


* More renewables?

* Reduce demand?

e Smarter control systems?

* Smarter grid?

* Demand side control?

* Good economics?

* Safety/accessibility?

* Scalability?

* Resiliency?

e Better distribution/penetration?



Where have we been?
What’s happening now?
What’s next?
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Why has storage been so hard to do?

T oo N

* Technology Options
* Familiarity
* Comfort and safety
 Data acquisition/Load Profiles
* Scalability
* Lack of Control Systems
* Technical Complexity




Worldwide growth of photovoltaics

Cumulative capacity in megawatts [MW,] grouped by region! I121E1415]
Split-up for 2016 estimated from IEA.®]
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EXPECTED GROWTH OF ELECTRIC VEHICLE SALES

25 million B HEV (hybrid electric vehicle)
B PHEV (plug-in hybrid electric vehicle)
I EV (electric vehicle)

20 million w Commercial (truck and bus)

e TOTAL

15 million

10 million

5 million
0 million
= o o
N T 1w O~® O g H AN S
2 2888 888888888 8
od O O ©Jd Cd O o O O o Od ©J

SOURCE: ROSKILL & UBS ESTIMATES; openstream Design, LLC
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LED Lighting

$/Kilolumen

$160 ~
$140 -
$120 -
5100 +
$80 -
%60 -

540 -

$20

$0 -

2008

LED A-Type Price

2009

2010

201

© 2018 Openstream Design, LLC

Cumulative LED
A-Type Installations

2012

2013

2014

11



Figure: 51

Global Grid-Connected Stationary Battery Storage Capacity, by Country, 2006-2016
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Module Cost $/Watt
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201TUSD

per Wat DC Utity-Scale PV Utiity-Scale PV,
Residential PV (5 7 kW) Commercial PV (200 kW) Fined TR (100 MW) One-Axis Tracker (100 MW)
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... and battery cell costs are falling

3000
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2000

M 2000 to 2015: 12-14% a year
1500
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H ﬂ 2016-2020: 15-20% a year
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Lithium lon cell costs ($/per kWh) NTELLIENCE

© 2018 Openstream Design, LLC

Bottery cost Battery energy density
Worlgwnie, 3/ kWh Wutt-hours per bitre
1,000 s 500
| FORECAST
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-
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*Includes Tesla gigafactory
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U.S. Department of Energy

SunShot Progress and Goals
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*Levelized cost of electricity (LCOE) progress and targets are calculated based on average U.S. climate and without
the ITC or state/local incentives. The residential and commercial goals have been adjusted for inflation from 2010-17
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“What happens when solar and batteries join forces?

Together they can make the electric grid optional for many
customers—without compromising reliability and increasingly at prices
cheaper than utility retail electricity.”

© 2018 Openstream Design, LLC 20



Storage media

Mechanical

Gravitation

Pumped hydro

Flywhee

Thermodynamic Electrochemical Electromagnetic

Hydrogen

Molten salt Lead acid Vanadium JElectro-lyser Capacitors
NICd ZnBr & Fuael Call
Tharmo-electric h.;a:'-_?. PSBr
NaMICl
Lithium
""J F'-.-‘H-i
Metal Air

Compr. Air
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Figure 1 — Rated Power of US Grid Storage projects (includes announced projects)

Compressed Air
-35%, 423 MW

Flywheel
3%, 40 MW

© 2018 Openstream Design, LLC
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The Smart Grid: storage from a generation perspective

Source: ABB e

© 2018 Openstream Design, LLC 23
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The problem of curtailment

“reduction in the output of a generator from what it could otherwise
produce given available resources”

“During 2015, China installed some 33 gigawatts of wind turbines,
which was more than half of new wind installations worldwide. But, in
the same year, government statistics show “33.9 billion kilowatt-hours
of wind-powered electricity was wasted ... equivalent to the electricity
consumed by 3 million American households a year,”

:Hiiﬁﬁ;ﬂm hﬂ. - li-f f HP "‘f! Fl}:rh.r:

==
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The end-user (demand-side): reasons for storage

UPS: Have power when there’s a utility outage

Peak Shifting/Time of Use: Taking advantage of shifting your solar power into
times of greater usage (e.g. morning and late afternoon) for economic reasons

Grid-defection: Going net-zero - getting off the grid for personal or
environmental reasons

26



The problem of unmanaged demand

How battery storage can help manage electricity demand over a 24-hour period
120

100

Unmanaged Demand
Resulis in Costly Peaks
Bﬂ._

b e S O

60~  Managed Demand Threshold

40

Demand (kilowatts)

