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Summary

Summary

Itten R., Frischknecht R. and Stucki M. (2012) Life Cycle Inventories of Electricity Mixes and Grid.
treezeltd., Uster, Switzerland, retrieved fromww.lcinventories.ch

This reportdescribeghelife cycle inventories oélectricity production in selected Aéan, American,

Asian, Australian and European countries, in different networksofiadgobal ekctricity mix. The

different production technologies and the electricity trade thighneighbouring countries are cahsi

eredfor each country. Two different approaches are used, a domestic production mix for each country
named e predactioniconit ry, at grid/ kWh/ country/®o, wh i
triccty production, and a supply mix named felectr
electricity production including electricity imports.

In this study the electricity mixes tie following countries are described:
Africa: South Africa (ZA), Tanzania (TZ), Tunisia (TN)
Americas: Brazil (BR), Canada (CA), Mexico (MX), Peru (PE) and United States of America (US)

Asia and Australia: Australia (AU), India (IN), Indonesia (ID), If@R), Japan (JP), Malaysia (MY),
Peoplebébs Republic of China (CN), Saudi Arabia (
Thailand (TH)

Europe: Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG), Croatia (HR),
Czech Republic (CZ)Penmark (DK), Estonia (EE), Finland (Fl), France (FR), Germany (DE),
Greece (GR), Hungary (HU), Iceland (IS), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT);-Ma
edonia (MK), Netherlands (NL), Norway (NO) Poland (PL), Portugal (PT), Romania (RéaSe
(CS), Slovakia (SK), Slovenia (Sl), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom
(GB), Russia (RU), Turkey (TR) and Ukraine (UA)

The average electricity production in the year 2008 is described for all courtiese, daily or s

sonal variations of power production are not covelidet electricity production is divided in seven
major categories (fossil fuels, hydro power, nuclear power, new renewables, wastes, impofis and ot
er). Within the category of the fossil fuels electriggneration using hard coal, lignite, peat, industr

al gases, fuel oil, diesel, natural gas and other fossil fuels are distinguished. The category hydro power
is divided in rurof-river, storage type and pumped storage hydro power. In the category maoelear

er electricity generatiofrom boiling- and pressurisediater reactors islistinguished The category

new renewables is dividddto geothermal, photovoltaic, solar thermal, wave and tidal, wind, wood
and biogas electricity pduction. HEectricity from municipal or industrial waste and sewage sludge or
landfill gasesis distinguishedwithin the category wastélhe electricity production in municipah-i
cineration is considered as-pyoduct of the waste disposal and has no environmental impacts during
gereration. For the Swiss electricity mireference year 200¥)e separately sold certifiedectricity

is modelled separately and the Swiss supply mix excludes certified electricity

Three different voltage levels (high, medium and low voltage) are mddé&ltee cumulated losses
from transmission and distribution on the high, medium and low voltage level range frémt@.2
32.3% (Luxembourg and Boshia and Herzegoyirespectively. The global average corresponds to
11.5% cumulated losses on the low agle level.

There is dargevariation of the environmental impaas 1 kWh of electricitydepending on the the
nology used for electricity productiomhe cumulative energgemand ranges from 3.9 to 14/8-oil-
edkWh (Iceland and Greecespectively, whereas lte greehouse gas emissions range frémo
11109 CO,-edkWh (Iceland and Chinarespectively. The environmental impacts accordingthe
ecological scarcitynethod2006 range from 16 t@470ecapointdkWh (Iceland and Indiarespe-
tively).

The European electricity miXENTSOE network) causes greenhouse gas emissions equal to
4629 CO,-eq/kWh, a cumulative energy demand of3l@J-oil-eqdkWh and a total environmental
impact of 43%copointgdkWh. The global electricity mixrepresented b4 % of the worlds ele-




Summary

tricity productioncauses a cumulative energy demand of Mlbil-eqdkWh, greenhouse gas esni
sionsof 7219CO,-eq/kWh and a total environmental impact of @@-pointdkWh according to the
ecological scarcity method 2006.

Sk emissons of switchgeam,O and ozonemissions due to electricity transmission and heavy me
al emissions from wooden poles during operationtaken into account in transmission and distib
tion. There are significant differences in the; 8fissions and thieansmission and distribution losses
of the different countries.

Unknown electricity demand, which cannot be allocated to a specific country or region, is modelled
with the ENTSGE mix. This is a simplification and causes small deviations from the real electricity
production and consumption. If more accurate da¢@vailable a local or industry specific electricity

mix should be used.
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Abbreviations

Abbreviations

Abbreviation English German

Central Riropean power association

CENTREL (CZ, HU, PL, SK)

CH Switzerland

EwZz Elektrizitatswerk der Stadt Zurich
GJ Gigajoule (18 Joule)

HV High voltage

kv Kilovolt (16000 V

MSWI Municipal solidwage incineration

MJ Megajoule (16 Joule)

MV Medium voltage

MVA Mega Volt Ampére (1DVolt Ampére)

NMVOC Non methanerolatile organic carbon

NORDEL z\l;lzdlglcoNLgtr;s IpS())wer association

LV Low voltage

PCB Polychlorierte Biphenyle
RER Europe (EU27)

Sk Sulphurhexafluoride

SBB Swiss Railways Schweizerische Bundesbahnen
Tkm Tonkilometre

UBP Eco-point Umweltbelastungspunkt
veTE U o e Cemdnaorf Trre

VSE Verband Schweizéscher

Elektrizitatsunternehmen

A list of all country codes can be found in Frischknecht 2an71.
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1. Introduction

1 Introduction

European kectricity mixes are modelled since the9 9 @BJWAL 1991>". In the beginning only the
electricity mixes of a few European countries have been modelled (DF, FR, BE, IT, NL, LU, GR, ES,
PT, CH and AT)Sincethen the electricity markets all over the world have changed. The continuing
deregulation lessens the influenof political boundariesn 2008 theUnion for the Ceordination of

the Transmission of Electricity (UCTE) includingnost of the countries in continental Europas e-
placed with its successothe European networkf transmission system operators for electricity
(ENTSOE) including most of the European countries.

The ENTSCGE network includes the former UCTE membébkeady including the former members
of the CENTREL network) and the former NORDEL members. In 2illthe European countries
except Russia, Belarus, Moldavia, Albania and the Ukraine are members of the ENAG®ork.
Nevertheless thelectricity mixes of former networks (UCTE, CENTREL, NORDEL) are updated
with the actual production volumes.

The exising European electricity mikEU-27 without Baltic Statesncluding Norway, Switzéand,
Croatia, Bosnidderzegoina, Serbia and Macedohiis updated as well.

Besides thdzuropean electricity supply, life cycle inventories of countries of all otheliremis are
established. Life cycle inventories of the electricity supplthnee Arican, six American,and eleven

Asian and Australasian countries are described in this report. In total this 8dWérsf thewo r | d 6 s
electricity production.

In additionto the aforementioned networks, two company specific electricity mixes, namely the mix
of the Swiss Federal Railways (SBB) and the European Aluminium Association (EAA) are modelled.

Unknown electricity demand, which cannot be allocated to a specific goamtegion, is modelled
with the ENTSGE mix. This causes small deviations from the real electricity production and co
sumption. If more accurate data is available a local or industry specific electricity mix should be used.

1 Angle brackets '<>' denote references from 1996, parentheses '()' are references of the updates 2000, 2004 or 2012

Life Cycle Inventories of Electricity Mixes and Grid -1- treeze Ltd.



2. System description

2 System description

In this chapter the calculation of the electricity production volumes of the different types of power
plants is described for the countries analysed in this study. The existing electricityofrtixe€Eup-

pean Asianand North American countries are updated and seweralAfrican, Asian,Central and
South American cautries are added. The UCTEORDEL and CENTREL networks are merged in
the ENTSOE network (European Network of Transmission System OperatoEdotricity), but the
former UCTE, NORDEL and CENTREL networks are still modelled separately in addition to the new
ENTSOE electricity production mixA global electricity mix, coveringnore than84% of the

w o r leledirisity production, is establisti¢oo.

2.1  Electricity production data

The calculation of the electricity prodtion mixesof all countries idased on statistics of the Intarn
tional Energy Agency (IEA). The data on the national electricity production is available from online
databaseslEEA 2010 2011). The grosselectricity production of the conventional fossil and nuclear
power plantsas well asthe overall netelectricity productionis given. For the conventional fossil
power plang the own electricity demand was considered as dguall fossil fuelsdue to the lack of
more detailed informationThis simplification neglects the energy demand for the processing of the
different fuels (fuel oil compared to hard coal). Due to tlssuaption the net electricity production
using fuels with a high processing intensity are overestimated, but the error is very small When loo
ing at the absolute numbefs.

The own electricity consumptiasf hydro power plants is % according to the IEAtatistics, for ge-
thermal and solar power plants the own electricity consumptiofdshese shares are based @n st
tistic estimations and have no well ground scientific backgraNedertheless the shares indicasee
used because of lacking data.

The electricity production using hydro power dattuate between years with more and less precip
tation. This causesyearly varyingshareof hydro power in relation tthe total electricity production.

Y early averaged electricityroductiondata coverig multiple years would be neededorder to cover

the yearly changeThe averaging of multiple years et followedbecause the yearly change in the
production technologies is expected to outweigh the fluctuation in hydropower productioni-In add
tion, yearly averagesffer the advantage of a simplified data basis.

2.2  Electricity trade
2.2.1 Introduction

Switzerland like a few other countriess trading a considerable amount of electricity with the meig
bouring countries. GWh of eleckitty ywasamportedot@ Switzerari Cadd2

5 4 6 GWW®were exported. This corresponds to a traded electricity volume of ab#&ubBthe a-

tual domesticdemand of electricity. The electricity is mainly imported from France and Germany and
(re)exported to ItalyGermany and France.

In TECOVA (1992 the CQ emissions caused lilge electricity production including the tradedcele
tricity have been quantified for the first tinfeeveral models have been ugednodel the Swiss ate
tricity mix. Ménard et al. 1998 and Frischknecht & Jgluth 000 give an overview oftte differ-
ent models, which are described in the following subchapter.

2 The own electricity consumption of conventional fossil power plants varieebert®o and 11%.
3 This approach is chosen solely to be consistent with the statistics on electricity production

Life Cycle Inventories of Electricity Mixes and Grid -2- treeze Ltd.



2. System description

2.2.2 Models including traded electricity

Ménard et al. 1998 describe different approaches for thedelling of the electricityrade (sedab.
2.1 andFig. 2.1).

The electricity mix according tModel M1 corresponds to the domestic electricity production mix.
Model M1lincludes the electricity production of different power plants within a gebigdoundary.
Electricity trade is not considered in this model. The electrinity of countries with a low share of
imported or exported electricity can be modelled with such a simplified approach.

The electricity mix according tModel M2 includesthe electricity imports in addition to domestic
electricity productionThereis no difference betweeglectricity exported ancklectricity suppliedto

the domestic marketf no detailed information on the traded volumes of electricity is available, this
modé offers a balanced and reliable approximation.

The electricity mix according tModel M3 assumes that the exported electricity is produced by the
domestic power plants and that the imported electricity is used exclusively for electricity withply

in theimporting country This approach does not consider that imported electricity can be exported to
other countries. Thimay havea strong influence on the electricity mix of countries with a high vo
ume of traded electricity.

The electricity mix according/lodel M4 is based on the assumption that simultaneous, physically
measured imports and exports are due to transit trade. This approach was developed in order to model
the electricity flows in countries like Switzerland. The electricity imports and exp@tmeasured

with eighthourly samples in one year and extrapolaiedhe entire yearThe net electricity imports

are modelled with the electricity mix of the exporting countries and net electricity exports d@e mo
elled with the electricity mix of the inguting countriesNodel M1). This approach is based on phys

cal electricity flows which may deviate from the economic realitiéss difficult to apply becaues of

the detailed data, which aneeded to describe the electricity tradiee uncertaintiesntroduced with

the extrapolations are very high.

A fifth model, Model M5, was introduced with the ecoinvent data v2.2: The electricity mix ofdhe d

mestic supply is modelled according to the integration of the electricity declarations of all eldetric uti

ities in a country. The declaration includes a differentiation according to technology and whether or
not the electricity is produced domestically or
electricity, which in this study is represented by ENTSGE electricity mix.

Tab. 2.1:  Model approaches for electricity mixes in LCA(  Ménard et al. 1998)

Model Described in
M1 Domestic production = supply mix Frischknechet al. (996
M2 Domestic production + importssupply mix This study(all countries except Switzerlandicon-
vent v2.2 (Frischknecht & Jungbluth 20pQTecova
1992
M3 Domestic productior exports+ imports= supply mix Frischkrechtet al.(1996, Habersatter1(996),

Tecova 199

M4 Domestic productior net imports/exports supply mix Ménardet al.(1998
(Kaufmann et al. 199:45

M5 Consumer mix This study, applied on Swiss electricity mix only

Life Cycle Inventories of Electricity Mixes and Grid -3- treeze Ltd.



2. System description

Model 1
Production
Consumption
Model 2

Production

Legend:

I:' Hydroelectric
. Fossil thermal

. Nuclear
Importmix

Imports

AN
B NN

N

Consumption
Model 3
Production
Exports
Imports
Consumption
Model 4

Production

Exports

Import
balance *

Consumption

Export
balance *

* Extrapolated based on load flows at
03:00ham and 11:00h am on four
days peryear (every 3" Wednesday in
January, April, August and December).

Fig. 2.1:  Model approaches for electricity mixes in LCA ; graphs represent annual averages ( Ménard et al. 1998, S.
10-11)

A survey of the leading Swiss electricity supplief@lpig, BKW, EGL, EOS, EWZ and Axpo)
showed that theorigin of the supplied electricity is undocumented in the contracts with theimgostu
ers. Four suppliers report a fluctuating share of transit trade varying between zero and a few percent.

Life Cycle Inventories of Electricity Mixes and Grid -4-

treeze Ltd.



2. System description

Alpigq and EGLreport transit trade for other electricity suppliers in their annual rfedéré reported
transit trade can be within Switzerland or with neighbouring countries.

2.2.3 Model used in this study

The electricity mixes can be modelled according to physical dowontractually accorded prociu

tion. The power plants are operated to sell the produced electricity. The customers of the power plants
are the reason why the power plants are operated. Therefore, the modelling of the electricitg-mixes a
cording to the camactually accorded production volumes is favoured.

The physical electricity flows are not able to show the relation between electricity producers-and co
sumers. The deviation between physical and contractually accorded electricitynigwsevery high

in deregulated electricity market§or instance, no physical electricity flow occurs whleere is a
simultaneous electricity flow fromsouthern to northern Switzerland and vice versathe same
transmission line

In order to allocate the emissions te @ictual consumer, the electricity mixes in this stigkgept for

the Swiss supply mixegre modelled according tdodel M2 Model M2 is the best approximation
because electricity sales and production are independent of each Attiereign) customecan pu-

chase electricity from Swiss suppliers without knowledge on the electricity production (in Switzerland
and other countriesT.herefore, it is assumed that the electricity mix on a national level corresponds to
the domestic production including thie&ricity imports.

The Swiss supply mix is modelled accordingModel M5 using information from the most recent
survey of the Swiss Federal Office of EnerBfE 2012. Although this mix contains a 2@ share of
unknown electricity it is considered to be magpropriate as compared to a Swiss electricity mix
based oModel M2

The Model M2 can be applied to a deregulated electricity mathetause this approach is based on
the contractually accorded production volumes. With this approachcthalemissions are date
mined by the customer.

In this study he economic and contractually acted electricity flowsaremodelled with the available
information. Forall countriesexcept Switzerlandhe physical electricity floware usedIEA 2010,
2011).

The electricity imports are modelled fithe domestic production mix instead of the electricity supply
mix of the corresponding countries. With tlsisnplifying approach a virtualeedbackoop between
the electricity supply mixes of different countries is avoided.

2.2.4 Certified electricity in  Switzerland

The Swisselectricity suppliers are committed to provide information on the origin of the sold electri

ity due to the deregulation of the electricity markegtbelledproducts consisting clectricity from
specificproduction technologies are offered and sold. The environmental impacts of these electricity
products are reported in the environmental reports of the companies.

The volumesof the certified electricity products, which are sold separaselysubtractedrom the
supply mixof the respective country in order to asdbe environmental impacts of the consumption

* For the year 1996 Alpig reported 76394GWh of trl@8sit trac
ATEL 1999

The electricity production has to be in balance with the electricity demand but only on the grid level and not on the level

of a single power plant or individual stomers.
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of electricityofnors peci fi ed qual ity Wihihisbpproaetiheedouble couneng t r i c i
of the environmental impacts oértifiedelectricity products is avoided.

The actual supply mix in a specific country represents the electricitpimzn-specified quality de-
livered tothe average customer. The amount of certified electricity is subtraotadhe net prodc-

tion volumes of tk different production technologies. This supply mix consists of the not certified
(and na separately sold) electricity and the electricity imports.

The amount of electricity which is solh certified Swisselectricity productds known Therefore,
four Swisselectricity mixesare established

- Domestic production mix: electricity produced in Switzerland (certified electricity included)

- Consumer mix: electricity consumed in Switzerland (imports and domestic produmged
onModel 5

- Certified electridiy: certified electricity sold in Switzerlar{thased orModel 5
- Supply mix:Consumer mix excludingeparately sold, certified electricity

There is not enough information availalalleout the consumer mix and about certified electricity in
the countriesowvered in this studyTherefore Model M5 and thesultraction of the sales volumes of
separately sold certified electriciy only applied for Switzerland.

2.2.5 Renewable Energy and Electric Energy Certificates System (RECS and
EECS)

The trade with electrigjt certificates in Europe devegded dynamically during the recent pabab.

2.2 shows thetrade and cancellation (use) of RECS certificates duliegyears 2004 to 201@&IB

201J). It shows that Norwegian electricity suppliers are most active in issuing RECS certificates,
while other countries like Poland or United Kingdom have no activities. Norway exported about 50.5
TWh RECS certificates while Belgiun2g.1 TWh), the Netherlands (18.9 TwWh) and Germany (14.6
TWh) are the most important countries with respect to RECS imports. RECS certificates need not to
be cancelled in the same year. Belgium, the &l&thds and Germany cancelled TWh, 21 TWh,

and 8 TWh RECS certificates in 2008.
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Tab. 2.2:  Issued and cancelled volumes of RECS certificates during the year 2004 to 2010 (AIB 2011)

Countries issueing 2010 2009 2008 2007 2006 2005 2004
Unit GWh GWh GWh GWh GWh GWh GWh

Norw ay 103'925208 109'972'124 111'080'954 83'289'057 19'762'654 14'506'286 5'625'516
Sweden 67'270'258 68'039'502 67'433'903 34'358'895 25'293'491 16'589'875 5'832'690
Belgium 3'777'459 3'148'822 1'761'062 1'389'626 1'236'592 0 0
Germany 0 0 20'901 0 0 0 5'963
Italy 11'693'754 8'924'377 7'047'084 1'288'221 1'185'323 418'397 73'970
France 9'194'442 4'441'234 2'667'701 2'241'296 960'349 719'430 443'662
Rest of Europe 35'876'974 24'320'552 23'043'776 23'043'863 18'037'109 16'023'937 19'443'084
Total 231'738'095 218'846'611 213'055'381 145'610'958 66'475'518 48'257'925 31'424'885
Technologies 2010 2009 2008 2007 2006 2005 2004
Unit GWh GWh GWh GWh GWh GWh GWh

Hydropower 181'520'628 171'503'962 168'339'409 134'064'076 54'133'365 38'080'648 19'947'178
Wind power 12'701'701 10'343'571 8'652'480 5'870'060 4224211 3'266'322 2'151'274
Biomass 5'738'159 4'723245 4'372'315 2'647'034 4'010'122 3'504'878 7'826'163
Other renewables 5'734'272 4'743'671 4'033'705 3'029'788 4'107'820 3'406'077 1'500'270
Nuclear 26'043'335 27'532'162 27'657'472 0 0 0 0
Total 231'738'095 218'846'611 213'055'381 145'610'958 66'475'518 48'257'925 31'424'885
Countries cancelling 2010 2009 2008 2007 2006 2005 2004
Unit GWh GWh GWh GWh GWh GWh GWh

Norw ay 28'514'371 28'763'116 28'062'028 12'636'718 2'711'968 1'101'274 827'342
Sweden 55'512'661 53'144'161 28'749'478 19'732'466 9'749'209 88'602 59'596
Belgium 48'735'704 7'644'139 14'360'402 4'064'499 647'349 450'730 50'000
Germany 21'420'979 17'078'933 8'150'988 5'289'723 616'653 25'036 48'647
Italy 7'670'751 5'678'056 3'759'063 928'675 573'660 241'048 76'873
France 6'225'743 5'421'017 3'630'351 10'356'326 610'996 461'004 214'878
Rest of Europe 43'899'918 33'845'910 24'295'137 22'265'906 20'835'990 22'387'331 15'290'442
Total 211'980'127 151'575'332 111'007'447 75'274'313 35'745'825 24'755'025 16'567'778

Norway exports about one third of its domestic hydroelectric power quality, whereas the share of
RECS imports to Belgium, the Netherlands and Germany represents about 30 %, 20 %, and-2.5 %, r
spectively of domesticlectricity production. The RECS trade volumes exceed by far the physical
trade volumes.

The question isiow to deal with RECS certificates in life cycle assessment and carbon footmtint stu
ies. This question calls for a closer look. We may distinguishsttuations: Either the RECS cenif

cates are sold together with the respective physical delivery of renewable electricity or the RECS ce
tificates are sold separately.

The international standard on | ife typrodustionassess
mi x in order to reflect t he MmtanmatiooalQrgarszatiorrfares o f
Standardization (ISO) 20p6The current draft standard on the carbon footprint of products requires
that fspecific electricity product s, including
are not double couatd 6 are used if the electricity suppl
(International Organization for Standardization (ISDL). The dr aft standard al so
"green certificates" are sold without coupling t
The RECS trading scheme would substantially affect the national electricity mixes, if the pofchase
independently traded RECS certificates would be considered for the national electricity mixes. The

life cycle inventories of national electricity mixes documented in this study are based on international
statistics, which do not consider RECS tradednly trade connected to physical deliveries otele

tricity. If it were allowed to adjust the electricity mix purchased by buying independently traded

RECS certificates, substantial double counting of renewable electricity production would occur.

We therefoe recommendlisregardingndependently traded RECS certificates in product and service
LCA as long as the LCI of national electricity mixes is based on international statistics disregarding
RECS trade. If RECS certificates are linked to the productiondehdery of renewable electricity,

we recommendhcludingthe respective share of renewables in the electricity mix.

Life Cycle Inventories of Electricity Mixes and Grid -7- treeze Ltd.



2. System description

2.26 Recommended data sets for the use in LCA

The recommended data sets for the general use indr€the country specificsupplymixeson the
corresponding voltage level (medium voltage for industrial use, low voltage for agricultural, comme
cialanddomaicuse) These data sets can be found ipn the ¢
ply mixo and ar e nafmstrdctufepracese)/ | ocati on/ unit/in

Afel ectricity, high voltage, at grid/ FR/ kWh/ 00,
nfel ectricity, medium voltage, at grid/ FR/ kWh/ 00,
Nfelectricity, | ow voltage, at grid/ FR/ kWh/ O00.

The name of the domestic production milecrid-ncl ude:
ty, medi um, voltage, producti on FnBtbe wadExgp-i d/ FR/
tions aredata sets of networks like ENTSE) UCTE, NORDEL, CENTREL or RER, which can be
found in the subcategory Aproduction miXx?o.

Specific company etgricity mixes can be established with the corresponding production teehnol
gies. The electricity distribution has to be taken into account. Information on the electricity losses and
other emissions during operation can be foun@dhapter4.
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3 Life cycle inventories of electricity  mixes
3.1 Introduction

In the following sections the electricity mixes of different countries are documented. The domestic
production mix (country specific production) and the supply mix (country specific productiod-inclu
ing imports) are distinguished. Foretimodeling of the electricity imports the domestic production
mix and not the supply mix of the exporting counsysed. If the supply mix would be used for the
modeling of the electricity imports there would be recursive links between the differentrganix-

es. This wouldeadto significantvirtual electricity production in some countries.

Three tables are shown per country. The first table shows the shares of the different technologies used
for electricity production according to the available mfiation Thesubtotals for different production
technologies (e.g. conventional thermal = fossil) are marked wah aplour. The second and the

third table show the domestic production mix and the supply mix modaelléa life cycle invera-

ries Simplifications cannot be avoidedror instance, last furnace gases and coke gases are merged to
the category industrial gases. The electricity production using peat as fuel is modelled with a dataset
derived from the electricity production using lignite ad.flidectricity from biogas is modelled using

the data set fel ectricity, at cogen withc-biogas
tion using wood is modelled with the dataset e
gy, CHo.

Electricity from hydro power is divided in remf-river power plant and storadgpe power plants.

The shares ofun-of-river power and storage type power generation for the European coam&ies
shown inTab. 3.1. Nuclear electricityis generatedising boiling water reactors (BWR) and pressu

ised water reactors (PWR). The shares of the different technologies are derived from the reactor types
in the different countriegiven in the PRIS databasBRIS 201). The electridiy production from
photovoltaicis modelled with country specific datasets according to Jungbluth 20@9 ( Geothe-

mal and tidal electricity production is modelled using tlata set for wind power.

The uncertainties of the electricity production and the shares are quantified using the pedigree a
proach Frischknecht et al. 200YbThe data originatérom international stétics and havenly low
uncertainties. If data sets are used which do not correspond to the used technology or the country the
uncertainties are increasddincertainties caused by the mduahg approach are not quantified. Diffe

ences in national and international statistics are caused by incomplete reporting and have no influence
on the uncertainties.

3.1.1 Hydro power
Europe

The sharesf hydro power productiofrom runof-river and storage type power plants for thed=ur
pean countries are shownTiab. 3.1. For several countries the shares had to be estintaséichated
shares are marked with staffie share of pumped storage is the fraction of the amount of electricity
produced with pumped storage and the total hydro power, whereas the sharesofervemand
storage type hydropower are calculated astifva of runof-river hydropower respectively storage
type hydropower and the sum of rafiriver and storage type hydropower. Therefore, the three shares
(pumped storage, runf-river and storage type) do not add up to 40
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Tab. 3.1:  Yearly electricity production from run  -of-river and storage type hydro power in GWh and per  cent for the
European countries. Total production for the year 2008 (IEA 2011, IEA 2010) and shares for the year 2000
according to Frischknecht & Emmenegger (  2003) and own estimations

Country Code Production / GWh Share / %
Hydro Pumped Run-of- Storage Pumped Run-of- Storage
Power Storage river type Storage river type

Austria AT 40678 2732 28460 9487 7| 75 25
Belgium BE 1757 1347 410 0 77| 100 0
Bosnia and Herzegovina BA 4552 0 2959 1593 0| 65* 35*
Bulgaria BG 3277 0 3277 0 0| 100*** Ox**
Croatia HR 5326 426 98 4802 8| 2 98
Czech Republic Ccz 2376 352 1518 506 15| 75** 25%*
Denmark DK 26 0 26 0 0| 100 0
Estonia EE 28 0 28 0 0| 100*** O**
Finland Fl 17112 0 12834 4278 0| 25 75
France FR 68325 4599 53530 10196 7| 84 16
Germany DE 26963 6021 17591 3351 22| 84 16
Greece GR 4149 837 3312 0 20| 100 0
Hungary HU 213 0 213 0 0| 100 0
Iceland IS 12427 0 0 12427 0| O*** 100***
Ireland IE 1300 331 969 0 25| 100 0
Italy IT 47227 5604 14984 26639 12| 36 64
Latvia Lv 3109 0 3109 0 0| 100*** Ox**
Lithuania LT 988 0 988 0 0| 100*** Or**
Luxembourg LU 965 833 132 0 86| 100 0
Macedonia MK 840 0 151 689 0| 18 82
Netherlands NL 102 0 102 0 0| 100 0
Norway NO 140522 968 0 139554 1| Q%+ 100%+*
Poland PL 2747 595 2152 0 22| 100 0
Portugal PT 7296 498 4487 2311 7| 66 34
Romania RO 17195 0 17195 0 0| 100*** Or**
Russia RU 166711 0 125033 41678 0| 75%** 25%x*
Serbia CSs 10109 505 8067 1537 5| 84 16
Slovakia SK 4241 202 3029 1010 5| 75** 25%*
Slovenia SI 4018 0 4018 0 0| 100 0
Spain ES 26112 2612 15510 7990 10| 66 34
Sweden SE 69211 142 55255 13814 0.2 80 20
Switzerland® CH 37136 1325 12710 19701 5| 46 54
Turkey TR 33270 16635 16635 0| 50%** 50%**
Ukraine UA 11512 0 11512 0 0| 100*** Or**
United Kingdom GB 9257 4089 5168 0 44| 100 0

* Shares estimated equal to Former Yugoslavian Republic

*k Shares estimated equal to Austria

rxk Own assumption

1) The values for Switzerland are for the year 2009 and the electricity production for small hydropower plants

(3400GWh) are not shown in this table
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Rest of the world

The shares olfiydro power production from ruof-river and storage type power plants foe thon
European countries are shownTiab.3.2. For several countries the shares had to be estimated. Est
mated shares are marked with staifse share of pumped storage is the fraction of the amountosf ele
tricity produced with pumped atage and the total hydro power, whereas the shares faf-niwver

and storage type hydropower are calculated as fraction affrtimer hydropower respectively sto
age type hydropower and the sum of-ofsriver and storage type hydropower. Therefahe, three
shares (pumped storage, 1ofrriver and storage type) do not add up to %00

Tab. 3.2:  Yearly electricity production from run  -of-river and storage type hydro power in GWh and percent for the
non Eur opean countries. Total production for the year 2008 (IEA 2011, IEA 2010) and shares for the year
2000 according to Frischknecht & Emmene  gger (2003) and own estimations

Country Code Production / GWh Share / %
Hydro Pumped Run-of- Storage Pumped Run-of- Storage
Power Storage river type Storage river type

Australia AU 12057 148 11909 0 1| 100* 0*
Brazil BR 369556 0 0 369556 ol o 100
Canada CA 382580 111 305975 76494 0| 80** 20**
Chile CL 24193 0 24193 0 0| 100* 0*
China CN 585187 0 146297 438890 0| 25%= 75%**
India IN 114295 14058 12129 88108 12| 12 88
Indonesia ID 11528 0 0 11528 0 QF** 100%+**
Iran IR 5003 0 5003 0 0| 100* 0*
Japan JP 83295 7056 60991 15248 8| 80** 20**
Malaysia MY 7459 0 0 7459 0| 100* 0*
Mexico MX 39178 0 39178 0 0| 100* 0*
Peru PE 19040 0 0 19040 0 QF*+ 100*+**
Saudi Arabia SA 0 0 0 0 0| 0 0
South Africa ZA 4032 2742 0 1290 68| 0 100
South Korea KR 5563 2493 2456 614 45| 80** 20**
Taiwan T™W 7772 0 7772 0 0| 100* 0*
Tanzania TZ 2655 0 0 2655 0 QF*+ 100%+**
Thailand TH 7113 0 0 7113 0 QF*+ 100#*+**
Tunisia TN 38 0 38 0 0| 100* 0*
United States us 281995 25281 205371 51343 9| 80* 20**

* Own assumption

* Own assumptiorsameas Sweden

rxk Own assumptiorsameas Finland

Fkkk Own assumptiorsameas Brazil

3.1.2 Nuclear Power
Europe

The share®f nuclear power production from pressure water reactors (PWR) and boiling water rea
tors (BWR) inthe European countries are shownlab. 3.3. The shares are calculated according to
the net capacity and the type of the nuclear power plant according to the power reactor information
system PRIS 201}
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Tab. 3.3:  Yearly electricity production from PWR and BWR p  ower plants in GWh and percentin  the European cou n-

tries for the year 2008 according to the power reactor information syst em (PRIS 2011).
Country Code Production / GWh Share / %
PWR BWR PWR BWR

Austria AT 0 0 0 0
Belgium BE 45586 0 100 0
Bosnia and Herzegovina BA 0 0 0 0
Bulgaria BG 15765 0 100 0
Croatia HR 0 0 0 0
Cyprus CcY - - - -
Czech Republic cz 26551 0 100 0
Denmark DK 0 0 0 0
Estonia EE 0 0 0 0
Finland FI 8250 14708 36 64
France FR 439468 0 100 0
Germany DE 116847 31648 79 21
Greece GR 0 0 0 0
Hungary HU 14818 0 100 0
Iceland IS 0 0 0
Ireland IE 0 0 0
Italy IT 0 0 0
Latvia Lv 0 0 0
Lithuania LT 9894 0 100 0
Luxembourg LU 0 0 0 0
Macedonia MK 0 0 0 0
Netherlands NL 4169 0 100 0
Norway NO 0 0 0
Poland PL 0 0 0
Portugal PT 0 0 0
Romania RO 11226 0 100 0
Russia RU 89645 73440 55 45
Serbia Cs 0 0 0 0
Slovakia SK 16703 0 100

Slovenia SI 6273 0 100

Spain ES 45390 13583 77 23
Sweden SE 14215 49674 22 78
Switzerland CH 14432 13268 52 48
Turkey TR 0 0 0

Ukraine UA 89841 0 100

United Kingdom GB 52486 0 100

Rest of the world

The shares ofuclear power production from pressure water reactors (PWR) and boiling water rea
tors (BWR) incountriesoutside of Europare shown ifTab.3.4. The shares are calculated according

to net capacity and the type of the nuclear power plant according to the power reactor inforraation sy
tem PRIS 201}
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Tab. 3.4:  Yearly electricity production from PWR and BWR power plants in GWh and percent for the non -European

countries for the year 2008 according to the power reactor information system ( PRIS 2011).
Country Code Production / GWh Share / %

PWR BWR PWR BWR

Australia AU 0 0 0
Brazil BR 13969 0 100
Canada CA 93951 0 100
Mexico MX 0 9804 0 100
United States us 556150 281654 66 34
Japan JP 112580 145548 44 56
South Korea KR 150958 0 100 0
Chile CL 0 0 0 0
Peru PE 0 0 0 0
China CN 68394 0 100 0
India IN 13708 1005 93 7
Indonesia ID 0 0 0
Iran IR 0 0 0
Saudi Arabia SA 0 0 0
Taiwan ™ 15087 25740 37 63
Thailand TH 0 0 0 0
South Africa ZA 13004 0 100 0
Tanzania TZ 0 0 0
Tunisia TN 0 0 0
Malaysia MY 0 0 0
3.2 Africa

3.2.1 South Africa (ZA)

Tab.3.5 shows an overview over the South African electricity production according to the IE#- Stati
tics (IEA 2010 for the yar 2008. The South African power production reliasfassil fuels, mainly

hard coal (93%6), as main energy source. Further electricity is produced from nuclégrgbd hydro

power (2%). A share of about.4% of the electricity is imported. The electricity is importadinly

from Mozambique Lesotho and®Zimbabwé. The imports are modelled with Braziti storage type
hydropower because this data set is the best approximation for electricity production from hydropower
in the neighbouring countried South Africa.

The electricity production from hydro powis approximated using th@razilian dataset for stage
type hydropower productiormhe share oftorage typénydropower plants in South Africa is 10
The storage type hydropower production is approximated using the dataBeaZor The share of
pumped storage in South Africa68% (Eskom 201D

Power production from nuclear power plants is approximated using the U&aget for pressurised
water reactors. These dataseflects the conditions of nuclear power production using a mix PWR
power plantsPRIS 201)

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

® Personal communication: Philippa Notten, The Green House, ZA (14.02.2012)
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The unit process raw data of the electricity production and supply nSgwh Africa are showmab.

