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1 Introduction

The purpose of the project “Multi level actions for enhanced Heating and Cooling plans — STRATEGO” is to
bridge the gap between EU policy, national objectives and effective actions taken at regional and local lev-
els. The STRATEGO project is a European co-funding project developed in the framework of the Intelligent
Energy Europe Programme, having the contract no. IEE/13/650/S12.675851. This report is the outcome of
the subcontract under the second work package (WP2) in STRATEGO, “Supporting the development of en-
hanced NHCPs” in which PlanEnergi has been appointed to estimate the renewable heat and electricity
potentials in 5 targeted EU member states.

WP2 in the STRATEGO-project specifies a need for identifying national energy data on the potentials of
renewable energy, within Croatia, Czech Republic, Italy, Romania, and the UK. This information is compiled
in the present report, Renewable Electricity and Heat Potentials.

The authors wish to thank those national contact-points, who have been kind enough to supply data during
the process of estimating the potentials for renewable energy in the five target countries.

2 Methodology

No other comprehensive dataset on the potentials for RE heat and electricity has been identified for the
countries in this study; hence, the compiled information is based on data from many different references.
Consequently, discrepancies have been identified among the different references, when there have been
mismatches between numbers. In these cases, the most probable number has been selected, while alterna-
tive numbers have been kept as secondary options. This methodology has been chosen, in order to ac-
commodate for the sometimes very large differences between numbers. In the tables under each country is
a version with the given energy-data — numbers in capacity [MW] and production [TWh]. A similar table
describes the references in [square brackets], including the alternative numbers found. Where there has
only been identified a single reference, this is indicated by a single bracketed number in the corresponding
cell in the reference-table.

Some national partners in the STRATEGO-project have provided input to the data upon request. These data
have been useful, since documentation on the national languages has often proven to be more detailed
and plentiful than the more readily available English-language reports used in the screening.

2.1 Numbers and decimals

It is the intention to provide detailed and specific data with this report. Nonetheless, it has not always been
possible to obtain precise numbers on all data points. Consequently, numbers without decimals in this re-
port should be interpreted as approximate, while numbers with decimals can be considered more precise.
While two decimals have been applied as a standard, it has been chosen to deviate from this rule, in cases
where the original reference has only one decimal.

2.2 A note on a particular reference: Atlas of EU biomass potentials

A significant reference used as a supplement to the national sources when finding the future biomass po-
tentials is “Atlas of EU biomass potentials - Spatially detailed and quantified overview of EU biomass poten-
tial taking into account the main criteria determining biomass availability from different sources”. Will
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hereafter be referred to as Biomass Atlas. It has been deemed relevant to describe this resource in further
detail below, since its numbers and assumptions in some occasions is found to vary significantly from other
sources. The information in this section is largely based on contents of the Biomass Atlas.

One purpose of the Biomass Atlas is to identify different biomass feedstocks and make an inventory of data
to quantify and map the technically constrained biomass potentials. This also includes estimates of alterna-
tive uses of by-products and waste in order to estimate the share that is available for bioenergy purposes
and the share that competes with other uses. From this, the 2020 and 2030 potentials are quantified in the
report according to different scenarios.

The Biomass Atlas uses three main categories for biomass; Biomass from agriculture, Biomass from forestry
and Biomass from waste. Under each of these categories, there is a range of subcategories of dedicated
biomass production such as biofuel crops, woody and grassy crops, stem wood production and by-products
and waste categorized in primary, secondary and tertiary levels. In the data for the STRATEGO project the
following categories for biomass is used: Energy crops (residual), Energy crops (dedicated land), Wood,
Waste (renewable and fossil) and Biogas. From the national sources used under each country, it has been
difficult to find these exact categories, and many numbers are therefore sums from other categories found
in the used sources. The numbers from the Biomass Atlas are therefore presented as a separate table in
order to compare the found numbers from the national sources (when available) and in order to have a
uniform approach to find the numbers under each category.

When estimating the future potential it should at first be realised that the EU policy ambitions go far be-
yond current consumption of renewable energy. From the report it is stated that the European Commission
(2008) calculated that 17.5 million hectares of land would be required to reach the 10 % biofuels target,
which would amount to about 10 % of the total Utilised Agricultural Area (UAA) in EU27". The report fur-
ther states,

“It is clear that the pressure on land will increase strongly under a growing biomass demand. This may
cause adverse effects on biodiversity as it may lead to the further intensification of existing land uses, both
in agricultural and forest lands, but also the conversion of non-cropped biodiversity-rich land into cropped or
forest area. The conversion of biodiversity rich grasslands for example is meant to be prevented with the
sustainability scheme for biofuels to be introduced together with the approval of the biofuels target of 10 %.
The RES directive states that biofuels shall not be made from raw material obtained from land with recog-
nized high biodiversity value, such as undisturbed forest, areas designated for nature protection purposes or
highly biodiverse grasslands. However, the big question is how this land resource is exactly defined and
identified (e.g. mapped) and whether not being accountable to the renewable energy target provides
enough protection to valuable ecosystems in markets offering very high prices to biomass feedstock.

In addition, there is also an increasing resistance against using existing arable land for the production of
biomass at the expense of food and feed production. There are indications that this will endanger the food
security situation, especially in third world countries, and that indirect land use changes may take place by
bioenergy production pushing food and feed production into uncultivated areas causing loss of valuable
natural habitats (e.q. tropical rain forest and savannah) and tremendous releases of greenhouse gas (GHG)
stocks in the soil.”

" Their starting point was that 50 % of the production would come from cultivation of rotational biomass crops for 1% generation
technology biofuels. The other 50 % would come from ligno-cellulosic by-products and perennial biomass crops or imports from
outside the EU. For conversion of this ligno-biomass feedstock they assumed 2" generation biofuel technology to become com-

mercially available before 2020.
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The estimations of biomass potential in the Biomass Atlas are made for different scenario situations taking
into account different sustainability criteria. Two scenarios are applied for 2020 and 2030:

1. Reference scenario
2. Sustainable scenario

The sustainability criteria are applied in the reference storyline following the ‘Directive on the promotion of
energies from renewable sources’" and therefore only apply to biofuels and bioliquids. The potentials used
in the datasheet are from the sustainable scenario from 2020. The potential is in both scenarios based on
three main themes:

1. Estimating the land potential for bioenergy cropping and for agro-waste potentials
The results are based on the CAPRI* model, which predicts future land use changes in the EU-27 re-
lated to agricultural production including those for domestic biofuels. The CAPRI model’s 2020
baseline runs with the EC report ‘Prospects for Agricultural Markets and Income in the EU 2010-
2020. This outlook takes into account the most recent Health Check reform, the 2020 RES targets
and the most recent OECD-FAQ projections on agricultural prices, population and development.

In order to reach the EU 2020 targets, the mix of biofuel feedstock will change. A priority is given to
the most sustainable crop mix per region, taking into account the mitigation requirements set in
both the reference and sustainability scenario. The estimation of the mitigation requirement is de-
scribed in the next step.

2. Estimating the minimum GHG mitigation requirement per scenario for bioenergy cropping poten-
tial
First, in the reference scenario a minimal GHG mitigation requirement for biofuel of 50 % is as-
sumed. A much stricter mitigation is assumed in the sustainable scenario as it should include the
indirect land use change impacts of biofuels (iLUC) related emissions. The GHG mitigation is as-
sumed to reach 70 % in 2020 and 80 % in 2030, which both applies on biofuels and on cropped bi-
omass for heat and electricity production.

The estimation of the minimal GHG requirement is built on the approach developed by EEA/ETC-
SIA® study. An estimate of GHG payback and mitigation ability is made for all crops, including the
iLUC effect and taking into account the type of feedstock and related bioenergy delivery pathway.

3. Excluding high biodiverse land and land with high carbon stock
In the reference scenario biofuel crops cannot be cropped on highly biodiverse areas or area with
high carbon stock. In the sustainable scenario this applies to all cropped biomass. The land available
for biomass cropping is therefore reduced compared to the reference scenario. Both the Natura

" Directive 2009/28/EC - RES Directive

¥ The CAPRI (Common Agricultural Policy Regionalised Impact) model is a tool for ex-ante impact assessment of agricultural and
international trade policies with a focus on the European Union. It is an economic partial comparative static equilibrium model for
agriculture. The core of the model consists of two interlinked modules: about 250 regional aggregate programming models cover-
ing the EU27, Norway and Western Balkans at the NUTS 2 level and a global spatial multi-commodity model for agricultural com-
modities. These together allow calculation of a wide range of economic and environmental indicators.
SEEA: European Environment Agency

ETC/SIA: The European Topic Centre for Spatial information and Analysis. ETC/SIA is supporting the European Environment Agency
(EEA) in developing seamless European wide spatial reference data. ETC/SIA's main working area is the analysis of Land use and
land cover.
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2000 (farmland) and the HNV farmlands'™ were regarded as highly biodiverse areas and agricul-
tural areas with high carbon stock. These areas were therefore not taken into account in biomass
cropping areas in the sustainable scenario.

In short, the stricter sustainability criteria in the Biomass Atlas lead to a lower cropping potential in 2020
and 2030.

3 Countries

3.1 Croatia

On the 1% of July 2013, Croatia became the 28" member of the EU after a decade of carrying out all the
reforms needed to bring it into line with EU laws and standards.

The energy statistics carried out within EU are mostly focused on EU27, while Croatia is not included. This
can explain the difficulties finding Croatian energy data, which were encountered during this study.

The energy plans made for Croatia is limited to forecasts for 2020 or 2030, so the available numbers for
these years have been used, where available. Elsewhere data from The European Commission report ‘EU

Energy, Transport and GHG Emissions - Trends to 2050 - Reference Scenario 2013’ has been used.

It was not possible to collect any data for the biomass potential in the future. It is therefore agreed that
AAU will collect remaining data through local contacts in Croatia.

