SYSTEM ASPECTS OF

CONTENT OF LECTURE

System aspects of renewable energy sources (RES
@ Pros and cons of RES compared to fossil fuels

@ Why RES has increasing importance in energy policies
a Potentials of RES — from technical to economic potential
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WHAT ARE RENEWABLE ENERGY SOURCES ?

EU Directive 2001/77 definition:
@ renewable non-fossil energy sources (wind, solar, geo
wave, tidal, hydropower, biomass, landfill gas, sewage
plant gas and biogases);

@ ‘biomass’ shall mean the biodegradable fi
and residues from agriculture (including
substances), forestry and related in
biodegradable fraction of industria

Solar energy

a Primary: solar radiation

@ Secondary: Wind gy, W
biomass, (potential) energy of \

ioactive elements - Geothermalienergy.

EU AND INCREASING DEMAND FOR ENERG

a EU’s demand for energy has been growing at a rate of between 1-
2 % since 1986 (esp. transportation, electricity, tertiary s

a rapid increase o energy consumption in transport tor
= 67% of current oil demand (1998: 298 mil.tor 03 mil. toe)

= expectation up to 2010:
@ passenger transport + 19% (165
@ goods transport +38% (ro

% alir transport)
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CURRENT ROLE OF RES IN EU FRAMEWOR
Two targets:
@ White paper: doubling the share of renewables in global
consumption from 6 % in 1997 to 12 % in 2010
@ EU Directive 2001/77: increase of share from
in 2010

11110 — Energy prodaition by fuel lin malliss toe)

W solidfueis
I 0 and oil products

Renawables

TARGET OF DIRECTIVE 2001/77 FOR
SELECTED EU MEMBERS

Electricity generation EU-15
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ADVANTAGES OF RES COMPARED TO FOSS
FUELS

Why RES has increasing importance in energy policies
countries ?

emissions or can directly contribute to their d
landfill gas utilization)

= total emissions of GHG’s b
at least 5.2 % between 1990 ai

ADVANTAGES OF RES COMPARED TO FOSS
FUELS - 3

a Reduction of classical emissions — e.g. SO,, NO,

Reduction of waste — e.g. wastes from burning

@ Saving of non renewable sources - impll t
solidarity — concept of sustainable development
sustainability

Symbol of increasing r

Increases in loca
biomass, biom.

ADVANTAGES OF RES COMPARED TO FOSS
FUELS -5

@ Problem of natural gas and oil import — countri

V15 — Ratarl o et from shind
e ———)

EU-15 — 1894 — Origin of crude oil imports
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ADVANTAGES OF RES COMPARED TO FOSS
FUELS - 2

o Renewable energy sources can help with Kjoto t

BAU scenario without additio

Scenario of CO2 emmissions - EU
(Green Paper)
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ADVANTAGES OF RES COMPARED TO FOSS
FUELS -4
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@ EU’s primary energy
sources are quickly
decreasing !

DISADVANTAGES OF RES

a (very) low density of energy - large areas to collect enougt
are needed

-] derendency on external (natural, uncontro
called despendent production — one cannot mechani
from RES and classical sources

a typically cannot directly compete I” energy sour:

Economic implications:
a Potential distortions on opening energy marl

o Energy markets
its features

5 to appraisal (evalua




DISADVANTAGES OF RES - 2

The economic and social system is based on cen
development around conventional sources of energy:
(coal, oil, natural gas and nuclear energy) and above

all, around the generatio

POTENTIALS OF RES - FROM TECHNICAL TO
ECONOMIC POTENTIAL - 2

Understanding of different meaning

CR example of potential relation — wind power:
@ Technical potential: theoretical figure
@ Exploitable potential: app. 3800 MW
@ Attainable potential (year 2010): 460 |

Technical potential
Exploitable potential

Attainable potential
Economic potential

THE CZECH ENERGY POLICY
— THE ROLE OF RES

Czech Energy policy (2004)
@ basic component of economic policy
@ vision — state priorities and concrete targets, outlook up to 2030

Goals
@ Maximization of energy e
@ effective struct of primary ener
@ environment: ncern,

@ accomplishment of transformation

POTENTIALS OF RES — FROM TECHNICAL TO
ECONOMIC POTENTIAL

Understanding of different meaning

& Technical — done by source presence and by conditions of energy:
transformation (only theoretical meaning)

Exploitable (available) potential —
used currently available technolog
ecological and other limitations:

DOCUMENTATION OF DIFFERENT RE
POTENTIALS IN EU COUNTRIES

Electricity generation from various RES in EU-15 countries in 2001

Electricity generation [TWhiyear]

THE CZECH ENERGY POLICY
— THE ROLE OF RES - 2

Decreasing role of coal in CR - from 65% in 1990 to 51% in 2001

CR Austria

Austria: Primary Energy Trends

Primary energy consumption

Electrciy Nuckar_ RES
(xpor) ~BS5% | 25%
i

Brown coal
) 35.1%
Liquid fuels

41%

Crude ol
137%

Hard coal
S omersaid U s
N 0,6%

Total: 1672 PJ
Source: State energypolicy, 2004 Total: 1280 PJ




THE CZECH ENERGY POLICY
— THE ROLE OF RES - 3

Expected changes in PES structure

Expected share of R
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SOURCES AND TYPES OF BIOMASS

& Wooden waste
B Wood

o Straw

BSRC.

