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Introduction

UABIoG PositionPapem 13 coversissueselated tahe stateof theartand prospects for renewable
energy development in the world, the European Union and Ukraine. It contains analysis of EU energ
strategies as a who#émd alsandividual energy strategies sbme EU and world countries including
Ukraine.The Paper considers the role of renewable energy sources in the strSjggies. attention

is paid to the countries, whiget target to reach 50% RES in tHeial energy consumption by 2050.

It is shown thatn orderto achieve this object it is necessary not dolgevelopRES capaciesbut

also reduce consumption of primary energy at the expense of introducing energy efficiency measure

Threat of global warming

With the growth of industal production in the worldemissions of greenhouse gases in the
atmospherdéave increasedvhich in turn led to global climate change. To prevent this, in 1997 the
Kyoto Protocol was adopted, which (as of November 2009) joined the 192 countries responsible fo
64% of greenhouse gas emissions in the world. Despite the efforts of many cdantripement

the Kyoto Protocolheir implementation could nptevent global warming. In December 2015 at the
meeting of the Conference of the UN Framework Convention on Climate Change in Paris planned t
adopt a new global climate agreement that wplaee the Kyoto Protocol.

The International Energy Agency in 2012 presented analysis, and 3 scenarios based on differe
energy prioritiegFig. 1). The most attractive and safest of the reviewed scenarios for our planetis a
2DS (average temperature inase of 2 degrees by 2050) achieve this scenarid is required

huge changes in the world energy systardredudion of energyrelatedgreenhouse gas emissions

two times less tham 2009 by 2050. To perform 2DS energy scenartbe world economy must
continually decline, and energy demand should decf€age2, 3). Without achieving this reduction

the 2DSscenario is very costly, if not impossible.
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w
o

6DS, 4DS, 2D$ scenariof increasng ofthe average temperatutlgy6 Usw, 4 Uw, 2 Uw,
Fig. 1. Growthof GHG emissions in the world and climate change scenarios [1]
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Fig. 3. Trendsof the primary energy consumption and GDRe EU-28 [2]

State of the art and prospects for renewable energy development in the world

At presentrenewable energy sourcesver aboutl9% of the world final energy consumption
including traditional biomas8%, modernrenewablesover 10% (production ofheat and power
motorfuels) (Fig. 4). About14% of the final energy consumptias covered by biomass (traditional
and modern)
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Fig. 4. Structure of the world final energy consumpti@013[5]

Renewable energy makes up alm@8¢6 of the global power productiorat that hydro energy
provides the lion share @6.6%. Of therest the biggest contribution is made by wind po\{&t %)
which is followed by biomasd 8%) (Fig. 5).

Fossil fuels and nuclear

77.2%

Wind 3.1%

Bio-power 1.8%

solarrv - 0.9%

Geothermal,
CSP, and

ocean 0.4%

Based on renewable generating capacity in operation at year-end 2014.

t d f Strubture othepower production in the wor]@014 [5]

Sevencountriesare the largestgeneratorof renewableelectricity, their total renewable electric
capacitymakes upy 1.5% of the global470GW excluding hydropower These countries afehing
USA, Germanyltaly, Spain Japanand India(Fig. 6).

Heat energynakes up about hatlie global energy consumptio@verquarter of the heatdemand
is coveredby renewablesncluding17%by traditional biomass’%by modern biomasand onlyl%
by othermodern RES
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Fig. 6. Installed renewable electric capacity in the whrkD14 [5]

ThelnternationaRenewabldnergyAgency(IRENA) elaboratec Renewable Energy Roadmap for
doubling the share of renewables in the global energy consumption by 2030 as compa26d@vith
(Rr map 2030: from 18% RESIn the total energy consumptiq®010)to 36% (2030). At that,
modern renewables must gradually repldcaditional biomassSince in 2010 half of RES
contributionwas madeby traditional biomass the shareof modernrenewablesn 2030 must be
more than 3 times as high@p to30%), and only6% will be left for tradtional biomasgFig. 7).
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Fig. 7.Doubling the share of renewables by 2030 accordirsgRenewable Energy Roadmap 2030
(IRENA) [6]

