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Very few people have heard of the  Great Horse 
Manure Crisis of  1894 — proof if you like that 
technology lurches from side to side but rarely looks 
back. 

But it was a very real crisis facing cities across the 
world, and in particular London that year. The fact 
is that  50,000 horses had to keep the city moving 
and fed, but each one produced over a litre of urine 
and around 10 kilos of manure a day. This half mil-
lion kilos piled up — every day, day after day. Cities 
across the world stank.

Some smart Alec at The Times newspaper predicted 
that every street in London would ‘eventually be 
buried under nine feet [three metres)] of manure’.  
Then  another smart Alec calculated (wrongly) that 
the horses required to remove this poo would cre-
ate yet more manure. A vicious circle of ever rising 
ordure.

Yet another smart Alec (also wrongly) calculated 
that the amount of pasture eventually required to 
feed the horses was equivalent to one medium sized 
British county. British agriculture would suffer just 
to keep the horses in hay. This would eventually be a 
source of economic devastation.

The wild inaccuracy of the predictions seems ridicu-
lous to modern readers.

But the same blurred thinking seems to dominate all 
debate on the future direction of the energy storage 
industry. (And, its corollary, discussion of climate 
change and the environment.)

First, the range of predictions of what chemistry will 
dominate the business is (for now) overwhelmingly 
lithium. You can judge if you think this is right. In the 
opinion of this magazine the jury should still be out. 

At the furthest end of the spectrum are the lithium 
evangelicals, who have happily predicted for a decade 
the end of the world for the lead battery as their own 
product solves the world’s energy problems.

Their calculations — and they are smart Alec ones 
— are based on an enthusiasm that often verges on 
the ridiculous. Earliest predictions of lithium uptake 
in around 2009 were that some 40% of all automo-
tive batteries would be lithium by now. It’s about 
1%, depending on who you talk to.

If the boom in lithium had happened, the streets of 
London, New York or any other capital city would 
now be three metres deep in discarded lead batteries 
with sulfuric acid coursing through the gutters.

The trouble with forecasts is that in the main, even 

cynical analysts tend to form a consensus of sorts, a 
kind of herd instinct. 

Just five years ago investors poured half a billion 
dollars into A123 Systems. The firm, on paper worth 
hundreds of millions of dollars, had not even made 
a profit.

Perhaps a better example of a blind faith in technol-
ogy and its potential cost-effectiveness can be found 
in the practical history of Boeing’s 747.  

By 1970 the first sales of the aircraft began but Boe-
ing had a dilemma. It reasoned that the next genera-
tion of planes would be supersonic — it had made 
that a policy statement from the mid-1960s — so 
why make huge investments in the manufacture of a 
plane that would be antiquated within a decade?

Before later iterations of the plane were made, the 
design had to include features so it could be a lum-
bering huge cargo plane. The hump at the top is the 
legacy of that thinking. Half a century on, the jumbo 
jet is still the workhorse of the passenger skies — 
technology couldn’t deliver what was needed. 

This magazine has nothing but respect for the work 
of the Consortium for Battery Innovation. We ad-
mire their worthy goals of increasing battery cycle 
life by five times to 5,000 cycles by 2022, their goal 
of increasing dynamic charge acceptance by five 
times by 2022. 

But is it truly achievable? Or over-egging their case? 
Again time will have to be the judge of this.

The Great Manure Crisis of 1894 happened when 
the number of cars on Britain’s roads could be 
counted on two hands. In the event it wasn’t a crisis. 
The London County Council solved it — scooping 
up the problem.

And when the motor car took off in large numbers, 
the crisis was over.

Two take-aways about the problem and its resolu-
tion.

First, the problem was overstated, the solution 
needed was to apply existing technology.

Second, final resolution came from the arrival of a 
technology that was totally unexpected. The car.

And one corollary that wasn’t predicted. The aver-
age speed of driving in London nowadays is slower 
than in the 1890s. Then, it  was around 8 miles an 
hour. Last year one got around the capital at 
7.8mph. 

Debbie Mason: debbie@energystoragejournal.com

High-tech lessons from the 
Great Horse Manure Crisis



CONTENTS

2 • Energy Storage Journal • Winter 2019 www.energystoragejournal.com

Events listings 58

Energy Storage Journal — Business  
and market strategies for energy storage and  
smart grid technologies 

Publisher: Karen Hampton  
karen@energystoragejournal.com  
+44 7792 852 337 

Managing editor: Michael Halls,  
mike@energystoragejournal.com  
+44 1 243 782 275

Editor: Debbie Mason  
debbie@batteriesinternational.com
+44 1 243 782 275

Advertising manager: Jade Beevor 
jade@energystoragejournal,com 
+44 1 243 792 467

Supplements editor: Wyn Jenkins 
wyn.jenkins@serenglobalmedia.com 
+44 1 792 293 222

Finance Administrator: 
Juanita Anderson 
juanita@btteriesinternational.com 
+44  7775 710 290 

Reception: 
Tel: +44 1 243 782 275

Subscriptions and admin manager: 
Claire Ronnie 
subscriptions@energystoragejournal.com 
admin@energystoragejournal.com 
+44 1 243 782 275

Research editor: Hillary Christie

Design: Antony Parselle 
aparselledesign@me.con

International advertising representation: 
advertising@energystoragejournal.com

The contents of this publication are protected by 
copyright. No unauthorized translation or reproduction is 
permitted.

Every effort has been made to ensure that all the information 
in this publication is correct, the publisher will accept no 
responsibility for any errors, or opinion expressed, or omissions, 
for any loss or damage, cosequential or otherwise, suffered as 
a result of any material published.

Any warranty to the correctness and actuality of this 
publication cannot be assumed. 

© 2019 HHA Limited 
UK company no: 09123491 

The new titan of lead
Ecoult’s UltraBattery, 
ready to take lithium 
on, head-to-head

The CEO interview
Anil Srivastava and 
Leclanché’s bid for 
market dominance

Next gen integrators
Coming soon to a 
smart grid near you, 
the ideal middle man

Let cool heads prevail
The lead-lithium storage debate steps up a notch

COVER STORY: FLOW BATTERIES  20

MAKING A BIGGER SPLASH 20
Much has been made over the years about the potential of flow batteries, and vanadium 
ones in particular — yet they are still far from mainstream. We look at why they’re not yet 
making a splash in the energy storage pool — and whether they are about to dive in.

Huge UK theme park to
be renewables-only 10

BYD: 50,000 and rising 30

Battery Hero: Christina 
Lampe-Önnerud 43

EDITORIAL 1
Lessons from the Great Horse Manure Crisis of 1894 

NEWS • PEOPLE • DEALS • SOLAR+STORAGE • PROJECTS 3
Our quarterly round-up of the most important happenings in the energy storage industry, its 
people, its deals and its projects

BYD 30
The Chinese company’s remarkable fleet of 50,000 E buses worldwide

SPECIAL SUPPLEMENT – ees International Exhibition Series 31-42

FEATURES

BATTERY HEROINE 43
Meet Christina Lampe-Önnerud, the founder of Boston-Power and now commericalizing a new 
battery ‘brick’ technology with her new project, Cadenza International

NOBEL PRIZE WINNERS 47
Celebrating the overdue recognition of the three giants of the lithium-ion battery

EVENT REVIEWS

THE BATTERY SHOW 52
Leaders in the automotive and advanced battery space gathered in Michigan to discuss the 
new trends and technologies driving electric vehicles and energy storage forward

IFBF 54
In line with our cover story on flow batteries, a review of the International Flow Battery Forum’s 
10th annual conference 

EVENTS 58
A comprehensive guide to events to watch out for in the coming months

Amine, Blaabjerg share 
2019 global energy prize 5



PEOPLE NEWS

www.energystoragejournal.com Energy Storage Journal • Winter 2019 • 3

Huib van Deutekom, one of the 
pioneers of Ni-MH battery technol-
ogy and a noted developer for vari-
ous processes for battery recycling 
has won this year’s ICBR Honorary 
Award. This is the first year of the 
award’s existence.

The prize-giving took place on Sep-
tember 18 at the ICBR 2019 Battery 
Recycling Congress in Lyon. 

Van Deutekom, now 84, was the 
engineer behind the thinking of the 
first NiMH batteries used in Toyota 
Prius and Lexus Hybrid cars from the 
1990s onwards. 

Van Deutekom started his career at 
Dutch electronics firm Philips in 1956 
and in the 1960s became the project 
manager researching nickel cadmium 
batteries. Part of his remit was to 
make Philips’ shavers cordless. 

“One day in 1975,” he recalls. “We 
were all drinking coffee with the 
electrochemical group of the Philips 
Research Laboratory discussing NiCd 
processes and someone mentioned 
hearing a rumour that samarium-
cobalt alloys formed hydrides with 
hydrogen gas during smelting.

“We immediately tried to see 
whether this hydride formation could 
also happen in an electrolyte. It did!”

In effect Van Deutekom had discov-
ered a way of making sealed NiMH 
batteries, so enabling higher voltage 
batteries with a potential endless 
number of cells in series, with built-in 
electrochemical protection against 
overcharge and over-discharge.

He filed patents for the battery 
system in 1978 and 1980. Philips 
transferred the know-how to its bat-
tery partner Matsushita which in turn 

was working with Toyota. The two 
were later to form Panasonic. 

“The rest became history. Using our 
patent Toyota made the first hybrid 
vehicles: the Prius and the Lexus,” he 
says. 

 “Toyota jumped at the technology. 
Because of the high voltage series 
aspects, they said ‘we now can build 
a four cylinder car with six cylinder 
performance!’”

In many senses the introduction of 
the NiMH battery with its intri-
cate BMS was the precursor for the 
lithium powered EV.

After leaving  Philips in 1991, van 
Deutekom set up his own consultan-
cy in Veldhoven in the Netherlands 
where he still works. 

His mission thinking — batteries 
are chemical factories and harnessed 
by standards into consumer goods — 
sums up a lot of his later work which 
for the last three decades has been 
deeply involved with recycling from 
three different aspects: the safety 
aspects surrounding the issue, ways 
to mechanize the process; and discus-
sions with other parties and research-

ers of the regulatory framework that 
is needed.

Some of his work looked at waste 
battery sorting processes in particular 
patents for sorting consumer batter-
ies in 2000 and in 2001 a patent for 
lithium battery recycling from his 
work in Switzerland. 

Van Deutekom was an early and 
influential advocate of both mecha-
nized sorting of batteries — now, 
more or less, the norm — as well as 
the safety procedures around them. 
Most recently he has been investigat-
ing dismantling lithium batteries in a 
protective atmosphere and fire extin-
guishing equipment for lithium fires. 

“The ICBR Honorary Award is pre-
sented for remarkable commitments 
and outstanding achievements in the 
battery and battery recycling indus-
try,” said Jean-Pol Wiaux, chairman 
of the ICBR steering committee. 

 “During his professional career, 
Huibert actively contributed to the 
development of battery technologies 
and recycling processes while consid-
ering both environmental and safety 
issues,” said Wiaux. 

“He is undoubtedly a pioneer 
who deserves great respect. With 
his enormous knowledge, skills and 
never-ending curiosity, he has had a 
significant impact on the battery recy-
cling industry.” 

Van Deutekom said: “It has always 
been a great honour for me to work 
with you, And if you’re wondering 
how I feel right now, here at the 
ICBR with this prize in my hand, I 
can tell you: I feel as if I were on top 
of Mount Everest, enjoying the entire 
universe.”  

Huibert van Deutekom wins ICBR award

Battery Council International has 
started accepting submissions for the 
2020 Sally Breidegam Miksiewicz 
Innovation Award, the organization 
announced on September 11.

The awards, which are now in 
their fifth year, celebrate innovations 
in six categories — sustainability, 
safety, cost, performance, uniqueness 
and value.

Entries for next year’s award must 
be submitted by February 7, 2020.

“Prepare to be amazed!” said 
Kevin Moran, executive vice 
president of BCI. “We expect 

there will be any number of 
astounding submissions for 2020, all 
highlighting the tremendous focus 
our industry has demonstrated in 
improving our processes, products, 
and our stewardship.”

This year’s winner was RSR 
Technologies for its work with 
the Argonne National Laboratory, 
which resulted in the production 
of a new lead alloy, SUPERSOFT-
HYCYCLE.

The alloy enables lead batteries to 
function at twice current standards, 
and performance was verified by 

studying real-time crystallization 
of lead plates using the ANL’s 
Advanced Photo Source.

Microporous and Narada 
received honourable mentions for 
their submissions, the former for 
its dynamic charge acceptance 
booster, the latter for its large-scale 
application of lead-carbon batteries 
in grid-level frequency regulation 
energy storage systems.

Next year’s BCI Convention and 
Power Mart Expo will be held in 
Henderson, near Las Vegas on April 
26-28. 

‘Prepare to be amazed!’ BCI opens for innovation award entries
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Clarios president Joe Wal-
icki has retired after three 
decades in the automotive 
and energy storage industry, 
Battery Council Internation-
al said on September 4. He 
has also retired as president 
of BCI’s board of directors.

No replacement for the 
Clarios position had been 
named at the time of go-
ing to press, but BCI said 
EnerSys CEO David Shaffer 
would replace Walicki as 
president of the BCI board.

Walicki became president 
and CEO at Clarios in May 
2019, after Johnson Con-

trols Power Solutions was 
sold to asset management 
firm Brookfield Business 
Partners for $13.2 billion.

“After more than 30 years, 
I am looking forward to 
the next chapter in my life,” 
Walicki said. “I have never 
been as proud as I am today 
of the Clarios team and the 
work they have done and 
will continue to perform 
under its leadership.”

BCI executive vice presi-
dent Kevin Moran thanked 
Walicki for his service to 
BCI, and welcomed Shaffer 
to the BCI board. 

Walicki retires as president 
of Clarios and BCI

For the record, separator firm 
Microporous appointed Brad 
Reed as director of corporate 
development in August, to over-
see growth in new products and 
markets for its lead-acid battery 
separators.

Reed came to Microporous 
from chemicals and materials firm Ingevity, where 
he focused on activated carbon for gasoline vapour 
capture in light-duty vehicles. Before that, he was ex-
ecutive vice president and general manager for lithium 
ion battery separator firm Celgard. 

“In my corporate development role at Microporous, 
I will be focused primarily on the lead acid market,” 
Reed said. “Microporous’ current plans for new 
product technology in our core market is Absorptive 
Glass Mat separators for the VRLA battery market in 
partnership with Zisun (China) and SIFA) Italy. 

“Even though lead acid batteries were invented 
more than 150 years ago, new product demands such 
as mild hybrid technologies (start/stop, regenerative 
braking) are shifting market demand away from tradi-
tional flooded designs to enhanced flooded and VRLA 
battery designs.

“These new lead acid battery technologies, in turn, 
create demand for new lead acid battery separator 
technology.  I anticipate this market change cycle to 
continue, driving new battery separator requirements 
and technology improvements.”

Reed said that in the short term he would focus on 
the active development work associated with Mi-
croporous’ existing product lines.

In May, Microporous announced a ‘definitive, 
exclusive and immediate global partnership’ with 
Zisun, a Chinese technology company that specializes 
in micro-glass fibres and wet laid engineered micro-
glass media. 

Frank Fleming, one of the 
cutting-edge R&D figures 
in the lead battery indus-
try, was this year’s winner 
of the International Lead 
Award. The award was 
presented at the 18th Asia 
Battery Conference in Bali 
on September 3.

Liverpool-born Fleming, 
64, said: “I’m very hon-
oured to be recognized in 
this way. Working in this 
industry is like being part 
of a worldwide family.

“I’m excited to still be 

contributing to an innova-
tive industry which contin-
ues to push the boundaries 
of research and develop-
ment. I think advanced 
lead batteries are key to 
the future of battery energy 
storage and electrification 
as the safe and reliable 
battery storage grows so 
rapidly.”

Read the full report on 
Fleming’s contribution to 
the lead abttery industry is 
in the current issue of 
Batteries International. 

Frank Fleming wins 
International Lead Award

Battery testing and forma-
tion system maker Digatron 
has appointed Marc Thiel-
manns as vice president of 

sales and marketing, the 
firm said on September 2.

He replaces Friedrich 
Grupe, who becomes vice 
president project and prod-
uct management. Both men 
are based at the company’s 
headquarters in Aachen, 
Germany.

Thielmanns worked for 
Digatron before, as sales 
manager for the Asian 
market, between 2002 and 
2008, before moving to the 
German financial services 
platform Jumo as head of 
the sales department. 

“Thielmanns will be 
responsible for the strategic 
direction of sales and mar-
keting and will help to fur-
ther strengthen Digatron’s 
position in the market,” 
said the company. “He will 
be supported by the project 
management, which will be 
headed by Grupe, and the 
close co-operation of the 
two departments will allow 
customers to be seamlessly 
supported at sales and 
technical levels.”

Kevin Campbell, CEO 
Digatron Power Electron-

ics, said: “With Marc 
Thielmanns, we are gaining 
a proven sales expert and 
experienced strategist.” 

Digatron appoints new VPs in 
sales and product management

Grupe: onward and upward
Thielmanns new VP sales 
and marketing

Microporous appoints Brad Reed as 
director of corporate development
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Professors Khalil Amine 
of the United States and 
Frede Blaabjerg of Den-
mark have won the 2019 
Global Energy Prize for 
their work on energy 
storage and integration 
technologies. Alexander 
Novak, the Russian energy 
minister, presented the 
award to the scientists in 
a ceremony on October 3 
during the Russian Energy 
Week International Forum 
in Moscow.

The prize, which was set 
up by the Global Energy 
Association, annually hon-
ours outstanding research 
that affects lives across the 
planet and provides tech-
nology addressing energy 
challenges. The laureates 
were selected from among 
39 contenders from 12 
nations. They share the 
award, its $600,000 prize 
money and medals.

Khalil Amine (pictured 
right, holding award) of 
Argonne National Labora-
tory was recognized for 
his outstanding contribu-

tion to the development of 
efficient electrical energy 
storage technology. Frede 
Blaabjerg of Aalborg Uni-
versity CORPE (Center Of 
Reliable Power Electron-
ics) was recognized for 
his outstanding technical 
contribution to the design 
of power management sys-
tems enabling the integra-
tion of renewable power.

Amine, the most cited 
battery scientist in the 
world, is the author of 
advanced materials and 
battery systems for electric 
vehicles, electric power, sat-
ellites, military and medical 
industries. The scientist’s 
technologies are used by 
the largest corporations 
in the world, including 
producers of consumer 
electronics and all manu-
facturers of vehicles with 
hybrid and electric motors. 
One of his latest innova-
tions is a new superoxide 
battery system capable of 
yielding up to five times 
more energy than lithium-
ion batteries.

Blaabjerg is widely 
known for the commercial 
implementation of new 
conceptual methods to en-
sure the reliability of power 
electronics for the electric 
power industry. He is 
responsible for a number of 
inventions in variable speed 
drive technology, which 
today are widely used in 
heating, ventilation and 
air-conditioning systems, 
for example. Enhancing the 
energy efficiency of such 

systems has resulted in en-
ergy savings of hundreds of 
millions of dollars a year. 

Also, Blaabjerg`s convert-
ers reduce the costs of 
energy generated by solar 
and wind power stations 
while enhancing the 
reliability of generators 
connected to power 
distribution networks. 
These designs allow for 
steady and reliable perfor-
mance of large-scale 
power-supply systems. 

Global energy firm So-
larEdge appointed Uri 
Bechor as chief operating 
officer on August 20.

Uri Bechor joined from 
Flextronics International, 
where as senior vice presi-
dent global operations, 
Europe and the Americas, 
he oversaw more than 
40 manufacturing sites 
and was responsible for 
revenue of more than $10 
billion.

“Uri is a key addition 
to our growing executive 
management team,” said 
co-chairman Nadav Zafrir. 
“He will no doubt contrib-
ute greatly to the opera-
tional aspects needed to 
grow both our core smart 
energy business and our re-
cently acquired businesses, 
including lithium ion cells 
and batteries of Kokam.”

A day later, the firm 
announced Zvi Lando 
had been placed as acting 
CEO following the leave of 
absence of Guy Sella, for 
health reasons.

“The circumstances of 
this appointment are very 
sad.” said Zafrir. “But 
Lando has been part of 
the executive management 
team since 2009, and has 
a proven track record on 
sales and execution. The 
board is confident that he 
will continue to take the 
company forward on its 
current path of growth and 
success.”

SolarEdge addresses a 
broad range of energy 
market segments through 
its PV, storage, EV charg-
ing, batteries, UPS, electric 
vehicle powertrains, and 
grid services solutions. 

Amine, Blaabjerg share 2019 global energy prize

SolarEdge hires new 
COO and acting CEO

Innovations for a better world.

Fully continuous 
electrode slurry 

production. 

The Bühler fully continuous mixing 
process for LIB electrode slurry 
production meets the requirements  
of large scale battery manufacturing 
and provides various benefits 
compared to conventional batch 
mixing.

– 60% lower investment costs  
– 60% lower operating costs  
– consistent product quality

Got a question? Let’s talk about it. 
gdnorthamerica@buhlergroup.com
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Lead battery manufactur-
ing giant East Penn an-
nounced on August 16 
it had bought a majority 
interest in lithium battery 
firm Navitas Systems.

East Penn says the move 
will accelerate its expan-
sion into motive power ap-
plications and allow it to 
integrate into other market 
segments.

East Penn said the acqui-
sition was in line with plans 
to provide ‘the most robust 
array of optimized energy 

storage system solutions’. 
Michigan-based Navitas 

Systems was formerly Mi-
croSun IESS, LLC, before 
the company bought A123 
Systems’ Government So-
lutions Group in 2013 to 
form Navitas. 

It makes larger-format 
lithium battery technology 
and systems for heavy-duty 
off-road equipment, deep 
cycle motive and traction, 
mission-critical stationary 
and standby, transporta-
tion, defence and renewable 

energy applications.
East Penn, traditionally a 

lead acid battery manufac-
turer, announced in 2016 
that it intended to expand 
its range to lithium ion bat-
teries. 

In April 2019 it released 
a Ready Power lithium bat-
tery for forklift trucks, but 
this is likely to be the first 
of many new offerings by 
the company, which said 
Navitas’ lithium research 
and development expertise 
‘will add to East Penn’s 

current lithium R&D pro-
gram’.

