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Belectric Overview

" One of the world’s largest PV system integrator
* |In-house R&D and manufacturing
= Over 1.6 GWp total installed capacity

= Experience in all continents and climates

B Core Markets

B Local Presence

[ Business & Project Development/
Sales Representative

Israel
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Belectric Overview — Products

, Standard PV system block:

- = Simplification

=  Standardization

=" |mproved Efficiency

Powerblock Off-Grid & Hybrid Solution Energy Storage System
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Belectric Overview — Storage

= A standard system in 40ft container with up to 4AMWh
= 7 years experience in R&D and product development

= ~75MW power & 55MWh capacity in Commercial operation
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Terminology: Power, Capacity & C-Rate

e Capacity: The amount of energy stored in the battery [Wh]

e Power: The rate of energy drawn from the storage system
Capacity (MWh) — The batteries Power (MW) — The inverters
G

A

e C-rate: The ratio between Power and Capacity, Higher c-
rate = faster energy charge / discharge

Configuration examples Application

High power 2MW & 1MWh: 2C, 30 min Frequency regulation,

(High c-rate) charge/discharge typically 30 or 15 minutes
AMW & 1MWh: 4C, 15 minutes (2C or 4C).
charge/discharge

High capacity 2MW & 4MWh: 0.5C, 2 hours Ramp-rate,
(Low c-rate) charge/discharge Energy for peak demand
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Presentation Notes
The capacity refer to the nominal amount of energy in the battery cells.
The power is the amount of energy drawn from or charged to the battery.
The C rate is the ratio of the above (Power divided by the Capacity) which determine the level of charge-discharge. 
Customer’s requirement will include the power and the c-rate required together with other terms (like performance warranties, penalties, charge/discharge scheme) while the capacity which is required to meet all those requirements is based on the system design.


Storage Power Price

Li-on batteries price dropping exponentially!

1995 - 2010: 14% per year over 15 years

2010 —-2017: 20% per year, price decrease accelerated due
to investment by IT, Automotive and Energy industries

2020 forecast: Below $190/kWh

2030 forecast: $100/kWh or lower... 100 Q"
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Presentation Notes

The chart and Tesla image taken from: https://electrek.co/2017/01/30/electric-vehicle-battery-cost-dropped-80-6-years-227kwh-tesla-190kwh/


Energy Storage Benefits

Both Generator & Load (discharge & charge)
Extremely Fast Response
Very Cheap



Presenter
Presentation Notes
The image is taken from: http://bellona.org/news/transport/electric-vehicles/2014-11-bellona-brief-finds-energy-storage-electric-vehicle-ev-batteries-can-outperform-norwegian-gas.



Storage Business Cases Overview

BATTERIES CAN PROVIDE
UP TO 13 SERVICES TO THREE
STAKEHOLDER GROUPS
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o Source: http://www.rmi.org/Content/Files/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
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Presentation Notes
This is an high-level overview of the business cases / optional applications for large-scale storage systems.
RTO - Regional Transmission Organization: Term used in USA for Transmission System Operator (TSO).
ISO - Independent System Operator: Term used in USA for organization which typically perform the same functions as ISOs, but cover a larger geographic area.
Utility Services: Refers to distribution network operator.
Energy Arbitrage: Buying (storing) energy when price is low and Selling (releasing) energy when price is high.
Spin / non-spin reserve: The extra generating capacity that is available by increasing the power output of generators that are already connected to the power system.
Frequency Regulation:  Control of the frequency deviations aimed for stabilizing the transmission grid and bringing it back to normal.
Voltage Support: Control of the voltage of the grid.
Black start: The process of restoring an electric power station or a part of an electric grid to operation without relying on the external transmission network.
Resource adequacy is the ability to supply load with adequate generation resources.
Transmission congestion Relief:  Transmission congestion occurs when there is insufficient energy to meet the demands of all customers. This can be solved via energy storage system.
Transmission and Distribution Deferrals: Delay of expensive upgrades to electricity transmission and distribution equipment by reducing the impact of peak period electricity demand, typically via implementation of energy storage systems.
Time-of-use bill management: Time-Of-Use (TOU) pricing is a variable rate structure that charges for energy depending on the time of day and the season the energy is used. With TOU rates, the electricity bill is determined by both when the electricity is used and how much is used.
Demand charge reduction: Related to the way larger electricity users are charged. Measured in kilowatts (abbreviated kW) and practically measuring the peak energy used. This is as opposed to basic customer charge which payment for the energy (in kWh) used. Through storage large-customers can reduce their demand charge.
Increase PV self-consumption: Meaning PV energy which is otherwise not used due to times when the generation is higher than the load, can be stored and used later, eg during the evening.
Backup power: Storage energy used during blackout.

http://www.rmi.org/Content/Files/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf

Frequency Control — The Need

 Transmission grid frequency changes based on load vs generation:
0 When Generation > Load - Higher frequency
O When Generation < Load - Lower frequency
e Grid frequency kept within certain range, (eg 50+0.05 Hz in Germany)

* Frequency services:

Primary Stabilizing the grid  Seconds Low power

Secondary Grid back to normal Minutes High power

7 ¢ Transmission grid Frequency chart (in blue
and green), must be kept at 50+0.05

» Batteries can provide Primary services, where fast response is required:
Charging when the frequency is low and discharging when it’s high.
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The just-in-time characteristics of the energy supply means that the generation must be aligned with the demand, otherwise the grid frequency will deviate and the grid might fail.
The Primary control is focused on very fast response to make sure the grid doesn’t deteriorates further until the larger generators are available to bring the grid back to its normal condition.
The frequency control is currently supplied by traditional energy power plants. The main benefit of storage system is over the existing systems is fast response, in seconds or even mini-seconds!