0 Panted biomass2
B Panted biomass 1
0 Biodisel

0 Ethanol

B Biogas

Structure of electricity generation in CR, 2005
Total: 82 TWh

Renewable
Nuclear 0,1%
29,9%

Hydro
3,7%
Gas
3,2%

Coal
63,1%

DOMINANT ROLE OF BIOMASS IN THE CZECH

ENERGY POLICY

Year

from RES

o
2000 2005 2010 2015 2020 2025 2030

Structure of electricity generation [ Biogas

m Waste
b Other RES

m Secondary heat
m Biorass

Source: State energy poicy, 2004

m Photovoliaics
0 Wind pow er
= Smal hydro

m Biomass.

Biomass*/

2006 O statistics]

THE CURRENT STATE OF RES UTILIZATIO
CR - FACTS AND FIGURES - 3

Electriciti/ Eg;,neration from RES including expectations

Small hydro (<10 MW)

Photovoltaic

Wind energy

Biomass incl. co:




Development of RES-E share on Czech gross electrici
[ERO statistics]

Gross national consumption of electricity [GWh

Share of RES-E on gross national consumption [%
*/ expectation ERO, /** possible scenat

@ EU Directive 2001/77 target up to the

THE CURRENT STATE OF RES UTILIZATIO
CR - FACTS AND FIGURES - 6

Structure of total biomass utilization, CR, 20!

Biomass type

Wooden chips, sawdust, w. waste etc.
Firewood

Plant materials

Briquettes&pellets

Pulp extracts

Estimate of wood

INTRODUCTION TO RES ECONOMIC - BAS
ON ECONOMIC EFFECTIVENESS OF PROJECTS

@ Private investors run RES projects

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

]
NPV =3 CF,-(L+5,)" =0
p=1

To
Coipa 2 @ +inf) Q- (A
t=1

THE CURRENT STATE OF RES UTILIZATION IN
CR - FACTS AND FIGURES -5

Structure of heat generation from RES in CR, 2004 [MPO 2004]

Solid biomass total
Biomass industrial/**
Firewood

‘Wooden chips, sawdust, etc.

Plant materials
Briquettes and pellets
Biomass households

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

= RES for heat production and delivery (industrial, households)
= Energy savings
= Energy efficiency (e.g. cogeneration)

INTRODUCTION TO RES ECONOMIC - BASICS ON
ECONOMIC EFFECTIVENESS OF PROJEC]T

How c_;, is calculated:
o data of reference projects are necessary
@ decision on discount rate value

Meaning of discount - WACC

+ix(l—d)x L

WACC =r,*
E+D E+D

E ... equity (own capital)
D ... debt (external capital)
i ... cost of external capit:
d .. taxrate

red... return on own

s
N

5 55 6 65 7 75 8 85 9 95 10
Extornal capital (interest) [%]




Price of production (e.g. electricity from RES)
@ point of view of producers — c_;, price
= supply curve

Cmin=f(Q) [EUR/MWh]

H Cinax
./

—
Production for given support

Electricity generation from RES in TWh

Demand curve — point of view of consumers

@ Technical features of production are taken into
= Reliability
= Diagram of delivery
= Possibility of regulation
= Electricity: power and system

@ Competition of different produ

market

MEASURES FOR CHANGING POSITION OF
SUPPLY AND DEMAND CURVES

How support renewables — case example of electricity generation
@ affection of supply or demand curves

Moving supply curve down
@ investment subsidy
@ operational subsidy related to power gen
@ reduction of investors risk — in

investors

@ reduction of cost of fin
interest)

RES

Costs [CZK/kWe]
P

—Water -1

= Biogas - min
v.

jas - average
| ——BIOM CHP in indusiry - wood+straw —— Wind - non-profitable.

——Biogas - max —— BIOM ORC technologies

MEASURES FOR CHANGING POSITION OF
SUPPLY AND DEMAND CURVES -

Moving demand curve up

@ feed-in tariff and obligation of purchase

@ quota system

@ information campaigns (voluntary purchase of greel
higher price)

@ ecological taxation imposed to
tax)

@ emission allowances

icity generation

Feed-in tariffs — widely used instrument




PROMOTION SCHEME FOR RES UTILIZATIOR
FOR ELECTRICITY GENERATION IN CR

up to the year 2002 — no system approach
= electricity sold at market conditions

= only not guaranteed investment support from environmental

fund and Czech energy agency.

2 2002-2005: regulatog authori
(price decisions of ERO) — no s

@ 2003-5: discussions on le

from 2006: syst

PROMOTION SCHEME FOR RES UTILIZATIO!

@ green bonus scheme
= electricity is sold for market price
= distribution company pays green bonus

o differen
2 what

PROMOTION SCHEME FOR RES UTILIZATIO!
FOR ELECTRICITY GENERATION IN CR

Feed-in tariffs for the year 2006

Type of RES

Small hydro (<10 MW)
Photovoltaic
Wind energy
Geothermal energy
Biomass

Biogas statio

PROMOTION SCHEME FOR RES UTILIZATION
FOR ELECTRICITY GENERATION IN CR

Main logic of Act 180/2005
@ deals only with electricity generation

@ feed-in tariffs and green bonus scheme — produ choose for

ing| into)

PROMOTION SCHEME FOR RES UTILIZATION
FOR ELECTRICITY GENERATION IN CR

Logic of feed-in tariff
a C.,, (from NPV=0) is base for feed-in tariff setting

Logic of green bonus
@ green bonus=c;* - market price
a c.;,* is recalculated for adequate discount (level of risk)

Higher risk in green bonus scheme
@ business risk
@ depends on share of market price in ¢,

min

PROMOTION SCHEME FOR RES UTILIZATION

applications/small hydro

madification of discount rat
sale on total revenues

6 EUR/MWh