Full-load hours (FLH) and solar performance are presented in the tables below.

Full-load hours
Difference
Type 2,010.00| 2,050.00 | Difference | [>100 % means larger than 2010]
Onshore Wind 1,564.67 3,666.67 2,101.99 234%
Offshore Wind 1,544.12 3,666.67 2,122.55 237%
Photovoltaic 840.91 1,523.10 682.19 181%
Concentrated Solar Power
Direct Geothermal
Wave
Tidal
Hydro
River Hydro
Hydro 4,439.47 5,306.91 867.43 120%
Hydro Pump Back (if applicable) Solar-check
Given information Calculated ESTIF 2012 numbers
) . Solar
Type Ca’\m\cllty Pro:\;\x;;]tlon Area m2 Pir\';?;;\a;ce Capacity Area Radiation
Individual Solar Thermal m MWh/m2
Solar Thermal 728.79 83.70 0.06 119,600 510.03 84.00 120,000 |1.15to 1.65
Geothermal 535.38

Assumptions and crosscheck results are described in the following.

™ Natura 2000 is a network of nature protection areas in the territory of the European Union. It comprises various types of protect-
ed areas, mainly Special Areas of Conservation (SACs) and Special Protection Areas (SPAs), but it also includes Marine Protected
Areas (MPAs) and some special forms defined on a national basis.
" High Nature Value Farmland. By definition, in HNV farmland agriculture supports, or is associated with, either a high species and
habitat diversity or the presence of species of European conservation concern, or both.
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Onshore/Offshore wind:

The accumulated wind capacity in [1] and [3] is 89 MW. From [4], the onshore/offshore distribution is given
to be 3 % offshore, 97 % onshore, hence the results of 86 MW onshore and 3 MW offshore. Croatia has
installed more wind capacity since 2010. According to [9], (from 2012), onshore wind power was 179.60
MW.

According to [1], the accumulated wind capacity in Croatia will be 1,079 MW in 2050. This is lower, than
what is stated in the national plan for 2020 by [2] and in [HR5]: 1,200 MW in 2020 in total.

In [4], the onshore/offshore distribution is estimated to 71 % offshore, 29 % onshore. Therefore the results
of 348 MW onshore and 852 MW offshore. The same method has been applied for the annual production
shown in TWh.

From 2010 to 2050 there is seen an increase in FLH by more than 200 % for both onshore and offshore
wind. The numbers are the same in the used references, so this can be explained due to technical devel-
opment and higher share of offshore wind.

Photovoltaic:

The 2010 number from [1] states a capacity of 0 MW. Therefore, 2012 data from [7] has been used, which
gives the following data: PV on grid = 3.9 MW and PV off grid = 0.5 MW, hence total = 4.4 MW. [7] has also
been used for the production in 2010 with 2012 data.

For the capacity and generation from photovoltaics in 2050 [1] has been used for both numbers. For com-
parison, [HR4] states a number of 250 MW in year 2030. [HR1] states the technical potential to electricity
generation from photovoltaics and solar thermal power plants to be around 33 TWh/year. The economic
potential to produce solar electricity would amount to around 0.3 TWh/annum, which is the equivalent of
around 200 MW of generating capacity.

The increase by 181 % in FLH may be due to technical development, since all used numbers are from [1].

Hydro:
The capacity in 2010 is from [1], whereas the production is from [HR2] and [2], given to be 8,309 GWh.

The capacity potential in 2050 is from [1]. In [1] the production potential is 8.74 TWh, but in [HR1] the
technically exploitable water potential resources in Croatia are estimated at 12.45 TWh/year with a fore-
cast for 2030 of 7.03 TWh (25.31 PJ).

An increase of 120 % in FLH can be explained by difference in use of source for 2010 and by technical de-
velopment.

Individual solar thermal:
The numbers for individual solar thermal are in both 2010 and 2050 from [HR3]. For 2010, 2012 numbers
are available with 0.5 PJ. In 2050 the potential in [HR3] is 12.21 PJ in 2030-numbers.

Solar thermal:
The capacity for 2010 is from [8] with 2012-data: 119,600 m* and 83.70 MW. The production in 2010 is
taken from [HR2].

The potential for 2050 is from [HR1]. The technical potential to produce heat from solar collectors and the
use of passive solar energy (solar architecture) amounts to 175 TWh/annum (630 PJ/year). The economic

potential is stated to be 7 % of technical potential.
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In the solar check, the performance is calculated to 510 kWh/m?, which seems to be a reasonable number
for the region, where the solar radiation is 1.15 to 1.65 MWh/m?.

Geothermal:

The capacity is from [HR1] with 2007-data: Total installed heat capacity from supply of geothermal energy
2007 from space heating = 33.66 MW, from space heating and hot water preparation = 113.90 MW. From
[HR1] the production in 2007 corresponded to 702.31 TJ = 0.2 TWh. In [HR2] the number is 0.08 TWh.

For the potential in 2050 [HR1] is used with 2030 forecast of 8.54 PJ.

Energy crops, residual:
In [HR1], the agricultural residue is given to be 22.93 PJ. AAU will find 2050-data through local contacts.

Energy crops, dedicated land:
In [HR4] and [HR2] a number for energy forests was given and used as 2010 data of 12.88 PJ. AAU will find
2050-data through local contacts.

Wood:
The number of 16 TWh in 2010 is given in [HR2]. From [HR1] the following numbers are listed, supporting
the data:

e Cord wood =24.33PJ

e Wood residue = 8.65 PJ

e Abbaino=2.01PJ

e Wood industry residue = 17.89 PJ

e Roads, water management, etc. =4.80 PJ

e Total=57.68 PJ=16.02 TWh

AAU will find 2050-data through local contacts.

Waste:
From [HR2] a production of 319 TJ is given. AAU will find 2050-data through local contacts.

Biogas:
The production of biogas in 2010 is in [HR2] = 298 TJ.

For the potential in 2050 data from [HR5] is used: Croatia sets up a goal by this Strategy of 20 % of total
conditional cattle heads for energy purposes from agricultural production in 2020 and to produce around
2.6 PJ of energy from biogas, i.e. 100 million m* of biogas.

Total biomass:

The total biomass is the sum of the shown numbers. It is stated in [HR5] that Croatia defines a goal to use
around 15 PJ of biomass for energy purposes in 2010, and 26 PJ in 2020. Part of this biomass shall be used
in biomass-fired, preferably cogeneration, power plants with a collective electricity capacity of 85 MW in
2020.
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Data on renewable electricity and heat potentials

PlanEnergi

Croatia: Renewable Energy Resources

.

Renewable Energy Resources - HR

2010 | Potential (2050)
Renewable Electricity
Type Capacity Annual Production Capacity Annual Production
(MWe) (TWh/year) (MWe) (TWh/year)
Onshore Wind 86.28 0.14 348.00 1.28
Offshore Wind 2.72 0.00 852.00 3.12
Photovoltaic 4.40 0.00 606.00 0.92
Concentrated Solar Power - - -
Direct Geothermal - -
Wave - - -
Tidal - - -
Hydro Storage Hydro Storage
Hydro (GWh) (GWh)
River Hydro
Hydro 1,900.00 8.44 2,346.00 12.45
Hydro Pump Back (if applicable)
Renewable Heat
Type Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
Individual Solar Thermal n/a 0.14 n/a 3.39
Solar Thermal 83.70 0.06 n/a 12.25
Geothermal 147.56 0.08 n/a 2.37
Bienergy (All High Priority)
2010 Potential (2050)
Type Annual Consumption | Annual Consumption
(TWh/year) (TWh/year)
Energy Crops: Residual 6.37 AAU collects through contact in Croatia
Energy Crops: Dedicated Land 3.58 AAU collects through contact in Croatia
Wood 16.02 AAU collects through contact in Croatia
Waste: Renewable & fossil 0.09 AAU collects through contact in Croatia
Biogas 0.08 0.72
Total 26.14
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Croatia: Renewable Energy Resources

Renewable Energy Resources - HR

2010

Potential (2050)

Renewable Electricity

Onshore Wind

[4]:
Onshore/off shore distribution
3% off shore, 97% onshore

[4]:
Onshore/off shore distribution
3% off shore, 97% onshore

[2]:
National plan 2020: 1200 MW
in 2020 in total

Tvpe Capacity Annual Production Capacity Annual Production
e (MWe) (TWh/year) (MWe) (TWh/year)
[1]+[2] + [3]: [1]:
139 GWh in total 1079 MW cumulated [1]:
2291 GWh in total
[1]+[3]

[4]
Onshore/off shore distribution:
Estimated 71% off shore, 29%

Offshore Wind

(2012-data)
Wind power (On shore): 179,6
MW

[9]: (2012-data)
Wind power (Off shore): Not on
the list.

Onshore/off shore distribution
3% off shore, 97% onshore

[HRS5]:

It is expected that the installed
capacity of the wind power in
the Republic of
Croatia in 2020 amount 1,200
MW

[4] onshore
[9]: (2012-data) - [9]: (2012-data) Ons‘hore/off s:mre distributic:,n:
Wind power (On shore): 179,6 Wind power: 0,329 TWh (total) Estimated 71% off shore, 29% [HR1]: A
MW onshore Forecast 2030 = 15,84 PJ wind
[HR1]: energy
Total wind production 2007 = [HR5]: -> 4,4 TWh in total
125,67 TJ 2020: 1,200 MW
[1]+(3]
[1]
[4]:
Onshore/off shore distribution [4]
3% off shore, 97% onshore (11+3] Onshore/off shore distribution: 1]
Estimated 71% off shore, 29%
[9]: (4l: onshoreshore, 29% onshore 4

Onshore/off shore distribution:
Estimated 71% off shore, 29%
onshore
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Photovoltaic

[1]:
0 MW

[7]: (2012-data)
PV on grid: 3,9 MW

[1]:
0TWh

[7]: PV (2012-data)

(1]

[HR4]:
250 MW till year 2030

(1]

[HR1]:

The technical potential to
electricity generation from
photovoltaic (PV) systems and
solar
thermal power plants amounts
to around 33 TWh/annum.

