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WP1 — Scenario definition, system modelling and specifications for RES-based DVPP

 Task 1.1: Scenario definition
Deliverable D1.1
« Task 1.2: General system design

« Task 1.3: Specification definition for actual and future scenarios
« Task 1.4: Role assignment
« Task 1.5: Power system model development and model guidelines

« Task 1.6: Co-simulation
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Task 1.1 Scenario definition

Defining scenarios based on the following criteria:
» System topology
- Isolated

- Synchronously connected (AC lines)
- Non-synchronously connected (DC lines)

* One or several DVPPs

 DVPP always based 100% on renewable energy.
- Controllable and non-controllable renewables

« Scenarios with different penetrations of power electronic units
- Limited penetration of renewables
- Fully dominated by renewables and power electronics-based units

» Integration of transmission and distribution networks for some scenarios
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Task 1.2 General system design
Based on scenarios defined in T1.1:

* Quantify the size of the elements of the system
» Installed capacity of power plants
» Lines capacities

« Based on main economic and production data
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Background and definitions

European environmental policies

Horizon 2030:

Renewable energy target for the EU for 2030 of at least 32%

Target for final electricity comsumption for France (40%) and Germany (65%)

Spain 42% of RES share on energy end use
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Horizon 2050: RES share at least 55% in gross final energy consumption
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“Classic” VPP

Dynamic VPP

Concept from 1997

Renewable and non-renewable
generation

Relatively low presence of RES due to
low competitiveness

Combination of different sources to
provide a flexible and economic
solution

New concept (to be defined)

Only renewables

Massive integration of renewables

Additional ancillary services, not only
economic advantages
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Main generation technologies that could be part of a DVPP (only renewables):

Solar energy
* Photovoltaic
 Solar thermal

* Wind energy
e Onshore wind
« Offshore wind

(3) HVDC platform
/ A @ Wind turbine
N
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* Hydropower

« Biomass

* Geothermal .

* Non-electrochemical storage
* Pumped-storage hydropower
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Key definitions for analysis and comparison of different technologies

Technical characteristics:
« Controllability

» Dispatchability

* Response time

* Inherent storage time

Economic characteristics and emissions:
» Levelized cost of electricity (LCOE)

» Capital expenditure (CAPEX)

» Operational expenditure (OPEX)

* Fuel cost

e CO2 Emissions
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Controllability: capability to store and control  Technology Controllability
the power exchange with the network. = ;
Level definitions: Solar termal 2
1. Non-storage capability. The resource defines the power Ll 1
injection to the grid. It can be only curtailed. Hydro 3
2. Limited storage of the converted energy. Example: Biomass 4
thermal energy in solar thermal power plants can be
stored. Coal 5
3. Storage of primary energy - Low capacity Combined cycle 5
4. Storage of primary energy - Medium capacity Nuclear 5
5. Storage of primary energy - High capacity Pumping hydro 3
Geothermal 5
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Generation technologies in a DVPP

Dispatchability: capability of an electricity
generation technology to provide power
based on the operation set-point

Level definitions:

1. The primary energy availability permanently constraints
the power output capability.

2. The power can exceed the available resource
temporarily (short time-seconds)

3. The power output depends on resource but can be
increased by means of a secondary (inherent storage)
energy source.

4. No constrains for the output power.

5. Possibility of power reversal
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Technology

Dispatchability

PV

Solar termal
Wind

Hydro

Biomass

Coal

Combined cycle
Nuclear
Pumping hydro

Geothermal
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Summary of technical characteristics

Technology Response time Inherent Controllability  Dispatchability
storage time
PV 100 ms—-5s 0 1 1
Solar thermal 15min—-4h 0-24h 2 3
wind 05ms—-1s 0 1 2

Summary of costs and emissions

Technology LCOE CAPEX OPEX Fuel cost CO, em.

