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Consommation nationale y c. pompes d'accumulation

Consommation nationale v c. pompes d'accumulation
existantes, pertes de réseau, engagements de
livraison, évolution selon «Mesures du Caonseil
fedeéral»: 68.5 TWhe,

existantes, pertes de réseau, engagements de
livraison, évolution selon «Poursuite de l1a politique
energétique actuelle»: 77.4 TWhy,

Consommation nationale y c. pompes d'accumulation
existantes, pertes de reseau, engagements de livraison,
&volution selon «Nouvelle politigue énergétiques
{ohjectif along terme du Conseil fédéral): 60.1 Twhy

e

I centrales hydroélectriques existantes
centrales fossiles existantes
B cnergies renouvelables existantes™
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mm Rest of world
m USA

m Rest of Asia
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IRENA, 2017: Renewable Capacity Statistics in 2017
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Renewable energy technologies

Small scale Utility scale Fossil fuels
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Cost

Interdisciplinary challenge
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Uncertain public and policy support
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Variability

—— load —— PV Generation
= |oad = PV Generation
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Dr. David Parra, April 12, 2018 Pena-Bello et al., in preparation
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Renewable energy technologies do not offer
matching capability.

* Flexible generation
 Demand side management

* |nterconnection
 Curtaillment

* Energy storage (ES)

Dr. David Parra, April 12, 2018

Parra, 2014, University of Nottingham
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Transmission network
Bulk storage:
GWh scale Renewable
MV Distribution network eﬂergy
Distribution-level:
MWh scale
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 Different scales
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Energy storage applications
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[ Electricity-only applications

Dr. David Parra, April 12, 2018

Discharge duration

[C] Thermal-only applications

O Electricity and thermal applications

Technology Roadmap. Energy Storage 2014. International Energy Agency
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Reserve & Response
Services

Transmission and Distribution Bulk Power
Grid Support Management

Pumped
Hydrogen & Hy:ropower
Fuel Cells torage
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o Flow Batteries
g Sodium-Sulphur Battery
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System Power Ratings, Module Size

P. Taylor et al., Pathways for energy storage in the UK
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Key - Types of
Storage

Electrochemical
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Energy storage Technologies

Superconducting magnetic
energy storage (SMES)

Thermochemical

Capital requirement x technology risk

Flywheel (high speed)

Synthetic natural gas

d\ UNIVERSITE
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Flow batteries

Lithium-based batteries

Molten salt
Supercapacitor

Flywheel (low speed)

Ice storage Sodium-sulphur (NaS) batteries

Adiabatic CAES

Compressed air energy storage (CAES)

\ Underground thermal

energy storage (UTES)

Residential hot water
heaters with storage

Cold water storage
Pit storage

Pumped Storage Hydropower (PSH)

>
Research and development Demonstration and deployment Commercialisation
Current maturity level
@ Electricity storage ) Thermal storage
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Technology Roadmap. Energy Storage 2014, International Energy Agency
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Mid-2017-Globally

180

Thermal Storage Chilled Water Thermal Storage - 4%
Heat Thermal Storage . a%
Ice Thermal Storage . 2%
Moiten Salf Thermal Storage

Other Thermal Storage _ 15%

Electrochemical Electro-chemical Capacitor .4%

Flow Battery I2%

Lead-acid Battery . 3%

Lithium Polymer Battery |o%

Nickel based Battery I2%

Other elecfro-chemical _ 19%
Sodium-based Battery B =

Sodium Sulphur Baftery l 3%

Vanadium Redox Flow Battery |0%

Electro-mechanical Compressed Air Storage _41%
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Dr. David Parra, April 12, 2018 Electricity storage and renewables: Costs and Markets to 2030, IRENA
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Global electreschemiealstorage capacity

& Japan (NEDO)

A Sudkorea (MKE)

€  China (MOST/MIIT)
USA (DOE)

® Deutschland (BMBF/ISI)

own estimation

Consumer-cells still
cheaper (see TESLA)

Dr. David Parra, April 12, 2018

1000
S Source: , Technologie-Roadmap Energiespeicher |7=Z
900 1 fur die Elektromobilitat 2030 4

800

2010 2015 2020
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Repayment grant for PV Battery Systems
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Battery storage

.