Concentrated Solar Power

PV off grid: 0,5 MW 3,7 GWh The economic potential to
Total: 4,4 MW produce solar electricity would
amount to
around 0.3 TWh/annum, which
is the equivalent of around 200
MW of electricity-generating
capacity
[10]: [10]:
Solar radiation in Croatia is Solar radiation in Croatia is
between 1,200 and 1,600 between 1,200 and 1,600
kWh/m2 kWh/m2
[8]: [8]: Areas of at least 2000 Areas of at least 2000

Not on the list

Not on the list

kWh/m?/y are needed for CSP
plants due to economic
constraints.

Croatia is therefore unsuitable

kWh/m?/y are needed for CSP
plants due to economic
constraints.

Croatia is therefore unsuitable

TWh/annum

Forecast 2030: 7,03 TWh (25,31
PJ)

for CSP for CSP
Direct Geothermal [1] [1] [1] [1]
Wave [1] [1] [1] [1]
Tidal [1] [1] [1] [1]
Hydro Storage Hydro Storage
Hydl
ydro (GWh) (GWh)
River Hydro
[1]:
8,744 TWh
[HR1]:
HR2
[1] [ ! Technically exploitable water
Hydro 2 [1] potential resources in Croatia
8309 GWh are estimated at 12.45

Hydro Pump Back (if applicable)
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Renewable Heat

Space heating = 33,66 MW
Space heating and hot water
preparation = 113,9 MW

702,31TJ = 0,195 TWh (2007)

Tupe Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
yp (MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
o [HR3]: [HR3]:
Individual Solar Th I*
naividuat sofar Therma n/a 20120,5 P) n/a 12,21 PJin 2030
[HR1]:
The technical potential to
produce heat from solar
(8]: (2012-data) collectors .and the use of
passive solar
Solar Thermal: )
Solar Thermal [HR2] n/a energy (solar architecture)
119600 m2
amounts to 175 TWh/annum.
83,7 MWth
(630 PJ/annum)
Economic potential = 7% of
technical potential
HR1]:
Total instaIEed h]eat capacit [HR2]:
: — 0,079 TWh
from supaply of geothermal [HR1]:
Geoth: | 2007: ’
cotherma energy [HR1]: W/ Forecast 2030: 8,54 PJ

Large-scale heat pumps

Bioenergy

2010

Potential (2050)

Type*

Annual Consumption
(TWh/year)

Annual Consumption
(TWh/year)

Energy Crops: Residual

[HR1]:
Agro residue = 22,93 PJ

Energy Crops: Dedicated Land

[HR&]+[HR2]:
Energy forests = 12,88 PJ

[HR2]

[HR1]:

Cord wood = 24,33 PJ
Wood residue = 8,65 PJ
Abbaino = 2,01 PJ
Wood industry residue = 17,89

Waste: Renewable & fossil

PJ
Roads, water management, etc.
=4,80
Wood Total = 16,022 TWh
[HR2]

319 TJ Production

AAU collects through contact in Croatia

AAU collects through contact in Croatia

AAU collects through contact in Croatia

AAU collects through contact in Croatia
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Biogas

[HR2]:
298 TJ Production

[HR5]:

Croatia sets up a goal by this
Strategy of 20% of total
conditional cattle heads for
energy purposes from
agricultural production in 2020
and to produce around 2.6
PJ of energy from biogas, i.e.
100 millions m3
of biogas.

Total

[HR5]:

Croatia defines a goal to, along
with the existing incentive
measures and removing the
existing administrative barriers,
use around 15 PJ of biomass in
energy purposes in 2010, while
in 2020 double, around 26 PJ.
Part of this biomass shall be
used in many biomass fired
power plants of total power of
85 MW in 2020, preferably
cogeneration plants.

PIanEnergi'
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3.2 Czech Republic
For Czech Republic, several references were necessary to use to find the needed data. Both national and EU
references have been used. It was necessary to use three national references on biomass data in order to
get an overview of the data available.

FLH and solar performance are presented in the tables below.

ENHANCED HEATING
& COOLING PLANS

Full-load hours

Type

2010

2050 Difference

Difference

[>100 % means larger than 2010]

Onshore Wind

1,562.79

1,502.14 -60.65

96%

Offshore Wind

Photovoltaic

314.49

1,069.27 754.77

340%

Concentrated Solar Power

Direct Geothermal

Wave

Tidal

Hydro

River Hydro

Hydro

2,590.53

3,111.28 520.75

120%

PlanEnergi

Hydro Pump Back (if applicable)

Solar-check

Given information

Calculated

ESTIF 2012 numbers

Type

Individual Solar Thermal*

Capacity
MW

Production

2
Twh Area m

Performance
kWh/m?

Capacity

Solar
Area Radiation
MWh/m’

Solar Thermal

220.11

1,859.44 1,639.33

845%

463.40

0.10 661,969

154.09

299.13

427,327

Geothermal

5,427.33

13,880.00 | 8,452.67

256%

Large-scale heat pumps

1,232.50

Assumptions and crosscheck results are described in the following.

Onshore wind:

Czech Republic does not have a shoreline; therefore all wind capacity is onshore. In [1] and [2], the wind
capacity in 2010 is 215 MW. In [5] the wind capacity is 218 MW. The production in 2010 was 0.34 TWh,

according to [1], [2] and [5].

The potential for wind capacity and production in 2050 is both from [1].

There is no positive development in FLH, which might be explained by the lack of shoreline in Czech Repub-
lic. Hence, it might be difficult to utilize the wind technology more than it is today. The FLH in 2010 are rela-
tively low, but the used references have more or less the same numbers. Local wind conditions might be
the reason for this, but an exact explanation has not been identified.

Photovoltaic:

In [1] the 2010 capacity is 1,959 MW. From [5] there is in (2010):
e PVongrid: 1,958.7 MW

e PVoffgrid: 0.4 MW
e Total: 1,959.1 MW

The potential for 2050 is from [1].

The used numbers are from the same reference, [1]. Therefore, an assumption on technical development

might be the explanation for the increase in FLH by 340 %.
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Hydro:
The 2010 data from [1] gives a number for the capacity of 1,077 MW. From [CZ1] the number is 1,048 MW
from 2009.

The production in 2010 from [1] is 2.79 TWh. In accordance with this, 2.79 TWh is also given by ‘Ministry of
Industry and Trade and Energy Regulatory Office Data 2013 preliminary for 2007 to 2013’. In [CZ1] the
number is 2.17 TWh in 2009/28/EC.

The potential for 2050 is in [1] equal to 1,330 MW. To support this, the 2020 target in [CZ2] is 1,097 MW. It
should be noted that this target does not raise capacity significantly, compared to the installed capacity in
2010. The production potential in 2050 is also given by [1] to 4.14 TWh/year. To compare, the following
targets are given in [CZ2] to be:

e 2.53 TWh/year in 2040

e 2.53TWh/yearin 2030

e 2.61 TWh/year in 2020-target

The FLH for use of hydro increase by 120 %. The numbers used for the calculation are from [1] — the differ-
ence is therefore attributed to technical development.

Hydro pump back:
The hydro pump back for 2010 is given in [CZ1]. No sources were available for the potential in 2050.

Solar thermal:
In [5] the thermal solar collector area is given to be 661,969 m” with a capacity of 463 MW. In [CZ1] the
number is only 216 MW. The production is given from [CZ1] to 273 TJ (0.08 TWh).

For the potential of capacity in 2050 only 2020 data is available from [CZ2], with 747 MW as 2020 target.
The production potential for 2050 is also from [CZ2] with the following national targets:

e 1.39 TWh/year 2040

e 0.97 TWh/year in 2030

e 0.38 TWh/year (2020-target)

The number for FLH in 2010 is very low. There has been used two different references, which might explain
the rather large increase in FLH of 845 %. The difference in references also explains the very low perfor-
mance of solar thermal in 2010.

Geothermal:

In [5] the geothermal capacity is 4.50 MW, but in [CZ1] the number is 0 MW in 2010. For the production in
2010 in [1] and [CZ1] the number is 0 TWh. In [5] the geothermal energy is equivalent to 2.10 ktoe (0.02
TWh).

For the 2050 potential, [CZ2] have been used with 50 MW as the 2020-target. For the production the fol-
lowing data is given by [CZ2]:

e 0.69 TWh/year (2040)

e 0.47 TWh/year (2030)

e 0.18 TWh/year (2020-target)

The FLH in 2010 seem reasonable, despite two different sources have been used. The too large number of
FLH in 2050 is due to the capacity is 2020-data, while the production is the 2040-target.
Large scale heat pumps:
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The capacity and production in 2010 is given by [CZ1]. Again is [CZ2] used for the potential of 2050 with the
following data for production:

e 4.36 TWh/year (2040)

e 3.72 TWh/year (2030)

e 1.83 TWh/year (2020 - target)

Energy crops, residual:

The residual energy crops is given from [CZ4], Table 16: 13.50 PJ agricultural residues. The potential for
2050 is from [CZ5] with a residual of 35 PJ. In [11], the residual related biomass is 1,510 ktoe in 2030, which
corresponds to 17.56 TWh.

Energy crops, dedicated:

The data for 2010 are taken from [CZ4], Table 17: 161.17 PJ biomass potential from energy crops. In [CZ5],
the potential for dedicated land in 2050 is 214 PJ. In [11], related to dedicated land (without forests) = 539
ktoe =6.27 TWh.

Wood:
In [CZ3] the 2010 data is given:
Wood for electricity and heat 2008: 16.11 PJ or 4.48 TWh (wood for electricity alone in 2010 is 0.64 TWh).