3.6 andTab.3.7.

Tab. 3.5: Composition of the South  African electricity production and supply mix including electricity imports ( IEA
2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 240'942 212'381 92.79 88.70
Hard coal 240'799 212'255 92.74 88.64
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products .
Fuel oil 0
Diesel 0 00 0
other petroleum products Of 00 00
Natural Gas 0 0 0.00 0.00
Other fossil 0 0 0.00 0.00
Hydro 4'032 3'992 1.74 1.67
Reservoir power plants 1'290 1277 0.56 0.53
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 2'742 2'714 1.19 1.13
Nuclear 13'004 12'224 5.34 5.10
Pressurised-water reactor (PWR) 13'004 12'224 5.34 5.10
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 313 281 0.12 0.12
Geothermal 0 0 0.00 0.00
Solar 22 21 0.00 0.00
Photovoltaic 22 21 0.01 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 32 32 0.01 0.01
Wood 259 228 0.10 0.10
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 258'291 228'878 100.00 95.58
Imports 0 10'572 0.00 4.42
Mozambique 0 10'572 0.00 4.42
Total 258'291 239'450 100.00 100.00

~=red marked: Data is not available by IEA-statistics
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Tab. 3.6:  Unit process raw data of the electricity production mix in South Africa 2008, at busbar

wn
(=2}
g5
> S
8 . electricity mix, '5 -2
Name § g domestic § 8 S GeneralComment
2 production @ %
£t
° 8
(7]
Location ZA
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production ZA kWh 1.00E+0
(1,1,1,3,1,1); assumption for hard coal power production in
technosphere electricity, hard coal, at power plant UCTE  kWh 9.27E-1 1 1.05 South Africa. value: IEA statistics 2008
. . (1,1,1,3,1,1); assumption for petroleum product and fuel oil
el @l e e ECIE = 1| 105 power production in South Africa, value: IEA statistics 2008
- X (1,1,1,3,1,1); estimated share of reservoir hydropower
electricity, hydropower, at reservoir power plant BR kWh 5.58E-3 1 105 production in South Africa: 100%
electricity, hydropower, at pumped storage power plant ZA kwh 1.19E-2 1 1.05 (1.1,1,3.1,1); estimated share of pumped storage production in

South Africa: 68%

(1,1,1,3,1,1); assumption for nuclear power production in South
electricity, nuclear, at power plant pressure water reactor UCTE kwh 5.34E-2 1 1.05 Africausing PWR, value: I[EAstatistics 2008, fraction: IAEA
Database 2010 (PRIS)

(1,1,1,3,1,1); assumption for geothermal power production in
South Africa, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for solar power production in South
Africa, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production in
South Africa, value: IEA statistics 2008

electricity, at wind power plant RER kWh 1.40E-4 1 105
electricity, production mix photovoltaic, at plant NZ kWh 9.04E-5 1 105

electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 9.97E-4 1 1.05

Tab. 3.7:  Unit process raw data of the electricity supply mix in South Africa 2008, at busbar

- <1 5 2 8%
g & g% & 5 %%
Name g g 8> § 5 electicitymix § § § GeneralComment
s 0§ 5 ¢ 58
2] £ S %S
Location ZA
InfrastructureProcess 0
Unit kwh
product electricity mix ZA - - 0 kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power production in
technosphere electricity, hard coal, at power plant UCTE 0 kWh 8.86E-1 1 105 South Africa, value: IEA statistics 2008
_ ~ . (1,1,1,3,1,1); assumption for petroleum product and fuel oil
G A B Yeud L SR 1] 105 power production in South Africa, value: IEA statistics 2008
. . (1,1,1,3,1,1); estimated share of reservoir hydropower
electricity, hydropower, at reservoir power plant BR 0 kwh 4.95E-2 1 105 production in South Africa: 100%
electricity, hydropower, at pumped storage power plant ZA - - 0 kwh 1.13E-2 1 105 (1.1,1,3,1,1); estimated share of pumped storage production

in South Africa: 68%

(1,1,1,3,1,1); assumption for nuclear power production in
electricity, nuclear, at power plant pressure water reactor UCTE - - 0 kwWh 5.10E-2 1 1.05 South Africa using PWR, value: IEA statistics 2008, fraction:
IAEA Database 2010 (PRIS)

(1,1,1,3,1,1); assumption for geothermal power production in

electricity, at wind power plant RER - = 0 kwh 1.34E-4 1 105 South Africa, value: IEA statistics 2008

. . (1,1,1,3,1,1); assumption for solar power production in South
electricity, production mix photovoltaic, at plant NZ 0 kwh 8.64E-5 1 105 Aftica. value: [EA statistics 2008
electicity, at cogen 6400kWth, wood, allocation exergy cH - . 0 kwh 9534 1 105 (hLL3LL)assumptonforcogeneraion power production

in South Africa, value: IEA statistics 2008

3.2.2 Tanzania (TZ)

Tab. 3.8 shows an overview over the Tanzanian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Tanzanian power production relies on fossil fuels, mainly natural
gas (36%), hard coal (36) and petrolem products (26) as main energy source. Further electricity is
produced from hydro power (8%). No electricity is imported to Tanzania. Therefore, the production
mix and the supply mix are identical.

There are no nuclear power plants enzaniag PRIS 201). Therefore, the nuclear power production
is zero.

The electricity production from hydro power is approximated using the Brazilian dataset for storage
type hydropower production. It is assudrthat 100% of the electricity from hydropower comes from
storage type hydropower plants. The share of pumped storage in Tanzania is 0%. The Beazilian d
taset is used, because of the similar climatic conditions of Brazil and Tanzania.

For the electricityproduction with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used ag-approxim
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tion. This includes the electricity generation from wood, with biogas, sewalgndfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nifiarefania are shown ifab.

3.9andTab.3.10.

Tab. 3.8:  Composition of the Tanzanian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 1'759 1'712 39.44 39.44
Hard coal 119 116 2.67 2.67
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products 00 00
Natural Gas 1'600 1'557 35.87 35.87
Other fossil 0 0 0.00 0.00
Hydro 2'655 2'628 60.56 60.56
Reservoir power plants 2'655 2'628 60.56 60.56
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 0 0 0.00 0.00
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 4'414 4'340 100.00 100.00
Imports 0 0 0.00 0.00
Total 4'414 4'340 100.00 100.00

'red marked: Data is not available by IEA-statistics
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Tab. 3.9:  Unit process raw data of the electricity production mix in Tanzania 2008, at busbar

3
g 5
& . electricitymix, E- g
Name s 5 domestic K &8 8 GeneralComment
S production @ 3
o
> 5
n
Location TZ
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production TZ kWh 1.00E+0
. 1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kWh 2.67E-2 1 1.05 ( ) P p

production in Tanzania, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 8.97E-3 1 1.05 fueloil power production in Tanzania, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE kwh 3.59E-1 1 1.05 production in Tanzania, value: [EA statistics 2008

(1,1,1,3,1,1); estimated share of reservoir

electricity, hydropower, at reservoir power plant BR kWh 6.06E-1 1 1.05 hydropower production in Tanzania: 100%

Tab. 3.10: Unit process raw data of the electricity supply mix in Tanzania 2008, at busbar

@
< £ o3
S = é T o
Name IS4 5 electricitymix g g_g GeneralComment
3 £ 58
S >
Location TZ
InfrastructureProcess 0
Unit kwh
product electricity mix TZ kwh 1.00E+0
. 11,131.1); tion for h; |
technosphere electricity, hard coal, at power plant UCTE kwh 2.67E-2 1 1.05 ( 3.1,1); assumption for hard coal power

production in Tanzania, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 8.97E-3 1 1.05 and fuel oil power production in Tanzania, value:
|IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE kwh 3.59E-1 1 1.05 production in Tanzania, value: IEAstatistics 2008

(1,1,1,3,1,1); estimated share of reservoir

electricity, hydropower, at reservoir power plant BR kwh 6.06E-1 1 105 hydropower production in Tanzania: 100%

3.2.3 Tunisia (TN)

Tab.3.11 shows an overview over the Tunisian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Tunisian power production relies on fossil fuels, mainly natural gas
(87 %) and petroleum products (%4) asmain energy source. Further electricity is produced from
hydro power. No electricity is imported Taunisia Therefore, the production mix and the supply mix
are identical.

There are no nuclear power plants in TuniBiRIS 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants in Tunisia is 10%.

For the eletricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogasyage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply mixirwsia are shown ifab.
3.12andTab.3.13.
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Tab. 3.11: Composition of the Tunisian e lectricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 15'234 14'508 99.47 99.47
Hard coal 0 0 0.00 0.00
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants . .
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 39 39 0.27 0.27
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 39 39 0.27 0.27
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 15'311 14'584 100.00 100.00
Imports 0 0 0.00 0.00
Total 15'311 14'584 100.00 100.00

7 red marked: Data is not available by IEA-statistics
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Tab. 3.12: Unit process raw data of the electricity production mix in Tunisia 2008, at busbar

o]

g 5

> S

e 2
s . electiciymix, > g
Name s 5 domestic E 8 8 GeneralComment

S production ] %

s 2

S g

0
Location N
InfrastructureProcess 0
Unit kWh

product electricity mix, domestic production ™ kWh 1.00E+0

(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwWh 1.08E-1 1 1.05 fueloil power production in Tunisia, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in Tunisia, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR hydropower
production in Tunisia: 100%

(1,1,1,3,1,1); assumption for geothermal power
production in Tunisia, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE  kWh 8.87E-1 1 1.05
electricity, hydropower, at run-of-river power plant RER kwh 2.58E-3 1 1.05

electricity, atwind power plant RER kWh  267E-3 1 105

Tab. 3.13: Unit process raw data of the electricity supply mix in Tunisia 2008, at busbar

> [
5 . £43
Name 8 S electricitymix g §§ GeneralComment
S 2 8§58
S $S
Location ™
InfrastructureProcess 0
Unit kwh
product electricity mix TN kwWh 1.00E+0

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE  kWh 1.08E-1 1 1.05 and fuel oil power production in Tunisia, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in Tunisia, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR
hydropower production in Tunisia: 100%
(1,1,1,3,1,1); assumption for geothermal power
production in Tunisia, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE kwh 8.87E-1 1 1.05
electricity, hydropower, at run-of-river power plant RER kwWh 2.58E-3 1 1.05

electricity, at wind power plant RER kwh 2.67E-3 1 1.05

3.3 Americas
3.3.1 Brazil (BR)

Tab.3.15 shows an overview over the Brazilian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Brazilian power production relies on hydro power as main energy
source (73%0). Further electricity is produdefrom renewables, mainly biomass%} and nuclear
power (3%). A share of about % of the electricity is imported from Paraguay 62, Argentina

(28 %), Venezuela (€6) and Uruguay (46) (OECD/IEA 2006.

Because no electricity datasets for Paraguay, Argentina Venezuela and Uruguay are available, the
shares of these countries are directly considered isugmgly mix. The electricity production in Rar

guay, Venezuela and Uruguay is modelled with the Brazilian storage type hydro power dataset, b
cause hydro power has the highest share in these countries. For the Electricity production in Argentina
the UCTE @ta set for electricity generation using natural gas is used, because natural gas has the
highest share in the Argentinian power production.

The electricity production from hydro power is approximated using the Brazilian dataset for storage
type hydropoweiproduction.The share of the ruof-river and storage type hydropower generation
according toTab. 3.2 is taken into account. The share of tofrriver hydropower plants in Brazil is

0 %. The share of the storage type hydropower plants i86l0he share of pumped storage in Brazil

is 0%.

Power production from nuclear power plants is approximated using the UCTE dataset for pressure w
ter reactorsThis dataset reflects the conditions of nuclear power production using PWR power plants
only (PRIS 201

Life Cycle Inventories of Electricity Mixes and Grid -19- treeze Ltd.



3. Life cycle inventories of electricity mixes

For the electricity production with wind power the average European dataset is used. For the power
production from wood the Brazilian datasets for electricity generation from bagasse are used.

The unit process raw data of the electrigtpduction and supply mix drazil are showrTab.3.16
andTab.3.17.

Tab. 3.14: Brazilian Electricity Imports for the year 2005 ( OECD/IEA 2006)

Exportto BR Hydro power [Fossil-thermal |Nuclear Renewables
GWh % % % %
Paraguay 27'131 100.00% 0.00% 0.00% 0.00%
Argentina 10773 30.00% 60.00% 8.00% 1.00%
Venezuela 948 71.00% 29.00% 0.00% 0.00%
Uruguay 349 81.00% 18.00% 0.00% 1.00%
Total 39201 79.89% 17.35% 2.20% 0.28%
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Tab. 3.15: Composition of the Brazilian electricity production and supply mix including electricity imports ( IEA 2010)

Gross Net Production |Production Mix Supply Mix

Production

GWh GWh % %
Fossil fuels 59'131 56'784 12.46 11.39
Hard coal 310 298 0.07 0.06
Lignite 6'538 6'278 1.38 1.26
Peat 0 0 0.00 0.00
Industrial Gases 5'708 5'482 1.20 1.10
Coke gases
Blastfurnace gases e N
Petroleum products
Fuel oil
Diesel
other petroleum products Eesroy R o 00T 5144
Natural Gas 29'021 27'869 6.12 5.59
Other fossil 0 0 0.00 0.00
Hydro 369'556 365'860 80.29 73.38
Reservoir power plants 369'556 365'860 80.29 73.38
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 13'969 13'131 2.88 2.63
Pressurised-water reactor (PWR) 13'969 13'131 2.88 2.63
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 20'464 19'677 4.32 3.95
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 637 637 0.14 0.13
Biomass 19'827 19'040 4.18 3.82
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 249 239 0.05 0.05
Total domestic 463'369 455'691 100.00 91.40
Imports 0 42'901 0.00 8.60
Argentina 0 12'012 0.00 241
Paraguay 0 26'599 0.00 5.33
Venezuela 0 2'574 0.00 0.52
Uruguay 0 1'716 0.00 0.34
Total 463'369 498'592 100.00 100.00
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Tab. 3.16: Unit process raw data of the electricity production mix in Brazil 2008, at busbar

n
(=2}
g5
-1
s - electricity, % g
Name g 5 production mix ‘g 8 & GeneralComment
S BR g 3
s 2
° s
7}
Location BR
InfrastructureProcess 0
Unit kWh
product electricity, production mix BR BR kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kwh 6.53E-4 1 105 production in Brazl, value: IEA statistics 2008
electricity, lignite, at power plant UCTE kwh  138E2 1 105 (L1L3L1)iassumpion forlignite power production

in Brazil, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kwh 1.20E-2 1 1.05 blastfurnace gas power production in Brazil, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwWh 3.70E-2 1 1.05 fueloil power production in Brazil, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in Brazil, value: I[EA statistics 2008
(1,1,1,1,1,1); estimated share of reservoir
hydropower production in Brazil: 100%
(1,1,1,3,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE  kwh 2.88E-2 1 1.05 productionin Brazl using PWR, value: I[EA statistics
2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for geothermal power

electricity, natural gas, at power plant UCTE kwh 6.12E-2 1 1.05

electricity, hydropower, at reservoir power plant BR kWh 8.03E-1 1 105

Eleccaativndporeiplany RER Rt Lo 1] 105 production in Brazl, value: IEA statistics 2008
- . (1,1,1,1,1,1); assumption for cogeneration power
electricity, bagasse, sugarcane, at fermentation plant BR kwh 4.18E-2 1 1.05 production in Brazil, value: [EA statistics 2008
Tab. 3.17: Unit process raw data of the electricity supply mix in Brazil 2008, at busbar
> U o
5 . £ 85
Name § 5 electricitymix & & S GeneralComment
o o [=a—1
= £ 8
S >
Location BR
InfrastructureProcess 0
Unit kwh
product electricity mix BR kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE kwh 5.97E-4 1 1.05 production in Brazil, value: IEA statistics 2008
electricity, lignite, at power plant UCTE kWh 1.26E-2 1 1.05 (1.1,1,3,1,1); assumption for lignite power

production in Brazil, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 1.10E-2 1 1.05 blastfurnace gas power production in Brazil,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwh 3.38E-2 1 1.05 and fuel oil power production in Brazil, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE kwh 8.00E-2 1 1.05 production in Brazil, value: IEA statistics 2008
- . (1,1,1,1,1,1); estimated share of reservoir
lects h t lant BR kwh 7.96E-1 1 1.05 L .
Sl e, R SRl PO (e hydropower production in Brazil: 100%
,,,,, ;assumption for nuclear power
11,1311 ption f lear p
electricity, nuclear, at power plant pressure water reactor UCTE kwh 2.63E-2 1 1.05 zgﬁ:ﬁf;g:):rzzlc:jgnlg;\gggt/:éu;;i%m
(PRIS)
- . (1,1,1,2,1,1); assumption for geothermal power
lects t d lant RER kwh 1.76E-3 1 1.05 o X -
Sl ERTIIE [ T production in Brazil, value: IEA statistics 2008
electricity, bagasse, sugarcane, at fermentation plant BR kwh 3.82E-2 1 1.05 (1.1,1,1,1,1); assumption for cogeneration power

production in Brazil, value: IEA statistics 2008

Tab.3.18 shows an overview over the Canadian electricity production according to the IEA Statistics
(IEA 2011]) for the year 2008. The Canadian power production relies on hydro power as main energy
source (584b). Further electricity is produced from fossil fuels, mainly hard coabg},3hatural gas

(6 %) and lignite (26), and from nuclear power (24). A share of about % of the electricity ism-

ported from the United States of America.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruof-river and storage type hyar
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power generatiomaccording toTab. 3.2 is taken into account. The share of tofrriver hydropower
plants in Canada is 8. The share of thetorage type hydropower plants is%0 The storage type
hydropower production is approximated using the dataset foalpome conditions. The share of
pumped storage in Canada is 0%03

Power production from nuclear power plants is approximated using$hdataset for pressurised-w
ter reactors. These datasets reflect the conditions of nuclear power production using PWR power
plants only PRIS 201}

For the electricity production with wind pe@r the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nlamdda are showrab.3.19
and Tab.3.20.
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Tab. 3.18: Composition of the Canadian electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 162'453 149'867 23.84 22.92
Hard coal 95'501 88'102 14.02 13.48
Lignite 16'408 15'137 241 2.32
Peat 0 0 0.00 0.00
Industrial Gases 60 55 0.01 0.01
Coke gases 31 29 0.00 0.00
Blast furnace gases 29 27 0.00 0.00
Petroleum products 9'845 9'082 1.44 1.39
Fuel oil 4'259 3'929 0.63 0.60
Diesel 1'195 1'102 0.18 0.17
other petroleum products 4'391 4'051 0.64 0.62
Natural Gas 40'639 37'490 5.96 5.73
Other fossil 0 0 0.00 0.00
Hydro 382'580 378'754 60.25 57.93
Reservoir power plants 76'494 75'729 12.05 11.58
Run-of-river power plants 305'975 302'915 48.19 46.33
Pumped storage power plants 111 110 0.02 0.02
Nuclear 93'951 88'314 14.05 13.51
Pressurised-water reactor (PWR) 93'951 88'314 14.05 13.51
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 11'413 10'828 1.72 1.66
Geothermal 0 0 0.00 0.00
Solar 33 31 0.00 0.00
Photovoltaic 33 31 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 33 33 0.01 0.01
Wind 3'819 3'819 0.61 0.58
Wood 7'528 6'945 1.10 1.06
Biogas 0 0 0.00 0.00
Waste 927 855 0.14 0.13
Municipal waste 157 145 0.02 0.02
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 770 710 0.11 0.11
Other 0 0 0.00 0.00
Total domestic 651'324 628'618 100.00 96.15
Imports 0 25'189 0.00 3.85
United States of America 0 25'189 0.00 3.85
Total 651'324 653'807 100.00 100.00

=== red marked: Data is not available by IEA-statistics
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Tab. 3.19: Unit process raw data of the electricity production mix in Canada 2008, at busbar

8
g 5
& . electicitymix, E- g
Name s s domestic g & 8 GeneralComment
S producton  § &
c °
c
2 s
%)
Location CA
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production CA kwh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwh 1.40E-1 1 1.05 production in Canada, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for lignite power production
electricity, lignite, at power plant UCTE kWh 241E-2 1 1.05 in Canada, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 8.81E-5 1 1.05 blastfurnace gas power production in Canada,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE kWh 1.27E-2 1 1.05 fuel oil power production in Canada, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.75E-3 1 1.05 fuel power production in Canada, value: IEA
statistics 2008
. (1,1,1,3,1,1); assumption for natural gas power
electricity, natural gas, at power plant us kWh 5.96E-2 1 1.05 production in Canada, value: [EA staistics 2008
ele;tncny, hydropower, at reservoir power plant, non alpine RER KWh 1.20E-1 1 105 (11,13,11); esllma.ted §hare of reservoir
regions hydropower production in Canada: 20%
- . (1,1,1,3,1,1); estimated share of ROR hydropower
| h -0f- | RER kWh 4.82E-1 1 1. I
electricity, hydropower, at run-of-river power plant 8! 05 production in Canada: 80%
- (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant GB kwh 1.75E-4 1 1.05 production in Canada: 0.03%
(1,1,1,3,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor us kwh 1.40E-1 1 1.05 productionin Canada using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
. . (1,1,1,3,1,1); assumption for geothermal power
lect: t d lant RER kWh .13E- 1 1.05 I -
Il g5 L T e (T CLES production in Canada, value: IEA statistics 2008
electricity, production mix photovoltaic, at plant CA kWh 4.93E-5 1 1.05 (1.1,1,1,1,1); assumption for solar power production
o 7 e : : in Canada, value: IEA statistics 2008
- . (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.10E-2 1 1.05 production in Canada, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.13E-3 1 1.05 biogas, sewage and landfill gas in Canada, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 2.30E-4 1 1.05 municipal and industrial waste in Canada, value: [EA
statistics 2008
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Tab. 3.20: Unit process raw data of the electricity supply mix in Canada 2008, at busbar

3
c 248
S = s 2o
Name g 5 electricitymix § § & GeneralComment
S £ 38
S 5
Location CA
InfrastructureProcess 0
Unit kwh
product electricity mix CA kwh 1.00E+0
L (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwh 1.35E-1 1 1.05 production in Canada, value: IEA statistics 2008
P 1,11311); ion for ligni
electricity, lignite, at power plant UCTE kwh 2.32E-2 1 1.05 ( 3.1,1); assumption for lignite power

production in Canada, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 8.47E-5 1 1.05 blastfurnace gas power production in Canada,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kWh 1.22E-2 1 1.05 and fuel oil power production in Canada, value:

IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.69E-3 1 1.05 fossil fuel power production in Canada, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in Canada, value: IEA statistics 2008
eIeFtrlclty, hydropower, at reservoir power plant, non alpine RER Wh 116E-1 1 105 (111311); estlma‘ted share of reservoir
regions hydropower production in Canada: 20%
(1,1,1,3,1,1); estimated share of ROR
hydropower production in Canada: 80%
(1,1,1,1,1,1); estimated share of pumped storage
production in Canada: 0.03%
(1,1,1,3,1,1); assumption for nuclear power
production in Canada using PWR, value: [EA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for geothermal power
production in Canada, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power
production in Canada, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
production in Canada, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwWh 1.09E-3 1 1.05 from biogas, sewage and landfill gas in Canada,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 2.22E-4 1 1.05 from municipal and industrial waste in Canada,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Canada, value: IEA statistics 2008

electricity, natural gas, at power plant us kwh 5.73E-2 1 105

electricity, hydropower, at run-of-river power plant RER kwh 4.63E-1 1 1.05

electricity, hydropower, at pumped storage power plant GB kwWh 1.68E-4 1 1.05
electricity, nuclear, at power plant pressure water reactor us kwh 1.35E-1 1 1.05

electricity, at wind power plant RER kWh 5.89E-3 1 1.05
electricity, production mix photowoltaic, at plant CA kwWh 4.74E-5 1 1.05

electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.06E-2 1 1.05

electricity mix, domestic production us kwh 3.85E-2 1 1.05

3.3.2 Chile (CL)

Tab. 3.21 shows an overview over the Chilean electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Chilean power production relies on fossd, fominly petroleum
products (26%), hard coal (236) and natural gas @) as main energy source. Further electricity is
produced from hydro power (48) and renewables, mainly wood¥g. A share of about 2% of

the electricity is imported. It is agmed that 1006 of the electricity is imported from Argentina.

Because no electricity dataset for Argentina is available, the share of the imports is directly considered
in the supply mix. For the electricity production in Argentina the UCTE data sdefirigity genea-

tion using natural gas is used, because natural gas has the highest share in the Argentinian-power pr
duction.

The electricity production from hydro power is approximated using the European datasetdbr run
river hydropowe. The share othe runof-river and storage type hydropower generatooording to
Tab. 3.2 is taken into account. The share of tofrriver hydropower plants in Chile is 100. The
share of the storage type hydropower plants¥s 0he share of pumped storage in Chile .0

There are no nuclear power plants in ChRR([S 201). Therefore, the nuclear power productien
zero.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generatiamr wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.
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The unit process raw data of the electricity production and supply n@hité are showTab. 3.22

andTab.3.23.
Tab. 3.21: Composition of the Chilean electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 32'390 31'160 53.62 52.57
Hard coal 14'112 13'576 23.36 22.91
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases ik L
Petroleum products 16'090 15'479
Fuel oil 9’ ,é:i
Diesel
other petroleum products ;
Natural Gas 2'188 2'105 3.62 3.55
Other fossil 0 0 0.00 0.00
Hydro 24'193 23'951 41.21 40.41
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 24'193 23'951 41.21 4041
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 3'121 3'004 5.17 5.07
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 38 38 0.07 0.06
Wood 3'083 2'966 5.10 5.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 59'704 58'115 100.00 98.05
Imports 0 1'154 0.00 1.95
Argentina 0 1'154 0.00 1.95
Total 59'704 59'269 100.00 100.00

777 red marked: Data is not available by IEA-statistics
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Tab. 3.22: Unit process raw data of the electricity production mix in Chile 2008, at busbar

3
g 5
L E
5 . electiciymix, 2 g
Name K 5 domestic K & 8 GeneralComment
S production @ g
e o
S s
n
Location CL
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production CL kWh 1.00E+0
. 1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kWh 2.34E-1 1 1.05 ( ) P P

production in Chile, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 2.66E-1 1 1.05 fuel oil power production in Chile, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE  kWh 3.62E-2 1 1.05 production in Chile, value: IEA statistics 2008

. . (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 4.12E-1 1 1.05 production in Chile: 100%

L . L (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kWh 6.54E-4 1 1.05 production in Chile, value: IEA staistics 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 5.10E-2 1 1.05 (1.1,1,3,1,1); assumption for cogeneration power

production in Chile, value: IEA statistics 2008

Tab. 3.23: Unit process raw data of the electricity supply mix in Chile 2008, at busbar

2 8%
5 . <83
Name 8 5 electicitymix g §§ GeneralComment
S 2 §%
D >
Location CL
InfrastructureProcess 0
Unit kwh
product electricity mix CL kwh 1.00E+0
technosphere electricity, hard coal, at power plant UCTE  kWh 2.29E-1 1 105 (1.1,1,3,1,1); assumption for hard coal power

production in Chile, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwh 2.61E-1 1 1.05 and fuel oil power production in Chile, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE kwWh 5.50E-2 1 1.05 production in Chile, value: [EAstatistics 2008

(1,1,1,2,1,1); estimated share of ROR

lectricity, h t run-of-ri lant RER kwh 4.04E-1 1 1.0 . "
electricity, hydropower, at run-of-river power plan 0: 5 hydropower production in Chile: 100%

(1,1,1,2,1,1); assumption for geothermal power

electricity, at wind power plant RER kWh 6.41E-4 1 1.05 production in Chile, value: [EA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 5.00E-2 1 1.05 production in Chile, value: [EA statistics 2008

3.3.3 Mexico (MX)

Tab.3.24 shows an overview over the Mexican electricity production according to the IEA Statistics
(IEA 2017) for the year 2008. The Mexican power production relies on fossil fuels, mainly natural gas
(50%), petroleum products (%) and hard coal (%) as main energy source. Further electricity is
produced from hydro power (B6) and nuclear power @). A share of about 0% of the electricity

is imported from the United States of America.

The electricity production from hydro power is approximatedgiéiie European dataset for rafz
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into account. The share of tofrriver hydropower
plants in Mexico is 1006. The share of the storage type hydropower plant®4s Dhe storage type
hydropower production is approximated using the dataset foralpime conditions. The sharof
pumped storage in Mexico is%0.

Power production from nuclear power plants is approximated using the US datdsating water
reactors. Thiglataseteflecis the conditions of nuclear power production using BWR power plamts o
ly (PRIS 201}
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For the electricity production with wind power the average European dataset is used. For the power

production from other renewable resources, either European or Swiss datasets aseapgpedxira-

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the

electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply niitexico are showab.3.25

andTab.3.26.
Tab. 3.24: Composition of the Mexican electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 201'797 190'367 77.33 77.22
Hard coal 20'908 19'724 8.01 8.00
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 502 474 0.19 0.19
Coke gases 67 63 0.03 0.03
Blast furnace gases 435 410 0.17 0.17
Petroleum products 49'311 46'518 18.90 18.87
Fuel oil 46'433 43'803 17.79 17.77
Diesel 856 808 0.33 0.33
other petroleum products 2'022 1'907 0.77 0.77
Natural Gas 131'076 123'652 50.23 50.16
Other fossil 0 0 0.00 0.00
Hydro 39'178 38'786 15.76 15.73
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 39'178 38'786 15.76 15.73
Pumped storage power plants 0 0 0.00 0.00
Nuclear 9'804 9'216 3.74 3.74
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 9'804 9'216 3.74 3.74
Renewables 8'067 7'743 3.15 3.14
Geothermal 7'056 6'774 2.75 2.75
Solar 9 8 0.00 0.00
Photovoltaic 9 8 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 269 269 0.11 0.11
Wood 733 691 0.28 0.28
Biogas 0 0 0.00 0.00
Waste 67 63 0.03 0.03
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 67 63 0.03 0.03
Other 0 0 0.00 0.00
Total domestic 258'913 246'175 100.00 99.86
Imports 0 351 0.00 0.14
United States of America 0 351 0.00 0.14
Total 258'913 246'526 100.00 100.00

,;,j/,; red marked: Data is not available by IEA-statistics
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Tab. 3.25: Unit process raw data of the electricity production mix in Mexico 2008, at busbar

product

technosphere

Name

Location
InfrastructureProcess
Unit

electricity mix, domestic production

electricity, hard coal, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant

electricity, at cogen 200kWe diesel SCR, allocation exergy

electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant boiling water reactor

electricity, at wind power plant
electricity, production mix photovoltaic, at plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

Location

MX

us

UCTE

UCTE

CH

us

RER

us

RER

us

CH

CH

- electricitymix,
5 domestic
production
MX
0
kwh
kWh 1.00E+0
kWh 8.01E-2
kwh 1.92E-3
kWh 1.86E-1
kwh 3.28E-3
kWh 5.02E-1
kwh 1.58E-1
kWh 3.74E-2
kWh 2.86E-2
kwh 3.44E-5
kWh 2.81E-3
kWh 2.57E-4

8
.
£ B
£ 3
i s
g g
S s

n
1 105
1 105
1 1.05
1 105
1 1.05
1 105
1 105
1 105
1 105
1 105
1105

& GeneralComment

(1,1,1,3,1,1); assumption for hard coal power
production in Mexico, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
blast furnace gas power production in Mexico, value:
|IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
fuel oil power production in Mexico, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for diesel and other fossil
fuel power production in Mexico, value: IEA statistics
2008

(1,1,1,3,1,1); assumption for natural gas power
production in Mexico, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR hydropower
production in Mexico: 100%

(1,1,1,3,1,1); assumption for nuclear power
production in Mexico using BWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,3,1,1); assumption for geothermal power
production in Mexico, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for solar power production
in Mexico, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power
production in Mexico, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
biogas, sewage and landfill gas in Mexico, value: IEA
statistics 2008

Tab. 3.26: Unit process raw data of the electricity supply mix in Mexico 2008, at busbar

@
c £58%
S = s S o
Name g 5 electricitymix § § é GeneralComment
S c 88
S 5
Location MX
InfrastructureProcess 0
Unit kwh
product electricity mix MX kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwh 8.00E-2 1 105 production in Mexico, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 1.92E-3 1 1.05 blastfurnace gas power production in Mexico,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 1.85E-1 1 1.05 and fuel oil power production in Mexico, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 3.28E-3 1 1.05 fossil fuel power production in Mexico, value: IEA
statistics 2008
- (1,1,1,3,1,1); assumption for natural gas power
electricity, natural gas, at power plant us kwh 5.02E-1 1 105 production in Mexico, value: IEA statistics 2008
- . (1,1,1,3,1,1); estimated share of ROR
electricity, hydropower, at run-of-river power plant RER kwh 157E-1 1 105 hydropower production in Mexico: 100%
(1,1,1,3,1,1); assumption for nuclear power
. . production in Mexico using BWR, value: I[EA
electricity, nuclear, at power plant boiling water reactor us kWh 3.74E-2 1 105 statistics 2008, fraction: IAEA Database 2010
(PRIS)
- . (1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 2.86E-2 1 105 production in Mexico, value: IEA stafistics 2008
- . . . (1,1,1,3,1,1); assumption for solar power
electricity, production mix photovoltaic, at plant us kWh 3.43E-5 1 105 production in Mexico, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
lectri t 6400kWth d, allocati CH kwh 2.80E-3 1 1.05 o . .
Cesab ateeoen b EIELth ElLEMR @)Y production in Mexico, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 2.56E-4 1 1.05 from biogas, sewage and landfill gas in Mexico,
value: IEA statistics 2008
PP 5 5 (1,1,1,1,1,1); assumption for imported electricity in
| kwWh 1.42E- 1 1. ) .
electricity mix, domestic production us 3 05 Mexico, value: IEA statistics 2008
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3.3.4 Peru (PE)

Tab.3.27 shows an overview over the Peruvian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Peruvian power production relies on Ipal@r as main energy
source. Further electricity is produced from fossil fuels, mainly natural ge)(28etroleum prd-

ucts (9%) and hard coal (%) and renewables, mainly wood%&. According to the IEA statistics
(IEA 2010 no dectricity is imported to Peru. Therefore, the electricity productidx and supply

mix are identical.

The electricity production from hydro power is approximated using the Brazilian dataset for storage
type hydropower production. It is assumed that 206f the electricity from hydropower comes from
storage type hydropower plants. The share of pumped storage in P&t e Brazilian dataset is
used, because of the similar climatic conditions of Brazil and Peru.

