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Why focus on Li-lon batteries? wwiw innoenergy.com
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Li-lon battery cost reduction www.innoenergy.com 7

Lithium-ion battery price survey results: volume-weighted average

Battery pack price (real 2018 $/kWh)
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Rapid learning rate

Lithium-ion battery price survey: pack and cell split

real 2018 $/kWh
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Electric Car Battery Costs Are Falling as Fast as Solar Panel Costs

LITHIUM-ON EV BATTERY EXPERIENCE CURVE Bloomberg
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The time for Lithium-lon is here

Nobel Prize in Chemistry
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John B. Goodenough (USA, left), M. Stanley Whittingham (UK, centre),
and Akira Yoshino (JPN, right) share the Nobel Prize for
the development of lithium-ion batteries
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Projections of the battery market are tricky... wiw.innoenergy.com

ANYONE'S GUESS

Researchers have no idea when
electric cars are going to take over

By Michael J. Coren * May 18, 2019

W BNEF 2019 HExxon 2018 OPEC projections for global electric car stocks The US EIA forecasts very low adoption of electric cars

Source: QUARTZ Research



A new approach at looking on penetration www.inhoenergy.com
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Driving range www.innoenergy.com

How much range is required ?

Assessing the progress toward lower priced long range battery electric
vehicles

Bjorn Nykvist™*, Frances Sprei”, Mans Nilsson®

 Stockholm Environment Institute, Linnégatan 87 D, 115 23 Stockholm, Sweden
® Department of Space, Earth and Environment, Chalmers University of Technology, 412 96 Goteborg, Sweden

Consumer acceptance of EV *)
50% 300 km
70-90% 350 km

*) Not considering recent development in charging



Cost/Price premium

Already competitive in selected markets....

Tesla Model 3 LR BMW 330i Volvo S 60 T5

Price as tested SEK 593780 420400 398900
Value loss (% per year) 9,8 14,8 12,9
Annual fuel cost 5504 26250 27200
0-100 (tested) 4,7 5,9 7,2
Range (km tested) 436 760 750
TCO (SEK/10km) 47,97 58,9 54,58

Kia e-Niro XC40TE XC40T3
Price as tested SEK 384900 431554 385700
Value loss (SEK per year) 49725 47464 58000
Value loss (% per year) 12,9% 11,0% 15,0%
Annual fuel cost 4704 10931 20100
0-100 (tested) 7,8 7,4 9,4
Range (km tested) 371 695 780
TCO (SEK/10km) 38,28 42,22 45

www.innoenergy.com

¥ Quarterly EV sales in top European markets
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Lack of charging infrastructure, public charging..... wwuw innoenergy.com

163 (Fast, 24/7) 413 (Tesla) @ 6631 (regular, 24/7) @ 705 (regular, not 24/7)

Ud .I Mo 390MMm
) :
& Ve e ) epluube. Azorbaycan
o000
A" ‘\(6\ O
J\/

1. A
Leaflet | © OpenStreetMay



Summary concerns... www.innoenergy.com

X XIE X E==EOROK -
- B A B ] [S w T YT —
Driving range 31% m 35% 26% 25% 14% 18% H 10% H 24% ‘ J

Cost/price premium 28% 22% { 19%} 24% - 9% {14%
—_— ~

prI— _ * All the boxes are
p o o R e [ > ticked!
Time required to charge 9% 11% H 18%]— 13% H 12% H 11% ’— 1M% H 17% H 10%

_ * The Automotive
Safety concerns with 5% 5% L 7% | 6% | 22% | 22% ’— 9% | 11% | 8%
battery technology | 0 t 0
application is a
An all battery electric 2
powertrain is not offered No bralﬂer
in the type of vehicle | 2% ~[ 3% H 3% H 4% H 3% H 11% H 7% ’— 3% —H 4% H 5%
want (e.g., SUV, truck)
U2 [ C i 3% { 2% | 2% - 3% - 4% - 3% H 7% ’— 3% H 1% - 3%
offer electrified vehicles
% = largest concern in each market