Some additional data for 2010 is given in [5] for solid biomass:
Primary energy production: 2.09 Mtoe (24.31 TWh)
Heat consumption: 1.64 Mtoe (19.07 TWh, whereof 0.06 Mtoe to DH)
Gross electricity production:

e Electricity only plants: 0.6 TWh

e CHP plants: 0.9 TWh

e Total: 1.5TWh

For the 2050 [CZ5] is used with a potential from wood (forestry) of 50 PJ. In [11], the wood related data is
6.22 Mtoe in 2030, equal to 72.29 TWh.

Waste:
The number for 2010 is from [CZ3], with waste = 0.73 TWh/year of which municipal solid waste (MSW) is 59
GWh and industrial waste is 2 GWh.

In [CZ1] waste = 0.82 TWh/year (2009) and in [5], the Municipal Waste (Renewable share) is from Primary
energy production equal to 62.70 ktoe (0.73 TWh) with gross electricity production:

e Electricity only plants: 11 GWh

e CHP plants: 25 GWh

e Total: 36 GWh

In [11] the total MSW in 2030 is 806 ktoe = 9.37 TWh.

For the potential in 2050 data from 2020 — 2040 were available from [CZ2]:
e 6.14 TWh/year (2030+2040)
e 1.45TWh/year (2020)

In [11] the following data for 2050 potential is available:
e MSW =220 ktoe in 2030 = 2.56 TWh
e  MSW landfill = 360 ktoe in 2030 = 4.19 TWh
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e |ntotal 6.75 TWh

Biogas:
In 2010 the data from [CZ3] is used with biogas = 2.06 TWh/year. Biogas solely for electricity production is
266.87 GWh.

In [CZ2], the biogas = 1,329 TWh/year in 2009.

From [5] a more detailed division for biogas is given:
e Landfill gas: 29.5 ktoe (0.34 TWh)
e Sewage sludge: 35.9 ktoe (0.42 TWh)
e Other biogas: 111.3 ktoe (1.29 TWh)

With gross electricity production:
e Electricity only plants: 361 GWh
e CHP plants: 275 GWh
e Total: 636 GWh
e The potential for 2050 is from [CZ2]

Biomass Atlas:

The results from the Biomass Atlas are seen in the table below. The numbers here are higher than the
numbers shown from the national references from Czech Republic, describes in the biomass categories
above. An explanation to this can be that the numbers in the national references are less detailed than the
numbers in the Biomass Atlas.

Biomass Atlas
(TWh/year)
REF2020 SUS2020 REF2030 SUS2030
Energy crops, residual 24 24 28 27
Energy crops, dedicated 1 0 1 0
Wood 68 59 66 59
Waste 12 12 11 11
Biogas 27 27 21 21
Total 131 121 127 119
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3.2.1 Data on renewable electricity and heat potentials

Czech Republic: Renewable Energy Resources

Renewable Energy Resources - Czech Republic

| 2010 |

Potential (2050)

Renewable Electricity

Type Capacity Annual Production Capacity Annual Production
(MWe) (TWh/year) (MWe) (TWh/year)
Onshore Wind 215.00 0.34 468.00 0.70
Offshore Wind n/a n/a n/a n/a
Photovoltaic 1,958.70 0.62 2,180.00 2.33
Concentrated Solar Power - - - -
Direct Geothermal - -
Wave = = = =
Tidal - - - -
Hydro Storage Hydro Storage
Hydro (GWh) (GWh)
River Hydro
Hydro 1,077.00 2.79 1,330.00 4.14
Hydro Pump Back (if applicable) 0.59
Renewable Heat
Type Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
Individual Solar Thermal n/a n/a
Solar Thermal 463.40 0.10 747.00 1.39
Geothermal 4.50 0.02 - 50.00 0.69
Large-scale heat pumps 400.00 0.49 4.36
Bioenergy
2010 Potential (2050)
Tz Annual Consumption | Annual Consumption
(TWh/year) (TWh/year)
Energy Crops: Residual 3.75 9.72
Energy Crops: Dedicated Land 44.77 59.44
Wood 4.48 13.89
Waste: Renewable & fossil 0.73 6.14
Biogas 2.06 7.53
Total 55.78 96.72
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Czech Republic: Renewable Energy Resources

Renewable Energy Resources - Czech Republic

2010

Potential (2050)

Renewable Electricity

Photovoltaic

PV on grid: 1,958.7 MWp
PV off grid: 0.5 MWp
Total: 3,483.5 MWp

[1] + [2] + [5]:
PV: 615.7 GWh (2010)

[1]

Type Capacity Annual Production Capacity Annual Production

(MWe) (TWh/year) (MWe) (TWh/year)

[1] + [2]: [1] + [2]:
Onshore Wind 215 MW 0.335 TWh [1] [1]

[5]: Wind power: 218 MW [5]: Wind power: 0.336 TWh
Offshore Wind n/a n/a n/a n/a
[1]: 1,958.7 MW
[5]: (2010)

[1]

Concentrated Solar Power

(8]:
Not mentioned

(8]:
Not mentioned

[10]: Solar radiation in Czech
Republic is around 1000
kWh/m?/y
Areas of at least 2000
kWh/m?/y are needed for CSP
plants due to economic
constraints.

Czech Republic is therefore
unsuitable for CSP

[10]: Solar radiation in Czech
Republic is around 1000
kWh/m?/y
Areas of at least 2000
kWh/m?/y are needed for CSP
plants due to economic
constraints.

Czech Republic is therefore
unsuitable for CSP

Direct Geothermal

[5):
Geothermal electricity plants:
Capacity installed: 0 MW

[1]:
Geothermal (and other
renewables): 0 GWh

Wave [1] [1] [1]@ [1]@
Tidal [1] [1] [1]@ [1]@
Hydro Storage Hydro Storage
Hydro (GWh) (GWh)
River Hydro
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Hydro

[1]:
1.077 MW in 2010

[czaj:
1.048 MW in 2009

[1]: 2.79 TWh in 2010
2.79 TWh in Ministry of
Industry and Trade and Energy
Regulatory Office Data 2013
preliminary for 2007 to 2013,
production in GWh
[CZ1]: 2.17 TWh in 2009/28/EC

[1]: 1,330 MW

[CZ2]: 1,097 MW in 2020 target

[1]: 4.138 TWh/year
[Cz2]:
2.53 TWh/year in 2040
2.53 TWh/year in 2030
2.61 TWh/year in 2020-target

Hydro Pump Back (if applicable)

[Cz1]

Renewable Heat

Energy Crops: Residual

[Cz4]: Table 16: 13.5 PJ
agricultural residues

[CZ5]: Residual 35 PJ
[11]: Residuel related: 1510
ktoe in 2030 = 17.56 TWh

Tupe Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
yP (MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
Individual Solar Thermal n/a n/a
5]: Th I'sol llectors:
[5]: Thermal solar collectors [CZ2]: 1.39 TWh/year 2040
Solar Thermal 661,969 m2 [Cz1): [cz2): 0.972 TWh/year

463.4 MWth 273T)=0.1TWh 747 MW 2020 target 0.375 TWh/ car (2320 i)

[CZ1]: 216 MW : v =

. [1]: [cz2]:
: h | 14, 1]: 0 TWh
o et errl?/l?/\lcapauty ’ [5]: Geoth[egmgl Energy using: 0Gwh [Cz2]: O (PO
Geothermal ’ &y E: : 0.472 TWh/year (2030)
2.1 ktoe 50 MW 2020-target
[Cz1]: 0.175 TWh/year (2020-target)
[Cz1]): 0 MW [CZ1]: 0 TWh/year
0 GWh
[CZ2]:

4.361 TWh/year (2040)

Large-scale heat pumps [CZz1] [Cz1] 3.722 TWh/year (2030)
1.826 TWh/year (2020 - target)

Bioenergy
2010 Potential (2050)
Tvpe Annual Consumption Annual Consumption
U (TWh/year) (TWh/year)
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Energy Crops: Dedicated Land

[CZ4]: Table 17: 161.17 PJ
biomass potential from
energycrops

[CZ5]: Dedicated land 214 P)J
[11]: Related to dedicated lan
(without forests) = 539 ktoe =

6.27 TWh

Wood

[CZ3]: Wood for elctricity and
heat 2008: 16.11 PJ or 4.48
TWh
(wood for electricity alone in
2010is 0.642 TWh)

[5]: Solid biomass: Primary
energy production: 2.09 Mtoe
(~24.4TWh)

Heat consumption: 1.64 Mtoe
(0.06 Mtoe to DH)
Gross electricity production:
Electricity only plants: 0.595
TWh
CHP plants: 0.898 TWh
Total: 1.493 TWh

[CZ5]:
Wood (forestry) 50 PJ

[11]:
Wood related:
6,216 ktoe in 2030
=72.29 TWh

Waste: Renewable & fossil

[CZ3]: Waste = 0.73 TWh/year
of which:
Solid municipal waste 59,000
MWh
Industrial waste 2,000 MWh
[CZ1]: Waste = 0.82 TWh/year
(2009)

[5]: Municipal Waste
(Renewable share):
Primary energy production:
62.7 ktoe (~ 0.7 TWh)
Gross electricity production:
Electricity only plants: 11 GWh
CHP plants: 25 GWh
Total: 36 GWh
[11]: Total MSW in 2030: 806
ktoe = 9.37 TWh

[CZ2]: 6.14 TWh/year

(2030+2040)
1.45 TWh/year (2020)
[11]: MSW = 220 ktoe in 2030 =
3TWh
MSW landfill = 360 ktoe in 2030

=4.19 TWh
In total 6.75 TWh

(Fall in MSW landfill potential)

PIanEnergi'
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Biogas

[cz3]:
Biogas = 2,06 TWh/year
Biogas solely for electricity
production 266.868,3 MWh

[Cz2]:
Biogas = 1,329 TWh/year
(2009)

[5]:
Landfill gas: 29,5 ktoe (~0,3
TWh)
Sewage sludge: 35,9 ktoe (~0,4
TWh)
Other biogas: 111,3 ktoe (~1,3
TWh)

Gross electricity production:
Electricity only plants: 361 GWh
CHP plants: 275 GWh
Total: 636 GWh

[cz2]

PIanEnergi'
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3.3 ltaly

Data from Italy has been collected from national data, the national STRATEGO partner and EU-28 statistics
and projections.