= Manaoged Demand Profile

0 1 | T T T 2k i T T T i T T T I T T T T T T T
lam 3am S5am fom Pam 1Tam Tpm 3pm S5pm Ipm Ppm 1Tpm

Through the deployment of an energy storage system, peak demand can be effectively capped at a specified level—
significantly reducing ulility demand charges. Assuming o demand charge of 510 per kilowatt and peak demand
reduction from 100 kilowatts to 65 kilowatts each period [as shown here), energy storage could reduce the customer's
demand charge by $350 per billing peried, amounting te an annual savings of 54,200.
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Zinc

Copper — : } 1 Element

© 2018 Openstream Design, LLC 29



HISTORY OF THE BATTERY

-
Benjamin Invention of the Invention of the
Franklin first nickel-cadmium ickal-i
coined the term +——o 1859 Battay nickel-iron
“battery” Invention of the hatvery

mid-1970s
WEE;TE:?:ELH“ ‘E:!" Development of the
regulated lead-acid
BT — battery
made by = )
Alessandro -
Valta is
credited as the
first ._I
electrochemical
cell I
.

o

U

Baghdad Battery* EEEEEEESEEEEEEEEE

*There s a possibllity that the batteny was invented twice. DiEcovered by German archaesloglst Wilhelm Konlg en the outskirts of Baghdad,
lerracotla jars with acopper sheet inlay and an iran rod. These two combine te form an electrochemical couple in an electralyte, the building
blocks of a battery, The jars are believed to be 2000 years old

. Him

© 2018 Openstream Design, LLC



15950

Commercialisation of the
nickel-metal hydride
battery

2001 &——»
‘ Nanophosphate
1992 » lithium-lon commercialised

826)  The first lithium by A123 Systems
== batteries are

lithium-ion polymer

© 2018 Openstream Design, LLC

2010
1999 Silicon nanowire successtully
Commercialisation of tested with 250 charge

cycles, Commercialisation
expected in 2012
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* Specific Power (W)

specific Energy (Wh/kg)
Energy Density (Wh/1) Y
% o§
r |

© 2018 Openstream Design, LLC
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Figure 9.101. Energy-storage capacitors excel in delivering peak
power, but batteries win out in energy storage, as seen in this
“Ragone plot”
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Lead-Acid

* Been around for 100+ years and so is “well-understood”

e Easiest to use
e Still life in them with newer “advanced” lead-acid with carbon-infused

negative plate
* Full charge controllers support

W —wil
N AN AT

/

oo, e "o, Electrode
Figure 1: The classic lead acid develops into an advanced lead-carbon battery. The negative plate is

replaced with a carbon electrode that shares the qualities of a supercapacitor.

Courtesy of Advanced Lead-Acid Battery Consortium (ALABC)
W ZULs upenstream vesign, LLL

PbO, Carbon
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Nickel: Ni-Cad

e Also been around for 100+ years and so is “well-understood”
* Vented flooded (wet) cells are used for large capacities

* Very common in aviation, rail, mass-transit, backup power for telecom, and engine starting
for backup turbines.

* Requires maintenance every few months
* Tolerates deep discharges . gﬁ&r&

_— S ]
 Can suffer from a “memory” effect _ =
* Cost effective e ot
VENT FILLER CAP {f-!
ir

TERMINALS

TABS
E——

PLATES

CELL WALL

© 2018 Openstream Design, LLC 35



Nickel: Nickel-Iron (NiFe)

* Also been around for 100+ years but went out of favor for a long time

* Used mainly in European mining operations because of their ability to withstand vibration, high temperatures,
and other physical stress. Also used in railway vehicles.

* Very common in aviation, rail, mass-transit, backup power for telecom, and engine starting for backup turbines.
* Very long life (in backup situations for more than 20 years if charged continuously)

* Traditionally it has had low specific energy, poor charge retention, and high cost of manufacture.

* However, the slow charge and discharge has been sped up 1000-fold by use of graphene and carbon.

* Iron-Edison has 500Ah (1.2Vdc) batteries. Energy density is improving.

The Edison Battery

© 2018 Openstream Design, LLC



Lithium-lon Family

© 2018 Openstream Design, LLC

37



Whikg

280
260
240
220
200
180
160
140
120
100

gssss

]I“IIIﬂ

Li-titanate Li-phosphate Li-manganese NMC

© 2018 Openstream Design, LLC

Li-cobalt
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Flow Battery

Power source /load

© 2018 Openstream Design, LLC
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ABOUT THE ECO R BATTERY LINE

The ECO R SLRID0G-2 is part of the G5 Battery "Pyramid of Power”, a
camplete line of rechargeable batteries and energy storage systems. These
industry leading batteries are available in a varlety of formats including 2
valt, 4 volt and 12 valt models to suit every energy storage application. In
addition, many batteries in the ECO R Pyramid of Power feature advanced
lead and nana carbon technalogy. These advanced features allow ECO R
Pyramid of Power batteries to delver extraordinary performance and long

service life.

