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RENWABLE ALTERNATIVE ENERGY IS CHEAPER THAN ANY SOURCE OF ENERGY TODAY
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BATTERY STORAGE FUTURE
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Global wind, solar and storage - annual spend and annual capacity additions
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Global renewables capacity 2000-2017 and projection to 2025

wind, PV, CST (GW) battery (GWh) actual; 2017 on projection @FSS_Au @ProfRayWills 24Feb18
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Cumulative global electric vehicle and stationary storage GWh 2020 to 2030
Chart and projection @F55_Au @ProfRayWills 3Mar18 http://www.raywills.net/rtwtechadopt htmi
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Transition to electric vehicles - global vehicle annual sales to 2017 projected to 2030

Car data ONCA; EV data 2014-2017 @insidefvs & @IEA Chart & projection @FSS_Au @ProfRay'Wills updated IMarl8
N'ANINN ND5NNN P7n2 0"9Nwn 01 71 o'W 1vor 2026 nawn

¥ ICE Cars Hy_brld ¥ P!u;-ln Wd EVs

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

" Battery EVs

2015 2026 2027 1028 2029 2030



225

s i—a e B
Pk L =l *E
LT =] L= ]

Fuel - Exajoules
—
=

Sl
(5

&0 -

25

n H

World energy consumption by fuel type, 1990-2030

US EIA data 1990-2016 @F5S Au @ProlRayWilli projections incl. energy efficiency gains, bittery uie. Update 24Febl3

emn()j] ===(pal e==NjturalGas ~—=ssRenewables ~sssNuclear == =Batteries 2018
N'201XN "a10 752 2030 Tv 1900n 071y n'anax oy

BEEag
ganed L
gai l'.

/.”'.."..-_-'ﬂ:”,“,
£ """"1
o' !

i ..l. ;
ill'..' ,"

. gaadl ' B

.____————-_—l._—n“""""'"',fnu-u

L
.-ﬂ'

prp——— L

1950 1995 2000 2005 2010 2015 2020 2025 2030



WIND _SOLAR INSTALLATION

Global wind and solar installations, cumulative to June 30, 2018

GW
1,200 Total:
1,013GW
1,000
164
800 Small-scale PV
307
600 Utility-scale PV

400 Offshore wind
200 I I I I I ® Onshore wind

2000 2002 2004 2006 2008 2010 2012 2014 2016 1H 2018
2001 2003 2005 2007 2009 201 2013 2015 2017

Source: Bloomberg NEF. Note: 1H 2018 figures for onshore wind are based on a conservative estimate; the true figure will be
higher. BNEF tyipcally does not publish mid-year installation numbers.
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BATTERY FUTURE VS PV _WIND

Global renewables cumulative capacity growth & projection to 2000-2025
Solid lines - wind, PV, CST (GW) battery (GWh) actual; Projection - dashed @FSS_Au @ProfRayWills 4May18

4000
s \Nind ,l
Solar PV 1'35"['
—4—
CST Solar 18 [ - 3000
= = Batteries 18 ,' -
h -25003
T 7
1,7 ©
f (7]
4 - 2000 @
| .
f" o
| | o
f' —150'Um
s’ 0
- /
i
et ” - 1000
I’
7 - 500
’I
— |||_|_I_I__'-_'-|"_"|-'-I-q'-+'-1-'-"'l|'_ T T 0
2 3 833885838 29938533k eV AE
O O © o o o O o o o g o o © 0 0o 0 o 0 o o g 9o g9
oM MO N SN SN SN MM AN BN BN BN N M OB N BN BN B B8 B BN N



Figure 2. Lithium-lon Battery Prices Have Declined Sharply and Are Expected To Continue Declining

— BNEF Stationary Li-lon —— Navigant Large Format Li-ion {Cell costs converted to pack costs) »  Morgan Stanley Report Tesla Battery Pack Price
— ElA - EV-200 Li-ion emm Average Projection (Data used in report analysis) X Boston Consulting Group (High end)
X BNEF Observed EV Battery GTM Research X Boston Consulting Group (Low end)
Pack Price Index
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Figure 3:Grid payback times and power costs with $600/kWh and $300/kWh $150/kWh Lithium-Ion Battery