There are no nuclear power plants imlP@RIS 201). Therefore, the nuclear power production is
zero.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewablesources, either European or Swiss datasets are used as agpproxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process rawath of the electricity production and supply mixRdru are showiiab. 3.28
andTab.3.29.
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Tab. 3.27: Composition of the Peruvian electricity production and supply mix including electricity imports (

Gross Net Production |Production Mix Supply Mix

Production

GWh GWh % %
Fossil fuels 12'892 12'679 39.60 39.60
Hard coal 877 863 2.69 2.69
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 0 0 0.00 0.00
Coke gases ; ;
Blast furnace gases e
Petroleum products
Fuel oil
Diesel
other petroleum products 000 00
Natural Gas 27.93 27.93
Other fossil 0 0 0.00 0.00
Hydro 19'040 18'850 58.87 58.87
Reservoir power plants 19'040 18'850 58.87 58.87
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 498 490 1.53 1.53
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 1 1 0.00 0.00
Wood 497 489 1.53 1.53
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 32'430 32'019 100.00 100.00
Imports 0 0 0.00 0.00
Total 32'430 32'019 100.00 100.00

AP

red marked: Data is not available by IEA-statistics
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Tab. 3.28: Unit process raw data of the electricity production mix in Peru 2008, at busbar

wn
(2]
g 5
> S
5 . electricitymix, % g
Name g 5 domestic s 8 & GeneralComment
S production @ E
c T
c
° s
(7]
Location PE
InfrastructureProcess 0
Unit kwWh
product electricity mix, domestic production PE kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kwh 2.69E-2 1 105 production in Peru, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwWh 8.97E-2 1 1.05 fueloil power production in Peru, value: IEA statistics
2008
. (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant UCTE  kwh 2.79E-1 1 105 production in Peru, value: IEAstatistics 2008
. . (1,1,1,2,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant BR kWh 5.89E-1 1 105 hydropower production in Peru: 100%
. R (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kWh 3.12E-5 1 105 production in Peru, value: [EA statistics 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH  kwh  153E2 1 105 (Lii3.L.1)assumption forcogeneration power

production in Peru, value: IEA statistics 2008

Tab. 3.29: Unit process raw data of the electricity supply mix in Peru 2008, at busbar

i
c 2 a §
8 = g T o
Name 8 5 electricity mix 8 g _E GeneralComment
S E &8
S >
Location PE
InfrastructureProcess 0
Unit kwh
product electricity mix PE kwh 1.00E+0
technosphere electricity, hard coal, at power plant UCTE  kwh 2.69E-2 1 1.05 (1,1,1,3,1,1); assumption for hard coal power

production in Peru, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE  kwh 8.97E-2 1 1.05 and fuel oil power production in Peru, value: [IEA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power
production in Peru, value: [EA statistics 2008
(1,1,1,2,1,1); estimated share of reservoir
hydropower production in Peru: 100%
(1,1,1,2,1,1); assumption for geothermal power
production in Peru, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
production in Peru, value: [EA statistics 2008

electricity, natural gas, at power plant UCTE kWh 2.79E-1 1 1.05
electricity, hydropower, at reservoir power plant BR kwh 5.89E-1 1 1.05
electricity, at wind power plant RER kwh 3.12E-5 1 1.05

electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.53E-2 1 1.05

3.3.5 United States of America (US)

Tab.3.30 shows an overview over the American electricity production according to the IEA Statistics
(IEA 2017) for the year 2008. The American power production relies on fossil fuels, mainly hard coal
(46 %), natural gas (2%) and lignite (20) as main energy source. Further electricity is produced
from nudear power (196) and hydro power (%). A share of about 1% of the electricity ism-
ported. The electricity is imported from Canada and Mexico.

The electricity production from hydro power is approximated using the European datasetdbr run
river andstorage type hydropower productidrhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into account. The share of tofrriver hydropower
plants in the United States is 80 The share of the storage type hydropower plants 96.2lhe sto-

age type hydropower production is approximated using the dataset falpio@ conditions. The
share of pumped storage in the Uni&tdtes is 9%.

Power production from nuclear power plants is approximated using the US datasets for boiling and
pressure water reactors. These datasets reflect the conditions of nuclear power production using a mix
of PWR (66.4%) and BWR (33.66) power pants PRIS 201}
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For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasetsd as approxan

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supglpitihe United States are shown
Tab.3.31andTab.3.32

Tab. 3.30: Composition of the US American electricity production and supply mix including electricity imports ( IEA
2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 3'100'961 2'858'063 70.28 69.31
Hard coal 2'041'229 1'881'340 46.26 45.62
Lignite 87'106 80'283 1.97 1.95
Peat 0 0 0.00 0.00
Industrial Gases 3'857 3'555 0.09 0.09
Coke gases 595 548 0.01 0.01
Blast furnace gases 3262 3'006 0.07 0.07
Petroleum products 58'180 53'623 1.32 1.30
Fuel oil 24'848 22'902 0.56 0.56
Diesel 8'602 7'928 0.19 0.19
other petroleum products 24730 22'793 0.56 0.55
Natural Gas 910'589 839'263 20.64 20.35
Other fossil 0 0 0.00 0.00
Hydro 281'995 279'175 6.87 6.77
Reservoir power plants 51'343 50'829 1.25 1.23
Run-of-river power plants 205'371 203'317 5.00 4.93
Pumped storage power plants 25'281 25'028 0.62 0.61
Nuclear 837'804 787'536 19.37 19.10
Pressurised-water reactor (PWR) 556'150 522'781 12.86 12.68
Boiling-water reactor (BWR) 281'654 264'755 6.51 6.42
Renewables 117'538 113'391 2.79 2.75
Geothermal 17'014 16'333 0.40 0.40
Solar 2'450 2'303 0.06 0.06
Photovoltaic 1'572 1'478 0.04 0.04
Solar thermal 878 825 0.02 0.02
Wave and tidal energy 0 0 0.00 0.00
Wind 55'696 55'696 1.37 1.35
Wood 41'619 38'359 0.94 0.93
Biogas 759 700 0.02 0.02
Waste 30'013 27'662 0.68 0.67
Municipal waste 16'987 15'656 0.39 0.38
Industrial waste 5'203 4'795 0.12 0.12
Sewage sludge and landfill gases 7'823 7'210 0.18 0.17
Other 788 726 0.02 0.02
Total domestic 4'369'099 4'066'553 100.00 98.62
Imports 0 57'020 0.00 1.38
Canada 0 55'732 0.00 1.35
Mexico 0 1'288 0.00 0.03
Total 4'369'099 4'123'573 100.00 100.00

, red marked: Data is not available by IEA-statistics
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Tab. 3.31: Unit process raw data of the electricity production mix in the United States 2008, at busbar

8
g 5
L E
_5 .~  electricitymix, E g
Name S 5 domestic s & 8 GeneralComment
S production  § 3
:3
7}
Location us
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production us kwh 1.00E+0
(1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwh 4.63E-1 1 1.05 production in United States, value: IEA statistics
2008
TR (1,1,1,3,1,1); assumption for lignite power production
electricity, lignite, at power plant UCTE  kWh 1.97E-2 1 1.05 in United States, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 8.74E-4 1 1.05 blastfurnace gas power production in United States,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 1.12E-2 1 1.05 fueloil power production in United States, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.95E-3 1 1.05 fuel power production in United States, value: [EA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant us kWh 2.06E-1 1 1.05 production in United States, value: IEA statistics
2008
electricity, hydropower, at reservoir power plant, non alpine (1,1,1,3,1,1); estimated share of reservoir
regions =R L 12322 1] 105 hydropower production in United States: 20%
. i ¥ (1,1,1,3,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kWh 5.00E-2 1 1.05 production in United States: 80%
. (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant us kwh 6.15E-3 1 1.05 production in United States: 8.97%
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor us kwh 1.29E-1 1 1.05 productionin United States using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant boiling water reactor us kwh 6.51E-2 1 1.05 productionin United States using BWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 1.81E-2 1 1.05 productionin United States, value: IEA statistics
2008
. " . . (1,1,1,1,1,1); assumption for solar power production
| h | | kWh .63E-4 1 1. h .
electricity, production mix photovoltaic, at plant us 3.63 05 o United States, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 9.43E-3 1 1.05 production in United States, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.95E-3 1 1.05 biogas, sewage and landfill gas in United States,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 5.03E-3 1 1.05 municipal and industrial waste in United States,
value: IEA statistics 2008
Life Cycle Inventories of Electricity Mixes and Grid -35- treeze Ltd.



3. Life cycle inventories of electricity mixes

Tab. 3.32: Unit process raw data of the electricity supply mix in the United States 2008, at busbar

. 28
2 = T 2o
Name g 5 electricitymix 5 S § GeneralComment
S S S8
S oS
Location us
InfrastructureProcess 0
Unit kwh
product electricity mix us kwh 1.00E+0
(1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwWh 4.56E-1 1 1.05 productionin United States, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for lignite power
electricity, lignite, at power plant UCTE kwh 1.95E-2 1 1.05 productionin United States, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kWh 8.62E-4 1 1.05 blastfurnace gas power production in United

States, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE  kWh 1.11E-2 1 1.05 and fuel oil power production in United States,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.92E-3 1 1.05 fossil fuel power production in United States,

value: IEA statistics 2008

(1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant us kwWh 2.04E-1 1 1.05 productionin United States, value: IEA statistics

2008
electricity, hydropower, at reservoir power plant, non alpine (1,1,1,3,1,1); estimated share of reservoir
regions RER W 12621 1| 105 hydropower production in United States: 20%
(1,1,1,3,1,1); estimated share of ROR
hydropower production in United States: 80%
(1,1,1,1,1,1); estimated share of pumped storage
production in United States: 8.97%
(1,1,1,1,1,1); assumption for nuclear power
production in United States using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,1,1,1); assumption for nuclear power
production in United States using BWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 1.78E-2 1 1.05 productionin United States, value: IEA statistics

2008

(1,1,1,1,1,1); assumption for solar power
electricity, production mix photowoltaic, at plant us kwh 3.58E-4 1 1.05 productionin United States, value: IEA statistics

2008

(1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 9.30E-3 1 1.05 productionin United States, value: IEA statistics

2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.92E-3 1 1.05 from biogas, sewage and landfill gas in United

States, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 4.96E-3 1 1.05 from municipal and industrial waste in United
States, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
United States, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
United States, value: IEA statistics 2008

electricity, hydropower, at run-of-river power plant RER kwh 4.93E-2 1 1.05

electricity, hydropower, at pumped storage power plant us kWh 6.07E-3 1 1.05

electricity, nuclear, at power plant pressure water reactor us kwh 1.27E-1 1 1.05

electricity, nuclear, at power plant boiling water reactor us kwh 6.42E-2 1 1.05

electricity mix, domestic production CA kwh 1.35E-2 1 1.05

electricity mix, domestic production MX kwWh 3.12E-4 1 1.05

3.4 Asia and Australia
3.4.1 Australia (AU)

Tab.3.33 shows an overview over the Australian electricity production according to the IEA Statistics
(IEA 2017) for the year 2008. The Australian power productidieseon fossil fuels, mainly hard coal

(55 %), lignite (21%) and natural gas (&), as main energy source. Further electricity is produced
from hydro power and renewables. No electricity is imported becaube géayraphical location.

There are no nlear power plants in Australi#@RIS 201). Therefore, the nuclear power production
IS zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower producti®he share of the ruaf-river and storage type hyah
power generatiomaccording toTab. 3.2 is taken into accouniThe shareof run-of-river hydropower
plants in Australia is 10%. The share of the storage type hydropower plant84s The storage type
hydropower production is approximated using the dataset foralpome conditions. The share of
pumped storage in Australiai%o.
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For the electricity production with wind power the average European dataset is used. For the power
production out of renewable resources, either European or Swiss datasets are set as approximation.
This includes the electricity generation from woodthvbiogas, sewage or landfill gas and thecele

tricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nfixgifalia are shown imab.
3.34andTab.3.35.

Tab. 3.33: Composition of the Australian  electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 238'885 212'648
Hard coal 141'714 126'149
Lignite 54'087 48'147
Peat 0 0
Industrial Gases 1'621
Coke gases e
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants 11'909 11'790
Pumped storage power plants 148 147
Nuclear 0 0
Pressurised-water reactor (PWR) 0 0
Boiling-water reactor (BWR) 0 0
Renewables 5'304 5'162
Geothermal 0 0
Solar 160 150
Photovoltaic 156 147
Solar thermal 4 4
Wave and tidal energy 0 0
Wind 3'941 3'941
Wood 1'203 1'071
Biogas 0 0
Waste 1'001 891
Municipal waste 0 0
Industrial waste 0 0
Sewage sludge and landfill gases 1'001 891
Other 0 0
Total domestic 257'247 230'637
Imports 0 0
Importl 0 0
Total 257'247 230'637

,;,j/,; red marked: Data is not available by IEA-statistics
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Tab. 3.34: Unit process raw d ata of the electricity productionmix in Australia 2008, at busbar

8
g5
& . electricitymix, E- g
Name s 5 domestic K &8 8 GeneralComment
S production @ K
c O
c
2 s
%)
Location AU
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production AU kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant us kwh 547E-1 1 1.05 production in Australia, value: IEA statistics 2008
el Fiie, A s UCTE  Kkwh 2.09E-1 1 105 (1,1,1,3,1,1); assumption for lignite power production

in Australia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 7.03E-3 1 1.05 blastfurnace gas power production in Australia,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 2.42E-3 1 1.05 fuel oil power production in Australia, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 8.22E-3 1 1.05 fuel power production in Australia, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant us kwh 1.49E-1 1 1.05 production in Australia, value: [EA statistics 2008
electricity, hydropower, at run-of-river power plant RER kWh 5.11E-2 1 1.05 (plroldlucs'ni:?neAuS“s"l:'::f igg;z of ROR hydropower
electricity, hydropower, at pumped storage power plant AU kWh 6.35E-4 1 1.05 fjlroldtélinl?niu“sr?r:zj jf;e;rﬂzof pumped storage
electricity, at wind power plant RER kwh 1.71E-2 1 105 S;oldtili:?ni\sussutrrglllj:o:a{ﬁ;glelicihsi;rt?;:c?;v;(;l%
electricity, production mix photovoltaic, at plant AU kWh 6.36E-4 1 1.05 i(r];Ii::s;:i;2:\/:IS:::rInEpAtiz?a[?srtisczlazwt)ggwer production
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh  464E3 1 105 (LLl3Ll)assumption forcogeneration power

production in Australia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 3.86E-3 1 1.05 biogas,sewage and landfill gas in Australia, value:
IEA statistics 2008

Tab. 3.35: Unit process raw data of the electricity supply mix in Australia 2008, at busbar

> 3
5 |, £¢3
Name 8 S electriciymix § § 5 GeneralComment
S 2 §8
D >
Location AU
InfrastructureProcess 0
Unit kwh
product electricity mix AU kwh 1.00E+0
(1,1,1,3,1,1); assumption for hard coal power
techn her lectri hard I, at lant us kwh 5.47E-1 1 1.05 o " .
echnosphere SEcich nardicozLialpenerpian production in Australia, value: IEA statistics 2008
electricity, lignite, at power plant UCTE kwh 20061 1 105 (hb:i3:L1)assumption forlignite power

production in Australia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 7.03E-3 1 1.05 blastfurnace gas power production in Australia,
value: I[EA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 2.42E-3 1 1.05 and fuel oil power production in Australia, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 8.22E-3 1 1.05 fossil fuel power production in Australia, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for natural gas power

Elecuicvinatialigasiaiponalpiant & R L=l 1| 105 production in Australia, value: IEA statistics 2008
electricity, hydropower, at run-of-river power plant RER kwh 5.11E-2 1 1.05 ;Ly;;;},iaelg:perzgrcanf: ;h:;;?;?a?ﬁoo%

electricity, hydropower, at pumped storage power plant AU kwh 6.35E-4 1 105 :J];oldﬁcjilinl?ne/-\uﬁlsr?r:ﬁzd ]snhzaarsoof pumped storage
electricity, at wind power plant RER kwh 1.71E-2 1 105 S;;)ld'il]'c?;i'nl?:nEfj;:ﬁ:?\“ﬂ{z;?gfzg;:Czogvoeés
electricity, production mix photovoltaic, at plant AU kWh 6.36E-4 1 1.05 S;;L’i';é’nl?;nTusslip;l?;i?\nafﬁ:g:r;gﬁmfﬁls 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH  kwh  464E3 1 105 (LLL3.L1);assumption forcogeneration power

production in Australia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 3.86E-3 1 1.05 from biogas, sewage and landfill gas in Australia,
value: IEA statistics 2008

3.4.2 India (IN)
Co author:  Matthias StuckiZurich University of Applied Sciences

Tab. 3.53 shows an overview over the Indian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Indian power production relies on fossil fuels, mainly hard coal
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(65 %), natural gas (1%) and petroleum products $4) as main energy source. Further electricity is
produced from hydropower (24) and from nuclear power @). A shareof about 1% of the ele-
tricity is importedmainly from Bhutan The imported electricity is modelled with tB®iropean data
set for storage type hydro power for alpine conditi@nsce the electricity in Bhutan is mainlygsr
duced from storage type ¢hyo power in alpine regions.

The electricity production from hydro power is approximated using the European datasetdtr run
river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants in the India is 1%. The share of the storage type hydropower plants %.8Bhe share fo
pumped storage in India is 22.

Hydropower constitutes of reservoir power plants,-atimiver power plants, and pumped storage
power plants. The total hydro power capacity as on 31.03.2008 amounted to 37002.1 MW including a
capaci t yWWoptimpddstdsagel power plantCEA 200§. We identified only one large run

of-ri ver power plant MW.t hHoaweco sep g afl ymatichydro Par80 0
plants were installed, which are usually+afrriver power plants as well.

Tab. 3.36 Pumped storage and run -of-river power plants in India

Capacity Share

(CEA 2008)

in MW
Total pumped storage power plants 4551 123 %
Run-of-river power plants* 3930 12.1%
Storage type hydropower 33072 87.9 %
Total non -pumped storage power plants 32451 87.7 %
Capeciy 09008 e 002 | 1000%

*http://www.eai.in/ref/lae/hyd/hyd.html

For India the share of the storage type hydro power is differently heddel the main geographical
regions of IndiaGreenhouse gas emissions from reservoir power plants strongly depend dn the cl
mate. In tropical climate, such as in South India, flogdin area leads to higher methane and carbon
dioxide emissions compared to emissions from power plants in northern highbusasgon et al.
2008. Reservoir power plants in North India are considered with a dataset for alpine hydropower,
reservoir power plants in South India with a dataset of Brazilian hydropower, and reservoir power
plants in the remaining areas with a dataset ofailpime hydrpower (sedab.3.37).

Tab. 337 Capacity of |l arge hydropower split up into Cenra StatiSiss mai n ge o (
Office (CSO 2011)

Capacit

20(?8 y Share

GW %
North India 12.98 36.1%
East India 3.93 10.9%
Northeast India 1.12 3.1%
West India 7.2 20.0%
South India 10.69 29.8%
Total 35.92 100.0%
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Power production from nuclear power plants is approximated using the Chinese dafasssure
water reactorand the UCTE datasef boiling water reactorsThese dataseteflect the conditions of
nuclear power production usigmix ofPWRand BWR power plant$®RIS 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either Europe8wiss datasets are used as appraxim

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity piiin and supply mix ofndia are showmab. 3.54

andTab.3.55.
Tab. 3.38: Composition of the Indian electricity production and supply mix including electricity imports ( IEA 2010)

Gross Net Production |Production Mix Supply Mix

Production

GWh GWh % %
Fossil fuels 685'385 640'384 81.79 80.83
Hard coal 549'750 513'655 65.60 64.84
Lignite 18'130 16'940 2.16 2.14
Peat 0 0 0.00 0.00
Industrial Gases 1'430 1'336 0.17 0.17
Coke gases : 10
Blastfurnace gases s e R
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas 81'927 76'548 9.78 9.66
Other fossil 0 0 0.00 0.00
Hydro 114'295 113'152 14.45 14.28
Reservoir power plants 88'108 87'227 11.14 11.01
Run-of-river power plants 12'129 12'007 1.53 152
Pumped storage power plants 14'058 13'918 1.78 1.76
Nuclear 14'713 13'830 1.77 1.75
Pressurised-water reactor (PWR) 13'708 12'885 1.65 1.63
Boiling-water reactor (BWR) 1'005 945 0.12 0.12
Renewables 15'733 15'602 1.99 1.97
Geothermal 0 0 0.00 0.00
Solar 20 19 0.00 0.00
Photovoltaic 20 19 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 13'740 13'740 1.75 1.73
Wood 1'973 1'843 0.24 0.23
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 830'126 782'969 100.00 98.83
Imports 0 9'249 0.00 1.17
Bhutan 0 9'249 0.00 1.17
Total 830'126 792'218 100.00 100.00

‘red marked: Data is not available by IEA-statistics
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Tab. 3.39: Unit process raw data of

the electricity production mix in India 2008, at busbar

8
g5
c P <
S .~ electricitymix, .E- =
Name S 5 domestic s & 8 GeneralComment
S production  § 3
:
7}
Location IN
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production IN kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant CN kWh 6.56E-1 1 1.05 production in India, value: IEA staistics 2008
L (1,1,1,3,1,1); assumption for lignite power production
electricity, lignite, at power plant SK kwWh 2.16E-2 1 105 in India. value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 1.71E-3 1 1.05 blastfurnace gas power production in India, value:
|IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant SK kWh 4.07E-2 1 1.05 fueloil power production in India, value: IEA statistics
2008
- (1,1,1,3,1,1); assumption for natural gas power
electricity, natural gas, at power plant CENTREL kWh 9.78E-2 1 1.05 production in India, value: IEA statistics 2008
L . (1,1,1,3,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant BR kWh 3.32E-2 1 1.05 hydropower production in India: 87.9%
. . X . (1,1,1,3,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant, alpine region RER kwh 4.03E-2 1 1.05 hydropower production in India: 87.9%
eletl:trlcny‘ hydropower, at reservoir power plant, non alpine RER KWh 3.80E-2 1 105 (1,1,1,31,1); estlma‘ted ;harg of reservoir
regions hydropower production in India: 87.9%
r -
L . (1,1,1,3,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kWh 1.53E-2 1 1.05 production in India: 12.1%
. (1,1,1,3,1,1); estimated share of pumped storage
| h | K kWh 1.78E-2 1 1. I "
electricity, hydropower, at pumped storage power plant S 8| 05 production in India: 12.3%
(1,1,1,3,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor CN kwWh 1.65E-2 1 1.05 productionin India using PWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,3,1,1); assumption for nuclear power
electricity, nuclear, at power plant boiling water reactor UCTE  kWh 1.21E-3 1 1.05 production in India using BWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
- X (1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 1.75E-2 1 1.05 production in India, value: IEA staistics 2008
- " . . (1,1,1,3,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant KR kWh 2.40E-5 1 1.05 in India, value: IEA statistics 2008
. N (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 2.35E-3 1 1.05 production in India, value: IEA staistics 2008
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Tab. 3.40: Unit process raw data of the electricity supply mix in India 2008, at busbar

2 22
g . 528
Name ] S electicitymix 5 8 § GeneralComment
S S 58
S S
Location IN
InfrastructureProcess 0
Unit kwh
product electricity mix IN kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant IN kwh 6.48E-1 1 1.05 production in India, value: IEA stafistics 2008
S 11,1,31,1); tion for lignit
electricity, lignite, at power plant UCTE kWh 2.14E-2 1 1.05 ( ); assumption for lignite power

production in India, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kwh 1.69E-3 1 1.05 blastfurnace gas power production in India,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kWh 4.03E-2 1 1.05 and fuel oil power production in India, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in India, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of reservoir
hydropower production in India: 87.9%
(1,1,1,3,1,1); estimated share of reservoir
hydropower production in India: 87.9%
ele.ctricity, hydropower, at reservoir power plant, non alpine RER Wh 37562 1 105 (111311); estima.ted .share. of resenvoir
regions hydropower production in India: 87.9%
(1,1,1,3,1,1); estimated share of ROR
hydropower production in India: 12.1%
(1,1,1,3,1,1); estimated share of pumped storage
production in India: 12.3%
(1,1,1,3,1,1); assumption for nuclear power
production in India using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for nuclear power
production in India using BWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for geothermal power
production in India, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for solar power
production in India, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE  kwh 9.66E-2 1 1.05
electricity, hydropower, at reservoir power plant BR kWh 3.28E-2 1 1.05

electricity, hydropower, at reservoir power plant, alpine region RER kwh 5.15E-2 1 1.05

electricity, hydropower, at run-of-river power plant RER kWh 1.52E-2 1 1.05

electricity, hydropower, at pumped storage power plant IN kwh 1.76E-2 1 1.05

electricity, nuclear, at power plant pressure water reactor CN kwh 1.63E-2 1 1.05

electricity, nuclear, at power plant boiling water reactor UCTE  kwh 1.19E-3 1 1.05

electricity, at wind power plant RER kwh 1.73E-2 1 1.05
electricity, production mix photovoltaic, at plant KR kwh 2.37E-5 1 1.05

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.33E-3 1 1.05 production in India, value: IEA staistics 2008

3.4.3 Indonesia (ID)

Tab. 3.41 shows an overview over the Indonesian electricity production according to the IE#: Stati
tics (EA 2010 for the year 2008. The Indonesian power production relies on fossil fugilsly lig-

nite (41%), petroleum products (28) and natural gas (1) as main energy source. Furthercele
tricity is produced from hydropower ¢8) and from renewables, mainly geotherma?dp No ele-
tricity is imported to Indonesia.

There are no nuclegower plants in Indonesi®RIS 201). Therefore, the nuclear power production
is zero.

The electricity production from hydro power is approximated using the Brazilian dataset for storage
type hydropower production. It is assumed that ¥@f the electricity from hydropower comes from
storage type hydropower plants. The share of pumped storage in Indone%ia TH€ Brazilian d-

taset is used, because of the similar climatic conditions @ilBnad Indonesia.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity geration from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nmindofiesia are showhab.
3.42andTab.3.43.
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3. Life cycle inventories of electricity mixes

Tab. 3.41: Composition of the Indonesian e lectricity production and supply mix including electricity imports ( IEA
2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 129'612 124'946
Hard coal 0 0
Lignite 61'395 59'185
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel ;
other petroleum products A8 fef
Natural Gas 25'236 24'327 16.86 16.86
Other fossil 0 0 0.00 0.00
Hydro 11'528 11'413 7.91 7.91
Reservoir power plants 11'528 11'413 7.91 7.91
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 8'297 7'965 5.52 5.52
Geothermal 8'297 7'965 5.52 5.52
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 149'437 144'324 100.00 100.00
Imports 0 0 0.00 0.00
Total 149'437 144'324 100.00 100.00

red marked: Data is not available by IEA-statistics
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3. Life cycle inventories of electricity mixes

Tab. 3.42: Unit process raw data of the electricity production mix in Indonesia 2008, at busbar

3
g 5
L E
& . electiciymix, 2 g
Name s 5 domestic K &8 8 GeneralComment
S production @ 3
c T
c
S g
n
Location ID
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production ID kWh 1.00E+0
e 111311); ion for lignite i
electricity, lignite, at power plant UCTE kwh  410E1 1 105 (&bL3d.Diassumption forlignite power production

in Indonesia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwWh 2.87E-1 1 1.05 fueloil power production in Indonesia, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE  kWh 1.69E-1 1 1.05 production in Indonesia, value: IEA statistics 2008
. . (1,1,1,3,1,1); estimated share of reservoir

electricity, hydropower, at reservoir power plant BR kwh 7.91E-2 1 1.05 hydropower production in Indonesia: 100%

electricity, at wind power plant RER kwh 5.52E-2 1 1.05 (1.1,1.3,1,1); assumption for geothermal power

production in Indonesia, value: IEA statistics 2008

Tab. 3.43: Unit process raw data of the electricity supply mix in Indonesia 2008, at busbar

3
c 2o}
S = g T o
Name g 5 electricitymix g gg GeneralComment
3 c 58
S hS
Location ID
InfrastructureProcess 0
Unit kwh
product electricity mix ID kwh 1.00E+0
electricity, lignite, at power plant UCTE KWh 410E-1 1 105 (1,1,1,3,1,1); assumption for lignite power

production in Indonesia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwh 2.87E-1 1 1.05 and fuel oil power production in Indonesia, value:
|IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

| ici | | TE kwh 1.69E-1 1 1. : . )
CEcicty aligloas atpoapiant e & 05 production in Indonesia, value: IEA statistics 2008

(1,1,1,3,1,1); estimated share of reservoir

electricity, hydropower, at reservoir power plant BR kwh 7.91E-2 1 1.05 hydropower production in Indonesia: 100%

(1,1,1,3,1,1); assumption for geothermal power

lectricity, at wind lant RER kwh 5.52E-2 1 1.05 Y . -
SEcticiiidpersioan production in Indonesia, value: IEA statistics 2008

3.4.4 lIran (IR)

Tab. 3.41 shows an overview over the Iranian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Iranian power production relies on fossil fuels, mainly natural gas
(81%) and petroleum products (%) as main energy source. Further electricity is produced from
hydropower (26). No electricity is imported to Iran.

There are a nuclear power plants in IraRRIS 201). Therefore, the nuclear power productionas z
ro.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe share of the ruaf-river and storage type hyah
power generatiomaccording toTab. 3.2 is taken into accounfThe shareof run-of-river hydropaver
plants in the Iran is 10%. The share of pumped storage in Iran %.0

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either Europe&wiss datasets are used as appr@xim

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity prettbn and supply mix dfan are showrTab. 3.45and
Tab.3.46.
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3. Life cycle inventories of electricity mixes

Tab. 3.44: Composition of the Iranian electricity production and supply mix including electricity imports (
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 209'332 199'384 97.48 97.48
Hard coal
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products A e !
Natural Gas 173'399 165'159 80.75 80.75
Other fossil 0 0 0.00 0.00
Hydro 5'003 4'953 2.42 2.42
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 5'003 4'953 2.42 242
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 196 196 0.10 0.10
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 196 196 0.10 0.10
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 214'531 204'533 100.00 100.00
Imports 0 0 0.00 0.00
Total 214'531 204'533 100.00 100.00

7 red marked: Data is not available by IEA-statistics

IEA 2010)
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3. Life cycle inventories of electricity mixes

Tab. 3.45: Unit process raw data of the electricity production mix in Iran 2008, at busbar

o]

g 5

> S

e 2
s . electiciymix, 2 g
Name s 5 domestic | 8 8 GeneralComment

S production ] E

c O

S s

n
Location IR
InfrastructureProcess 0
Unit kwh

product electricity mix, domestic production IR kWh 1.00E+0

(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 1.82E-3 1 1.05 blastfurnace gas power production in Iran, value:

IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and

electricity, oil, at power plant UCTE  kWh 1.66E-1 1 1.05 fueloil power production in Iran, value: IEA statistics
2008
electricity, natural gas, at power plant UCTE kwh  807E1 1 105 (Lib3L1)assumption fornatural gas power

production in Iran, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR hydropower
production in Iran: 100%

(1,1,1,3,1,1); assumption for geothermal power
production in Iran, value: IEA statistics 2008

electricity, hydropower, at run-of-river power plant RER kWh 2.42E-2 1 1.05

electricity, at wind power plant RER kWh 9.58E-4 1 1.05

Tab. 3.46: Unit process raw data of the electricity supply mix in Iran 2 008, at busbar

2 2%
5 . £ 55
Name 8 5 electriciymix § § 5 GeneralComment
S g §8
S5 55
Location IR
InfrastructureProcess 0
Unit kwh
product electricity mix IR kwh 1.00E+0

(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 1.82E-3 1 1.05 blastfurnace gas power production in Iran, value:

IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 1.66E-1 1 1.05 and fuel oil power production in Iran, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for natural gas power
production in Iran, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR
hydropower production in Iran: 100%
(1,1,1,3,1,1); assumption for geothermal power
production in Iran, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE kWh 8.07E-1 1 105
electricity, hydropower, at run-of-river power plant RER kwh 2.42E-2 1 1.05

electricity, at wind power plant RER kwWh 9.58E-4 1 1.05

3.4.5 Japan (JP)

Tab.3.47 shows an overview over the Japanese electricity production according to the IEA Statistics
(IEA 2011 for the year 2008. The Japanese power production relies on fossil fuels, mainly hard coal
(24 %), natural gas (28) and petroleum products (¥2) as main energy source. Further electricity is
produced from nuclear power (28) and hydro power (%). No electricity is imported because of the
geographical situation.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruaf-river and storagéype hydo-
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants in Japan is 8&. The share of the storage typedigpower plants is 2. The storage type
hydropower production is approximated using the dataset fomalpome conditions. The share of
pumped storage in Japan is 960

Power production from nuclear power plants is approximated using the UCTE daiabeitirig and
pressure water reactors. These datasets reflect the conditions of nuclear power production using a mix
of PWR (43.6%) and BWR (56.4%) power plantsHRIS 201}

For the electricit production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used ag-approxim
tion. This includes the electricity generation from wood, with biogas, sewagndfill gas and the
electricity generation from municipal solid waste incineration.
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3. Life cycle inventories of electricity mixes

The unit process raw data of the electricity production and supply ndiapain are showhab. 3.48

andTab.3.49.
Tab. 3.47: Composition of the Japanese e lectricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 710'577 667'757 65.38 65.38
Hard coal 263'663 247774 24.26 24.26
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 32'161 30'223 2.96 2.96
Coke gases 8'215 7'720 0.76 0.76
Blast furnace gases 23'946 22'503 2.20 2.20
Petroleum products 131'593 123'663 12.11 12.11
Fuel oil 108'997 102'429 10.03 10.03
Diesel 3199 3'006 0.29 0.29
other petroleum products 19'397 18228 1.78 1.78
Natural Gas 283'160 266'097 26.06 26.06
Other fossil 0 0 0.00 0.00
Hydro 83'295 82'462 8.07 8.07
Reservoir power plants 15'248 15'095 1.48 1.48
Run-of-river power plants 60'991 60'381 5.91 5.91
Pumped storage power plants 7'056 6'985 0.68 0.68
Nuclear 258'128 242'640 23.76 23.76
Pressurised-water reactor (PWR) 112'580 105'826 10.36 10.36
Boiling-water reactor (BWR) 145'548 136'815 13.40 13.40
Renewables 22'705 21'551 2.11 2.11
Geothermal 2'752 2'642 0.26 0.26
Solar 2'251 2'116 0.21 0.21
Photovoltaic 2'251 2'116 0.21 0.21
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 2'623 2'623 0.26 0.26
Wood 15'079 14'170 1.39 1.39
Biogas 0 0 0.00 0.00
Waste 7'309 6'869 0.67 0.67
Municipal waste 6'837 6'425 0.63 0.63
Industrial waste 472 444 0.04 0.04
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 1'082'014 1'021'279 100.00 100.00
Imports 0 0 0.00 0.00
Total 1'082'014 1'021'279 100.00 100.00

/,f;? red marked: Data is not available by IEA-statistics
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3. Life cycle inventories of electricity mixes

Tab. 3.48: Unit process raw dat a of the electricity production mix in Japan 2008, at busbar

8
e
S g
§ - electicitymix, 2 =
Name S 5 domestic s & 8 GeneralComment
S production  § 3
5%
7}
Location JP
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production JP kWh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power
| h | [ P kWh 2.43E-1 1 1. I -
technosphere electricity, hard coal, at power plant Ji 3 05 production in Japan, value: IEA stafistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE  kWh 2.96E-2 1 1.05 blastfurnace gas power production in Japan, value:
|IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 1.18E-1 1 1.05 fueloil power production in Japan, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 2.94E-3 1 1.05 fuel power production in Japan, value: I[EA statistics
2008
. g (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant JP kWh 261E-1 1 1.05 production in Japan, value: [EA stafistics 2008
elegtr|C|ty, hydropower, at reservoir power plant, non alpine RER KWh 1.48E-2 1 105 (1,1,1,31,1); esuma.ted ;hare of reservoir
regions hydropower production in Japan: 20%
(1,1,1,3,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER  kWh 5.91E-2 1 105 production in Japan: 80%
. ¥ (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant JP kWh 6.84E-3 1 1.05 production in Japan: 8.47%
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE  kWh 1.04E-1 1 1.05 production in Japan using PWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant boiling water reactor UCTE kWh 1.34E-1 1 1.05 production in Japan using BWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
- X (1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 5.16E-3 1 1.05 production in Japan, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant JP kWh 2.07E-3 1105 . Japan, value: [EA statistics 2008
. N (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.39E-2 1 1.05 production in Japan, value: IEA stafistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 6.73E-3 1 1.05 municipal and industrial waste in Japan, value: IEA
statistics 2008
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Tab. 3.49: Unit process raw data of the electricity supply mix in Japan 2008, at busbar

3
c 248
2 = '3 T o
Name 5} 5 electriciymix § & GeneralComment
S S 88
S 5
Location JP
InfrastructureProcess 0
Unit kwh
product electricity mix JP kwh 1.00E+0
technosphere electricity, hard coal, at power plant JP kwh 2.43E-1 1 105 (1.1,1,1,1,1); assumption for hard coal power

production in Japan, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kWh 2.96E-2 1 1.05 blastfurnace gas power production in Japan,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 1.18E-1 1 1.05 and fuel oil power production in Japan, value: IEA

statistics 2008

(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 2.94E-3 1 1.05 fossil fuel power production in Japan, value: IEA

statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant JP kwh 2.61E-1 1 1.05 production in Japan, value: IEA statistics 2008

eIeFtrlclty, hydropower, at reservoir power plant, non alpine RER Wh 1.48E-2 1 105 (111311); estlma‘ted share of reservoir
regions hydropower production in Japan: 20%
(1,1,1,3,1,1); estimated share of ROR
hydropower production in Japan: 80%
(1,1,1,1,1,1); estimated share of pumped storage
production in Japan: 8.47%

(1,1,1,1,1,1); assumption for nuclear power
production in Japan using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)

(1,1,1,1,1,1); assumption for nuclear power
production in Japan using BWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)

(1,1,1,3,1,1); assumption for geothermal power
production in Japan, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power
production in Japan, value: IEA statistics 2008

electricity, hydropower, at run-of-river power plant RER kwh 5.91E-2 1 1.05

electricity, hydropower, at pumped storage power plant JP kwWh 6.84E-3 1 1.05

electricity, nuclear, at power plant pressure water reactor UCTE kwh 1.04E-1 1 1.05

electricity, nuclear, at power plant boiling water reactor UCTE  kWh 1.34E-1 1 1.05

electricity, at wind power plant RER kwh 5.16E-3 1 1.05
electricity, production mix photovoltaic, at plant JP kwh 2.07E-3 1 1.05

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 1.39E-2 1 1.05 production in Japan, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production

electricity from waste, at municipal waste incineration plant CH kwh 6.73E-3 1 1.05 from municipal and industrial waste in Japan,
value: IEA statistics 2008

3.4.6 Malaysia (MY)

Tab.3.50 shows an overview over the Malaysian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Malaysian power production relies on fioedd, mainly natural

gas (64%) and hard coal (2%), as main energy source. Further electricity is produced fronohydr
power (8%). No electricity is imported to Malaysia.

