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WHAT ? = RES definition
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RENEWABLE (ENERGY) SOURCES

DEFINITION:

different possible definitions

~ e.g.those sources that —assuming gradual utilization — are
able to be fully or partly recovered with or without man
assisstance

Renewable sources utilization

. .

— 1O:COVEI=ENENRGYAIECHASHPOWEIS NES

— nJ-rxJ

transport, cattlie)

— matenialutilization (NoUses; mattersioidailyneed; snipsiand
boats, construction materials; etc.. )

)
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RENEWABLE (ENERGY) SOURCES

LEGAL DEFINITION:

EU Directive 2001/77 definition:

= fenewable non-fossil energy sources (wind, solar, geothermal,
ave, tidal, hydropower, biomass, landfill gas, sewage treatment
lant gas and biogases);

= biomass’ shall mean the biodegradable fraction of products, waste
nd residues from agriculture (including vegetal and animal
ubstances), forestry and related industries, as well as the
lodegradable fraction of industrial and municipal waste;

OUICES

| Fuzzy boerder between non-traditional and/renewable energy.
| & E.0. what Is stilll RES and what belongs to waste category.
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ORIGIN OF RENEWABLE ENERGIES ?

Solar energy

= IiDrimary: solar-radiation-(selar-constant-1-S67-W/m3)—

= $econdary: Wind energy, wave energy, biomass incl.
residual biomass, (potential) energy of water (rivers)

Sun and Moon motion
= Tidal energy.

Decay of radioactive elements

= Geothermal energy (tresidual’ Earth energy. from the
Llf_arth fermation
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CURRENT ROLE OF RES IN EU

EU targets:

= White paper: doubling the share of renewables in global
energy consumption_from.6 % _in_1997 to 12 % _in 2010

= EU Directive 2001/77:; increase of share from 13,9% In
997 to 22,1% in 2010 — power generation

= Climate — energy package to 2020 (4 directives)
= 20/20/20 target

= 20% GHG reduction (2020 against 1990) — possibly 30% In case of
effective world action

= 20% RESTenergyrshare om fimal e nergy. consumption — differs by,
country

= 10% of biofuels
'S New RES directive 28/2009, NAPR for individual countries
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ADVANTAGES OF RES COMPARED TO
FOSSIL FUELS

Why RES has increasing importance in energy policies of developed
countries ?

= Non fossil energy sources - they do not contribute to GHG
Lm|53|ons or can directly contribute to their decrease (e.g. biogas or
andfill gas utilization)

= total emissions of GHG’s by the EU15 would increase by at least
5.2 % between 1990 and 2010, If no action Is taken.

= Major role of transport

= |n particular, 90% of the expected increase in CO, between 1990
and 2010 will be attributable to the transport sector
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ADVANTAGES OF RES COMPARED TO
FOSSIL FUELS

= Reduction of classical air emissions —e.g. SO,, NO,

= Reduction of waste — e.g. solid wastes from burning

= Saving of non renewable sources - implication to
ntergeneration solidarity — concept of sustainable
evelopment - contribution towards sustainability

' = Symboliefiincreasingresponsibility of developed
countriesiin 90's
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ADVANTAGES OF RES COMPARED TO
FOSSIL FUELS

= [ncreases in local employment and income

= dominant.role-of-biomass,-biomass-can-help-with-seling-of—
agricultural policy of EU — opens new business for countryside and
agricultural regions

= diversification of activities (reduction of dependency on fluctuating
market with agriculture commodities)

= Decentralized solutions (?reliability, safety)

= |ncrease of energy iIndependency - RES are generally
ccessible

' S DIversification ofienerngy. Sources and reduction of

IMport dePENAENCY: - increased importance after: September 1.1,
2001
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DISADVANTAGES OF RES

= (very) low density of energy - large areas to collect
enough energy are needed

> e.g..can.biomass.substitute.coal(fully)Jnthe.Czech.Rep.2

= gdependency on external (natural, uncontrolled)
tonditions

= S0 called dependent production — one cannot mechanically
compare kWh from RES and classical sources

= [nstant, daily, seasonal fluctuations

= typically’.cannot directly"Compete with “classical” energy

OUICES

CZ-AT, Prague 2013
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DISADVANTAGES OF RES

Economic implications:

= Potential distortions of opened energy markets
= needs -harmonization-ef-suppert-schemes=2=

= Energy markets leads to appraisal (evaluation) of electricity
based on its features

= kWh from different sources have different value

= cost of backuping, cost of dynamic services

= Higher utihization of RES cause can decrease national
economy competitiveness on global markets

:> see CZ case with uncontrolled PV boom

CZ-Al;, Prague 2013 13



DISADVANTAGES OF RES

The economic.and.social-system4ds-hased-on-centralised
development around conventional sources of energy
(coal, oil, natural gas and nuclear energy) and above

all, around the generation of electricity

from Green Paper on Security of supply, EC, 2001

CZ-AT, Prague 2013




GROWING DEMAND FOR ENERGIES

= Do.we-have-enough-energy-for-manking 2—

Elg. if potential black-put would exceed 72 hours (CZ analysis) the
whole state society infrastructure would collapse

= What Is the current role of RES ?




