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Background

Sustainability Energy Programme for Cantabria

Costa Oriental

www.cantabria.es/web/direccion-general-industria/


http://www.cantabria.es/web/direccion-general-industria/detalle/-/journal_content/56_INSTANCE_DETALLE/16626/2534689
http://www.cantabria.es/web/direccion-general-industria/detalle/-/journal_content/56_INSTANCE_DETALLE/16626/2534689

Background

Sustainability Energy Programme for Cantabria

Eq. Power demand (+6,1%-"yr1)
@2014 = 490 MW
@2020 = 699 MW
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Eq. Power import = 2014 m 2020
. @2014 = 374 MW
@2020 = 178 MW .
. Wind power
@2014 = 033 MW
; @2020 =~ 900 MW
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Estimated electricity demand Electricity imports from other  Estimated wind on-shore
(TWh) regions (TWh) production (TWh)

www.cantabria.es/web/direccion-general-industria/




Background

An integrated and intelligent electricity system

Renewable energy resources

Smart transmission
and distribution

Smart energy 1
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http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives ES.pdf



http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives_ES.pdf

Background

Engineering versus system electricity models

ENGINEERING — Techno-economic performance of storage

w/ perfect forecast
H e ﬂ% : = w/o perfect forecast
~ MEMMW + other forecast
e e Service mutualisation

SYSTEM —— Minimum cost solution for energy services

Energy system National to regional energy policies

Market Optimizing one part of the chain
Network Flows in the grid
Other Isolated systems

Assessing Storage Value in Electricity Markets, JRC, 2013


https://setis.ec.europa.eu/sites/default/files/reports/power-storage-report.pdf

Background

Time and geographical domains matters

RENEWABLES STORAGE TRANSPORT DEMAND
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Background

Before the STeMES model...

Hourly resolution ﬁ
Geographic :
domains 5
Storage AR
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considerations
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methOd Figure 12: Opt twork structure for the base cas

Samsatli et al, 2016


https://www.scopus.com/record/display.uri?eid=2-s2.0-84954495575&origin=resultslist&sort=plf-f&src=s&st1=samsatli&st2=s&nlo=1&nlr=20&nls=count-f&sid=166845956793536A47962E3F60CBC9A8.Vdktg6RVtMfaQJ4pNTCQ:83&sot=anl&sdt=aut&sl=37&s=AU-ID("Samsatli,+Sheila"+56545781200)&relpos=0&citeCnt=0&searchTerm=

Background

Main question

“Is the expected Increase In
electricity demand technically
compatible with the wind on-shore
expansion and reductions in imports
considering space limitations?”
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Aim and scope ‘]

SPEC proposes cutting imports, relying on
wind expansion for supplying demand

Minimum Total Cost due to infrastructure, ‘
operation and import for supplying demand
from 2014-2020 under 5 scenarios




Methodology
Resource Task Network
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Methodology
Resource Task Network
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Methodology

PL

Mathematical model

Resources R
Shires 1

Year T
Technologies J

Type of power
line PL

Indexes & Sets

400 kV, 220 kV , <220 kV
1, 2,..., 10
2014, ..., 2020

cog_ng, cog_coal, hydro,
pumped, wind, subMV,
subHV

SC, DC



Methodology
Mathematical model

minTC = Objective function
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Methodology

Mathematical model
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Methodology
Mathematical model

Technology balance
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Methodology
Mathematical model

Infrastructure balance
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Methodology

Mathematical model
Main constraints
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CF;j. = CF; Vie]t, €T

Jtm Jtml  —2014 J € tm
IMyir =0 Vié¢[1610], r €ERt, €T

QrPLii*tm S erLii*thmaxrpL Vr1re ]R, PL € IP)IL,
i€lty, €T



Methodology
Scenarios description

Scenarios
Al A2 B C D
™ No No  Yes Yes Yes
Land No No No Yes Yes
Power No Yes Yes Yes Yes

Cap.
factors

cst cst cst cst Variable

Mathematical model and scenarios in GAMS 24.4.6



Results

Mathematical model statistics

Scenarios

Al-2 B C D
Problem ., MIP MIP NLP
type
Single 19k 19k 19k 19k
equations
Single 23k 23k 23k 23k
variables
E_xecutlon <1 <1 <1 <60
time (s)

Solver CPLEX CPLEX CPLEX BARON



Results

SCENARIO Al: wind deployment
Scenario Al

(5)= +722 MW @2015
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Results

SCENARIO A2: wind deployment

(2)+(3)+(4)+(5)= +722 MW @2015
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Results

wind deployment

SCENARIO B
+1215 MW @2015
+293 MW @2015-2018

Scenario B
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Results
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Results

SCENARIO D:

+1233 MW @2015
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Results

SHARE OF THE YEARLY COSTS (%)

SCENARIO D: time cost profile and LCOE

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

2014 2015 2016 2017 2018
B INF_GEN ®mOP_GEN ==IMP —DR=8%

2019 2020
—DR=1%

140

120

100

LEVELISED COST OF ELECTRICITY

($2014/MWh)



Final remarks

RENEWABLE ELECTRICITY INTEGRATION
AT A REGIONAL LEVEL:
CANTABRIA CASE STUDY

* Future imports cuts % a much more
large wind expansion than planned

* No additional transportation infrastructure is.needed
* Pumped expansion is not foreseen by the model

* Peak power usedfor-CO,=» STORAGE -NEEDED!
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«We know what we have to do to achieve the sustainability,
now it’s time to do it »
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