energy, not only in technical universities, but also in universities of a
geographical profile.

The role of specialists geographers and environmentalists in the
field of renewable energy is not limited to assessing the emviemtal
impact of high power plants. Important areas of practical work and
scientific research, which require the competence of a geographer, are
the assessment of resources, the potential productivity of stations, the
selection of sites for the construmti of renewable energy facilities,
taking into account physicgleographical and socikeconomic
conditions, etc. At the same time, it is necessary to form an objective
and balanced attitude towards renewable energy among future
specialists, which should besed where and when it is in demand,
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provided with sufficient resources and competitive compared to
traditional energy technologies.

In this regard, great importance in renewable energy should be
given to a detailed analysis of the territory, includinge uof
cartography methods and geoinformational (GIS) technologies and use
of modern sources of meteorological (including actinometric) and
statistical data. Since both the resources and the niches for the use of
renewable energy sources within the vastiteny of Russia are
extremely diverse, this makes us consider the potential for the
development of renewable energy in our country at the level of
individual regions. It is this scale of research that makes it possible to
move on to more specific objectd research and obtain results that
provide a basis for solving practical problems in this interesting and
promising branch of modern energy.

The main goal of the training course "Renewable Energy in the
Context of Regional Development" is to form studériasic ideas
about modern innovative technologies in the field of renewable
energy, "green" construction and sustainable landscape design,
environmental and resource aspects of their use, taking into account
regional specifics.

The course includes seatis that reveal modern renewable energy
technologies, the scale of the renewable energy sources use in the
countries of the world and regions of Russia, mechanisms to support
the development of renewable energy at the country and regional
levels, tasks andhethods for assessing the resources of various types
of renewable energy, directions for using geographical methods
(comparative geographic , cartographic, meteorological, socio
economic) in solving the problems of modern renewable energy, green
building and landscape design. Students will be familiarized with the
methods for assessing the potentials and performance of renewable
energy facilities and the environmental aspects of their activities,
taking into account the physical, geographical and sec@momic
characteristics of Russian regions.

This course fills the areas in the educational process that are

currently not present in universities at the faculties of geographical
orientation, but which nevertheless become very popular in modern
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energy and gpecially in renewable energy, green building, sustainable
landscape design.

The wutorial complies with the requirements of the Federal State
Educational Standard of Higher Education andesomnended for
students of universities studying in the areasaihing:

03.03.06- Ecology and nature managemebag¢helor'devel

05.04.06- Ecology and nature management (Master's level).

Each section of the manual is provided with a list of literature and
control questions and tasks that allow studerttone @ together with
the teacheii to check the assimilation of the material and complete
practical tasks. Internet sources, including video materials, interactive
maps, atlases, GIS, open source software products, make it possible to
more effectively master theducational material and gain a number of
practical skills.

Author's teamE.l. Golubeva (Foreword, section 1.1 of chapter 1,
chapter 9), S.VKiseleva (Foreword, chapters, 12 and 4),
N.I. Chernova (chapters 3 and 8), Yu.Yu. Rafikghapters 6 and 7),
A.A. Sayanov (Chapter 9), L.V. Nefedova (Chapter 5), A.l. Prasolova
(chapters 6 and 7), N.T.ulskaya (chapters 6 and 7).

The manual was prepared with the support of the Viadimir Potanin
Charitable Foundation within the framework othe project
fiDevel opment of t he training cour s
Context of Regional Devel opment 00 (|
of Biological Sciences Golubeva Elena llyinichna) and the
Interdisciplinary Scientific and Educational School bbmonosov
Moscow State University AThe future
in the environment.
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?/- TABLE 1.

Renewable Energy Indicators 2020

2019 2020
New investment (annual) in renewable power and fuels' billion USD 298.4 303.5
(poWER |

Renewable power capacity (including hydropower) GW 2,581 2,838
Renewable power capacity (not including hydrepower) GW 1,430 1,668
@ Hydropower capacity? GW 1150 1,170
Solar PV capacity? GW 821 760

#D Wind power capacity GW 650 743
() Bio-power capacity GW 137 145
() Geothermal power capacity GW 14.0 14.1
Concentrating solar thermal power (CSP) capacity GW 6.1 6.2

@ Ocean power capacity GW 0.5 0.5
(&) Modemn bio-heat demand (estimated)* EJ 137 13.9
Solar hot water demand (estimated)® EJ 15 1.5

@ Geothermal direct-use heat demand (estimated)® Pl 421 462
@ Ethanol production (annual) billion litres 115 105
@ FAME biodiesel production (annual) billion litres a1 39
@ HVO biodiesel production (annual) billion litres 6.5 7.5
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/ FIGURE 7.
/ Annual Additions of Renewable Power Capacity, by Technology and Total, 2014-2020
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FIGURE 6. Renewable Share of Total Final Energy Consumption in Industry and Agriculture, 2017
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FIGURET. Renewable Share of Total Final Energy Consumption in Transport, 2017
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/ FIGURE 21.
/ Geothermal Power Capacity and Additions, Top 10 Countries and Rest of World, 2020
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FIGURE 24.
Hydropower Capacity and Additions, Top 10 Countries for Capacity Added, 2020
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// FIGURE 37.
/ Global Levelised Costs of Electricity from Newly Commissioned Utility-scale Renewable Power Generation
Technologies, 2010 and 2020
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