“We are happy to be join-
ing in partnership with 
such a strong, well estab-
lished company,” said East 
Penn CEO Chris Pruitt. 

Micro utility developer 
PowerGen Renewable En-
ergy bought Rafiki Power, 
the off-grid specialist arm 
of European energy giant 
E.On, on August 19.

The acquisition combines 
two leading micro-grid 
companies in Africa, which 

will help build momentum 
for private utilities to oper-
ate within rural commu-
nities on the continent, a 
PowerGen company state-
ment said. 

Both Power Gen and 
Rafiki Power, the state-
ment said, had been instru-

mental in the new sector 
of private utilities bringing 
power to rural Africans.

The combination of the 
two will give PowerGen 
micro-grid assets, a project 
pipeline, software IP and 
human resources, and it 
means PowerGen can pro-

vide 50,000 people with 
power across various Afri-
can countries. 

“We are excited to 
combine our experience, 
knowledge, resources 
and cultures to progress 
towards a shared vision 
of transforming lives by 
building the energy system 
of the future in Africa,” 
said Aaron Cheng, presi-
dent of PowerGen.

Jessica Stephens, global 
co-ordinator of the Africa 
Mini-Grid Association, 
formed last year, said that 
mini-grids made the most 
sense in communities in ru-
ral areas. Of the 600 mil-
lion people in sub-Saharan 
Africa who don’t have ac-
cess to electricity, 80%-
85% of them lived in rural 
areas, she said.

“The International Ener-
gy Agency says that mini-
grids and other distributed 
renewables are the most 
cost effective way to deliv-
er electricity to those peo-
ple,” she said. “Centralized 
grids will also play an im-
portant role too, but there 
has to be an integrated ap-
proach that includes mini-
grids.” 

East Penn takes stake in lithium 
battery manufacturer Navitas

PowerGen acquires Rafiki Power 
to boost micro-grids in Africa

Lithium Werks, the 
battery manufacturer, an-
nounced on September 5 
it has bought the storage 
systems integrator LiiON, 
saying the deal should be 
finalized by the end of the 
year.

LiiON provides integra-
tion services for batteries 
and management systems 
in standby, UPS and 
telecoms applications, as 
well as technology migra-
tion, installation and 
preventative management 
programs and consulta-
tion services on identify-
ing the most appropriate 
chemistries and battery 
types per application.

“As a result of this 
acquisition, Lithium 
Werks will be able to of-
fer customers a one-stop 
platform for fully inte-
grated solutions, starting 
with the battery cells and 
modules and extending 
all the way up the value 
chain to sophisticated en-
ergy management systems 
and software solutions,” 
said Joe Fischer, CEO, 
Lithium Werks.

The LiiON brand 
will be retained and its 
management will join 
Lithium Werks’ work-
force, which will help 
extend the brand across 
Europe and Asia, the 

company said. 
It already has UL 

certified back-up power 
installations in modular, 
cloud, collocation and 
hyperscale applications 
across datacenter, bank-
ing, healthcare, govern-
ment, retail, industrial 
and utility segments. 

“Lithium Werks is 
expanding quickly as it 
continues to meet a near 
insatiable demand for 
batteries,” said Fischer, 
who said the acquisition 
coincided with the 
company’s launch of two 
product lines at the 
Battery Show in Michi-
gan in September. 

Lithium Werks buys systems integrator 
LiiON to expand global reach
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EnerSys, the international battery 
manufacturer, has bought competitor 
NorthStar for $182.5 million, the firm 
announced on September 19.

It will install a high-speed production 
line at one of NorthStar’s two factories 
in Springfield, Missouri, adding $175 
million of production capacity with a 
production rate three times that of ex-
isting lines.

NorthStar’s TPPL batteries are close 
in design and performance to the En-
erSys TPPL brand NexSys, which 
marked a sales milestone on September 
30. EnerSys said it had reached 50,000 
sold in the US since the batteries were 
launched there in 2011.

The NexSys range was launched in 
EMEA under the XFC brand in 2011, 
then changed to NexSys and sold glob-
ally in 2015, the company said.

The EnerSys acquisition means it is 
the only major company to make TPPL 
batteries.

David Shaffer, EnerSys president and 
CEO, said: “In line with our previously 
disclosed strategy to increase sales of 
premium products we are excited to 
announce the acquisition of NorthStar, 
which will enable EnerSys to dramati-
cally accelerate our sales for TPPL bat-
teries.

“The manufacturing processes and 
quality standards of NorthStar are 
very similar to EnerSys TPPL produc-
tion. It will require a modest capital 
investment to convert the NorthStar 
factories to build our battery products 
over a six-month period.”

The company said the deal would 
mean $40 million in annual savings 
could be made by minimizing transo-
ceanic freight because manufacture 
could be done locally and for longer, 

meaning more efficient production 
runs could be made.

“This acquisition combines world-
class complementary products and ex-
pedites $500 million of TPPL produc-
tion capacity when combined with the 
new high-speed TPPL production line 
and supporting equipment,” the state-
ment said.

“Available floor space at the existing 
NorthStar facility will accommodate 
our new high-speed TPPL production 
line, preserving over $100 million of 
existing TPPL production capacity.”

EnerSys was founded in 1945 in Swe-
den and named Svenska Batteri. Three 
years later Swedish mining and smelt-
ing firm Boliden bought the company, 
only to be sold in 1961 to VARTA Bat-
teri, part of VARTA Industrial Battery.

In 1995 the firm was again sold, this 
time to BTR, which changed its name 
to Hawker five years later — and when 
it merged with EnerSys in 2002, the 
battery division finally became part of 
EnerSys.

NorthStar will be a big boost to the 
company, with its range of thin plate 
batteries as well as its cooling bat-
tery cabinets, tubular plate batteries 
and ACE system — a wireless battery 
monitoring system that won the Sally 
Breidegam Miksiewicz award for inno-
vation at the BCI convention in 2017.

Headed by CEO Hans Lidén, the 
company was set up in 2000 and head-
quartered in Sweden, with a site in 
Springfield, Missouri, US. NorthStar 
installed a 1MWh battery storage fa-
cility in Springfield to provide back-up 
power for the City Utilities grid, using 
its Blue+ thin plate lead batteries.

Lidén, who has been CEO since Au-
gust 2008, worked for four years at 

industrial tools and equipment maker 
Atlas Copco before joining NorthStar. 
He would not comment about the En-
erSys purchase to BESB. EnerSys would 
only release an official statement.

“With two production facilities in 
Springfield, NorthStar manufactures 
and distributes batteries nearest in de-
sign and performance to EnerSys TPPL 
products,” the company said. “The 
acquired companies generated $157 
million in revenue for the 12 months 
ending August 31, 2019 and adjusted 
EBITDA (earnings before interest, tax, 
depreciation and amortization) of $14 
million.”

Geoffrey May, director of Focus 
Consulting, was group director of 
technology at EnerSys between 1991-
2000, when the company was known 
as Hawker Batteries. “I knew that 
NorthStar was looking for a buyer, but 
I’m a little bit surprised it’s EnerSys, 
because there is nothing NorthStar can 
do that EnerSys can’t do itself — they 
have product lines that are comple-
mentary and they are serving the same 
markets,” he said.

“It doesn’t improve its product lines 
because it can do all the same things. 
It probably doesn’t improve its geo-
graphical spread either because Ener-
Sys is bigger and more widely spread.

“I thought North Star would have 
been sold to someone in the industry 
who wanted to expand their product 
lines — and I don’t know who the un-
successful bidders were. However the 
fact that EnerSys has taken a competi-
tor in the lead acid industry is interest-
ing for the future of the industry — it 
shows that they want to continue to 
expand their business, which can only 
be good news for the industry.” 

EnerSys buys TPPL 
battery maker NorthStar
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Energy provider EDF En-
ergy has signed a deal to 
supply a huge entertain-
ment theme park in the 
UK with all the energy it 
will need from onsite re-
newable energy genera-
tion and battery storage, 
the firm announced on 
October 22.

No details of the battery 
storage were given, and 
the firms only mentioned 
solar panels as the source 
of power.

The multi-billion-pound 
London Resort, to be built 

on a seven million square 
metre piece of land on the 
banks of the River Thames 
in the county of Kent, will 
include fairground rides, 
thousands of hotel rooms 
and dining facilities and 
will create thousands of 
jobs. 

Under a 25-year con-
tract, EDF will build, 
own and operate the en-
ergy generation and stor-
age facilities for the park, 
which will be the largest 
entertainment district in 
Europe. 

It will also contain EV 
charging points and is be-
ing touted by EDF as ‘one 
of the most sustainable 
major theme park destina-
tions in the world’, and is 
believed to be a first for 
the tourism industry. 

“This opportunity is un-
like anything else current-
ly being developed and 
this gives us scope to do 
something new with the 

latest technologies avail-
able,” said Vincent de Rul, 
director of Energy Solu-
tions at EDF Energy. 

Construction of the 
theme park will being in 
2021, and should open to 
visitors in 2024. 

EDF Energy agrees to supply energy and 
storage to UK entertainment park

The UK, France, the 
Netherlands and Den-
mark have pledged mil-
lions of dollars to World 
Bank initiatives on en-
ergy storage, solar power 
and clean cooking, the 
World Bank announced 
on September 25.

The UK has pledged 
the most — $250 million 
— to the Global Energy 
Storage Program, which 
is operated by the World 
Bank-approved Cli-
mate Investment Funds 
organization. 

France and the 
Netherlands have each 
pledged $100 million to 
a Solar Risk Mitigation 
Initiative, which aims 
to help countries scale 
up off-grid and grid-
connected solar energy 
programmes. 

Denmark also an-
nounced it would donate 
$13 million to the 
Energy Sector Manage-
ment Assistance Pro-
gram’s ‘Clean Cooking 
Fund’ to help countries 
gain access to clean 
cooking. 

Gold mining firm Nordgold 
said on October 22 it had 
formed a consortium to 
build a 13MW solar power 
plant with battery storage 
to provide 100% of its 
two gold mines in Burkina 
Faso.

The consortium is made 
up of Nordgold, which 
owns 90% of the Bissa 
and Bouly gold mines, 
independent power 
producer Total Eren 
and the Africa Energy 
Management Platform, a 
finance and development 
company that specializes 
in renewable and hybrid 
energy plants for mining 
and industrial projects 
across Africa. 

Total Eren, a subsidiary 
of Eren Group, works in 
partnership with local 

leaders to develop electric 
power plants. 

The mines, which are 
5km apart, produced 7,476 
kt of rock in 2016, 3,000 
kt more than in 2015.

Of that, just one or 
two grams of gold per 
tonne are likely to have 
been extracted, which 
makes gold mining one 
of the most extravagant 
industries in the world. 

Adding the solar plant 
should result in lower 
costs, says Nordogld CEO 
Nikolai Zelenski.

“By building this new 
solar plant, not only will 
we improve the efficiency 
of our mines by creating a 
more secure power supply 
at lower cost, but we are 
also helping to make our 
Burkina Faso mines far 

more sustainable, while 
minimizing our carbon 
footprint,” he said. “The 
installation of a solar power 
plant at Bissa and Bouly, 
Nordgold’s key assets in 
terms of production, is 
in line with our strategy 
of implementing the best 
environmental standards 
across our operations”.

Nordgold is operating 
the mines under a 10-year 
contract which is due to 
end in 2027.

Nordgold is not the only 
gold mine in Africa to 
install a solar power plant 
to reduce operating costs. 

B2Gold, a Canadian gold 
mining company, said it 
would complete a 30MW 
solar plus storage system 
at its mine in Mali  for the 
third quarter of 2020. 

Gold mining firm forms group 
to install solar plus storage 

European 
countries pledge 
millions to World 
Bank energy 
initiatives

London Resort is being touted by EDF as ‘one of the 
most sustainable major theme park destinations in the 
world’.
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Californian solar and en-
ergy service provider Cal-
Com Energy has launched 
a $100 million Agricul-
ture Energy Infrastruc-
ture Fund to build storage 
projects to benefit farming 
communities in the state, 
it said on September 25.

Developed in partner-
ship with Symbiont Ener-
gy and the Live Oak Bank, 
the fund will enable farm-
ers to build on-site solar 
and storage systems.

It specifically aims at ag-
riculture companies and 
farmers hit by the recent 
wildfires in California, and 
who also suffer from a lack 
of grid resiliency and high-
er energy and water bills.

“Farmers have been 
under extreme pres-
sure in California, with 
everything from utility 
bankruptcies to tariffs to 
natural and manmade dis-
asters,” said Dylan Dupre, 
president and CEO of Cal-
Com Energy. 

“CalCom wholehearted-
ly supports our customers 
in the Central Valley, and 
with this fund we can of-

fer very favourable financ-
ing options for customers 
who did not have access to 
clean energy in the past.”

David Williams, chief 
commercial officer for 
CalCom Energy said the 
fund would also allow it 

to expand its project de-
velopment work and for 
the first time, own the pro-
jects it was developing. 

“Our speciality at Cal-
Com now spans from 
origination and develop-
ment through financing, 

execution and asset man-
agement of distributed so-
lar and storage projects,” 
he said. 

CalCom was founded in 
2012 to build solar and 
energy projects to offset 
rising electricity costs. 

A 300MWh ‘solar-after-
sunset’ project to be built 
on the US island territory 
of Guam will be the larg-
est in the world says energy 
provider Engie, which has 
successfully bid for the con-
tract.

The system is scheduled 
to go online in July 2022 to 
deliver more than 85GWh 
of dispatchable energy a 
year.

The Guam Power Au-
thority, in the Western Pa-
cific, approved Engie as a 
successful bidder to build 
two solar-plus-storage pro-
jects under a 20-year power 
purchase agreement, with 

a view to formalizing the 
deal with a contract to the 
France-based firm.

The solar power will be 
stored for up to seven hours 
after sunset in a lithium 
battery from Engie, which 
says the battery will be 
twice the size of the largest 
in the world. 

The world’s current 
largest battery is Tesla’s 
l00MW/129MWh lithium 
battery in South Australia, 
which is paired with the 
Hornsdale wind farm.

“We are proud to con-
tribute to Guam Power Au-
thority’s pioneering vision,” 
said Engie CEO Carlal-

berto Guglielminotti. “This 
is an iconic project which 
sets a paradigm shift for 
the zero-carbon transition: 
Engie EPS’s technological 
edge makes it now possible 
to provide solar power at 

night cheaper than conven-
tional generation.”

Engie is working with the 
GPA to obtain necessary 
approvals for the PPA and 
once granted, the installa-
tion can go ahead. 

World’s largest lithium battery to be 
installed on Pacific island of Guam

CalCom Energy launches $100m farming 
fund to install solar and energy storage

Inverter and energy stor-
age supplier Sungrow on 
October 8 signed its latest 
contract to supply a fully 
integrated solar plus stor-
age system to a project in 
Massachusetts.

The 12MW/32MWh 
ESS will be supplied under 
the Solar Massachusetts 
Renewable Target Program 
(SMART), which was set 
up to support the develop-
ment of solar energy in the 
state. This is a tariff-based 
incentive paid directly by 
the utility company to the 
system owner following 
approvals. 

It will be deployed across 
five distribution grid-

connected sites and should 
be commissioned in the 
second quarter of 2020.

Sungrow’s ST4200K-
Wh-2000 storage system 
uses a lithium-ion batteries 
by Samsung SDI, as well 
as an energy management 
system, local controller 
and HVAC in a 40 foot 
container that allows 
onsite installation and a 
unified control capability. 

It will be operated by 
the US energy firm Stem, 
which is owned by private 
equity firm Syncarpha 
Capital, based in New 
York.

“We felt strongly about 
Sungrow Samsung SDI’s 

product offering, es-
pecially with the fully 
integrated concept, which 
really helped us reduce the 
LCOE and operational 
costs,” said John Car-
rington, CEO of Stem.

“As a technical leader in 
power conversion, Sun-
grow offers innovative 
solar-plus storage solutions 
that are future-focused. We 
have already completed 
prestigious projects in the 
U.S. and across the globe, 
connecting renewables to 
the grid to bring sustain-
able and reliable power to 
people,” said Hank Wang, 
president of Sungrow 
Americas. 

Sungrow-Samsung SDI sign agreement to 
supply solar+storage in Massachusetts
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California has ap-
proved its largest 
300MW/1,200MWh bat-
tery installation, in the 
Californian desert of Mo-
jave, which was approved 
on September 10 by the Los 
Angeles Department of Wa-

ter and Power.
Working with the local 

utility Glendale Water and 
Power and the Southern 
California Public Power 
Authority, the LADWP 
board approved the BESS 
to be installed on a 25-

year contract alongside a 
400MW solar PV plant at 
solar company 8 Minute 
Solar Energy’s Eland Solar 
and Storage Center.

The plant should begin 
commercial operations in 
December 2023, the LAD-
WP said. 

8 Minute Solar Energy 
was selected in July by the 
Moapa Band of Paiutes 
and NV Energy in Nevada 
to develop what was then 
touted as the largest solar-
plus-storage project in Ne-
vada, ‘and one of the largest 
in the world’. 

That was for a 300MW 
solar array with 540MWh 
of lithium batteries to store 

the energy.  
The Mojave Desert pro-

ject almost doubles that 
storage capacity. 

“Renewable generation, 
such as solar and wind, is 
heavily weather dependent 
and will vary over time, 
often making it difficult to 
schedule and count on with 
a high level of certainty,” 
the LAPWP said.

“New technologies, in-
cluding energy storage, ad-
vanced inverter functions 
and enhanced monitoring 
and controls, potentially 
have the capability to 
bridge the gap between var-
iable renewable and con-
ventional generation.” 

California approves largest 
300MW battery installation

Exide Technologies, the 
lead battery maker and re-
cycler, announced on Oc-
tober 11 it would install 
4,000 solar panels to power 
its factory in San Esteban 

de Gormaz, Spain.
The project has been 

agreed with energy group 
EDP, which will develop 
and deliver the plant as a 
turnkey operation, supply-

ing and assembling all parts 
and equipment. It will be 
delivered over 15 years and 
follows a similar partner-
ship with EDP in Portugal, 
which was announced ear-

lier this year. 
The PV plant should gen-

erate 1.3 MWp of power 
and will enable Exide to 
draw much of its annual 
power needs from solar, re-
ducing its CO2 emissions, 
the company said.

“Energy-intensive indus-
tries will have to rely in-
creasingly on sustainable 
sources like solar, and our 
new plant shows the scale 
of what is possible,” said 
Stefan Stübing, president of 
Exide EMEA.

“Not only will it reduce 
our carbon emissions, high-
lighting our commitment 
to sustainability, it will also 
improve our operating ef-
ficiency and performance.”

Javier Sáenz de Jubera, 
commercial general direc-
tor of EDP España, said the 
contract signified the possi-
bilities of self-consumption 
as one of the biggest chal-
lenges the energy sector 
was facing. 

“Solar power is already a 
solution for companies and 
will continue to be so in the 
future, as it offers many ad-
vantages, increasing com-
petitiveness, reducing the 
power bill and optimizing 
energy efficiency,” he said. 

Exide announces solar project to 
power Spanish recycling plant

One of Africa’s best 
known game parks has 
been installed with a 
battery-backed solar 
microgrid, South African 
energy supply firm Dhy-
brid and solar company 
Blockpower announced 
on October 1. 

The Universal Power 
Platform, comprising 
three solar plants with 
895 PV modules and a 
1MWh Samsung SDI 
lithium battery, has been 
installed at the South 
African Kruger National 
Park’s Cheetah Plains 
Lodge. 

A diesel generator is 
also integrated into the 

microgrid, but will only 
be fired up during periods 
of less sunshine.

The battery and inverter 
are housed in an air-con-
ditioned ocean container. 

“Available peak power 
capacity for the lodge has 
been increased by four 
times to 250kW since it 
switched over to the mi-
crogrid from its previous 
energy supplier, ESKOM,” 
said Cheetah Plains owner 
Japie van Niekerk. 

The system continu-
ously monitors all the im-
portant grid parameters 
and facilitates automated 
operation, controlling 
connected energy genera-

tors and storage to maxi-
mize the use of renewable 
energy, the firm said. 

“Unlike traditional 
independent microgrids, 
where either the diesel 
generator or the solar 
installation can be run at 
a given time, the UPP can 
control different energy 
generators simultaneous-
ly,” the company said. 

“This makes the entire 
system noticeably more 
efficient, meaning that 
the diesel generator only 
needs to be switched on 
when energy consump-
tion is unusually high or 
when there are periods of 
bad weather.” 

African game park Kruger fitted with 
lithium battery-backed solar microgrid
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US utility Rocky Mountain 
Power revealed what it says 
is the largest residential 
battery demand response 
solution in the US on Au-
gust 28, a solar-powered 
storage system using bat-
teries by Sonnen. 

The Wasatch Group prop-
erty management company, 
Rocky Mountain Power, 
solar company Auric Ener-
gy and Sonnen have joined 
forces to install and operate 
the virtual power plant at 
the Soleil Lofts apartment 
community in Herriman, 
Utah.

The project will use 
more than 600 individual 

Sonnen ecoLinx batteries 
with 12.6MW of storage 
capacity to provide emer-
gency back-up power, and 
peak energy use manage-
ment. 

“The combination of so-

lar and long lasting, safe, 
intelligent energy storage 
managed by the local util-
ity is an essential compo-
nent to the clean energy 
grid of the future,” said 
Sonnen chairman and CEO 

Blake Richetta.
“The solar industry 

should find inspiration in 
this extraordinary project, 
as it provides a blueprint 
for the future of grid-opti-
mized battery storage.”

The Soleil Lofts apart-
ment complex is not yet 
inhabited — residents will 
begin to move in from this 
month, and the final build-
ing should be completed by 
December 2020.

Once that happens, the 
complex will be the largest 
fully installed, operational 
residential battery demand 
response solution in the US, 
the conglomerate says. 

Energy giant ENGIE Stor-
age is to supply and oper-
ate a 19MW/38MWh com-
bined solar-plus-storage 
portfolio comprising six 
sites in Massachusetts, the 
firm announced on July 30.

The portfolio will be 
operated by Syncarpha 
Capital, a New York-based 
private equity firm, and it 
will be the first utility-scale 
solar-plus-storage offering 
using ENGIE’s new inte-
grated product for whole-
sale market participation. 