Payback time is 6 years for $600/kwh and I.ess than 5 yvears for $300/kwh
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Figure 3 illustrates micro-grid electricity cost results from five selected countries. Key assumpitions include a 30 kWh lithium-ion battery barnk
with a capital cost of S600/kWh and a 20kW photovoltaic & battery installation at $3.00/W. As shown, pavback periods range firom five to seven
vears (compared 1o being powered with only diesel generation). I.COF is levelized cost of energy
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2 Modeling of hybrid PV-Battery-GT plant]

The nominal capacity of the considered power plant is’ 100 MW AC. A standard PV system layout is assumed as
shown in Fig. 5. A modular design approach is considered. It has shown to be a successful industrial solution, since
it gives greater flexibility in designing the power plant. The plant is divided into ten independent medium wvoltage
sectors. Each sector has five 2000 kVA low wvoltage to medium woltage (LV/MMV) transformers. To ewvery
transformer two 1000 kKW inverters with a corresponding array of PV modules are connected. To decrease the LOCOE
of the plant, a D overdimensioning factor of around 140% is chosen. This means a PV unit of 1408 kKW, 1s
installed for every 1000 kW inverter unit, or 2816 kW, for every standard block. PV modules and batteries are
coupled on the AC side. It is assumed that two battery blocks of 3000 kWh with a C-rate (which is the rate at which
the battery is discharged with a specified continuous current) of 0.33 are installed to each inverter, resulting in a
discharge time of six hours. Additionally. two 50 MW GT are chosen for backup.
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POTENTIAL GRID STORAGE TECHNOLOGY

APPLICATIONS CHARACTERISTICS
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Figure 1. “Storage” is a broad category of technologies and applications that can help utilities balance power supply and demand by
holding energy for later use, like a bank account for energy. Storage technologies are distinguished primarily by capacity and discharge

time. Different storage technologies can be used for each of three main electric sector goals: energy management for daily/hourly
scheduling, operating and ramping reserves for load following, and frequency response and regulation to maintain power quality.
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NREL

HATIONAL RENEWASLE ENERGY LABCRATOMY

Economic Analysis Case
Studies of Battery Energy
Storage with SAM

Nicholas DiOrio, Aron Dobos, and

Steven Janzou
National Renewable Energy Laboratory

Prepared under Task No. $5139001

2.4.1 Lithium-len

Daily-cycle lithium-ion nickel manganese cobalt oxide (NMC) batteries similar to the Tesla
Powerwall batteries were selected for the lithiuvm-ion battery bank. Table 3 shows properties for
a single Powerwall battery pack.

Table 3: Tesla Powerwall Specifications [13]

Property Value

Price 53000

Capacity T KWh

Power 2.0 kW continuous, 3.3 kW peak
Efficiency 2%

Voltage 350 — 450 V

Current 5.8 A nominal, 8.6 A peak
Weight 100 kg

Dimensions 1300 mm x 860 mm x 180 mm

This analysis assumed that 7 kWh of energy can be cycled daily within the minimum and
maximum state of charge limits, which are assumed to be 30% and 100% respectively. This
implies a full capacity of 10 kWh which is assumed to cost $3000, implying a/price of
S300/kWh. We assume this cost includes installation and permitting, but additional analysis
wiould be required to incorporate these costs at a specific site.$160/%kwh in 2018 asumed ,This
analysis assumed that the battery begins with 7 kWh of daily cycle life and is replaced once the
maximum capacity has degraded to 70% of the original value. As detailed lifetime cycling
information is not readily available, we assumed that the batteries can be fully cycled daily for
five years beyond the stated 10-year warranty period before the battery capacity degrades to
T0% of the original installed capacity, at which point the battery bank must be replaced. This
implies about 365 cycles per year, for 15 vears, or 3475 cyeles.

2.2 Dispatch control strategies
2.2.1 Manual dispatch controller

The manual dispatch controller allows a user to choose how to charge and discharge the battery
depending on the hour and month. This controller is described in detail in [§].

2.2.1.1 Los Angeles

To account for the load profile seen in Figure |, the manual controller was programmed with the
schedule outlined i Table |.

