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DNV GL - Global Leaders in Energy Storage Advisory Services
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Centralised and decentralised energy systems develop in parallel
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Future Energy Storage Requirements
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Storage technologies - high power and high energy options

Energy/power ratio = 1 hour

Pumped storage

Compressed air energy storage
Sodium sulfur (NaS) battery
Vanadium redo x battery

High
energy

Advanced lead acid batteries
Zinc bromine flow battery

Sodium nickel chloride battery
Li-ion — high energy

Li-ion - high power
Flywheels
Double layer capacitors (supercapacitors)

Energy/power ratio < 1 hour

DNV GL © 2016 DNV-GL



Storage Technologies

Y
(o]
>
Q
5
5 2
oS
Q0 S
£ 3
T .
c o
5 3
c 0O
o Q
l;
©
it
= |
(@]

"Seconds to minutes"

Short term energy storage
systems

E2P ratio: 0,25h

"Daily storage"
Medium term energy storage
systems

E2P ratio: 1 - 10h

"Weekly to monthly"
Long term energy storage
E2P ratio: 50 - 500h

Batteries
Supercapacitors
Flywheels

Batteries

Pumped hydropower
storage

CAES / LAES
Thermochemical
Redox Flow

Sensible /
Latent thermal
Power to Gas

+ Grid services

« Compensation for day-night
load imbalance

- Peak shaving, valley filling,
load shifting

« Correction of forecast errors
of renewable producers

« Prevention of re-dispatch

« Opportunity of spot market

price fluctuations

« Future application to bridge
periods of low wind and

i photovoltaic generation E
i « Seasonal storage for thermal |

energy

___________________________________
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Eight emerging dynamics for storage

Storage market widely seen as where
solar market was 5 years ago

PV started as cost-intensive technology...
now becoming competitive with
conventional generation

o Costs declining rapidly for energy storage

(5w, InstalledPVcost ) (§/iWn Battery Cost R
e Storage will be a key enabler to increase B W5 o St brongn
RES penetration by smoothing variable B

o Bace & Veoxs
resource on the grid and vice versa!

e As with solar-PV, performance guarantees
are one of the main contributors to market
maturation

I L] L)
100 200 0N 205
- ¥ 8 J
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Eight emerging dynamics for storage

e Resiliency: electric power systems
interdependence - back up power - energy
security

Stacked values: Storage deployments with
solar PV can provide income and cost benefits
on both sides of meter

Regulatory requirements and financial
incentives emerging in several countries

Income opportunities for project
developers deploying combined technologies
in otherwise declining “solar only” markets
- self consumption

Emotional appeal: customer demand
for more energy independence - new
product /appliance and services

(the Tesla effect)
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Storage Maturation

Effort

Technology Application Markets Business Case

Technoloyly Realization,

GRIDSTOR Benefit Stacking  Flex Markets Control Algoritms

JUSER
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The need for flexibility in our energy
system: smart energy




E.g. introduction of DER - in large volumes - will impact power
flows, and power quality

= Energy transition will result in larger fluctuations in supply, and in load — mainly
in electricity markets

= Large number of inverters (PV solar) will result in voltage issues

= Both developments put pressure on reliability of electricity supply

Residual load Netherlands - 2012 (0.7 GW PV, 2.5 GW wind) Residual load Netherlands - 2030 (8 GW PV, 16 GW wind)
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Flexibility instruments will enable high RES penetration

Demand Side Management

Energy storage Supergrids / Interconnectors
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Global status of energy storage
market

Projects and applications




Global status projects

DOE GLOBAL ENERGY STORAGE DATABASE
Office of Electricity Delivery & Energy Reliability