ABOUT GS BATTERY (U.5.A.) INC,

GS BATTERY (LL5.A.) INC, is a globsl leader in energy storage. Our batteries are manufactured to the highest
andards and deliver high quality, long life and superior performance in 3 wide variety of mission critical

applications. GS Battery's products deliver reliable battery power far Telecommunications, Renewable
Energy, Uninterruptible Power Supply (UPS), Emergency Lighting, Power Sports, and Automotive industries,

0\
' @as o

ADVANCED LEAD
DEEP CYCLE BATTERY

For Energy Storage Applications

SLR1000-2

2

CYCLE LIFE
The ECO R SLR1000-2 battery is designed for the high cycle life
requirements of energy storage systems. This battery is rated for

5000 cycles at 70% Depth of Discharge (DOD).

CHEMISTRY

The ECO R SLR1000-2 battery is an Advanced Lead battery featuring
nano carbon enhanced negative grids. This technology provides
efficient charging, high capacity retention and less risk of sulfation,

MAINTENANCE FREE

The ECO R SLR1000-2 s virtwally maintenance free and never
requires watering, These batteries minimize energy storage system
maintenance costs and increase system value

SAFETY _
The ECO R SLRIDOD-2 is an inherently safe energy storage
technology, These batteries are non-spillable and do not produce
hazardous gasses with normal use,

ENVIRONMENTALLY FRIENDLY

The ECO R SLR1000-2 is an environmentally friendly energy storage
technology. 96% of lead-acid batteries are recycled. / typical lead-
acid battery contains 60-80% recycled lead and plastic.

COMPLIANCE

The ECO R SLR1000-2 battery is a UL

and is classified as a “Nan-Spillable Battery” for transport. (Complies
with DOT HMR49, Non-Hazardous Materials, )

WARRANTY

The ECO R SLR1000-2 is designed to deliver superior performance
and long lifie in the fiald and carries 2 Syear warranty.

/

f

-
>

FIND OUT MORE

8 Openstream Design, LLC

Spec sheets are typically 2-

pages with the cover page
promoting the benefits of

the battery/cell
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CIGS ccol)

ADVANCED LEAD DEEP CYCLE BATTERY

CYCLE LIFE vs. DEPTH OF DISCHARGE (+25C / 77F) CHARGE RETENTION
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BATTERY TEMPERATURE (°C)

Physical Characteristics (£3mm)
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Length

Pounds
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06.15

:Design, LLC

115,

Second page provides
the electrical and
mechanical
characteristics
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NET METERED SOLAR—NO BATTERIES

PRODUCTION
METER

INVERTER

© Puget Sound Solar

LOAD CENTER

© 2018 Openstream Design, LLC

UTILITY METER

42



Standard Grid-Tie system

© 2018 Openstream Design, LLC
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Sizing up a system with:
https://solarresilient.org/



With great power
comes great
electricify bill.

\.

\

Technology: inverter types (multiport power,
hybrid, etc)

/

I

Technology: control systems

Technology: battery types (flow batteries, cathode
materials, etc)

Integration: more completely packaged solutions
(including V2G)

© 2018 Openstream Design, LLC
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DISTRIBUTED ENERGY

Centralized power generation

=

Localized power generation

W =




© 2018 Openstream Design, LLC
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Microgrids

A microgrid is a small-scale power grid that can operate independently or in conjunction with
the area's main electrical grid. Any small-scale localized station with its own power resources,
generation and loads and definable boundaries qualifies as a microgrid.

“A local energy system capable of balancing captive supply
and demand resources to maintain a stable service within a

defined boundary” Distributed toched
-Microgrid Institute Generation and
Monitonng

-http://www.microgridinstitute.org/

Energy

Management
System

Demand
Response,
Efficiency

Electricity

Storage

© 2018 Openstream Design, LLC 48
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A 3-phase Microgrid System

© 2018 Openstream Design, LLC
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BVIZS

THE INNOVATION GROUP ESS 7.0 = Premium model

ENERGY STORAGE SYSTEM 7.0 > : THE HIGHLY EFFICIENT STORAGE
- ) DEVICE FOR RENEWABLE ENERGY

Premium Model

NEW!
. system I . Technical Features
: ciant Li-lon storage \
?21:‘::9 German storage expert: Nerminal voltage 555

3 e in Germany atan
Quality “d“_ir:‘) price / performance ratio ENERGY STORAGE SYSTEM ESS 7.0
outstandi

LLkWh

Now scalable to 6 units/40.

made in GERMANY
mE——
BMZ approved quality

CERTIFIED ) 2018(




What is a multiport inverter?