There are no nuclear power plants in Maly§IRIS 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approximated using the Brazilian dataset for storage
type hydropower production. It is assumed that %00f the electricit from hydropower comes from
storage type hydropower plants. The share of pumped storage in Malaysia is 0%. The Biazilian d
taset is used, because of the similar climatic conditions of Brazil and Malaysia.

For the electricity production with wind power theerage European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply niifat#fysia are showitab.
3.51andTab.3.52.
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Tab. 3.50: Composition of the Malaysian  electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 89'932 88'224 92.28 92.28
Hard coal 26'177 25'680 26.86 26.86
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants . .
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 1 1 0.00 0.00
Geothermal 0 0 0.00 0.00
Solar 1 1 0.00 0.00
Photovoltaic 1 1 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 97'392 95'609 100.00 100.00
Imports 0 0 0.00 0.00
Total 97'392 95'609 100.00 100.00

7 red marked: Data is not available by IEA-statistics
Life Cycle Inventories of Electricity Mixes and Grid -50- treeze Ltd.
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Tab. 3.51: Unit process raw data of the electricity production mix in Malaysia 2008, at busbar

3
g 5
& . electricitymix, E- g
Name s 5 domestic K &8 8 GeneralComment
S production @ 3
o
> 5
n
Location My
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production MY kWh 1.00E+0
. 1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kWh 2.69E-1 1 1.05 ( ) P P

production in Malaysia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwWh 1.89E-2 1 1.05 fuel oil power production in Malaysia, value: [EA
statistics 2008

(1,1,1,3,1,1); assumption for natural gas power
production in Malaysia, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of reservoir
hydropower production in Malaysia: 100%
(1,1,1,3,1,1); assumption for solar power production
in Malaysia, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE  kWh 6.35E-1 1 1.05
electricity, hydropower, at reservoir power plant BR kwh 7.72E-2 1 1.05

electricity, production mix photovoltaic, at plant KR kWh 9.83E-6 1 1.05

Tab. 3.52: Unit process raw data of the electricity supply mix in Malaysia 2008, at busbar

@
< £ o3
S = é T o
Name IS4 5 electricitymix g g_g GeneralComment
3 £ 58
S h>
Location MY
InfrastructureProcess 0
Unit kwh
product electricity mix MY kwh 1.00E+0
L 1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE kwh 2.69E-1 1 1.05 ( ) umpt pow

production in Malaysia, value: I[EA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kWh 1.89E-2 1 1.05 and fuel oil power production in Malaysia, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power
production in Malaysia, value: I[EA statistics 2008
(1,1,1,3,1,1); estimated share of reservoir
hydropower production in Malaysia: 100%
(1,1,1,3,1,1); assumption for solar power
production in Malaysia, value: IEA statistics 2008

electricity, natural gas, at power plant UCTE kwh 6.35E-1 1 1.05
electricity, hydropower, at reservoir power plant BR kwh 7.72E-2 1 1.05

electricity, production mix photovoltaic, at plant KR kwh 9.83E-6 1 105

347 Peoplebs Republic of China (CN)

Tab. 3.53 shows an overview over the Chinese electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Chinese power production relies on foski| fuainly hard coal

(77 %), as main energy source. Further electricity is produced from hydropow#) @8d from n-

clear power (26). A share of about 0% of the electricity is imported. The imported electricity is
modelled with the Russian electricinix. Because of the low share of the electricity imports, this a
sumption does not influence the overall result.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants inChina is 2%%. The share of the storage type hydropower plants %.7bhe storage type
hydropower production is approximated using the dataset foralpome conditions. The share of
pumped storage in China is 0%.

Power production from nuclear power piais approximated using the Chinese dataset for pressure
water reactors. These dataset reflects the conditions of nuclear power production using PWR power
plants only PRIS 201}

For the elecicity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used ag-approxim
tion. This includes the electricity generation from wood, with biogasage or landfill gas and the
electricity generation from municipal solid waste incineration.
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The unit process raw data of the electricity production and supply n@hiok are showitab. 3.54

andTab.3.55.
Tab. 3.53: Composition of the Chinese electricity production and supply mix including electricity imports ( |IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 2'787'719 2'456'745 78.85 78.75
Hard coal 2'711'663 2'389'719 76.70 76.61
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products ;
Natural Gas 31'028 27'344 0.88 0.88
Other fossil 0 0 0.00 0.00
Hydro 585'187 579'335 18.59 18.57
Reservoir power plants 438'890 434'501 13.95 13.93
Run-of-river power plants 146'297 144'834 4.65 4.64
Pumped storage power plants 0 0 0.00 0.00
Nuclear 68'394 64'290 2.06 2.06
Pressurised-water reactor (PWR) 68'394 64'290 2.06 2.06
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 15'610 15'320 0.49 0.49
Geothermal 0 0 0.00 0.00
Solar 172 162 0.00 0.00
Photovoltaic 172 162 0.01 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 13'079 13'079 0.42 0.42
Wood 2'359 2'079 0.07 0.07
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 3'456'910 3'115'690 100.00 99.88
Imports 0 3'842 0.00 0.12
Chinese Taipeh 0 3'842 0.00 0.12
Total 3'456'910 3'119'532 100.00 100.00

?;f,% /777 red marked: Data is not available by IEA-statistics
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Tab. 3.54: Unit process raw data of the electricity production mix in China 2008, at busbar

3
g 5
& . electricitymix, E- g
Name s 5 domestic | &8 8 GeneralComment
S production @ 3
c O
1=
2 s
%)
Location CN
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production CN kWh 1.00E+0
technosphere electricity, hard coal, at power plant CN kwh 7.67E-1 1 105 (1.1,1,3,1,1); assumption for hard coal power

production in China, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 6.11E-3 1 1.05 blastfurnace gas power production in China, value:
|IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant SK kWh 6.62E-3 1 1.05 fueloil power production in China, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in China, value: IEA statistics 2008
elegtriciw, hydropower, at reservoir power plant, non alpine RER KWh 1.39E-1 1 105 (111.211); eslima.ted ;harg of reservoir
regions hydropower production in China: 75%
(1,1,1,2,1,1); estimated share of ROR hydropower
production in China: 25%

electricity, natural gas, at power plant CENTREL kwh 8.78E-3 1 1.05

electricity, hydropower, at run-of-river power plant RER kwh 4.65E-2 1 1.05

(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor CN kwh 2.06E-2 1 1.05 productionin China using PWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)

(1,1,1,2,1,1); assumption for geothermal power

electricity, at wind power plant RER kwh 4.20E-3 1 1.05 production in China, value: IEA staistics 2008

. " . . (1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant KR kwh 5.19E-5 1 1.05 in China, value: IEA statistics 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 6.67E-4 1 1.05 (1.1,1,3,1,1); assumption for cogeneration power

production in China, value: IEA statistics 2008

Tab. 3.55: Unit process raw data of the electricity supply mix in China 2008, at busbar

@
c 288
L = g T o
Name 5t 5 electricity mix 3 §§ GeneralComment
S S g8
S 5hS
Location CN
InfrastructureProcess 0
Unit kwh
product electricity mix CN kWh 1.00E+0
. 11,131.1); tion for h; |
technosphere electricity, hard coal, at power plant CN kwWh 7.66E-1 1 1.05 ( 3.1,1); assumption for hard coal power

production in China, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 6.11E-3 1 1.05 blastfurnace gas power production in China,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant SK kwWh 6.61E-3 1 1.05 and fuel oil power production in China, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in China, value: IEA statistics 2008
ele;tricily, hydropower, at reservoir power plant, non alpine RER KWh 1.39E-1 1 105 (111,211); estima‘ted ;harg of reservoir
regions hydropower production in China: 75%
(1,1,1,2,1,1); estimated share of ROR

electricity, natural gas, at power plant CENTREL kWh 8.77E-3 1 1.05

electricity, hydropower, at run-of-river power plant RER kwh 4.64E-2 1 1.05 hydropower production in China: 25%
(1,1,1,2,1,1); assumption for nuclear power
A production in China using PWR, value: [EA
electricity, nuclear, at power plant pressure water reactor CN kwh 2.06E-2 1 1.05 statistics 2008, fraction: IAEA Database 2010
(PRIS)
- . (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kwWh 4.19E-3 1 1.05 production in China, value: IEA statistics 2008
- " . . (1,1,1,1,1,1); assumption for solar power
electricity, production mix photovoltaic, at plant KR kwWh 5.18E-5 1 1.05 production in China, value: IEA statistics 2008
- " (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 6.66E-4 1 1.05 production in China, value: [EA statistics 2008
electricity mix, domestic production RU kwh 1.23E-3 1 105 (1,1,1,1,1,1); assumption for imported electricity in

China, value: IEA statistics 2008

3.4.8 Saudi Arabia (SA)

Tab.3.56 shows an overview overéhSaudi Arabian electricity production according to the IE&: St
tistics (EA 2010 for the year 2008. The Saudi Arabian power production relies on fossil fuets, mai
ly petroleum products (5%) and natural gas (48), as main energyource. No electricity is impor

ed to Saudi Arabia.
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There are no nuclear power plants in Saudi AraPRI$ 201). Therefore, the nuclear power pradu
tion is zero.

In SaudiArabia there is nolectricity production from hydro power.

The unit process raw data of the electricity production and supply nsiaudi Arabia are showrab.
3.57andTab.3.58.

Tab. 3.56: Composition of the Saudi Arabian electricity production and supply mix including electricity imports ( IEA
2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 204'200 187'532 100.00 100.00
Hard coal 0 0 0.00 0.00
Lignite 0
Peat 0
Industrial Gases 0
Coke gases 0
Blast furnace gases z
Petroleum products 116'238 106'750
Fuel oil T
Diesel
other petroleum products ; : 00
Natural Gas 87'962 80'782 43.08 43.08
Other fossil 0 0 0.00 0.00
Hydro 0 0 0.00 0.00
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 0 0 0.00 0.00
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 204'200 187'532 100.00 100.00
Imports 0 0 0.00 0.00
Total 204'200 187'532 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.57: Unit process raw data of the electricity production mix in Saudi Arabia 2008, at busbar

o]
g 5
> =
& . electricitymix, 'é- 2
Name K 5 domestic E &8 8 GeneralComment
S production ] %
-
8
n
Location SA
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production SA kwh 1.00E+0
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 5.69E-1 1 1.05 fueloil power production in Saudi Arabia, value: IEA
statistics 2008
- 1,1,1,3,1,1); assumption for natural gas power
electricity, natural gas, at power plant UCTE  kwWh 431E-1 1 1.05 § ) P 9as p

production in Saudi Arabia, value: IEA statistics 2008

Tab. 3.58: Unit process raw data of the electricity supply mix in Saudi Arabia 2008, at busbar

> @
5 . £28
Name 8 5 electricitymix § §§ GeneralComment
S E 38
S 55
Location SA
InfrastructureProcess 0
Unit kwh
product electricity mix SA kwh 1.00E+0

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwh 5.69E-1 1 1.05 and fuel oil power production in Saudi Arabia,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for natural gas power

| ici | | TE kwh 431E-1 1 1. : . . -
e A VTl G, ET O L e £ 05 production in Saudi Arabia, value: IEA statistics

3.4.9 South Korea (KR)

Tab.3.59 shows an overview over the South Korean electricity production accordihg tBA Sa-

tistics (EA 2011 for the year 2008. The South Korean power production relies on fossil fuels, mainly
hard coal (4@%6) and natural gas (28) asmain energy source. Further electricity is produced from
nuclear power (340) and hydro power (%). No electricity is imported to South Korea. Therefore,
the production mix and the supply mix are identical.

The electricity production from hydro power ippaioximated using the European dataset forafin
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants in South Korea is 8. The share of the storage type hydropower plants #.20he storage
type hydropower production is approximated using the dataset feslpime conditions. The share of
pumped storage in South Korea is 4%8

Power production from nuclear power plants is approximated using the UCTE datasets for pressure
water reactors. This dataset reflects the conditions of nuclear power production using R&rR po
plants only PRIS 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Gaeésets are used as appradm

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity productionsamgbly mix ofSouth Korea are showrab.
3.60andTab.3.61
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Tab. 3.59: Composition of the South Korean electricity production and supply mix including electricity imports ( IEA
2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 288'444 274'297 64.83 64.83
Hard coal 176'696 168'030 39.71 39.71
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 15'065 14'326 3.39 3.39
Coke gases 1'616 1'537 0.36 0.36
Blast furnace gases 13'449 12'789 3.02 3.02
Petroleum products 15'351 14'598 3.45 3.45
Fuel oil 11'506 10'942 2.59 2.59
Diesel 446 424 0.10 0.10
other petroleum products 3'399 3'232 0.76 0.76
Natural Gas 81'332 77'343 18.28 18.28
Other fossil 0 0 0.00 0.00
Hydro 5'563 5'507 1.30 1.30
Reservoir power plants 614 608 0.14 0.14
Run-of-river power plants 2'456 2'431 0.57 0.57
Pumped storage power plants 2'493 2'468 0.58 0.58
Nuclear 150'958 141'901 33.54 33.54
Pressurised-water reactor (PWR) 150'958 141'901 33.54 33.54
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 765 746 0.18 0.18
Geothermal 0 0 0.00 0.00
Solar 285 268 0.06 0.06
Photovoltaic 285 268 0.06 0.06
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 436 436 0.10 0.10
Wood 40 38 0.01 0.01
Biogas 4 4 0.00 0.00
Waste 623 592 0.14 0.14
Municipal waste 157 149 0.04 0.04
Industrial waste 17 16 0.00 0.00
Sewage sludge and landfill gases 449 427 0.10 0.10
Other 75 71 0.02 0.02
Total domestic 446'428 423'114 100.00 100.00
Imports 0 0 0.00 0.00
Total 446'428 423'114 100.00 100.00

= red marked: Data is not available by IEA-statistics
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Tab. 3.60: Unit process raw data of the electricity production mix in South Korea 2008, at busbar

8
g 5
& . electicitymix, E- g
Name s s domestic g & 8 GeneralComment
S producton  § &
c T
c
2 s
%)
Location KR
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production KR kwh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant JP kwh 3.97E-1 1 1.05 production in South Korea, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 3.39E-2 1 1.05 blastfurnace gas power production in South Korea,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwh 3.35E-2 1 1.05 fueloil power production in South Korea, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 1.00E-3 1 1.05 fuel power production in South Korea, value: IEA
statistics 2008
. (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant JP kwh 1.83E-1 1 1.05 production in South Korea, value: [EA statistics 2008
ele;tncny, hydropower, at reservoir power plant, non alpine RER KWh 1.44E-3 1 105 (11,13,11); esllma.ted §hare of reservoir
regions hydropower production in South Korea: 20%
. . (1,1,1,3,1,1); estimated share of ROR hydropower
| h -0f- | RER kWh .75E- 1 1. I
electricity, hydropower, at run-of-river power plant 5.75E-3 05 production in South Korea: 80%
- (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant KR kwh 5.83E-3 1 1.05 production in South Korea: 44.81%
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE kwh 3.35E-1 1 1.05 productionin South Korea using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
- . (1,1,1,3,1,1); assumption for geothermal power
lect: t d lant RER kWh 1.20E-: 1 1.05 I .
Il g5 L T e (T RES production in South Korea, value: IEA statistics 2008
. " . . (1,1,1,1,1,1); assumption for solar power production
| h | | KR kWh .33E-4 1 1. A .
electricity, production mix photovoltaic, at plant 6.33 05 in South Korea, value: [EA statistics 2008
- . (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 8.99E-5 1 1.05 production in South Korea, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.02E-3 1 1.05 biogas, sewage and landfill gas in South Korea,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 3.91E-4 1 1.05 municipal and industrial waste in South Korea,
value: IEA statistics 2008
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Tab. 3.61: Unit process raw data of the electricity supply mix in South Korea 2008, at busbar

@
c 2 0%
L2 = g T a
Name 5} 5 electricity mix 3 § é GeneralComment
S c g8
S o>
Location KR
InfrastructureProcess 0
Unit kwh
product electricity mix KR kwWh 1.00E+0
(1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant JP kWh 3.97E-1 1 1.05 productionin South Korea, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 3.39E-2 1 1.05 blastfurnace gas power production in South

Korea, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 3.35E-2 1 1.05 and fuel oil power production in South Korea,

value: I[EA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.00E-3 1 1.05 fossil fuel power production in South Korea, value:

IEA statistics 2008

(1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant JP kwh 1.83E-1 1 1.05 productionin South Korea, value: IEA statistics

2008
ele;tricity, hydropower, at reservoir power plant, non alpine RER KWh 1.44E-3 1 105 (1,11,31,1); estima‘ted share of reservoir
regions hydropower production in South Korea: 20%
(1,1,1,3,1,1); estimated share of ROR
hydropower production in South Korea: 80%
(1,1,1,1,1,1); estimated share of pumped storage
production in South Korea: 44.81%
(1,1,1,1,1,1); assumption for nuclear power
production in South Korea using PWR, value: [EA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for geothermal power
production in South Korea, value: IEA statistics
(1,1,1,1,1,1); assumption for solar power
production in South Korea, value: IEA statistics
(1,1,1,3,1,1); assumption for cogeneration power

electricity, hydropower, at run-of-river power plant RER kwWh 5.75E-3 1 1.05

electricity, hydropower, at pumped storage power plant KR kwh 5.83E-3 1 1.05

electricity, nuclear, at power plant pressure water reactor UCTE kWh 3.35E-1 1 1.05

electricity, at wind power plant RER kwWh 1.20E-3 1 1.05

electricity, production mix photovoltaic, at plant KR kwh 6.33E-4 1 1.05

electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 8.99E-5 1 1.05 productionin South Korea, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.02E-3 1 1.05 from biogas, sewage and landfill gas in South

Korea, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 3.91E-4 1 1.05 from municipal and industrial waste in South

Korea, value: IEA statistics 2008

3.4.10 Chinese Taipei (TW)

Tab.3.62 shows an overview over the Taiwanese electricity production according to the IEA Statistics
(IEA 2010 the year 2008. The Taiwanese power production relies on foski| foainly hard coal

(47 %), natural gas (1%), petroleum products @) and lignite (£6) as main energy source. Further
electricity is produced from nuclear power @Jj and hydro power (%). No electricity is imported

to Taiwan. Therefore, the prodiarnt mix and the supply mix are identical.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.2 is taken into accouniThe share of rwof-river hydropower
plants in Taiwan is 108%. The share of the storage type hydropower plant®4s Dhe storage type
hydropower production is approximated using the dataset fomalpome conditions. The share of
pumped storage in Taiwan is 0%.

Power production from nuclear power plants is approximated using the UCTE datasets for lasiling w
ter reactors anthe Chinese dataset for pressure water reactors. These datasets reflect the conditions of
nuclear power production using a mix of BWR @3 and PWR (3%6) power plantsfRIS 201).

For the eletricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogasyage or landfill gas and the
electricity generation from municipal solid waste incineration.
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The unit process raw data of the electricity production and supply nGhioese Taipeare shown
Tab.3.63andTab.3.64.

Tab. 3.62: Composition of the Taiwanese electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 185'630 170'282 77.35 77.35
Hard coal 112'371 103'080 46.82 46.82
Lignite 10'630 9'751 4.43 4.43
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products 14'252 5.94 5.94
Fuel oil 0
Diesel e s 0
other petroleum products 5 :
Natural Gas 46'327 42'497 19.30 19.30
Other fossil 0 0 0.00 0.00
Hydro 7'772 7'694 3.49 3.49
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 7'772 7'694 3.49 3.49
Pumped storage power plants 0 0 0.00 0.00
Nuclear 40'827 38'377 17.43 17.43
Pressurised-water reactor (PWR) 15'087 14'182 6.44 6.44
Boiling-water reactor (BWR) 25'740 24'196 10.99 10.99
Renewables 1'111 1'068 0.49 0.49
Geothermal 0 0 0.00 0.00
Solar 4 4 0.00 0.00
Photovoltaic 4 4 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 589 589 0.27 0.27
Wood 518 475 0.22 0.22
Biogas 0 0 0.00 0.00
Waste 2'984 2'737 1.24 1.24
Municipal waste 2'984 2'737 1.24 1.24
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 238'324 220'159 100.00 100.00
Imports 0 0 0.00 0.00
Total 238'324 220'159 100.00 100.00

/f/’? red marked: Data is not available by IEA-statistics
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Tab. 3.63: Unit process raw data of the electricity production mix in

product

technosphere

Tab. 3.64: Unit process raw data of

Name

Location
InfrastructureProcess
Unit

electricity mix, domestic production
electricity, hard coal, at power plant

electricity, lignite, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant

electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant pressure water reactor

electricity, nuclear, at power plant boiling water reactor

electricity, at wind power plant

electricity, production mix photovoltaic, at plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity from waste, at municipal waste incineration plant

Location

CN

UCTE

UCTE

UCTE

UCTE

RER

CN

UCTE

RER

KR

CH

CH

= electricity mix,
5 domestic
production
™
0
kwh
kWh 1.00E+0
kWh 4.68E-1
kwh 4.43E-2
kWh 8.54E-3
kwh 5.94E-2
kWh 1.93E-1
kWh 3.49E-2
kwh 6.44E-2
kwh 1.10E-1
kwh 2.68E-3
kWh 1.71E-5
kWh 2.16E-3
kwh 1.24E-2

8
.
£ B
£ 3
£ s
]
S s

n
1 105
1 105
1 105
1 105
1 105
1 1.05
1 105
1 105
1 105
1105
1 1.05
1 105

the electricity supply mix in Chinese Taipei

Chinese Taipei 2008, at busbar

& GeneralComment

(1,1,1,3,1,1); assumption for hard coal power
production in Taiwan, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for lignite power production
in Taiwan, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for industrial, coke and
blast furnace gas power production in Taiwan, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
fuel oil power production in Taiwan, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for natural gas power
production in Taiwan, value: IEA statistics 2008
(1,1,1,3,1,1); estimated share of ROR hydropower
production in Taiwan: 100%

(1,1,1,3,1,1); assumption for nuclear power
production in Taiwan using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,3,1,1); assumption for nuclear power
production in Taiwan using BWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,3,1,1); assumption for geothermal power
production in Taiwan, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for solar power production
in Taiwan, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power
production in Taiwan, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
municipal and industrial waste in Taiwan, value: IEA
statistics 2008

2008, at busbar

@
c 2488
b= = g T o
Name 5 5 electricity mix 3 § é GeneralComment
S S g8
S HS
Location W
InfrastructureProcess 0
Unit kwh
product electricity mix W kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant CN kWh 4.68E-1 1 1.05 production in Taiwan, value: IEAstatistics 2008
R (1,1,1,3,1,1); assumption for lignite power
electricity, lignite, at power plant UCTE  kWh 4.43E-2 1 1.05 production in Taiwan, value: IEAstatistics 2008
(1,1,1,3,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant UCTE kwh 8.54E-3 1 1.05 blastfurnace gas power production in Taiwan,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant UCTE kwWh 5.94E-2 1 1.05 and fuel oil power production in Taiwan, value: IEA
statistics 2008
i (1,1,1,3,1,1); assumption for natural gas power
electricity, natural gas, at power plant UCTE  kWh 1.93E-1 1 1.05 production in Taiwan, value: IEAstatistics 2008
G . (1,1,1,3,1,1); estimated share of ROR
lectri h t run-of- lant RER kwh 3.49E-2 1 1.05 L .
Gl DA eIt GRS IO (D hydropower production in Taiwan: 100%
(1,1,1,3,1,1); assumption for nuclear power
. production in Taiwan using PWR, value: [EA
electricity, nuclear, at power plant pressure water reactor CN kwh 6.44E-2 1 1.05 statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,3,1,1); assumption for nuclear power
A . production in Taiwan using BWR, value: IEA
electricity, nuclear, at power plant boiling water reactor UCTE kWh 1.10E-1 1 105 statistics 2008, fraction: IAEA Database 2010
(PRIS)

L . (1,1,1,3,1,1); assumption for geothermal power
electricity, at wind power plant RER kWh 2.68E-3 1 105 production in Taiwan, value: IEA statistics 2008
- " . . (1,1,1,3,1,1); assumption for solar power
electricity, production mix photowoltaic, at plant KR kwh 1.71E-5 1 105 production in Taiwan, value: IEA statistics 2008

- " (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 2.16E-3 1 105 production in Taiwan, value: IEAstatistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 1.24E-2 1 1.05 from municipal and industrial waste in Taiwan,
value: IEA statistics 2008
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3.4.11 Thailand (TH)

Tab.3.62 shows an overview over the Thai electricity production according to the IEA StatiEtics (
2010 the year 2008. The Thai power production relies on fossil fuels, maédtlyal gasq9 %), lig-

nite (12%) andhard coal(9 %) as main energy source. Further electricity is produced from hydro
power 6 %) and renewables, mainly wood8%). No electricity is imported to Thailand. Therefore,
the production mix and the suppiyix are identical. There are no nuclear power plants in Thailand
(PRIS 201} Therefore, the ralear power production is zero.

The electricity production from hydro power is approximated usiegBiazilian dataset for storage
type hydropower production. It is assumed that %06f the electricity from hydropower comes from
storage type hydropower plants. The share of pumped storage in Thaila%gd iBh@ Brazilian d-
taset is used, because of fmmilar climatic conditions of Brazil and Thailand.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply mthafand are showiab.
3.63andTab.3.64.
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Tab. 3.65: Composition of the Thai electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 135'474 131'220 91.79 91.79
Hard coal 13'108 12'697 8.88 8.88
Lignite 18'418 17'839 12.48 12.48
Peat 0 0 0.00 0.00
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products 000 00
Natural Gas 69.31 69.31
Other fossil 0 0 0.00 0.00
Hydro 7'113 7'042 4.93 4.93
Reservoir power plants 7'113 7'042 4.93 493
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 4'840 4'688 3.28 3.28
Geothermal 2 2 0.00 0.00
Solar 3 3 0.00 0.00
Photovoltaic 3 3 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 4'795 4'644 3.25 3.25
Biogas 40 39 0.03 0.03
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 147'427 142'950 100.00 100.00
Imports 0 0 0.00 0.00
Total 147'427 142'950 100.00 100.00

AP

red marked: Data is not available by IEA-statistics
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Tab. 3.66: Unit process raw data of the electricity production mix in Thailand 2008, at busbar
wn
[=2]
g 5
a1
5 . electricitymix, % g
Name g 5 domestic g 8 & GeneralComment
S producion g 5
c T
S 5
n
Location TH
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production TH kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE  kwh 8.88E-2 1 105 production in Thailand, value: IEAstatistics 2008
electricity, lignite, at power plant UCTE Kkwh 12561 1 105 (LL3L1)iassumpton forlignite power production

in Thailand, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kwh 1.13E-2 1 1.05 fuel oil power production in Thailand, value: [EA
statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

lectrici tural t lant UCTE kWh 6.93E-1 1 105 o K .
Sty naiuratods tbeierpiay production in Thailand, value: IEA statistics 2008

- . (1,1,1,3,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant BR kWh 4.93E-2 1 105 hydropower production in Thailand: 100%

L . (1,1,1,3,1,1); assumption for geothermal power
TR T eI 3R L = 1] 205 production in Thailand, value: IEA statistics 2008
electricity, production mix photovoltaic, at plant KR kWh 1.97E-5 1 105 (1,1,1,3,1,1); assumption for solar power production

blP P B : %% in Thailand, value: [EA statistics 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH  kwh 32562 1 105 (Lti3.1.1)assumption forcogeneration power

production in Thailand, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 2.71E-4 1 1.05 biogas, sewage and landfill gas in Thailand, value:
IEA statistics 2008

Tab. 3.67: Unit process raw data of the electricity supply mix in Thailand 2008, at busbar

228
5 . £ 85
Name ] S electicitymix 5 § § GeneralComment
S g §8
=
Location TH
InfrastructureProcess 0
Unit kwh
product electricity mix TH kwh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant UCTE kWh 8.88E-2 1 1.05 production in Thailand, value: IEA statistics 2008
electricity, lignite, at power plant UCTE  kwh 1.25E-1 1 1.05 (1,1,1,3,1,2); assumption for lignite power

production in Thailand, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product

electricity, oil, at power plant UCTE kWh 1.13E-2 1 1.05 and fuel oil power production in Thailand, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power

electricity, natural gas, at power plant UCTE kWh 6.93E-1 1 1.05 production in Thailand, value: IEA statistics 2008
electricity, hydropower, at reservoir power plant BR kwh 4.93E-2 1 1.05 (hlyjrv;;')?:)'\:}vvg;perzgrcatitsg iih‘?}:ZiT;nrz?i(nJlgg/z

electricity, at wind power plant RER kWh 1.34E-5 1 1.05 :)J;';-&lljigiHl?;\aTShSaLilI:r?(;i,O:alfﬁre:glleE‘)AtZi;?sat:ciogvg(;S
electricity, production mix photovoltaic, at plant KR kwh 1.97E-5 1 1.05 :)lr;)létftiiHli);a'rshsa?g:g?vnalfz:ezsltl)zlirs?;)tivietircs 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 3.25E-2 1 1.05 (1.1,1,3,1,1); assumption for cogeneration power

production in Thailand, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kWh 2.71E-4 1 1.05 from biogas, sewage and landfill gas in Thailand,
value: IEA statistics 2008

3.5 Europe
3.5.1 Austria (AT)

Tab. 3.68 shows an overview athe Austrian electricity production according to the IEA Statistics
(IEA 201)) for the year 2008. The Austrigrower production relies on hydropower &3 as main
energy source. Further electricity is produced from fossil fuels, mainly natural g&s) @ad hard
coal (6%), and from Renewables, mainly Wood%3 and Wind (246). A share of about 2% of the
electicity is imported from Germany, the Czech Republic, Slovenia, Hungary, Switzerland and Italy.
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The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe share of theun-of-river and storage type hyar

power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower

plants in Augria is 75%, theshare of the storage type hydropower plants i®23 he storage type
hydropower production is approximated using the dataset for alpine conditions. The share of the
pumped storage hydropower protlan in Austria is @6 of the hydro power production.

Thereare no nuclear power plants in Austi®R|S 201). Therefore, the nuclear power production is
zero.