Source: Deloitte Global Automotive Consumer Survey 2018



Agenda

WWW.innoenergy.com 18

* EIT InnoEnergy
* Battery overview
* Automotive

e @Gridside

* Behind the meter
* @Generation

e QOther applications
* Q&A



WWW.innoenergy.com 19

Transformation of the Power System

Storage a key element on all levels in the future system
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Batteries as Frequency Containment Reserve www.innoenergy.com |

Articles 19-21: FCP, FRP and RRP — Example 2

—_— W
Frequency Containment Frequency Restoration Replacement
Reserves Reserves Reserves e Decreasin g
number of
$ i ’ conventional
plants will require
Stabilization Controlto Set-Point ReleaseUsed FCR& FRR new reserves
Reserves/
Freq‘.\lency

* Batteries are an
excellent option
for fast response




Batteries as Frequency Containment Reserve

The 22MW Battery@PyC became operational in May 2018 at Vattenfall’s
Pen y Cymoedd Wind Farm in South Wales, UK. It was one of eight projects
selected by National Grid to provide Enhanced Frequency Response service
to the grid network.




Alternative solution, batteries e

Pacific Gas and
Electric (PG&E) have
requested approval
from the California
Public Utilities
Commission (CPUC)
for four energy
storage projects
totalling about
2,270 MWh

PG&E to replace 3 gas plants with
world's biggest battery projects
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Behind the meter
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Future

Transmission

Shaving peaks means shaving on P —og g — g
T | control cenre] ™, ETer
cost for your network subscription & | e

&
Vg

Industrial

t t |§ = ; | lectric | custo‘[rloer
(contracted power) a0 o L e
'l' H s T
Etggg)é Substation ! |Subs ation|i| Commercial
i customer

jh-temperature \ A

H = 7
iperconductor |i. > Storage_2, | i

Residential
customer

Peak Shaved peak ESS* discharge
demand demand

Electrical infrastructure - Com

nications

Peak load

| _transfer ___ @
Lo

r (%)

@ @ ESS charge Sl
Grid fees 1year N




Behind the meter www.innoenergy.com 25

An alternative to build more grids Future
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Batteries as part of a conventional generation plant www.innoenergy.com

“Batteries are thought to be used mostly to store energy. Now, however, we will try
connecting a battery to a hydropower plant with the idea of improving the plant’s ability
to function as requlating power for the Nordic electricity network.”

Martin Lindstrom, Head of Asset Management Hydro at Fortum.
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Electrification of “Yellow” machines
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ST4 Battery 1 ~ g sincl. face driling,  MT42 Battery
ST14 Battery - Production. drilling and rock

ST18 Battery == reinforcement rigs

Volvo CE to launch up to 10 electric
excavators and loaders by 2020, replacing

diesel models entirely

Wayne Grayson | February 20, 2019



Electrifying everything with a combustion engine... wwiw.innoenergy.com
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EIT InnoEnergy Professional Learning: join our face-to-face course in Sweden wiw.innoenergy.com

Battery Stéragvé WEREES

Explore the trends, nawgate the challenges, and exploit
the opportunities \ — e
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Battery Storage Masterclass

Q 1-2/04/2020 | Uppsala University
23/04/2020 | Elite Hotels of Sweden AB,

Stockholm :
® Duration: 3 days : If you would like more information to help you decide

if it is right for you, please contact Ulrika Hynell.

+46 706 685 092 | ulrika.hynell@innoenergy.com



https://sea.innoenergy.com/course/battery-storage-masterclass/info
https://sea.innoenergy.com/course/battery-storage-masterclass/info
mailto:ulrika.hynell@innoenergy.com?subject=BSMC%20Sweden%20Enquiry

Johan Soderbom

johan.soderbom@innoenergy.com

Thematic Leader Smart Grids & Energy Storage