Table 1: LA Manual Dispatch Controller

Month | Time Strategy
All 12am-6am& | Charge from PV
4pm-12am | Charge from Grid

Discharge up to 0.5% capacity sach fime step (5
minutes)

Al Tam- 3 pm Charge from PV
Charge From Grid

2.2.1.2 \Knoxvilie

To account for the load profile seen in Figure 2, the manual controller was programmed with the
schedule outlined m Table .

Table 2: Knoxville Manual Dispatch Controller

Month | Time Profile
All 12pm-T7pm Charge from PV
Charge from Grid
Discharge up to 0.5% capacity each time step (5
minutes)
Al 12am-11am& | Charge from PV
8 pm-12 am Charge From Grid




Largest grid batteries|Real case study |
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- %ﬁ'""“" Eﬂﬂ’{ Power w) | (heON | Type | Country | Refs
Sui:?:;ﬁﬁ 3 March 2016 300 50 5 iﬁ:‘;:"r S| —
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BESS REPLACE --- PUMPED ELECTRICITY

Electricity and Energy Storage - World Nuclear Association

$-2000 KWH 10 YEARS
15% O&M | INSTALATION TIME
5 YEARS MINIMUM LIMIT SIZE LOCATION




Millennium Battery Storage Solution

Comprised of storage battenes and control units 1o manage charging and diecharging, Millennium Energy $toroge Solufion is
suitable for vanous applicotions [e.q. Residennal Enengy Storage; Community Energy Storage, Ulility scale ancillary senices,
etc.|. Through the unique con- frol method and know-how of managing energy storage, the system can confrol systems with
gver 1,000 sforage battenes oz part of a 2-MWh or greater systemn
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Avuthorized Distributor Cerificate

Trina Energy Storage Solutions {Jiangsu) Co., Ltd develops, manufactures
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Amitec Information Industry Security special service Lid.
Lacatad at 179 Namir Ave., PO Box 48466, Tel Aviv Morth Industrial Zone
61481001, Isragl, is authorized to distribute our products in Israel Africa. it

is valid for one year from 04/28/2017 to 04/27/2018.

: oot X /
Frank Qi, General h?laﬂrge;.gl_?r v

2 agh
U

Trres Hskgy Storace Selofions (icrge) Co, O
Hea, 2 Tiowde Sedd, oo P ladusiol Mok
Me D5, Chomzsho, lianogsy, 213051

e TMIErErgy st oie T
Hriolos@hinagroupacom

.
=
=

~

Pk
it

ALPHA ESS§ CO, LTD.

Authorized Certificate

Thls coctifies thent

Millenmium Electric T.O.U. Lid

I partar of AlphaEXS,
It b amthrrined to pronmts, ml pad ngiaTl AlphaESS




MILLENNIUM
TIME OF USE

Product Brief

TIME OF USE APPLICATIONS.
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THE T.0.U SYSTEM IN USE BANK DISCOUNT 2000

The Rational for this T.O.U.
technology is deferential in
prices for peak and off peak
electricity demand.

The device buy off- peak
electricity at law price -2
cents per kwh and use it at on-
peak and on demand high cost
electricityl1- 18 cents per kwh
and up.

The device can sell electricity
back .

In the picture a tou system
working in bank discount
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Millennium 1MWh Level Energy Storage System




Swarten Your

1 Scope of Specification EVL—»‘W’%

The scope of specification is limited to Energy Storage System-1MWh designed and produced by Millenniu Energy Storage Solution CO., LTD, with cell supplied
from Tianjin Lishen Battery Joint-stock CO., LTD.

2Standards and Specifications

1SO2875:2000, Packaging-Complete, filled transport packages and unit
loads-Water spray test, IEC 60255-21-2: 1988 Shock and bump tests on measuring relays and protection equipment
ISO 780: 1997 Packaging - Pictorial marking for handling of goods

IEC 60068-2-1: 2007 Environmental testing - Part 2: Test methods - Tests A:
Cold

IEC 60068-2-2: 2007 Environmental testing - Part 2: Test methods - Tests B: Dry
heat

IEC 60068-2-78: 2001 Environmental testing for electric and electronic products
- Part 2: Testing method test Cab: Damp heat, Steady state

IEC 60068-2-32: 1990 Environmental testing for electric and electronic products
- Part 2: Test methods - Test Ed: Free fall

IEC 60068-2-6: 1995 Environmental testing for electric and electronic products - Part 2: Tests methods - Test Fc: Vibration (sinusoidal)