Sandia
National
Laboratories

HOME PROJECTS ~ POLICIES ~

Canada JAam @
Poland
(2 any Ukraine . vy
- Fran 297 1 ittt Mongolia
. 80 210 Spain laly 76
rtl ' United States Nort 4 Turkey 6 e 136 .. X
322 Atiant 2 s Afghanistan - .»aKorea
¢ - ran
34 25 - Algerla | |jpys | ESYPL Pakists
Mexico Saudl As 7 20
pxic ndia 45
34 Mal Niger 3 Thailand
13 Chad Sudan
e Venezuela perna “ihiopia
L 8 - 4 4
- | 4 iyl
| Rgsenod Indonesia Papua New
“ Tanzania Guinea
A‘ < 4
: ; ? \/ Namibia WOR
| SWan X o
| An]st""dan1 "‘ ' : Il Hotsn 14 Australia
: —_ | At Y 14
: 22 J i 1R South Africe 45
|
p ..
':,d : rlands Technology Type Projects  Rated Power (MW) z;({c ‘3
,‘ \‘
n 4..‘\ ; Electro-chemical 085 3100
Cologn
] BFU sels ’ 6 Og Pumped Hydro Storage 352 183800
Sl . {
| -— . Thermal Storage 206 3622
Electro-mechanical 70 2616
i Hydrogen Storage 13 18
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Wilhe

Quick Charging E\v”s Powered by the Sun Lithium lron 50 2:00 Operétional
(Bodegraven A12) Phosphate
Leeuwarden Groningen L5 Bodegraven, Bodegraven, Netherlands Battery
Description »
SOPRA HAN University Lithium lron 60 0:50 Operational
- Arnhem, Gelderland, Netherlands Phosphate
@ Battery
Description »
A
[ 31] SOPRA WUR Farm Lithium Iron 60 2:30 Operational
(2 Lelystad, Flevoland, Netherlands Phosphate
The ud therl DS il Battery
, Ariyfem Mi Description »
Rotterdam [ 43 . — = .
e SOPRA Zero Watt project Lithium Iron 60 0:50 Operational
| £311 |
/ Dortrr Hague, Zuid Holland, Netherlands gra\g:rphate
; Y
- Elndig)oven Esseno Description »
Bruge)s __‘»‘\‘/Antwerp Diisseldorf . ' |
e o Ghent o ° € Fotonenboer 't Spieker Dairy Farm Vanadium 10 8:00 Operational Sep 01,
i\ o €19 @ Cologne Vierakker, Gelderland, Netherlands Redox Flow 2010
B I g o Battery
"Uzse S (44 | o Description »
ﬂ\) E40] £ oAachen Boonn
Lille Liege Pee )
Smart Storage Lithium-ion 400 0:30 Operational Sep 03,
Etten-Leur, NBr, Netherlands Battery 2012
Description »
- Vlissingen Advancion Energy Storage - AES Lithium-ion 10,000 1:00 Operational Dec 31,
Vlissingen, Zeeland, Netherlands Battery 2015
[ ‘ Description »
Add New Pl’oject Amsterdam ArenA Storage Lithium-ion 4,000 1:00 Operational Jan 01,
Amsterdam, Amsterdam, Netherlands Battery 2017
B Description »
Project Name Service/Use Case 1 Service/Use Case 2 Service/Use Case 3 Service/Use Case 4 Service/Use Case Senice/Usg

SOPRA HAN University

On-Site Power

Renewables Capacity Firming Microgrid Capability Electric Energy Time Shift

SOPRA WUR Farm

On-Site Power

Renewables Capacity Firming Electric Energy Time Shift Microgrid Capability

SOPRA Zero Waitt project

On-Site Power

Renewables Capacity Firming Electric Energy Time Shift Microgrid Capability

Fotonenboer 't Spieker Dairy Farm

Electric Bill Management with Renewables

On-Site Power Onsite Renewable Generation Shifting

Smart Storage

Black Start

Distribution upgrade due to solar  [Microgrid Capability

Vlissingen Advancion Energy Stora

Frequency Regulation

Amsterdam ArenA Storage

Demand Response

Frequency Regulation Grid-Connected Commercial (Reliability On-Site Power

Renewables Energy Time

Resiliency
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In comparison: the top 7 countries

Rated Power (GW)

Renewabies Capacity oo | v

Electric Energy Time Shift
Electric Bill Management

Renevabies Energy Time st |
Frequency Reguiaton
ettage Support [
Etectric Suppiy Capacity |
Onsite Renewable Generation Shitting [N
Electric Supply Reserve Capacity - Spinning _
on-site Power
Grid-Connected Commercia (Reiabiy & Qualty) N
Elecric Bill Management wih Renewabies [
Transportation Services || NG
Distribution upgrade due to solar —