! Excluding hydropower



It is interesting to compare R E N R@map 2030with the forecast of th&/orld EnergyCouncil
(WEC). WEC has elaboratetivo scenarios for development of the global eneumyil 20507 Jazz
and Symphonfd2]. Jazzenvisagesatherslow developmenof renewableenergyi 20% of thetotal
primaryenergysupplyin 2 0 5 Gandgather big rise GfPESas compared witB010i by 38% from
546 EJyr in 2010to 8 7 Q/yr(in 2050) Fig. 8). The scenaricseemaotto berealisticasits target
for RES is achieved already no®ymphonys morerealistic It projects priority development of
renewable energy and increase of enaffigiency. Owing to this, i2050the share of RE® to
reach abouB80% in TPES andb0% in power productionAt that the total energy supplgturing
2010-2050will increase only by22%.

Total Primary Energy
Supply (Units: EJ/y)

Source: World Energy Councll (2013)

in 2010 Jazz 2050 Symphony 2050

Fig. 8. Structure of energy resourdes2050according tagJaz2 and¢cSymphony scenarios
developed byheWorld Energy Councill2]

Projects on100% consumption ofrenewableenergy

Nowadays in the world, there are about 148 planned and already implemented pngebiitution
of fossil fuel use and complessvitchingto renewable energy. The projects are divided into several
categories [7]:

A City;
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Regional ;
Stat e;
Residenti al ;
Busi ness.

All of these projectaimed to achiev&00% of energy from renewable sources tbeyhave different

end dates amplementation. Among these projects for individual countries, cities and companies are

the following.
— y
Finland,
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Fig. 9. Designation of official projects SW|tch|ng to 100% RES [7]
Countries:
1 Denmark:100% of electricityand heat from renewable souredter2035 andL00% in all

T

1
Cities:

Today in the U8, three citieshave completely switched to renewable energy (Aspen, Burlington,

sectorsafter2050.

Iceland has reach@9% of electricity and70% of the final consumption of all energy from
RES

Scotland:100% of electricity from RES by 2020 argD% of the total energy needs.
Maldives:100% of energy fromRESby 2020.

Vermont). Other cities may be noted:

T

Vancouver (Canadaln 2015, obligations were assumedransfer the city fot00% energy
from RES.

Frankfurt (Germany):decarbonizationof the city due torenewable and alternative
automotive fuel by 2050.

Copenhagen (Denmark)00% of electricity and heat from RES by 2030 ar@D% in all
sectors by 2050.

Munich (Germany)100% of electricity from RESfor homeowners by 2015 and for all
consumers by 2025.

Mal m° ( Sla08cfaemgwable electricity by 2020.
Sydney (Australia)100% of electricity, heat and cold from RES by 2030.
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American cities such as San Francisco, Palo Alto, San Diego, IthacasrsgrGeorgetown, San
Jose toola goal toswitchto renewable energy and already have adopted pregEarary year the
number of cities increases.

It should bealsonoted that Asian and African countries follow the global trend and implement their
projecs, especially in the regions where it is difficult or impossible to provide a centralized power
supply. As for Australia, it also started a program to promote renewable energy among the populatior
the aim of which ishe country'switchto 100% renewablenergy in the future.

Businesses

The following world famous brands as IKEA, Johnson & Johnson, Nike, Procter & Gamble,
Starbucks, Voya Financial and Walmart, Google, Apilierosoft, Facebook, Virgin GroyirWE,

E.ON and otherpined the action of switching to renewable eneffgyr ths purpose, theyant to
provide themselves witblectricityonly from renewable sources in #tieir sectors of activity.

