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“Study on the Central and South Eastern Europe energy connectivity (CESEC) cooperation

on electricity grid development and renewables”

Objective: To provide significant and practical
contributions towards facilitation of the
integration of renewable energy sources (RES)

in the CESEC region
0 Y,

through

Approach: Analysis of studies, data & projects\
Cross-verification with relevant (national) data
Modelling
Stakeholder consultation

1. Highest-potential renewable energy
zones with cross-border dimension

Interviews J

2. Infrastructure and interconnection
needs to ensure RES integration in the
CESEC region

3. Challenges and barriers to RES
deployment and cross-border
cooperation in the CESEC region

[ 4. Conclusions & recommendations }
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/ Content manager
CESEC team - Gustav Resch

(TU Wien)

Process manager

Marie-Jose Zondag
(Ecorys)
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1. Renewable 2. Infrastructure needs &
energy potential potential projects
Gustav Resch Laszlo Szabo & Karsten Lidorf
Lukas Liebmann Andras Mezdsi, Eniké Kacsor,
Alfa Diallo

3. Barriers for 4. Conclusions &
implementation recommendations
Jenny Winkler Marie-Jose Zondag

Ammar Maghnam lulia Falcan
Hazem Abdel-Khalek Laura Heidecke
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Quality Control

Monique Voogt
(SQ Consult)
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5. Stakeholder
involvement
Marie-Jose Zondag
Laura Heidecke
Yoeri Dijkhof
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1. Highest-potential renewable energy zones

> ldentify areas with the highest and most cost-effective
potential for RES (“‘renewable energy zones”)

(based on energy resources, related cost, commercial interest)

> ldentify possible cost-effective “cross-border

renewable energy projects” with a cross-border
dimension

(to be further assessed and taken up in the CESEC framework)
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Approach highest-potential renewable energy zones

used as basis for subsequent modelling:

Assessment of RES potentials in the CESEC region

A comprehensive literature survey as basis for subsequent
analysis ...

... complemented by an own GIS-based analysis for solar and

wind energy using meteorological and land use data, considering
e.g. distance rules and environmental constraints for wind energy

Example: GIS-based analysis for
wind (above) and solar (below)

e

Global irradiation %5?“’:

Example: Literature survey on hydropower potentials in CESEC

000000
1] - | “

oooooo

H
S s0000
z 40,000
S 2000
10,000 I| | Il
o
z 2
2

[N
e
E]

g £

s

H




Answering —
tomorrow's I l
challenges
today

TECHNISCHE
UNIVERSITAT
ARy WIEN

ECORYS 4 |

Approach highest-potential renewable energy zones

used in model-based RES analysis:

N\

Modelling system

-

support)

RES capacities and W
RES cost (investment,

v

Figure: Model coupling

between Green-X,
EPMM and TGM
for an assessment of

Electricity prices,
RES market values,
RES curtailment

RES investment model,
detailed energy policy
representation

RES developments
in the electricity
sector under distinct
grid topologies

\_

Cross-Border
Net Transfer
Capacities

Detailed transmission grid
modelling, identification of
grid constraints

Electricity system model,
Power plant dispatch
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Approach highest-potential renewable energy zones

used in model-based RES analysis: Both scenarios are replicated to
analyze the impact of Cross-

Scenario definition Border RES cooperation:
+ Domestic RES target fulfilment

Two pairs of scenarios for the RES uptake towards 2050: (-NoCoop):
focus on using domestic

» Reference RES scenarios (RefRES): in accordance with national

planning (National Energy and Climate Plans or alternative sources resources
where not applicable) « With (full) RES cooperation
* High RES scenarios (HighRES): assessing the feasibility of reaching Eﬁggz‘;;he e e

a higher level of RES deployment in accordance with

decarbonization needs / European Green Deal perspective A SERIe 5, LE et oot

approach within the CESEC
region.

Reference
RES

High RES
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Brief recap of 2030 RES targets (at EU level)

[ 2030 RES shares by EU MS according to NECP ambitions vs_ Green Deal needs

2030 RES shares by MS: NECP ambitions vs Green Deal needs
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. L. At CESEC level:
RES uptake in the electricity sector (CESEC) + 53.1% (HighRES scenarios)
L * 49% (RefRES scenarios)
A
[ 2030 share of electricity generation from renewables in gross electricity demand
140% I I I I I I I
130% RES Share in Gross Electricity Demand by 2030 -
9 | | |
120% Status Quo (2019)  m NECP target RefRES-NoCoop  m RefRES-Coop HighRES-NoCoop  m HighRES-Coop
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(Source: Eurostat, NECP & Green-X modelling)
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Cross-border RES cooperation in the 2030 context (CESEC)

2030: Change of RES-E share in gross electricity demand (in percentage points) driven by
RES cooperation

)