It will provide Syncarpha 
with the turnkey system 
for 20 years and under a 
market participation agree-
ment, each of the six sites 
will pay fees in exchange 
for the rights to operate the 
solar-plus-storage system 
in the ISO-NE wholesale 
capacity, reserves and fre-
quency regulation markets. 

“This unique arrange-
ment delivers substantial 
added contracted revenue 
for the projects while im-
plementing ENGIE Stor-
age’s market-leading en-
ergy storage sales platform 
for the long-term benefit of 

each of the six combined 
solar and storage sites,” the 
company said. 

“Syncarpha selected 
ENGIE Storage for the 
portfolio due to ENGIE’s 
sophisticated and integrat-
ed offer, leading software, 

operational experience, 
and bankability,” said Cliff 
Chapman, CEO of Syn-
carpha. “Working with 
ENGIE creates incremental 
value for these assets in ad-
dition to the SMART pro-
gram and meets the finan-

cial and risk requirements 
of tax equity investors and 
lenders.”

ENGIE Storage CEO 
Christopher Tilley said: 
“This announcement will 
be the first of many as 
ENGIE Storage is execut-
ing more than 100MWh of 
solar and storage contracts 
with market participation 
agreements for the SMART 
program.” 

Utah utility reveals largest battery 
demand response system in US

Syncarpha and ENGIE set up 
unique financing arrangement

The Solar River Pro-
ject and GE Renewable 
Energy announced on 
September 19 that GE 
has been selected for the 
supply and integration of 
one of the largest grid-
scale battery technology 
hybrid deployments to be 
installed for the project in 
South Australia. 

The energy storage 
system, called the Reser-
voir, will be coupled to 
a 200MW photovoltaic 
generation plant. 

GE will install a 
100MW/300MWh stor-
age system, which could 
transfer up to 400MWh 
of electricity per day, mak-

ing it, the firm says, one of 
the largest batteries in the 
southern hemisphere. 

The project will be lo-
cated in South Australia’s 
mid-north, halfway be-
tween Burra and Morgan, 
and aims to supply energy 
to power 90,000 South 
Australian homes.

Jason May, Solar River 
Project CEO, said: “The 
award of the battery to 
General Electric is another 
major milestone for the 
project.”

The South Australia 
Electricity Grid has one 
of the peakiest loads in 
the world, and the battery 
energy storage system can 

allow the plant to deliver 
firm generation and as-
sist in smoothing peaks, 
contributing to a more 
stable network for years 
to come, the firms said.

The storage system is 
designed to capture the 
energy produced by the 
solar sources, for use in 
times of power demand, 
which can increase the 
availability of the plant 
and enable optimal use of 
the solar PVs.

The Solar River Project 
received Crown Develop-
ment Approval in June 
2018, and the first 
electricity should be 
generated in early 2021. 

GE Renewable Energy to supply energy 
storage to 200MW Australian River Project



NEWS – PROJECTS

14 • Energy Storage Journal • Winter 2019 www.energystoragejournal.com

Distributed power firm 
GlidePath bought 149MW 
of wind farms in North 
Texas on August 20, with 
the intention of adding 
battery storage in what 
would be the first bat-
tery storage project in the 
Southwest Power Pool 
utility’s territory.

The eight wind farm 
sites were bought from 
Exelon Generation and 
serve the Southwest Power 
Pool utility north of Ama-
rillo.

GlidePath, which is 

headquartered in Illinois 
and owned by Quin-
brook Infrastructure Part-
ners, will have more than 
445MW in its operating 
portfolio of wind, solar 
and storage. It also has 
more than 1GW of battery 
storage projects across the 
US. 

For the SPP project, wind 
farm performance will be 
optimized ‘while the com-
pany explores opportuni-
ties to develop onsite bat-
tery storage systems’, the 
company said. 

“The high penetration of 
wind energy in North Tex-
as offers us an excellent 
opportunity to pair these 
facilities with the latest 
battery storage technolo-

gy,” said David Braun, 
president of GlidePath As-
set Management. “We 
look forward to managing 
these wind assets in a way 
that will hopefully 
strengthen reliability of 
supply in the local electric 
grid and deliver benefits 
for Texas power 
consumers.”GlidePath re-
cently announced its Pros-
pect Storage 10MW stan-
dalone battery project in 
the ERCOT market south 
of Houston was ‘in ad-
vanced construction’. 

NEC will install more than 
20MW in six municipal en-
ergy storage projects in New 
England, the energy storage 
company announced on Au-
gust 19.

The projects follow the 
Sterling Municipal Light 
Department, which was in-

stalled two years ago and 
which NEC says has saved 
ratepayers more than $1 
million on their utility bills. 

In Sterling, NEC’s GSS-
Grid storage solution also 
provides resiliency for the 
community in the event 
of an outage from severe 

weather and other causes.
“These energy storage 

systems reduce costs for 
transmission and capac-
ity charges, which directly 
benefits the ratepayers,” the 
company said. 

“We have more than 
750MW of energy storage 

systems around the world 
from Japan and China to 
Hawaii and California, in 
Chile and Brazil and across 
the Atlantic to Germany and 
the UK,” said Steve Fludder, 
CEO of NEC Energy Solu-
tions. 

“It is especially impor-
tant for us to make an im-
pact right here at home in 
Massachusetts and the rest 
of New England. We are a 
global leader reinventing 
electricity to a cleaner and 
more renewable system. 

“It’s great to see our 
neighbouring municipal 
light plants adopting our 
energy storage solutions and 
realizing substantial savings, 
which flow directly to those 
town’s ratepayers.”

NEC’s energy storage sys-
tem comprises its GSS end-
to-end grid storage system, 
operated by its AEROS con-
trols, NEC’s proprietary soft-
ware platform.  By dispatch-
ing the power strategically, 
municipal power plants can 
reduce the heaviest electric 
loads each month. 

Part of the funding for the 
projects has come from 
grants from the Advancing 
Commonwealth Energy 
Storage program,a partner-
ship between the state De-
partment of Energy Re-
sources and the 
Massachusetts Clean Ener-
gy Center.  

Glidepath to install battery storage for 
149MW wind farm in North Texas

NEC to install more than 20MW 
in energy storage projects

Australian company 
CCT Energy Storage has 
reached in-principle agree-
ments to pilot thermal 
batteries in the telecommu-
nication and eco-housing 
industries in Adelaide.

The company is on track 
to install its first com-
mercial thermal energy 
device (TED) at a mobile 
phone base station by the 
end of the year in a first 
step towards developing 
a 100kW energy storage 
system that would provide 
back-up power for a hous-
ing estate. 

CCT’s thermal energy 
device can accept any 
form of electrical input 
and convert and store it 
as heat, which can then be 

turned back into electricity 
on demand, the firm says. 
The TED can produce base 
load output and charge 
and discharge simultane-
ously, with the added 
bonus that it can provide 
hot water to homes as a 
bi-product of the conver-
sion process. 

 Chief executive Serge 
Bondarenko said CCT was 
first developing a 15kW 
system to be installed at 
the telecommunications 
site in Adelaide, where the 
TED would be charged 
from the grid when elec-
tricity prices were low.

The stored energy would 
then be converted back 
to electricity and on sold 
to its tenants at an agreed 

price.
“By the end of this year 

we’ll have it installed and 
we’ll have it fully tested, 
integrated and indepen-
dently validated by the end 
of Q1 next year,” Bondar-
enko said. 

Bondarenko said it was 
expected to take 12-18 
months to develop the 
100kW output eventually 
required to provide an 
effective energy storage 
system for the housing 
estate.

CCT unveiled its first 
24kW TED in March, 
which it claimed to be the 
world’s first working 
thermal battery using 
silicon as a PCM — Phase 
Change Material. 

Thermal battery producer begins project to 
provide power back-up for housing estate
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New York State’s largest 
battery installation, 20MW, 
has been completed by en-
ergy storage company Key 
Capture Energy, the New 
York State Energy Research 
and Development Author-
ity announced on Septem-
ber 12. 

The project is part of 
governor Andrew Cuomo’s 
Green New Deal, which 
aims to install 3,000MW of 
storage in New York State 
by 2030 — the largest tar-
get in the US. 

The KCE NY 1 lithium-
ion project was installed in 
Saratoga County and is the 
largest battery storage pro-

ject in the north-eastern US, 
according to Key Capture 
Energy. 

It is the first project to be 
installed by the company 
since it relocated its head-
quarters from Houston, 
Texas to Albany, in New 
York State, in 2018. 

In January, Cuomo 
launched a ‘Green New 
Deal’ initiative, which 
aimed to ramp up renew-
able energy deployments in 
the state to achieve 100% 
carbon-free electricity by 
2040.

A bulk storage incentive 
was offered to firms that 
provided wholesale market 

energy, ancillary services, 
and/or capacity services. 

Projects over 5MW were 
eligible for the incentive, 
with no maximum project 
size buta maximum of $25 
million per incentive. 

“New York State has the 

most ambitious energy 
storage deployment target 
in the US, and NYSERDA 
plays a vital role in promot-
ing the State’s clean energy 
future,” said Key Capture 
Energy co-founder and 
COO Dan Fitzgerald.  

Power generator firm 
Holtec International has 
expanded its strategic part-
nership with battery firm 
Eos Energy Storage in the 
US to form a multi-giga-
watt manufacturing joint 
venture to make zinc aque-
ous batteries, the firms an-
nounced on September 10.

Holtec, whose principal 
concentration is nuclear 
power, and Eos, which 
makes zinc aqueous batter-
ies under the brand name 
Znyth, will combine both 
firms’ different areas of ex-
pertise to create Hi-Power, 
a manufacturing facility 
that will become one of the 
largest battery manufactur-
ers in the US, Holtec presi-
dent and CEO Kris Singh 
said. 

The plant will be built 
close to Holtec’s Pittsburgh 
manufacturing division, 
with large-scale production 
expected to begin in late 
November and full opera-
tion expected by the end of 
Q1 2020.

The installation will 
store surplus power from 
Holtec’s small modular re-
actors to deliver power to 

the grid during peak peri-
ods.

“We have entered the bat-
tery industry to provide 
the means to store large 
quantities of electrical en-
ergy from nuclear, solar 
and other renewable energy 
generation facilities and de-
liver power to the user on 
demand,” said Singh. 

“The availability of a suit-
ably sized battery-powered 
energy storage plant will 
make our SMR-160 reactor 
even more valuable to our 
customers.”

The batteries, zinc hybrid 
cathodes which last for four 
hours and can charge and 
discharge to 100%, will 
be long-duration station-

ary applications requiring 
4-6 hours of use, including 
renewables integration, de-
mand charge management 
and microgrids. 

“A key limitation of re-
newables has been variabil-
ity in production, which 
can be levelized with the 
DC battery system to drive 
a fundamental shift in the 
renewables market,” said 
Holtec vice president of in-
ternational projects Rick 
Springman.  

New York State targets 3,000MW 
battery storage in Saratoga County 

Holtec and Eos Energy to build 
multi-GW zinc aqueous battery plant

Technology firm Honey-
well and energy stor-
age firm NRStor have 
launched the largest 
behind-the-meter battery 
storage programme in the 
world, the firms declared 
on September 20.

The Experion En-
ergy Program will offer 
300MW of BTM energy 
storage to commercial 
and industrial customers 
across the US and Canada 
from early next year. 

“This BTM deployment 
alone matches North 
America’s total energy 
storage deployments in 

2018,” said Moe Hajabed, 
CEO of NRStor. 

“This collaboration ex-
pands the customer base 
that can take advantage 
of our energy solutions. It 
also creates an opportuni-
ty for other developers to 
fund and implement their 
projects through NRStor’s 
platform.”

Two operation cen-
tres using artificial 
intelligence-based peak 
prediction and value stack 
optimization algorithms 
will support the systems 
remotely, automatically 
starting the battery sys-

tems up when needed.
“Our operations plat-

form makes it easier to 
anticipate and manage 
demand and energy gen-
eration in today’s com-
plex energy ecosystem,” 
said Honeywell’s Eren 
Ergin, general manager 
for renewable energy and 
distributed assets.

“Battery energy storage 
systems, software solu-
tions and outcome-based 
performance guarantees 
will help end users 
optimize their operations 
and realize significant 
savings.” 

Honeywell and NRStor launch largest 
behind-the-meter BESS programme in world
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US solar firm Nexamp is to 
install its first battery stor-
age systems across New 
York and Massachusetts, 
the firm said on September 
17.  Six storage systems, 
with a total capacity of 
51WHh, will be provided 
by IHI Energy Storage, a 
subsidiary of the Japan-
based group of companies 
IHI Corporation, for these 
initial projects on a non-
exclusive basis.

Nexamp has taken advan-
tage of an incentive offered 
by the NY Sun program, 
under governor Andrew 

Cuomo’s Green New Deal, 
to increase the amount of 
energy storage in the state. 

NY Sun awarded Nex-
amp 40% of the capacity 
available in the first block 
of the program. 

“Energy storage repre-
sents a massive opportunity 
for energy producers as 
well as consumers, trans-
forming clean energy into a 
readily available resource,” 
said IHI Energy Storage 
general manager Toshiaki 
Nishio. “We are excited to 
work with Nexamp and de-
sign tailored solutions that 

ensure that each of these 
projects leverages the lat-
est storage technology to 
maximize reliability and 
resiliency.” 

Nexamp says it works 
with commercial, industrial 
and municipal parties as 
well as landowners to iden-
tify potential sites. 

“Deploying energy stor-
age is the key next step to 
solving climate change and 
making clean energy acces-
sible to all,” said the vice 
president of new market 
development with Nexamp, 
Ben Downing. 

Separately on August 
15, Convergent Energy + 
Power, an independent de-
veloper of energy storage 
products in North America, 
and IHI Energy Storage 
announced the launch of 
North America’s biggest 
behind-the-meter energy 
storage system in Sarnia, 
Ontario. The system reduc-
es Ontario’s Global Adjust-
ment charge for an indus-
trial customer by reducing 

the amount of grid electric-
ity the facility consumes 
during grid peak periods. 

Global Adjustment, which 
comprises up to 70% of the 
average industrial electric-
ity bill in Ontario, incentiv-
izes large electricity users to 
reduce their consumption 
during the most expensive 
grid periods. Convergent 
entered the Ontario market 
in 2014, becoming the first 
company to bring a Global 
Adjustment energy storage 
system online. 

A Convergent official 
said: “Like our other ener-
gy storage systems operat-
ing in Ontario, this system 
has already hit this sum-
mer’s peaks with no inter-
ruption to the customer. 
Our proprietary algorithm 
is 25% more accurate at 
peak prediction than public 
market forecasts and to-
gether with the battery sys-
tem can save large commer-
cial and industrial 
customers up to 40% on 
their electricity bill.” 

Exide Industries, the Indian 
lead battery maker, will be-
gin assembling lithium ion 
batteries in December un-
der a contract with Swiss 
battery maker Leclanché, 
the company announced on 
October 16.

The news comes four 
months after the two firms 
agreed a joint venture, with 
Exide in control of 75%, 
Leclanché 25%.

Managing director and 
CEO of Exide Industries 
Gautam Chatterjee said 
when the deal was signed: 
“Since the government is 
focusing on the electric ve-
hicle industry we thought 
to stay relevant we should 
go into this.

“We were looking for a 

company to help develop 
this and chose Leclanché 
to work with. Initially it 
will be limited to buses and 
two and three wheelers, but 
gradually this will expand 
and include all kinds of 
cars.

“This ideally comple-
ments our leading position 
in the lead acid storage bat-
tery market in India and 
will allow us to take the 
lead in the lithium-ion bat-
tery industry, which is ex-
pected to grow significantly 
in the next few years.”

The Indian government 
has created several incen-
tives to increase the num-
ber of EVs with its Faster 
Adoption and Manufactur-
ing of (Hybrid and) Electric 

Vehicles (FAME) schemes, 
which aim for 30% EV 
penetration by 2030.

The schemes include de-
mand incentives for EVs 
and urge the deployment of 
charging technologies and 
stations in urban centres.

“However, the hype by 
over the move into e-ve-
hicles — the Indian gov-
ernment had announced a 
couple of years ago that all 
new vehicles will be electric 
— has vanished,” says says 
L Pugazhenthy, head of the 
India Lead Zinc Develop-
ment Association. “This 
has mainly been due to the 
sudden drop in automobile 
sales.

“Over the last few years 
India has been importing 

lithium-ion cells from Chi-
na, South Korea and Japan; 
these imports are increasing 
while there is no indigenous 
manufacturer of lithium 
ion cells in India.

“India will eventually see 
a limited growth in EVs in 
the coming years, though 
largely it would be IC en-
gine- driven vehicles meet-
ing the revised emission 
norms. The key questions, 
however, are the cost of the 
lithium battery for the con-
sumer and the facility for 
fast charging.”

According to the World 
Economic Forum, customs 
duties will also be waived 
on lithium batteries to 
bring down their cost. 

At the moment, however, 
the WEF says EV market 
presentation is just 1% of 
total vehicle sales in India 
and of that, 95% are still 
two-wheelers. 

Solar firm Nexamp deploys first ESS 
projects in New York, Massachusetts

Exide Industries begins building 
Li batteries in Leclanché JV
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The Faraday Institution announced 
on September 4 that it will award up 
to £55 million ($68 million) to five 
UK-based consortia to conduct re-
search to make step changes in battery 
chemistries, systems and manufactur-
ing methods. 

The new projects in four focus areas 
join the existing Faraday Institution 
research projects. This expanded port-
folio has the dual aims of improving 
current generation lithium ion batter-
ies as well as longer horizon materials 
discovery.

The Faraday Battery Challenge is 
part of the government’s Industrial 
Strategy Challenge Fund, overseen by 
the Department for Business, Energy 
and Industrial Strategy to help trans-
form the production of batteries for 
the future of electric vehicles in the 
UK. 

The four new projects which will 
run over four years are:

Next generation electrode 
manufacturing — Nextrode. 
The University of Oxford will lead 
a consortium of five other university 
and six industry partners to examine 
the way electrodes for Li-ion batteries 
are manufactured. By understanding 
how materials assemble as electrodes 
are cast, and developing new manu-
facturing tools, the consortium aims 
to usher in a new generation of smart, 
high performance electrodes, which 
could enable EVs with a longer range 
and batteries that are more durable. 

The project’s principal investigator 
is Patrick Grant, a professor  of the 
University of Oxford. Other univer-
sity partners are University of Bir-
mingham, University College London, 
University of Sheffield, University of 
Southampton and University of War-
wick.

Next generation lithium ion 
cathode materials. 
The biggest performance gains to Li-
ion batteries are likely to arise from 
changes to the cathode chemistry. The 
Faraday Institution is funding two 
project consortia.

FutureCat  — This project is led 
by the University of Sheffield with 
five other university and nine indus-
try partners. It has a coordinated ap-
proach to cathode chemistry design, 

development and discovery (including 
tailored protective coatings and de-
signer interfaces) to deliver cathodes 
that hold more charge, that are better 
suited to withstand prolonged cycling 
and promote ion mobility (increasing 
battery durability and range and ac-
celeration of the EV) while reducing 
the dependency of cell manufacturers 
on cobalt.

The project’s principal investigator 
is Serena Corr, a professor at the Uni-
versity of Sheffield. Other academic 
partners are University of Cambridge, 
University College London, Lancaster 
University, University of Oxford and 
the Science and Technology Facilities 
Council.

CATMAT — Led by the University 
of Bath with six other university and 
12 industry partners, this project will 
examine the fundamental mechanisms 
at work within novel cathodes that 
currently prevent the use of nickel-
rich cathode materials (with low or 
no cobalt) and lithium-rich cathodes. 

The consortium plans to exploit this 
new knowledge to inform the discov-
ery of novel cathode materials with 
enhanced properties. It will scale up 
the synthesis of the most promising 
new materials and assimilate them 
into fully integrated battery cells to 
demonstrate performance. 

CATMAT will be led by Saiful Is-
lam, a professor at the University of 
Bath. Other academic partners in-
clude University of Birmingham, Uni-
versity of Cambridge, University of 
Liverpool, University of Oxford, Uni-
versity College London and Diamond 
Light Source.

Next generation sodium ion 
batteries — NEXGENNA. 
This project, led by the University of 
St Andrews, will include five other UK 
partner laboratories, three industrial 
partners and collaborations with Dia-
mond Light Source and five leading 
overseas research institutes. 

It will accelerate the development 
of sodium ion battery technology by 
taking a multi-disciplinary approach 
incorporating fundamental chemistry 
right through to considerations for 
scale-up and cell manufacturing. 

The relatively low cost of sodium 
ion batteries makes them an attractive 
next generation technology, particu-

larly for static energy storage applica-
tions and low-cost vehicles. 

The NEXGENNA project will be 
led by John Irvine, a professor at the 
University of St Andrews and will 
have contributions from Lancaster 
University, University of Cambridge, 
University College London, University 
of Sheffield and the Science and Tech-
nology Facilities Council.

Alternative cell chemistry beyond 
lithium ion — LiSTAR, Lithium-
Sulfur Technology Accelerator. 
UCL will lead an effort with six other 
university partners and seven industri-
al partners to enable rapid improve-
ments in Li-S technologies. If the po-
tential of Li-S is realised it would take 
batteries for automotive and other ap-
plications beyond the inherent limita-
tions of Li-ion chemistry: Li-S is one 
of the most attractive alternative tech-
nologies available.

The principal investigator of this 
consortia is Paul Shearing, a professor 
at UCL. Other consortia partners are 
Imperial College London, University 
of Cambridge, University of Notting-
ham, University of Oxford, Univer-
sity of Southampton and University of 
Surrey.

The new projects will create nearly 
80 new positions for early career re-
searchers, many of whom are expect-
ed to move into battery science and 
engineering from other fields.

The 32 industrial partners involved 
in the projects announced have 
pledged a total of £4.4 million in in-
kind support. The terms of the awards 
are currently being finalized. 

Faraday Institution awards £55m to 
UK consortia for energy research
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The European Commission 
announced on October 14 it 
had opened an in-depth in-
vestigation to assess wheth-
er Hungary’s plans to grant 
€108 million ($118 million) 
of public support to Sam-
sung SDI for investing in the 
expansion of its battery cell 
production facility in Göd 
(Hungary) is in line with EU 
rules on regional State aid.