For the electricity production with wind power the average European dataset is used. Favehe p
productionfrom other renewable resources, either European or Swiss datasetedas approxira-
tion. This includes thelectricity generation from woqdwith biogas, sewage or landfill gas and the
electricity generation from municipal solid wasteineration

The unit process raw data of the electricity production and supplypi#xistria are shown iffab.
3.69andTab.3.70.
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Tab. 3.68: Composition of the Austrian electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 19'345 16'766 26.43 20.14
Hard coal 5'524 4'788 7.55 5.75
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 1'374 1'191 1.88 1.43
Coke gases 228 198 0.31 0.24
Blast furnace gases 1'146 993 1.57 1.19
Petroleum products 1'243 1'077 1.70 1.29
Fuel oil 544 471 0.74 0.57
Diesel 9 8 0.01 0.01
other petroleum products 690 598 0.94 0.72
Natural Gas 11'204 9'711 15.31 11.67
Other fossil 0 0 0.00 0.00
Hydro 40'678 40'271 63.48 48.38
Reservoir power plants 9'487 9'392 14.80 11.28
Run-of-river power plants 28'460 28'175 44.41 33.85
Pumped storage power plants 2'732 2'705 4.26 3.25
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 6'289 5'721 9.02 6.87
Geothermal 2 2 0.00 0.00
Solar 28 26 0.04 0.03
Photovoltaic 28 26 0.04 0.03
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 2'014 2'014 3.17 242
Wood 3'259 2'825 4.45 3.39
Biogas 986 855 1.35 1.03
Waste 772 669 1.05 0.80
Municipal waste 363 315 0.50 0.38
Industrial waste 390 338 0.53 0.41
Sewage sludge and landfill gases 19 16 0.03 0.02
Other 17 15 0.02 0.02
Total domestic 67'101 63'443 100.00 76.22
Imports 0 19'796 0.00 23.78
Czech Republic 0 5'336 0.00 6.41
Germany 0 12'757 0.00 15.33
Hungary 0 722 0.00 0.87
Italy 0 2 0.00 0.00
Slovenia 0 873 0.00 1.05
Switzerland 0 106 0.00 0.13
Total 67'101 83'239 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.69: Unit process raw data of the electricity production mix in Austria 2008, at busbar

3
g5
2 g
§ - electicitymix, 2 =
Name g 5 domestic s & 8 GeneralComment
S production & 3
=}
58
[}
Location AT
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production AT kwh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant AT kwh 7.55E-2 1 105 production in Austria, value: [EA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant AT kwh 1.88E-2 1 1.05 blastfurnace gas power production in Austria,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product
electricity, oil, at power plant AT kWh 1.69E-2 1 1.05 and fuel oil power production in Austria, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.23E-4 1 1.05 fossil fuel power production in Austria, value: IEA
statistics 2008
i (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant AT kWh 1.53E-1 1 1.05 production in Austria, value: [EA statistics 2008
-4 . . . (1,1,1,2,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant, alpine region RER kwh 1.48E-1 1 1.05 hydropower production in Austria: 25%
. L1k Y (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kWh 4.44E-1 1 1.05 production in Austria: 75%
. (1,1,1,1,1,1); estimated share of pumped storage
1 h | AT kWh 4.26E-2 1 1. Co .
electricity, hydropower, at pumped storage power plant 6| 05 production in Austria: 6.72%
(1,1,1,2,1,1); assumption for wind, geothermal,
electricity, at wind power plant RER kWh 3.20E-2 1 1.05 solarthermal, tidal and other power production in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power
electricity, production mix photovoltaic, at plant AT kWh 4.15E-4 1 1.05 production in Austria, value: IEA statistics 2008
. " (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 4.45E-2 1 1.05 production in Austria, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.37E-2 1 1.05 from biogas, sewage and landfill gas in Austria,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 1.03E-2 1 1.05 from municipal and industrial waste in Austria,
value: IEA statistics 2008
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Tab. 3.70: Unit process raw data of the electricity supply mix in Austria 2008, at busbar

]
5. £
Name 8 S elecicitymix § 3 § GeneralComment
ki E 5%
S 5 S
Location AT
InfrastructureProcess 0
Unit kwh
product electricity mix AT kWh 1.00E+0
technosphere electricity, hard coal, at power plant AT kwh 5.75E-2 1 1.05 (1.1,1.1,1,1); assumption for hard coal power

production in Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant AT kwh 1.88E-2 1 1.05 blastfurnace gas power production in Austria,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product
electricity, oil, at power plant AT kWh 1.28E-2 1 1.05 and fuel oil power production in Austria, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 9.37E-5 1 1.05 fossil fuel power production in Austria, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in Austria, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of reservoir
hydropower production in Austria: 25%
(1,1,1,2,1,1); estimated share of ROR
hydropower production in Austria: 75%
(1,1,1,1,1,1); estimated share of pumped storage
production in Austria: 6.72%
(1,1,1,2,1,1); assumption for wind, geothermal,
electricity, at wind power plant RER kwWh 2.44E-2 1 1.05 solarthermal, tidal and other power production in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power
production in Austria, value: IEA statistics 2008

electricity, natural gas, at power plant AT kwh 1.17E-1 1 1.05
electricity, hydropower, at reservoir power plant, alpine region RER kwh 1.13E-1 1 105
electricity, hydropower, at run-of-river power plant RER kWh 3.38E-1 1 105

electricity, hydropower, at pumped storage power plant AT kwh 3.25E-2 1 105

electricity, production mix photowoltaic, at plant AT kWh 3.16E-4 1 105

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 3.39E-2 1 1.05 production in Austria, value: [EA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.05E-2 1 1.05 from biogas, sewage and landfill gas in Austria,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 7.84E-3 1 1.05 from municipal and industrial waste in Austria,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Austria, value: IEA statistics 2008

electricity mix, domestic production cz kWh 6.41E-2 1 1.05
electricity mix, domestic production DE kwh 1.53E-1 1 1.05
electricity mix, domestic production HU kwh 8.67E-3 1 1.05
electricity mix, domestic production IT kwh 2.40E-5 1 1.05
electricity mix, domestic production Sl kWh 1.05E-2 1 105

electricity mix, domestic production CH kwh 1.27E-3 1 1.05

3.5.2 Belgium (BE)

Tab. 3.71 shows an overview othe Belgian electricity production according to the IEA Statistics
(IEA 2011) for the year 2008. The Belgian power production relies on nuclear power as main energy
source (4%%). Further electricity is produced from fossil fuels, mainly natural gagoj2&nd hard

coal, and renewables, mainly wind%®. A share of about 1% of the electricity is imported from the
Netherlands, France and Luxembourg.

For the approximation of the hydropower the European dataset tfaf-rirer is usedThe share of
the runof-river and storage type hydropower generaacnording torab. 3.1 is taken into account
The share of ruof-river hydropower plants in Belgium is 188 and theshare of the pumped storage
hydropower production is 7.

Power produébn from nuclear power plants is approximated using the French dafgsessurised
water reactors. This datasets reflects the conditions of nuclear power production using only PWR
plants PRIS 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricityemeration from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supphofridelgium are showfTab.
3.72andTab.3.73.
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Tab. 3.71: Composition of the Belgian el ectricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 32'287 29'073 37.04 30.39
Hard coal 5'547 4'995 6.36 5.22
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants . .
Pumped storage power plants 1'347 1'334 1.70 1.39
Nuclear 45'568 42'834 54.57 44.78
Pressurised-water reactor (PWR) 45'568 42'834 54.57 44,78
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 3'452 3'173 4.04 3.32
Geothermal 0 0 0.00 0.00
Solar 42 39 0.00 0.00
Photovoltaic 42 39 0.05 0.04
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 637 637 0.81 0.67
Wood 2'485 2'238 2.85 2.34
Biogas 288 259 0.33 0.27
Waste 1'620 1'459 1.86 1.52
Municipal waste 1'029 927 1.18 0.97
Industrial waste 405 365 0.46 0.38
Sewage sludge and landfill gases 186 167 0.21 0.18
Other 246 222 0.28 0.23
Total domestic 84'930 78'500 100.00 82.06
Imports 0 17'158 0.00 17.94
France 0 7'411 0.00 7.75
Luxembourg 0 1'629 0.00 1.70
Netherlands 0 8'118 0.00 8.49
Total 84'930 95'658 100.00 100.00

=% red marked: Data is not available by IEA-statistics
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Tab. 3.72: Unit process raw data of the electricity production mix in Belgium 2008, at busbar

8
g 5
& . electicitymix, % g
Name g 5 domestic s 8 8 GeneralComment
S production @ kS
s 3
]
Location BE
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production BE kwh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant BE kwh 6.36E-2 1 1.05 production in Belgium, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant BE kwh 1.94E-2 1 1.05 blastfurnace gas power production in Belgium,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and
electricity, oil, at power plant BE kWh 4.04E-3 1 1.05 fueloil power production in Belgium, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 6.19E-4 1 1.05 fuel power production in Belgium, value: IEA
statistics 2008
- (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant BE kwh 2.83E-1 1 1.05 production in Belgium, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 5.17E-3 1 1.05 production in Belgium: 100%
L (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant BE kWh 1.70E-2 1 1.05 production in Belgium: 76.66%
(1,1,1,3,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor FR kwh 5.46E-1 1 1.05 productionin Belgium using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
- X (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 1.09E-2 1 1.05 production in Belgium, value: IEA statistics 2008
electricity, production mix photovoltaic, at plant BE  kwh 5034 1 105 (hhbLL1)assumpion forsolarpowerproduction
P p -atp . ) in Belgium, value: IEA statistics 2008
. . ¥ (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 2.85E-2 1 1.05 production in Belgium, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 5.44E-3 1 1.05 biogas, sewage and landfill gas in Belgium, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 1.64E-2 1 1.05 municipal and industrial waste in Belgium, value:
|IEA statistics 2008
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Tab. 3.73: Unit process raw data of the electricity supply mix in Belgium 2008, at busbar

@
c 248
2 = S S o
Name g 5 electricitymix § & GeneralComment
8 £ 38
S 5
Location BE
InfrastructureProcess 0
Unit kwh
product electricity mix BE kwh 1.00E+0
technosphere electricity, hard coal, at power plant BE kwWh 5.22E-2 1 1.05 (1.1,1,1,1,1); assumption for hard coal power

production in Belgium, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant BE kwh 159E-2 1 1.05 blastfurnace gas power production in Belgium,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product
electricity, oil, at power plant BE kwh 3.31E-3 1 1.05 and fuel oil power production in Belgium, value:
|IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 5.08E-4 1 1.05 fossil fuel power production in Belgium, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in Belgium, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of ROR
hydropower production in Belgium: 100%
(1,1,1,1,1,1); estimated share of pumped storage
production in Belgium: 76.66%
(1,1,1,3,1,1); assumption for nuclear power
production in Belgium using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,2,1,1); assumption for geothermal power
production in Belgium, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power
production in Belgium, value: IEA statistics 2008

electricity, natural gas, at power plant BE kwh 2.32E-1 1 1.05
electricity, hydropower, at run-of-river power plant RER kwh 4.24E-3 1 1.05

electricity, hydropower, at pumped storage power plant BE kwh 1.39E-2 1 1.05

electricity, nuclear, at power plant pressure water reactor FR kWh 4.48E-1 1 1.05

electricity, at wind power plant RER kwh 8.97E-3 1 1.05
electricity, production mix photowoltaic, at plant BE kWh 4.13E-4 1 1.05

(1,1,1,3,1,1); assumption for cogeneration power

lectrici 400kWth. Il i H kwWh 2.34E-2 1 1. : N
Gl ETEE CHE i, TRt ClBEa e Gy € g 05 production in Belgium, value: I[EA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 4.46E-3 1 1.05 from biogas, sewage and landfill gas in Belgium,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kWh 1.35E-2 1 1.05 from municipal and industrial waste in Belgium,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Belgium, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Belgium, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Belgium, value: IEA statistics 2008

electricity mix, domestic production FR kwWh 7.75E-2 1 1.05
electricity mix, domestic production LU kWh 1.70E-2 1 1.05

electricity mix, domestic production NL kwh 8.49E-2 1 1.05

3.5.3 Bosnia and Herzegowina (BA)

Tab. 3.74 shows an overview over the Bosnian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Bosnian power production reliefossil fuels, mainly hard coal
(31%) and lignite (186), as main energy source. Further electricity is produced from hydro power
(29 %). A share of about 21% of the electricity is importeétfom Croatia(90 %) and Serbig10 %)
according to UCTEZ009. There areno nuclear power plants in Bosnia and HerzegoviPRI$
20117). Therefore, the nuclear power production is zero.

The electricity production from hydro power is approximated using the Europesseddr rurof-
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken intoaccount The share of ruof-river hydropower
plants inBosnia and Herzegovina is 6b and theshare of storage type hydropower plants i€85
The storage type hydropower production is approximated using the dataset-&dpinenconditions.
The share foppumped storage in Bosnia and Herzegovina%. 0

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nidpsfia and Herzegovinaea
shownTab. 3.75andTab.3.76.

Life Cycle Inventories of Electricity Mixes and Grid -70- treeze Ltd.
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Tab. 3.74: Composition of the Bosnian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 8'709 7'729 63.17 49.58
Hard coal 5'374 4'769 38.98 30.59
Lignite 3'122 2'771 22.65 17.77
Peat 0 0 0.00 0.00
Industrial Gases 40 36 0.29 0.23
Coke gases :
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants . .
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 0 0 0.00 0.00
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 13'261 12'236 100.00 78.49
Imports 0 3'354 0.00 2151
Serbia and Montenegro 0 3'019 0.00 19.36
Kroatia 0 335 0.00 2.15
Total 13'261 15'590 100.00 100.00
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Tab. 3.75: Unit process raw data of the electricity production mix in Bosnia and Herzegovina 2008, at busbar

3
g 5
§ . electricitymix, E- g
Name s 5 domestic | &8 8 GeneralComment
S production @ kS
c T
c
2 s
n
Location BA
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production BA kWh 1.00E+0
. (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant HR kWh 3.90E-1 1 1.05 production in Bosnia and Herzegovina, value: IEA
electricity, lignite, at power plant BA KWh 226E-1 1 105 (1,1,1,3,1,1); assumption for lignite power production

in Bosnia and Herzegovina, value: IEA statistics
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 2.90E-3 1 1.05 blastfurnace gas power production in Bosnia and
Herzegovina, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant HR kWh 1.25E-2 1 1.05 fueloil power production in Bosnia and Herzegovina,
value: IEA statistics 2008
electricity, hydropower, at reservoir power plant, non alpine RER Wh 120E-1 1 105 (111,.2,11); estima.ted §hare of reservoir )
regions hydropower production in Bosnia and Herzegovina:
(1,1,1,2,1,1); estimated share of ROR hydropower

electricity, hydropower, at run-of-river power plant RER kwh 2.39E-1 1 1.05 production in Bosnia and Herzegovina: 65%

Tab. 3.76: Unit process raw data of the electricity sup  ply mix in Bosnia and Herzegovina 2008, at busbar

@
c ‘2 a §
S = g T o
Name 5 5 electricitymix § g § GeneralComment
3 S 58
S S
Location BA
InfrastructureProcess 0
Unit kwh
product electricity mix BA kwWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant HR kwh 3.06E-1 1 1.05 production in Bosnia and Herzegovina, value: IEA
electricity, lignite, at power plant BA KWh 1.78E-1 1 105 (1,1,1,3,1,1); assumption for lignite power

production in Bosnia and Herzegovina, value: [EA

(1,1,1,2,1,1); assumption for industrial, coke and

electricity, industrial gas, at power plant CENTREL kWh 2.28E-3 1 1.05 blastfurnace gas power production in Bosnia and
Herzegovina, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product

electricity, oil, at power plant HR kwh 9.85E-3 1 1.05 and fuel oil power production in Bosnia and
Herzegovina, value: I[EA statistics 2008

elet.:mcny, hydropower, at reservoir power plant, non alpine RER Wh 101E-1 1 105 (1,1,1,2,1,1); estimated §hare of reservoir

regions hydropower production in Bosnia and

(1,1,1,2,1,1); estimated share of ROR

hydropower production in Bosnia and

(1,1,1,1,1,1); assumption for imported electricity in

Bosnia and Herzegovina, value: IEA statistics

(1,1,1,1,1,1); assumption for imported electricity in

Bosnia and Herzegovina, value: IEA statistics

electricity, hydropower, at run-of-river power plant RER kwWh 1.88E-1 1 1.05
electricity mix, domestic production Cs kwWh 1.94E-1 1 1.05

electricity mix, domestic production HR kwWh 2.15E-2 1 1.05

3.5.4 Bulgaria (BG)

Tab.3.77 shows an overview over the Bulgarian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Bulgarian power production relies on fhesds, mainly lignite

(34 %), hard coal (120) and natural gas @), as main energy source. Further electricity is produced
from nuclear power (3%) and hydro power (%). A share of about 7% of the electricity ism-
ported. It is assumed that 190 ad the electricity is imported from Romania.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into accouniThe share of rwof-river hydropowe
plants in Bulgaria is 10% and he share of the storage type hydropower plan®%s The storage
type hydropower production is approximated using the dataset feslpme conditions. The share of
pumped storage in Bulgaria i9.

Power production from nuclear power plants is approximated using the UCTE dataset for pressurised
reacbrs. This datasets reflects the conditions of nuclear power production using PWR power plants
onl (PRIS 201}
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3. Life cycle inventories of electricity mixes

For the electricity production with wind power the average European dataset is-asdue power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal sdhwaste incineration.

The unit process raw data of the electricity production and supply niBxlgéria are shown ifab.

3.78andTab.3.79.

Tab. 3.77: Composition of the Bulgarian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 25'857 22'223 51.06
Hard coal 6'037 5'189 11.92
Lignite 17'143 14'733 33.85
Peat 0 0 0.00
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products e e :
Natural Gas 2'360 2'028 5.02 4.66
Other fossil 0 0 0.00 0.00
Hydro 3277 3'244 8.03 7.45
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 3277 3'244 8.03 7.45
Pumped storage power plants 0 0 0.00 0.00
Nuclear 15'765 14'819 36.66 34.05
Pressurised-water reactor (PWR) 15'765 14'819 36.66 34.05
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 122 122 0.30 0.28
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 122 122 0.30 0.28
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 16 14 0.03 0.03
Municipal waste 0 0 0.00 0.00
Industrial waste 16 14 0.03 0.03
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 45'037 40'422 100.00 92.88
Imports 0 3'097 0.00 7.12
Romania 0 3'097 0.00 7.12
Total 45'037 43'519 100.00 100.00

,;,j/,; red marked: Data is not available by IEA-statistics
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Tab. 3.78: Unit process raw data of the electricity productionmix in Bulgaria 2008, at busbar

8
g 5
s . electricitymix, E- g
Name s 5 domestic | & 8 GeneralComment
S production @ i
c O
c
2 s
()
Location BG
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production BG kWh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant CENTREL kWh 1.28E-1 1 1.05 production in Bulgaria, value: IEA statistics 2008
electricity, lignite, at power plant CENTREL kWh  364E-1 1 105 (LbL3d.1)assumption forlignite power production

in Bulgaria, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 8.50E-4 1 1.05 blastfurnace gas power production in Bulgaria,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant SK kwh 5.89E-3 1 1.05 fueloil power production in Bulgaria, value: [EA
statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in Bulgaria, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of ROR hydropower
production in Bulgaria: 100%

electricity, natural gas, at power plant CENTREL kwWh 5.02E-2 1 1.05
electricity, hydropower, at run-of-river power plant RER kwh 8.03E-2 1 1.05

(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE kwh 3.67E-1 1 1.05 production in Bulgaria using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)

(1,1,1,2,1,1); assumption for geothermal power
production in Bulgaria, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 3.40E-4 1 1.05 municipal and industrial waste in Bulgaria, value:
IEA statistics 2008

electricity, at wind power plant RER kWh 3.02E-3 1 1.05

Tab. 3.79: Unit process raw data of the electricity supply mix in Bulgaria 2008, at busbar

c 2488
S = § 23
Name 5 5 electricitymix § g § GeneralComment
3 c 58
S HS
Location BG
InfrastructureProcess 0
Unit kwh
product electricity mix BG kwh 1.00E+0
- (1,1,1,3,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant CENTREL kWh 1.19E-1 1 1.05 production in Bulgaria, value: IEA statistics 2008
electricity, lignite, at power plant CENTREL kWwh  339E-1 1 105 (mhL31L.1)assumption forlignite power

production in Bulgaria, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 7.90E-4 1 1.05 blastfurnace gas power production in Bulgaria,

value: I[EA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant SK kwh 5.47E-3 1 1.05 and fuel oil power production in Bulgaria, value:
IEA statistics 2008
(1,1,1,1,1,1); assumption for natural gas power
production in Bulgaria, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of ROR
hydropower production in Bulgaria: 100%
(1,1,1,2,1,1); assumption for nuclear power
production in Bulgaria using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,2,1,1); assumption for geothermal power
production in Bulgaria, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 3.16E-4 1 1.05 from municipal and industrial waste in Bulgaria,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Bulgaria, value: IEA statistics 2008

electricity, natural gas, at power plant CENTREL kWh 4.66E-2 1 1.05

electricity, hydropower, at run-of-river power plant RER kwh 7.45E-2 1 105
electricity, nuclear, at power plant pressure water reactor UCTE kWh 3.41E-1 1 1.05

electricity, at wind power plant RER kwWh 2.80E-3 1 1.05

electricity mix, domestic production RO kwh 7.12E-2 1 1.05

3.5.5 Croatia (HR)

Tab. 3.80 shows an overview athe Croatian electricity production according to the IEA Statistics
(IEA 2010) for the year 2008. The Croatian power production relies on fossil fuels, mainly natural gas
(11 %), fuel oil (9%) and hard codl7 %), as main energy source. Further electricity is produced from
hydro power (286). A share of about 4% of the eletricity is imported. It is assumed that &6 of

the electricity is imported from Hungary, 38from Slovenia and % for Serbia.

There are no nuclear power plants in Crod®RIS 201). Therefore, the nuclear power production is
zero.
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The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power genation according toTab. 3.1 is taken into account. The share of tofrriver hydiopower
plants in Croatia is % and theshare of the storage type hydropower plan@8i%. The storage type
hydropower production is approximated using the dataset foralpime conditions. The share of
pumped storage in Croatia i98

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used agapproxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incinerat

The unit process raw data of the electricity production and supply n@xaaftia are shown iab.
3.8landTab.3.82
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Tab. 3.80: Composition of the Croatian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 6'939 6'341 54.41 32.00
Hard coal 1'571 1'435 12.32 7.24
Lignite 913 834 7.16 421
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil .
Hydro 5'326 5'273 45.24 26.61
Reservoir power plants 4'802 4'754 40.79 23.99
Run-of-river power plants 98 97 0.83 0.49
Pumped storage power plants 426 422 3.62 2.13
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 40 40 0.34 0.20
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 40 40 0.34 0.20
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 12'326 11'654 100.00 58.81
Imports 0 8'164 0.00 41.19
Hungary 0 5'388 0.00 27.19
Slovenia 0 2'694 0.00 13.59
Serbia and Montenegro 0 82 0.00 0.41
Total 12'326 19'818 100.00 100.00
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Tab. 3.81: Unit process raw data of the electricity production mix in Croatia 2008, at busbar

3
g 5
& . electricitymix, E- g
Name s 5 domestic | &8 8 GeneralComment
S production @ 3
c O
1=
2 s
%)
Location HR
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production HR kwh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant HR kwh 1.23E-1 1 1.05 production in Croatia, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for lignite power production
electricity, lignite, at power plant BA kwh 7.16E-2 1 1.05 in Croatia, value: [EA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kwh 9.17E-4 1 1.05 blastfurnace gas power production in Croatia, value:
IEA statistics 2008
(1,1,1,2,1,1); assumption for petroleum product and
electricity, oil, at power plant HR kWh 1.56E-1 1 1.05 fueloil power production in Croatia, value: [EA
statistics 2008
. (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant CENTREL kWh 1.93E-1 1 1.05 production in Croatia, value: [EA statistics 2008
eleqncny, hydropower, at reservoir power plant, non alpine RER KWh 4.08E-1 1 105 (11121,); esuma}ed §hare uf reservoir
regions hydropower production in Croatia: 98%
L i ¥ (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kWh 8.32E-3 1 1.05 production in Croatia: 2%
. (1,1,1,1,1,1); estimated share of pumped storage
| h | HR kWh .62E-2 1 1. I .
electricity, hydropower, at pumped storage power plant 3.6 05 production in Croatia: 8%
electricity, at wind power plant RER kwh 3.43E-3 1 1.05 (1.1,1.2,1,1); assumption for geothermal power

production in Croatia, value: IEA statistics 2008

Tab. 3.82: Unit process raw data of the electricity supply mix in Croatia 2008, at busbar
13
< 25838
S = @ T o
Name 8 5 electricitymix g = _E GeneralComment
S E 58
S 5>
Location HR
InfrastructureProcess 0
Unit kWh
product electricity mix HR kWh 1.00E+0
L (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant HR kwh 7.24E-2 1 1.05 production in Croatia, value: IEA statistics 2008
B (o (1,1,1,3,1,1); assumption for lignite power
electricity, lignite, at power plant BA kwh 421E-2 1 105 production in Croatia, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 5.40E-4 1 1.05 blastfurnace gas power production in Croatia,
value: IEA statistics 2008
(1,1,1,2,1,1); assumption for petroleum product
electricity, oil, at power plant HR kWh 9.15E-2 1 1.05 and fuel oil power production in Croatia, value: [EA
statistics 2008
. (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant CENTREL kWh 1.13E-1 1 105 production in Croatia, value: IEA statistics 2008
ele.cmcny, hydropower, at reservoir power plant, non alpine RER KWh 2.40E-1 1 105 (111,211); esnma.ted §hare of resenvoir
regions hydropower production in Croatia: 98%
- X (1,1,1,2,1,1); estimated share of ROR
electricity, hydropower, at run-of-river power plant RER kwh 4.90E-3 1 105 hydropower production in Croatia: 2%
L (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant HR kwh 2.13E-2 1 1.05 production in Croatia: 8%
. . (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kWh 2.02E-3 1 1.05 production in Croatia, value: IEA statistics 2008
. . . . (1,1,1,1,1,1); assumption for imported electricity in
electricity mix, domestic production HU kWh 2.72E-1 1 1.05 Croatia, value: [EA statistics 2008
L " . (1,1,1,1,1,1); assumption for imported electricity in
electricity mix, domestic production Sl kWh 1.36E-1 1 1.05 Croatia, value: [EA statistics 2008
electricity mix, domestic production cs kwh 4.12E-3 1 105 (1.1,1,1,1,1); assumption for imported electricity in

Croatia, value: IEA statistics 2008

3.5.6 Czech Republic (C2)

Tab. 3.83 shows an overview over the Czech electricity production according to the IEA Statistics
(IEA 2017) for the year 2008. The Czech power production relies on lignite as main energy source
(45%). Further electricity is produced from nuclear power¥@0and from hydro power (%). A

share of about 1% of the electricity is imported. The eldctty is mairly imported fromPoland.
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3. Life cycle inventories of electricity mixes

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe share fothe rurof-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into accouniThe share of rwof-river hydropower
plantsin the Czech Repuldiiis 75% and he share of the storage type hydropower plants $.2bhe
storage type hydropower production is approximated using the dataset {falpimanconditions. The
share of the pumped storage hydropower productitimei@zech Republic is 1%.

Power production from nuclear power plants is approximated using the European dataset fer pressu
ised water reactors. This datasets reflects the conditions of nuclear power production using only PWR
plants PRIS 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used ag-approxim
tion. This includes the electricityeneration from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply n@zedh Republic are shown
Tab.3.84andTab.3.85.

Life Cycle Inventories of Electricity Mixes and Grid -78- treeze Ltd.



3. Life cycle inventories of electricity mixes

Tab. 3.83: Composition of the Czech electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 52'873 46'956 61.93 55.67
Hard coal 5'794 5'146 6.79 6.10
Lignite 42'984 38'173 50.35 45.26
Peat 0 0 0.00 0.00
Industrial Gases 1'045 928 1.22 1.10
Coke gases 283 251 0.33 0.30
Blast furnace gases 762 677 0.89 0.80
Petroleum products
Fuel oil
Diesel
other petroleum products s feF
Natural Gas 2'919 2'592 3.42 3.07
Other fossil 0 0 0.00 0.00
Hydro 2'376 2'352 3.10 2.79
Reservoir power plants 506 501 0.66 0.59
Run-of-river power plants 1'518 1'503 1.98 1.78
Pumped storage power plants 352 348 0.46 0.41
Nuclear 26'551 24'958 32.92 29.59
Pressurised-water reactor (PWR) 26'551 24'958 32.92 29.59
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 1'522 1'380 1.82 1.64
Geothermal 0 0 0.00 0.00
Solar 13 12 0.02 0.01
Photovoltaic 13 12 0.02 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 245 245 0.32 0.29
Wood 1'171 1'040 1.37 1.23
Biogas 93 83 0.11 0.10
Waste 195 173 0.23 0.21
Municipal waste 19 17 0.02 0.02
Industrial waste 2 2 0.00 0.00
Sewage sludge and landfill gases 174 155 0.20 0.18
Other 1 1 0.00 0.00
Total domestic 83'518 75'820 100.00 89.90
Imports 0 8'520 0.00 10.10
Non-specified/Others 0 1'679 0.00 1.99
Poland 0 6'841 0.00 8.11
Total 83'518 84'340 100.00 100.00

2 red marked: Data is not available by [EA-statistics
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3. Life cycle inventories of electricity mixes

Tab. 3.84: Unit process raw data of the electricity production mix in the Czech Republic 2008, at busbar

8
g 5
L E
§ . electiciymix, 2 %
Name g 5 domestic g g & GeneralComment
S production & 3
o
5 g
2]
Location cz
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production cz kwh 1.00E+0
(1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant cz kwh 6.79E-2 1 1.05 productionin Czech Republic, value: IEA statistics
2008
T [Trere (1,1,1,1,1,1); assumption for lignite power production
electricity, lignite, at power plant cz kwh 5.03E-1 1 1.05 in Czech Republic, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kwh 1.22E-2 1 1.05 blastfurnace gas power production in Czech
Republic, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and
electricity, oil, at power plant cz kwh 1.43E-3 1 1.05 fueloil power production in Czech Republic, value:
|IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.05E-4 1 1.05 fuel power production in Czech Republic, value: IEA
statistics 2008
(1,1,1,2,1,1); assumption for natural gas power
electricity, natural gas, at power plant CENTREL kWh 3.42E-2 1 1.05 productionin Czech Republic, value: IEA statistics
2008
ele(l:tm:lty‘ hydropower, at reservoir power plant, non alpine RER KWh 6.61E-3 1 105 (111.2,1,1); esuma‘ted ;hare ofreservo!r
regions hydropower production in Czech Republic: 25%
(1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER  kWh 1.98E-2 1 105 production in Czech Republic: 75%
L (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant cz kWh 4.60E-3 1 1.05 production in Czech Republic: 14.81%
(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE  kWh 3.29E-1 1 1.05 productionin Czech Republic using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar
electricity, at wind power plant RER kwh 3.24E-3 1 1.05 thermal, tidal and other power production in Czech
Republic, value: IEA statistics 2008
- q 3 . (1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant cz kWh 1.61E-4 1 1.05 in Czech Republic, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.37E-2 1 1.05 productionin Czech Republic, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 3.13E-3 1 1.05 biogas, sewage and landfill gas in Czech Republic,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 2.46E-4 1 1.05 municipal and industrial in Czech Republic, value:
|IEA statistics 2008
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3. Life cycle inventories of electricity mixes

Tab. 3.85: Unit process raw data of the electricity supply mix in Czech Republic 2008, at busbar

e 288
S = E T o
Name g 5 electricitymix g g _é GeneralComment
S S g8
S &S
Location Ccz
InfrastructureProcess 0
Unit kWh
product electricity mix cz kWh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power production
technosphere electricity, hard coal, at power plant cz kwWh 6.10E-2 1 105 in Czech Republic, value: IEA statistics 2008
electricity, lignite, at power plant cz kWh 4.53E-1 1 1.05 (.1,1,1,1,1); assumption for lignite power production in

Czech Republic, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and blast
electricity, industrial gas, at power plant CENTREL kwh 1.10E-2 1 1.05 furnace gas power production in Czech Republic, value:

IEA statistics 2008

(1,1,1,1,1,1); assumption for petroleum product and fuel
electricity, oil, at power plant cz kWh 1.28E-3 1 1.05 oil power production in Czech Republic, value: IEA

statistics 2008

(1,1,1,3,1,1); assumption for diesel and other fossil fuel
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwWh 9.48E-5 1 1.05 power productionin Czech Republic, value: IEA statistics
2008
(1,1,1,2,1,1); assumption for natural gas power
production in Czech Republic, value: IEA statistics 2008
e\et‘:tricity‘ hydropower, at reservoir power plant, non alpine RER KWh 5.94E-3 1 105 (1,1,1,2:1.1?: estimated share of reservoir hydropower
regions production in Czech Republic: 25%

(1,1,1,2,1,1); estimated share of ROR hydropower

production in Czech Republic: 75%

(1,1,1,1,1,1); estimated share of pumped storage

production in Czech Republic: 14.81%

(1,1,1,2,1,1); assumption for nuclear power production in

electricity, nuclear, at power plant pressure water reactor UCTE  kWh 2.96E-1 1 1.05 Czech Republicusing PWR, value: IEA statistics 2008,
fraction: IAEA Database 2010 (PRIS)

(1,1,1,2,1,1); assumption for wind, geothermal, solar
electricity, at wind power plant RER kwh 2.92E-3 1 1.05 thermal,tidal and other power production in Czech
Republic, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power production in
Czech Republic, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
production in Czech Republic, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 2.81E-3 1 1.05 biogas, sewage and landfill gas in Czech Republic,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 221E-4 1 1.05 municipal and industrial in Czech Republic, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for imported electricityin Czech
Republic, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in Czech
Republic, value: IEA statistics 2008

electricity, natural gas, at power plant CENTREL kWh 3.07E-2 1 105

electricity, hydropower, at run-of-river power plant RER kwh 1.78E-2 1 1.05

electricity, hydropower, at pumped storage power plant cz kWh 4.13E-3 1 105

electricity, production mix photovoltaic, at plant cz kwh 1.45E-4 1 105

electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.23E-2 1 1.05

electricity mix, domestic production DE kwh 1.99E-2 1 105

electricity mix, domestic production PL kWh 8.11E-2 1 1.05

3.5.7 Denmark (DK)

Tab. 3.86 shows an overview over the Danish electricity production according to the IEA Statistics
(IEA 201]) for the year 2008. The Danish power production relies on hard coal as main energy source
(35%). Further electricity is produced from wind power ¢aband from natural gas (24). A share

of about 2% of the eletricity is imported. The electricity is mdinimported from Germany, Ne

way and Sweden.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into accouniThe share of runf-river hydropover
plants in Denmark is 10% and he slare of the storage type hydropower plants $6.0rhe storage
type hydropower production is approximated using the dataset feslpme conditions. The share of
the pumped storage hydropower production in Denmariss 0

In Denmarkthereno operatingnudear reactors according to the PRIS databB&dg 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resoes, either European or Swiss datasets are used as agproxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data dfet electriity production and supply mix ddenmark are showmab.
3.87andTab.3.88.
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3. Life cycle inventories of electricity mixes

Tab. 3.86: Composition of the Danish electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 25'515 24'045 69.30 50.61
Hard coal 17'457 16'452 47.42 34.63
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 0 0 0.00 0.00
Coke gases
Blast furnace gases i : ¢
Petroleum products 1'131 1'066 3.07 2.24
Fuel oil 916 863 249 1.82
Diesel 78 74 0.21 0.15
other petroleum products 137 129 0.37 0.27
Natural Gas 6'927 6'528 18.82 13.74
Other fossil 0 0 0.00 0.00
Hydro 26 26 0.07 0.05
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 26 26 0.07 0.05
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 8'929 8'814 25.40 18.55
Geothermal 0 0 0.00 0.00
Solar 3 3 0.01 0.01
Photovoltaic 3 3 0.01 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 6'928 6'928 19.97 14.58
Wood 1'804 1'700 4.90 3.58
Biogas 194 183 0.53 0.38
Waste 1'921 1'810 5.22 3.81
Municipal waste 1'866 1'759 5.07 3.70
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 55 52 0.15 0.11
Other 0 0 0.00 0.00
Total domestic 36'391 34'695 100.00 73.03
Imports 0 12'815 0.00 26.97
Germany 0 1'365 0.00 2.87
Norway 0 4'813 0.00 10.13
Sweden 0 6'637 0.00 13.97
Total 36'391 47'510 100.00 100.00

=% red marked: Data is not available by IEA-statistics
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3. Life cycle inventories of electricity mixes

Tab. 3.87: Unit process raw data of the electricity production mix in Denmark 2008, at busbar

Name

Location
InfrastructureProcess
Unit

product electricity mix, domestic production

technosphere electricity, hard coal, at power plant

electricity, oil, at power plant

electricity, at cogen 200kWe diesel SCR, allocation exergy

electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, at wind power plant

electricity, production mix photovoltaic, at plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

electricity from waste, at municipal waste incineration plant

Location

DK

NORDEL

DK

CH

NORDEL

RER

RER

DK

CH

CH

CH

= electricity mix,
5 domes.tic
production
DK
0
kWh
kWh 1.00E+0
kwh 4.74E-1
kwh 2.86E-2
kWh 2.12E-3
kWh 1.88E-1
kwh 7.42E-4
kwh 2.00E-1
kWh 8.13E-5
kWh 4.90E-2
kwh 6.76E-3
kwh 5.07E-2

3

g5

E &

23

g g & GeneralComment

3 s

£ e

2 s

7}

1 105 (1,1,1,2,1,1); assumption for hard coal power
production in Denmark, value: I[EA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and

1 1.05 fuel oil power production in Denmark, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil

1 1.05 fuel power production in Denmark, value: IEA
statistics 2008

1 105 (1,1,1,2,1,1); assumption for natural gas power
production in Denmark, value: IEA statistics 2008

1 105 (1,1,1,2,1,1); estimated share of ROR hydropower
production in Denmark: 100%

(1,1,1,2,1,1); assumption for wind, geothermal, solar

1 1.05 thermal,tidal and other power production in
Denmark, value: IEA statistics 2008

1 105 (1,1,1,1,1,1); assumption for solar power production
in Denmark, value: IEA statistics 2008

1 105 (1,1,1,3,1,1); assumption for cogeneration power
production in Denmark, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from

1 1.05 biogas, sewage and landfill gas in Denmark, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from

1 1.05 municipal and industrial waste in Denmark, value:

IEA statistics 2008

Tab. 3.88: Unit process raw data of the electricity supply mix in Denmark 2008, at busbar

g =
Name ;§ 5
Location
InfrastructureProcess
Unit

product electricity mix DK kwh
technosphere electricity, hard coal, at power plant NORDEL kwh
electricity, oil, at power plant DK kwh
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh
electricity, natural gas, at power plant NORDEL kwh
electricity, hydropower, at run-of-river power plant RER kwh
electricity, at wind power plant RER kwh
electricity, production mix photovoltaic, at plant DK kwh
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh
electricity, at cogen with biogas engine, allocation exergy CH kwh
electricity from waste, at municipal waste incineration plant CH kwh
electricity mix, domestic production DE kwWh
electricity mix, domestic production NO kwh
electricity mix, domestic production SE kwh

3.5.8 Estonia (EE)

electricity mix

DK
0
kWh

1.00E+0

3.46E-1
2.09E-2
1.55E-3
1.37E-1

5.42E-4

1.46E-1

5.94E-5
3.58E-2
4.94E-3
3.70E-2
2.87E-2
1.01E-1

1.40E-1

Uncertainty
StandardDe

viation95%

1.05

1.05

1.05

1.05

1.05

1.05

GeneralComment

(1,1,1,2,1,1); assumption for hard coal power production in
Denmark, value: IEA statistics 2008

(1,1,1,1,1,1); assumption for petroleum product and fuel oil power
production in Denmark, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other fossil fuel power
production in Denmark, value: IEA statistics 2008

(1,1,1,2,1,1); assumption for natural gas power production in
Denmark, value: IEA statistics 2008

(1,1,1,2,1,1); estimated share of ROR hydropower production in
Denmark: 100%

(1,11,2,1,1); ion for wind, solar thermal, tidal
and other power production in Denmark, value: IEA statistics 2008

(1,1,1,1,1,1); assumption for solar power production in Denmark,
value: [EA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production in
Denmark, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from biogas, sewage
and landfill gas in Denmark, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from municipal and
industrial waste in Denmark, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricityin Denmark, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Denmark, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Denmark, value:
IEA statistics 2008

Tab.3.89 shows an overview over the Estonian electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Estonian power production relies on fasdg,fmainly lignite
(79%) and natural gas @) as main energy source. Further electricity is produced from Renewables,
mainly wind (1%). A share of about 13% of the electricity is imported. It is assumed that #)06f

the electricity is imported fro Russia.