Energy strategies of some EU and world countries

In the European Union, the state of renewable energy development on the whole te thag in
the world. Contribution of RES ttne final energy consumption 1$% (2013, Table 1) including
biomass abou®%. RES share in the power production284% including aboutc% covered by
biomass Over 19% of the total heat production in the Eddmes from renewables, mostly from
biomass

Table 1. Currentand plannedfigureson RES sharesan the gross final energy consumption in the
European Unior{%) [40]

2013 2020 2013 2020

EU 150 20 Lithuania 23.0 23
Belgium 7.9 13 Luxemburg 3.6 11
Bulgaria 19.0 16 Hungary 9.8 13
Czech Republic 124 13 Malta 3.8 10
Denmark 27.2 30 Netherlands 4.5 14
Germany 124 18 Austria 326 34
Estonia 25.6 25 Poland 11.3 15
Ireland 7.8 16 Portugal 25.7 31
Greece 15.0 18 Romania 239 24
Spain 154 20 Slovenia 215 25
France 14.2 23 Slovakia 9.8 14
Croatia 18.0 20 Finland 36.8 38
ltaly 16.7 17 Sweden 521 49
Cyprus 8.1 13 Great Britain 51 15
Latvia 371 40

To follow 2DS climatechangescenarigin 2011the Europeartynion oncemoreconfirmedits official
targeton the reduction of GHG emissiddecarbonizationby 2050by 80-95% in comparison with
1990 Fig. 10 [8]. As the energysectoris one of the major sourcesof GHG emissioncausedoy
humanactivity, the main reduction of the emission shoulddadized in itBased on this the European

9



Commission elaboratdinergy Roadma@2050[9] that includes analysis of ways for achieving the
targets on decarbonization and ensuring reliability competiise of energy supply

100% 100%
80% i el - 80%
Current policy
60% - Residential & Tertiary L 60%
40% 3 T - - - 40%
20% A - 20%
Non CO, Agriculture
Non CO, Other Sectors
0% - 0%
1990 2000 2010 2020 2030 2040 2050

Note GHG emission ir1990is considered.00%

Fig. 10.Strategyfor GHG emissionreductionin the EU by 80%by 2050as compared witth990
according to official obligationg]

Energy Roadmap 2050 covers five possible scenariogor energy developmen{so called
decarbonization scenarjo€achof themis basedon one of the following assumptionsas for a
prevailing tendency in the future of EU energy sector

1. Considerable increase of energy efficiency and energy sdfiamgry efficiencyd scenarid.
Owingto this, EUG energydemandoy 2050is to decrease b40%as compared with peaks 2005
2006 Fig. 11).

2000

1800

1600

1400

1200

1000 — -
1990 2000 2010 2020 2030 2040 2050

Total energy consumption, mil. toe

17 basicscenarios21 decarbonizatiorscenarios
Fig. 11.Development of totaénergyconsumptiorof the EUover time
accordingo Energy Roadma050by the European Commissi{®|

2 More detailed analysis of the five decarbonization scenarios is preseftédl in
1C



2. Considerablencreasen the share of renewables in the energy balafficRE S0 s)cAsa ar i
result RES contributionto the final energyconsumptions to reach75% and thecontribution to
power consumptio@7% in 2050.

3. Diversification of energy supply sourcd$e scenarialoes not give priority to any energy source
and they all compete with each other in the matkehis case decarbonizationvill be achievedoy
implementing relevant tax poliaggarding carbon emission.

In addition, two variants of this scenario were considered:

4. Diversification of energy sources with postponed implementation of carbon capture and storage
technologes

5. Diversification of eargy sources, if new nuclear units will not be built, except those which are
under construction now. I't is noteworthy tha
of the EU energy development prospects, carried out by the European Renemable Eouncil
(EREC)i i RE hi n ki n[d1]. ERER @ralysis shows a real opportunity to cover the needs of
the EU energy demand in 2050 &lynost 100%from renewable sourcebkif. 12).

1400 Non RES
i BOcean
L 100 csp
E mSolarThermal
g 1000 M Geothermal
g_ W Bioenergy
€ 800 PV
3
§ M Hydro
; 600 Wind
(@)]
] RES 96%
C 400
(]
= | —
§ 200 RES 43%
RES 25%
0 [e——

2020 2030 2050

Fig. 12.RES contribution in fial energy consumption in the EU

in accordance with the forecdstR-EE h i n k i n(BREZ)J14]0 o
Denmark

In 2011, the Government of Denmark ratified tBeergy Strategy 205@Strategy) [1% which
presented proposals to achi@lengterm objective national independence from coal, aild gas.