FLH and solar performance are presented in the tables below.

Full-load hours
Type Difference
2010 2050 Difference [>100 % means larger than 2010]
Onshore Wind 1,569.66 1,868.45 298.79 119%
Offshore Wind 3,157.89
Photovoltaic 549.28 1,774.42 1,225.14 323%
Concentrated Solar Power 1,800.00 2,333.33 533.33 130%
Direct Geothermal 6,963.73 6,000.00 -963.73 86%
Wave
Tidal
Hydro
River Hydro 4,300.16 4,300.16 0.00 100%
Hydro 1,965.17 1,899.18 -65.99 97%
Hydro Pump Back (if applicable) 1,197.99 1,262.14 64.15 105% Solar-check
Given information C ESTIF 2012 numb
a q Solar
= Ca&avt;w Pr:‘t?:;:o Area m2 Pe:\f;;r;r:r;ce Capacity Area Radiation
Individual Solar Thermal* MWh/m2
Solar Thermal 878.14 1,094.26 216.12 125% 1,743.00 1.50 2,503,949 599.05 2,356.01 3,365,730
Geothermal 3,875.74 2,367.42 -1,508.31 61%
Large-scale heat pumps

Assumptions and crosscheck results are described in the following.

Onshore wind:
Two different references were used between 2010 [5] and 2050 [1]. Despite this, the 19 percentage-points
increase in FLH of onshore wind seems plausible.

Offshore wind:
FLH not calculated due to lack of installed offshore wind capacity in 2010.

Photovoltaic:
Differences in the assumptions of the two different references (2010: [5] 2050: [1]), might explain the sig-
nificant increase in FLH. The 2010-numbers on FLH seem quite low.

Concentrated solar power:
A moderate, but not unrealistic increase in FLH, despite three different references (2010: [5] and [IT4]
2050: [IT6])

Direct Geothermal:

The decrease in FLH could be caused by the deployment of geothermal resources with lower yield and/or
different operating pattern than current installed capacity. Since [5] is used for 2010-numbers and [IT3] is
used for 2050 (although the projection is limited to 2030), the explanation might simply be the difference in
assumptions between the references.

River Hydro:

Since numbers on hydro were limited for 2050, and aggregated in the references, it has been necessary to
extract these using a combination of different references. The results are in the same order of magnitude,
but different from, the numbers provided by the Italian STRATEGO partner.
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Hydro:

An aggregate number for hydro was given in the reference. This is subtracted the numbers found in the
category “River Hydro”. The results are in the same order of magnitude, but different from, the numbers
provided by the Italian STRATEGO partner.

Hydro pump back:
Minor difference between 2010 [IT5] and 2050-numbers [IT9] and [IT10], despite applying three different
references.

Solar thermal:

2020-numbers have been applied for 2050, due to lack of data. Additionally, the solar thermal categories
have been merged, since it has not been possible to distinguish between individual and large-scale solar
thermal. The performance of 599 kWh/m?/year appears reasonable, and the difference in FLH can be at-
tributed to the three different references applied, [5], [IT1] and [IT2].

Geothermal:

As with geothermal electricity, the FLH for geothermal heat decreases. The reason can be that two different
references are used, but might also be explained as described above: The deployment of geothermal re-
sources with lower yield and/or different operating pattern than current installed capacity.

Large-scale heat pumps:
References are limited to the assumed production in 2050, specifically connected to geothermal heat.

Biomass Atlas:

All biomass categories are aggregated under this description. The Biomass Atlas has been applied as main
reference for all biomass-categories. It is worth noticing the significant differences between these numbers,
and numbers found in [IT11]. Generally, the focus on sustainable cropping is visible in the numbers from
the Biomass Atlas, which tends to be higher than [IT11], when utilising residual and waste-resources, and
lower when utilising dedicated land.

Biomass Atlas
(TWh/year)
REF2020 SUS2020 REF2030 SUS2030
Energy crops, residual 128 114 126 82
Energy crops, dedicated 42 0 4 0
Wood 74 69 75 69
Waste 19 19 15 15
Biogas 67 67 76 76
Total 329 269 296 242
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Data on renewable electricity and heat potentials

PlanEnergi

Italy: Renewable Energy Resources

Renewable Energy Resources - IT

2010

Potential (2050)

Renewable Electricity

e Capacity Annual Production Capacity Annual Production
(MWe) (TWh/year) (MWe) (TWh/year)
Onshore Wind 5,814.00 9.13 29,031.00 54.24
Offshore Wind 0.00 0.00 1,900.00 6.00
Photovoltaic 3,470.00 1.91 45,505.00 80.75
Concentrated Solar Power 5.00 0.01 3,000.00 7.00
Direct Geothermal 772.00 5.38 2,000.00 12.00
Wave - - -
Tidal - - -
Hydro Hydro Storage Hydro Storage
(GWh) (GWh)
River Hydro 4,902.80 21.08 5,593.63 24.05
Hydro 12,303.70 24.18 14,037.37 26.66
Hydro Pump Back (if applicable) 7,659.10 9.18 96.00 10,300.00 13.00 125.00
Renewable Heat
Type Capacity Annual Production Thermal Storage Capacity | Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWth) (TWh/year) (GWh)
Individual Solar Thermal 1,752.80 154 39.551.08 43.28
Solar Thermal
Geothermal 418.00 1.62 8,800.00 20.83
Large-scale heat pumps 4.17
Bioenergy
2010 Potential (2050)
Annual Consumption Annual Consumption
Type
(TWh/year) (TWh/year)
Energy Crops: Residual 185.38 126.16
Energy Crops: Dedicated Land 41.69 3.73
Wood 16.25 75.37
Waste: Renewable & fossil 46.42 15.31
Biogas 96.06 75.68
Total 385.80 296.25
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Italy: Renewable Energy Resources

Renewable Energy Resources - IT

2010

Potential (2050)

Renewable Electricity

Tvpe Capacity Annual Production Capacity Annual Production
e (MWe) (TWh/year) (MWe) (TWh/year)
) [5I:
1 1
Onshore Wind Wind power: 5,814.3 MW 51 (1 (1
[IT4]
Offshore Wind [6]: (2010-data) [IT4] [1T6] [1T6]
Wind power (Off shore): Not on
the list.
[5]: (2010)
. PV on grid: 3,470 MWp
Photovolt: 5 1 1
otovoltaic PV off grid: 13.5 MWp 51 [ [
Total: 3,483.5 MWp
[5]:
Concentrated Solar Power 5 MW (Archimede (prototype), [1T4] [1T6] [1T6]
commissionning date 2010)
[5]: Geothermal electricit (73]
' i v [IT3]: 2030-numbers. In a 2030-numbers. In a favorable
oiect Geothermal | ¢_puciy nstald: 825 MW & favorale scenario
Net ity: 728.1 MW T
BECEIEIS) [1]: 12.181 TWh
Wave [1] [1] [1] (1]
Tidal [1] [1] [1] (1]
Hydro Storage Hydro Storage
Hyd
yaro (GWh) (GWh)
Scaled ding to 2050
nuibeer:::;)r; ;:]gazd 2010 Scaled according to 2010-
River Hydro [IT5] [IT5] production and 2050 capacity
numbers from [IT6] Italian partner: 33 TWh
Italian partner: 7,800 MW P ’
1]: Subtracted the calculated
[1]: Su ra.c € € calculate [1] subtracted river hydro
Hydro [IT5] (5] S (7 Italian partner: 31.7 TWh
Italian partner: 17,000 MW P T
Hydro Pump Back (if applicable) [IT5] [IT5] [IT7] [IT8] [1T9] [IT10] [IT10]
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Renewable Heat

Large-scale heat pumps

Type Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWth) (TWh/year) (GWh)
Individual Solar Thermal
[5] and [IT1]
2,413 MWth in 2012 and 2.12
[5]: Thermal solar collectors: TWh (2] [IT2]
Solar Thermal 2,503,949 m2 1,752.8 MWth in 2010 and Based on 2020-numbers Local partner. Based on 2020-
1,752.8 MWth unknown TWh numbers
Scaled according to 2012-
numbers: 1.54 TWh

Geothermal [5] [5] [1T3] [1T3]
[1T3]

Number only refers to heat
pumps connected to
geothermal

Bioenergy
2010 Potential (2050)
Type Annual Consumption Annual Consumption
(TWh/year) (TWh/year)
[11]
[11] Note large difference from
Energy Crops: Residual [IT11]: 108.2 TWh
[11]
[11] Note large difference from
Energy Crops: Dedicated Land [IT11]: 46.5 TWh
[11] [11]
Note large difference - [5]: 38.9 Note large difference from
Wood TWh [IT11]: 35 TWh
[11] [11]
Note large difference - [5]: 9.1 Note large difference from
Waste: Renewable & fossil TWh [IT11]: 3.5 TWh
[11] [11]
Note large difference - [5]: 5.2 Note large difference from
Biogas TWh [IT11]: 127.9 TWh
Note large difference to [1]
7,033 ktoe - 81.8 TWh Note large difference to [1]
Total production 2050: 10,050 ktoe - 116.9 TWh
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3.4 Romania
Five different references have been used on national basis, but international reports have also been used in
order to collect the data.

FLH and solar performance are presented in the tables below.