Commissioner Margrethe 
Vestager, in charge of com-
petition policy, said: “Public 
investment is important to 
foster economic growth in 
disadvantaged regions in 
Europe. But public support 
should only be given if it’s 
necessary to trigger private 
investment in the disad-
vantaged region concerned. 
Otherwise, it only gives the 
beneficiary an unfair advan-
tage over its competitors, at 
the expense of taxpayers. 

“The Commission will 
carefully investigate wheth-
er Hungary’s planned sup-
port is really necessary for 
Samsung SDI to invest in 
Göd, is kept to the mini-
mum necessary and does 
not distort competition or 
harm cohesion in the EU.”

Samsung SDI is one of 
the main players in the fast 
growing lithium-ion battery 
market. The firm is investing 
around €1.2 billion ($1.3 
billion) to expand the pro-
duction capacity of lithium-
ion cells and battery packs 
for electric vehicles in its ex-
isting plant located in Göd.

The work on the capac-
ity expansion started in De-
cember 2017, and the im-
plementation of the project 
is now well advanced. In 
2018, Hungary notified the 
Commission of its plans to 
grant €108 million of public 

support for the project.
EU State aid rules, in par-

ticular the Commission’s 
2014 Regional State Aid 
Guidelines, enable member 
states to support economic 
development and employ-
ment in the EU’s disadvan-
taged regions and to foster 
regional cohesion in the sin-
gle market. 

To be approved, the meas-
ures need to fulfil certain 
conditions to make sure that 
they have the intended posi-
tive effect. This includes that 
the support must incentivize 
private investment, be kept 
to the minimum necessary, 
must not lure away invest-
ment from a region in an-
other member state which 
is as or more disadvantaged 
(“anti-cohesion effect”), 
and must not directly cause 
the relocation of activities 
(such as jobs) to the member 
state granting the support 
from elsewhere in the EU.

The Commission has 
doubts at this stage that 
the planned aid support 

complies with all relevant 
criteria of the Regional Aid 
Guidelines, such as:
•	 the	 Commission	 has	

doubts whether the meas-
ure has an “incentive ef-
fect”. In this respect, the 
Commission will investi-
gate whether the decision 
by Samsung SDI to invest 
in Hungary was directly 
triggered by Hungarian 
public support, in line 
with the conditions set 
out in the guidelines or 
whether the investment 
would have been carried 
out in Göd, even without 
public support;

	•	the	 Commission	 also	
has doubts in relation 
to the public support’s 
contribution to regional 
development and on its 
appropriateness and pro-
portionality; and

•	 the	 Commission	 cannot	
exclude at this stage that 
public support may lead 
to the relocation of jobs 
from other EU member 
states to Hungary. 

EC to investigate Hungary subsidy for Samsung

Cummins, the power 
and energy provider, an-
nounced on August 27 
in a multi-year partner-
ship with the Univer-
sity of California San 
Diego and its battery 
validation lab to analyze 
viable business and 
technical approaches to 
effectively reuse and re-
purpose electric vehicle 
batteries.

UC San Diego will 
perform accelerated 
testing and real-world 
application testing, and 
will develop an outdoor 
second-life demonstra-
tion system using Cum-
mins battery modules. 
The collaboration will 
enable Cummins to ac-
quire data on the aging 
behaviours of its battery 
modules, test integration 
solutions for second-
life battery systems, 
and validate stationary 
energy storage system 
performance under grid 
energy storage applica-
tions.

“It’s crucial that we 
focus on the sustainabil-
ity of the entire product 
life cycle,” said Julie 
Furber, vice president 
for electrified power at 
Cummins. “One piece 
of the puzzle that 
requires additional 
research is the second-
life of batteries.” 

The Asia-Pacific region is 
set to be the largest market 
for energy storage software 
platforms in the next dec-
ade, worth $10.7 billion, a 
report released on August 
27 predicts. 

The Energy Storage Soft-
ware report, by market re-
search company Navigant 
Research, says technologi-
cal progress and “legislative 
and regulatory tailwinds 
have propelled energy stor-
age systems to the forefront 
of industry consciousness. 

“Breakthroughs in adja-

cent digital technologies, 
including the Internet of 
Things, machine learning 
and block chain, have en-
gendered the creation of in-
novative software platforms 
that advance the technical 
capabilities, economic vi-
ability and bankability of 
ESSs,” the report says. 

And the Asia-Pacific re-
gion is where software plat-
forms are expected to take 
off the fastest. 

“Driven by a rapidly 
growing battery ESS mar-
ket, the region is expected 

to account for $10.7 billion 
in cumulative software ven-
dor revenue through 2028,” 
says Navigant research ana-
lyst Ricardo Rodriguez. 

“Energy storage is flexible, 
can be deployed rapidly, has 
numerous applications and 
can generate multiple value 
streams for utilities and their 
customers. ESS software 
platforms augment these ca-
pabilities and are evolving 
across market segments, en-
hanced by underlying digital 
technologies, to provide 
complex solutions.” 

Asia-Pacific region to be largest  
energy storage software market

Cummins and 
UC San Diego 
work on lithium 
second-life
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NEC Energy Solutions and 
Ambri announced in mid-
September they had signed 
a joint development agree-
ment in which NEC will 
design and develop an en-
ergy storage system based 
on Ambri’s liquid metal 
battery technology.

The aim is to build sys-
tems using Ambri’s cells 
that will suit applications 
with durations of four 
hours or more, and where 
a daily full depth of dis-
charge cycling is expected. 
“These systems will be 
particularly well suited for 
shifting large amounts of 

renewable energy and grid-
system peak shaving,” says 
a NEC official. 

NEC says it will employ 
its AEROS energy storage 
operating system and con-
trols to optimize system 
performance of the Ambri-
based energy storage sys-
tems for NEC customers 
that could include utilities, 
independent power pro-
ducers and project devel-
opers. 

The development pro-
gram includes delivery of 
Ambri cells to NEC in the 
fourth quarter of 2019.

The agreement calls for 

NEC’s production of com-
mercial systems at the con-
clusion of the development 
program and NEC has 
committed to a minimum 
purchase of 200MWh of 
Ambri cells for these sys-
tems. 

Ambri says its long dura-
tion cells are based on its 
patented calcium antimony 
chemistry and can deliver 
daily 100% depth of dis-
charge cycling for over 20 
years, “with negligible deg-
radation at a significantly 
lower system cost than 
other battery storage tech-
nologies”.

“This chemistry could be 
a great answer to the en-
ergy industry’s need for a 
low cost, long life storage 
solution,” said Steve Flud-
der, CEO of NEC Energy 
Solutions. “Ambri’s tech-
nology has potentially the 
lowest levelized cost of 
storage in the industry.”

NEC Energy is a wholly 
owned subsidiary of NEC 
Corporation. 

International separator firm 
ENTEK announced at this 
September’s Asia Battery 
Conference that it intended 
to double capacity at its In-
donesian plant next year.

The firm has been making 
clear its intentions to ex-
pand in Asia for years, first 
announcing in September 
2016 that it planned to ex-
pand in the continent while 
remaining cautious about 
China.

Less than six months 
later, in February 2017, it 
had signed a deal with In-
donesia-based polyethylene 
battery separator producer 
Separindo to make and sell 
P/E separators for flooded 
lead acid batteries in Asia.

At the 18ABC on Septem-
ber 3, ENTEK vice president 
for global sales Clint Beu-
telschies said the new plant 
would double its capacity to 
more than 90 million square 
metres and its floor area to 
15,000 square metres, leav-
ing room for more expan-
sion.

“We’ll be installing one 
new production line that is 
capable of matching what 
the other lines can do. It’s 
probably the most advanced 
separator line in the world. 
It’s a beast!” said Beutels-

chies.
The venture in Indonesia 

is a joint one with the Jap-
anese multinational NSG 
Group, which means the 
participants can all share 
technology and manufactur-
ing capabilities.

“Our corporate cultures 

and approach to business 
are identically aligned,” said 
Masa Otsubo, NSG general 
manager for sales of the bat-
tery separator division.

The new upgrade will fo-
cus on P/E separators for 
start-stop batteries, a mar-
ket that is expected to boom 

in Asia, particularly with the 
growing demand in Japan.

ENTEK is the largest 
manufacturer of separators 
for automotive batteries in 
the Americas and Europe 
but sees ‘a great growth op-
portunity in Asia’, Beutels-
chies said. 

NEC to develop energy storage 
systems with cells from Ambri

ENTEK to double Asian separator production

A pilot line for small-
series battery cell produc-
tion was opened with 
fanfares at Volkswagen’s 
Center of Excellence at 
Salzgitter, Germany at 
the end of September. 
This will be followed by 
construction of a 16GWh 
battery cell factory to 
start in 2020. Produc-
tion should start by early 
2024. 

The move is part of a 
huge investment Volk-
swagen Group is making 
in building up battery 
cell development and 
production know-how in 
Germany.

Over €1 billion ($1.1 
billion) is to be invested in 
the Volkswagen Group’s 
battery cell activities over 

the same period.
In a first step, Volkswa-

gen is investing more than 
€100 million in amassing 
its own development and 
production know-how. 
Volkswagen is also invest-
ing around €900 million 
in joint battery activities 
with the Swedish battery 
producer Northvolt.

In Salzgitter (Lower 
Saxony), more than 1,000 
jobs are to be created by 
2023/24 for testing and 
producing battery cells — 
300 jobs at Volkswagen’s 
development centre and 
pilot line, 700 in a joint 
venture between North-
volt and Volkswagen, to 
build and operate a bat-
tery cell factory.

Stefan Sommer, a VW 

board member, said: 
“Bringing together the 
development, testing 
and pilot production of 
battery cells in Salzgitter 
marks a further mile-
stone in the Volkswagen 
Group’s comprehensive 
electric offensive. 

“By pooling know-how 
at this site, we are making 
sure we drive forward our 
own activities to advance 
the development of bat-
tery cells as a key compo-
nent in electrification, de-
velop new standards and 
swiftly transition them to 
series production.” 

A battery recycling pilot 
line is also under con-
struction in Salzgitter and 
should begin operating in 
2020. 

VW Group starts battery cell production line 
in Salzgitter as prelude to 16GWh factory
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Flow batteries:  
preparing to  

make a splash
Flow batteries have struggled for almost a quarter 

of a century to prove their commercial viability. 

But, with a couple of large deals shortly turning into reality, 
perhaps now their time is about to happen.
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“The jury is still out as to which sys-
tem might be the winner.”

That’s how Anthony Price, the man-
aging director of energy storage con-
sultancy Swanbarton, characterizes 
the prospects of various flow battery 
chemistries and their potential for 
gaining market share and becoming 
mainstream. 

Price is one of the organizers of the 
International Flow Battery Forum, an 
annual conference set up to raise the 
profile of flow batteries as a crucial 
technology within the electrical en-
ergy storage sector. He also sits on a 
working group of the International 
Electrotechnical Commission looking 
at standards for flow batteries.

“There is a healthy level of activity 
in the flow battery space — far more 
than I realized when I was helping to 
form the IFBF,” he says. “I am either 
helping folk who are outside the in-
dustry understand flow batteries, or 
folk inside who need to gain special-
ist knowledge. 

“When we started the IFBF 10 
years ago, it was because we thought 
very few people were considering 
flow batteries. In fact, we were very 
wrong. There are many companies 
and groups working on all aspects 
of flow batteries: improving existing 
systems, with improved performance, 
better materials and lower cost manu-
facturing as well as identifying com-
pletely new systems, applications and 
configurations.”

What is fascinating, says Price, is 
that some of the original ideas devel-
oped around flow batteries years ago 
are still going strong. 

“There is plenty of activity in the 
all-vanadium system; it’s well known, 
well studied, and with advances in 
the composition of the electrolytes, 
increased performance is possible.”

But despite glowing forecasts from 
industry insiders years ago, they are 
still far from mainstream.

Global installations
It’s not as if flow batteries have never 
been heard of. A smattering of firms 
including Sumitomo, Gildemeister, 
UniEnergy Technologies, Schmid, 
Primus Power and redT Energy have 
all been working in the space for 
some time now, and China’s Rongke 
is working on installing what will be 
the largest vanadium flow battery 
complex in the world. 

Due to come online next year, the 
800 MWh battery is being installed in 
Dalian, 550 kilometres east of Beijing. 
The battery stacks are being manu-

factured at Rongke’s new gigafactory, 
which opened in 2016 and will even-
tually have a production capacity of 
3GWh a year. And the Dalian complex 
is just one of almost 30 battery instal-
lations being built across China by 
Rongke, a spin-off from the Dalian In-
stitute of Chemical Physics, a research 
division of the Chinese Academy of 
Sciences. 

In Saudi Arabia, German technolo-
gy group Schmid in May 2019 signed 
a JV with two Saudi investors to de-
velop and manufacture VRFBs. 

Riyadh-based Nusanet Investment, 
which is owned by SABIC, and the 
RIWAQ Industrial Development 
Company have partnered Schmid to 
create a champion in the utility-scale 
energy storage segment, with plans 
for a GW-scale manufacturing facility 
in Saudi Arabia. 

Production is planned to begin next 
year, and the Kingdom is targeting 
57.5GW of renewable energy capac-
ity by 2030. The JV considers utility-
scale stationary energy storage will be 
critical in stabilizing and connecting 
the new generating capacity to the 
grid. 

Schmid Group has been refining its 

technology since 2009.
One of its earliest pilots was with 

Stadtwerke Freudenstadt, a local 
utility in Germany, which installed a 
container in early 2014 to allow the 
partners to monitor how reliably the 
system worked on the grid. 

Schmid has also been producing a 
compact flow battery energy storage 
system for homes and small com-
mercial installations for Germany’s 
growing solar PV self-consumption 
market, which is supported with gov-
ernment subsidy. 

It also makes containers for build-
ing integrated storage for industry 
and commerce, as well as large-scale 
storage for larger solar and wind pro-
jects, grid operators or transmission 
system operators. 

“We see lots of potential for tel-
ecoms, because the batteries have 
long operational lifetimes, as their 
degradation from cycling is minimal 
compared with lithium ion and other 
batteries,” said Henrik Buschmann, 
vice president, Schmid Energy Sys-
tems.  “This is especially the case in 
hot climates.

“Another advantage it has over lead 
batteries, in particular, in telecoms is 
that they are hard to steal because 
they are one large unit and there is 
no street value attached to this type 
of battery, unlike lead acid, where the 
lead can be sold as scrap metal.”

Telecoms is a promising opportu-
nity as it could demand high numbers 
of flow batteries in markets where tel-
ecom towers are being built and there 
is poor or no grid infrastructure, such 
as in many parts of Africa and the In-
dian sub-continent. 

One advantage of vanadium redox 
flow technology is that it has the ca-
pacity to be scaled up or down, inde-
pendently of power.

RedT — machines, not batteries
One company making strides with its 
flow battery technology is redT Ener-
gy. The company produces vanadium 
redox flow batteries, although it pre-
fers to call them machines. 

The fact that redT is talking to Av-
alon, a US-based firm that also pro-
duces VRFBs, about merging points 

Swanbarton’s Anthony Price: 
“There’s a healthy level of activity 
in the flow battery space ... far 
more than when I was helping to 
form the IFBF a decade ago.”

China’s Rongke is working on installing what will be 
the largest vanadium flow battery complex in the 
world. Due to come online next year, the 800 MWh 
battery is being installed in Dalian, 550 kilometres 
north east of Beijing.
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to the likelihood of redT becoming a 
big player in the field, says Joe Wor-
thington, head of external communica-
tions at the company.

“They have a very strong footprint in 
North America and parts of Asia, while 
we are more focused on Europe, Africa 
and Australia — so it’s a logical fit,” he 
says.  

RedT, which is listed on the London 
Stock Exchange’s Alternative Invest-
ment Market, began life in Kenya in 
1989, when it was involved in carbon 
trading, energy investments and other 
clean energy projects. As the group di-
versified, in 2000 it worked on a pro-
ject called E-Fuel, which was originally 
dedicated to refuelling vehicles with va-
nadium electrolyte. 

It gradually moved to focus on the 
stationary energy storage market and 
commercialize a redox flow battery. 
After several years of research and de-
velopment, it produced the first com-
mercial batteries in 2015. 

The deal with Avalon looks set to go 
ahead in the coming months after Bush-
veld Minerals, an AIM quoted primary 
vanadium producer, said it would sup-
port the merger between Avalon and 
redT with interim funding of $5 million 
in the form of a convertible loan. The 
deal also gives Bushveld the opportu-
nity to acquire a strategic interest in the 
merged energy storage company.

As Fortune Mojapelo, CEO of Bush-
veld Minerals, explained when the 
funding was announced, given the 
world’s growing need for energy stor-
age solutions, he anticipates flow bat-
teries will play an increasingly impor-
tant role, increasing the requirement 
for vanadium.

One of the major challenges to the 
progress of vanadium flow batteries 
— which while not the only kind of 
flow battery are still the dominant 
chemistry — is the cost of the main 
element.

Price says they could well have 
gained more traction in energy 
storage were it not for the timing of 
a huge rise in the price of vanadium 
in 2017, just as several flow battery 
firms were ready to commercialize 
their product and go to market. 

The price soared because 
vanadium is used in strengthening 
steel and in 2018, one of the world’s 
biggest buyers of vanadium, China, 

changed its building regulations so 
that steel had to be made stronger. 
Demand for the element soared. 

“Vanadium is a traded commodity 
and the market is moved by the 
much larger steel-making industry,” 
says Price. “The vanadium developer 
is not in control of prices but there 
was a point a couple of years ago 
when I felt the flow battery industry 
was about to make real inroads into 
the energy storage market. A lot of 
good developments had happened, 
but then the price rocketed — and 
lithium instead captured much of that 
space.”

The swings in the price of the 

raw material, along with the battery 
having a relatively low cell voltage, 
are the two main challenges outside 
competition, Price says. 

“And unfortunately people buying 
stuff only tend to look at a few 
metrics. One of these is the initial 
capital cost, and lithium has been 
coming in cheaper.”

Some flow battery manufacturers, 
however, are finding a way around 
the cost problem by taking the cost 
of vanadium out of the equation. 

Price says some suppliers are 
beginning to put in place finance 
agreements, whereby the vanadium 
remains in their ownership, is 

KEEPING COSTS DOWN — RENTING OUT THE ELECTROLYTE

Avalon is in talks with redT, a US-based firm that 
produces VRFBs, about merging. This points to the 
likelihood of redT becoming a major player in the field
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“This demonstrates our convic-
tion in VRFB technology’s potential 
and our ability to meet the vanadium 
supply needs of the energy storage 
industry. The energy storage market 
presents a very large commercial op-
portunity, potentially exceeding $300 
billion by 2030, with the combined 
redT-Avalon well placed to capitalize 
on this opportunity,” he said.

For Avalon the merger also makes 
perfect sense. Founded in 2013, Av-
alon’s founders started with the aim 
of taking the basic technology around 
a flow battery and packaging it and 
commercializing it in a way that 
meant standardized products could 
be produced from a production line. 

The company spent several years 
working on R&D and secured more 
fundraising before the company got 
that far. It finally established a formal 
manufacturing facility in 2017 and, 
to date, it has made and supplied 154 
identical flow batteries that are being 
used in various parts of the world in 
mainly commercial and industrial in-
stallations as well as distributed gen-
eration battery storage linked to solar 
farms.

Matt Harper, president of Avalon, 
says the product is now where it 
wants it to be. “Our level of stand-
ardization is phenomenal,” he says. 
“Everything is fully assembled and 
tested; we are the only company in 
the world delivering flow batteries in 
this way.”

RedT’s first-generation products 
have been deployed in a number of 
sites in the UK, Europe, Australia, 
Asia and Africa. It is now on its third-
generation product and has around 

20MWh of projects either deployed, 
contracted or under development. 

The lithium battle
Interest in flow batteries is growing. 
Harper says the company’s growth 
trajectory suggests that while it has 
deployed some 4MWh of batteries to 
date, it will do 6MWh-8MWh in the 
next year.

One of the drivers of this interest, 
Harper says, is an increasing under-
standing among businesses of the 
importance of resilience, especially 
against the context of increasing 
power outages in some parts of the 
country caused by natural catastro-
phes such as wildfires. 

One project that typifies this ar-
rangement was for Sandbar Solar, a 
solar installation company. When it 
moved to new headquarters in North-
ern California, it decided to operate 
independently of the grid — by using 
battery storage. After much consid-
eration around the best way forward, 
the company opted to use vanadium 
flow batteries supplied by Avalon.

But Avalon’s main challenger is not 
other flow battery companies, it is 
lithium-ion — the chemistry that has 
come to dominate many areas of the 
batteries world including, increasing-
ly, energy storage. 

“The only place we come up against 
other flow batteries as competition is 
where a client has specifically decided 
to install a flow battery,” Harper says. 
“Otherwise, it is always lithium-ion 
that we compete against.”

He says the popularity and domi-
nance of lithium-ion is such that it 
can be hard to gain traction. But 
there are some factors now in favour 
of flow batteries. 

One is that people are increasingly 
worried about the tendency of lithium 
batteries to start fires. In some coun-
tries — most notably South Korea ± 
and parts of the US this concern is 
causing some authorities to consider 
banning their use in certain settings. 

“Where that is a concern, our bat-
teries come through for their depend-
ability, durability and safety,” he says.

RedT’s Worthington agrees that one 
of the toughest tasks for the company 
is educating customers about what 
flow batteries are, what they do — 
and why they can offer better per-
formance and value than lithium-ion. 
But he says that as lithium has such 
a high profile now, this can be hard. 

He says that the company also of-
fers solutions that use lithium-ion 
chemistry — and it has even com-
pleted projects that use both in an 
installation. He believes the world is 
starting to better understand the pros 
and cons of each — but slowly. 

“Lithium has the big advantage 
because it became so widely used 
in consumer electronics; it has been 
mass produced for a decade and that 
brings the price down and makes the 
supply chain more efficient. But when 
it comes to stationary energy storage 
and things like the frequency response 
market, flow is a very viable option. 
It does not degrade, it can store solar 
all day, it lasts 20 years and has an 
unlimited cycle life. The electrolyte 
never degrades.

“It is also very temperature stable 
and very safe. They [flow and lithium] 
are both good technologies, but they 
do very different things.”

But this is where redT has broken 
the mould and done something ex-
traordinary in some ways. In Novem-
ber 2018, it unveiled a 1MWh battery 
at Monash University in Melbourne, 
Australia, which mixed the two tech-
nologies. The flow-lithium battery 

‘rented out’ and given back at the 
end of the life of the battery.