&

PV energy

Battery
Storage
System

Hybrid Power
System

Backup
Generator

Consumption

-ﬂ* | By
. | Consumgption .L“
poit

Loads

© 2018 Openstream Design, LLC 52



Some Providers

epcpower ==

excellence in power conversion ~

C 7~ PRINCETON

D POWER SYSTEMS

IDEAL{S) POWER

© 2018 Openstream Design, LLC
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Storage Solar

= === b
+) | == v
— IDEAL () POWER v

30kW Multiport PCS - Model Number 30C3

W £ZUlO vpciistiedlill vesigll, LLe
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PP5 SITE

QOF MGUHTED

PPS GRID-TIEDY
INVERTER __
100KW!

ALCATRAZ
ISLAND

LEAD-ACID
[AGM)
1900KWH'S

W £ZUlo vpciistiedill vesigll, LLe




Princeton Power Technology:

PPS GTIB-100...

« 96.5% Efficient

+ Built-in MPPT for PV

« High Round-trip Efficiency for
Battery charging

- Wide Input Voltage Range

+ Easily Configured for Microgrids
- Off-grid and On-grid capability

...Making it the best choice

for The Rock.

PPS Site Controller...

- Generator Start/Stop

« Short and long term data logging

- Data plotting and exporting to external systems
- Data aggregation

- Remote kiosk display

+ Battery Management System

- PV Smoaothing

+ Modbus Slave Functionality (allows the transmission of any device
parameter over Modbus)

- Programmable scheduling (allows scheduling any parameter change to any
device at periodic times)

Highlights:
System Size: 400kW (PV), 400kW (Battery)/1900kWh's

Components: (8) 100kW PPS Grid-tied Inverters (GTIB-100), 350kW PV Array, PPS Site
Controller, (2) Diesel Generators, and Lead-Acid (AGM) Battery Rack.

Loads: 50-80kW/day
Installation Date: August 2012
Location: San Francisco, CA

Annual Savings: Reduces approximately 80% of the island’s carbon emissions

© 2018 Openstream Design, LLC
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ALCATRAZ ISLAND MICROGRID INFORMATION KIOSK

SYSTEM POWER SOURCES REAL-TIME OUTPUT THIS WEEK'S OUTPUT REAL-TIME OUTPUT

i {b:} [45 kW |

f N\

| okw |




GELI and Microgrid Control/Analysis

Fower
llllllllllllll

Dato
lllllll '
i

aaaaaaaa

GELI'S END-TO-END PLATFORM

© 2018 Openstream Design, LLC
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POWERWALL 2 AC

The Tesla Powerwall is a fully-integrated AC battery system for residential or light

commercial use. lis rechargeable lithium-ion battery pack provides energy storage
for solar salf-consumption, load shifting and backup power.

Powerwall's electnical interface provides a simple connection to any home or building,
Its revolutionary compact design achieves market-leading energy density and is easy
o install, enabling owners to quickly realize the benefits of refiable, clean power,

PERFORMANCE SPECIFICATIONS

AC Voltage MNamina)

Feed-in Type
Grid Frequency

A Energy'

Faal Power, max continuous®

FReal Power, peak (105

Apparent Power, max continuous’
Apparont Powar, peak (108}
Imbatance for Single-Phase Loads
Power Factor Output Range
Power Factor (hdl-mted power)
Depth of Discharge

Internal Battory DC Voitage
Round Trip Efficlency’*

‘Warmanty

2OBV. 220V, 230 V. 2TT V.
100:200 V, 120240 V

Single & Spit-Prass

50 and 60 Hz

12.2 kWh

5 kW (charge and dischamge)
7 W fdischarge only)

5.8 kVA (charge and discharge)
7.2 kVA (discharge only)
100%

+/=1.0 adjustabio

«-0.85

100%

sav

B89.0%

10 years

ENERGY GATEWAY SPECIFICATIONS

User intertace
Connectivity

AC Mater
Operating Modes

Backup Operation

Modularity

Tesla App

Wi-Fi, Etharrat, 3G

Fleverun ¢ ade

Support for wide range of usage
soenarion

Optional automatic disconisct
switah

Supports up 1o § AC-coupled
Powsrwalis

ENVIRONMENTAL SPECIFICATIONS

Operating Temperaturg
Storage Temporature
Oparating Humidity (RH)