[$/kWh] [$/kW] [$/kW] [geq/kWh]

PV 0.029 — 0.042 1313 15.25 0 18 - 180
Solar termal 0.126 — 0.156 7221 85.4 0 9-63

Wind 0.026 — 0.054 1265 26.34 0 8 - 40
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1. Background and definitions
2. Scenario definition
* Preliminary scenarios
* Real locations
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Defining preliminary scenarios based on the following criteria:

« Three grid configurations: A
e |solated
« AC interconnected

 DC interconnected

+ Distribution grid: yes/no > =) 24 preliminary scenarios

* Presence of conventional generation: yes/no

* Non-chemical storage: yes/no J
Conv. thermal
Type Distribution synchronous Storage Scenario .
generation i Exam ple (Scenarlo 11)
YES e !
YES NO 2 AC network
- "o YES 3
. ] NO 4 External
Type I:isolated YES 5 power system
YES - B2
NO NO [
- O YES 7
- NO 8
YES = ? B1 B3 B6 BS
NO 10
B YES 11 @
Type ll: AC O NO 12 SG 0)
interconnected . YES 13 -
YES -
NO NO 14
- O YES 15
- NO 16
S 7
YES — - B4 B5 B7 B9
= YES 19 4|_’1
Type lll: DC NO NO 10 I (0
interconnected YES YE; 21 ACmetmork 4|—>
) NO 22
NO ’ B10 15
NO YES 23
- NO 24
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|dentify real locations where the DVPP scenarios can be inspired on:

« Based ontypes |, Il and Ill
» Locations restricted to Europe
» Relevant amount of renewable resources (currently or potentially)

Examples:
Isolated AC interconnected DC interconnected
Gran Canaria (Spain) Central-west France Balearic islands (Spain)
gui;. {
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B} El Escobar

C.H.R.
Soria<Chira %) San Antonio  Tomrent
*’ Tirajanaly Il e
San Agustin

<Lomo Maspalomas
El Tablero

Arguineguin ey
-

Formentera

Cementos Especiales
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Scenario definition

Selection of realistic scenarios

Type I: isolated

©
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1. Isolated

B3

Smal islands, simpler than continental scenarios

* Low number of buses (in this case, 7)

B

®

2. Southern Europe

Single voltage level

Type Il: AC interconnected

Most systems are AC interconnected systems

Typically bigger and more meshed

Higher number of buses (in this case, 13)

o
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Different voltage levels (transmission and distribution)

Type Illl: DC interconnected
HVDC interconnected scenarios without AC interconnections

They typically correspond to bigger islands

Grid layout considered is slightly more complex than Type |
Higher number of buses as compared to Type I (in this case, 11)
Also, different voltage levels are also considered in this case

B2
B9
' B1 B3 B4 B10
),

¢“¢‘°

3. Northern Europe
(o)

B8
B5 B6 B9 B10
2
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3. Sizing of scenarios
« Cost optimization methodology
« Scenario 1: Type | — Isolated without storage
« Scenario 2: Type | — Isolated with storage
« Scenario 3: Type Il — AC interconnected — Northern Europe

« Additional scenario: Centre-West France
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Methodology based on an optimization of the generation costs
« Conventional generation is assumed to be installed
« Grid restrictions have not been considered
« Outputs:
 RES installed capacity (grouped by technology)
» Instantaneous generation for every technology

Start Optimization
Objective function
puiis - Minimizing the total generation cost (CAPEX+OPEX) Result
1 . . h N b, esults
Conventional generation p 5
- Inst. capacity Restrictions - Installed renewable capacity
- OPEX ) Generation: - Instantaneogiy%iziratlon
[ Renewable generation ) - Generated power lower than capacity/resource [ ]
- Available resource - Power variation in a time interval lower than limit
- OPEX Storage:
- CAPEX - Energy balance
- (Inst. capacity) - Stored energy lower than capacity
N J Time [days]
Total demand of the system] System: . ¢
- Generation-demand balance
[ Min. share of renewables ] - Minimum share of renewable generation End
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Scenario 1: Type | — Isolated without storage