This is possible because of a 
unique characteristic of vanadium 
flow batteries: the ‘flow’ in them 
means energy is stored in liquid 
electrolyte (sulfuric and hydrochloric 
acids) and the vanadium dissolved 
in the electrolyte is where the 
energy is stored. 

The reason the batteries deliver a 
stable performance over decades 
of use is because the vanadium 
never gets lost or degrades. The 
vanadium thus retains 100% of 
its value at the end of battery life, 
which means the electrolyte can be 

rented out at a very low cost and 
not sold as part of the battery. 

“Renting electrolyte is only 
practical with vanadium because 
the metal does not degrade after 
its useful life, one more reason that 
vanadium is the preferred mineral 
for energy storage systems,” 
says Mikhail Nikomarov, CEO of 
Bushveld Energy, talking about its 
vanadium deployment arrangement 
with Avalon. 

“Now vanadium takes its place 
alongside gold, silver and platinum 
as a metal that can be leased, 
opening up immense future 
opportunities for this model.”

KEEPING COSTS DOWN — RENTING OUT THE ELECTROLYTE

Interest in flow batteries 
is growing. Harper says 
the company’s growth 
trajectory suggests that 
while it has deployed 
some 4MWh of batteries 
to date, it will do 
6-8MWh in the next year.
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consisted of 12 vanadium flow units 
able to output 900kWh and a 120kW 
lithium-ion battery.

Worthington says the idea is that 
up to 70% of the load is managed by 
the flow battery with the lithium unit 
coming online when there are spikes 
in demand. 

Price agrees that lithium is the main 

competitor. But he also says this dy-
namic has changed in the past decade 
and some unfortunate circumstances 
have partly dictated why flow bat-
teries did not gain the traction they 
should have at a critical point for the 
industry.

“When we started the IFBF the 
main battery competition was the 

lead acid battery. Since then, lithium-
ion has come from being a novelty to 
being mainstream,” he says. 

“The manufacturers are setting 
prices which are challenging for many 
competitors. Of course, this raises the 
question of how to compare different 
batteries with totally different charac-
teristics. 

“There is no C rate for flow batter-
ies — flow batteries normally score 
most points when they operate in the 
long-duration mode.  In this case, a 
long-duration battery technology can 
be a match in terms of cost per kWh 
for many other battery chemistries.”

Positive predictions
According to MarketsandMarkets, 
the market for flow batteries — led 
by vanadium cells and zinc-bromine 
— could grow to nearly $1 billion an-
nually over the next five years.

Price says the evolution of any new 
technology inevitably goes through 
different phases and it can be tough 
to be competitive on price without 
scale. 

“The problem the flow battery had 
for a long time was ensuring a very 
high manufacturing quality. That is 
hard without advanced manufactur-
ing used in very large volumes and 
you don’t have the volume with the 
customers early on. Lithium went 
through the same thing in its early 
years. It took it 15 years to get it off 
the bench after the technology was 
first developed. 

“But flow batteries are getting there 
now, and over time, they could well 
take a significant portion of the mid 
to large size energy storage market. 
They tick many of the boxes of a de-
sirable energy storage system; they 
have just got to find a way to pen-
etrate this market. 

“When the need for energy storage 
on a large scale first started to ex-
plode, flow batteries were not quite 
ready. Then they had the double 
whammy of the price of vanadium in-
creasing. But things can now change.”

Iron flow batteries
Iron, which is cheap and good at grab-
bing and giving up electrons, is an-
other promising alternative in terms 
of flow batteries. Investors seem to 
agree. Oregon company ESS, for ex-
ample, recently secured $30 million 
in a Series C investment round led by 
Breakthrough Energy Ventures and 
SoftBank Group’s SB Energy. 

The new funding will be used to 
expand and automate the manufac-

The flow battery industry is not an 
easy one to quantify in terms of 
global reach. The IFBF’s Price says 
that while the US Department of 
Energy storage database showed 
just under 200MW of flow batteries 
in 2018, this underestimates the 
true size and he suggests there are 
probably more than 400 installations 
of varying sizes around the world, 
but not many of more than 1MW. 

According to a report published in 
August by ReportsnReports.com, 
the redox flow battery market is 
projected to reach $370 million by 
2025, a big increase on the $130 
million it was valued at in 2018. 

The report, Global Redox Flow 
Battery Market, suggests the growth 
will occur at a compound annual 
growth rate of 14.3% during the 
forecast period. 

In this study, 2018 was considered 
the base year and 2019 to 2025 the 
forecast period for estimating market 
size. 

The report says North 
America and Asia-Pacific are 
the two largest regions with flow 
battery installation capacity in 
the world, with both areas taking 
more than 80% of the world in 
2017. Europe comes next, with 
about 15% market share. 

There are more than seven main 
types of flow batteries in mass 
production or development stage 
in the market, dominated by the 
vanadium flow battery, with a 70% 
revenue market share. 

Sumitomo Electric and Dalian 
Rongke Power are the top two 
companies and lead in flow 
batteries with 29% and 19% 
revenue market share in 2017, 
respectively. 

Meanwhile, research by Navigant 
Research forecasts energy storage 
will be a $50 billion market within 
10 years – and it suggests that flow 
batteries will capture some 20% of 
this market.

FLOW BATTERY MARKET SIZE AND POTENTIAL

According to a report published in August by 
ReportsnReports.com, the redox flow battery 
market is projected to reach $370 million by 
2025, a big increase on the $130 million it was 
valued at in 2018.
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turing process of ESS’s second-gen-
eration iron flow battery technology. 
Hugh McDermott, senior vice presi-
dent of business development and 
sales at ESS, says that advances in the 
technology ESS has developed will 
open up whole new markets for the 
battery.

Its first generation 50kW/400kWh 
Energy Warehouse (EW) iron flow 
battery was a long-duration (4+ 
hours) energy storage system that 
provided energy and power solutions 
for commercial and industrial, utility 
and microgrid/off grid applications. It 
was capable of up to eight continuous 
hours of energy delivery with a 20+ 
year operating life and no capacity 
degradation.

In contrast, its recently released 
second-generation power module is 
designed to provide up to 10 hours 
of energy storage capacity at a higher 
power level. 

The 100kW/400kWh EW has an 
operating life that exceeds 20,000 
cycles with low maintenance require-
ments.

“It aligns with the 25-year life span 
of solar and wind projects, and sup-
ports those applications’ low lev-
elized cost of energy requirements,” 
McDermott says.  

“Concurrent with serving these ap-
plications, the EW’s inherent quick-
response power electronics can per-
form ancillary services such as voltage 
and frequency support on microgrids 
and utility-scale uses.”

He adds that the second-generation 
power module is also used in its Ener-
gy Center platform, which is a design-
build “battery-in-a-building” that 
enables systems to be tailored to meet 
virtually any project size with storage 
durations ranging up to 10 hours. 

“These wide-ranging capabilities 
make the EC suitable for supporting 
large-scale renewable energy projects, 
as well as transmission- and distri-
bution-level services, without cycling 
limits,” he says.

McDermott says that one of the 
biggest challenges for flow battery 
companies in the energy storage in-
dustry is the potential financial risk 
associated with project investment. 

But there are solutions to hand. ESS 
has taken a unique step to eliminate 
this concern. It has partnered with 
global insurance provider Munich 
Re, which is providing a 10-year in-
surance policy on its products. 

The policy provides investment-
grade warranty backstop for the 
company’s technology — supporting 

its performance guarantee regardless 
of project size or location — and also 
offers a project cover to address tech-
nology risk and business continuity 
risk.

“This type of policy helps early 
stage manufacturers manage risk by 
capping spending on costly battery 
module repairs, while also providing 
financial security for project develop-
ers wary of investing in alternatives 
to lithium-ion chemistry,” McDer-
mott says. 

No hazmat, fire hazards
As in the case of the vanadium flow 
battery companies, one of its biggest 
challenges is competing against lithi-
um-ion products — and it highlights 
what sets it apart in this sense. Its iron 
flow battery chemistry utilizes food-
grade iron, salt and water for the 
electrolyte, which, McDermott says, 
means there are no hazmat, fire or ex-
plosive hazards. And the materials are 
100% recyclable. 

The electrolyte is also stored and 
maintained within a closed, sealed 
system; no electrolyte augmentation, 
top-up or make-up water is required 

for the life of the system, and it can 
operate in environments with tem-
peratures up to 52°C (125°F) with no 
need for cooling.

“Long system life, combined with 
a multi-cycling capability with no 
degradation, is what makes our iron 
flow batteries the lowest-cost energy 
storage systems for long-duration ap-
plications commercially available,” 
McDermott says.

McDermott says utility-scale long-
duration energy storage is increas-
ingly gaining market traction as use 
cases increase, and he expects the 
company’s scalable Energy Center 
will follow suit.

With the new round of funding se-
cured, the company looks set for fur-
ther growth. 

McDermott says that in the last 18 
months, ESS has signed five interna-
tional partnership agreements cover-
ing four continents as well as secur-
ing an insurance offering, a first in the 
industry. 

“In the year ahead we’re looking to 
expand our installation base, build 
out our manufacturing capacity to 
1GW per year, and further establish 

One of the biggest challenges for flow battery 
companies in the energy storage industry is the 
potential financial risk associated with project 
investment ... but there are solutions to hand

Hugh McDermott, senior vice president  
of business development and sales at ESS
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our iron flow batteries as a safe, low-
cost alternative to lithium-ion and 
other storage technologies,” he says.

Zinc bromine options too
Zinc bromine is another form of 
chemistry used in flow batteries, with 
the main advantage over vanadium 
being its cost: where vanadium is 
scarce, zinc and bromine are a thou-
sand times more abundant. 

The zinc bromine battery relies on 
the reaction between a zinc cathode 
and a bromine anode. Like vanadium 
flow batteries, the electrolyte is usual-
ly housed in two tanks, one contain-
ing an aqueous solution of zinc, the 
other, bromine.  

It uses two pumps and flow loops 
with two sets of pipes carrying the 
electrolytes into the stacks. The sys-
tem uses two separate loops because 
the electrodes in each battery cell are 
separated by a microporous, ion ex-
change membrane. 

Redflow is an energy storage firm 
based in Australia that makes two 
models of zinc bromine flow batter-
ies.  “When energy is being stored, the 
battery deposits zinc out of a zinc bro-
mine solution on to special membranes 
inside the battery stack,” says Simon 
Hackett, Redflow’s system integration 
architect. “The zinc layer returns into 
the zinc bromine solution when energy 
is delivered from the battery back to a 
customer workload.” 

Redflow makes ZCell and ZBM2 
batteries, designed for high cycle rate, 
long time-base stationary energy stor-
age applications in residential, com-
mercial and industrial applications. 

In May, the company signed an 
agreement with Chinese zinc bromine 
flow battery company ZbestPower to 
supply 100kWh of storage with 10 
of its ZBM2 flow batteries in a dem-
onstration project for the Haidong 
Transportation Group in the remote 
province of Qinghai.  

Not all zinc bromine batteries 
house their electrolyte in two tanks: 
California-based Primus Power says 
its battery is unique in using just one. 

“Our electrolyte is in a single tank, 
in which we exploit the difference 
between the densities without using 
a membrane,” says co-founder and 
CEO Tom Stepien. Named Energy-
Pod 2, Primus Power’s battery boasts 
five full hours’ storage with no energy 
storage fade over time, and a 20-year 
life expectancy. 

“There’s no perfect battery, you al-
ways get less out than you put in,” 
says Stepien. 

“Most systems are lithium ion, but 
there is a fade — which is okay in your 
cell phone, you can replace that every 
three years. But you wouldn’t want to 
go to the substation every three years 
to replace it if it happens on the grid.  

“There’s also a fire concern — there 
was a big fire in Arizona earlier this 
year,” he says. 

Primus Power says its systems are 
in use up and down California, and 
utilities, wind farms and solar farms 
are currently testing them. Stepien 
said there would also be a residential 
version coming out in the future.  

It’s early days for Primus Power, but 

the company is determined to pull 
through. “We are not quite at a bank-
able stage yet but we will get there,” 
says Stepien. “Our biggest detriment 
is that we are early.  

“There will be a number of winners 
in this space, and flow is good for deep 
discharge, multiple hour storage, even 
week-long storage. We have systems 
up and down California, in water 
treatment plants, and utilities are test-
ing our batteries. We will be bringing 
out a residential version and as a com-
pany we are going from a single-digit 
million dollar company to a double-
digit million dollar company.”  

“Most systems are lithium ion, but there is a fade — 
which is okay in your cell phone, you can replace that 
every three years. But you wouldn’t want to go to the 
substation every three years to replace it if it happens 
on the grid.” — Tom Stepien

Simon Hackett, system integration architect at Redflow

Tom Stepien, CEO of Primus Power
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Flow batteries have been around for a 
long time, coming just 25 years after 
Gaston Plante invented the lead-acid 
battery.

Their creator, Frenchman Charles 
Renard, was a brilliant engineer who 
had worked on flying machines as a 
lieutenant of the 3rd Regiment of En-
gineers after the Franco-Prussian War.

He had been tasked to make a 
10-winged glider that could be 
launched from a balloon to transport 
messages, and this was tested success-
fully in 1873.

By the end of 1881, Renard had be-
gun to research the electric generator 
that was indispensable for his project. 
His previous experiments had shown 
he needed a to create a generator that 
was capable of giving 10hp for two 
hours, and weighed less than 480kg.

Working on a new theory of chemi-
cal affinity, Renard used chlorine and 
bromine as his anodic couples and for 
the cathode, magnesium, aluminium, 
calcium and zinc.

After abandoning bromine for safe-
ty reasons — the element is back in 
favour today — as well as magnesium, 
aluminium an calcium for cost rea-
sons — the chlorine-zinc couple was 
retained. 

The positive electrode was a silver-
plated leaf just 0.1mm thick, the nega-
tive one a rod of pure zinc. 

After much experiment, his electro-
lyte was a mix of hydrochloric acid 
and chromic anhydride, which was 
likely to release the chlorine. 

To avoid excessive heating during 
the discharge, a tubular form was cre-
ated, the container serving as a ther-
mal radiator. 

At the beginning of 1883, the con-
struction of the definitive battery be-
gan.

It had a specific capacity of 44kg per 
horsepower. 

Arthur Krebs, a young engineer who 
had worked with early electric motors 
and who was transferred to Renard’s 
workshop after the Franco-Prussian 
war, built the electric motor, a rotor of 
two crowns of eight electromagnets, 

supplied on average by eight brushes. 
It all weighed 88kg for 8.5hp.

On the side of the airship gondola, a 
steering wheel controlled the power of 
the batteries by pushing the zinc cath-
odes in and out.

And so it was that in 1884, the bal-
loon airship La France took to the 
skies at Meudon, flying over a farm at 
Villacoublay and making a controlled 
return to Meudon in an eight-kilome-
tre circuit, the world’s first closed cir-
cuit balloon flight powered by battery, 
lasting 23 minutes.

The flight had demonstrated that 
controlled aviation was possible if 
the airship had a sufficiently powerful 
lightweight motor and battery.

But Renard realised that lighter-
then-air battery-powered electric air-
craft had their limitations, and for 
the last 20 years of his life, he moved 
away from electrical research and 
spent his time creating more efficient 
engines. 

Indeed these last years were not 
happy ones. Suffering with health 
problems, in 1905 Renard down with 
a bout of flu that lowered his resist-
ance and in April he was found dead 
in his office. 

Rumours that he committed suicide 
persist to this day, but were never sub-
stantiated.

Krebs, the electric engineer, went on 
to help invent the electrically powered 
submarine Gymote, and is credited 
with the invention of the modern 
steering wheel, electric brake and the 
basis for the modern clutch. 

Renard – the unknown 
inventor of the flow battery
It was a 19th century aviation engineer and inventor who pioneered the 
concept of the flow battery and advanced electrically powered ballooning 
— yet his name is still rarely heard in the history of battery development.

Renard: battery pioneer and aviator Krebs: later fame with automobiles

On the side of the airship 
gondola, a steering wheel 
controlled the power of the 
batteries by pushing the 
zinc cathodes in and out.
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It was Maria Skyllas-Kazacos who de-
veloped Renard’s work in flow batter-
ies into something practical. And made 
them commercially possible too.

Born in the chaos of post-civil war 
Greece in 1951, she moved to Sydney 
and eventually graduated with a first 
class degree in Industrial Chemistry at 
the University of New South Wales in 
1974. For her PhD she researched the 
electrochemistry of molten salts.

In 1982 Skyllas was lecturing in the 
School of Chemical Engineering and 
Industrial Chemistry at the university.

Meanwhile, professor Bob Robins 
invited her to join a research project 
on lead acid batteries funded by a Na-
tional Energy Research Development 
and Demonstration Council of Aus-
tralia grant.

Then she had her eureka moment  — 
but not with lead but with vanadium. 

Chlorides of vanadium were gener-
ated in 1830 by Nils Gabriel Sefström, 
who named the new element after the 
Germanic goddess of beauty and fertil-
ity, Vanadis.

The use of vanadium in batteries had 
been suggested earlier by NASA re-
searchers and by others in 1978, but no 
one had used vanadium redox couples 
in a working flow battery. The fact that 
vanadium exists in several oxidation 
states, however, made it an excellent 
candidate for a single element flow bat-
tery that might overcome the problem 
of cross contamination observed with 
the Fe/Cr battery by NASA researchers 

in the 1970s and 80s.
Skyllas began some preliminary elec-

trochemical studies on vanadium elec-
trolytes to confirm its viability. When 
new funding arrived, she set out to ex-
plore the possibility of producing con-
centrated V(V) solutions by oxidizing 
2M VOSO4 (Vanadyl sulphate), and 
with newly appointed research fellow 
Miron Rychcik, a 2M vanadium elec-
trolyte was produced and tested, the 
results giving rise to the filing of the first 
all-vanadium redox flow battery patent 
in 1986.

This was the start of a 30-year pro-
gramme that continues to this day. 

One of the first tasks was to develop 
a process that would allow the use of 
the much cheaper V2O5 compound for 
electrolyte production ($5/kg compared 
with more than $400/kg for VOSO4).

Her work involved producing electro-
lytes, novel plastic electrodes and new 
modified membranes, as well as proto-
type testing and manufacturing trials in 
conjunction with industrial licences. 

In 1987, a small feature on her battery 
in the university magazine attracted lo-
cal media interest. Overnight, the vana-
dium redox flow battery was featured 
in newspaper articles around the world. 

Australian vanadium mining compa-
ny Agnew Clough acquired an exclusive 
international licence to the battery tech-
nology, and two years later, construc-
tion firm Thai Gypsum Products was 
granted a licence to the technology for 
south-east Asia. 

A licence to Kashima-Kita Electric 
Power Corporation and Mitsubishi 
Chemicals in 1993 that was followed 
by a five-year research collaboration 
programme between the Japanese com-
panies and the University of New South 
Wales research team. This led to further 
advances in stack design, improved ma-
terials and control systems. 

Skyllas continued at the university 
and since 1993 has been professor at 
the School of Chemical Engineering 
and industrial chemistry director of the 
Centre for Electrochemical and Miner-
als Processing, which she founded.

To demonstrate the vanadium battery 
in a mobile application, a 36V proto-
type was installed in an electric golf cart 
at UNSW in 1994, where it was subject-
ed to more than two and a half years 
of off-road testing by the development 
team. A new improved 3M vanadium 
had been undergoing bench-testing 
since late 1997 and was subsequently 
evaluated in the golf cart battery.

Preliminary results were promising, 
but further long-term testing would 
still be needed before a practical 3M 
vanadium electrolyte with energy den-
sity of more than 35Wh/kg would be 
available for commercial application. 

Further research into air regenera-
tion of the positive electrolyte was also 
explored as a means of doubling this to 
more than 70 kW/kg.

In 1998, however, the vanadium bat-
tery patents were sold by the Universi-
ty of New South Wales to the Austral-
ian listed company Pinnacle VRB, but 
rather than speeding up the commer-
cial development of the battery, cor-
porate restructurings and take-overs 
followed that ended with the patents 
being acquired by the Canadian com-
pany VRB Power and later Prudent 
Energy in China, with no further in-
volvement of the UNSW team in its 
commercialization. 

But Skyllas was keen to explore new 
electrolytes for a high energy density 
battery and in 2001, filed the first pat-
ent on a new vanadium polyhalide 
flow battery that led to the second 
generation vanadium bromide flow 
battery with almost double the energy 
density of the original vanadium sul-
phate system. 

Maria Skyllas-Kazacos Skyllas-Kaza-
cos has more than 250 publications, 
including more than 40 patents and 
patent applications, to her name. She is 
professor emeritus at the University of 
New South Wales. 

Maria Skyllas-Kazacos was awarded the first 
patent for an all-vanadium flow battery in 1986.
It was to become the start of a string of further 
patents and the birth of an entire industry. 

Left: In the V-Fuel lab in 2008 with 
husband Michael and son George

Maria Skyllas-Kazacos 
aka… Lady Vanadium
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‘Build Your Dreams’, the Chinese new 
energy vehicle maker, has officially de-
livered its 50,000th electric bus, the 
company announced in October. 

Dozens of countries now run the 
firm’s K9 buses on their streets in what 
has been a remarkable nine-year ex-
pansion of the company’s global fleet.

The story began, as so many in China 
do, amid the tumult of the Mao Ze-
dong revolution and the birth in 1966 
of founder Wang Chuanfu.

Somehow he managed to get into 
what was considered a most presti-
gious school, the Central South Uni-
versity in Hunan Province, west of 
Shanghai. 

This prepared the groundwork for 
what would be a rise to riches with a 
degree in metallurgical physical chem-
istry, going on to get a master’s degree 
at Beijing’s General Research Institute 
for Non-Ferrous Metals in 1990.  

He would work as deputy direc-
tor of this institute for the next five 
years, and as he worked he observed 
Japanese firms announcing patents for 
lithium-ion batteries. 

Wang realized the potential, bor-
rowed $300,000 and with 20 staff 
set up his own battery manufactur-
ing firm. By 2008 BYD had become 
the world’s largest cell phone battery 
manufacturer and Wang was one of 
the richest men in China.