IEC 60947-1: 2001 Low-voltage switchgear and control gear —Part 1: General
rules

GB/T 15945-2008 Power quality - Frequency deviation for power system GB/T 12325-2008 Power quality - Deviation of supply voltage
GB/T 15543-2008 Power quality - Three-phase voltage unbalance IEC 61000-3-7 Power quality - Voltage fluctuation and flicker
GB/T 14549-1993 Quality of electric energy supply - Harmonics in public supply network

IEC 62053-22: 2003 Electricity metering equipment (a.c.) - Particular requirements - Part 22: Static meters for active energy (classes 0,2 Sand 0, 5 S)

IEC 1038: 1990 Multifunction electricity metering equipment

IEC 1107 Multi-function watt-hour meter communication protocol
IEC 62493: 2009 Assessment of lighting equipment related to human exposure tz electromagnetic fields
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4.2 System Configuration

Table2 System Configuration

No. Item Specifications unit No. Remarks
Battery System Including batteries. battery modules
1 1IMWh Set 1
Including a complete set of BMS and wire harness
2 BMS 1MWh Set 1
Including high voltage control box and some devices
3 HVC Set 6
High Voltage L . . ;
, Device o . Including high voltage device cabinet and some devices
e




Swarten Yow

Energ g

< IER T

[t miiiimiia I (TN [l b T
. EETEETHE PN e i D
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4.4.3 Container

Millennium storage Container in Alaska




Swarten Yow

Ener




Millennium 1 megawatt PVT green
house BATTERY
,_.._.g—__lﬁﬂ" ITALY 2010




Millennium 1megawatt PVT green house
BAT done ITALY




China Shandong MSS PVT Green house

Millenniu Green Housein China 2014 -2016
m

(Shandong)




Conventional Single-Row Planting
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PVT Greenhouse Technology
»  Emitter spacing Ji =k [ &BATTERY E*ﬁ*

0.4m-0.6m

» Emitter discharge ¥ Sk i &::
0.6-1.3 l/hr

» Optimal stalk
population s LR EL:
130,000 plants/ha

1. Distance between
adjacent rows #H 40T 17
0.4m-0.6m

2. Distance between
far rows AHARZEAT R
1.4m-1.9m

Plant Roots SOLAR HOT WATER HEATING {itig
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PVT SOLAR GREENHOUSE WITH BATTERY IN
ISRAEL DESERT KTURA CENTER 2018

1‘"' "!'1"4"

-—-: e-' "J"’.




PVT Solar Collectors
CHINA GREEN HOUSE Integrated solar MILLENNIUM EAC EnviroDome cooling/heating system
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CONTROLLING THE GREEN HOUSE AIR CONDITIONING CHINA
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HE GOVERNOR VIST THE MIL-ISENBERG CHINA MSS PVT GREEN HOUSE
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MILLENNIUM PVT Solar Collectors

Integrated solar EnviroDome
heating system




PVT Integrated solar EnviroDome
heating system
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Patent registration in IL
USAChina

Shandong Solar-agri

(19) State Intellectual Property Office of the PR.C
(12) Patent Application for

Utll_l Y. Model (09)PVT COLLECTOR PATENT US 60/907007
< K
*

(08)IL205146 PCT 000368 GRANTED MAY 2017

(10) Authorization Issue No.: CN 204612201 U
(45) Authorization Issue Date: September 2, 2015

(09 PVT COLLECTOR PATENT US 60/907007
(08)IL 205146 PCT 000368 GRANTED MAY 2017

INVENTOR Ami Elazari
(21) Application No.: 201520054973.3
(22) Application Date: January 27, 2015
(73) Patentee: Han Xiaohua
Address: Room 501, Door 6, Floor 2, Building A-1, Jiajia Garden, Fengtai District, Beijing 100079
Patentees: Avi-Hapaert; Jacob Hanau-Ramon; Lu Yalong
(72) Inventors: Han Xiaohua; Avi-Hapert; Jacob Hanau-Ramon; Lu Yalong
(51) Int. CL.
F24J2/40 (2006.01)
F24D 19/10 (2006.01)
(ESM) Same invention has applied for patent for invention the same day.




