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Abstract. The statistics for world energy consumption and electricity production in the last decade are 
presented to highlight the increment of the electricity share, compared to thermal usages and transportation, 
in the energy sector. The main technologies for electricity production from fossil fuels and nuclear power 
are summarised, indicating their characteristics, current plants, and emerging trends. Finally, the state of the 
art, regarding the technical applications of photovoltaic (PV) generators and wind turbines (WT), is 
presented. 

1 Statistics of energy production and 
consumption  
There is geera ccer abut ciate chage ad 
geera agreeet  its causes The use f fssi fues 
fr eectricity prducti rad trasprtati ad 
heatig buidigs is by far the st iprtat f these 
causes CP 21 i Paris (2015 1) fr the first tie 
described a geera agreeet ad paved the way fr 
ccrete actis which shud be udertae t itigate 
ciate chage 

Whie we are sti waitig fr such actis t bece 
rea it ight be usefu t exaie the treds i eergy 
csupti durig the past deceiu (20072017) 
the st recet fr which reiabe statistica data set is 
avaiabe with a specia fcus  eectricity prducti 
The fwig data set (Figs 1 thrugh 5) has bee 
extracted ad reeabrated fr Eerdata (2019 2) 

Gba eergy csupti has grw fr 117 t 
136 bii ts f i equivaet (te) shwig a 
162% grwth (Fig 1 C2 eissis have 
csequety as grw fr 28300 t 32600 Gt a 
icrease f 152% sighty wer tha the gba 
csupti icrease (Fig 2)  

The reducti f eissis i Eurpe CIS ad the 
Aericas (6% fr 146 t 137 Gt) has bee argey 
ffset by the 38% grwth i Asia fr 111 t 153 Gt  

I the sae deceiu gba eectricity prducti 
has grw fr 17100 t 22000 TWh a rate f 298% 
ast dube that f gba eergy csupti (Fig 
3)  

The icreasig eectrificati f the wrd ecy 
has bee accpaied by a grwig ctributi fr 
reewabe surces which is e f the ey actis i 
reducig carb eissis I the 20072017 deceiu 
the istaed capacity icreased fr abut 1000 t 2195 
GW (120%) aiy thas t the scaed ew RES 
(reewabe eergy surces ie phtvtaics ad wid) 
which icreased their capacity fr 100 t 942 GW 

(RE21 2018 3) Accrdigy the estiated 
eectricity prduced by reewabes has grw fr 3500 
t ver 6200 TWh as see i Fig 4 which distiguishes 
hydreectricity gethera ad biass sar ad wid 
eergies The share f reewabes i eectricity 
prducti has icreased fr 177% t 243% Ast 
haf f the eectricity prducti icrease is due t 
reewabes 
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Fig. 1. Total energy consumption per area (2007-2017). 

0

5000

10000

15000

20000

25000

30000

35000

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

CO2 emissions from fossil fuels (Mt)

Europe CIS North America Latin America Asia Pacific Africa Middle-East
 

Fig. 2. Total CO2 production per area (2007-2017). 
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Fig. 3. Electricity production per area (2007-2017). 
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Fig. 4. Electricity production from RES according to 
technology (2007-2017). 

A cser exaiati f RES prducti is prvided 
i BP statistics 4 which icude a re detaied ist f 
cutries tha 1 It is wrth tig that BP statistics d 
t icude uicipa sid waste ad puped hydr 
Furtherre i the ast decade PV ad WT geeratrs 
have icreased their prducti eightfd fr sighty 
bew 200 TWh t ast 1600 TWh (Fig 5) I 2007 
their share f the vera eectricity prducti was y 
09% (ad 50% f reewabes) i 2017 they had 
reached 61% f the vera eectricity prducti ad 
252% f the reewabes 
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Fig. 5. Electricity production from PV and wind generators 
(2007-2017). 

At a cutry eve Fig 6 shws the tp 20 cutries 
accrdig t the share f RES It shud be ted that the 
tw tp cutries (rway ad Cbia) we their 
psiti i this raig ast excusivey t 
hydreectricity The re tha haf f the RES share 
i Dear Prtuga Geray Spai the U ad 

Begiu is due t PV ad WT geeratrs Uder the 
pit f view f PV ad WT the tp 20 cutries are 
shw i Fig 7 Dear is by far #1 with ast 45% 
f its eectricity geerated by wid (ad a egigibe 
ctributi fr PV) The cutries fwig 
Dear i this raig (ew eaad Spai Geray 
ad Prtuga) hardy reach haf f its share 
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Fig. 6. Top 20 countries according to RES share in electricity 
production (2017). 
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Fig. 7. Top 20 countries according to (PV + WT) share in 
electricity production (2017). 