There are no nuclear power plants in EstoRRIS 201). Therefore, the nuclear power production is

Zero.

Life Cycle Inventories of Electricity Mixes and Grid

-83-

treeze Ltd.



3. Life cycle inventories of electricity mixes

The electricity production from hydro power is approximated using the Eurafsaset for rwiof-
river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power generatiomccording toTab. 3.1 is takeninto account. The share of rarfi-river hydropover
plants in Estonia is 10% and he share of the storage type hydropower plants¥s The storage
type hydropower production is approximated using the dataset feslpime conditions. The share of
pumpel storage in Estonia is%.

For the electricity production with wind power the average European dataset is used. For the power
production out of renewable resources, either European or Swiss datasets are set as approximation.
This includes the electricitgeneration from wood, with biogas, sewage or landfill gas and the ele
tricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nigstohia are shown ifab.
3.90andTab.3.91
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3. Life cycle inventories of electricity mixes

Tab. 3.89: Composition of the Estoni an electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 10'384 8'906 97.89 85.09
Hard coal 0 0 0.00 0.00
Lignite 9'625 8'255 90.74 78.87
Peat 20 17 0.19 0.16
Industrial Gases 0 0 0.00 0.00
Coke gases 10
Blast furnace gases je
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants .
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 169 164 1.80 1.57
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 133 133 1.46 1.27
Wood 27 23 0.25 0.22
Biogas 9 8 0.08 0.07
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 10'581 9'098 100.00 86.92
Imports 0 1'369 0.00 13.08
Russia 0 1'369 0.00 13.08
Total 10'581 10'467 100.00 100.00

/,fgj/,; red marked: Data is not available by IEA-statistics
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3. Life cycle inventories of electricity mixes

Tab. 3.90: Unit process raw data of the electricity productionmix in Estonia 2008, at busbar

3
g 5
§ . electricitymix, E- £
Name s 5 domestic K & 8 GeneralComment
S production @ i
c T
c
2 s
)
Location EE
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production EE kWh 1.00E+0
P (1,1,1,3,1,1); assumption for lignite power production
electricity, lignite, at power plant CENTREL kwWh 9.07E-1 1 1.05 in Estonia, value: [EAstatistics 2008
electricity, peat, at power plant NORDEL kwh  188£-3 1 105 (hit31l)iassumption forpeatpower production

in Estonia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant SK kwh 3.49E-3 1 1.05 fueloil power production in Estonia, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant CENTREL kwh 6.62E-2 1 1.05 production in Estonia, value: [EA stafistics 2008

. . (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kWh 3.05E-3 1 1.05 production in Estonia: 100%

- R (1,1,1,2,1,1); assumption for geothermal power
Elesciviatuindnepeyelant _ER R 1822 1105 production in Estonia, value: IEA statistics 2008
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.55E-3 1 1.05 (1.1,1,3,1,1); assumption for cogeneration power

production in Estonia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 8.48E-4 1 1.05 biogas, sewage and landfill gas in Estonia, value:
IEA statistics 2008

Tab. 3.91: Unit process raw data of the electricity supply mix in Estonia 2008, at busbar

2 8%
5 . <383
Name K] g electricitymix § 8 § GeneralComment
S g §8
D >
Location EE
InfrastructureProcess 0
Unit kwh
product electricity mix EE kwh 1.00E+0
TR (1,1,1,3,1,1); assumption for lignite power
electricity, lignite, at power plant CENTREL kWh 7.89E-1 1 1.05 production in Estonia, value: IEA statistics 2008
- 11,1311); tion f t
electricity, peat, at power plant NORDEL kWh 1.64E-3 1 1.05 ( ); assumption for peat power

production in Estonia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant SK kwh 3.03E-3 1 1.05 and fuel oil power production in Estonia, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant CENTREL kWh 5.75E-2 1 1.05 production in Estonia, value: IEA stafistics 2008

(1,1,1,2,1,1); estimated share of ROR

electricity, hydropower, at run-of-river power plant RER kwWh 2.65E-3 1 1.05 hydropower production in Estonia: 100%

(1,1,1,2,1,1); assumption for geothermal power

Gl T eCr e RER L S2E2 1| 105 production in Estonia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 2.21E-3 1 1.05 production in Estonia, value: IEAstatistics 2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 7.37E-4 1 1.05 from biogas, sewage and landfill gas in Estonia,
value: IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricity in

electricity mix, domestic production RU kwh 1.31E-1 1 105 Estonia. value: [EA statistics 2008

3.5.9 Finland (FI)

Tab. 3.92 shows aroverview over the Finnish electricity production according to the IEA Statistics
(IEA 201)) for the year 2008. The Finnish power production relies on fassis,f mainly hard coal

(9 %), peat (5 %) and natural gas @3, as main energy source. Further electricity is produced from
nuclear power (240) and from hydro power (1%). A share of about 1% of the electricity ism-
ported. The electricity is mdyimported from Estonia, Norway, Russia and Sweden.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power genation according toTab. 3.1 is taken into accounfThe share of rwof-river hydropaver
plants in Finland is 2% and he share of the storage type hydropower plants B.7bhe storage
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type hydropower production is pqoximated using the dataset falpine conditions. In Finland there
are no pumped storage hydropower plants according to the IEA statistics.

Power production from nuclear power plants is approximated using the European dataset fior pressu
ised water reacte and boiling water reactors. These datasets reflect the conditions of nuclear power
production using a mix of BWR (6%) and PWR (364) power plantsfRIS 201}

For the electricity productiowith wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or lgaifitind the
electricity generation from municipal solid waste incineratianFinland a considerable share of the
electricity production comes from wooden fuels.

The unit process raw data of the electricity production and supply nhiiaind are showiiab.3.93
andTab.3.94.
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Tab. 3.92: Composition of the Finnish electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 25'982 24'587 33.27 27.32
Hard coal 8'512 8'055 10.90 8.95
Lignite 0 0 0.00 0.00
Peat 5'200 4'921 6.66 5.47
Industrial Gases 598 566 0.77 0.63
Coke gases 45 43 0.06 0.05
Blast furnace gases 553 523 0.71 0.58
Petroleum products 425 402 0.54 0.45
Fuel oil 402 380 0.51 0.42
Diesel 18 17 0.02 0.02
other petroleum products 5 5 0.01 0.01
Natural Gas 11'247 10'643 14.40 11.83
Other fossil 0 0 0.00 0.00
Hydro 17'112 16'941 22.93 18.82
Reservoir power plants 4'278 4'235 5.73 4.71
Run-of-river power plants 12'834 12'706 17.19 14.12
Pumped storage power plants 0 0 0.00 0.00
Nuclear 22'958 21'581 29.20 23.98
Pressurised-water reactor (PWR) 8'250 7'755 10.49 8.62
Boiling-water reactor (BWR) 14'708 13'826 18.71 15.36
Renewables 10'322 9'782 13.24 10.87
Geothermal 0 0 0.00 0.00
Solar 4 4 0.01 0.00
Photovoltaic 4 4 0.01 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 261 261 0.35 0.29
Wood 10'057 9'517 12.88 10.57
Biogas 0 0 0.00 0.00
Waste 556 526 0.71 0.58
Municipal waste 430 407 0.55 0.45
Industrial waste 39 37 0.05 0.04
Sewage sludge and landfill gases 87 82 0.11 0.09
Other 506 479 0.65 0.53
Total domestic 77'436 73'895 100.00 82.10
Imports 0 16'107 0.00 17.90
Estonia 0 2'250 0.00 2.50
Norway 0 159 0.00 0.18
Russian Federation 0 10'883 0.00 12.09
Sweden 0 2'815 0.00 3.13
Total 77'436 90'002 100.00 100.00
“ red marked: Data is not available by IEA-statistics
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Tab. 3.93: Unit process raw data of the electricity production mix in Finland 2008, at busbar

3
g 5
2 g
5 - electricity, > S
Name § 5 production mix § & & GeneralComment
S FI g 3
c T
S g
]
Location FI
InfrastructureProcess 0
Unit kwWh
product electricity, production mix Fl Fl kwh 1.00E+0
- (1,1,1,2,1,1); assumption for hard coal power
| h | I NORDEL kWh 1.09E-1 1 1. I, .
[eshespnes CllETE R CRET) Gl poial (i © o 05 production in Finland, value: IEA statistics 2008
- (1,1,1,2,1,1); assumption for peat power production
electricity, peat, at power plant NORDEL kWh 6.66E-2 1 1.05 in Finland, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant NORDEL kWh 7.66E-3 1 1.05 blastfurnace gas gas power production in Finland,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and
electricity, oil, at power plant Fl kWh 5.21E-3 1 1.05 fuel oil power production in Finland, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 2.31E-4 1 1.05 fuel power production in Finland, value: IEA statistics
2008
. (1,1,1,2,1,1); assumption for natural gas power
electricity, natural gas, at power plant NORDEL kWh 1.44E-1 1 105 production in Finland, value: IEA statistics 2008
. . . . (1,1,1,2,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant, alpine region RER kwh 5.73E-2 1 1.05 hydropower production in Finland: 25%
. . (1,1,1,2,1,1); estimated share of ROR hydropower
| h -of- I RER kWh 1.72E-1 1 1. .
electricity, hydropower, at run-of-river power plant 05 production in Finland: 75%
(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE  kwh 1.05E-1 1 1.05 productionin Finland using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant boiling water reactor UCTE  kwh 1.87E-1 1 1.05 productionin Finland using BWR, value: [IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar
electricity, at wind power plant RER kWh 1.00E-2 1 1.05 thermal,tidal and other power production in Finland,
value: IEA statistics 2008
. . . . (1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant Fl kWh 5.09E-5 1 1.05 in Finland, value: IEA statistics 2008
. . (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.29E-1 1 105 production in Finland, value: IEAstatistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.11E-3 1 1.05 biogas, sewage and landfill gas in Finland, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 6.01E-3 1 1.05 municipal and industrial waste in Finland, value: IEA
statistics 2008
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Tab. 3.94: Unit process raw data of the electricity supply mix in Finland 2008, at busbar

=
c 2 8%
S S -8
2 = qT =S
Name 5] 5 electricitymix £ 8 5 GeneralComment
° 8 c=
= c 8.8
S 0>
Location FI
InfrastructureProcess 0
Unit kWh
product electricity mix Fl kWh 1.00E+0
. (1,1,1,2,1,1); assumption for hard coal power production in Finland,
technosphere electricity, hard coal, at power plant NORDEL kWh 8.95E-2 1 1.05 value: IEA statistics 2008
. (1,1,1,2,1,1); assumption for peat power production in Finland,
electricity, peat, at power plant NORDEL kWh 5.47E-2 1 105 value: [EA statistics 2008
X . X (1,1,1,2,1,1); assumption for industrial, coke and blast furnace gas
electricity, industrial gas, at power plant NORDEL kWh 6.29E-3 1 1.05 gas power production in Finland, value: [EA statistics 2008
. . (1,1,1,1,1,1); assumption for petroleum product and fuel oil power
Clecticy bitetponsplart £ K RZES 1108 production in Finland, value: IEA statistics 2008
. . . g (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 1.89E-4 1 1.05 production in Finland, value: IEA statistics 2008
. (1,1,1,2,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant NORDEL kwWh 1.18E-1 1 1.05 Finland. value: [EA statistics 2008
electricity, hydropower, at reservoir power plant, alpine region RER kWh 4.71E-2 1 105 E:l‘ﬁjl.;,jzlzég/;oesnmated share of reservoir hydropower production in
electricity, hydropower, at run-of-river power plant RER kwh 1.41E-1 1 1.05 (1.1,1.2,1,1); estimated share of ROR hydropower production in
Finland: 75%
(1,1,1,2,1,1); assumption for nuclear power production in Finland
electricity, nuclear, at power plant pressure water reactor UCTE kWh 8.62E-2 1 1.05 using PWR, value: IEAstatistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,2,1,1); assumption for nuclear power production in Finland
electricity, nuclear, at power plant boiling water reactor UCTE kwh 1.54E-1 1 1.05 using BWR, value: IEAstatistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
SR 3 U] (e (UG RER L B2ZES 1) 105 and other power production in Finland, value: IEA statistics 2008
. . . . (1,1,1,1,1,1); assumption for solar power production in Finland,
electricity, production mix photovoltaic, at plant Fl kwh 4.18E-5 1 105 value: [EA statistics 2008
. . (1,1,1,3,1,1); assumption for cogeneration power production in
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.06E-1 1 105 Finland. value: [EA statistics 2008
. . . . " (1,1,1,3,1,1); assumption for power production from biogas, sewage
electricity, at cogen with biogas engine, allocation exergy CH kWh 9.15E-4 1 1.05 and landfill gas in Finland, value: [EA statistics 2008
g - - . Y (1,1,1,3,1,1); assumption for power production from municipal and
electricity from waste, at municipal waste incineration plant CH kwh 4.93E-3 1 1.05 industrial waste in Finland, value: IEA statistics 2008
. . . (1,1,1,1,1,1); assumption for imported electricity in Finland, value:
electricity, production mix EE EE kwh 2.50E-2 1 1.05 |EA statistics 2008
. . . (1,1,1,1,1,1); assumption for imported electricity in Finland, value:
electricity, production mix NO NO kwh 1.77E-3 1 105 |EA statistics 2008
X X R (1,1,1,1,1,1); assumption for imported electricity in Finland, value:
electricity, production mix RU RU kwh 1.21E-1 1 1.05 |EA statistics 2008
electricity, production mix SE SE KWh 313E-2 1 105 (1,1,1,1,1,1); assumption for imported electricity in Finland, value:

IEA statistics 2008

3.5.10 France (FR)

Tab. 3.95 shows an overview over the French electricity production according to the IEA Statistics
(IEA 2011)) for the year 2008. The French power production relies on nuclear power as main energy
source (7®0). Further electricity is produced from hydro power YaRand from fossil fuels, mainly

hard coal 4 %) and natural gas @). A small share of about 2% of the electricity is imported.
France isas an kctricity exporting country.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage typeytiropower productionThe share of the ruaf-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydiopower
plants in France is 8% and theshare of the storage type hydropower plants i%%1&he storage type
hydropower production is apprawated using the dataset falpine conditions. The share of pumped
storage in France is%.

Power production frormuclear power plants is approximated using the French dataset for pressurised
water reactors. This dataset reflects the conditions of nuclear power production using only \wWR po
er plants PRIS 201}

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation fronoad, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nkixaote are showhab. 3.96
andTab.3.97.
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IEA 2011)

Tab. 3.95: Composition of the French electricity production and supply mix including electricity imports (
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 54'940 49'161 9.08 8.90
Hard coal 23'378 20'919 3.86 3.79
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 3'853 3'448 0.64 0.62
Coke gases 933 835 0.15 0.15
Blast furnace gases 2'920 2'613 0.48 0.47
Petroleum products 5'825 5'212 0.96 0.94
Fuel oil 4'108 3'676 0.68 0.67
Diesel 407 364 0.07 0.07
other petroleum products 1'310 1'172 0.22 0.21
Natural Gas 21'884 19'582 3.62 3.55
Other fossil 0 0 0.00 0.00
Hydro 68'325 67'642 12.49 12.25
Reservoir power plants 10'196 10'094 1.86 1.83
Run-of-river power plants 53'530 52'995 9.79 9.60
Pumped storage power plants 4'599 4'553 0.84 0.82
Nuclear 439'468 413'100 76.30 74.82
Pressurised-water reactor (PWR) 439'468 413'100 76.30 74.82
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 7'696 7'541 1.39 1.37
Geothermal 0 0 0.00 0.00
Solar 41 39 0.01 0.01
Photovoltaic 41 39 0.01 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 513 513 0.09 0.09
Wind 5'689 5'689 1.05 1.03
Wood 1'433 1'282 0.24 0.23
Biogas 20 18 0.00 0.00
Waste 4'439 3'972 0.73 0.72
Municipal waste 3'776 3'379 0.62 0.61
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 663 593 0.11 0.11
Other 0 0 0.00 0.00
Total domestic 574'868 541'416 100.00 98.07
Imports 0 10'683 0.00 1.93
Belgium 0 2'029 0.00 0.37
Germany 0 1'189 0.00 0.22
Italy 0 1'133 0.00 0.21
Spain 0 1'656 0.00 0.30
Switzerland 0 3'752 0.00 0.68
United Kingdom 0 924 0.00 0.17
Total 574'868 552'099 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.96: Unit process raw data of the electricity production mix in France 2008, at busbar

wn
25
-1
5 - electricity, % g
Name g 5 production mix ‘g 8 & GeneralComment
S FR g 3
5 2
° s
n
Location FR
InfrastructureProcess 0
Unit kwWh
product electricity, production mix FR FR kWh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant FR kWh 3.86E-2 1 1.05 production in France, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant FR kwh 6.37E-3 1 1.05 blastfurnace gas power production in France, value:
IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and
electricity, oil, at power plant FR kWh 8.95E-3 1 1.05 fuel oil power production in France, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwWh 6.73E-4 1 1.05 fuel power production in France, value: IEA statistics
2008
- (1,1,1,2,1,1); assumption for natural gas power
electricity, natural gas, at power plant FR kWh 3.62E-2 1 1.05 production in France, value: [EA staistics 2008
o . . . (1,1,1,2,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant, alpine region RER kWh 1.86E-2 1 1.05 hydropower production in France: 16%
- . (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 9.79E-2 1 1.05 production in France: 84%
. (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant FR kWh 8.41E-3 1 1.05 production in France: 6.73%
(1,1,1,1,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor FR kwh 7.63E-1 1 1.05 productionin France using PWR, value: IEA statistics
2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar
electricity, at wind power plant RER kWh 1.15E-2 1 1.05 thermal, tidal and other power production in France,
value: IEA statistics 2008
. . . . (1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant FR kWh 7.12E-5 1 1.05 in France, value: IEA statistics 2008
. . (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.37E-3 1 1.05 production in France, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.13E-3 1 1.05 biogas, sewage landfill gas in France, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 6.24E-3 1 1.05 municipal and industrial in France, value: IEA
statistics 2008
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Tab. 3.97: Unit process raw data of the electricity supply mix in France 2008, at busbar

[
< 203
28 = é S o
Name 5] 5 elecricitymix 5 8 _5 GeneralComment
S E 58
S 5>
Location FR
InfrastructureProcess 0
Unit kwh
product electricity mix FR kWh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power production in France,
technosphere electricity, hard coal, at power plant FR kWh 3.79E-2 1 1.05 value: IEA statistics 2008
I . (1,1,1,1,1,1); assumption for industrial, coke and blast furnace gas
electricity, industrial gas, at power plant FR kwh 6.24E-3 1 1.05 power production in France, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and fuel oil power
CllEIE 3 @l o (Lo AR e SEEES 1] 105 production in France, value: I[EA statistics 2008
. " . (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 6.60E-4 1 1.05 production in France, value: IEA staistics 2008
. (1,1,1,2,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant FR kwh 3.55E-2 1 105 France, value: IEA statistics 2008
electricity, hydropower, at reservoir power plant, alpine region RER kwh 1.83E-2 1 1.05 (1.1,1,2,1,1); estimated share of reserwir hydropower production in
France: 16%
electricity, hydropower, at run-of-river power plant RER kWh 9.60E-2 1 105 (1.1,12,1,1); estimated share of ROR hydropower production in
France: 84%
electricity, hydropower, at pumped storage power plant FR kwh 8.25E-3 1 1.05 (.1,1.1,1,1); estimated share of pumped storage production in
France: 6.73%
(1,1,1,1,1,1); assumption for nuclear power production in France
electricity, nuclear, at power plant pressure water reactor FR kWh 7.48E-1 1 1.05 using PWR, value: IEAstatistics 2008, fraction: IAEA Database 2010
(PRIS)
. . 9 (1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
SScicatindloererlant RER o AiA=2 1| 105 and other power production in France, value: |EA statistics 2008
. . . (1,1,1,1,1,1); assumption for solar power production in France,
electricity, production mix photovoltaic, at plant FR kwh 6.98E-5 1 1.05 value: IEA statistics 2008
. . (1,1,1,3,1,1); assumption for cogeneration power production in
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.32E-3 1 1.05 France, value: [EA statistics 2008
. - . " (1,1,1,3,1,1); assumption for power production from biogas, sewage
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.11E-3 1 1.05 landiill gas in France, value: IEA statistics 2008
electricity from waste, at municipal waste incineration plant CH kwh 6.12E-3 1 105 _(1’1'1’3.’1'_1); assumption for power p.roductlun from municipal and
industrial in France, value: IEA statistics 2008
L . (1,1,1,1,1,1); assumption for imported electricity in France, value:
electricity, production mix BE BE kwh 3.68E-3 1 1.05 |EA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in France, value:
electricity, production mix DE DE kwh 2.15E-3 1 1.05 |EA statistics 2008
. . (1,1,1,1,1,1); assumption for imported electricity in France, value:
electricity, production mix IT IT kwh 2.05E-3 1 105 |EA statistics 2008
. . (1,1,1,1,1,1); assumption for imported electricity in France, value:
electricity, production mix ES ES} kWh 3.00E-3 1 1.05 |EA statistics 2008
. . 9 (1,1,1,1,1,1); assumption for imported electricity in France, value:
electricity, production mix CH CH kWh 6.80E-3 1 1.05 |EA statistios 2008
electricity, production mix GB cB KWh 167E-3 1 105 (1,1,1,1,1,1); assumption for imported electricity in France, value:

IEA statistics 2008

3.5.11 Germany (DE)

Tab. 3.98 shows an overview over the Geamelectricity production according to the IEA Statistics
(IEA 2011 for the year 2008. The German power production relies on fossil fuels, mainly lignite
(22 %), hard coal (186) and natural gas (28) as main energy source. Further electricity is produced
from nuclear power (2%) and from renewables, mainly wind ¥§. A share of about % of the
electricity is imported.

The electricity production from hydrpower is approximated using the European dataset fesfrun
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropaver
plants in Germany is 8% and he share of the storage type hydropower plants #&.18he storage
type hydropower production is approximated using the dataseofeslpine conditions. The share of
pumped storage in Germany is %2

Power production from nuclear power plants is approximated using the German dataset for pressu
ised and boiling water reactors. These datasets reflect the conditions of nuclear noolwetign s-
ing a mix of BWRand PWR power plant®RIS 201).

For the electricity production with wind power the average European dataset isnuGstmany a
considerable share of the eledtsids produced using wind power. For the power production out of
other renewable resources, either European or Swiss datasets are set as approkhizatimtudes
the electricity generation from wood, with biogas, sewage or landfill gas and thecglegeneration
from municipal solid waste incineration.

Life Cycle Inventories of Electricity Mixes and Grid -93- treeze Ltd.



3. Life cycle inventories of electricity mixes

The unit process raw data of the electricity production and supply neohany are showmab.

3.99andTab.3.100

Tab. 3.98: Composition of the German electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 387'543 350'162 59.59 55.65
Hard coal 125'832 113'695 19.35 18.07
Lignite 155'343 140'359 23.89 22.31
Peat 0 0 0.00 0.00
Industrial Gases 9'470 8'557 1.46 1.36
Coke gases 2'108 1'905 0.32 0.30
Blast furnace gases 7'362 6'652 1.13 1.06
Petroleum products 9'244 8'352 1.42 1.33
Fuel oil 4'348 3'929 0.67 0.62
Diesel 743 671 0.11 0.11
other petroleum products 4'153 3'752 0.64 0.60
Natural Gas 87'654 79'199 13.48 12.59
Other fossil 0 0 0.00 0.00
Hydro 26'963 26'693 4.54 4.24
Reservoir power plants 3'351 3'317 0.56 0.53
Run-of-river power plants 17'591 17'415 2.96 2.77
Pumped storage power plants 6'021 5'961 1.01 0.95
Nuclear 148'495 139'585 23.76 22.18
Pressurised-water reactor (PWR) 116'847 109'836 18.69 17.45
Boiling-water reactor (BWR) 31'648 29'749 5.06 4.73
Renewables 62'901 60'910 10.37 9.68
Geothermal 18 17 0.00 0.00
Solar 4'420 4'155 0.71 0.66
Photovoltaic 4'420 4'155 0.71 0.66
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 40'574 40'574 6.91 6.45
Wood 8'960 8'096 1.38 1.29
Biogas 8'929 8'068 1.37 1.28
Waste 11'330 10'237 1.74 1.63
Municipal waste 9'012 8'143 1.39 1.29
Industrial waste 356 322 0.05 0.05
Sewage sludge and landfill gases 1'962 1'773 0.30 0.28
Other 0 0 0.00 0.00
Total domestic 637'232 587'587 100.00 93.38
Imports 0 41'670 0.00 6.62
Austria 0 7'012 0.00 111
Czech Republic 0 7'938 0.00 1.26
Denmark 0 9'211 0.00 1.46
France 0 10'572 0.00 1.68
Netherlands 0 828 0.00 0.13
Poland 0 95 0.00 0.02
Sweden 0 2'539 0.00 0.40
Switzerland 0 3'475 0.00 0.55
Total 637'232 629'257 100.00 100.00

‘red marked: Data is not available by IEA-statistics
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Tab. 3.99: Unit process raw data of the electricity production mix in Germany 2008, at busbar

n
g5
£ g
5 . electicitymix, 2 =
Name s 5 domestic s 8 8 GeneralComment
S production @ %
c T
5
2 s
7]
Location DE
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production DE kWh 1.00E+0
. y (1,1,1,1,1,1); assumption for hard coal power production in
technosphere electricity, hard coal, at power plant DE kWh 1.93E-1 1 1.05 Germany, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for lignite power production in
lectr lignite, at lant DE kWh 2.39E-1 1 105 -
Gl e A R ER (e Germany, value: [EA statistics 2008
(1,1,1,1,1,1); assumption for industrial gas, coke gas and
electricity, industrial gas, at power plant DE kWh 1.46E-2 1 1.05 blastfurnace gas power production in Germany, value: IEA
statistics 2008
. " (1,1,1,1,1,1); assumption for petroleum product and fuel oil
Elecuciviclliatpcrerplant 2E C% SSLE2 1| 105 power production in Germany, value: I[EA statistics 2008
- . . (1,1,1,3,1,1); assumption for diesel and other fossil fuel
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 1.14E-3 1 1.05 power production in Germany, value: IEA stafistics 2008
- (1,1,1,1,1,1); assumption for natural gas power production in
| | I DE kWh 1.35E-1 1 1. -
electricity, natural gas, at power plant 35 05 Germany, value: [EAstatistics 2008
electricity, hydropower, at reservoir power plant, non alpine RER LWh 5.65E-3 1 105 (1,1,1,2,1,1); estimated share of reservoir hydropower
regions production in Germany: 16%
(1,1,1,2,1,1); estimated share of ROR hydropower production
lectr h t run-of- lant RER kWh 2.96E-2 1 105
electricity, hydropower, at run-of-river power plan in Germany: 84%
. (1,1,1,1,1,1); estimated share of pumped storage production
electricity, hydropower, at pumped storage power plant DE kwh 1.01E-2 1 1.05 in Germany: 22.33%
(1,1,1,1,1,1); assumption for nuclear power production in
electricity, nuclear, at power plant pressure water reactor DE kwh 1.87E-1 1 1.05 Germanyusing PWR, value: IEAstatistics 2008, fraction: IAEA
Database 2010 (PRIS)
(1,1,1,1,1,1); assumption for nuclear power production in
electricity, nuclear, at power plant boiling water reactor DE kWh 5.06E-2 1 1.05 Germanyusing BWR, value: IEAstatistics 2008, fraction: IAEA
Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,
electricity, at wind power plant RER kWh 6.91E-2 1 1.05 tidal and other power production in Germany, value: IEA
statistics 2008
(1,1,1,1,1,1); assumption for solar power production in
lectr ducti hotovolt: t plant DE kWh 7.07E-3 1 105 L
e predictopmipiolaotaic by Germany, value: I[EA statistics 2008
. " (1,1,1,3,1,1); assumption for cogeneration power production
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.38E-2 1 1.05 in Germany, value: IEAstatistics 2008
(1,1,1,3,1,1); assumption for power production from biogas,
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.67E-2 1 1.05 sewage sludge and landfill gases in Germany, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 1.44E-2 1 1.05 municipal and industrial waste in Germany, value: IEA
statistics 2008
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Tab. 3.100: Unit process raw data of the electricity supply mix in Germany 2008, at busbar

o
< 25838
] = é To
Name b5 5 electricity mix 3 -‘g“ é GeneralComment
S =
S &S
Location DE
InfrastructureProcess 0
Unit kwWh
product electricity mix DE kwh 1.00E+0
9 (1,1,1,1,1,1); assumption for hard coal power production in
technosphere electricity, hard coal, at power plant DE kwh 1.81E-1 1 105 Germany, value: IEA statistics 2008
- . (1,1,1,1,1,1); assumption for lignite power production in Germany,
electricity, lignite, at power plant DE kwh 2.23E-1 1 105 Value: IEA statistics 2008
N (1,1,1,1,1,1); assumption for industrial gas, coke gas and blast
3 TS oS, U e N 2E L 15322 1| 105 furnace gas power production in Germany, value: IEA statistics 2008
y . (1,1,1,1,1,1); assumption for petroleum product and fuel oil power
electricity, oil, at power plant DE kwh 1.22E-2 1 105 production in Germany, value: IEA statistics 2008
v (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.07E-3 1 105 production in Germany, value: IEA statistics 2008
" (1,1,1,1,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant DE kwWh 1.26E-1 1 105 Germany, value: IEAstatistics 2008
electricity, hydropower, at reservoir power plant, non alpine RER \Wh 527E3 1 105 (1,1,1,2,1,1); estimated share of reservoir hydropower production in
regions Germany: 16%
electricity, hydropower, at run-of-river power plant RER kwh 277E-2 1 105 (1.1.,1,2,.1,1); estimated share of ROR hydropower production in
Germany: 84%
y (1,1,1,1,1,1); estimated share of pumped storage production in
electricity, hydropower, at pumped storage power plant DE kwh 9.47E-3 1 105 Germany: 22.33%
(1,1,1,1,1,1); assumption for nuclear power production in Germany
electricity, nuclear, at power plant pressure water reactor DE kwh 1.75E-1 1 1.05 using PWR, value: [EAstatistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,1,1,1); assumption for nuclear power production in Germany
electricity, nuclear, at power plant boiling water reactor DE kwh 4.73E-2 1 1.05 using BWR, value: [EAstatistics 2008, fraction: IAEA Database 2010
(PRIS)
electicity, atwind power plant RER Wh 6.45E-2 1 108 (1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal

and other power production in Germany, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power production in Germany,
value: [EA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production in
Germany, value: IEA statistics 2008

electricity, production mix photovoltaic, at plant DE kwh 6.60E-3 1 105
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 1.29E-2 1 105

(1,1,1,3,1,1); assumption for power production from biogas, sewage

lectricif t ith i llocati H kwh 1.56E-2 1 105 . -
Elecincizlateogeniwiibicoaslenoinetaliccat onlexeioy @ ES sludge and landfill gases in Germany, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from municipal and
industrial waste in Germany, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Germany, value:
IEA statistics 2008

electricity from waste, at municipal waste incineration plant CH kwh 1.35E-2 1 105
electricity mix, domestic production AU kwh 1.11E-2 1 105
electricity mix, domestic production cz kwh 1.26E-2 1 105
electricity mix, domestic production DK kwh 1.46E-2 1 105
electricity mix, domestic production FR kwh 1.68E-2 1 105
electricity mix, domestic production NL kwh 1.32E-3 1 105
electricity mix, domestic production PL kwWh 151E-4 1 105
electricity mix, domestic production SE kwh 4.03E-3 1 105

electricity mix, domestic production CH kwh 5.52E-3 1 105

3.5.12 Greece (GR)

Tab. 3.101 shows an overview over the Greek electricity production according to the IEA Statistics
(IEA 201)) for the year 2008. The Greek power production relies asilfduels, mainly lignite

(46 %), natural gas (1%) and petroleum products (14 %) as main energy source. Further electricity is
produced from hydro power ) and from renewables, mainly wind%®. A share of about 1% of

the electricity is importedl he electricity is imported from Bulgaria, Macedonia and Italy.

There are no nuclear power plants in Gre&dRI$ 201). Therefore, the nuclear power production is
zero.

The electricity productin from hydro power is approximated using the European dataset fof-run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into accountThe share of ruof-river hydropower
plants in Greece is 10% and he share of the storage type hydropower plant®4s Dhe storage type
hydropower production is approximated using tfeaset for nomlpine conditions. The share of
pumped storage in Greece is 262

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swisstslar@sused as approxm

tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.
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The unit process raw data of the electricity production and guppl of Greece are showmab.