ﬂ“x

Compressor E. (1.48kWh) E,. (1.00 Turbine

Electric
generator | motor
wi SSS clutches

Compressed air storage
20°C, 50 bar

Dr. David Parra, April 12, 2018



Switzerland-Canton Vaud @ S'E‘"Q;’EE.%'JE

Habitat collectif Administration Commerce

Surface de référence énergétique [m2] 200 1'200 1'000 1'000
Consommation annuelle [MWh] 5.1 27 48.5 58
Puissance : 6 kWp Puissance : 33 kWp Puissance : 50 kWp Puissance : 60 kWp
Installation Photovoltaique Production : 6 MWh/an Production : 33 MWh/an Production : 50 MWh/an Production : 60 MWh/an
Colit : 18'000 CHF Colt : 64'400 CHF Codit : 93'200 CHF Codt : CHF 109'200 CHF
Batterie Capacité : 6 kWh Capacité : 33 kWh Capacité : 20 kWh Capacité : 25 kWh
Codit : 12'000 CHF Codit : 35'000 CHF Codt : 24'000 CHF Codt : 28'000 CHF

CHF 2000 + 400 CHF/kWh

24
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Storage- Phase | (2014-2017)

I Advanced battery and battery materials I

H
Thermal energy storage I “ * le Hydrogen production and storage
+ cH,
=]

Technology interaction of storage J/‘*J Advanced catalysts for CO,
systems I:Q J reduction
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Lucerne University of
PAUL SCHERRER INSTITUT Applied Sciences and Arts

d;!:::b HOCHSCHULE
LUZERN

www.sccer-hae.ch

Dr. David Parra, April 12, 2018
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SCCER-STORAGE phase Il (2017-

Technology Level

2020)
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Energy-Systems Level ‘_l-— b

Expand Assessment Methodology

* Focus on Thermal Energy

Storage
* Future ES technology

Assess Demonstrators

» Coordinated, common Methods

- P2G, P2H2

Close linksto all WP 1- 4

Link to Joint Activity Demonstrators

« I|dentify role of Energy
Storage

* Centralized/decentralized
ES

« Time scalesof ES
Capacity of ES

Link to WP 1- 4
Link to Joint activity

Component

Dr. David Parra, April 12, 2018

Scenarios and Modelling

Socio Economic / Policy

Lucerne University of
Applied Sciences and Arts

HOCHSCHULE
LUZERN

ETH:zirich

PAUL SCHERRER INSTITUT

Socio Economic Level

* Policy and technological
change

« GDP, effects on
employment

Close linkto SCCER
CREST

Link to Joint Activity Socio-
economic and technical
planning of multi-energy

systems

26
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1. Life cycle cost and life cycle emissions
2. Combination of applications
3. Renewable heat and fuel

4. Analysis at various scales, namely local,
district and national

5. Community scale
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Life cycle cost and emissions- Study

Technology
Performance

efficiency,
durability,
Lifetime, etc

{

f

1MW
Cycles 20 per day 1 per day
Annual Energy
Supply from 81 MWh 1’643 MWh
Storage
Environmental

Economic

Darfarma
Day
emissions (GHG)

Cycles 20 per day 1 per day
Annual Energy
Supply from 8091 MWh 164’250 MWh
Storage

Dr. David Parra, April 12, 2018

N |

1 per year

2160 MWh

Eer Winter |

1 per year ons

216000 MWh

,i

Parra et al.,

2017, Energy
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« How the energy storage technologies compare with each other at
different discharge time and system scales?

« How do key parameters affect the performance of storage?
(costs, lifetime, round-trip efficiency, price & type of electricity)

Focus: stationary electricity storage
Target of assessment: 1 kWh of electricity supply from storage
Performance Indicators: life cycle GHG emissions, levelized cost of electricity

29
Dr. David Parra, April 12, 2018
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Variation of lifetime, efficiency, costs, electricity type b
and price

I CAES, TS=Medium
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Abbr  Application Site Power Energy Energy-to- Usage Energy delivered
: [KW]  [kKWh] Power [#cycles [KWh p.a.]
Ratio p.a.]