2 State of the art of fossil fuel power 
plants 

Varius studies idicate that i ay scearis the 
diat re f cvetia fssi fues wi t be 
dified i the ear future 5 The Iteratia Eergy 
Agecy (IEA) preseted tw scearis i the Wrd 
Eergy ut 2018 6 The ew Picies Sceari 
(PS) is based  existig ad auced eergy 
picies whie the Sustaiabe Devepet Sceari 
(SDS) is based  reachig bectives f ciate chage 
air quaity ad gba access t eergy The ai 
differece betwee these scearis fr 2017 t 2040 is 
that eectricity geerati fr ca surces reais 
ast stabe i the PS but reduces csideraby i the 
SDS Eectricity prducti fr atura gas has a 
reative icrease i the PS ad a sight reducti i the 
SDS The share f eectricity prducti fr i 
reais iited cpared t the ther surces ad 
decreases ver tie (re aredy i the SDS) 

Tday cafired pwer geerati has the argest 
share (37%) ag the eectricity geerati surces 
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wrdwide 7 I recet years cafired pwer 
geerati has icreased i Asia (aiy i Chia ad 
Idia) but decreased i Eurpe ad i the US vera 
after a reducti i 2015 ad 2016 (2% ad 3% 
respectivey) there was a grwth f 3% i 2017 Se 
cutries have auced that they wi phase ut ca 
(fr exape by 2025 i the U) 

Phaseut f ca has bee auced i se 
cutries (by 2025 i the U) 

The techgies that geerate eectricity fr fssi 
fues are cassified accrdig t (Fig 8) 
• the type f fue used (ca igite atura gas r 

i) 
• the cversi prcess fr fue cheica eergy t 

thera eergy  
• the eectricity geerati stage i which differet 

types f turbies (gas turbie r stea turbie) are 
used t drive the eectrica geeratr 8 

 
Fig. 8. Technologies that generate electricity from fossil fuels. 

Tabe 1 presets se advatages ad iitatis f 
pwer geerati techgies that use ca gas ad i 
9 Sice i is ess preferred fr pwer geerati tha 
ca ad gas the fwig subsectis specificay 
address ca ad gas pwer pats 

Sutis aied at ehacig the efficiecy f the 
therdyaic cyces used fr pwer geerati ad 
the devepet f carb capture ad strage uits 
have t be prted 10 

Tabe 1 Advatages ad iitatis  
f pwer geerati techgies 

Techgy Advatages iitatis 

Ca wcst 
eergy surce i 
se cutries 

Reduced efficiecy 
high C2 eissis 
suitabe fr basead 
pwer suppy 

Gas Fexibe pwer 
suppy 

Ceaer tha ca 

i High eergy 
desity suitabe 
fr bie 
appicatis 

ess preferred fr 
pwer geerati 

2.1 Coal power technologies 

Puverised ca cbusti (PCC) is the st widey 
used techgy i cafired pwer pats wrdwide 
The efficiecy f a PCC pat depeds  ca quaity 
evireta cditis stea cditis pat 
desig ad perati ad aiteace 11 The thera 
efficiecies f pwer pats have icreased i recet 
decades by icreasig the stea teperature ad 
pressure Ctr f the cbusti is very efficiet i 
steadystate perati athugh there are se issues i 
trasiet perati 12 The ca fired pwer geerati 
techgies are divided it subcritica supercritica 
(SC) ad utrasupercritica (USC) techgies based 
 the differeces i pressure ad teperature 
Subcritica cyce pats ca be divided it sasied 
( 50 W) ad idsied pats (abut 300 W) 
Supercritica cyce pats are argescae techgies 
(abut 500 W) Subcritica ad supercritica pwer 
pats represet re tha 95% f gba capacity (abut 
80% is subcritica techgy ad abut 15% is 
supercritica) 13  

The apprxiate teperature ad pressure rages 
tgether with the efficiecies f the ca pwer uits are 
shw i Tabe 2 14 SC ad USC techgies have 
higher peratia efficiecy cpared t subcritica 
pwer pats eadig t wer fue csupti ad C2 
eissis I Eurpe the efficiecies are based  the 
wer heatig vaue (HV) f the fue whie i the US 
they are based  the higher heatig vaues (HHV) f the 
fue I geera efficiecies based  HV are higher 
tha thse based  HHV ad s the US efficiecies are 
wer with 2  4% tha the Eurpea efficiecies) 

Tabe 2 Features f Subcritica Supercritica ad Utra
supercritica Pwer Pats 

Type of  
plant 

Main 
Steam 

Pressure 
(bar) 

Main Steam 
Temperature 

(˚C) 

Reheat 
Steam 

Temperature 
(˚C) 

Efficiency 
based on 

HHV  
(%) 

Subcritical < 221  
bar 

up to 565 ˚C up to 565 ˚C 33÷39% 

Supercritical 221÷250 
bar 

540÷580 ˚C 540÷580 ˚C 38÷42% 

Ultra-
supercritical 

> 250  
bar 

580 ˚C 580 ˚C >42% 

 
The itegrated gasificati cbied cyce (IGCC) 

ad circuatig fuidised bed cbusti (CFBC) are 
ther advaced cafired pwer geerati techgies 
r ceaer ca techgies (CCTs) 