3.102andTab.3.103

Tab. 3.101: Composition of the Greek electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 57'143 50'274 88.49 78.08
Hard coal 0 0 0.00 0.00
Lignite 33'356 29'346 51.65 45.58
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel . .
other petroleum products 736 648 1.14 1.01
Natural Gas 13'797 12'139 21.37 18.85
Other fossil 0 0 0.00 0.00
Hydro 4'149 4'108 7.23 6.38
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 3'312 3'279 5.77 5.09
Pumped storage power plants 837 829 1.46 1.29
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 2'247 2'247 3.95 3.49
Geothermal 0 0 0.00 0.00
Solar 5 5 0.01 0.01
Photovoltaic 5 5 0.01 0.01
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 2'242 2'242 3.95 3.48
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 210 185 0.33 0.29
Municipal waste 0 0 0.00 0.00
Industrial waste 19 17 0.03 0.03
Sewage sludge and landfill gases 191 168 0.30 0.26
Other 0 0 0.00 0.00
Total domestic 63'749 56'813 100.00 88.24
Imports 0 7'575 0.00 11.76
Bulgaria 0 4'628 0.00 7.19
Former Republic of Macedonia 0 1'188 0.00 1.85
Italy 0 1'759 0.00 2.73
Total 63'749 64'388 100.00 100.00

G red marked: Data is not available by IEA-statistics
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Tab. 3.102: Unit process raw data of the electricity production mix in Greece 2008, at busbar

n
g s
£ g
5 ~  electricitymix, %- s
Name s 5 domestic s 8 8 GeneralComment
S production @ %
5 2
S s
2]
Location GR
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production GR kwh 1.00E+0
L o’ (1,1,1,1,1,1); assumption for lignite power production in
electricity, lignite, at power plant GR kWh 5.17E-1 1 1.05 Greece, value: IEAstatistics 2008
T (1,1,1,1,1,1); assumption for petroleum product and fuel oil
| I | R kWh 1.27E-1 1 1. IR -
ClEE A b ERr R (AT C 05 power production in Greece, value: I[EA statistics 2008
: . . ¥ (1,1,1,3,1,1); assumption for diesel and other fossil fuel
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 2.80E-2 1 1.05 power production in Greece, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for natural gas power production in
lectr tural t lant T kWh 2.14E-1 1 105 -
electricity, natural gas, at power plan Greece, value: IEA statistics 2008
- . (1,1,1,2,1,1); estimated share of ROR hydropower production
electricity, hydropower, at run-of-river power plant RER kwh 5.77E-2 1 1.05 in Greece: 100%
electricity, hydropower, at pumped storage power plant GR kwh 1.46E-2 1 1.05 (1.1,1.1,1,1); estimated share of pumped storage production

in Greece: 20.17%
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,
electricity, at wind power plant RER kWh 3.95E-2 1 1.05 tidal and other power production in Greece, value: [EA
statistics 2008
(1,1,1,1,1,1); assumption for solar power production in
Greece, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from biogas,
electricity, at cogen with biogas engine, allocation exergy CH kwh 2.96E-3 1 1.05 sewage sludge and landfill gases in Greece, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 2.94E-4 1 1.05 municipal and industrial waste in Greece, value: IEA statistics
2008

electricity, production mix photovoltaic, at plant GR kWh 8.27E-5 1 1.05

Tab. 3.103: Unit process raw data of the electricity supply mix in Greece 2008, at busbar

2 88
s . s B3
Name s g elecricitymix 5 8§ § GeneralComment
o o C =
= 5 L
S 5s
Location GR
InfrastructureProcess 0
Unit kwWh
product electricity mix GR kwh 1.00E+0
. (1,1,1,1,1,1); assumption for lignite power production in Greece,
electricity, lignite, at power plant GR kwh 456E-1 1 105 value: IEA statistics 2008
i (1,1,1,1,1,1); assumption for petroleum product and fuel oil power
Gl Gl EpEEr LR CR i A=l 1| 105 production in Greece, value: IEA statistics 2008
5 . (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 2.47E-2 1 105 production in Greece, value: IEA statistics 2008
9 (1,1,1,3,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant T kwh 1.89E-1 1 105 Greece. value: [EAstatistics 2008
5 . (1,1,1,2,1,1); estimated share of ROR hydropower production in
electricity, hydropower, at run-of-river power plant RER kwh 5.09E-2 1 105 Greece: 100%
Y (1,1,1,1,1,1); estimated share of pumped storage production in
electricity, hydropower, at pumped storage power plant GR kwh 1.29E-2 1 105 Greece: 2017%
) (1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
Eccaivndporerplant RER KA ai=a 1] 105 and other power production in Greece, value: I[EA statistics 2008
u (1,1,1,1,1,1); assumption for solar power production in Greece,
electricity, production mix photovoltaic, at plant GR kwh 7.30E-5 1 105 value: IEA statistics 2008
" . . . . (1,1,1,3,1,1); assumption for power production from biogas, sewage
electricity, at cogen with biogas engine, allocation exergy CH kwh 2.61E-3 1 105 sludge and landfil gases in Greece, value: [EA statistics 2008
" . . . (1,1,1,3,1,1); assumption for power production from municipal and
.60E-4 X A - L
electricity from waste, at municipal waste incineration plant CH kwh 2.60E 1 105 industrial waste in Greece, value: IEA statistics 2008
" . . . (1,1,1,1,1,1); assumption for imported electricityin Greece, value:
electricity mix, domestic production BG kwh 7.19E-2 1 105 |EA statistics 2008
. . . . K (1,1,1,1,1,1); assumption for imported electricityin Greece, value:
electricity mix, domestic production MK kwh 1.85E-2 1 105 [EAStatistics 2008
electricity mix, domestic production T Wh 273E2 1 105 (1,1,1,1,1,1); assumption for imported electricityin Greece, value:

IEA statistics 2008

3.5.13 Hungary (HU)

Tab.3.104 shows an overview over the Hungarian electricity production according to the IE#- Stati
tics (EA 2011 for the year 2008. The Hungarian power production relies on fossil fuels, maimy nat
ral gas (326) and lignite (1446) as main energy source. Further electricity is produced from nuclear
power (34%) and from renewables, mainly wood%. A shae of about 134 of the electricity is
imported. The electricity is imported from Austria, Croatia, Romania and Ukraine.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower puotion. The share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into accouniThe share of rwof-river hydropover
plantsin Hungary is 10@6 and he share of the storage type hydropower plants¥%s The storage
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type hydropower production is approximated using the dataset feslpm® conditions. The share of
pumped storage in Hungary i$Q

Power production from nucle@ower plants is approximated using the European dataset for ppressu
ised water reactors. These datasets reflect the conditions of nuclear power production using PWR
power plantsPRIS 2011

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, viitbgas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply miuofary are showiab.
3.105andTab.3.106.
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Tab. 3.104: Composition of the Hungarian electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 22'736 19'491 54.76 47.64
Hard coal 571 489 1.38 1.20
Lignite 6'515 5'585 15.69 13.65
Peat 0 0 0.00 0.00
Industrial Gases 119 102 0.29 0.25
Coke gases 30 26 0.07 0.06
Blast furnace gases 89 76 0.21 0.19
Petroleum products 355 304 0.85 0.74
Fuel oil 242 207 0.58 0.51
Diesel 18 15 0.04 0.04
other petroleum products 95 81 0.23 0.20
Natural Gas 15'176 13'010 36.55 31.80
Other fossil 0 0 0.00 0.00
Hydro 213 211 0.59 0.52
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 213 211 0.59 0.52
Pumped storage power plants 0 0 0.00 0.00
Nuclear 14'818 13'929 39.13 34.04
Pressurised-water reactor (PWR) 14'818 13'929 39.13 34.04
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 2'003 1'746 4.91 4.27
Geothermal 0 0 0.00 0.00
Solar 1 1 0.00 0.00
Photovoltaic 1 1 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 205 205 0.58 0.50
Wood 1'760 1'509 4.24 3.69
Biogas 37 32 0.09 0.08
Waste 255 219 0.61 0.53
Municipal waste 218 187 0.53 0.46
Industrial waste 5 4 0.01 0.01
Sewage sludge and landfill gases 32 27 0.08 0.07
Other 0 0 0.00 0.00
Total domestic 40'025 35'596 100.00 87.00
Imports 0 5'318 0.00 13.00
Austria 0 840 0.00 2.05
Croatia 0 5 0.00 0.01
Romania 0 720 0.00 1.76
Ukraine 0 3'753 0.00 9.17
Total 40'025 40'914 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.105: Unit process raw data of the electricity production mix in Hungary 2008, at busbar

product

technosphere

Name

Location
InfrastructureProcess
Unit

electricity mix, domestic production
electricity, hard coal, at power plant

electricity, lignite, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant
electricity, at cogen 200kWe diesel SCR, allocation exergy
electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant pressure water reactor

electricity, at wind power plant

electricity, production mix photovoltaic, at plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

electricity from waste, at municipal waste incineration plant

Location

HU

HR

HU

AT

HU

CH

AT

RER

UCTE

RER

HU

CH

CH

CH

Unit

kwWh

kWh

kwWh

kwWh

kwWh

kwh

kwWh

kwh

kwh

kwh

kwh

kWh

kWh

kwWh

electricity mix,

domestic

production

HU
0
kWh

1.00E+0

1.38E-2

157E-1

2.87E-3

8.12E-3

4.34E-4

3.65E-1

5.92E-3

3.91E-1

5.76E-3

2.64E-5

4.24E-2

1.66E-3

5.37E-3

n
g5
28
23
g5
-
° g

0
1 1
1 1
1 1
11
1 1
11
1 1
1 1
1 1
1 1
11
1 1
1 1

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

& GeneralComment

(1,1,1,1,1,1); assumption for hard coal power production in
Hungary, value: IEA statistics 2008

(1,1,1,1,1,1); assumption for lignite power production in
Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for industrial gas, coke gas and
blast furnace gas power production in Hungary, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for petroleum product and fuel oil
power production in Hungary, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil fuel
power production in Hungary, value: IEA statistics 2008

Hungary, value: IEA statistics 2008

in Hungary: 100%
(1,1,1,2,1,1); assumption for nuclear power production in

Database 2010 (PRIS)

(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,

tidal and other power production in Hungary, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for solar power production in
Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production
in Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from biogas,
sewage sludge and landfill gases in Hungary, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for power production from
municipal and industrial waste in Hungary, value: IEA
statistics 2008

Tab. 3.106: Unit process raw data of the electricity supply mix in Hungary 2008, at busbar

product

technosphere

Name

Location
InfrastructureProcess
Unit
electricity mix

electricity, hard coal, at power plant

electricity, lignite, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant
electricity, at cogen 200kWe diesel SCR, allocation exergy
electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant pressure water reactor

electricity, at wind power plant
electricity, production mix photovoltaic, at plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

electricity from waste, at municipal waste incineration plant
electricity mix, domestic production
electricity mix, domestic production
electricity mix, domestic production

electricity mix, domestic production

Location

HU

HR

HU

AT

HU

CH

AT

RER

UCTE

RER

HU

CH

CH

AT

HR

RO

UA

g electricity mix

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

kwh

HU
0
kWh

1.00E+0

1.20E-2

1.37E-1

2.49E-3

7.06E-3

3.77E-4

3.18E-1

5.15E-3

3.40E-1

5.01E-3

2.30E-5

3.69E-2

1.45E-3

4.67E-3

2.05E-2

1.22E-4

1.76E-2

9.17E-2

Uncertainty
StandardDe

viation95%

1.05

1.05

1.05

1.05

1.05

1.05

1.05

GeneralComment

(1,1,1,1,1,1); assumption for hard coal power production in Hungary,

value: IEA statistics 2008
(1,1,1,1,1,1); assumption for lignite power production in Hungary,
value: IEA statistics 2008

(1,1,1,3,1,1); assumption for industrial gas, coke gas and blast

furnace gas power production in Hungary, value: IEA statistics 2008

(1,1,1,1,1,1); assumption for petroleum product and fuel oil power
production in Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other fossil fuel power
production in Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power production in
Hungary, value: IEA statistics 2008

(1,1,1,2,1,1); estimated share of ROR hydropower production in
Hungary: 100%

(1,1,1,2,1,1); assumption for nuclear power production in Hungary

using PWR, value: IEA statistics 2008, fraction: IAEA Database 2010

(PRIS)
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
and other power production in Hungary, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for solar power production in Hungary,
value: [EA statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production in
Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from biogas, sewage

sludge and landfill gases in Hungary, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from municipal and
industrial waste in Hungary, value: |[EA statistics 2008
(1,1,1,1,1,1); assumption for imported electricityin Hungary, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Hungary, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Hungary, value:
IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricityin Hungary, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for natural gas power production in

(1,1,1,2,1,1); estimated share of ROR hydropower production

Hungary using PWR, value: IEA statistics 2008, fraction: IAEA
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3.5.14 Iceland (1S)

Tab.3.107shows an ovetiew over the Icelandielectricity production according to the IEA Statistics
(IEA 201)) for the year 2008. The Icelandiower production reliesn hydro power as main energy
source (78%). Further electricity is produced from renewables, mainly geotherméb)2#he ele-
tricity imports are zero because of the geographical locéitand).

There are no nuclear power plants in IceldPRIS 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approximated using the Eamogetaset for ruof-

river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into accountThe share of ruof-river hydropower
plarts in Iceland is estimated% and he share of the storage type hydropower plants is estimated
100%. These shares correspond to the shares in Norwayaef3.1). The storage type hydropower
production is approximated using the dataset foralpme conditions. The share of pumped storage
in Iceland is 0%.

For the geothermal electricity production therage European wind power dataset is used as»xappro
imation. For the power production out of other renewable resources, either European or Swiss datasets
are set as approximatiomhis includes the electricity generation from wood, with biogas, sewage or
landfill gas and the electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply micet#ind are showitab.
3.108andTab.3.109
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Tab. 3.107: Composition of the Icelandic  electricity production and supply mix includi ng electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 2 2 0.01 0.01
Hard coal 0 0 0.00 0.00
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 0 0 0.00 0.00
Coke gases ).00;
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas 0 0 0.00 0.00
Other fossil 0 0 0.00 0.00
Hydro 12'427 12'303 76.03 76.03
Reservoir power plants 12'427 12'303 76.03 76.03
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 4'038 3'876 23.96 23.96
Geothermal 4'038 3'876 23.96 23.96
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 1 1 0.01 0.01
Municipal waste 1 1 0.01 0.01
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 16'468 16'182 100.00 100.00
Imports 0 0 0.00 0.00
Total 16'468 16'182 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.108: Unit process raw data of the electricity production mix in Iceland 2008, at busbar
n
gz
e g
5 ~  electricitymix, 2 >
Name S 5 domestic s & & GeneralComment
S production @ g
SHE
° g
7]
Location IE
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production IE kwh 1.00E+0
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 1.20E-4 1 105 (1.1,1,3,1,1); assumption for diesel and other fossil fuel

power production in Ireland, value: IEA statistics 2008

electricity, hydropower, at reservoir power plant, non alpine (1,1,1,2,1,1); estimated share of reservoir hydropower

RER kwh 7.60E-1 1 105

regions production in Ireland: 100%
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,
electricity, at wind power plant RER kWh 2.40E-1 1 1.05 tidal and other power production in Ireland, value: IEA

statistics 2008

(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 6.01E-5 1 1.05 municipal and industrial waste in Ireland, value: IEA statistics

2008

Tab. 3.109: Unit process raw data of the electricity supply mix in Iceland 2008, at busbar

> @
s | . £¢3
Name K] S electiciymix § § § GeneralComment
S g 58
DS >
Location IE
InfrastructureProcess 0
Unit kwh
product electricity mix IE kwh 1.00E+0
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.20E-4 1 105 (1.1,1,3.1,1); assumption for diesel and other fossil fuel power

production in Ireland, value: IEA statistics 2008

electricity, hydropower, at reservoir power plant, non alpine RER Wh 7.60E-1 1 105 (1,1,1,2,1,1); estimated share of reservoir hydropower production in
regions Ireland: 100%

(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
and other power production in Ireland, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from municipal and
industrial waste in Ireland, value: IEA statistics 2008

electricity, at wind power plant RER kwh 2.40E-1 1 105

electricity from waste, at municipal waste incineration plant CH kwh 6.01E-5 1 105

3.5.15 Ireland (IE)

Tab. 3.110 shows an overview over the lIrish electricity production according to the IEA Statistics
(IEA 2017) for the year 2008. The Irispower production relies on fossil fuels, mainly natural gas
(54 %), hard coal (1%6) and peat (90) as main energy source. Further electricity is produced from
renewables (mainly wind) and from hydro power. The electricity imports are zero becauseenf the g
graphical location (island). There are no nuclear power plants in IrdRRI& 201). Therefore, the
nuclear power production is zero. Furthermore, there is almost no electricity producggheiovd-

taic power.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into accountThe share of ruof-river hydropower
plants in Ireland is 10%. The share of the storatyge hydropower plants is% and he storage type
hydropower production is approximated using the dataset foralpine conditions. The share of
pumped storage in Ireland is 26

For the electricity production with wind power the average European dataset is used. For the power
production from otherenewable resources, either European or Swiss datasets are used as approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit proces raw data of the electricity production and supply mitrefand are showiab.
3.111 and Tab. 3.112 The electricity generation using peat is modelled according to the average
NORDEL peat power plan describedRader et al.Z007).
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Tab. 3.110: Composition of the Irish electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 25'814 24'083 86.23 86.23
Hard coal 5'228 4'877 17.46 17.46
Lignite 0 0 0.00 0.00
Peat 2'790 2'603 9.32 9.32
Industrial Gases 0 0 0.00 0.00
Coke gases B
Blast furnace gases A O et s 001
Petroleum products 1'731 1'615 5.78 5.78
Fuel oil 1'649 1'538 5.51 5.51
Diesel 50 47 0.17 0.17
other petroleum products 32 30 0.11 0.11
Natural Gas 16'065 14'988 53.66 53.66
Other fossil 0 0 0.00 0.00
Hydro 1'300 1'287 4.61 4.61
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 969 959 3.43 3.43
Pumped storage power plants 331 328 1.17 1.17
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 2'443 2'441 8.74 8.74
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 2'410 2'410 8.63 8.63
Wood 33 31 0.11 0.11
Biogas 0 0 0.00 0.00
Waste 128 119 0.43 0.43
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 128 119 0.43 0.43
Other 0 0 0.00 0.00
Total domestic 29'685 27'930 100.00 100.00
Imports 0 0 0.00 0.00
Total 29'685 27'930 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.111: Unit process raw data of the electricity production mix in Ireland 2008, at busbar

n
8%
5 ~  electricitymix, % -2
Name g 5 domestic g & & GeneralComment
S producton & 3
°
> 5
7]
Location IE
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production IE kWh 1.00E+0
. (1,1,1,2,1,1); assumption for hard coal power production in
technosphere electricity, hard coal, at power plant UCTE  kWh 1.75E-1 1 1.05 Ireland, value: IEA statistics 2008
- (1,1,1,3,1,1); assumption for peat power production in
lects t, at lant NORDEL kwWh 9.32E-2 1 105 -
electricity, peat, at power plan Ireland, value: IEA statistics 2008
. " (1,1,1,1,1,1); assumption for petroleum product and fuel oil
Elecucivicliatpceplnt = % = 1| 105 power production in Ireland, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil fuel
lectr t 200kWe d | SCR, allocati CH kWh 1.67E-3 1 105 I L
GBS TACHE @ diese! » allocation exergy power production in Ireland, value: IEA statistics 2008
. (1,1,1,2,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant UCTE  kWh 5.37E-1 1 1.05 Ireland, value: IEA statistics 2008
electricity, hydropower, at run-of-river power plant RER kwh 3.43E-2 1 105 _(1'1'1'2'1'1); estimated share of ROR hydropower production
in Ireland: 100%
: 1,1,1,1,1,1); estimated sh f d st ducti
electricity, hydropower, at pumped storage power plant IE kwh 1.17E-2 1 1.05 ( ); estimated share of pumped storage production

in Ireland: 25.46%

(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,
electricity, at wind power plant RER kWh 8.63E-2 1 1.05 tidal and other power production in Ireland, value: IEA
statistics 2008

(1,1,1,3,1,1); assumption for cogeneration power production
in Ireland, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from biogas,
electricity, at cogen with biogas engine, allocation exergy CH kwh 4.28E-3 1 1.05 sewage sludge and landfill gases in Ireland, value: IEA
statistics 2008

electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.10E-3 1 1.05

Tab. 3.112: Unit process raw data of the electricity supply mix in Ireland 2008, at busbar

o
c 2 a4 §
2 = gt
Name s < electricitymix & £ 5 GeneralComment
3 > 8 B2
3 E 88
S 5s
Location IE
InfrastructureProcess 0
Unit kwh
product electricity mix IE kwh 1.00E+0
9 (1,1,1,2,1,1); assumption for hard coal power production in Ireland,
technosphere electricity, hard coal, at power plant UCTE kwh 1.75E-1 1 105 value: IEA statistics 2008
5 (1,1,1,3,1,1); assumption for peat power production in Ireland, value:
electricity, peat, at power plant NORDEL kwWh 9.32E-2 1 105 |EA statistics 2008
L (1,1,1,1,1,1); assumption for petroleum product and fuel oil power
ClGAIRI; Gl i paier (L = R A= 1| 105 production in Ireland, value: IEA statistics 2008
" " (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.67E-3 1 105 production in Ireland, value: [EA statistics 2008
" (1,1,1,2,1,1); assumption for natural gas power production in
electricity, natural gas, at power plant UCTE kwWh 5.37E-1 1 105 Ireland, value: IEA statistics 2008
electricity, hydropower, at run-of-river power plant RER kwh 3.43E-2 1 105 (1'1'1'?‘1'1); estimated share of ROR hydropower production in
Ireland: 100%
electricity, hydropower, at pumped storage power plant IE kwh 1.17E-2 1 105 (1.1,1,1,1,1); estimated share of pumped storage production in
Ireland: 25.46%
(111,2,1,1); ion for wind, solar thermal, tidal
Gl R EEr LR R L BSSES 1| 105 and other power production in Ireland, value: IEA statistics 2008
" . (1,1,1,3,1,1); ion for power production in
electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 1.10E-3 1 105 Ireland, value: IEA statistics 2008
electricity, at cogen with biogas engine, allocation exergy CH kwh 4.28E-3 1 105 (1.1,1,3,1,1); assumption for power production from biogas, sewage

sludge and landfill gases in Ireland, value: IEA statistics 2008

3.5.16 ltaly (IT)

Tab.3.113 shows an overview over the Italian electricity production according to the IEA Statistics
(IEA 2011]) for the year 2008. The Italian power production relies on fossil fuels, mainly natural gas
(46 %) hard coal (126) and petroleum products ¥8) as main energy source. Further electricity is
produced from hydro power. A share of aboutd®f the ekctricity is imported. The electricity is
imported from Austria, France, Greece, Slovenia and Switzerland.

There are no nuclear power plants in [te8RAR(S 201) Therefore, the nuclear poweroguction is
zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in Italy is 3@6 and he share of the storage type hydropower plants ¥ .6%he storage type
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hydropaver production is approximated using the dataset for alpine conditions. The share of pumped
storage in Italy is 12.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resasceither European or Swiss datasets are used as amproxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data oktlelectricity production and supply mix k&ly are shownTab. 3.114
andTab.3.115

Tab. 3.113: Composition of the Italian electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 252'749 229'463 77.96 67.93
Hard coal 43'073 39'105 13.29 11.58
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 5'518 5'010 1.70 1.48
Coke gases 1'633 1'483 0.50 0.44
Blast furnace gases 3'885 3'527 1.20 1.04
Petroleum products 31'459 28'561 9.70 8.46
Fuel oil 15'724 14'275 4.85 4.23
Diesel 688 625 0.21 0.18
other petroleum products 15'047 13'661 4.64 4.04
Natural Gas 172'699 156'788 53.27 46.42
Other fossil 0 0 0.00 0.00
Hydro A47'227 46'755 15.88 13.84
Reservoir power plants 26'639 26'372 8.96 7.81
Run-of-river power plants 14'984 14'834 5.04 4.39
Pumped storage power plants 5'604 5'65648 1.88 1.64
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 13'614 13'102 4.45 3.88
Geothermal 5'520 5'299 1.80 1.57
Solar 193 181 0.06 0.05
Photovoltaic 193 181 0.06 0.05
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 4'861 4'861 1.65 1.44
Wood 2'746 2'493 0.85 0.74
Biogas 294 267 0.09 0.08
Waste 4'624 4'198 1.43 1.24
Municipal waste 3'112 2'825 0.96 0.84
Industrial waste 143 130 0.04 0.04
Sewage sludge and landfill gases 1'369 1'243 0.42 0.37
Other 916 832 0.28 0.25
Total domestic 319'130 294'349 100.00 87.14
Imports 0 43'433 0.00 12.86
Austria 0 1'360 0.00 0.40
France 0 12'990 0.00 3.85
Greece 0 179 0.00 0.05
Slovenia 0 4'726 0.00 1.40
Switzerland 0 24'178 0.00 7.16
Total 319'130 337'782 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.114: Unit process raw data of the electricity production mix in Italy 2008, at busbar

wn
g 5
> S
L =
5 - electricity, g -2
Name 5] 5 production mix s 8 & GeneralComment
S T 5 S
-
e
n
Location T
InfrastructureProcess 0
Unit kwh
product electricity, production mix IT IT kWh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power production in
h h lectri hard I, at lant IT kWh 1.33E-1 1 1.05 -
technosphere electricity, hard coal, at power plan Italy, value: [EA statistics 2008
(1,1,1,1,1,1); assumption for industrial gas, coke gas and
electricity, industrial gas, at power plant IT kWh 1.70E-2 1 1.05 blastfurnace gas power production in Italy, value: IEA
statistics 2008
P (1,1,1,1,1,1); assumption for petroleum product and fuel oil
ElechevleMatponerpiant luy [ BB 1] 105 power production in Italy, value: IEA statistics 2008
. (1,1,1,3,1,1); assumption for diesel and other fossil fuel
| 200kWi | SCR, all H kwh 2.12E- 1 1. o .
ClEEHEE EREREEn AT ClEsE SR, 2l teien @y € S 05 power production in Italy, value: IEA statistics 2008
. (1,1,1,1,1,1); assumption for natural gas power production in
lectri tural t lant IT kWh 5.33E-1 1 1.05 -
SEctcihanialgas aiponerp ey Italy, value: IEA statistics 2008
electricity, hydropower, at reservoir power plant, alpine region RER kwh 8.96E-2 1 1.05 :)];:dtczui:?neltsall“;gieo/da share of resenoir hydropower
. . 1,1,1,2,1,1); esti h fROR h i
electricity, hydropower, at run-of-river power plant RER kwh 5.04E-2 1 1.05 i(n ltaly: 360/) estimated share of ROR hydropower production
- 36%
- 1,1,1,1,1,1); estimated sh f d st ducti
electricity, hydropower, at pumped storage power plant IT kwh 1.88E-2 1 1.05 ( ); estimated share of pumped storage production
in ltaly: 11.87%
(1,1,1,2,1,1); assumption for wind, geothermal, solar thermal,
electricity, at wind power plant RER kwh 3.73E-2 1 1.05 tidal and other power production in Italy, value: IEA statistics
2008
electricity, production mix photovoltaic, at plant T kwh 6.16E-4 1 105 f/ilte]-::-E]-A];)ta:zzgg‘ggg; for solar power production in ltaly,
. " (1,1,1,3,1,1); assumption for cogeneration power production
electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 8.47E-3 1 1.05 in lialy, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for power production from biogas,
electricity, at cogen with biogas engine, allocation exergy CH kWh 5.13E-3 1 1.05 sewage sludge and landfill gases in Italy, value: IEA statistics
2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 1.00E-2 1 1.05 municipal and industrial waste in Italy, value: IEA statistics
2008
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Tab. 3.115: Unit process raw data of the electricity supply mix in Italy 2008, at busbar

@
c 234%
S = é S o
Name § 5 electricitymix g g é GeneralComment
©
| 5 g g
Location IT
InfrastructureProcess 0
Unit kwh
product electricity mix IT kWh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power production in Italy,
technosphere electricity, hard coal, at power plant IT kWh 1.16E-1 1 1.05 value: IEA statistics 2008
. . . (1,1,1,1,1,1); assumption for industrial gas, coke gas and blast
Seciciincusiialoasiatporelblant lr L fetize 1] 105 furnace gas power production in Italy, value: IEA statistics 2008
. . (1,1,1,1,1,1); assumption for petroleum product and fuel oil power
electricity, oil, at power plant IT kwh 8.27E-2 1 1.05 production in ltaly, value: IEA statistics 2008
. " . (1,1,1,3,1,1); assumption for diesel and other fossil fuel power
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.85E-3 1 105 production in ltaly, value: IEA statistics 2008
. (1,1,1,1,1,1); assumption for natural gas power production in Italy,
electricity, natural gas, at power plant IT kwh 4.64E-1 1 105 value: [EA statistics 2008
electricity, hydropower, at reservoir power plant, alpine region RER kwh 7.81E-2 1 105 ftlavltlsi’;i); estimated share of reseroir hydropower production in
2 64%
electricity, hydropower, at run-of-river power plant RER kWh 4.39E-2 1 1.05 &&/13:;1) estimated share of ROR hydropower production in
2 36%
electricity, hydropower, at pumped storage power plant IT kwh 1.64E-2 1 1.05 féu];rl&;;n; estimated share of pumped storage production in
11.87%
. . (1,1,1,2,1,1); assumption for wind, geothermal, solar thermal, tidal
Electiciylatwindipoweiplant RER ke S2El 1] 105 and other power production in Italy, value: IEA statistics 2008
X X R X (1,1,1,1,1,1); assumption for solar power production in Italy, value:
electricity, production mix photovoltaic, at plant IT kwh 5.37E-4 1 105 |EA statistics 2008
. (1,1,1,3,1,1); assumption for cogeneration power production in ltaly,
electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 7.38E-3 1 1.05 value: [EA statistics 2008
. . . . . Y (1,1,1,3,1,1); assumption for power production from biogas, sewage
electricity, at cogen with biogas engine, allocation exergy CH kwh 4.47E-3 1 1.05 sludge and landfill gases in Italy, value: IEA statistics 2008
q . - . (1,1,1,3,1,1); assumption for power production from municipal and
electricity from waste, at municipal waste incineration plant CH kwh 8.75E-3 1 1.05 industrial waste in ltaly, value: IEA statistics 2008
electricity, production mix AT AT KWh 4.03E-3 1 105 (1.1_‘1,>1‘1,1); assumption for imported electricity in Italy, value: IEA
statistics 2008
X X R (1,1,1,1,1,1); assumption for imported electricity in Italy, value: IEA
| FR FR kWh .85E-2 1 1. -
electricity, production mix 3.85 05 statistics 2008
. B (1,1,1,1,1,1); assumption for imported electricity in Italy, value: IEA
electricity, production mix GR GR kwh 5.30E-4 1 105 statistics 2008
sy e mh sl KWh 1.40E-2 1 105 (1'1.'1’,1’1'1); assumption for imported electricity in Italy, value: IEA
statistics 2008
electricity, production mix CH CH KWh 716E-2 1 108 (1,1,1,1,1,1); assumption for imported electricity in Italy, value: IEA

statistics 2008

3.5.17 Latvia (LV)

Tab.3.116 shows an overview over the L& electricity production according to the IEA Statistics
(IEA 2010 for the year 2008. The Latvian power production relies on hydro power as main energy
source (326). Further electricity is produced from fossil fuels, mainly natgaa (20%). A share of

about 48% of the electricity is imported. It is assumed that #0f the electricity is imported from
Russia. Latvia strongly depends on foreign energy resources.

There are no nuclear power plants in LatR&(S 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe shareof the runof-river and storage type hyah
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in Latvia is 1006. The share of the storage type hydropower plant$s Dhe storage type
hydropower production is approximated using the dataset foraipome conditions. The share of
pumped storage in Latvia is%.

For the electricity production with wind power the average European dataset is used.

For the power production out of renewable resources, either European or Swiss datasets gve set as a
proximation.This includes the electriyi generation from wood, with biogas, sewage or landfill gas
and the electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supplyfibatvia are shown inTab.
3.117andTab.3.118
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Tab. 3.116: Composition of the Lat vian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 2'062 1'918 37.64 19.70
Hard coal 2 2 0.04 0.02
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 0 0 0.00 0.00
Coke gases 10
Blast furnace gases je
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants . .
Pumped storage power plants 0 0 0.00 0.00
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 103 100 1.96 1.03
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 59 59 1.16 0.61
Wood 9 8 0.16 0.08
Biogas 35 33 0.64 0.34
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 5'274 5'096 100.00 52.33
Imports 0 4'643 0.00 47.67
Russia 0 4'643 0.00 47.67
Total 5274 9'739 100.00 100.00

/,fgj/,; red marked: Data is not available by IEA-statistics
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Tab. 3.117: Unit process raw data of the electricity productionmix in Latvia 2008, at busbar

3
g 5
& . electricitymix, E- g
Name s 5 domestic K & 8 GeneralComment
S production @ E
c O
c
S g
n
Location Lv
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production Lv kWh 1.00E+0
. 1,1,1,311); ion for h |
technosphere electricity, hard coal, at power plant CENTREL kwWh 3.65E-4 1 1.05 ( 3.1,1); assumption for hard coal power

production in Latvia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant SK kWh 3.65E-4 1 1.05 fuel oil power production in Latvia, value: IEA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power
production in Latvia, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of ROR hydropower
production in Latvia: 100%

(1,1,1,2,1,1); assumption for geothermal power
production in Latvia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
production in Latvia, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 6.43E-3 1 1.05 biogas,sewage and landfill gas in Latvia, value: IEA
statistics 2008

electricity, natural gas, at power plant CENTREL kWh 3.76E-1 1 1.05
electricity, hydropower, at run-of-river power plant RER kWh 6.04E-1 1 1.05
electricity, at wind power plant RER kwh 1.16E-2 1 1.05

electricity, at cogen 6400kWth, wood, allocation exergy CH kWh 1.61E-3 1 1.05

Tab. 3.118: Unit process raw data of the electricity supply mix in Latvia 2008, at busbar

c E‘ 8 §
S = g T o
Name g 5 electricitymix G g § GeneralComment
S E 58
S S
Location Lv
InfrastructureProcess 0
Unit kwh
product electricity mix Lv kwh 1.00E+0
technosphere electricity, hard coal, at power plant CENTREL kWh 1.91E-4 1 105 (1,1,1,3,1,1); assumption for hard coal power

production in Latvia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant SK kwWh 1.91E-4 1 1.05 and fuel oil power production in Latvia, value: [EA
statistics 2008

(1,1,1,1,1,1); assumption for natural gas power

electricity, natural gas, at power plant CENTREL kWh 1.97E-1 1 1.05 production in Lata, value: [EA statistics 2008

(1,1,1,2,1,1); estimated share of ROR

electricity, hydropower, at run-of-river power plant RER kWh 3.16E-1 1 1.05 hydropower production in Latvia: 100%

(1,1,1,2,1,1); assumption for geothermal power

electricity, at wind power plant RER kWh 6.06E-3 1 1.05 production in Latva, value: IEAstaistics 2008

(1,1,1,3,1,1); assumption for cogeneration power

electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 8.41E-4 1 1.05 production in Lata, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 3.36E-3 1 1.05 from biogas, sewage and landfill gas in Latvia,
value: IEA statistics 2008

(1,1,1,1,1,1); assumption for imported electricity in

electricity mix, domestic production RU kwh 4.77E-1 1 1.05 Latva, value: IEA statistics 2008

3.5.18 Lithuania (LT)

Tab.3.120shows a overview over the Lithuanian electricity production according to the IEAsStati
tics (IEA 2010 for the year 2008. The Lithuanian power production relies on nuclear power as main
energy source (5%). Further electricity is producddom fossil fuels, mainly natural gas $8) and
petroleum products (%), and hydro power. A share of about%Ilof the electricity is imported. It is
assumed that 10% of the electricity is imported from Russia.