TOTAL PRIMARY ENERGY CONSUMPTION
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600 000
500 000
400 000
300 000
200 000

100 000

1971 1975 1979 1983 1987 1991 1995 1999 2003 2007

O OECD excl. N.America B OECD N. America O Africa+M. East O Former S. Union
M Latin America O Asia excl. China ® China

CZ-Al, Prague 2013 161 ¢



TOTAL PRIMARY ENERGY CONSUMPTION
World and regions
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TOTAL PRIMARY ENERGY CONSUMPTION
An outlook - reference scenario
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INCREASING DEPENDANCY ON IMPORT

EU Outlook - reference case

47% in 2000 67% in 2030

CZ-Al, Prague 2013 1919
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UNEVEN ENERGY
CONSUMPTION

FIGURE 1.16 “And may we continue to be worthy of consuming a
disproportionate share of this planet’s resources.”
© The New Yorker Collection 1992 Lee Lorenz from cartoonbank.com. All Rights Reserved.




WE CANNOT FORGET FOR SECURITY
AND RELIABILITY !

PES - SECURITY ISSUES

N NN _\Wwhere oo \Wwe 1imhno N

EU 25 /OIL IMPORT IN 2005
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20%
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Russia
34%@
Norway Algeria
17% 21%
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EU 27 IMPORT DEPENDENCY
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NUCLEAR FUEL

10 countries are responsible for 94%b of the global
uranium extraction

Source: Wikipedia

J. Knapel £YIT ks Afhens(ylien 2009 24!



TRANSPORTATION SECURITY
AND RELIABILITY

CZ-AT, Prague 2013

5



TRANSPORTATION SECURITY AND
RELIABILITY

Natural gas pipelines in Europe

' HUS o =  Why we had troubtes fmbeg-of

< | 2009 with natural gas from
Russia ?

Elynovod NABUCCO

.......

Other discussed projects




POTENTIALS OF RES - FROM TECHNICAL
TO ECONOMIC POTENTIAL

Understanding of different meaning

'

= 'gechnical potential — done by source presence and by conditions of
nergy transformation (only theoretical meaning)

= Exploitable (available) potential — part of technical potential that can
He used currently available technologies and limitations are done by
Iégal, ecological and other limitations

= Attainable potential — part of exploitable potential that can be used for
Nergy purposes

= Economic potential= part ofiavailable potential that can be Uused
Hased|on current econemic conditioniinfluencing economic
éffectlveness off preject for Investors

CZ-Al;, Prague 2013 2



POTENTIALS OF RES - FROM TECHNICAL
TO ECONOMIC POTENTIAL - 2

Understanding of different meaning

CR gxample of potential Telation=Wind power:

1]echnica| potential: theoretical figure

Exploitable potential: app. 3800 MW
ttainable potential (year 2010): 460 MW
conomic potential (year 2010): depends on value of feed-in tariff

Potentials depends on natural
con&litions, availability of tech-
nolagies, economic power and

|poli calstrategyrefgivenrcoumtry =

/ Attainable potential

Technical potential

Exploitable potential

Economic potential

f

CZ-AT, Prague 2013
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HOW ? = RES effective support
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PROMOTION SCHEMES FOR RES

What is the goal of RES support - the different points of view
= Similar effects of different tools
& RES for electricity generation
'!b RES for heat production and delivery (industrial, households)
Jv Energy savings
'!b Energy efficiency (e.g. cogeneration)

= Ope cannot concentrate only at EU Directive 2001/77 targets !
:> hat are the system goals ? Just RES support ?

onomic rule about scarce resources — Invest Into fields with
nighest marginal effects:!

= ISt ratienal te use biemass for electricity. generation ?

CZ-Al;, Prague 2013 30



PRIVATE INVESTORS AND RATE OF
RETURN

Rule of scare resources — money for investments
are also scarce !

Why do investors invests ?
= Profit ?
= Rate of return ? (real money ?)

Rational investors compare initial investment with
money.generated by_the project

= Basis for decision are cash flows — results of project existence

Why do investors iyvest into RES (RES-E) projects?.