WA Wholesale Generation/ 11 555 60,000 6 365 21,900,000
Arbitrage Grid site

AF  Area&Freq.  Generation/ 4445 g5 0.5 176 880,000
Regulation Grid site

TD  T&D Upgrade Gridsite 10,000 50,000 5 250 12,500,000
Deferral

PS Demgnd Peak C&l sites 195 950 5 104 26,071
Shaving

SC Increase of Residential
Self- end- 2.5 5 2 250 1,250

Consumption  consumer

33 g CO2/kWh 485 g CO2/kWh 770 g CO2/kWh
Different battery chemistries

Dr. David Parra, April 12, 2018 Schmidt et al., in preparation
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2.50Y

o o o
(O T LT g g f————
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Lithium-ion Other Batteries
Findings
* Li-ion is the benchmark battery technology

* The life cycle cost of batteries depends on the system cost, while the life cycle
emissions depend on the geography

* There are not trade-offs between the climate and economic dimension -
Dr. David Parra, April 12, 2018 Schmidt et al., in preparation
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1. Life cycle cost and life cycle emissions
2. Combination of applications
3. Renewable heat and fuel

4. Analysis at various scales, namely local,
district and national

5. Community scale
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Combination of applications
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Remarks

Remarks

Application
PV energy time-shift
5 ~Electricity demand
~PV generation
4
g
=3
£
a

- Energy application

- Supply side

- PV charging

- Driver: difference bet-
ween retail price and

Application

Demand load shifting
5 ' Peak time ;
—Electicity demand |
o4 WPeak electricity cemanc f
2 ¥
=3 l |
| |
§ 2 - i

- l

- Energy application

- Demand side

- Grid charging

- Driver: varying-price
tariffs

- We use a 2-period

% feed-in tariff ; :
time-of-use tariff:
- We focus on the UK % 4 8 _ 12 16 20 24
Time (hr) Economy 7 [22]
, ) - Power application
Avoidance of PV curtailment ; Demand peak shaving 4, B
E demand ' - Supply side gEcrictydeman | - Power application
-pvw , 3 ) ; - A i :
4—Sufg§::§;m / PV. charging : 4|~Grid import ,// \\ Supply s.l ge :
i . Feed-in limit - Driver: regulation (e.g., i | Peak demand limit / \ - PV or grid charging
g Germany) or capacity- g : ’ - Driver: capacity-based
52 based tariffs & \ / tariffs
1 \\ - We use a feed-in limit of ) /,‘f( j - We use avalue of 8 £/
e e 6 20 2] 50% of PV capacity [24] b Sl m«gm) 6 20 24 kW pezy-month [26]

Dr. David Parra, April 12, 2018

Parra and Patel, under review
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Combined applications
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Community storage:
kWh-MWh scale
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Table 2
Comparison of community batteries to households batteries.

Individual household Community
batteries batteries
Total demand (MWh) 3244 3244
Solar generation (MWh) 851 851
Base imports 2523 2523
Base exports (MWh) 130 130
Total storage capacity (MWh) 13.0 8.5
Average IRR (%) 8.0 9.3
Imports with storage (MWh) 2464 2432
Exports with storage (MWh) 49.5 27.8
Import reduction per kWh storage 4.6 10.7
(kWh per kWh storage)
Export reduction per kWh storage 6.2 12.0
(kWh per kWh storage)
Lonyiwuue

Dr. David Parra, April 12, 2018

47



Dr. David Parra, April 12, 2018

G UNIVERSITE

%%’ DE GENEVE

48



UNIVERSITE
Outlook @) DE GENEVE

rn

FIT, prices, cost [ct/kWh]

0 . )
2000 2002 2004 2006 2008 2010 2012 2014 2016
w— New PV, roof system/small + Gross domestic electricity price
~New PV, ground-mounted/roof large = Nel electncity price for induslry
- Average feed-in tarifffor’v e Full cost fossil & nuclear (+external)

- VIrwal storage-incenuves
- Battery storage

49
Dr. David Parra, April 12, 2018



UNIVERSITE

Conclusions and discussion DE GENEVE

1.

The transition to a renewable-based energy system is
possible

Interdisciplinary challenge

Energy storage development in the next decade key for
renewable energy penetration and climate change mitigation

Further system integration with policy coordination to reduce
uncertainty

Level the playing field for technologies
Stationary batteries are very close to profitability

Stakeholder involvement and trade-offs for accelerating
acceptance

Dr. David Parra, April 12, 2018
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