. Electro-chemical

1.5 . Electro-mechanical
. Hydrogen Storage

1.0 . Thermal Storage

0.5

0.0

United States Spain Germany Korea, South Japan India China
= Source: DOE database

19 DNV GL © 2016 DNV-GL



Global status of energy storage
market

Economics - li-ion

20 DNV GL © 2016



Capital Cost

Verify the cost:

€125-

310/kWh :

Cells Modules BMS

System

Container

Cooling,
internal
FES, HVAC

Battery System Component Vendors and Integrators

Who is giving the quote?
Is it turnkey?

Who else is involved?

Electrical
Connection

Commumni-
cations and
protection

Electrical System
Integrator

€330-
2500/kWh
D?Erullj‘lanc;- Controls

ment

Project Owner

Project Financiers
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Projected costs

$5,000 Price floor in 2020: $60
$100/kWh at the cell level
$200/kWh at the system level -

54,000
$40
$3,000
$30
$2,000

$20

$1,000
510

&
2008 2010 2012 2014 2016 2018 2020
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Project realisation in the Netherlands
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Frequency Containment Reserve - AES

= 10 MW of interconnected advanced,
battery-based energy storage

» First deployment of AES’

Advancion solution in continental Europe

= First battery project in the Netherlands
for Frequency Containment Reserve
purposes

= 45.000 lithium ion batteries

— Average Capacily price
[EuR/MW]

— WA EINAI CApACIty peice
[EUR/MW

S 6 7 B @ 10111213 Feb16
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Energy storage for Alexia wind farm - Nuon

Currently balancing and FCR
Storage system 3MW to expand to
12MW

Prinses Alexia Windpark (122
MW), Zeewolde

Car batteries

Alfen as system integrator

——8alandngUp  —— Balancing Down
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Solar+storage at a farm in Odoorn for multiple applications

Generation

Solar + storage
Balancing, self-consumption,
peak-shifting

At farm 'De Jong en Bos’
294 kWh system
ATEPS, Jules Energy, GroenLeven

— L0ad = Sol 2 (excl for balancng)
e Battery (discharging) Battery (charging)
— et grid flow (excl flow from balancing)

Balancing power provided

—Bafancng Up = B3lancing Down
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Community storage/De Buurtbatterij

Etten-Leur

Enexis

Smart Storage Unit

Economically most attractive rev.
100kW-400kW / 240 kWh

Jouw Energie Moment

JEE » SEE
' - - ;--.‘-_‘:-..-5

AA
-~

Haarlemmermeer

Alliander Buurtbatterij
120kW/120kWh

Rijsenhout

Distribution grid services
Market services

Solar storage
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Behind the meter

CrowdNett

400 Powerwalls = 1 MW :. In NL by Q1
2017.Then scaling up in NL and starting
in BE.

Eneco aggregates capacity for FCR
application at first instance

Additional value streams at later stage
(e.g. post-net metering)

Jouw Energy Moment

Meulenspie in Breda

39 Tesla Powerwalls

Testing flexible tariffs

For trading and avoiding grid congestion
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Project realisation and risk
mitigation
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Realisation - best practices & lessons learned

4 Contract award

v

Engineering

design

manufacturing

Release

Release

transport to site

<

Manufacturing

c
0
hd
s
bi’
o
(7))
gE
o
O 0

<

Start commercial

ion

operat

<

Commissioning

Operation

Kick —off project
Review contract
Review project
ET

Review design
Check compliance
HSE

Kick-off
manufacturing
Review quality
IET

Review progress
reports

Factory
acceptance test

Kick —off
construction
Review
construction
plan

Review
progress
reports

Progress
meetings
Site visits/
inspections
Punch list

Review
commissioning
plan/procedures
Monitor commis-
sioning test
Witness
acceptance tests
Progress
meetings
Review as-built
documents
Review O&M
plans

Support take-
over

Punch list

Monitor
operations
Follow up punch
[T

Lessons learned
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Real-life examples of materialised risks