CZ-Al;, Prague 2013 £l



BASICS ON ECONOMIC EFFECTIVENESS
OF PROJECTS

Private investors run RES projects

Investors expects (fair, adequate, required) rate of return on capital
invested — they need to sell at least for the minimum price cmin

oot

T% Tzv
NPV =% CF,-(1+7,)" =0 boins " Oy (A1) =2V, -(I+7,)"
=1

=1 1

~
Il
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Th ]‘h—
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BASICS ON ECONOMIC EFFECTIVENESS OF
PROJECTS - 2

How c... IS calculated:

min

data of reference projects are necessary

—e— E/D=10/90
—=— E/D=20/80

E/D=30/70
—«— E/D=40/60

equity (own capital)
..Jdebt ( e,qerrul capital)
ost of external capital
-

return on own capital [%]

_,
@
o
-
@
=t

U en ewn Jslr)lr:” , , 75 8 85 9

External capital (interest) [%)]

What is the “fair™ return on capital 7

HIQNEr fISk - NIGAEL return,

: L CZ-Al;, Prague 201.3!
lOWer risk — IowWer return !
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DISCOUNT AND RISK

Discount:

= Time value of money — opportunity cost

= Required rate of return by the investor

= Nominal-discount;risk-free-returnyrisk-premiuminflation——

(I+inf)-(A+r,)-(I+7,)=1+r,)

igher risk means higher discount
Higher risk - higher return, lower risk — lower return !

E!ypes of risk:

Technology

g Fluctuation of weather conditions, natural effects
:& BUSIRESS risk

c% Politicallrisk

What is the “fair” return on capital in RES-E projects ?
What'is the riskiin RES-E project: ?

CZ-Al;, Prague 2013 34



TWO POINTS OF VIEW ON ELECTRICITY
PRICE

Supply side (investor’s point of view):
Rate on return from invested capital
minimum_price.of production.=.C. ..
NPV = 0 — rate of return on capital invested equals to applied
discount rate

Demand side (purchaser):
Alternatives for electricity purchase on market with electricity —

Cmax
Should respect market rules and technical features of generated
electricity
_Cmin = Cma_x _ _Cmin > Cma_x _
Investor will invest Investor will not invest

CZ-Al;, Prague 2013 35



SUPPLY AND DEMAND CURVES

f(Q) [EUR/MWh]

Cmin

..................... fe— :
: Production for given support

Electricity generation from RES in TWh

CZ-Al;, Prague 2013



SUPPLY SIDE - CZ EXAMPLE

Potential of the Electricity Production from RES - Costs up to 7 CZK/kWh

FE e O Er = S

Water waste treatment - average == Land-fills — N ater - I. m— \Nater - II.
N ater - |1l == B|OM thermal power plant - fluid === Biogas - min Water - IV.
BIOM thermal power plant Wind - min Water - V. e Water - VI
= Water - VI BIOM CHP in DH - wood+straw == BIOM CHP in DH - wood == \Wind - feasible
== Water - VIII. Biogas - average = Water - IX. === \\ind - less feasible
m==== B|OM CHP in industry - wood+straw —— Wind - non-profitable —— Biogas - max —— BIOM ORC technologies

CZ-Al;, Prague 2013 37



DEMAND SIDE

Demand curve — point of view of consumers

Technical features of production_are taken_ into account
= Reliability

= Diagram of delivery

= Possibility of regulation

= Electricity: power and system services

Role of electricity market
Who will pay for system services? Back-up capacity ?
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MEASURES FOR CHANGING POSITION OF
SUPPLY AND DEMAND CURVES

How support renewables — case example of electricity generation
= affection-of-supply-or-demand-cuives

Moving supply curve down

= inyestment subsidy

= operational subsidy related to power generation — green bonus

= reduction of investors risk — investment to R&D, good conditions for

In\vestors
= rj(;uction of cost of financing — preferential loans (zero or reduced
Interest)

tax exemptions (Income tax holidays, real estate tax)
: g&een certificates — sale ofiemission reduction
= combination of guotal system and sale of certificates

CZ-AT, Prague 2013
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MEASURES FOR CHANGING POSITION OF
SUPPLY AND DEMAND CURVES - 2

Moving demand curve up
= feed-in tariff and obligation-of purchase
= gliota system

= information campaigns (voluntary purchase of green electricity for
higher price)

= egological taxation imposed to classical electricity generation (carbon
telx)

= efnission allowances

tee -In tariffs —widely useadinstrument
bl;l’[ can significantly differ in methedoeloegy. ofi calculation

CZ-Al;, Prague 2013 40



FEED-IN TARIFFS VALUES

Basic decision what RES sources to support

CZ-Al;, Prague 2013 41



FEED-IN TARIFFS CALCULATION

REFERENCE PROJECTS APPROACH

HovJ to define reference projects ?

it should be representative well prepared projects, market
technologies, good locations

where to find data for reference projects ?

statistical analysis of already realized projects ? Do they reflect
future state ?

to manage lobbyists ?

how to reduce extra return for seme investors ?

time matrix ?
individual ET 2

What Is the adeguate rate of return en capital invested ?

CZ-Al;, Prague 2013 42



FEED-IN TARIFFS CALCULATION 2

REFERENCE PROJECTS

= Investment cost

= operational cost (typically as % of investment)

= fuel cost (biomass, biogas)

= long term average inflation

= talx depreciation of the investment

= tax rate and tax holidays

= (ather support if applicable)

= di‘scount rate that defines rate of returnion capital invested

FTiS price In first preject year assurnng NPV=0

CZ-Al;, Prague 2013 43
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