Shigatse Tibet - Sino-Israeli Agro-Solar Argo-tech
and Profit Model Demonstration Par

The project utilized the 80 EnviroDome Energy Saving greenhouse

system to produce fruit and vegetables and 2.8 Mw electrical power




The business model enables a particularly attractive ROI. In the
winter seasons farmers do not grow due to cold weather. The
PVT system enables the heating of the greenhouse and the
roots of the crops, enabling winter growth. The electricity
produced by the system is sold to the grid.
Atwo-channel business model, agriculture and electricity
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GAHANA BATTERY STORAGE WITH PV
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GAHANA BATTERY STORAGE WITH PV
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Smarten Your Energy
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l Solutions Reliability

Remote Monitoring & Coniro
I
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AP Dowload

« Web & APP monitoring system via Alpha Cloud

« EMS & BMS firmware update by USB driver or remotely online
* Remote setup changes via web monitoring management
account

» Future Access to super smart home and energy internet
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Case Studies Ml et 00

Australia Residential

Background:

+ High electricity rate from grid 28 cents
Us$

* No incentive for solar feed-in power
+ Daytime consumption around 15kWh

ESS Solution:

+  6.5kW PV capacity

1 xStorionS5

3 xM4860 (9 kWh) battery modules
+ Installed in 2015 in Melbourne,
Australia.

Summary: A 6.5kW PV array generates about 25 kWh of
electricity

every day, the happy Australian couple in the picture uses
about

15 kW during the day, with the help of Alpha ESS STORION S5
they

can also save the excess PV energy in the 9kWh battery bank
for their night use. In this way they use approx. 90% of their
total PV generation and meet 78% of their total energy
consumption.
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l Case Studies i

Australia Commercial -Drayton Center
Shopping

Background:

*Day peak 30kW

*Demand response from PV and battery to reduce
demand charge

ESS Solution:

*30 kW PV capacity

* 3 x Storion S5

* 12 x M4860 (36 kWh) battery modules

e Installed in 2016 in Toowoomba,
Australia.

Summary: A 30kW PV array generates about 130 kWh of
electricity
every day, the shopping center consumes them all and the

battery is used to shift load and reduce demand charge. The
estimation of demand charge reduction will cut 1/3 of their

bill.
The commercial sector is rapidly growing from zero in

2015, to
more than 30 in 2016. We expect 200+ projects in 2017

and in much larger size.




Case Studies

SEA Island solution
(Philippines)

together with our Philippines partner
customized solutions for 8 islands across the
Philippines for an US telecommunication
company with different storage solutions from
20kWh to 300kWh, below is just one of sites info :

Antique Island: There is grid on island but the grid is
YRYable, the telecom station has 5kW essential load need
to

be operate stably 7x24 hours, the grid is usually fail 5 hours a
day, therefore storage is needed to cover the critical loads
for

2 days even there are black outs, Diesel Genset will be

on automatically to charge the battery and power the
load when there is no sun and battery running flat.
Solution:

 13kW PV Panels

« 20 x M4860 battery module (60 kWh total)

+ 2xSTORIONSS

« Diesel Generator as Back-up when there is a (Auto
Start)

Mllemniom Elotri FO Lt

W milenniumsolar com




Mo Elctric 700 L

Germany:
Alpha ESS Europe GmbH
Tel. +49 (0)6103/459 160-1 :
; a I .
*' E-mail. %r': .

China:

P —
Alpha ECo., Lid. Add. Paul-Ehrlich-StraBe

stralia PTY. Lid.

1a
Tel. 0086-(0)-682876 '
e 2 ©) 63225 Langen 968933
Adf:l. NW2, Nano ISRAEL 01 68 Mcevoy
Polis, Alpha ESS MENA MILENNIUM . ST,
Lake Avenue, +972 (50)5214213- SW 2015
Industria mail

Y
g

Add. 179 namir street tel aviv
po
box 48466 TELAVIV 6148401


mailto:australia@alpha-ess.com
http://www.alpha-ess.com.au/
mailto:info@alpha-ess.com
mailto:europe@alpha-ess.com
http://www.alpha-ess.de/
mailto:info@alpha-ess.com
mailto:australia@alpha-ess.com
http://www.alpha-ess.com/
http://www.alpha-ess.com.au/
mailto:AMI@millenniumsolar.com
http://www.alpha-ess.il/
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