Full-load hours
Type Difference
2010 2050 Difference | [>100 % means larger than 2010]
Onshore Wind 662.44 1,994.04 1,331.60 301%
Offshore Wind 659.11 1,996.65 1,337.55 303%
Photovoltaic 769.23 1,178.96 409.73 153%
Concentrated Solar Power
Direct Geothermal
Wave
Tidal
Hydro
River Hydro
Hydro 3,111.24 3,828.48 717.25 123%
Hydro Pump Back (if applicable) Solar-check
Given information Calculated ESTIF 2012 numbers
T C ity | Producti Performance Selkr
ype apacity | Production 2 . L
C it Al Radiation
MW TWh Area m KWh/m? apacity rea ?
Individual Solar Thermal* 15.01
Solar Thermal 73.00 0.00 104,700 9.55 77.49 110,700
Geothermal 2,436.83

Assumptions and crosscheck results are described in the following.

Onshore/Offshore wind:

From [1] the cumulated wind in 2010 is 462 MW. In [4], the onshore/offshore distribution is 3 % offshore
and 97 % onshore. Comparable numbers are found in [2] with 400 MW cumulated and [5] with 388 MW
cumulated wind power. The same references are used for the production in 2010 with [1] as main source.
From [4] the onshore/offshore distribution is assumed to be 3 % offshore and 97 % onshore. From [5] the
production is 0.31 TWh.

The potential for 2050 is from [1]. Where [4] is used for distribution of onshore 20 % and 80 % offshore.
The offshore is lower than Croatia due to short shoreline in Romania. Therefore, the numbers in [4] from
2020 have been used.

The FLH in 2010 are rather low. The increase in FLH can be explained with an expectation of better utiliza-
tion of wind in the potential. The used numbers are from [1] in both 2010 and 2050.

Photovoltaic:
In [5] 2010-data is found for the capacity: PV on grid = 1.3 MW, PV off grid = 0.6 MW, in total = 1.9 MW.

The production is also found from [5].

The potential for 2050 is found in [1] with 3,788 GWh. In [RO1] the number is 1.2 TWh electricity from solar
energy.

The used reference in 2010 is [5], whereas the used reference for the 2050-data is [1]. This may explain the
increase in FLH together with technical development.
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Direct geothermal:
From [1] the potential for geothermal (and other renewables) is 18 GWh. In the table, this is not included
since the share of geothermal is unclear.

Hydro:
The capacity and production in 2010 is from [1] with [2] supporting the production found in [1].

Reference [1] is also used for the potential in 2050 with 25,169 GWh. In [RO1] the Romanian technically
developable hydropower potential is 36,000 GWh/year from which, 30,000 GWh/year (taking into consid-
eration the economic potential) can be exploited.

Individual solar thermal and solar thermal:

It was not possible to find any data on individual solar thermal, therefore the data for the individual solar
thermal and solar thermal has been merged. In [5] for 2010 capacity, the thermal solar collector area is
104,700 m? with a capacity of 73.3 MW.

The production in [RO2] is 4 TJ from solar thermal. The very low performance seen in the crosscheck table
can be explained by use of different sources.

For the 2050 potential [RO1] gives a number for solar energy of 60 PJ/year heat.

The performance of solar thermal is much too low to be realistic. This can only be explained by difference
in references, since the capacity is given in [5] and the production in [RO2].

Geothermal:
From [5], the geothermal capacity is 153.2 MW. The production in 2010 is also from [5] with geothermal
energy using of 32.1 ktoe, corresponding to 0.37 TWh. In [RO2], the 2010 number is 962 TJ.

In [RO1] the potential for 2050 is found to be for geothermal energy = 7 PJ heat.

Energy crops, residual:
For residual energy crops, reference [11] is used. However, this is only a number for the straw potential
from 2004 of 1,351 ktoe = 15.71 TWh. The potential for 2010 might therefore be higher than this number.

In [RO3], the agricultural residues - biomass potential is in 2004 for the future in Romania to be 247.21 PJ.
An alternative number is found in [11], where residues related biomass is 3,621 ktoe in 2030, which corre-
sponds to 42.11 TWh.

Energy crops, dedicated:

In [RO5], biomass from agriculture in 2008 used for energy is 65 PJ, equal to 18.06 TWh. For the potential in
2050, the estimated biomass potential from agricultural biomass = 200,935 TJ in [RO3]. In [11] the number
is much lower, where dedicated land (without forests) is 666 ktoe in 2030 = 7.75 TWh.

Wood:
The number for solid biomass in [5] is used as reference for wood, where solid biomass contributes to the
primary energy production by 3,459 Mtoe (2011-data), which is 40.22 TWh.

The potential of wood in 2050 is found in [RO3], where the potential for biomass wood forestry = 49,241 TJ
+ wood waste = 20,432 TJ, which corresponds to 19.35 TWh.

In [11] the wood related in 2030 is much higher with 13,420 ktoe = 156.08 TWh.
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Waste:
From [RO2] the energy production from waste is 1,284 TJ, which only equals 0.36 TWh. The number from
[11] is much higher, where the total MSW in 2010 is 1,792 ktoe = 20.84 TWh.

In [RO3], the urban waste potential amounts to 22,805 TJ = 6.34 TWh. In [RO4], the municipal waste elec-
tricity CHP = 17 ktoe, municipal waste heat = 110 ktoe, which is 1.48 TWh/year

In [11] the number is much higher with total MSW = 940 ktoe in 2030, which is 10.93 TWh.

Biogas:

In [5] the following data is found on biogas:
e Landfill gas: 0 ktoe
e Sewage sludge: 0 ktoe
e Other biogas: 3.0 ktoe (0.03 TWh)

Gross electricity production:
e Electricity only plants: 0 GWh
e CHP plants: 1 GWh
e Total: 1 GWh

The future potential is found from [RO3], where the biogas potential = 24,620 TJ or 6.84 TWh

Biomass Atlas:

The data from the Biomass Atlas is seen in the Table below. The found data for the biomass in 2010 and the
potential in 2050 deviates from the numbers given in the Biomass Atlas. More sources have been used in
order to find data from national sources and these have not been as detailed as the data in the Biomass
Atlas, i.e. there have not been the same detail level of categories. It has not been possible to find back-
ground data on the used sources in order to find which categories are behind each number.

Biomass Atlas
(TWh/year)
REF2020 SUS2020 REF2030 SUS2030
Energy crops, residual 83 77 55 53
Energy crops, dedicated 8 0 6 0
Wood 156 142 93 85
Waste 13 13 12 12
Biogas 6 6 17 17
Total 266 238 184 167
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3.4.1 Data on renewable electricity and heat potentials
Romania: Renewable Energy Resources
Renewable Energy Resources - RO
| 2010 Potential (2050)
Renewable Electricity
Type Capacity Annual Production Capacity Annual Production
(MWe) (TWh/year) (MWe) (TWh/year)
Onshore Wind 447.89 0.30 3,826.40 7.63
Offshore Wind 14.11 0.01 956.60 1.91
Photovoltaic 1.30 0.00 3,213.00 3.79
Concentrated Solar Power - - -
Direct Geothermal - - 0.02
Wave = = =
Tidal - - -
e Hydro Storage Hydro Storage
(GWh) (GWh)
River Hydro
Hydro 6,275.00 19.52 7,836.00 30.00
Hydro Pump Back (if applicable)
Renewable Heat
Type Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
Individual Solar Thermal 73.30 0.00 e 16.67
Solar Thermal
Geothermal 153.20 0.37 n/a 1.94
Bioenergy
2010 Potential (2050)
Type Annual Consumption | Annual Consumption
(TWh/year) (TWh/year)
Energy Crops: Residual 15.71 68.67
Energy Crops: Dedicated Land 18.05 55.82
Wood 40.22 19.35
Waste: Renewable & fossil 0.36 6.33
Biogas 0.03 6.84
Total 56.32 157.01
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Romania: Renewable Energy Resources

Renewable Energy Resources - RO

2010 | Potential (2050)
Renewable Electricity
Tupe Capacity Annual Production Capacity Annual Production
v (MWe) (TWh/year) (MWe) (TWh/year)

Onshore Wind

[1]: 462 MW cumulated
[4): Onshore/off shore
distribution
3% off shore, 97% onshore
[2]: 400 MW cumulated
[5]: Wind power: 388 MW

(1]
[4]: Onshore/off shore
distribution
3% off shore, 97% onshore
[5]: Wind power: 0.306 TWh

[1]

[4]: Distribution of onshore 20
% and 80 % offshore (lower
than Croatia due to short shore
line, numbers from 2020)

(1]

[4]: Distribution of onshore 20
% and 80 % offshore (lower
than Croatia due to short shore
line, numbers from 2020)

Offshore Wind

[1]
[4): Onshore/off shore
distribution
3% off shore, 97% onshore
[6]: (2010-data)
Wind power (Off shore): Not on
the list.

(1
[4]: Onshore/off shore
distribution
3% off shore, 97% onshore

[1]

[4]: Distribution of onshore 20
% and 80 % offshore (lower
than Croatia due to short shore
line, numbers from 2020)

(1]

[4]: Distribution of onshore 20
% and 80 % offshore (lower
than Croatia due to short shore
line, numbers from 2020)

Photovoltaic

[5]: (2010)
PV on grid: 1.3 MWp
PV off grid: 0.6 MWp

[5]: PV: 1.0 GWh (2010)

[1]

[1]: 3,788 GWh
[RO1]: 1.2 TWh electricity from
solar energy

Concentrated Solar Power

Total: 1.9 MWp
[10]: Solar radiation in Romania|[10]: Solar radiation in Romania
is between 1000 and 1500 is between 1000 and 1500
kWh/m?/y kWh/m?/y
Areas of at least 2000 Areas of at least 2000
[8]: [8]:

Not on the list

Not on the list

kWh/m?2/y are needed for CSP
plants due to economic
constraints.

Romania is therefore unsuitable

kWh/m?2/y are needed for CSP
plants due to economic
constraints.
Romania is therefore unsuitable

Capacity installed: 0 MW

plants: 0 GWh

questionable whether or not it
is Geothermal.

for CSP for CSP
[1]: 0 MW [1]: Geothermal (and other
L [1] + [RO2]: 0 GWh renewables): 18 GWh
. [5]: Geothermal electricity . R . L
Direct Geothermal plants: [5]: Geothermal electricity Not included since it is [1]:
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[RO2]: 962 T!