Frequency Regulation - TERNA I I

e TRENA: Italy’s electricity transmission grid operator

 Combination of traditional generators and batteries the
most cost effective for frequency regulation

75/25% traditional/storage
for frequency regulation is
much better than 100%
traditional

0.2

T T T
1] 10 20 a0

Scenario A
600 MW of Traditional Primary

Scenario C
450 MW of Traditional Primary
+ 150 MW of Batteries

Time (s)

40 50 G0 70 a0

— Scenario B
600 MW of Traditional Primary
+ 150 MW of Batteries

Scenario D
750 MW of Traditional Primary

J
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Presentation Notes
The graph: X-axis is the time and Y axis is the change in frequency. It demonstrates the great benefit in terms of less frequency deviation achieved with conventional + storage vs conventional only.
 Significant cost saving due to the implementation of batteries for frequency response, related to saving of more conventional generators which without batteries would be required to meet the same frequency regulation requirements vs the mix of conventional and batteries. The cost related to the CAPEX and OPEX costs of the additional conventional power required to meet the same frequency behaviour.


N L7

Frequency Regulation - UK

Z IS

 NationalGrid: UK’s electricity transmission grid operator

* Increase of network operation cost by 150-200M € pear year

by 2020!
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Presentation Notes
The graph: X-axis is the time and Y axis is the power. 


Others Grid Services

* Voltage Regulation at the distribution network
 Transmission / Distribution network Deferral

* Transmission congestion Relief: Assuring sufficient energy
to meet customers demands. Eg South-Australia

e Critical for small grids and grid with a lot of renewables

PV + storage Tender in a small Caribbean
nation, with solar up to 25% of generation

I 3.75MWh 1.25MWh ‘ 1IMWh \

www.belectric.com
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Caribbean island: Solar up to 25% of generation  Storage essential for grid services
A storage system business case with a combination of income could be key for storage implementation in different markets.
Arbitrage business case is implemented by one of the winning applicants (with 2 projects) in the EFC / UK tender, which is done in combination of the frequency regulation. The frequency control will be implemented for 21 hours while the remaining 3 hours (4:30pm – 7:30pm) dedicated for energy arbitrage.
Combination of business cases with multiple storage / business cases could be while each business case is at specific hours or few om parallel, at the same time frame.
The system design for multiple business-case is possible eg by allocating the required capacity for each business-case. Design change during the system life is also possible and should mainly require SW changes and potentially some additional capacity. 


Ramp Rate Control

e Storage to decrease rapid changes of renewable output, eg
cloud event at solar farms

e Storage system charged & discharged to maintain the max
ramp rate required

 Kadapa and Pavagada Indian tenders: Max ramp rate as
+2% of last 15 minutes moving average of solar output

e 10% storage expected in every solar project in India

Example of Power Smoothing
1200, el
\ —AC PV Power
—AC Power with Battery
—Battery Pawer
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The chart is taken from: https://www.researchgate.net/figure/255249154_fig12_Figure-20-Example-of-ramp-rate-control-for-long-time-scales.



Backup Power for Peak Demand

e Utility scale storage system for peak demand

e Oct 2015: Gas leak at Aliso Canyon's underground storage facility used
or peak demand 2> Facility shutdown due to reliability concerns =
Utility scale energy storage as replacement

e Jan’17: 20MW/80MWh energy storage system completed in 88 days

Aliso Canyon gas generator

www.belectric.com
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The Aliso Canyon gas generator photo was taken from: https://en.wikipedia.org/wiki/Aliso_Canyon_gas_leak.
The storage system image was taken from: https://electrek.co/2017/01/23/tesla-mira-loma-powerpack-station-southern-california-edison.



Mini Grids
e Mini Grid ("micro grid”), is electricity supply to local
customers with power generators (and storage)
* Potential in Africa, Australia, South-America: 65% of Africa’s

citizens without access to electricity. 500AUS diesel
subsidies in West-Australia

e Storage is key component for micro grids to reduce fuel
costs and to increase reliability
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Photo taken from: https://visibleearth.nasa.gov/view.php?id=55167.
The image was taken from: https://building-microgrid.lbl.gov/about-microgrids.