The electricity production from hydro powis approximated using the European dataset foofun
river and storage type hydropower productidbhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in Lithuania is 10%. The share of the storage type hydropower plant&4sThe storage type
hydropower production is approximated using the dataset foraipome conditions. The share of
pumped storage in Lithuania i$0.
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Power production from nuclear power plants is approximated using the UCTE dataset for pressurised
reactors. This datasets reflects the conditions of nuclear power production using PWR power plants
only (PRIS 201). Being part of the European Union, Lithuania is committed to close down Ignalina
NPP until December 2009. In order to close this gap of energy supply, Lithuania will have to import
electricityfrom Russia until a new power plant (most probably nuclear) is on line. The establashed d

ta set represents the situatior2008 i.e. Ignalina still on line.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used asapproxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incinenati

The unit process raw data of the electricity production and supplyfhithuania are shown imab.
3.120andTab.3.121
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Tab. 3.119: Composition of the Lithuanian electricity production and supply mix including electricity imports ( IEA 2010)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 2'592 2'053 16.16 11.18
Hard coal 0 0 0.00 0.00
Lignite
Peat
Industrial Gases
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil
Hydro
Reservoir power plants
Run-of-river power plants . .
Pumped storage power plants 0 0 0.00 0.00
Nuclear 9'894 9'300 73.20 50.67
Pressurised-water reactor (PWR) 9'894 9'300 73.20 50.67
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 200 186 1.46 1.01
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 131 131 1.03 0.71
Wood 59 47 0.37 0.26
Biogas 10 8 0.06 0.04
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 238 188 1.48 1.03
Total domestic 13'912 12'705 100.00 69.22
Imports 0 5'649 0.00 30.78
Russia 0 5'649 0.00 30.78
Total 13'912 18'354 100.00 100.00
/,fgj/,; red marked: Data is not available by IEA-statistics
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Tab. 3.120: Unit process raw data of the electricity productionmix in Lithuania 2008, at busbar

Name

Location
InfrastructureProcess
Unit

product electricity mix, domestic production

electricity, peat, at power plant

electricity, oil, at power plant

electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant pressure water reactor

electricity, at wind power plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

Location

LT

NORDEL

SK

CENTREL

RER

UCTE

RER

CH

CH

Unit

kwh

kwWh

kwWh

kwWh

kwh

kwWh

kWh

kwh

kwh

electricity mix,
domestic
production

LT
0
kwh

1.00E+0

6.23E-5

3.53E-2

1.26E-1

7.70E-2

7.32E-1

251E-2

3.69E-3

6.14E-4

Tab. 3.121: Unit process raw data of the electricity supply mix in Lithuania 200

Name

Location
InfrastructureProcess
Unit

product electricity mix
electricity, peat, at power plant

electricity, oil, at power plant

electricity, natural gas, at power plant

electricity, hydropower, at run-of-river power plant

electricity, nuclear, at power plant pressure water reactor

electricity, at wind power plant
electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

electricity mix, domestic production

3.5.19 Luxembourg (LU)

Location

LT

NORDEL

SK

CENTREL

RER

UCTE

RER

CH

CH

RU

kwWh

kwh

kwWh

kwWh

kwh

kwh

kwh

kwWh

kwh

kwh

electricity mix

LT
0
kwh
1.00E+0
4.31E-5

2.44E-2

8.74E-2

5.33E-2

5.07E-1

1.74E-2

2.55E-3

4.25E-4

3.08E-1

3
g5
E &
23
g o) & GeneralComment
3 s
£ e
2 s
n
1 105 (1,1,1,3,1,1); assumption for peat power production
in Lithuania, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product and
1 1.05 fueloil power production in Lithuania, value: IEA
statistics 2008
1 105 (1,1,1,1,1,1); assumption for natural gas power
production in Lithuania, value: IEA statistics 2008
1 105 (1,1,1,2,1,1); estimated share of ROR hydropower
: production in Lithuania: 100%
(1,1,1,2,1,1); assumption for nuclear power
1 1.05 production in Lithuania using PWR, value: IEA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
1 105 (1,1,1,2,1,1); assumption for geothermal power
production in Lithuania, value: IEA statistics 2008
1 105 (1,1,1,3,1,1); assumption for cogeneration power
production in Lithuania, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
1 1.05 biogas, sewage and landfill gas in Lithuania, value:
IEA statistics 2008
8, at busbar
@
£58
% 8 S5 GeneralComment
£5s
S >
1 105 (1,1,1,3,1,1); assumption for peat power
production in Lithuania, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for petroleum product
1 1.05 and fuel oil power production in Lithuania, value:
|IEA statistics 2008
1 105 (1,1,1,1,1,1); assumption for natural gas power
: production in Lithuania, value: IEA statistics 2008
1 105 (1,1,1,2,1,1); estimated share of ROR
hydropower production in Lithuania: 100%
(1,1,1,2,1,1); assumption for nuclear power
1 105 production in Lithuania using PWR, value: IEA
. statistics 2008, fraction: IAEA Database 2010
(PRIS)
1 105 (1,1,1,2,1,1); assumption for geothermal power
: production in Lithuania, value: IEA statistics 2008
1 105 (1,1,1,3,1,1); assumption for cogeneration power
: production in Lithuania, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
1 1.05 from biogas, sewage and landfill gas in Lithuania,
value: IEA statistics 2008
1 105 (1,1,1,1,1,1); assumption for imported electricity in

Lithuania, value: |IEA statistics 2008

Tab.3.122 shows an overview over the Luxembourgian electricity production according to the IEA
Statistics [EA 2011) for the year 2008. The Luxembourgian power production relies on fossil fuels,
mainly natural gas as main energy source%).7Further electricity is produced from hydro power
(10%). About 72% of the electricity in the supply mix of Luxembourg is imported from Belgium and

Germany.

There are no nuclear power plants in LuxembotgI§ 201). Therefore, the nuclear power pradu

tion is zeo.
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The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in Luxembourg is 10%. The share of the storage type hydropower plant®4s Dhe storage
type hydropower productiois approximated using the dataset for fadpine conditions. The share of
pumped storage in Luxembourg is 86

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resourcéfiee European or Swiss datasets are used as approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of theattity production and supply mix dfuxembourg are shown in
Tab.3.123andTab.3.124.
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Tab. 3.122: Composition of the Luxembourgian electricity production and supply mix including electricity imports ( IEA
2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 2'402 1'591
Hard coal 0 0
Lignite 0 0
Peat 0 0
Industrial Gases 0 0
Coke gases
Blast furnace gases
Petroleum products
Fuel oil
Diesel
other petroleum products
Natural Gas
Other fossil 0 0 0.00 0.00
Hydro 965 955 35.41 10.03
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 132 131 4.84 1.37
Pumped storage power plants 833 825 30.56 8.65
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 125 109 4.04 1.14
Geothermal 0 0 0.00 0.00
Solar 20 19 0.00 0.00
Photovoltaic 20 19 0.70 0.20
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 61 61 2.26 0.64
Wood 0 0 0.00 0.00
Biogas 44 29 1.08 0.31
Waste 65 43 1.60 0.45
Municipal waste 65 43 1.60 0.45
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 3'557 2'698 100.00 28.32
Imports 0 6'830 0.00 71.68
Belgium 0 1'524 0.00 15.99
Germany 0 5'306 0.00 55.69
Total 3'557 9'528 100.00 100.00

,f,:»;j'ff;’; red marked: Data is not available by IEA-statistics
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Tab. 3.123: Unit process raw data of the electricity production mix in Luxembourg 2008, at busbar

3
g5
& . electricitymix, E- g
Name s 5 domestic K & 8 GeneralComment
S production @ E
c O
c
2 s
n
Location LU
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production LU kWh 1.00E+0
- (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant LU kwh 5.90E-1 1 1.05 production in Luxembourg, value: IEA statistics 2008
- X (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 4.84E-2 1 1.05 production in Luxembourg: 100%
- (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant LU kWh 3.06E-1 1 1.05 production in Luxembourg: 86.32%
. . (1,1,1,2,1,1); assumption for geothermal power
ClEEHIER ) paer (s KR S 22922 1] 105 production in Luxembourg, value: IEA statistics 2008
electricity, production mix photovoltaic, at plant LU kwh 6.97E-3 1 1.05 (1.1,1,1,1,1); assumption for solar power production

in Luxembourg, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.08E-2 1 1.05 biogas, sewage and landfill gas in Luxembourg,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 1.60E-2 1 1.05 municipal and industrial waste in Luxembourg,
value: IEA statistics 2008

Tab. 3.124: Unit process raw data of the electricity supply mix in Luxembourg 2008, at busbar

c 288
S = g T o
Name 54 5 electricitymix g £ 5 GeneralComment
o o c ﬁ
- 5 &2
Location LU
InfrastructureProcess 0
Unit kwh
product electricity mix LU kwh 1.00E+0
P (1,1,1,1,1,1); assumption for natural gas power
electricity, natural gas, at power plant LU kwh 1.67E-1 1 1.05 production in Luxembourg, value: IEA statistics
- . (1,1,1,2,1,1); estimated share of ROR
electricity, hydropower, at run-of-river power plant RER kwWh 1.37E-2 1 1.05 hydropower production in Luxembourg: 100%
(1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant LU kwh 8.65E-2 1 1.05 production in Luxembourg: 86.32%
L . (1,1,1,2,1,1); assumption for geothermal power
lectri t lant RER kwh 40E- 1 1.0 : .
S Seuielvsiviciporcielal CRCES 5 production in Luxembourg, value: IEA statistics
- " . . 1,1,1,1,11); tion f I
electricity, production mix photovoltaic, at plant LU kwh 1.97E-3 1 1.05 ( ); assumption for solar power

production in Luxembourg, value: IEA statistics
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwWh 3.06E-3 1 1.05 from biogas, sewage and landfill gas in
Luxembourg, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 452E-3 1 1.05 from municipal and industrial waste in
Luxembourg, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Luxembourg, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Luxembourg, value: IEA statistics 2008

electricity mix, domestic production BE kwh 1.60E-1 1 1.05

electricity mix, domestic production DE kwh 5.57E-1 1 1.05

3.5.20 Macedonia (MK)

Tab.3.125shows an overview over the Macedonian electricity production accordihg t&A Sa-

tistics (EA 2010 for the year 2008. The Macedonian power production relies on fossil fuels, mainly
lignite (56%) and petroleum products ¥8), as main energy source. Further electricity is produced
from hydropower (10%). A share of about 3% of the electricity is imported. It is assumed th& 5

of the electricity is imported from Greece and%35s imported from Serbia.

There are no nuclear power plants in MacedoRRI$ 201). Therefore, the nuclear power pradu
tion is zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of the ruof-river and storage type hyaolr
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in Macedonia is 1%. The share of thstorage type hydropower plants is %2 The storage
type hydropower production is approximated using the dataset feslpme conditions. The share of
pumped storage in Macedonia %0
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For the electricity production with wind power the average Eumopldaset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generatiofrom municipal solid waste incineration.

The unit process raw data of the electricity production and supply nii%ac&donia are shown in
Tab.3.126andTab.3.127.

Tab. 3.125: Composition of the Macedonian electricity production and supply mix including electricity imports ( IEA
2010)
Gross Net Production |Production Mix Supply Mix
Production

GWh GWh % %
Fossil fuels 5'471 4'862 85.39 57.70
Hard coal 0 0 0.00 0.00
Lignite 5'289 4'700 82.55 55.78
Peat
Industrial Gases
Coke gases

Blast furnace gases

Petroleum products

Fuel oil

Diesel

other petroleum products

Natural Gas

Other fossil

Hydro

Reservoir power plants

Run-of-river power plants

Pumped storage power plants 0 0

Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 0 0 0.00 0.00
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 0 0 0.00 0.00
Wood 0 0 0.00 0.00
Biogas 0 0 0.00 0.00
Waste 0 0 0.00 0.00
Municipal waste 0 0 0.00 0.00
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 0 0 0.00 0.00
Other 0 0 0.00 0.00
Total domestic 6'311 5'693 100.00 67.57
Imports 0 2'733 0.00 32.43
Greece 0 137 0.00 1.62
Serbia and Montenegro 0 2'596 0.00 30.81
Total 6'311 8'426 100.00 100.00
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Tab. 3.126: Unit process raw data of the electricity production mix in Macedonia 2008, at busbar

o]
g 5
> =
e 2
& . electiciymix, = g
Name s 5 domestic | &8 8 GeneralComment
S production ] g
c O
c
S g
n
Location MK
InfrastructureProcess 0
Unit kWh
product electricity mix, domestic production MK kWh 1.00E+0
e 1,1,111,1); ion for li i
electricity, lignite, at power plant MK kwh  826E1 1 105 ¢ ); assumption for lignite power production

in Macedonia, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for petroleum product and
electricity, oil, at power plant HR kWh 2.84E-2 1 1.05 fuel oil power production in Macedonia, value: [EA
statistics 2008
electricity, hydropower, at reservoir power plant, non alpine RER KWh 120E-1 1 105 (1,1,1,2,1,1); estimated share of reservoir
regions hydropower production in Macedonia: 82%
(1,1,1,2,1,1); estimated share of ROR hydropower

electricity, hydropower, at run-of-river power plant RER kwh 2.63E-2 1 1.05 production in Macedonia: 18%

Tab. 3.127: Unit process raw dat a of the electricity supply mix in Macedonia 2008, at busbar

- z 8%
S = . ) é T o
Name 5} 5 electricitymix § 3 _S GeneralComment
3 £ 58
S 5>
Location MK
InfrastructureProcess 0
Unit kwh
product electricity mix MK kwh 1.00E+0
(1,1,1,1,1,1); assumption for lignite power
electricity, lignite, at power plant MK kwh 5.58E-1 1 1.05 productionin Macedonia, value: I[EA statistics
2008
(1,1,1,3,1,1); assumption for petroleum product
electricity, oil, at power plant HR kWh 1.92E-2 1 1.05 and fuel oil power production in Macedonia, value:

IEA statistics 2008
ele.ctricily, hydropower, at reservoir power plant, non alpine RER Wh 8.09E-2 1 105 (1,1,1,2,1,1); estimated §hare of reservoir
regions hydropower production in Macedonia: 82%
(1,1,1,2,1,1); estimated share of ROR
hydropower production in Macedonia: 18%
(1,1,1,1,1,1); assumption for imported electricity in
Macedonia, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Macedonia, value: IEA statistics 2008

electricity, hydropower, at run-of-river power plant RER kwh 1.78E-2 1 1.05
electricity mix, domestic production GR kwWh 1.62E-2 1 1.05

electricity mix, domestic production ES] kwh 3.08E-1 1 1.05

3.5.21 Netherlands (NL)

Tab. 3.128 shows an overview over the Dutch electricity production according to the IEA Statistics
(IEA 201 for the year 2008. The Dutch power production relies on fossil fuels, mainly natural gas
(47 %) and hard coal (1%), as main energy source. Further electricity is produced from renewables
and from nuclear power generation. A share of abo@b20the electricity is imported. The electric

ty is imported from Belgium, Germany and Norway.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productidbhe share of theun-of-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into account. The share of tofrriver hydropower
plants in the Netherlands is 198 The share of the storage type hydropower plant®4s The sto-

age type hydropower production is approximated using the dataset fa@pmoa conditions. The
share of pumped storage in the Netherland€s 0

Power production from nuclear power plaig@pproximated using the UCTE dataset for pressurised
water reactors. These datasets reflect the conditions of nuclear power production using PWR power
plants only PRIS 201}

For the electrity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, gewa landfill gas and the
electricity generation from municipal solid waste incineration.
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The unit process raw data of the electricity production and supply rttire ddetherlands are shown in

Tab.3.129 andTab.3.130,

Tab. 3.128: Composition of the Dutch electricity production and supply mix including electricity imports (
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 92'285 83'976 85.28 68.03
Hard coal 23'469 21'356 21.69 17.30
Lignite 0 0 0.00 0.00
Peat 0 0 0.00 0.00
Industrial Gases 3'328 3'028 3.08 2.45
Coke gases 304 277 0.28 0.22
Blast furnace gases 3'024 2'752 2.79 2.23
Petroleum products .

Fuel oil % o :
Diesel 53 48 0.05 0.04
other petroleum products 2'012 1'831 1.86 1.48
Natural Gas 63'423 57'713 58.61 46.75
Other fossil 0 0 0.00 0.00
Hydro 102 101 0.10 0.08
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 102 101 1.03 0.08
Pumped storage power plants 0 0 0.00 0.00
Nuclear 4'169 3'919 3.98 3.17
Pressurised-water reactor (PWR) 4'169 3'919 3.98 3.17
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 7'760 7'446 7.56 6.03
Geothermal 0 0 0.00 0.00
Solar 38 36 0.00 0.00
Photovoltaic 38 36 0.04 0.03
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 4'260 4'260 433 345
Wood 2'563 2'332 2.37 1.89
Biogas 899 818 0.83 0.66
Waste 3'181 2'895 2.94 2.34
Municipal waste 2'922 2'659 2.70 2.15
Industrial waste 0 0 0.00 0.00
Sewage sludge and landfill gases 259 236 0.24 0.19
Other 148 135 0.14 0.11
Total domestic 107'645 98'471 100.00 79.77
Imports 0 24'967 0.00 20.23
Belgium 0 2'984 0.00 2.42
Germany 0 18'896 0.00 15.31
Norway 0 3'087 0.00 2.50
Total 107'645 123'438 100.00 100.00

77 red marked: Data is not available by IEA-statistics

IEA 2011)
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Tab. 3.129: Unit process raw data of the electricity prod

uction mix in the Netherlands 2008, at busbar

3
g 5
o B T
§ . electiciymix, 2 %
Name g 5 domestic g g & GeneralComment
S production & 3
°
5 g
2]
Location NL
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production NL kwh 1.00E+0
. (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant NL kwh 2.17E-1 1 1.05 production in Netherlands, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant NL kwh 3.08E-2 1 1.05 blastfurnace gas power production in Netherlands,
value: IEA statistics 2008
(1,1,1,1,1,1); assumption for petroleum product and
electricity, oil, at power plant NL kwh 1.86E-2 1 1.05 fueloil power production in Netherlands, value: IEA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwWh 4.90E-4 1 1.05 fuel power production in Netherlands, value: IEA
statistics 2008
L (1,1,1,2,1,1); assumption for natural gas power
electricity, natural gas, at power plant NL kwh 5.86E-1 1 1.05 production in Netherlands, value: IEA statistics 2008
. . (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 1.03E-3 1 105 production in Netherlands: 100%
(1,1,1,2,1,1); assumption for nuclear power
electricity, nuclear, at power plant pressure water reactor UCTE  kWh 3.98E-2 1 1.05 production in Netherlands using PWR, value: [EA
statistics 2008, fraction: IAEA Database 2010 (PRIS)
(1,1,1,2,1,1); assumption for geothermal power
ClEHEL, i) o (iR =R 2 2 1] 105 production in Netherlands, value: IEA statistics 2008
- . s . (1,1,1,1,1,1); assumption for solar power production
electricity, production mix photovoltaic, at plant NL kwh 3.63E-4 1 105 in Netherlands, value: IEA statistics 2008
. y (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.37E-2 1 1.05 production in Netherlands, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kWh 1.07E-2 1 1.05 biogas,sewage and landfill gas in Netherlands,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kWh 2.70E-2 1 1.05 municipal and industrial waste in Netherlands,
value: IEA statistics 2008
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Tab. 3.130: Unit process raw data of the electricity supply mix in the Netherlands 2008, at busbar

. z 85
2 = S 2o
Name 8 S electricitymix § 3 § GeneralComment
3 £5¢
S 5>
Location NL
InfrastructureProcess 0
Unit kwh
product electricity mix NL kwh 1.00E+0
(1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant NL kwh 1.73E-1 1 1.05 productionin Netherlands, value: IEA statistics
2008
(1,1,1,1,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant NL kwh 2.45E-2 1 1.05 blastfurnace gas power production in

Netherlands, value: IEA statistics 2008

(1,1,1,1,1,1); assumption for petroleum product
electricity, oil, at power plant NL kwWh 1.48E-2 1 1.05 and fuel oil power production in Netherlands,

value: IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 3.91E-4 1 1.05 fossil fuel power production in Netherlands, value:

IEA statistics 2008

(1,1,1,2,1,1); assumption for natural gas power

electricity, natural gas, at power plant NL kWh 4.68E-1 1 1.05 productionin Netherlands, value: IEA statistics
2008
- . 11,1,2,1,1); i h fROR
electricity, hydropower, at run-of-river power plant RER kwh 8.18E-4 1 1.05 ¢ ); estimated share of RO

hydropower production in Netherlands: 100%
(1,1,1,2,1,1); assumption for nuclear power
production in Netherlands using PWR, value: [EA
statistics 2008, fraction: IAEA Database 2010
(PRIS)
(1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 3.56E-2 1 1.05 productionin Netherlands, value: IEA statistics

2008

(1,1,1,1,1,1); assumption for solar power
electricity, production mix photowoltaic, at plant NL kwh 2.89E-4 1 1.05 productionin Netherlands, value: IEA statistics

2008

(1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwWh 1.89E-2 1 1.05 productionin Netherlands, value: IEA statistics

2008

(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kwh 8.54E-3 1 1.05 from biogas, sewage and landfill gas in

Netherlands, value: IEA statistics 2008

(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kwh 2.15E-2 1 1.05 from municipal and industrial waste in
Netherlands, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Netherlands, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Netherlands, value: IEA statistics 2008
(1,1,1,1,1,1); assumption for imported electricity in
Netherlands, value: IEA statistics 2008

electricity, nuclear, at power plant pressure water reactor UCTE kWh 3.17E-2 1 1.05

electricity mix, domestic production BE kwh 2.42E-2 1 1.05
electricity mix, domestic production DE kWh 153E-1 1 1.05

electricity mix, domestic production NO kwh 2.50E-2 1 1.05

3.5.22 Norway (NO)

Tab.3.131shows an overview over the Norwegian electricity production according to the IE#-Stati
tics (EA 2011 for the year 2008. The Norwegian power production relies on hydro power as main
energy source (9%). A share of about % of the electricity is imported. The electricity is imported
from Denmark, Finland, the Netherlands, Russia and Sweden.

There are a nuclear power plants in NorwaRIS 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approximated using the European datasetdbr run
river and storage type hydropower productibhe share of the ruof-river and storage type hyalr
power generatiomaccording toTab. 3.1 is taken into account. The sleaof rurof-river hydropower
plants in Norway is 6. The share of the storage type hydropower plants i84l0the storage type
hydropower production is apprewated using the dataset falpine conditions. The share of pumped
storage in Norway is %.

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood,vbiogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply nitoiefay are shown iffab.
3.132andTab.3.133
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Tab. 3.131: Composition of the Norwegian electricity production and supply mix including electricity imports ( IEA
2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %
Fossil fuels 607 580 0.40
Hard coal
Lignite
Peat
Industrial Gases
Coke gases

Blast furnace gases

Petroleum products

Fuel oil

Diesel

other petroleum products

Natural Gas

Other fossil . .

Hydro 140'522 139'117 98.52 96.19
Reservoir power plants 139'554 138'158 97.84 95.53
Run-of-river power plants 0 0 0.00 0.00
Pumped storage power plants 968 958 0.68 0.66
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 1'242 1'227 0.87 0.85
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 917 917 0.65 0.63
Wood 325 310 0.22 0.21
Biogas 0 0 0.00 0.00
Waste 128 122 0.09 0.08
Municipal waste 112 107 0.08 0.07
Industrial waste 10 10 0.01 0.01
Sewage sludge and landfill gases 6 6 0.00 0.00
Other 170 162 0.11 0.11
Total domestic 142'669 141'208 100.00 97.64
Imports 0 3'412 0.00 2.36
Denmark 0 427 0.00 0.30
Finland 0 59 0.00 0.04
Netherlands 0 326 0.00 0.23
Russian Federation 0 176 0.00 0.12
Sweden 0 2'424 0.00 1.68
Total 142'669 144'620 100.00 100.00
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Tab. 3.132: Unit process raw data of the el ectricity production mix in Norway 2008,

Name
Location
InfrastructureProcess
Unit
product electricity, production mix NO
technosphere electricity, hard coal, at power plant

electricity, industrial gas, at power plant

electricity, at cogen 200kWe diesel SCR, allocation exergy

electricity, natural gas, at power plant

electricity, hydropower, at reservoir power plant, alpine region
electricity, hydropower, at pumped storage power plant
electricity, at wind power plant

electricity, at cogen 6400kWth, wood, allocation exergy

electricity, at cogen with biogas engine, allocation exergy

electricity from waste, at municipal waste incineration plant

Location

NO

NORDEL

NORDEL

CH

NORDEL

RER

NO

RER

CH

CH

CH

Unit

kWh

kWh

kwh

kWh

kwh

kWh

kwh

kWh

kwh

kWh

kWh

electricity,
production mix
NO

NO
0
kWh

1.00E+0

4.40E-4

6.36E-4

1.08E-4

2.92E-3
9.78E-1
6.79E-3
7.64E-3

2.20E-3

4.06E-5

8.25E-4

UncertaintyType
StandardDeviation95

8

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

Tab. 3.133: Unit process raw data of the electricity supply mix in Norway 2008, at busbar

at busbar

GeneralComment

(1,1,1,2,1,1); assumption for hard coal power
production in Norway, value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
blast furnace gas power production in Norway, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for diesel and other fossil
fuel power production in Norway, value: IEA statistics
2008

(1,1,1,2,1,1); assumption for natural gas power
production in Norway, value: IEA statistics 2008
(1,1,1,2,1,1); estimated share of reservoir
hydropower production in Norway: 100%
(1,1,1,1,1,1); estimated share of pumped storage
production in Norway: 0.69%

(1,1,1,2,1,1); assumption for geothermal power
production in Norway, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for cogeneration power
production in Norway, value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
biogas, sewage and landfill gas in Norway, value:
IEA statistics 2008

(1,1,1,3,1,1); assumption for power production from
municipal and industrial waste in Norway, value: IEA
statistics 2008

=
< E
S = £33
Name 3 5 electricity mix g = § GeneralComment
] 8 c=
2 c 88
> n >
Location NO
InfrastructureProcess 0
Unit kwWh
product electricity mix NO kwh 1.00E+0
- g (1,1,1,2,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant NORDEL kwh 4.29E-4 1 1.05 production in Norway, value: [EA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant NORDEL kwh 6.21E-4 1 1.05 blastfurnace gas power production in Norway,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for diesel and other
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kWh 1.06E-4 1 1.05 fossil fuel power production in Norway, value: IEA
statistics 2008
- (1,1,1,2,1,1); assumption for natural gas power
lects tural t lant NORDEL kwh 2.85E-3 1 1.05 o h
SEsticil natiaioas ateoneipian production in Norway, value: IEA statistics 2008
- X . . (1,1,1,2,1,1); estimated share of reservoir
electricity, hydropower, at reservoir power plant, alpine region RER kWh 9.55E-1 1 1.05 hydropower production in Norway: 100%
. (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant NO kwh 6.63E-3 1 1.05 production in Norway: 0.69%
- . (1,1,1,2,1,1); assumption for geothermal power
I | RER kWh 7 46E-: 1 1 o .
ClISEIETE) EHat e T CES 05 production in Norway, value: IEA statistics 2008
- . (1,1,1,3,1,1); assumption for cogeneration power
electricity, at cogen 6400kWth, wood, allocation exergy CH kwh 2.15E-3 1 1.05 production in Norway, value: [EA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity, at cogen with biogas engine, allocation exergy CH kWh 3.96E-5 1 1.05 from biogas, sewage and landfill gas in Norway,
value: IEA statistics 2008
(1,1,1,3,1,1); assumption for power production
electricity from waste, at municipal waste incineration plant CH kWh 8.06E-4 1 1.05 from municipal and industrial waste in Norway,
value: IEA statistics 2008
- . . (1,1,1,1,1,1); assumption for imported electricity in
I DK DK kWh 2.95E- 1 1. _
GBI, e e e 05 Norway, value: IEA statistics 2008
- . . (1,1,1,1,1,1); assumption for imported electricity in
electricity, production mix Fl FI kwh 4.08E-4 1 1.05 Norway, value: [EA statistics 2008
. . . (1,1,1,1,1,1); assumption for imported electricity in
lects ducti NL NL kwh 2.25E-3 1 1.05 -
Sl A B Y Norway, value: IEA statistics 2008
- . . (1,1,1,1,1,1); assumption for imported electricity in
electricity, production mix RU RU kWh 1.22E-3 1 1.05 Norway, value: [EA statistics 2008
. . . (1,1,1,1,1,1); assumption for imported electricity in
electricity, production mix SE SE kWh 1.68E-2 1 1.05 S
icity, product X Norway, value: IEA statistics 2008
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3.5.23 Poland (PL)

Tab. 3.134 shows an overview over the bl electricity production according to the IEA Statistics
(IEA 2011) for the year 2008. The Reh power production relies on fossil fuels, mainly hard coal
(50%) and lignite (34%), as main energy source. A share of abdut @ the electricity is imported.
The electricity is imported from the Czech Republic, Gewyn&lovakia, Sweden and Ukraine.

There are no nuclear power plants in PolgPIS 201). Therefore, the nuclear power production is
zero.

The electricity production from hydro power is approated using the European dataset forotn
river and storage type hydropower productidhe share of the ruaf-river and storage type hyar
power generatiomaccording toTab. 3.1 is taken into account. The share of 1ofrriver hydropower
plants in Poland is 10%. The share of the storage type hydropower plant$4s Dhe storage type
hydropower production is approximated using the dataset foalpime conditionsThe share of
pumped storage in Poland is &2

For the electricity production with wind power the average European dataset is used. For the power
production from other renewable resources, either European or Swiss datasets are used as-approxim
tion. This includes the electricity generation from wood, with biogas, sewage or landfill gas and the
electricity generation from municipal solid waste incineration.

The unit process raw data of the electricity production and supply ni®olahd are shown imab.
3.135andTab.3.136
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Tab. 3.134: Composition of the Pol ish electricity production and supply mix including electricity imports ( IEA 2011)
Gross Net Production |Production Mix Supply Mix
Production
GWh GWh % %

Fossil fuels 148'858 125'574 94.93 89.21
Hard coal 83'914 70'788 53.51 50.29
Lignite 57'262 48'305 36.52 34.32
Peat 0 0 0.00 0.00
Industrial Gases 2'193 1'850 1.40 131
Coke gases 1'667 1'406 1.06 1.00
Blast furnace gases 526 444 0.34 0.32
Petroleum products 2'323 1'960 1.48 1.39
Fuel oil 2'119 1'788 1.35 1.27
Diesel 31 26 0.02 0.02
other petroleum products 173 146 0.11 0.10
Natural Gas 3'166 2'671 2.02 1.90
Other fossil 0 0 0.00 0.00
Hydro 2'747 2'720 2.06 1.93
Reservoir power plants 0 0 0.00 0.00
Run-of-river power plants 2'152 2'130 1.61 1.51
Pumped storage power plants 595 589 0.45 0.42
Nuclear 0 0 0.00 0.00
Pressurised-water reactor (PWR) 0 0 0.00 0.00
Boiling-water reactor (BWR) 0 0 0.00 0.00
Renewables 4'045 3'543 2.68 2.52
Geothermal 0 0 0.00 0.00
Solar 0 0 0.00 0.00
Photovoltaic 0 0 0.00 0.00
Solar thermal 0 0 0.00 0.00
Wave and tidal energy 0 0 0.00 0.00
Wind 837 837 0.63 0.59
Wood 3'200 2'699 2.04 1.92
Biogas 8 7 0.01 0.00
Waste 527 445 0.34 0.32
Municipal waste 7 6 0.00 0.00
Industrial waste 277 234 0.18 0.17
Sewage sludge and landfill gases 243 205 0.15 0.15
Other 0 0 0.00 0.00
Total domestic 156'177 132'281 100.00 93.98
Imports 0 8'480 0.00 6.02
Czech Republic 0 29 0.00 0.02
Germany 0 5'576 0.00 3.96
Slovak Republic 0 31 0.00 0.02
Sweden 0 2'065 0.00 1.47
Ukraine 0 779 0.00 0.55
Total 156'177 140'761 100.00 100.00

red marked: Data is not available by IEA-statistics
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Tab. 3.135: Unit process raw data of the electricity production mix in Poland 2008, at busbar

3
g 5
L E
§ . electiciymix, 2 %
Name g 5 domestic g g & GeneralComment
S production & 3
°
5 g
2]
Location PL
InfrastructureProcess 0
Unit kwh
product electricity mix, domestic production PL kwh 1.00E+0
- (1,1,1,1,1,1); assumption for hard coal power
technosphere electricity, hard coal, at power plant PL kwh 5.35E-1 1 1.05 production in Poland, value: IEA statistics 2008
e (1,1,1,1,1,1); assumption for lignite power production
electricity, lignite, at power plant PL kwh 3.65E-1 1 1.05 in Poland. value: IEA statistics 2008
(1,1,1,2,1,1); assumption for industrial, coke and
electricity, industrial gas, at power plant CENTREL kWh 1.40E-2 1 1.05 blastfurnace gas power production in Poland, value:
IEA statistics 2008
(1,1,1,2,1,1); assumption for petroleum product and
electricity, oil, at power plant UCTE  kWh 1.46E-2 1 1.05 fueloil power production in Poland, value: [EA
statistics 2008
(1,1,1,3,1,1); assumption for diesel and other fossil
electricity, at cogen 200kWe diesel SCR, allocation exergy CH kwh 1.98E-4 1 1.05 fuel power production in Poland, value: IEA statistics
2008
. (1,1,1,2,1,1); assumption for natural gas power
electricity, natural gas, at power plant CENTREL kWh 2.02E-2 1 1.05 production in Poland, value: [EAstatistics 2008
- X (1,1,1,2,1,1); estimated share of ROR hydropower
electricity, hydropower, at run-of-river power plant RER kwh 1.61E-2 1 1.05 production in Poland: 100%
- (1,1,1,1,1,1); estimated share of pumped storage
electricity, hydropower, at pumped storage power plant PL kwh 4.45E-3 1 1.05 production in Poland: 21.66%
L . (1,1,1,2,1,1); assumption for geothermal power
electricity, at wind power plant RER kwh 6.33E-3 1 1.05 production in Poland, value: IEA statistics 2008
. (1,1,1,3,1,1); assumption for cogeneration power
| 400kWth Il H kWh 2.04E-2 1 1. I L
Elect clvlateooepies ROk we izl ceatiohisze ny © ® 05 production in Poland, value: |EA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity, at cogen with biogas engine, allocation exergy CH kwh 1.60E-3 1 1.05 biogas, sewage and landfill gas in Poland, value:
IEA statistics 2008
(1,1,1,3,1,1); assumption for power production from
electricity from waste, at municipal waste incineration plant CH kwh 1.81E-3 1 1.05 municipal and industrial waste in Poland, value: IEA
statistics 2008
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