Cell phones was one application, 
certainly, for lithium-ion battery tech-
nology. But the growing demand in 
major cities for something to replace 
diesel cars was also something that 
needed to be addressed, and when 
Wang showed off BYD’s first mass-
produced EV in 2008, billionaire 

Warren Buffet’s Berkshire Hathaway 
investment holding bought an 8% 
stake in the firm. 

Wang had never even driven a car, 
but the investment gave him a short-
cut into the auto industry. Under a 
rejuvenated BYD brand, the firm de-
cided to step into the world of green 
energy, aiming to replace fossil-fuelled 
vehicles with cleaner battery and plug-
in consumer automobiles. 

Two years later, a 40ft-long K9 
rolled off the production line, BYD’s 
first electric bus, fitted with LiFePO4 
batteries, which were explosion proof, 
non-toxic batteries proprietary to 
BYD. 

Big enough to carry 70 passengers, 
the buses were commissioned initially 
for the streets of China’s southern city 
of Shenzhen. Each one had a 324kWh 
capacity, a range of 250km on a single 
charge, and could be fully charged in 
five hours.

Today, BYD supplies buses all over 
the world and building them in Bra-
zil, California, the UK and Hungary. It 
announced a spend of $11 million in 
2018 for a central bus plant in Beau-
vais, France. 

In China alone, Bloomberg reckons 
there are 421,000 electric buses on the 
cities’ streets. 

“We strive to help people realize 
their longing for a better life through 
technical innovation,” says Wang. 
“Just as we’ve been doing, we will 
keep making contributions with green 
transport solutions and across the 
whole clean energy industry with our 
impressive technologies. And we firm-
ly believe that we have the ability to 
do so.” 

BYD rolls out its  
50,000th electric bus 

BYD is founded in 1995 by businessman 
Wang Chuanfu.

2003

BYD buys Tsinchuan, a bankrupt state-
owned auto manufacturer that makes the 
‘Flyer’ brand of small vehicles. 

2007

BYD steps into Chennai, India, and the 
first electric buses arrive six months later. 
(According to China’s state news agency, 
Xinhua, BYD’s joint venture with India’s 
Olecctra Greentech now provides 57.5% 
of all e-buses in India.)

2008

Wang shows off BYD’s first mass-
produced plug-in electric vehicle. Warren 
Buffet’s Berkshire Hathaway iinvestment 
holding decides to by a 10% stake for 
$230 million.

2010

BYD’s first electric bus, K9, is made with 
LiFePO4 batteries invented by Wang. BYD 
is named by Businessweek as 8th most 
innovative company in the world. 

2011

First 800 K9s are delivered for the Global 
University Games in Shenzhen, leading to 
opening of BYD’s Los Angeles HQ.

2014

Transport Canada approves BYD’s electric 
bus. Later that year, 35 of them go into 
service at Amsterdam Airport. 

2015

Business magazine Fortune lists the com-
pany as 15th top company — an honour 
no other vehicle company has been 
granted. BYD partners Alexander Dennis, 
the UK’s biggest coach manufacturer.

2017

Shenzhen announces its entire diesel bus 
fleet — 16,000 buses — has been re-
placed by an electric fleet, now the world’s 
largest fleet of E-buses.

2018

BYD opens a 24GWh lithium battery fac-
tory in Western China’s Qinghai province, 
near to the company’s lithium refineries 
on the Qinghai Salt Reserves. By July, its 
buses were in service in more than 200 
cities around the world.

2019

BYD rolls out its 50,000th electric bus, 
and the company says its buses now 
carry passengers around the streets of 
300 cities around the world. 

BYD TIMELINE
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INDIA’S ENERGY STORAGE  
MARKET FINALLY GROWS
AFTER YEARS OF ANTICIPATION, INDIA IS FINALLY SEEING THE EMERGENCE OF 
A GRID-SCALE ENERGY STORAGE MARKET – AND THE MARKET POTENTIAL IS 
HUGE, WITH SOME ESTIMATES SAYING IT COULD EMERGE AS THE THIRD LARGEST 
ENERGY STORAGE INSTALLATION COUNTRY BY 2040.

The India Energy Storage Alliance has estimated there will be 
opportunity to deliver more than 70 GW and 200 GWh of 
energy storage by 2022, with 35 GW of that coming from newer 
applications, such as solar integration or electric vehicles. 

Because of the lack of reliable grid power, sales of battery-
based energy storage technologies are expected to boom 
throughout the country. 

In March, the Solar Energy Corporation of India (SECI) invited 
bids for 3.6 GWh of storage connected to 1.2 GW of solar 
on India’s interstate transmission system, the biggest battery 
solicitation seen in the country so far.

The auction came hot on the heels of several other solicitations 
from SECI, which put out a call for two 150 MWh battery systems 
to be connected to 100 MW solar farms in Andra Pradesh.

SECI is also calling for a 42 MWh battery system to go with 14 
MW of solar in Ladakh in northeast India.

The corporation also requested bids for a 20 MW floating PV 
plant in Lakshadweep, an archipelago off the southwestern coast 
of India, with 60 MWh of battery storage. 

“These tenders will boost energy storage deployments in the 
next few years,” said Le Xu, senior research analyst at Wood 
Mackenzie Power & Renewables.

The SECI auctions come on top of seven storage tenders in the 
last year, said Bridge to India, a New Delhi-based analyst firm.

Those tenders were issued by SECI and the utilities NLC India 
and National Thermal Power Corporation (NTPC), and amounted 
to 84 MWh of capacity, tied to 78 MW of solar PV.

They were predominantly destined for solar plants in remote 
areas such as Jammu and Kashmir, Lakshadweep and Himachal 
Pradesh. 

For many observers, it’s about time India’s energy storage 
market got under way.

“India has had massive solar and wind deployments since 
2010, but the grid-scale energy storage market still remains 
untapped,” said Xu.

The first three tenders
The country has been launching grid-scale energy storage tenders 
since 2017. But until recently the attempts to bring large-scale 
batteries to India were mostly ill fated.

The first three utility-scale energy storage tenders, issued by 
SECI and NTPC with an aggregate capacity of 35 MWh, were 
cancelled without explanation.

In 2017, SECI tried again with a 28 MWh battery plant in the 
Andaman and Nicobar Islands, for NLC India. The NLC India 
project, which was due for commissioning in April, was widely 
reported as being the first utility-scale energy storage plant in 
the country.

However, that honour likely belongs to a 10 MW /10 MWh joint 
project by Mitsubishi and the US energy storage company AES, 
commissioned and operated by Tata Power Delhi Distribution.

The 10 MWh Advancion system went live in New Delhi to 
provide grid stabilization, improve peak load management, add 
system flexibility, enhance reliability and protect critical facilities, 
said battery vendor Fluence in a press release.

WWW.EES-INDIA.IN
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ASHISH KUMAR IS HEAD OF ENERGY STORAGE 
BUSINESS AT ENERGY AND HYDROCARBON 
COMPANY RAYCHEM RPG. HE IS A MECHANICAL 
ENGINEER FROM NIT-PATNA AND PGP FROM IIM-
AHMEDABAD. AS A MEMBER OF THE SMARTER E 
INDIA 2019 CONFERENCE ADVISORY COMMITTEE, 
HE WILL SPEAK TO THE CONFERENCE IN THE 
SESSION ENERGY STORAGE: LINKING SOLAR 
TO SMART GRID AND EV, SCHEDULED FOR 
NOVEMBER 28. 

HE SPOKE TO EES AHEAD OF THE CONFERENCE.

There are many energy storage technologies, but the most 
common nomenclature that is evolving and has become an 
acronym is Battery Energy Storage Systems (BESS), which 
some also call electrical energy storage systems. In the past 
couple of years, we have seen evolution of multiple energy 
storage technologies — lithium, flow, lead-acid and so on. A 
few technologies have taken the leap from R&D to commercial 

ASHISH KUMAR



installation, especially lithium batteries, which have seen a 
drop in price of 70-80%. 

The global focus on clean, green energy will drive the market 
for EV & stationary energy storage systems, coupled with 
renewable energy technology. 

The most important difference between EES and EV needs is 
that one is stationary, the other is mobile. ESS requires a longer 
life and greater energy capacity, while EVs require more power. 
The C rating, DOD, cycle life, BMS and the cell architecture all 
are different.

Government strategies
The storage market is still at its nascent stage and there is only 
a handful of government-funded tenders live in the market. As 
the price of complete systems decreases, the market evolves 
at a faster pace – but a government focus is needed to drive 
policy changes to nourish the market and make it sustainable.

The Indian government is offering a lot of incentives under 
the Make in India initiative, as well as the ‘National Mission 
on Transformative Mobility and Energy Storage’ programme. 

It is also mitigating long-term risks associated with capital 
investment needed to create such a large Infrastructure.

The National Institution for Transforming India, the NITI 
Aayog, is to bring tenders for more than 50 GWh of lithium 
batteries in India, which will soon be one of the largest 
markets for batteries in both the automotive and ESS segment. 
The government has already announced incentives for EVs, 
while for ESS we are expecting some policy changes in soon.

We missed an opportunity to make India a semi-conductor 
and PV manufacturing hub, but I think the government has 
learned from that mistake and is now taking the necessary 
steps in battery manufacturing here. On the market side, the 
government is very conservative in providing tax incentives 

on imported items, which means 
foreign companies cannot dump 
their products at a cheaper rate.  
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Mumbai-based start-up ION Energy has announced 
plans to expand its global operations to more than 
20 countries, to achieve a turnover of $1 million by 
2020 and establish new company sites in the US 
and Bangalore.

ION Energy designs and develops battery techno-
logy and software that battery pack manufacturers, 
OEMs and fleet managers use to manufacture their 
battery products. The company currently exports to 
10 countries on different continents. 

Akhil Aryan, CEO & co-founder of ION Energy, has 
a positive outlook for the future: “India has serious 
potential to make a mark in the EV revolution. We 
should be focusing our efforts on our strength 
– electronics, and software, instead of trying to 
complain about our lack of lithium resources in 
the country. ION identified this early on and so our 
ambition has always been to enable India to take 
centre stage in the growing ‘EV-’olution.”

START-UP TO WATCH 

ION ENERGY ANNOUNCES  
MAJOR GLOBAL EXPANSION GOALS 

➔
The rush to add energy storage to renewable plants is 

most likely a reaction to growing grid congestion as India 
seeks to place more and more solar and wind generation 
on already creaking electricity networks.

The country will most likely fall short of its target of 
installing 175 GW of solar and wind by 2022. But even 
achieving 76% of this, as analysts expect, will be a 
major achievement — and will add to the strain on grid 
infrastructure.

Battery gigafactories
The victory of Indian prime minister Narendra Modi in 
the general election in May was not expected to greatly 
change the outlook for renewables, said analyst firm Wood 
Mackenzie, and might be expected to boost demand for 
energy storage, which is becoming increasingly competitive 
as the cost of lithium-ion batteries falls.

At the same time, Indian manufacturing concerns are 
keen to gain a foothold in the fast-growing battery market.

In March, Modi’s cabinet approved a National Mission on 
Transformative Mobility and Battery Storage, under which 
two phased manufacturing programs will be introduced 
across the country.

The first of these will support the setting up of battery 
gigafactories across India, while the second will focus on 
electric vehicle manufacturing.

The announcement came shortly after the Andhra Pradesh 
Economic Development Board and solar and battery 
manufacturing firm Urja Global signed a memorandum of 
understanding to make lithium-ion batteries and electric 
vehicles.

The initiative will see Urja Global investing 2 billion Indian 
rupees ($28.55 million) in manufacturing centres across 
Andhra Pradesh, Mercom India reported.  

ASHISH KUMAR, head of energy 
storage business at energy and 
hydrocarbon company Raychem RPG.

AKHIL ARYAN, CEO & co-founder of ION Energy
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– SOLAR, ENERGY STORAGE AND 
E-MOBILITY UNDER ONE ROOF
ONLY A FEW WEEKS LEFT: EES INDIA AND POWER2DRIVE INDIA — PART OF THE 
SMARTER E INDIA CELEBATES ITS DEBUT IN BANGALORE, KARNATAKA!

India has emerged as the third largest solar market in the world 
after China and the US, with a predicted cumulative solar 
capacity of 28 GW by the end of 2018. And by 2040, India 
may also emerge as the third largest energy storage installation 
country, according to Bloomberg analysts. 

With India’s determination to reduce oil dependency and 
urban pollution, the electric mobilty market is at the top 
of the national agenda – and the government is creating 
momentum through EV schemes and programs to reach 30% 
EV penetration by 2030.

Energy storage is becoming a crucial element in the fast-
growing renewables and emerging EV businesses in India. With 
a growing integration of renewables into the grid, managing 
instability is a challenge that energy storage systems can meet 
to stabilize the grid. 

To go into much more depth about the situation in India, 
three co-located events will kick off with a comprehensive 
conference program featuring a variety of themes and 
educational opportunities covering energy storage, 

photovoltaic, e-mobility and smart renewable technologies, at 
Bangalore’s International Exhibition Center, Hall 4, Conference 
Area. 

Organized with assistance from industry and consulting 
experts who have vast exposure to the needs of India's solar, 
energy storage and e-mobility stakeholders, the conference 
will host in 15 high-level sessions and workshops, with 150 
prominent speakers giving crucial insights on all aspects of the 
Indian renewable energy markets. 

The three-day conference is structured such that key 
stakeholders from the business and end-user sectors will hear 
critical input and get connected to relevant experts. The event 
is designed to deliver effective intelligence on key themes, and 
facilitate optimal interactions between relevant stakeholders 
through detailed and customized networking.  
REGISTER NOW!  
www.thesmartere.in/en/tickets

ESJ READERS BENEFIT: Register with Promo Code CVRTZY and get a 
10% discount on The Intersolar India ticket.



Energy Storage: Linking Solar to Smart Grid and EV 
Thursday, November 28 / 4:30 pm–6:00 pm

Electrical energy storage is playing a crucial role in ensuring India's energy and mobility transition. A fast-growing 
renewable energy industry and the emerging electric vehicle business has made the deployment of ees applications an 
urgent necessity. 

Smart Grids — The Mother of all Solutions — Ensuring a Continued RE Development and Integration 
Friday, November 29 / 10:30 am–12:00 pm

Launched in 2015, India’s National Smart Grid Mission will last until 2025 and among its nine goals, microgrid and RE 
integration, deployment of EV infrastructure and advanced metering infrastructure are at the core of this session. 

Power2Drive Conference — Conference on Business Opportunities in Electric Vehicles
November 28–29

his event is organized with assistance from consulting experts who have significant exposure to the needs and 
aspirations of India's e-mobility stakeholders. 

3rd ARE Micro-Grid Workshop 
Thursday, November 28 / 10:30 am–2:15 pm

As the Off-Grid Partner of The smarter E, the Alliance for Rural Electrification (ARE) is partnering with Smart Power 
India to organise its third edition of the Micro-Grid Workshop on 28 November 2019.
Learn more about the Decentralized Micro-grids to Power India´s 21st Century Rural Economy and join the debate on 
Consumer Protection Principles for Clean Energy Micro-Grids in India, the Demand Side Management to Ensure Long-
term Micro-grid Sustainability and the Data-driven Business Models for 21st Century Micro-grids.

See detailed conference program: www.thesmartere.in/en/program/conference/program-schedule

PROGRAM HIGHLIGHTS  
– A SELECTION OF THE SESSIONS  
AND WORKSHOPS  

➔
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Dates November 27–29, 2019

Hours 10:30am–6:00pm | Wednesday 
 10:30am–6:00pm | Thursday 
 10:30am–4:00pm | Friday

Venue Bangalore International Exhibition  
 Centre, Hall 4 
 www.biec.in 

Speakers 150+ (expected)  

Delegates 800+ (expected)  

Sessions  24 

Workshop  
& Special  
Events 6 

Delegate  
Profile

CONFERENCE QUICK FACTS➔

Don't miss The smarter E India exhibiting 
companies in Bangalore's International Exhibition 
Centre, Hall 4.

Free exhibition registration is available 
www.thesmartere.in/en/tickets

EXHIBITION➔

Installers and Integrators, 
Distributors 
Project Developers / EPC Contractors 
Architects, Investors and Analysts 
Manufacturers and Suppliers 
Utilities / Government Officials / 
Policy Makers
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SONNEN BATTERIES USED IN  
GRID CONGESTION PROJECT BY 
TRANSNETBW AND NETZE BW

The project, supported by Baden- Württemberg’s Ministry of 
the Environment, uses a new digital platform, DA/RE (data 
exchange in redispatching), which charges or discharges 
batteries as needed — for instance in diverting energy away 
from overloaded grid nodes.

In doing so, the batteries are selectively charged or discharged 
as required to provide the necessary compensation, enabling 
congestion management to avoid ‘jams’ arising in transmission 
and distribution networks.

sonnen’s batteries are digitally networked by the company to 
create one large virtual battery, and with this storage capacity 
network operators have a buffer, which provides the grid with 
greater leeway and flexibility. 

The idea is to take advantage of previously untapped 
redispatch potential in the distribution grids in the state by 
means of intelligent control, depending on demand. 

sonnen, which is participating alongside other power grid 
and plant operators in the project, is the only one with a virtual 
power plant consisting entirely of decentralized domestic 

storage systems. 
The closer a storage system is when it intervenes into a 

bottleneck, the greater the benefit in terms of assisting the 
electricity grid.

“The great strength of sonnen’s virtual battery lies in the 
available flexibility that is distributed over the whole state,” 
said Jean-Baptiste Cornefert, managing director of sonnen 
eServices. “The networked sonnenBatteries are able to use 
their storage capacity to provide the grid with an effective 
buffer within a matter of seconds, right where the bottleneck 
actually exists. Furthermore, no investment in infrastructure is 
required, as the batteries are already installed in the region’s 
households. 

“By using storage systems, renewable energy can be better 
integrated into our energy system.”

The project, which began in April, is being seen as a 
pioneering development in grid security, and aims to exploit 
the flexibility offered by decentralized installations to stabilize 
the power system as a whole.  

TRANSMISSION SYSTEM OPERATOR TRANSNETBW AND DISTRIBUTION GRID 
OPERATOR NETZE BW ARE USING BATTERIES FROM SONNENBATTERIE IN A PILOT 
PROJECT TO MANAGE CONGESTION IN THE SOUTH GERMAN STATE OF  
BADEN-WÜRTTEMBERG.

WWW.EES-EUROPE.COM



36 | 37

SONNENBATTERIE — A GOOD FIT FOR 
SHELL’S NEW ENERGIES DIVISION

STUDY PREDICTS PHOTOVOLTAIC AND 
STORAGE SYSTEMS TO INCREASE 
FOURFOLD BY 2035 THANKS TO E-MOBILITY 

In March sonnen was bought by Shell, whose New Energies 
division was formed in 2016 and is spending between $1-2 
billion a year on new energy opportunities with the aim of 
scaling them up from next year.  

sonnen will remain independent, keep the 'sonnen' brand 
and, led by its current management, work with Shell to reach 
its goal of clean, sustainable energy for all. 

In September, US utility Rocky Mountain Power revealed 
what it said was the largest residential battery demand 
response solution in the US, a solar-powered system using 
sonnen’s batteries. The Soleil Lofts apartment community in 
Herriman, Utah will use more than 600 individual sonnen 
ecoLinx batteries with 12.6 MW of storage capacity to provide 
emergency back-up power and manage peak energy use. 

The Wasatch Group property management company, solar 
company Auric Energy, sonnen and Rocky Mountain Power all 

joined forces to install and operate the virtual power plant. 
“The combination of solar and long-lasting, safe, intelligent 

energy storage managed by the local utility is an essential 
component to the clean energy grid of the future,” said 
Richetta. 

“The solar industry should find inspiration in this 
extraordinary project, as it provides a blueprint for the future of 
grid-optimized battery storage.”

The complex will be fully inhabited by December 2020, when 
it will be the largest fully installed, operational residential 
battery demand response solution in the US, the group of 
companies said. 

sonnen expanded its US presence in August 2017, opening 
its InnovationHub in Georgia to combine manufacturing 
operations and product research and development to produce 
sonnenBatterie products.  

E-mobility could become an important factor driving new 
deployment of photovoltaic installations and domestic 
storage systems says a recent study looking at the role 
of the German photovoltaics market in the growth of 
e-mobility. The study was done by EuPD Research on behalf 
of the storage system manufacturer E3/DC.

Almost 57,000 PV installations with a capacity of up to 
10 kilowatts were installed in Germany last year, according 
to "Der Deutsche Photovoltaik Markt als Triebfeder für 
Electromobilität" report, showing a stable growth in small-
scale systems since 2015 and one that is expected to 
increase fourfold by 2035.

Researchers also forecast an 
upward trend in system size, 
predicting that from 2020 PV 
installations over 7 kW will account 
for almost all growth in the sector. 
Growing private household power 
consumption is explained by heat 
generation and electromobility. 

While new buildings are being 
fitted with electric heat pumps, 
existing buildings are having storage 

systems installed for charging electric cars, and for larger 
photovoltaic systems, homeowners want to use as much of 
the solar power as possible. 

In 2018, one in 12 private PV installations included a 
wall box, around 75% of which were also equipped with 
a storage system. 

EuPD Research says systems combining all three aspects 
will see more growth as e-mobility gains ground and by 
2035, researchers believe 60% of new installations will 
couple photovoltaics with a wall box and storage in the 
small-scale segment.  
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LAYING THE FOUNDATION 
FOR TOMORROW: 
MUNICH, JUNE 17–19, 2020

EXHIBITOR TESTIMONIALS

Discover future-ready solutions for renewable energy storage and advanced battery 
technology at ees Europe, Europe’s largest and most visited exhibition for batteries 
and energy storage systems. This is the industry hotspot for suppliers, manufacturers, 
distributors and users of stationary electrical energy storage solutions as well as 
battery systems. The exhibition will be accompanied by a two-day energy storage 
conference, where leading experts delve into the current questions surrounding this 
industry.

Working with experts from the ees Europe Conference committee and conference 
partners, the organizers of ees Europe put together a highly topical two-day pro-
gramme focusing on the most important market and technology trends for energy 
storage. 

Lively panel discussions and networking events will be held in a professional and 
inviting atmosphere, with conference sessions held in parallel.   

Johan de Vries, Head of Marketing at Alfen B.V.
“Attending ees Europe is about making contacts. Here, we meet our customers 
and potential customers as well as our competitors. It is important to keep an eye 
on the innovations of the market and compare them with our own. We’re thrilled 
to take part in ees Europe every year.”