Increase Solar Penetration with Hybrid

% of solar power limited to ~20% to allow diesel ramp-up
e Storage can significantly increase solar size & hybrid system
— Increased saving of diesel fuel & use of excess solar output
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Virtual Power Plant - VPP

VPP — Aggregated distributed energy resources for energy
trading and/or ancillary services

 Energy storage-enabled VPPs let a utility add the capacity of
a power plant without investing in a new physical plant

Mar 2017, power company AGL

= ' implementing the world largest
L VPP in South Australia: SMW
=) — VPP made of 100s properties

Power Plant

with solar and battery storage

www.belectric.com
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The image was taken from: https://www.energymeteo.com/products/virtual_power_plant/functionality.php.


Energy Arbitrage

e Revenues due to changes at energy prices
* Risky, makes sense in combination with other applications

 Implemented in the UK, 2 projects combining frequency services
and arbitrage business cases

e Evaluated as part of South-Australia tender
* Requires high power system, to benefit from short duration of
price peaks & low

Average Daily Arbitrage Payback AUS/MWh (annual, per
MWh installed) in South Australia Cheap

Energy

+ Expensive
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In the UK, the 2 shortlisted Low Carbon projects will provide frequency regulation most of the year and will take part in the energy arbitrage market during the afternoon hours (4:30pm - 7:30pm) from November to March.
South-Australia tender: The storage system is required to meet peak energy demand only during 16 days each year. The applicants are encouraged to offer the lowest bid price to be achieved by another revenue stream like energy arbitrage.
The chart is taken from a study done for the arbitrage business case in South-Australia: http://reneweconomy.com.au/understanding-the-arbitrage-value-of-a-large-battery-in-sa-16154/?utm_source=RE+Daily+Newsletter&utm_campaign=910df6b103-EMAIL_CAMPAIGN_2017_03_22&utm_medium=email&utm_term=0_46a1943223-910df6b103-40245681



Increased Renewable Self Consumption

* Avoiding losses due to renewable energy curtailment at utility

applications or generation-demand not aligned at residential &
commercial applications.

e South Australia: 100MW/129 MWh battery at 309 MW wind farm,
mainly to reduce losses of wind energy and to provide grid services

Excess solar energy used later through battery

Photovoltaic Yield

Concept image for the South Australian project

Example Load Profile

Direct Consumption Use of Stored Energy

00:00 02:30 05:00 07:30 10:00 12:30 15:00 17:30 20:00 22:30
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The image was taken from: https://seekingalpha.com/article/4086371-tesla-neoen-win-worlds-biggest-battery-plus-wind-project-south-australia.
The chart is taken from: http://www.cornwallsolarpanels.co.uk/battery-storage.
Another chart which could be used: http://www.nacleanenergy.com/articles/16088/the-unique-advantage-pv-battery-storage-gives-commercial-buildings.



Residential Solar

e Grid costs are ~“60% of electricity bill in Australia = Driving
consumers to go off grid! enabled by energy storage

« BNEF: “Over the next 25 years, small-scale battery storage will
become a 5250 billion market” (worldwide)

Typical electricity bill at NSW, Australia

Environmentals, 4% Metering, 1% Losses, 4%

Carbon, 8%

Market, 1%

Batteries

Storage will become standard with
Negotiable Non negotiable rooftop solar by 2030
1(% Cumulative
T Small-Scale Solar
Energy, 25% 1,000 -
800 1 Solar Without

Network, 57% 400 1

Solar Paired
With Batteries

@ B T rr

B . e e e g Y T T e T R e | T
2012 2015 2020 2025 2030 2035 2040

BNEF, 31 Jan 2017

B Energy ™ Carbon ®Environmentals ™ Metering Losses ™ Market ® Network
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The electricity bill breakdown chart (at left) is taken from: http://www.aginnovators.org.au/initiatives/energy/information-papers/energy-purchasing-electricity.
The solar and storage volume chart (at right) is taken from: https://thinkprogress.org/chart-of-the-month-driven-by-tesla-battery-prices-cut-in-half-since-2014-718752a30a42.



Storage Commercial Viability
Rule of thumb:

EPC CAPEX costs ~500 Euro/kWh (installed capacity)
~6,000 cycles (guaranteed) during system life

- ~0.08 Euro/kWh EPC CAPEX cost (=500/6,000)
Investors CAPEX costs + OPEX costs: ~0.04 Euro/kWh
— Total costs ~0.12 Euro/kWh (usable capacity)

Highly recommended lecture:
Clean Disruption - Energy & Transportation, Mr Tony Seba
https.//www.youtube.com/watch?v=2b3ttgY DwFO0

2 ©
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Presentation Notes
The price above is a rough guidance based on current prices (November 2017). 
The price is subject to the battery c-rate, the higher then c-rate the more expensive the battery is.

https://www.youtube.com/watch?v=2b3ttqYDwF0

@— www.belectric.com

——g—

BELECTRIC — The better electric.

Headquarters Germany:
BELECTRIC GmbH, Wadenbrunner Str. 10, 97509 Kolitzheim, Germany

Phone: +49 9385 9804-0, Email: info@belectric.com
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