IGCC is the st advaced precbusti 
techgy ad icudes a cbiati f tw differet 
techgies (ca gasificati ad cbied cyce) 
15 IGCC perates with efficiet highteperature gas 
turbies ad is highy efficiet 14 

CFBC is the prevaet type f FBC fr pwer 
geerati CFBC pats use bed aterias (eg siica 
sad) fr the puverised ca cbusti r sid fues 
(at teperatures f abut 900C) t prduce heat The 
stea prduced iside the cbustr is used t geerate 
pwer i stea turbies 16 CFBC ffers specific 
advatages ver PCC due t the ixture f ca with 
ther fues icudig waste ad reduced quaity cas 
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e f the curret prpsas is t devep carb 
capture ad strage (CCS) as a ew cea ca 
techgy CCS has evireta beefits but has a 
ipact  the efficiecy f the thera pwer pats 
The ethds used t capture C2 i pwer pats are 
pstcbusti precbusti ad xyfue 
cbusti 17 

2.2 Gas power technologies 

The gas pwer pats based  Fcass heavyduty gas 
turbies (HDGT) are the st diffuse tday at arge 
scae (abut 170300 W i the sipe cyce ad abut 
450 W i cbied cyces) These turbies have firig 
teperatures f 13001400 C I spite f their gd 
avaiabiity ad reiabiity i the perid fr 2010 t 
2015 the icrease i their diffusi has bee wer tha 
fr advaced G H ad cass gas turbies 18    

The st effective suti fr argescae eectricity 
geerati is the atura gas cbied cyce (GCC) 
pwer pat i which a gas turbie tppig cyce 
prvides the heat t suppy a stea bttig Raie 
cyce GCC sutis ca achieve cbied cyce 
efficiecies f ver 60% with respect t the HV  

Supercritica C2based pwer cyces (sC2) are 
beig studied fr pwer geerati appicatis with 
cbied cyces The sC2 pwer cyce ca be used as 
a tppig cyce i fssi fues pwer pats r as a 
bttig cyce i gas cbied cyce pwer pats 

Aerderivative gas turbies have bee effectivey 
used i sige cyces fr sascae appicatis 
athugh their appicati i cbied cyces has t 
fud acceptabe cveiece yet 

Fr sascae appicatis cbied heat ad 
pwer sutis use atura gasfired itera 
cbusti egies ad icrturbies 

4 State of the art of PV and wind power 
plants 

The techica prgress f phtvtaic (PV) techgies 
ca be suarised i ters f cversi efficiecies f 
the cercia uit that is the PV due which 
icrprates des f sar ces ecapsuated t 
prevet daage fr evireta agets (sw hai 
wid UV rays ad dust) Techica iprveet i the 
wid turbie (WT) techgies is represeted by 
eargeet i the diaeters f turbies with threebade 
hritaaxis rtrs  

The curret situati regardig the cversi 
efficiecies f the PV dues fr appicatis at grud 
eve (sateite appicatis are t csidered here) is 
discussed i the fwig The ivative 
crystaie siic techgies have the highest 
efficiecy (abut 22%) with a iprveet f 30% i 
the ast 910 years  the ther had the thi fis f 
cadiu teuride ad cpperidiugaiudiseeide 
reach efficiecies f 15% with iprveets f abut 
50% The st widespread techgy is py
crystaie siic techgy with efficiecies f 16—
17% The vaues f efficiecy are ast cstat fr a 

wide rage f sar irradiace fr 02 W2 t 1 
W2 A specific prperty f the PV techgy is its 
duarity which perits the rated pwer f a PV 
due (360 W) t scae up t the rated pwer f PV 
geeratrs f severa hudreds f iwatt that feed the 
iput f the pwer cditiig uits (DCAC 
cverters r iverters) 

I te years (fr 2005 t 2015) the typica 
diaeters f cercia wid turbies icreased by 
40% fr 125  t 180  with a rearabe icreet 
i hub height The crrespdig rated pwers icreased 
fr 5 W t 10 W fr typica ffshre appicatis 
The cversi efficiecies are strgy variabe 
accrdig t the wid speed vaues WT efficiecies 
arud 4550% at reativey w wid speeds f 510 
s ca be uch higher tha PV geeratr efficiecies 
evertheess the sae efficiecies bece reativey 
w ( 10%) at high wid speeds f 2025 s  

5 State of the art of PV and wind power 
plants  

This artice presets statistics regardig wrd eergy 
csupti ad eectricity prducti i the ast 
decade fcusig  eectricity prducti which teds 
t be prevaet i the eergy sectr with respect t heat 
ad trasprtati usages because eectricity is easy t 
aage ad trasit ver g distaces Varius 
techgies based  fssi (ca ad gas pwer pats) 
ad ucear (that is carbfree) fues were described i 
ters f cfiguratis sies perfrace ad future 
treds  Sar phtvtaic ad wid geeratrs are 
aig sigificat ctributis t eectricity prducti 
gbay 
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