This ambitious and promising strategyhichis based on the findings of the commission on climate
change and the results of previous policies and energy deals, establishes laws on energy policy
leverage necessary to achieve kbagn energy gals of Denmark and defines a clear mediignm
actiors for the government.
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The longterm goal of the Danish governmestndependence from coal, oil and gas in 2050. The
second aim of the strategy is to enddemishenergy sector position as a world leaththeenergy

sector prevent climate change and protect the environment. The strategy of Denmark will also react
other goals and commitments such as climate and energy pawfkalgiectives of the EU and the
Energy Agreement 2008. The government alaatato beamong the top three countries in terms of
progresf the RES project implementatiorby 2020 and become one of the most energy efficient
OECDcountriesby 2020.

The strategy outlines a number of new short and metium policy initiatives. Thie
implementatiorwill reduce the consumption of fossil fuels in the energy sector (excluding transport
andrelated to the North Seactivities) in 2020 by33% compared to 2009 while during the same
period the contribution of renewables to final energyscomption will increase t83% (Table 2).

New initiatives aimedto improve energy efficiency, will reduce energy consumpéccording to
forecastdy 6% in 2020 compared to 20(Fig. 13).

Table 2. The main objectives of the Energy Strategy of Denma@Ob0 and governmemtactions
to achieve them [15]

Objectives
Independence from fossil fuels by 205

Actionson Energy Strategy205Mplemenéation
Initiatives to increase the use of renewable energy
energy efficiency will reduce the use of fodails in
the energy sector by 33% in 2020 compared to 20Q

The share of renewables in final enerf
consumption should increasp to 30%
in 2020 as part of the overall EU
objectivel 20% of renewables in 2020

Government initiatives to expand the uséiaimass,
biogas and wind energy will provide the share of
renewable energef 33% by 2020, and thuke EU
fixed targetwill be exceeded

The share of renewables in the transp
sector should reach 10% in 2020

Government initiativeon 10% of transport biofuddy
2020 as well atheinitiative to promote electric
vehicles will ensure that the objectives of the EU in
2020will be met

In 2020, primary energy consumption
should be 6% lower than in 2006.

Government initiatives to improwenergy efficiency in
private homes, businesses, public and municipal
buildings will reduce energy consumption by 6% in
2020 compared to 2009, whicbrrespondsnore the
national strategy.

Greenhouse gas emissions in sectors
related to the emissionsatiing market
should beeduced over thperiod2013
2020andachieve a 20% reduction to
2020 compared to 2005 as part of the
EU common goal to reduce greenhou
gas emissions by 20% to 2020

compared to 1990

Government initiatives to reduce fossil fualso
reduce emissions in sectors not related to the
emissions trading market/ 4.5 min. t of CO, overthe
period 201322020. The governmentill regularly
monitor the efforts to ensuobserving thebligations
to Committee on Climate Change in 2020 atait
new initiatives as required.

12
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B 2020 target for primary energy consumption

Fig. 13 Changes in primary energy consumption of Denmaadording thefficial Energy
Strategy 205015]

Significant expansion of renewable eneugpewill mean that Denmankill get the largest share of
renewables in its energy systamongother worldcountries. By 2020, the consumption of biomass,
wind, biogas and biofuels will grodue toexisting and new technologies. With a significant increase
of the use of solid biomasbiogas and biofuels, bioenergy will continuh&vea large part of the
total consumption of renewable energy in 2020.

It is expected that the share of renewables will continue iggpafter 2020depending on the
dynamics of prices, new initiativesceDue to new initiatives to expand the use of wind energy and
biomass,it can be saidhat Denmark is on track for a successful implementation of the Energy
Strategy 2050, as shownhig. 14
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Fig. 14.RESshare irthegross final energy consumption@énmarkaccordingo the official
Energy Strategy 2050.5]
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Austria

At present, renewable energy sources rank second in the structure of energy consafrpistma
(30%) after oil products (36%). Biomass and organic waste mak8%jpf all RES[30].