PJ heat

Wave [1] [1] [1] [1]
Tidal [1] [1] [1] (1]
Hydro Storage Hydro Storage
Hyd
bt (GWh) (GWh)
River Hydro
[1]: 25,169 GWh
[RO1]: The Romanian hydraulic
potential technically
developable is 36,000
Hydro [1] [1] +[2] [1] GWh/year from which,
30,000 GWh/year (taking into
consideration the developable
economic potential) can be
exploited
Hydro Pump Back (if applicable)
Renewable Heat
Tvpe Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
ye (MWth) (TWh/year) (GWh) (MWe) (TWh/year) (GWh)
Individual Solar Thermal [5]: Thermal solar collectors: [RO2]: 4 TJ solar thermal n/a [RO1]: Solar energy 60 PJ/year
Solar Thermal 104,700 m2 production heat
5]: Geoth I:
e — [5]: Geothermal: Ene[r ] usei: 'Z;mfktoe n/a [RO1]: Geothermal energy = 7
Capacity: 153.2 MW G 4%

Bioenergy
2010 Potential (2050)
e Annual Consumption Annual Consumption
(TWh/year) (TWh/year)

Energy Crops: Residual

[11]: Straw potential from
2004:
1,351 ktoe = 15.71 TWh

[RO3]: Agricultural residues -
biomass potential in 2004 in
Romania = 247.21 PJ
[11]: Residues related = 3,621

18.06 TWh

ktoe in 2030
=42.11 TWh
[ROS]: [RO3]: Agricultural biomass =
Biomass from agriculture in 200,935T)
Energy Crops: Dedicated Land g [11]: Dedicated land (without
2008 used for energy = 65 PJ = —

666 ktoe in 2030 = 7.75 TWh
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Wood

[5]:
Solid biomass:
Primary energy production:
3,459Mtoe

Heat consumption: 3,942 Mtoe
(0,035 Mtoe to DH)

Gross electricity production:
Electricity only plants: 0,048
TWh
CHP plants: 0,062 TWh
Total: 0,110 TWh

[RO3]:
Biomass wood forestry = 49
241 TJ) + Wood wastes = 20 432
T

[11]:
Wood related in 2030:
13420 ktoe = 156.08 TWh

Waste: Renewable & fossil

[5]:
Municipal Waste (Renewable
share):
Primary energy production:
ktoe

Gross electricity production:
Electricity only plants: GWh
CHP plants: GWh

[RO3]:
Urban Wastes potential: 22 805
TJ=6,335 TWh

[ROA4]:
Municipal waste electricity CHP
=17 ktoe, municipal waste heat

production

Total: GWh =110 ktoe
-->1,48 TWh/year
[RO2]:
1284 TJ = 0,357 TWh [11]:
Total MSW = 940 ktoe in 2030
[11]: =10.93 TWh
Total MSW in 2010: 1792 ktoe
=20.84 TWh
[5]:
Landfill gas: 0 ktoe
Sewage sludge: 0 ktoe
Other blogas_l._\;?»v,g)ktoe( 0,035 [RO3J:
Biogas Biogas potential =24 620 TJ) =
- . 6,84 TWh
Gross electricity production:
Electricity only plants: 0 GWh
CHP plants: 1 GWh
Total: 1 GWh
Note large difference to [1]
Total 7033 ktoe - 81.7937 TWh

PlanEnergi
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3.5 United Kingdom

In order to find the resource potentials for renewables in United Kingdom, it has been necessary to use
several references to find the needed data. Most references have been from government publications, but
also references from EU and other references from the United Kingdom have been used.

It was necessary to use two governmental references on biomass data in order to get full overview of the
potential.

Most 2010 data for United Kingdom is from the government publication “Digest of United Kingdom energy
statistics (DUKES) 2011” [UK4]. These data are deemed highly reliable.

FLH and solar performance are presented in the tables below. For onshore wind production in 2050 only
the capacities has been found in the references, so the FLH has been assumed based on 2020 numbers
[UK8]. For offshore wind production, the FLH has been estimated based on [1]. For marine energy, the pro-
duction has been estimated based on [UK8].

Full-load hours
fie Difference
2010 2050 Difference [>100 % means larger than 2010]
Onshore Wind 1,768.03 2,300.00 531.97 130%
Offshore Wind 2,271.10 3,000.00 728.90 132%
Photovoltaic 429.13 1,009.35 580.23 235%
Concentrated Solar Power
Direct Geothermal
Marine Energy 3,000.00
River Hydro
Hydro 2,185.89 3,046.35 860.47 139%
Hydro Pump Back (if applicable) Solar-check
ble Heat Given information G ESTIF 2012 numb
q q Solar

Ca'cla‘;;ty Pro::,c:on Area m2 Pe:fv;:‘r;:‘;ce Capacity Area Radiation
Individual Solar Thermal MWh/m2
Solar Thermal 374.00 534,043 496.77 709,673
Geothermal 4,652.00 4,652.00 0.00 100%
Large-scale heat pumps

Assumptions and crosscheck results are described in the following.

Onshore wind:

The potentials for onshore wind in 2050 have been deduced from the total wind potential of 67,334 MW
from [1] where the offshore potential in 2030 of 40,000 MW from [UK8] has been deducted. FLH for 2020
(2,300 hours) have been used to calculate the annual production on 63 TWh/year.

Offshore wind:
The potential for offshore wind of 40,000 MW in 2030 [UK8] have been used for the 2050 potential. FLH
from [1] (3,000 hours) have been used to calculate the annual production on 120 TWh/year.

Marine energy:

For United Kingdom is has been difficult to find potentials divided into wave and tidal, since most refer-
ences aggregate them into marine energy or ocean energy. The potential for marine energy production in
2050 has been estimated based on a capacity potential on 27,000 MW from [UK8] and 3,000 FLH for ma-
rine energy in 2020.
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Hydro:

For United Kingdom is has been difficult to find present capacities and productions divided into river hydro
and hydro (reservoir), so the data has been aggregated into hydro. The potentials for 2050 on 1,769 MW
and 5.4 TWh/year are from [1].

Hydro pump-back and hydro storage:

The hydro pump back capacity for 2010 from [UK5] is used for 2050 since no usable references where
found for the potential in 2050. The hydro storage for 2010 on 3,139 GWh/year is also used for 2050. For
the hydro storage on 3,139 GWh/year there were used 4,212 GWh of electricity. It is assumed that the
2010 numbers will be valid for 2050 since the technical potential for hydro in the United Kingdom seems to
be utilised, especially when considering environmental concerns.

Solar thermal:

In [5] the solar thermal collector area is stated to be approximately 534,000 m® with a capacity of 374 MW.
It has been difficult to find other present capacities and productions as well as potentials for 2050. Howev-
er, it is assumed that the technical and economic potential for solar thermal is higher for 2050 than 2010.
Data on the 2012 capacity from the European Solar Thermal Industry Federation (ESTIF) also suggest that
the potential is higher.

Geothermal:

In [5] the geothermal capacity is 2 MW thermal in 2010 and the production is 0.01 TWh/year. The thermal
capacity potential in 2050 from [1] is 26 MW, where [UK9] is much higher with 100,000 MW. The potential
for 2050 from [1] is deemed the most plausible. This potential and FLH in 2010 [5] on 4,652 hours have
been used to calculate the annual production on 0.1 TWh/year.

Large-scale heat pumps:

It has not been possible to find any data on capacity nor production in 2010 from large-scale heat pumps,
and it is likely that it is due to the lack of any large-scale heat pumps in the present system. In [UK6] the
production potential for 2050 is 12 TWh/year.

Energy crops, residual & dedicated:

The consumption of residual and dedicated energy crops on 5.5 TWh/year in 2010 is from [UK4] and con-
sists of the categories straw, short rotation coppice (SRC), and other plant-based biomass. For 2050 the
potential on 18.3 TWh/year is from [UK2] and consists of the category perennial energy crops. The alterna-
tive potential on 152.7 TWh/year for 2050 from [UK3] seems very high.

Wood:

The consumption of wood on 6.7 TWh/year in 2010 is from [UK4] and consists of the categories wood and
wood waste. For 2050 the potential on 20.7 TWh/year is from [UK2] and consists of the categories forestry
and forestry waste. The alternative potential on 6.9 TWh/year for 2050 from [UK3] seems very low.

Waste:

The consumption of renewable and fossil waste on 11.7 TWh/year in 2010 from [UK4] consists of the cate-
gories waste (municipal solid waste, general industrial waste and hospital waste) and tyres. The potential
on 97.3 TWh/year in 2050 is from [UK3].

Biogas:

The present consumption in 2010 is on 24.4 TWh/year cf. [UK4] if combining the categories landfill gas,
sewage gas, and poultry litter, meat and bone, and farm waste. The categories poultry litter, meat and
bone, and farm waste is allocated to biogas since it is deemed the best use of the “resource”. For 2050 the

potential on 38.3 TWh/year is from [UK2] and consists of the category “agricultural residues”. The alterna-
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tive potential on 20.8 TWh/year for 2050 from [UK3] seems too low compared to the present consumption

on 24.4 TWh/year.

Biomass Atlas:

The results from the Biomass Atlas are seen in the Table below. The numbers here are a bit higher com-
pared to the numbers shown from the governmental references for the United Kingdom. The total poten-
tial for 2050 from the governmental references is 175 TWh/year, which is relatively close to 198 TWh/year
for the sustainable 2030 potential from the Biomass Atlas.