Daniel Hanneman, Managing Director at Tesvolt
“ees Europe is the most important date in the exhibition calendar because it 
opens up great opportunities for business and its excelling marketing attracts 
a first-class international customer base. We find the contacts to support the 
development of sustainable solutions for industry and commerce here at the exhi-
bition. Although industry and commerce are the largest energy consumers, there 
is a certain lack of the kind of innovative storage solutions that we offer.”

Jörg Erdmann, Vice President Marketing & 
Communication at SOLARWATT
“In particular for Germany and Europe, ees Europe is absolutely 
the leading exhibition in the field of electrical storage systems. 
It’s a platform for us to reach exactly the public we aim to 
attract with our products and it’s a great deal of fun to be 
here.”

PHOTO: ees Europe

FROM BATTERY TECHNOLOGY TO ENERGY STORAGE: 
EES EUROPE IS THE CONTINENT’S LARGEST AND MOST 
INTERNATIONAL EXHIBITION FOR BATTERIES AND 
ENERGY STORAGE SYSTEMS. 

Dates June 17–19, 2020

Hours 9:00am-6:00pm | Wednesday
 9:00am-6:00pm | Thursday
 9:00am-5:00pm | Friday

Venue Messe München
 81823 Munich, Germany
 
Exhibitors 280+ ees exhibitors  

Halls B1, C1 and C2

 470+ providers of products and 
solutions for energy storage 
technologies and energy storage 
systems, grid infrastructure, and 
solutions for the integration of 
renewable energy (including the 
parallel exhibitions of The smarter 
E Europe)

 1,450 exhibitors in total at The 
smarter E Europe

Exhibition  23,000 sqm (110,000 sqm The 
Space Smarter E Europe)

Visitors 50,000+ (at The smarter E Europe 
in total)

Area 
of Focus

EXHIBITION QUICK FACTS➔

 Energy storage technologies

 Energy storage system 
components and equipment

 Battery production 
technologies/ machine and 
plant construction

 Energy Storage Systems: 
showing the whole range from 
small-scale and large-scale 
battery systems to hydrogen 
and power-to-gas systems

 Grid infrastructure and 
solutions for the integration of 
renewable energy
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RECORD-BREAKING NUMBERS AT THE  
SMARTER E SOUTH AMERICA LAUNCH  
IN BRAZIL, AUGUST 2019

THREE EXHIBITIONS, ONE SPECIAL EXHIBITION, ONE MISSION: SETTING THE 
STAGE FOR DEVELOPING A CLEAN AND ADVANCED ENERGY INDUSTRY IN 
SOUTH AMERICA AT LATIN AMERICA’S INNOVATION HUB FOR THE NEW ENERGY 
WORLD. ACCELERATING THE TRANSFORMATION TO MAKE RENEWABLE ENERGY 
AVAILABLE 24/7 WAS THE VISION OF THE SMARTER E SOUTH AMERICA, WHICH IS 
LATIN AMERICA’S LARGEST PLATFORM FOR THIS INDUSTRY. AND SHARING THAT 
VISION WAS THE HUGE VARIETY OF STAKEHOLDERS GATHERING IN SAO PAULO, 
ALL TESTAMENT TO THE FACT THAT THE NEW ENERGY WORLD IS RENEWABLE, 
DECENTRALIZED AND DIGITAL.

A total of 341 exhibitors and more than 25,000 visitors from 
39 countries attended the launch and energy exhibitions in Bra-
zil August 27–29 at The Smarter E South America show — the 
biggest renewable energy industry event on the continent.

More than 1,600 solar experts discussed all aspects of solar 
technologies and analyzed market opportunities and business 
models for the industry. Opportunities in decentralized and 
centralized markets, policies, innovations and financing were 
prominent topics of the conference.

The three exhibitions — Intersolar South America, ees South 
America and Eletrotec+EM-Power exhibitions — were accom-
panied by the special exhibition Power2Drive South America.

 “The market for EES is just beginning in Brazil,” says Mar-
cio Takata, director of Greener Tecnologias Sustentaveis in 
São Paulo, a research institute that provides consultancy and 

training services to companies in the renewable energy sec-
tor. Takata was on the conference committee, and introduced 
a session with on improving prcedures for solar PV distributed 
generation. 

“The first projects have been 
developed, the equipment and 
solutions are becoming availab-
le in the country. As the cost of 
the solution keeps falling, dif-
ferent business models start to 
make sense.

“It’s a growing sector, which 
is obvious from the higher than 
ever numbers, but it is still in its 
early stages."

PHOTOS: ees South America

MARCIO TAKATA,  
Director of Greener Tecnologias 
Sustentaveis
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“The PV sector is becoming really relevant, and has a huge 
potential considering we just achieved 1 GM in distributed ge-
neration. We see a good future for PV + storage applications 
but it’s not common yet. We understand that as soon as there 
are more affordable options for batteries and hybrid inverters, 
we will see increasing installation volumes. 

“Regulation and specific standards for hybrid solutions would 
also be an important driver to accelerate this market.

“We see good opportunities in the whole market, but at this 
moment in commercial applications.”

Greater need for regulation across the sector
Markus Vlasits is the managing director of Tayo Energia, and he 
introduced and co-ordinated the session dedicated to storage 
at the conference, Electrical energy storage – what’s in it for 
Brazil? Status and prospects. 

He agrees that regulation – or lack of it – is one major 
obstacle the industry needed to get over.

“The conference did a good job showing the potential sto-
rage can bring but a regulatory framework 
needs to be put in place,” he said. “No 
one will build a hybrid storage park wit-
hout the regulations in place first – it’s too 
much of a risk. 

“So this is also where the conference 
played an important part – it raised awa-
reness of solar and storage, and govern-
ment ministers there would have heard 
these points. It’s important to say that it 
will be done, but to the extent that the 

regulator understands that certain policies need to be put in 
place.

“It reminds me of when solar was first used to generate pow-
er in Brazil in 2011, 2012. It was tricky at first, but seven years 
later, solar is the cheapest source of energy. We could also see 
energy storage becoming a viable and attractive option.”

Tayo Energia has several storage projects already up and 
running in Brazil – for example a 100 kWh project for peak 
shaving, demand management and local grid stabilization in 
São Paulo; 1,36 MWh peak shaving and integration of storage 
and PV energy generation in Uberlandia; and in Bariri, a 170 
kWh local grid stabilization project. Several commercial pro-
jects are also being implemented, the company says. 

“We have already seen the first generation of commercial 
projects,” said Vlasits. “It’s also the first generation of research 
projects. Solar and storage is ideal for commercial and indust-
rial applications and we can see that the conditions are about 
to make it viable because we see a very big discrepancy in peak 
and off-peak rates. Users have very significant demand charges 
and behind-the-meter applications are starting to make com-
mercial sense in Brazil.”

He said lots of good case studies were presented. 
“What it really did was give a fair overview of things that 

are going on in storage. The most important message was 
energy storage is not something we are just talking about; it’s 
something that’s really happening.”

Transforming energy supply in Brazil
The rapid expansion of renewables is transforming the structure 
of the energy supply system. Generation, storage, distribution 

PHOTOS: ees South America

MARKUS VLASITS,  
managing director of Tayo Energia

WWW.EES-SOUTHAMERICA.COM



and consumption of energy must be intelligently interconnected 
in the future, which is where The smarter E South America comes 
in, a platform to set focal points, trends and developments and to 
promote an exchange of ideas between industries.

"We are overwhelmed by the outstanding resonance to our 
exhibitions and conference," said Dr Florian Wessendorf, Ma-
naging Director of Solar Promotion International, and Daniel 
Strowitzki, CEO at Freiburg Management and Marketing Inter-
national, the international organizers of The smarter E South 
America. “The smarter E South America has set itself as the 
must-attend energy industry platform on the continent. The 
industry’s dynamic and enormous visitor numbers underlines 
that Brazil is ready for the new energy world.

“Trade shows are important for developing a relationship 
with the market. It is always positive to be in touch with cus-
tomers in an environment where the tone is set by business 
interactions and pursuit of knowledge. Intersolar has exceeded 
our expectations this year. As well as forging new contacts and 
businesses, we have been able to get closer to our integrators 
and distributors, who are the true orchestrators of our seg-
ment."

“Next year, we will increase our participation in this event,” 
said João Paulo Gualberto da Silva, WEG’s Director for New 
Energy.

 “Intersolar South America has set itself up as the best en-
vironment for promoting and building the solar energy value 
chain in Brazil. As it gains more prominence, more firms join 
and investors of all sizes are attracted,” said Ronaldo Koloszuk, 
Board Chairman of the Brazilian Association of Photovoltaic 
Solar Energy. 

DAY ONE: DISCUSSIONS AND ROUNDTABLES

•	 Comprehensive	overview	of	key	storage	
applications and how they generate value to 
local grid operators and electricity consumers. 

•	 Key	developments	in	Brazil’s	storage	sector	—	
which applications best suit local environments 
and have the best growth potential. 

•	 Entrepreneur	round	table:	Entrepreneurs	across	
the Brazilian electricity storage sector shared 
how as ‘early movers’ they have embraced 
the opportunity and implemented the first 
generation of Brazilian storage projects. 

•	 Regulatory	Roundtable:	Representatives	
from the business community and regulators 
discussed the status quo and areas for 
regulatory development in energy storage.

•	 The	road	ahead	–	reflecting	on	the	synthesis	of	
opportunities and challenges ahead – and why 
it’s worth going for it.

DAY TWO: HOT TOPICS
Getting Sizing and Specification of Storage 
Systems Right
- Markus Vlasits - Managing Director Tayo Energia
- Álvaro della Justina Nascimento - DJN 
Engenharia e Consultoria

Microgrid with Solar Plus Storage Yields 
Energy Savings and Resiliency
- Luciano Lima Dias, Power Systems Engineer - 
Team Leader, Eaton Corporation

Success Stories of ESS Around the Globe 
and Brazil
- Jorge Ortiz, Sales Manager Brazil, Victron Energy 
B.V.

Smart Technologies' Brand Drivers Growth
- Marcelo Hitos, Consultant Partner, AEG Solar 
Solutions Brazil

The PHB SOLAR Experience in the Energy 
Storage Market:
Applications Behind and After the Meter
- Ildo Bet, Technical Director, PHB Eletronica Ltda.

Storage Smart Grid in the Middle of the 
Brazilian Amazon Jungle
- Wallace Ascef, Technical Director, Ingeteam Ltda

EES SOUTH AMERICA OVERVIEW➔
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The Leading Exhibition Series  
for Batteries and Energy Storage Systems

FOLLOW US

AUGUST 25–27, 2020, SÃO PAULO, BRAZIL
SOUTH AMERICA’S HOT SPOT FOR BATTERIES AND ENERGY STORAGE SYSTEMS 
www.ees-southamerica.com

NOVEMBER 27–29, 2019, BANGALORE, INDIA
INDIA‘S LEADING ELECTRICAL ENERGY STORAGE EXHIBITION
www.ees-india.in

JUNE 17–19, 2020, MUNICH, GERMANY
EUROPE’S LARGEST EXHIBITION FOR BATTERIES AND ENERGY STORAGE SYSTEMS 
www.ees-europe.com

FEBRUARY 4–6, 2020, SAN DIEGO, USA
NORTH AMERICA‘S ULTIMATE HOT SPOT FOR ENERGY STORAGE SOLUTIONS 
www.ees-northamerica.com

MARCH 3–5, 2020, DUBAI, UAE
EES@MIDDLE EAST ELECTRICITY: MENA‘S MOST COMPREHENSIVE ENERGY STORAGE EVENT 
www.ees-mena.com
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In the world of international technol-
ogy, women are few and far between. 
The battery world is no exception, 
though the contributions of some 
have been exceptional — think Kath-
ryn Bullock, Maria Skyllas-Kazacos 
or Jeanne Burbank. 

Those ranks were already swelled by 
Swedish-born electro-chemist Chris-
tina Lampe-Önnerud, who combined 
business acumen and a vision of lith-
ium batteries to set up Boston-Power, 
a developer and manufacturer of ad-
vanced lithium battery cells, blocks, 
modules and systems.  

She’s now gone further with Caden-
za Innovation, which has developed a 
unique technology that the firm says 
is on the brink of large-scale commer-
cial deployment, already with utilities 
signed up and the endorsement of 
well known Chinese battery company 
BAK, soon to be renamed CBAK. 

Cadenza’s batteries are aligned in 
‘bricks’,  which means they can be 
stacked and put together for utility-
scale applications or simply in small 
enough formations to be safely placed 
under the bed. 

The ‘bricks’, which are actually 
thermally isolated housing units, are 
rather like egg boxes , each containing 
a number of cyllindrical jelly rolls in 
different cell configurations according 
to need.

“It’s a new tool. It’s a supercell that 
can save 4%0-50% of space, which 
will be huge in a future when you 
have the opportunity to become a 
prosumer and provide part of the en-
ergy needed for the ecosystem, where 
you own part of the assets,” says Ön-
nerud.

“Instead of force-fitting the old par-
adigm into bigger cells, we have made 
it a paramount part of our design that 
it’s reliable enough to store under 
your bed. Effortlessly. And it never 

goes into thermal runaway. 
“It’s specifically made to last — to 

be easy to integrate into energy stor-
age  — into the utilities — large build-
ings, home.

“The blocks are very easy to con-
nect together, they can be put into sys-

tems that already exist.
“Lithium is starting to hit the cost 

button and now, as long as you know 
what kind of chemistry you need for 
a certain jurisdiction or climate en-
vironment — cold or hot — you can 
customize the chemistry for all situa-
tions and it’s easy. 

“You put them into a housing ma-
terial enclosed in an aluminium case, 
the construction of which is basically 
from components that are in principle 
readily available but have been adopt-
ed to a larger footprint.”

Beginnings
The path into battery innovation be-
gan early for Christina Lampe, who 
was born in February 1967 in Lud-
vika, in central Sweden. 

Her father, Wolfgang Lampe, a 
member of Sweden’s Royal Academy 
of Engineering Sciences and an IEEE 

Battery pioneers come in varying shapes and forms. Some are inventors. 
Some are developers. And some have the skills to turn ideas into market 
changers. Christina Lampe-Önnerud, founder of Boston-Power, has 
managed all three with her new technology from Cadenza Innovation.

Building bricks of power  
for utility-scale applications 
— or just for under the bed

“Ever since I was a child I dreamt of starting my own 
company and now I set my heart on it. It was a matter 
of wanting to solve problems. I understood that if we 
succeeded, we would attract a great deal of interest”
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fellow, worked for engineering gi-
ant ABB, whose activity in the town 
included development and manufac-
turing transformers, capacitors and 
equipment for high-voltage direct cur-
rent power transmission. 

By the time she was 12, she was con-
cocting fireworks in a basement bath-
tub, slapping out stray sparks with 
damp towels. In high school she was 
accepted by a prestigious eight-year 
program in Sweden that would end 
with a medical doctorate. 

But during her senior year of high 
school, in 1985, with memories of a 
recent fun-filled summer in Oregon 
fresh in her mind, she accepted a 
scholarship from a Swedish-American 
association to go to college in the US. 

She spent a year at Elmira College 
in upstate New York, studying Eng-
lish literature, business and various 
sciences and working for a chemistry 
professor as a lab assistant. In the fall, 
the students voted her “Miss Elmira.”

Lampe went back to Sweden to fin-
ish her education at Uppsala 
University, but by now she’d 
turned away from medi-
cine for good. An Elmira 
chemistry professor, 
Pierre-Yves Bouthyette, 
had convinced her that 
chemistry was far more 
interesting than anatomy. 
She later said that with 
chemistry, “you had to see be-
yond what the science was, and un-
derstand what the science could make 
happen”.

The first patent
Lampe focused on copper deposi-
tion on semiconductor wafers for her 
master’s and analysing cathode ma-
terials for lithium-polymer batteries 
for her doctorate. While completing 
her degree, she collaborated with bat-
tery firm Danionics Denmark and in 
parallel was awarded her first patent, 
based on her PhD work.

In 1995, the university publicized 
Lampe’s PhD defence — she was giv-
ing a live interview to a radio journal-

ist as she entered the room. According 
to Josh Thomas, the professor who 
supervised her PhD work: “the thing 
that separates Christina from the oth-
ers is her ambition”.

She could hardly have timed her the-
sis better. At the time, commercial lith-
ium batteries were novel and Lampe 
quickly became a cathode expert. 

In 1989, she married her high school 
sweetheart, Per Önnerud, who was 
studying theoretical physics, chemis-
try and maths, but also playing trum-
pet in local bands.

With her professor and thesis advis-
er Josh Thomas — who she describes 
as “incredibly pleasant, funny, and 
intellectually challenging” — Lampe-
Önnerud went to Boston, Massachu-
setts for a conference. She presented 
her findings to the world’s leading 
battery researchers and, coinciden-
tally, was captivated by Boston.

MIT and beyond
In the spring of 1995, Christina 

and Per moved to Massa-
chusetts, each with a post 

doctorate position at the 
Massachusetts Institute 
of Technology. But just 
a year later, she left for 
a MIT spin-off, Quan-
tum Energy Technolo-

gies, where she concen-
trated on batteries and 

displays. “It was interesting,” 
she recalls. “When you have lots of 

people who dare to think outside the 
boxes that exist today — new solu-
tions abound.” 

In 1997, she joined New Jersey-
based Bell Communications at Red 
Bank (Bellcore), where she helped 
license lithium battery technology 
made from thin-film polymers and a 
process for manufacturing them. 

Lampe broadened her technical 
base and helped develop a strategic 
marketing plan, which led to multiple 
global licenses with top tier firms.

For this she received Bell Research 
Laboratories’ Spot Innovation Award 
in 1998.

Brian Barnett, an internationally 
acclaimed battery expert at Arthur 
D Little, the Cambridge-based man-
agement-consulting firm, had begun 
wooing Lampe-Önnerud the day she 
left for Bellcore. “He called at least 
once a month,” she says. “He even 
sent gift baskets. And finally they of-
fered to hire me, with my husband, 
and to assign us to work together, 
something Bellcore wouldn’t do.”

For the next six years, with Barnett, 

the Lampe-Önneruds helped develop 
and grow the company’s battery labs, 
defining strategies for the world’s top 
chemical and battery organizations. 

To do this she criss-crossed the 
world, working for clients including a 
Fortune 100 electronic controls client, 
a huge US integrated energy company, 
a restructuring that was ultimately 
successful for a major European com-
pany, a Japanese chemical firm, and 
ADL clients faced with high-profile 
material disputes worldwide. 

In 2002, Christina, just 35, was 
named one of the world’s 100 Top 
Young Innovators by Technology Re-
view, MIT’s Magazine of Innovation. 

From her earliest days she had been 
passionate about music and this she 
continued alongside her professional 
life. In December 2002, she founded 
the Stardust Show Chorus, a 20-wom-
an jazz a cappella group, located in 
Framingham, Massachusetts. 

In 2003, Christina stood in front 
of a symposium in Kyoto, Japan, and 
announced that the energy density of 
a typical lithium-ion battery (increas-
ingly used in all mobile devices) was 
approaching that of a hand grenade. 
She and her team had investigated an 
unpredictable 100 battery explosions 
in laptop computers.

From her earliest days 
she had been passionate 
about music and this 
she continued alongside 
her professional life. In 
December 2002, she 
founded the Stardust 
Show Chorus, a 
20-woman jazz a cappella 
group, in Framingham, 
Massachusetts

In 2002, Christina,  
aged 35, was named  
one of the world’s 100 
Top Young Innovators by 
Technology Review,  
MIT’s Magazine of 
Innovation
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In her view, nobody in the industry 
wanted to address problems such as 
a laptop battery life that went from 
four hours to 20 minutes within a 
year. 

“The industry decided to sweep 
them under the rug and say, ‘That’s 
fine,’ but I thought that was absolute-
ly not fine. Corporations were lying 
to people. There’s also a paradigm in 
my specific industry where batteries 
are a constant disappointment. So 
people have surrendered to the fact 
that batteries fade. So, if we could 
change that paradigm and batteries 
didn’t fade, you could make a real 
impact.”

By summer 2004, Lampe-Önnerud 
was tired of helping the industry slap 
on Band-Aids.

“With two small children, I was 
very concerned about the direction 
Planet Earth was going in. And I felt 
part of my contribution could be to 
deliver a product that actually differ-
entiates [from other batteries] in per-
formance and is green.

As summer turned to autumn in 
2004, she realized she was weary of 
having to think about batteries in the 
ways her clients wanted her to. 

On Halloween 2004, she cleaned 
out her office at Arthur D Little, said 
good-bye to her colleagues, and went 
trick-or-treating with her kids. The 
next day Lampe-Önnerud walked up 
the stairs to her study, opened her lap-
top, took a deep breath, and began to 
think about lithium-ion batteries in a 
way no one else ever had before.

She saw a huge lack of innovation. 
“I wanted to revolutionize storage, as 
it’s one of the solutions for a sustain-
able future. Nobody cared, but this to 
me was so clear. If you have a battery 
that works, that’s like giving an engi-
neer a new Lego piece. I think this is 
what tipped me into starting up a firm 
of my own.

“Ever since I was a child I had 
dreamt of starting my own company 
and now I set my heart into it. It was 
really a matter of wanting to solve a 
problem. I understood that if we suc-
ceeded, we would attract a great deal 
of interest.” 

The name the Lampe Önneruds 
chose for their disruptive, innovative 
energy storage company was Boston-
Power. 

For those closing two months of 
2004, Lampe-Önnerud quarantined 
herself in the study, figuring out what 
her new-born company should do. 

Although she considered developing 
a battery for active RFID, implantable 

batteries for medical devices and even 
thought about batteries for hybrid cars, 
she kept coming back to the laptop 
market as the most interesting niche. 

Reorganization
She reviewed cases in which laptop 
batteries had problems, and found 
something interesting: what all those 
incidents had in common was that 
people were jamming too much en-
ergy into a confined space. A laptop’s 
battery slot determines the bounda-
ries of that space but not the divisions 
within it. So Lampe-Önnerud reor-
ganized the space within. 

“The solution looks simple now,” 
she recalls. “At the time it was any-
thing but!” She admits that she and 
her small inner team were stretched 
to almost breaking point but they 
made it.