40% surpilis 2030 CB RES cooperation t

35%’ Change of RES-E share from NoCoop to Coop (in percentage points)
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(Source: Green-X modelling)
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_ o At CESEC level: 2050 share of electricity
RES uptake in the electricity sector| « 88.6% (HighRes scenarios) | generation from
* 75% (RefRES scenarios) renewables in gross
electricity demand
RefRES-NoCoop m RefRES-Coop HighRES-NoCoop M HighRES-Coop
140% I I I I I I I I
130% RES Share in Gross Electricity Demand by 2050
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(Source: Eurostat, NECP & Green-X modelling)
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Development of electricity generation from RES:

Development of electricity generation from RES
(in Twh) in the CESEC region
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(Source: Green-X modelling)

Development of electricity generation from RES

Scenario: HighRES-Coop

(in Twh) in the CESEC region

1000

900

800

700

600

500

400

300

200

100

0

m Hydropower

| m Wind energy

M Photovoltaics
W Other RES

2030 2040 2050



A Answering == TECHNISCHE
ECORYS ’ E%g%g%‘gss UNIVERSITAT
w

today 1E N JIEN

Changing the RES technology mix Country-specific technology mix of installed RES
capacities at present (2020 - top) and in future (2050 - bottom)

|

Technology mix of installed RES capacities (in % of total RES) by 2020

M Biomass total M Geothermal electricity W Hydro (excl. pure pump storage) H Central PV M Decentral PV B Wind onshore H Wind offshore
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Technology mix of installed RES capacities (in % of total RES) by 2050

M Biomass total 1 Geothermal electricity ~ M Hydro (excl. pure pump storage) M Central PV m Decentral PV ® Wind onshore B Wind offshore
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Identification of promising CB RES projects in the CESEC region

~—

el
S 3,

Insights from the ¢

mapping exercise: e |
Trends in L “‘ :
5y B
R &

v &N/ T2 7 ~hydropower

TN - i . .
va 5 exploitation

AN~

. __\-'
Iy / N y s
{/ . . S — i :
—— Country borders —— Country borders
Jo-119 [Jo-119
1 119-362 2020 1 119-362

[ 362- 630 I 362- 630

B 630- 1104 Scenario: HighRES-Coop B 630 - 1104 Scenario: HighRES-Coop

Bl 1104 - 1842 Technalogy: Hydropower . ) . B 1104- 1842 Technology: Hydropower

. 1542 - 2440 Item: Installed capacities in MW by region in 2020 gource. Glregn) el tem: Installed capacities in MW by region in 2050
own analysis
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Global irradiation

Data: PVGIS / CM SAF Solar Radiation Data

GIS-based
analysis of
solar
potentials

Average (2005 - 2015) global irradiance on an
optimally inclined surface. Average over both
day and night.

[ CESEC countries
[ other countries
""" Sea /EEZ
Protected areas (WDPA)
Average global irradiance
[ 1 <=130 W/m?
I 130-150 W/m?
[ 150- 170 w/m?
[T 170- 190 w/m?
B 190- 210 W/m?
B 210- 230 W/m?
B > 230 w/m?

Projection: EPSG:3035 25 May 2021 (Source: Own analysis)
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Identification of promising CB RES projects in the CESEC region

j} k .4 Insights from the ;P}

' » mapping exercise: e
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—— Country borders —— Country borders
J4-312 J4-312
1 312-742 2020 1 312-742

I 742 - 1289 0 742 - 1289
Scenario: HighRES-Coop I 1289 - 1952 Scenario: HighRES-Coop
Technology: Photovoitaics (SOUI’CGZ Green-X modelling B 1992 - 3465 Technology: Photovoitaics

Item: Installed capacities in MW by region In 2020 B 3455 - 4918 Item: Installed capacities in MW by region In 2050

& own analysis)
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Identification of promising cross-border RES projects in the CESEC region

Calculated wind power

[ cesec-countries_epsg3035

Full Load Hours: CESEC

[ <=1882FLH

I 1882-2151FLH

[ 2151-2449 FLH

[[712449-2878 FLH

I 2878- 3085 FLH

I 3085-3221FLH

I 3221-3350 FLH

Il >3350 FLH
cosmo-relevant-countries

Color intervals don't have same width (quantiles)!

Turbine: Nordex N163-4.95
Hub height = 150m

Rotor diameter = 163m
Efficiency = 0.85

Only pixels > 1600 FLH!

Excluded areas:

* elevation >2000m or slope >20°
* specific land use

* nature reserve

(see documentation)

Wind speed data by COSMO-REA6 (150m pre-calculated),
1995/01 - 2019/08

EPSG:3035 (100m x 100m)

B - ’ﬁ
j Offshore wind

GIS-based analysis

of wind potentials
(onshore & offshore)

(Source: Own analysis)

y

Doaesr Curve: Yestas V1 E4/2000 (150 m)
Asmumed total efficency 45%
Wind tzken from COSMO-REAS 1995 - 201308
F_H: bl laad how's
[ CESEC countries
Cther ounbries
[T Esclustve Feonomic 7ones
R Prolecled areas WIS}
#oi. FLH Y1 6408000 b 150m |B5% eff|
[ «= 1500 FLH
B 1600 - 2100 FLH
B 2100 - 2600 FLH
I zs0n - 3000 FLH
B 3000 - 3600 FLH
I 3600 - 200 FLH
. - 9200 FLH