Austrian Energy Strategyuntil 2020 is aimedto increaseRES share in the gross final energy
consumption up t@4% in 202Q At that an importantpart will be playedby energyefficiency
measuresasowing to them it is planned to keep BF at the level 02005by 2020(about1150
PJyr) (Fig. 15. Without implementationof the energyefficiency measureshe grossfinal energy
consumption of the country may increase209 PJyr by 2020

gross final energy demand in PJ
1.400

business as usual energy
1200 . efficiency
energy demand stabilisation
1.000 —
800 —
fossil fuels
600 —
400 —
additional renewables =™
200 34% renewables
24.4%
Austrian Energy Agepgps 16/10/14 | Seite 2020

Fig. 15 Theriseof renewablesharein the grossfinal energyconsumptiorof Austriaaccording to
the official Energy Strategy unt2020[30]

Now Austria hasits official Energy Strategyuntil 2020 but there take place some debates in the
society and on top level as for necessity to adopt a new energy strateggriger period and with
targets that are more ambitiousustrian RenewableEnergyAssociationsuggestsadoptinga new
energystrategyat leastuntil 2030with the following keytargets reductionof final consumptiorby
940PJas compared with990,riseof renewables share up@0%andreduction of greenhouse gases
emission by60%by 2030[34].

There are also forecastsade byothercoreorganizationsAccordingto AustrianEnergyAgency; in
2050the country can cover its finalenergyconsumption(about650 PJyr) fully by RES At that
energy consumptionis to decreaseby 500 PJyr as comparedwith 2020 at the expense of
implementation of energy efficiency technologies and meagliléf500=650PJyr) (Fig. 16). It

is plannedo reduceGFECby 1.5% peryear until2050and to increase RES shdng3% per year by
2030.
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Fig. 16. Strategyto reach100%of RESin the gross final energy consumption of Ausini2050
according taheforecast byAustrian Energy Agends0].

It should be noted that 100% tbfe electricity used in Austria's largest state is now generated using
renewable sources of energy. Lower Austria now gets 63% of its electricity from hydroelectric power,
26 % from wind energy, 9% from biomass and 2% from solar. In Austria as a wholitEs from
renewables and the rest from fossil fuels [37].

Sweden

Swedish energpolicy is ruled by two laws which wereadopted by the Parliament of Sweden in
2009. The law onfintegration of climate and energy polcyfiEn integrerad energioch
klimatpolitik0) sets ambitious targets for the introduction of common EU 20/20/20 goals and
introduces standards and national laws that are stricter than Eugmeanmenbffers. Switching

to a policy of sustainable development and environmental protectimpetitiveness and lorgrm
stability bring the country to a new level in the EU, where Sweden is planniegadeader

Short and mediunterm goals for Sweden in 2020:

1 40% reduction of greenhouse gas emissions (or aboutl@0tons of CQ) compared to
1990, to be achievenutside the El&missions trading market (EBETS). 2/3 of emissions
should be reduced directly in Sweden andi 188 investing in other EU countries or the use
of flexible tradingmechanisms;

1 atleast0% is the share oRES inthegross final consumption of energy;

at leastl0% is the share of renewables in the transport sector;

1 20% more energy efficiency compared to 2008

=

3162and163 2008/09



Long-term priorities:

1 by202Q Sweden aims the gradual substitution of fossil fuels in heatingragst

1 by 203Q Sweden should have a fledtmotor vehicleshatw o nd@gendenon fossil fuels;

1 Sweden seeks to develop an iiddal componenin power suppling with hydro and
nuclear powerindustries With an increaseof cogeneration, wind energy arather
renewablesvulnerabilitywill decreaseand security of supply of electricityill increase

1 by 2050, Sweden will have a sustainable and efficient use of energy reseilhcashievel
decarbonization goals

Sweden sees the role of natural gas aaresitional fuel in industry and cogeneration.