« Demand and wind and solar resource data: Tenerife 2019
 Maximum demand: 552 MW

* Min. share of renewables: 74% (Spain’s goal for 2030)

B3 200 MW
1 Installed capacity
10% <€
10 km
B1 B4 B6 400 MW
40 km 20 km 1
©H
=

30% 15%
10 km

400 MW
20 km

. 200 MW
20 km B7

s

30 km

I - -
300 MW @ 35% 10%

[ Wind
[PV

Annual generation

1087 GWh
(31%)
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Scenario 1: Type | — Isolated without storage

Demand and wind and solar resource data: Tenerife 2019
« Maximum demand: 552 MW

Min. share of renewables: 74% (Spain’s goal for 2030)

Daily generation [ ]Coal
12 T T T T T | Wind
Cpv

Generation [GWh]

50 100 150 200 250 300 350
Time [days]
600 Hourly generatlon in January Hourly generation in August
T T

500 +
=
£ 400 | B 400
=3
£ a0l P
+ +~
g =
= 200 2 200
Q [
&) (D

100

0
300 400 5100 5200 5300 5400 5500 5600 5700 5800
Time [h]

Time [h]
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Scenario 1: Type | — Isolated without storage
 Maximum demand: 552 MW
« Variation of the minimum share of RES (a)
« Evolution of the wind and PV installed capacity
« Exponential curve
« The installed capacity for a > 90% is excesively high
« Additional flexibility for the system is needed to avoid cost increase
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Scenario 2: Type | — Isolated with storage
 Maximum demand: 552 MW
» Introduction of solar termal power plant

* Inherent storage (8 h), which provides some flexibility

« Variation of the minimum share of RES (a)

« Solar termal is only optimal for high values of a (>80%)
« The solar termal storage help to reduce the RES installed capacity

« This allows to reduce the generation costs

T T
Case 2 - with solar thermal
= = =Case 1 - without solar thermal

3000 T T T T T T T T T
I o Wind | ’
£ 2500f « PV ]
.;. — @ Solar thermal | 3+
2000 B i
5 | é
% 1500 |- 1 52r
]
- 1000 .‘i,ﬂ' ~
% ..........'*uﬁ . 1
%500 -y "#’_
= o ¢ Pad
lo— & & & — ¢ o ¢ o & booee®® 1 | L 0 L
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Minimum share of renewable generation [%]
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Minimum share of renewable generation [%]

23



Sizing of scenarios CITCEAS &

Scenario 2: Type | — Isolated with storage

« Demand and wind and solar resource data: Tenerife 2019
 Maximum demand: 552 MW

* Min. share of renewables: 90%

B3 200 MW

10% <— ‘ - Installed capacity Annual generation

200 7 10 k &
B1 MW%4 os6) ge 400 MW
I 40 km 20 km
oY

400 MW

[ 1Coal

I Wind
PV

I Solar thermal

20 km

300 MW @ 35% 10%

1040 GWh
(29%)
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Scenario 2: Type | — Isolated with storage

* Model implemented in simulink

 SG- and VSC-based generation

« Resource has not been modelled o
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Scenario 3: Type Il — AC interconnected — Northern Europe

« Demand and wind and solar resource data: Netherlands 2019
 Maximum demand: 5000 MW (scaled)

 Three cases:
« Case 1. no storage
« Case 2: 500 MW pumping hydro (10% of the maximum demand)
« Case 3: 1000 MW pumping hydro generation (20%)

130 - - I 3.5 T T T T T T T T T
oLl —® Wind - Case 1 t Case 1
PV - Case 1 | P

Y 3 || =——Case 2 .