Maximum Altitude

Environment
Enclosure Type
Ingress Rating

Notso Lovel @ 1m

=20°C to 50°C {=4°F 1o 122°F)
—30°C 1o B0°C {-22°F 1o 140°F)
Up to 100%, condensing
3000 m (9843 )

Indoor and outdoor rated
NEMA 3R

IPET (Battery 8 Power Electronics)
1PS8 MWiring)

<40 dA ot 30°C (B6F)

MECHANICAL SPECIFICATIONS

Dimensions

Wight
Mounting options

1150 mum x 755 mm x 155 mm
M52 Inx297inx6.1in)

122 kg (260 Ibs)

Floor or wall mournt

COMPLIANCE INFORMATION

Safety

Grid Standards

Emissions

Environmental

Satsmic

UL 1842, UL 1747, UL 1973, UL 8540,
UM 383, IEC 82108-1_ IEC 62810,
CSAC222107)

Worldwide Compatibiity

FCC Part 15 Class B, ICES 003

EN €1000 Class B

RoHS Directive 2011/65/EU

WEEE Directive 2012/18/EU,
200886/ EC

AG156, IEEE 633-2005 fhigh)

Powerwall specifications

Model
Powerwall 1

Powerwall 2

© 2018 Openstream Design, LLC

Technology
Lithium-ion

Lithium-ion

TYPICAL SYSTEM LAYOUT

MAIN PANEL

e
ns®
-

HOME

Price (US$) [
US$3,000

US$5,500 ]
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POWER FLOW: MORNING

Solar begins powering the home

Powerwall

00:58

< | 00:16/00:58
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Integrated Solution: Sonnen

* 16 kWh storage (LFP)
* Usable at 80% 12.8 kWh

* 8 kW power output (battery
inverter — Outback Radian)

* 10,000 cycles

© 2018 Openstream Design, LLC
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THE GIANT POWER PACK THE SIZE OF A FODTBALL FIELD

@ Elon Musk @elonmusk

|| Tesla will get the system installed and working -
| 100 days from contract signature or it is free. That |pL¥

.| serious enough for you? 2:50 AM - Mar 10,2017

=2« The world’s biggest lithium-ion battery has been plugged into the
= Australian state grid from Hormsdale Wind Farm, 120 miles

% nmﬁﬂmeﬂwnfhdelaidemsmuhﬁmaﬁa Tomeset the
B The . W Thebattery | WIthasthe company’s need
mega-battery | lifeisaround : capacity for batteries, Tesla
| couldpower | amonth 10 power is building what
104,000 i withoutheing : 30,000 will be the world's
 washing : topped up { homesfor  biggest building at six
machine i by the | uptoan million square feet in
gyelesensircam begind farm. § hour, Sparks, Nevada, US.

U el
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STORAGE AND NEC 2017/

ARTICLE
480 Storage Batteries

ARTICLE

(532 [0] Solar Photovoltaic (PV) Systems

Part VIII. Energy Storage Systems
690.71 General. Anenergy storage system connected to a PV
system shall be installed in accordance with Article 706.

ARTICLE
1 PA Fuel Cell Systems

ARTICLE

F{0Y Interconnected Electric Power
Production Sources

Part IV. Microgrid Systems

705.150 System Operation

705.160 Primary Power Source Connection
705.165 Reconnection to Primary Power Source
705,170 Microgrid Interconnect Devices (MID)

FUll ARTICLE
706 Energy Storage Systems
ARTICLE
VALV Stand-Alone Systems
N ELjl=t:
YAWPA Direct Current Microgrids

© 2018 Openstream Design, LLC
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ARTICLE

JAV[S] Energy Storage Systems

Contents

Part I. General
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Part I. General

706.1 Scope. This article applies to all permanently installed
energy storage systems (ESS) operating at over 50 volts ac or
60 volts dc that may be stand-alone or interactive with other
electric power production sources.

Energy storage systems store energy for later use. Wind power and
PV systems will generate power when the resource is available, not nec-
essarily when the energy is needed. Energy storage improves the usabil-
ity of stand-alone alternative energy by storing energy during peak
production times so that the energy can be used at a time when wind or
sunlight is not available. Increasingly, energy storage is being used to
take advantage of utility generating capacity during ovemnight hours
when demand for energy is low. Storing energy may reduce the need to
build additional generating stations. Energy storage may be at the gen-
erating facility or it may be geographically distributed.
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