500
B Crude oil and oil products
450 B Coal and coke
400 Natural gas, gasworks gas
M Peat
350
Nuclear power
300 = Heat pumps (extracted heat)
'E 250 Solar heat
= Surplus heat from industry
200
Waste
150 o Bioenergy
100 B New renewable energy tech
Solar photovoltaic
50 .
Wind power
0 Hydropower
2010 2020 2030 2040 2050

Fig. 17.Structure of the total energy supply in Sweden 22060
accordingo the forecasof IVL (Swedish Environmental Research Instit{@2)

To i mpl ement stplareforgrengeindependaniterd fossil fuels a committee was
established Its purpose was to present concrete proposals to achieve the goaSveéden
decarbonizatioin 2030. These proposals are based on three concepts [31]:

TAction Plan for Renewable Energy
As a part of anintegrated climate and energy poliGweden has implemented thetionplan on
renewable energy. It includes more ambitious goals for the system of green ceriificateaseof
production by 25 TWh by 2020 compared to 2002 when the system was ietlo@veeden also set
national targets for the production of electricity at wind farn® TWhby 2020 (20 TWH land,
10 TWhi offshore) to facilitate the planning of productionsites

TAction Plan for Energy Efficiency
Together with the law on climaten@ energy policy, Sweden adopted a comprehensiveyéae
energy efficiency program for 2022D14in amount ¢1.35 bill. SEK (156.2nIn. Euros) or 270 rm.
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SEK (31.2min. Euros) per year. Activities under this prograrareaimedto strength regional and
local climate and energy initiativeRgreer implementations in the public sector, the promotion of
small and medium enterprises to control and verify their energy consumption, energy efficiency
technologies. In addition, Sweden taoned theprogram orenergy efficiency in energytensive
industries. Total funding from the state budget in the energy efficieactpr wasabout 530min.
SEK (61.4min. Euros) per year.
Also in 2015, the Government of Swedeade a decisiono becomethe first country that refuses
fossil fueld. In particular, the allocation was majdd.]:

- 390 mh. SEK per year for the period 202D190n solar power generation with plans to

invest 1.4 bin. SEK imotal;

- 50min. SEK on electricity storageresearch

- 10min. SEKon Smart grid;

- 1 bin. SEKonmodernization of residential buildings and improving their energy efficiency;

- Grants and investments to support the developmdigre€r vehicles;

- Increasing funding for projects relatedthe climatechangan deweloping countriegup to

500min. SEK).

TReform of nuclear power
Nuclear power in Sweden remains controversial, #r@dpolicy development of the industry is
changing with time. As part of the agreemei2009 Sweden extended the transitional period during
which nuclear power will be used, allowing the construction of new reactors on existing sites within
the existing ten reactors.
In 2010, the Swedish parliameatiolisheda law on phasdrefusal ofnuclear enegy and banned new
constructiorby the law on the activities in the nuclearergyfield. Replacement of old reactors will
be possible if the old reactor is not working and new reactor located in the same place. The law can
into force on 1 January 2011h& government provides no direct or indirect subsidies for new nuclear
power plantsControland supervisioovernuclear power plantsere strengthesd

Germany

EnergyStrategy of Germany unt2050 @dopted in2010) envisagexompleterejection ofnuclear
power by2022. Implementation of the plastarted fronthe shutdown o8 oldestNPPs The Strategy
determineghat future energy supphyill be provided mainly by renewabémergysourcesThere

werealsodeveloped legalmeasure$o support thelevelopment of RES and energy efficientlie

measuregare described in the programginergy transitioa Er{ergiewendg[2, 27].

Key targets othe EnergyStrategy of Germany untR050are presented ifable 3. RESAct 2012
(EEG 2012 pronouncedhe targetsbinding In 205Q renewableswill contributeto the total final
energyconsumptiorwith 60% and topower consumption witB0%. At that,the consumption of
primary energy will decrease 20%in 2020and by50%in 2050as compared witR008

4 But remains the use of nuclear energy
5> The period(shorter than the previously adopted owas fixedafter the acciderdat FukushimaDaiichi NPP that
occurred in Marcl2011.
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Table 3. Key figuresof EnergyStrategy of Germany unt?050([32].