Feasibility risks

System dimensioned on minimum
CAPEX instead of TCO

Market saturation not taken into account

Sub-optimal combination of technology
and applications

Performance risks

» Cycle life data under different
conditions (DoD, temperature, C-rate)

= Standby losses not taken into account

Contract risks

= Conditions warranty and guarantees
unclear

» System boundary unclear - e.g. safety
responsibility

Regulation/certification risks

= System specification not in line with
market regulation / grid code

» Systems not meeting standardisation

Commissioning risks
= FAT / SAT testing inadequate

= Handover unclear

Safety risks
* Fire suppression for li-ion batteries

= No FMEA analysis, no adequate
measures and training

= Cyber safety

32
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Methodology for de-risking energy storage: GRIDSTOR
R e __ GRIDSTOR Update!

DNV GL issued a Recommended Practice (DNVGL-RP-0043) on New technologies (CAES,
grid-connected energy storage ultra-caps, inorg. Li-ion)

= Guidelines and methods to evaluate, assess and test safety, operation )
and performance of grid-connected ES Cybersecurlty

. ::gzreedncmg ISO, IEC and IEEE standards if possible, enhancing where Communication protocols
. Industry supported: created by consortium of 7 parties, 36 parties Decommissioning

involved in review process
Warrantees, guarantees

= Comprehensive
Free to use Contracting aspects
Bankability
LCoS

Residual value assessment

SAFETY OPERATION PERFORMANCE

FMEA/Bowtie analysis Monitoring Definitions
Risks and mitigation Control Conditions Procurement

Design consequences Grid connection Measurement Inverter aspects

Procedures & documentation Environmental analysis Life e costs
' lysi ife cycl ...and more...

For more information, see www.dnvgl.com/services

storage-52177 and rules.dnvgl.com/docs/pdf/DNVGL/RP/2015-12/DNVGL-RP-0043. Qdf

~
-~ —
N B P e
- T | = S/ S |
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Training course Grid-connected energy storage -

March 23 & 24, 2017

ENERGY ACADEMY

TRAINING COURSE

GRID-CONNECTED
ENERGY STORAGE

Increase your understanding of the technical, market and financial aspects

as well as risks associated with grid-connected energy storage.

This two-day course on grid-connected energy storage is
intended for professionals wishing to acquire a comprehensive
overview of grid-connected energy storage and to have

the latest technology, market conditions and issues clearly
explained. The topics covered are: energy markets in relation
to energy storage, the role of storage in providing flexibility

to solve intermittency issues in the grid, business models,
performance indicators, warranties, safety, risks and risk
mitigation, and more.

DNV GL will provide you with international examples and
present our view on best practices for grid connected energy
storage using our industry-supported GRIDSTOR methodology.

Your benefits

After this course you will be able to:

= Identify opportunities and risks for grid-connected energy
storage in your business.

= Understand the complexity of grid-connected energy
storage projects, be able to make decisions and interact with
stakeholders during the entire project life cycle.

Course topics
The following topics will be addressed:
» Roles of storage in the electricity grid
- Electricity markets
- Types of energy storage systems (e.g. Li-ion, vanadium redox
flow batteries, etcetera)
- Components of energy storage systems
» Essential elements - life cycle phases and planning
- Performance indicators/reliability
- Sizing
- FAT/SAT
- Warranty/safety items
- Contracting, actors and responsibilities
» Business models
- Value of flexibility
- Levelised cost of storage (LCOS)
- Technology/market combinations
- Examples/case studies
= Risk in energy storage
- Risks & risk mitigation
- Safety, health and environmental aspects
- Design FMECA/operational FMECA
- Standards
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Key take-aways
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Key take-aways

CAPACITY PRED1

GRIDSTOR
Recommended
Practice as the

technical
framework for
risk analysis

2016 was an Costs becoming [} Various projects in il As a relatively new
important year for commercially the Netherlands, I and complex item,
storage in the attractive, but breakthrough yet various examples

Netherlands and depending on to come, new of materialised
globally many aspects values to be risks

disclosed
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Thank you

Jillis Raadschelders
Email: Jillis.Raadschelders@dnvgl.com
Tel: +31 (0)6 150 633 90

www.dnvgl.com

SAFER, SMARTER, GREENER
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