Biomass Atlas

(TWh/year)
REF2020 SUS2020 REF2030 SUS2030

Energy crops, residual 69 62 60 42
Energy crops, dedicated 5 0 6 0

Wood 67 63 66 62
Waste 47 47 36 36
Biogas 43 43 58 58
Total 232 215 226 198
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3.5.1 Data on renewable electricity and heat potentials
Red numbers indicate that 2010-numbers are used, due to lack of available data

N L
United Kingdom: Renewable Energy Resources
| | NS
Renewable Energy Resources - UK
| 2010 | Potential (2050)
Renewable Electricity
Type Capacity Annual Production Capacity Annual Production
(MWe) (TWh/year) (MWe) (TWh/year)
Onshore Wind 4,036.70 7.14 27,334.00 62.87
Offshore Wind 1,341.20 3.05 40,000.00 120.00
Photovoltaic 76.90 0.03 9,193.00 9.28
Concentrated Solar Power - - - -
Direct Geothermal - - 9,500.00
Marine Energy 3.05 27,000.00 81.00
Hydro Storage Hydro Storage
(GWh) (GWh)
River Hydro
Hydro 1,648.30 3.60 1,769.00 5.39
Hydro Pump Back (if applicable) 2,800.00 3,139.44 2,800.00 3,139.44
Renewable Heat
Type Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage
(MWth) (TWh/year) (GWh) (MWth) (TWh/year) (GWh)
Individual Solar Thermal
373.80
Solar Thermal
Geothermal 2.00 0.01 26.00 0.12
Large-scale heat pumps 12.00
Bioenergy
2010 Potential (2050)
T Annual Consumption Annual Consumption
(TWh/year) (TWh/year)
Energy Crops: Residual
Energy Crops: Dedicated Land 5.51 18.31
Wood 6.73 20.67
Waste: Renewable & fossil 11.65 97.33
Biogas 24.35 38.25
Total 48.25 174.56
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United Kingdom: Renewable Energy Resources

S L
| | N

Renewable Energy Resources - UK

2010

Potential (2050)

Renewable Electricity

power (Offshore): 1,341 MW =
4,037 MW.

[5]: Wind power: 10.18 TWh

Onshore Wind: 10-19 GW (23-
45 TWh) in 2020.

E— Capacity Annual Production Capacity Annual Production
yP (MWe) (TWh/year) (MWe) (TWh/year)
[UK4]: Wind Onshore (DUKES): 67,334 MW [1] - 40,000 MW
4,036.7 MW , [UK8]= 27,334 MW
UK4]: Wind Onsh DUKES):
[1]: Wind (On- & Offshore): [ L ] sl ) [1]: Wind (On- & Offshore):

5,204 MW 7,137 GWh 67.336 MW Based on 2300 full load hours
Onshore Wind - [1]: Wind (On- & Offshore): ! . per MW in [UK8] for onshore

[5]: Wind power (On- & 10,183 GWh [UK8]: Offshore Wind: >40 GW wind in 2020

Offshore): 5,378 MW. [6]: Wind ! in 2030. .

Offshore Wind

[UK4]: Wind Offshore (DUKES):
1,341 MW
[6]: (2010-data)
Wind power (Off shore):
1,341.2 MW
[1]: Wind (On- & Offshore):
5,204 MW

[UK4]: Wind Offshore (DUKES):

3,046 GWh
[4]: Wind (On- & Offshore):
10,183 GWh

[UK8]: Offshore Wind: >40 GW
in 2030.
[1]: Wind (On- & Offshore):
67,334 MW

Based on 3000 full-load hours
per MW in [1] for on- and
offshore wind in 2050. Wind
(On- & Offshore): 204340 GWh
(67334 MW)

Photovoltaic

[UK4]: (DUKES) Solar
photovoltaics: 76.9 MW
[1]: (2010)

Solar: 77 MWp
[5]: (2010)

PV on grid: 77 MWp
PV off grid: 2 MWp

[UK4]: (DUKES) Solar
photovoltaics: 33 GWh
[4]: Solar: 33 GWh (2010)
[5]: PV: 33.2 GWh (2010)

[1]: Solar: 9,193 MW

[1]: Solar: 9,279 GWh

Concentrated Solar Power

Total: 79 MWp
[10]: Solar radiation in UK is [10]: Solar radiation in UK is
below 1000 kWh/m2 below 1000 kWh/m2
Areas of at least 2000 Areas of at least 2000
[8]: [8]: kWh/m?/y are needed for CSP | kWh/m?/y are needed for CSP

Not on the list

Not on the list

plants due to economic
constraints.
UK is therefore unsuitable for

plants due to economic
constraints.
UK is therefore unsuitable for

Capacity installed: 0 MW

renewables): 0 GWh

CSP CSP
[1]: Geothermal (and other
[5]: Geothermal electricity [1]: renewables): 8,898 GWh
Direct Geothermal plants: Geothermal (and other [UK9] Not included since it is

questionable whether or not it
is Geothermal.
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Marine Energy

[5]: Ocean energy:
Wave: 0.5 MW Limpet
0.8 MW Oyster 2
0.75 MW E.ON Pelamis P2
Tidal: 0.25 MW Open Center
Turbine
1.2 MW SeaGen
0.1 MW Pulse Stream 100
1 MW Atlantis AK 1000
0.5 MW DeepGen Tidal

Only test sites

[UK8]: Marine energy: 27 GW in
2050

[1]: Other renewables (tidal
etc.): 3,536 MW

Based on 3,000 full load hours
per MW in [UK8] for marine
energy in 2020.

[1): Hydro (pumping excl.):

2010 seams to be a dry year in

Generation
[1]: Other renewables (tidal
etc.): 0 MW
Hydro Storage Hydro Storage
(GWh) (GWh)
River Hydro
[UK4]: (Small scale & Large
scale excl. pumped storage):
[UK4]: (DUKES) 511 GWh + ;),OQSGWh = 3g,63.')3
(Small scale & Large scale excl. Gwh I ) I )
pumped storage): 195.4 MW + . : Hydro (pumping excl.): : Hydro (pumping excl.):
71D 1,453 MW = 1,648 MW {: Hyd;"sg’;:mg aehy 1,769 MW 5,389 GWh

1,595 MW
! UK, based on the data in DUKES
[UK5].
[UK5]: (DUKES)
P d St : 3,139 GWh
y . ump?' orag? ! ) No reference found. 2010-data No reference found. 2010-data
Hydro Pump Back (if applicable) [UK5] (Electricity used in pumping at is used is used
pumped storage stations: 4,212 : ’
GWh)
Renewable Heat
S— Capacity Annual Production Thermal Storage Capacity Annual Production Thermal Storage

i (MWth) (TWh/year) (GWh) (MWth) (TWh/year) (GWh)

Individual Solar Thermal

[5]: Thermal solar collectors:

Capacity: 2 MW

Energy using: 0.8 ktoe

[UKS]: 100 GWth

solar Th | 534,043 m2

olar Therma 373.8 MWth
[5): [5]: Geothermal: [1]: Geothermal: 26 MWth |Same full load hours as in 2010,

Geothermal Geothermal:

and capacity based on [1].

Large-scale heat pumps

[UK6]:

Large scale heat pumps (either
ground source or marine) in the
RESOM model:

12 TWh/yr
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Bioenergy
2010 Potential (2050)
Tiyae Annual Consumption Annual Consumption
(TWh/year) (TWh/year)

Energy Crops: Residual

Energy Crops: Dedicated Land

[UK4]: (DUKES) Straw, SRC, and
other plant-based biomass: 474
ktoe (~5.51 TWh/yr)
[UK1]: Perennial Energy Crops:
2.2P)

Biodiesel from oilseed rape,
tallow and used cooking oil: 2.2
PJ
Bio-ethanol from sugar beet:
0.8 PJ
Straw: 3.0 P

[UK2]: Perennial energy crops:

65.9 PJ/yr (assumed 2030)
Alternative:
[UK3]:
Perennial energy crops: 550
PJ/yr

Wood

[UK4]: (DUKES)
Wood waste: 220 ktoe
Wood: 359 ktoe
Total: 579 ktoe (~6.73 TWh/yr)
[UK1]: Wood: 15.0 PJ
Wood waste: 4.5 PJ
[5]: Solid biomass:
Primary energy production:
1.32 Mtoe (~15.35 TWh)
Heat consumption: 0.81Mtoe (-
Mtoe to DH)

Gross electricity production:
Electricity only plants: 4.68
TWh
CHP plants: 0.58 TWh
Total: 5.25 TWh

[UK2]: Forestry and forestry
residues: 74.4 PJ/yr (assumed
2030)
Alternative:

[UK3]: Forestry and forestry
residues: 25 PJ/yr
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Waste: Renewable & fossil

[UK4]: (DUKES)
Waste* and tyres: 1002 ktoe ()

*Municipal solid waste, general
industrial waste and hospital
waste.

[UK1]:
MSW, Tyres and "other" plant
based biomass: 54.6 PJ

[5]:

Municipal Waste (Renewable
share):

Primary energy production:
557,6 kt

Gross electricity production:
Electricity only plants: 1157
GWh
CHP plants: 441 GWh
Total: 1598 GWh

[UK3]:
Wastes: 350.4 PJ (assumed
2030)

Biogas

Landfill gas: 1574 ktoe (~18,31
TWh/yr)
Sewage gas: 224 ktoe (~2,61
TWh/yr)
Poultry litter, meat and bone,
and farm waste: 296 ktoe
(~3,44 TWh/yr)
Total: 24,35 TWh/yr

[UK1]:

Landfill methane: 65.0 PJ
Sewage gas: 10.2 PJ
Poultry litter: 5.9 PJ
Other Meat, bone & farm
waste: 6.5 PJ

[5]:

Landfill gas: 1492,6 ktoe (~17,4

TWh)

Sewage sludge: 258 ktoe (~3,0
TWh)

Other biogas: 0 ktoe

Gross electricity production:
Electricity only plants: 5137
GWh

CHP plants: 575 GWh

Agricultural residues: 137.7

Agricultural residues: 75 PJ/yr.

Total: 5712 GWh

[UK2]:
PJ/yr (assumed 2030)

Alternative:
[UK3]:
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