90| = Wind- Case 2 = Case 3
PV - Case 2 ®
&) 70| = Wind - Case 3 /7 251 ]
- 50| PV - Case 3 b -
= ] - -
'g 3p | &' o = 2
230 =
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E L J /l. o o]
= 20 o w P
] o g & 1
7 _.'_..-50’
2559
= 10- .t _gg8es <05k -
0b—8 | 0 1 1 I ! 1 1 1 ! !
0 10 20 30 40 50 60 70 80 90 10 0 10 20 30 40 50 60 70 80 90 100
Minimum share of renewable generation [%] Minimum share of renewable generation [%]
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Sizing of scenarios

Scenario 3: Type Il — AC interconnected — Northern Europe

« Demand and wind and solar resource data: Netherlands 2019
 Maximum demand: 5000 MW (scaled)

* Min. share of renewables: 74%

« Case 3:

CITCEAS €

Daily generation
T T

3000 MW
1000 MW (5%)

Generation [GWh]

2000 MW
B2
1500 MW B9 70 km
B3 B4 o S0QMW
10% _4
80 km 40 km @__» ’ 6582 MW
10% 10% (31%) 50 100 150 200 250 300 350
20% Time [days]
1000 MW 1000 MW |50 km
50 kem 3000 MW 50 km Hourly generation ‘-Caal [PV EEEPumping
B5 B11 B12 5000 \ | Wind ERHydro
r_ 20 km
% O~ 4000
80 km 10 km _ b
AC network I_ 30% —I_> 5% 1500 MW § 3000
) B13 =
50 km =
100 km 2 2000
o B B [ Coal :
6 i £
o % 120 km m [0 I Wind E 1000
& PV :
2000 MW .
1000 MW I Pumping hydro

-1000

1 1 Il 1 1
1100 1150 1200 1250 1300
Time |h]
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Additional scenario: Centre-West France Chie

e 17 buses: 220 and 440 kV . \

N Distre ACnetwork Legend
A0 km — 400 kV
] — 230KV
[
| XX% ) L'Orangerie ,. .. . Marmagne
| | 60 km 1
| 100km | ol %, 4'—» XX%

* 3 nuclear power plants
« 3 hydro power plants |
* 1PV power plant

« 1 wind power plant

120 km

Le Blayais
3800 MW

i

AC network

Cubnezais

150 ke

120 km

50 km

Rom

50 km
XX% 40km

Valdivienne

= X%
. %
Civaux 80 km 170k
2990 MW e
Plaud 110 km
200 lem Le Breuil
XX%

Hydrol

1351 MW B0km  Hydro2

1632 MW

)

100 km KK% =
Salles Curan
150 km 27T MW 70 km
St. Vietor
Donzac 150 km
190km S0 <]
- Hydro3
546 MW 100 Jem
—
- -
- La Gaudiere
- T—
2600 MW 160 km —
XX -
AU network

Hydrol: Bort (230 MW) + St-Pierre (120 MW) + Mareges (144 MW) + L'Aigle (349 MW)

+ Le Chastang (293 MW) + Laval de Cere IT (108 MW) + St-Etienne-Cantales (107 MW)

Hydro2: Sarrans (183 MW) + Couesque (119 MW) + Brommat (420 MW) + Montezic (910 MW)

Hydro3: Le Pouget (446 MW) + Montahut (100 MW)
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In this Deliverable D1.1:
« Realistic scenarios for the analysis of virtual power plants are provided

* Inspired in real data of consumption and resources
* Non-real systems
« Based on a cost optimization methodology
« Different renewable energy technologies have been considered to meet specific
requirements up to 100% of renewables
« Some technologies (solar PV and wind):
« Can provide the renewable backbone
« but they lack the flexibility needed to achieve a very high penetration

« Other technologies (solar thermal and pumped hydro):
« Can become important to cover the last range of integration
« High flexibility
» Too expensive for low penetration

« The proposed scenarios can be seen as a starting point

* may evolve considering the feedback and the needs of the corresponding work
packages 30
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