Indexes 2012 2020 2030 2040 2050
RES in the total final energy consumptio, 10% 18% 30% 45% 60%
RES in power consumption 20% 35% 50% 65% 80%
Reductionin primary energy consumptior] -5% -20% -30% -40% -50%
(ascompared witl2008)

Reduction in power consumption -1% -10% n.d. n.d. -25%
(as compared witR008)

Reduction in final energy consumption o  n.d. -10% n.d. n.d. -40%
transport(as compared witR008)

Reduction in GHG emission -27% -40% -55% -70% -80%
(ascompared witHL990)

n.d. T no data

The stated targets seem to be very ambitious and in order to meet them it is necessary, among otl
things, tancrease energy efficienc@ermany is among the world leaders in terms of eneffigient
buildings.Conception of energgfficient buildings stated in the Ener§frategy until2050includes
several aims to be achievig2]:
1 reduction of the heat demand by 20% by 2020
1 around 80% reduction of the primary energy demand imdsingsector by 2050, which
will require doubling the renovation rate of buildings from less than 1% of the total building
stock per year at present to a new target af 2%
Tfrom 2020, al | new btwieludirmd © 9 Mo yotiothmypl @ a
energyspecific values

By now, one canseecertainprogressn meetingtargetsof the Energystrategyof Germanyuntil
2050 the share of RE the final consumption has increased 880 and in power consumption to
28% (ig. 18).

Achieved
2014 2020 2025 2030 2035 2040 2050

- . -40
%o greenhouse gas AT 55

Climate reduction (vs. 1990) R o —___-T0

__-801t0-95

—Y

50 55to60 65 &g

35 401045

% gross electricity

Renewable consumption
Energies o, fina energy 18 60
consumption 30 45
o -20
Yo primary energy g >
Energy consumption (vs. 2008) : . -50
Efficiency final energy productivity Jef2/58 +2.1% p.a.
building renovation 1% p.a. doubling of renovation rate: 1% = 2% §

Fig. 18 Key figuresof theofficial EnergyStrategyof Germanyuntil 2050and currenstateof
achieving the targefd]
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USA

In 2014, President Barack Obama proposed theaed iComprehensive Energy StrategyThe

All -of-the-Above Energy Strategy) [19]. One of its key elements is the development of renewable
energy, primarily electricity generation. In particuldris plamedto nearly triple the amount of
electricity from RESup t020% in 2030 (excluding hgropower) At the same timegreenhouse gas
emissions by US power plantsustdecrease b$2% to 2030 It should be noted that some states,
such as California, are moving steadily towards achieviri)0% renewable energy.

California
Despiteof the existingofficial state program onlyp t02018, most states have their own vision

their futuredevelopment. As noted earlja@t presenin America,three citieshaveswitched to 100%
renewable energwandother seven cities are going to do thmeat should be noted th#temost of
these cities are located in the western US, particularly in California.

An authoritativeAmerican scientisfdn the field of energy efficiencyarried outa study and analysis
of the future energy developmenf the stateThe main idea wat® refusefossil fuels and nuclear
energy in favor of renewable energy sources. By increasing new tepatitenewable energy,
implementing ofenergy efficiency measures asgitchingfrom technologies of power generatio
using combustion procesststhe WWS energy the state mayswitchto 100% renewable energy
and completelyefusefossil fuels already in 2050Fig. 19). An interesting fact of this study is that
the area of land usddr WWS energyto meet the needs of all the statél cover just4.77% of the
total area of California (Fig. 20).

Fig. 19 Replacement diossil fuels by renewablsources of energy California
according to théorecast othe authoritativeexpert in theenergyefficiency fieldMlark Jacobson

6 Mark Z. JacobsorRrofessorat Stanford University.
T"WWST Wind, Water, Solar energy
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