Frojectcn: EF5G:035 25 May 2t
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Identification of promising CB RES projects in the CESEC region

—— Country borders
10-305

1 305 - 1048
T 1048 - 2264

Insights from the
mapping exercise:
Trends in wind

"~ (onshore)
exploitation

—— Country borders
10-305

1 305 - 1048
T 1048 - 2264
B 2264 - 4212
B 4212 - 9224
B 9224 - 22054

Scenario: HighRES-Coop
Technaology: Wind onshare
Item: Installed capacities in MW by region in 2020

Scenario: HighRES-Coop
Technology: Wind onshare

(Source: Green-X modelling
Item: Installed capacities in MW by region In 2050

& own analysis)
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Identification of promising CB RES projects in the CESEC region

- Y,
1 220 ]

Insights from the 4
mapping exercise:

The

¥ K n L . U
" - - i : . A
—— Country borders —— Country borders
[ 14-855 14855
[ 655 - 1486 1 655 - 1486

[ 1486 - 2621 7 1486 - 2821
Scenariao: HghRES-Coop B 2821 - 5454 Scenario: HighRES-Coop
Total of key RES technologies (Source: Green-X modelling B 5454 - 12690 Total of key RES technologies

Item: Installed capacities in MW by region in 2020 & own analysis) B 12690 - 22974 Item: Installed capacities in MW by region In 2050
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projects in the CESEC region

‘‘‘‘‘ A. (AT-IT): Strong dominance of storage hydropower in mountainous parts, complemented
by photovoltaics.
: ' B. (AT-SI): Offering a balanced mix of wind, photovoltaics and hydropower.
: i o = e C. (AT-HU-SK): Wind available at several hotspots at favourable conditions (despite not

used equally in all three countries involved), combined with run-of-river hydropower and
photovoltaics.

D. (UA): Favourable wind conditions, waiting to be exploited at large scale and
complemented by some photovoltaics in mainly rural areas.

E. (BG-MD-RO-MD): Wind is generally available at favourable conditions, waiting to be
exploited at large scale, complemented by photovoltaics and minor small-scale
hydropower developments.

F. (RS): Promising wind potentials, complemented by photovoltaics.
\// G. (RO-RS): Offering a balanced mix of hydropower and photovoltaics, complemented by
some wind developments at best available sites.
) i i : LT CC% H. (BA-HR-RS): Balanced mix of wind, photovoltaics and (mainly existing) hydropower.
2. ' o l. (AL): Providing a balanced mix of wind and photovoltaics, complemented by (mainly
. R . existing) hydropower.

J. (IT): Favourable wind sites still waiting to be exploited and room for a strong uptake of

|:| Promising cross-border RES zones 1614 - 2416 .
photovoltaics.

-+ Main coal phase-out regions I 2416 - 3956
3-458 B 3956- 5994 Scenaric: Average of all four scenarios K. (AL-BG-EL): Offering favourable potentials for photovoltaics and (mainly existing)
458 - 1006 B 5954 - 11751 Total of key RES technologies

MO , hydropower, complemented by wind at certain hotspots.
1006 - 1614 I 11751 - 18959 Item: Installed capacities in MW in 2050
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Conclusions and recommendation

« Mapping exercise for the CESEC region reveals the massive energy transition
envisaged: Renewables expected to dominate power supply in future

* Photovoltaics is a key technology already today and in future, representing a promising
generation asset at a local level
- broadened geographical distribution of RES installations

« If certain areas offer economically viable potentials also for other key RES
technologies (onshore wind) - power density increases significantly

« Combination of solar PV and wind energy at regional level
- areas with most promising site conditions, serving as basis for further elaboration of
CB RES and infrastructure cooperation

+ 2040is marked by a series of challenges: the uptake of RES is expected to accelerate
and the power grid stability faces serious concerns of curtailment and bottlenecks. However,
already planned infrastructure projects seem suitable to address these challenges. We
recommend ensuring that they will be realized on schedule
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Lukas Liebmann, liebmann@eeg.tuwien.ac.at
Gustav Resch, resch@eeg.tuwien.at


https://www.ecorys.com/netherlands/our-work/study-central-and-south-eastern-europe-energy-connectivity-cooperation
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Identification of promising CB RES projects in the CESEC region

‘u Insights from the ?} N 4

v mapping exercise: o

; y,, Comparing
> 47 the aggregate(i;. e Ry
trend by 2050 ARG ETKR
7 (hydro + wind + PV) )*\
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—— Country borders —— Country borders

T 14-655 [ 14-855

] 655 - 1486 ] 655- 1486

I 1486 - 2821 [ 1486 - 2821

B 2821 - 5454 Scenario: RefRES-NoCoop B 2821 - 5454 Scenarlo: HighRES-Coop

B 5454 - 12690 Total of key RES technalogies (Source: Green-X modelling B 5454 - 12690 Total of key RES technalogies

B 12590 - 22974 Item: Installed capacities in MW by region in 2050 & own analysis) B 12590 - 22974 Item: Installed capacities in MW by region In 2050