The result was Sonata, the first en-

vironmentally friendly lithium ion 
battery.

It didn’t contain either PVC or 
heavy metals — which at the time 
were commonly used in laptop com-
puters, electric vehicles and large en-
ergy storage units. Like interlocking 
building blocks, the individual batter-
ies could be joined to generate more 
power as needed — say, three in a lap-
top and 2,000 in an electric car. 

Boston-Power has always been far 
from being a sleepy little tech shop. 
The corporate culture reflects Lam-
pe-Önnerud’s personality and love 
of music. She selected Sonata as the 
name for Boston-Power’s first battery 
(bright blue because that’s her favour-
ite colour). The conference rooms at 
the company are labelled Harmony 
and Symphony. The company’s next 
battery products were named Swing 
and Salsa. 

The list of recognitions for 
her achievements looks like a 
spectacular music score. Perhaps 
the most prestigious is to have been 
made Lifetime Member of the Royal 
Academy of Engineering Sciences, 
Sweden. But there’s also:

•  Swedish Woman of The Year 
2011;  

•  Wall Street Journal Top 10 Clean 
Technology Company (2010-
2011); 

•  Technology Pioneer Award (2010 
by World Economic Forum);

•  Private Company CEO of the 
Year (2010 by MA Technology 
Leadership Council);  

•  One of The Most Important 
Women in Mobile Tech (2011 by 
Laptop Magazine); 

•  Inducted into Entrepreneur Hall 
of Fame (2009 international 
program hosted by E&Y); 

•  Stevie Award for Women in 
Business (2008);

•  “Women to Watch” (2007 
awarded to top 10 by Mass High 
Tech); 

•  Award for DEMOgod (2007 Top 
10 innovator);

•  United Nations Inter Academy 
Panel (IAP), 2011-2013.

HONOURS AND AWARDS

Christina Lampe-Önnerud (centre left) won the category for 
Entrepreneurial Innovation & Leadership in the 2015 Women of 
Innovation awards as CEO and founder of Cloteam
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A regular laptop today charges in 
two to three hours but it was much 
longer a few years back. 

With the Sonata battery, one can 
charge it in 30 minutes to an 80% ca-
pacity.  She also managed to get her 
batteries certified to carry the Swan 
symbol indicating they are environ-
mentally friendly under the Nordic 
Ecolabel programme, the first lithium-
ion batteries ever to receive such a des-
ignation. 

In 2007, Boston-Power introduced 
DEMOgod as the next-generation, 
lithium-ion battery for notebook com-
puters. 

In the next five years, while thou-
sands of Sonatas and Swings were be-
ing built, Boston-Power masterminded 
a global portfolio of 158 patents. She 
closed deals for Boston Power for lap-
top firms HP, Lenovo, and ASUS; for 
electric automotive she sold to SAAB, 

Beijing Automotive, with prototype 
fleets at Mercedes-Brabus, Yulon, 
Foton, Mahindra-Reva; customers 
included specialty medical/high-tech 
electronics firms, Devilbis, GP, Ritek, 
Beckett, and Dr Battery. 

The awards kept coming too: Top 
100 Woman-Led Businesses in MA 
(2006 by Babson College/The Com-
monwealth Institute) 

Between 2007 and 2009, she was as-
signed by the Club de Madrid and the 
UN to serve on the so-called “Road to 
Copenhagen” as an energy expert.  In 
2008, she was a member of a US State 
Department delegation to China, where 
she met China’s premier Wen Jiabao. 

Before long Chinese companies be-
gan to court Boston-Power and in 
2008 the regulators awarded the Bos-
ton-Power products environmental 
certification. 

In September 2011, Boston-Power 

received $125 million that included 
private equity plus grants and low-in-
terest loans from the Chinese govern-
ment. The investment was for funding 
a lithium ion battery plant near Shang-
hai to service primarily the China mar-
ket, but also for export.

After applications for US govern-
ment loans failed, far from seeing this 
as a blow, Lampe-Önnerud saw it as 
an opportunity. In 2011, she closed a 
deal that took the bulk of the compa-
ny’s infrastructure and all its manufac-
turing to China. In the US, she believes 
the company would have been “limp-
ing along”, whereas in China, oppor-
tunities were enormous.

In all the firm raised $360 million 
in funding through 2011.  The head-
quarters were initially in the US (staff 
80), supply chain and manufacturing 
operations are in China (100) and Tai-
wan (350), and sales offices are in US 
Europe, and China.  She later  won a 
BOD/investor buy-in for next growth 
phase, shifting her executive office 
to Asia and eventually moving away 
from an active management role.

Cloteam and Cadenza
In 2012, she founded a new start-
up calling it Cloteam —  Christina 
Lampe-Önnerud team — looking at 
innovative ways to join and package 
batteries using a wide range of battery 
chemistries. This year, it gave birth to 
Cadenza Innovation. 

In February 2013, Cloteam won a 
Massachusetts Clean Energy Center 
grant to fund the design and develop-
ment of lower cost and higher safety 
energy storage systems using battery 
technology. That August, Cloteam was 
awarded a $3.5 million grant from the 
US Department of Energy to develop 
EV energy storage systems using dif-
ferent designs.

The idea was that better placement 
of battery packs could absorb and 
manage the impact energy from a 
collision. The batteries could provide 
greater energy density compared to 
today’s lithium-ion batteries, while re-
ducing the costs associated with mate-
rials and processing.

“We are working with some of the 
biggest utilities in the world, the larg-
est one in the US, the new York Park 
Authority,” she says. 

“I am surrounded by a fabulous 
team and our success is that we’ve 
been able to bring some of the biggest  
players to the table. It’s still early days 
with lithium. It’s a super innovative in-
dustry, and you either miss the oppor-
tunity or you join.” 

Between 2007 and 2009, she was assigned by the 
Club de Madrid and the UN to serve on the so-called 
“Road to Copenhagen” as an energy expert.  In 
2008, she was a member of a US State Department 
delegation to China, where she met China’s premier 
Wen Jiabao. She served on multiple working groups 
through the World Economic Forum, 2009-2011.
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This December three of the smartest 
electrochemists of the battery industry 
will take their place on the platform 
at the Stockholm Concert Hall tol be 
awarded the world’s most prestigious 
honour — the Nobel Prize. The three 
winners for providing, in chemistry, 
“the greatest benefit for mankind” — 
the official wording for the choice of 
winner — are Stanley Whittingham, 
John Goodenough and Akira Yoshino.

To understand how they reached 
the podium — and how they all re-
late to each other and to their laure-
ates — one must go back almost half 
a century. 

It all started in 1972. Diversification 
was the new name of the corporate 
game and it seemed a no-brainer for 
Exxon’s research and engineering de-
partment to look at alternative energy 
production and storage. The timing 

was impeccable — the following Oc-
tober the first oil crisis paralysed the 
world economy. So with the deepest 
pockets of perhaps the most profitable 
oil giant in the world, it began seeking 
the best scientists in the world.

Among this elite was a 31-year-old 
graduate, then an up-and-coming re-
searcher at Stanford University, by the 
name of Stanley Whittingham. 

Following his investigations of 
the properties of tantalum disulfide, 
Whittingham and his colleagues made 
a remarkable discovery: understand-
ing  the role of intercalation electrodes 
in battery reactions. 

Whittingham would later explain: 
“Intercalation in batteries is like put-
ting jam in a sandwich. In chemical 
terms, it means you have a crystal 
structure, and we can put lithium ions 
in, take them out, and the structure’s 

exactly the same afterwards. Because 
we retain the crystal structure, that’s 
what makes these batteries so good, 
allows them to cycle for so long.”

Understanding intercalation would 
eventually result in the first commer-
cial lithium rechargeable batteries, 
which were based on a titanium di-
sulfide cathode and a lithium-alumin-
ium anode. 

The implications for the oil industry 
— and the rest of the world — should 
have been tremendous. In 1976, 
Forbes magazine declared that “the 
electric car’s rebirth is as sure as the 
need to end our dependence on im-
ported oil”.

But it was not to be. The EV’s re-
birth would have to wait 

However, such enthusiasm had died 
out by the end of the decade. Profit-
ing from Whittingham’s pioneering 

Whittingham, Goodenough 
and Yoshino: the three titans 
of the lithium ion battery

The creation of the lithium ion battery cell was the work of a handful of 
scientists around the world. This year’s Nobel Prize for Chemistry was 
won jointly by Stanley Whittingham, John Goodenough and Akira Yoshi-
no — three diverse scientific giants. Michael Halls reviews their story 
and achievements
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breakthrough, Japan later turned lith-
ium ion batteries into a highly profit-
able industry. 

Stanley Whittingham’s career really 
took off after leaving Oxford with his 
DPhil in 1967. After a short spell do-
ing research for the Gas Council, he 
realised that to get an academic or 
industrial job, he had to go the US. 
Where better than the warmth of Cal-
ifornia? In February 1968 he became 
a post-doctoral fellow, investigating 
solid-state electrochemistry under 
professor Robert Huggins at Stanford 
University.

It was quite a switch. “In the UK, 
France and Germany, solid-state 
chemistry was a respectable subject,” 
he recalls. “Chemistry departments 
did solid-state chemistry. In the US 
you could count the number of solid-
state chemists on the fingers of one 
hand. So I went to a materials science 
department, not a chemistry depart-
ment.”

But the turning point of his career 
was fast approaching. In 1971, his 

published findings on fast-ion trans-
port won Whittingham the Young 
Author Award of the Electrochemical 
Society.

This was a springboard to greater 
things. “Soon after the award, I was 
approached by Ted Geballe, professor 
of applied physics, who had been asked 
to find people to go to Exxon, which 
was starting a corporate research lab in 
Linden, New Jersey,” he says.

Their mission? To prepare to survive 
when oil ran out — a major theme of 
corporate thinking in the 1970s.

Although he was tempted by a job 
in the material science department at 
Cornell University, Exxon made Whit-
tingham an offer he could not refuse. 
They included him in a six-strong in-
terdisciplinary group, led by physical 
chemist Fred Gamble, who had also 
been at Stanford, alongside an organic 
chemist and several physicists.  

“If you needed something for your 
research you asked for it, and it would 
be there in a week. Money was no is-
sue,” Whittingham says. “They invest-

ed in a research laboratory like they 
invested in drilling oil. You expect one 
out of five wells/ideas to pay off. 

The Exxon research team began 
to look at tantalum disulfides. They 
found that by intercalating differ-
ent atoms or molecules between the 
sheets of tantalum disulphide, they 
could change the superconductiv-
ity transition temperature. The potas-
sium compound showed the highest 
superconductivity. 

Whittingham realized this com-
pound was very stable, unlike potas-
sium metal, so the reaction must in-
volve a lot of energy. This suggested 
a possible use for this intercalation 
reaction was electrical energy storage. 

“We looked at lithium and sodium, 
not potassium, because it turned out 
that potassium is very dangerous. We 
also looked at the titanium disulfides, 
because they are lighter than tanta-
lum, and moreover were good elec-
tronic conductors,” he says. 

Meanwhile, a Japanese company 
had come out with a carbon fluoride 
battery that was used by night fisher-
men. 

“That was a primary battery,” he 
says. “This was the beginning of inter-
est in lithium batteries.”

The patents arrive
Towards the end of 1972 Whitting-
ham and his colleagues informed their 
Exxon bosses that they had a new bat-
tery, and patents were filed within a 
year. Within a couple of years Exxon 
Enterprises wheeled out prototype 
45Ah lithium cells and started work 
on hybrid vehicles.

The Exxon battery promised to 
make a huge impact. At the time, Bell 
Labs had built up a similar research 
group, again of chemists and physi-
cists from Stanford. “We were com-
peting head-on for a while, also in 
publications. If you read our publica-
tions on the battery, you’ll see a lot of 
basic science with no mention of bat-
teries. Exxon came up with the key 
patents early on,” he says. 

“These early batteries were quite 
remarkable, and some of the smaller 
ones, used for marketing, are still 
operating today, more than 35 years 
later. 

“We had an incredibly good patent 
attorney. They would write up your 
invention and then ask you: why can’t 
you do it this or that way? And they 
provoked us into building a battery 
fully charged or fully discharged.” 

The latter is the way almost all of 
today’s batteries are constructed.

Following his investigations of the 
properties of tantalum disulfide, Whit-
tingham and his colleagues made a 
remarkable discovery — understand-
ing  the role of intercalation electrodes 
in battery reactions

“If you needed something for your 

research you asked for it, and it 
would be there in a week. 

“Money was no issue. They in-
vested in a research laboratory like 
they invested in drilling oil. You expect 
one out of five wells/ideas to pay off,” 
says Whittingham.

STANLEY WHITTINGHAM

“Intercalation batteries are like putting jam in a 
sandwich. In chemical terms, it means you have 
a crystal structure, and we can put lithium ions 
in, take them out, and the structure’s exactly the 
same afterwards … Because we retain the crystal 
structure, that’s what makes these batteries so 
good, allows them to cycle for so long.”
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But there wasn’t a smooth transition 
to a commercially acceptable product.

In 1976, a rechargeable room-tem-
perature Li-TiS2 battery cell was dem-
onstrated; it had an acceptable rate 
of charge and discharge and offered 
an energy density higher than can be 
achieved with conventional batter-
ies that have an aqueous electrolyte 
transporting H+ ions. However, the 
Li anode was not replated smoothly 
on recharge but developed dendrites 
that grew across the flammable or-
ganic electrolyte on repeated recharge 
to give an internal short-circuit with 
disastrous consequences.

The next development was to push 
forward the theory to the next level. 

It was to happen on the other side of 
the Atlantic, this time by an American 
physicist working from Oxford Uni-
versity, in the UK.

Enter John Goodenough
It was 1976 and John Goodenough, 
then in his early 50s, had just accepted 
the position of professor and head of 
the Inorganic Chemistry Laboratory. 
He had no idea that the next six years 
would form the basis of an electron-
ic revolution that would sweep the 
world.

Goodenough’s background is fasci-
nating in that from early in his career 
he felt he had a special calling for a 
life in research. He was born in 1923 
and volunteered for the army imme-
diately after the Japanese attack on 
Pearl Harbour. He finished his under-
graduate degree at Yale University in 
mathematics before entering the US-
AAF. 

“As a young man in search of a call-
ing, I became fascinated by the phi-
losophy of science while struggling to 
come to terms with a spiritual awak-
ening,” he says. “One night, I decid-
ed that if I were to come back from 
the war and have the opportunity to 
go back to graduate school, I would 
study physics.

“In 1946, while I was still stationed 
on the tiny island of Terceira in the 
Azores awaiting my turn to go home, 
a telegram arrived telling me to report 
back to Washington in 48 hours. 

“There I was informed I had been 
chosen to study physics or math at the 
University of Chicago or Northwest-
ern University. So I went immediately 
to the University of Chicago to regis-
ter as a graduate student in physics. 

When I arrived, the registration of-
ficer, Professor Simpson, said to me, “I 
don’t understand you veterans. Don’t 
you know that anyone who has ever 

done anything interesting in physics 
had already done it by the time he 
was your age; and you want to begin 
now?” 

After obtaining his PhD at Chicago 
in 1952 he joined the group at MIT 
Lincoln Laboratory, charged with de-
veloping a ferromagnetic ceramic to 
enable the first random-access mem-
ory (RAM) for the digital computer.

Goodenough’s contribution was in 
the development of the ferrimagnetic, 
ceramic memory element, a contribu-
tion that put him in charge of a ce-
ramics laboratory and gave him a dec-
ade in which to explore the magnetic, 
transport and structural properties of 
transition-metal compounds. 

After moving to Oxford, Good-
enough recognized that the layered 
sulfides would not give the voltage 
needed to compete with batteries us-

ing a conventional aqueous electro-
lyte, but that an oxide would provide 
a significantly higher voltage. 

From previous work, he knew that 
layered oxides analogous to the lay-
ered sulfides would not be stable, but 
that discharged LiMO2 oxides could 
have the same structural architecture 
as discharged LiTiS2.

Goodenough assigned a visiting 
physicist from Japan, Koichi Mizush-
ima, the task of working with Goode-
nough’s postdoc, Philip Wiseman, and 
a student, Philip Jones, to explore how 
much Li could be extracted reversibly 
from layered LiMO2 cathodes, and 
with M=Co and Ni he found he could 
extract electrochemically over 50% 
of the Li at a voltage of around 4.0V 
versus a lithium anode, nearly double 
that for the sulfides, before the oxides 
began to evolve oxygen. 

On his arrival at the University 
of Chicago the professor told 
Goodenough: “I don’t understand 
you army veterans. Don’t you know 
that anyone who has ever done 
anything interesting in physics had 
already done it by the time he was 
your age; and you want to begin 
now?”

When Goodenough went to patent 
his cathodes, no battery company 
in England, Europe, or the US was 
interested in assembling a battery 
with a discharged cathode, so he 
gave the patent to the AERE Harwell 
Laboratory. It made a fortune for the 
patent holders that Goodenough 
never received.

JOHN GOODENOUGH

“As a young man in search of a calling for my life, 
I became fascinated by the philosophy of science 
while struggling to come to terms with a spiritual 
awakening. One night, I decided that if I were ever 
to come back from the war and if I were to have 
the opportunity to go back to graduate school, I 
would study physics.”
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Their groundbreaking findings with 
Li1-xCoO2 were published in the Ma-
terials Research Bulletin 15, 783-789, 
(1980). The report concluded with the 
statement, “Further characteristics of 
the intrinsic and extrinsic properties 
of this new system are being made.”

When Goodenough went to patent 
his cathodes, no battery company in 
England, Europe, or the US was in-
terested in assembling a battery with 
a discharged cathode, so he gave the 
patent to the AERE Harwell Labora-
tory. It made a fortune for the patent 
holders that Goodenough never re-
ceived. But as a committed Christian, 
Goodenough always believed his re-
ward was what the product could do. 

Nevertheless, with his postdoc Peter 
Bruce, now a professor in St Andrews, 
Scotland, and a new student, MGSK 
Thomas, Goodenough continued 
to work at the Inorganic Chemistry 
Laboratory, Oxford to demonstrate 
that the Li+-ion mobility in Li1-
xCoO2 was even higher than that in 
the sulfide cathode LiTiS2. This find-
ing meant that a Li1-xCoO2 cathode 
would provide the needed voltages 

and rates that would usher in what 
was termed later on as the ‘wire-less 
revolution’.

Completing the puzzle:  
Akira Yoshino
At the same time, a similar part of the 
lithium battery puzzle was being put 
together in Japan with a young re-
search scientist called Akira Yoshino, 
working for the chemical giant Asahi 
Kasei. 

With a master’s degree from Kyoto 
University in April 1972, he joined 
Asahi Kasei, with whom he was to 
happily spend his entire career. He 
represents the firm to this day. 

The onset of the oil crisis in 1973 
meant that the issue of energy — its 
use, value and importance as a re-
source — had become one of the most 
debated areas of that decade’s science 
and politics.  

Meanwhile the age of the Walkman 
was just around the corner and lead-
ing electronics firms were already rac-
ing to develop ever smaller and more 
powerful gadgets.

In 1981 Yoshino became the lead re-

searcher looking at how a relatively ob-
scure compound, polyacetylene, could 
be put to practical purposes. Polyacety-
lene is an interesting organic polymer 
in that it is capable of conducting elec-
tricity when doping (adding impurities 
into the raw material), making a com-
pound sometimes dubbed as a plastic 
metal. In the early 1970s they discov-
ered that the polymer was supercon-
ductive at low temperatures.

Yoshino was particularly fascinated 
by the possibility that the chemical 
could be used as the negative electrode 
for a new type of rechargeable battery, 
and he envisaged using lithium as the 
source of the ion exchange.

Yoshino was also aware of the 
work that Stanley Whittingham had 
achieved and that a commercial ver-
sion of sorts, with a titanium disulfide 
cathode and a lithium aluminium an-
ode, had been produced by Exxon.

But there were many things wrong 
with the battery. While charging, lith-
ium tends to form dendrites, which 
cause short-circuiting and fire risk. 

Moreover, the high chemical reac-
tivity of metallic lithium resulted in 
poor battery characteristics, includ-
ing inadequate cycle durability due to 
side reactions, and what appeared to 
be the insurmountable problem of the 
inherent risk of a thermal runaway re-
action.

The batteries weren’t cheap, either. 
But it was when Yoshino came 

across Goodenough’s work that he 
had his own ‘Eureka’ moment. 

In 1979 Goodenough had identified 
that lithium cobalt oxide could be the 
positive electrode material of choice. 
Shortly afterwards Rachid Yazami, a 
Moroccan researcher working at the 
French Centre for Scientific Research, 
showed that graphite could work as 
a negative electrode — although there 
were many failings of this in practice.

“The combination of lithium co-
balt oxide with polyacetylene instead 
of graphite on the negative electrode 
showed an exciting way forward,” 
says Yoshino. “We at last had the 
building blocks to make a working 
cell that had commercial possibilities.”

There were a host of difficulties 
ahead of Yoshino, including the 
choice of electrolyte, separator, cur-
rent collector and the development of 
a winding mechanism to create great-
er surface area.

By 1983 Yoshino had created the 
first test-tube cell. The lithium ion bat-
tery had come of age.

Although this first cell was function-
al, the low real density of polyacety-

Yoshino joined at a pivotal moment in 
the life of the specialist chemical and 
electrochemical markets. The onset 
of the oil crisis in 1973 meant that 
the issue of energy — its use, value 
and importance as a resource — had 
become one of the most debated 
areas of that decade’s science and 
politics.  Meanwhile too the age of the 

Walkman was just around the corner. 
Yoshino’s task was far from simple 

— there were basic electrochemical 
design problems that needed to 
be resolved before anyone could 
conceive of working out the process 
to put it on to a manufacturing line. 
Broadly speaking, everything had to 
be worked out from first principles.

AKIRA YOSHINO

“Basically we used the concept of winding used 
in making condensers and for that we needed a 
large machine that could do this and several visits 
to various manufacturers, It took us about two 
years to refine this part of the process to create a 
prototype.”
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lene posed limitations on its capacity 
and chemical stability. 

Yoshino searched for a new carbo-
naceous material to use as a negative 
electrode. The organic electrolyte used 
at the time was propylene carbonate, 
which was unsuitable for working 
with graphite — it decomposed dur-
ing charging when graphite was used, 
and the use of solid electrolyte resulted 
in electrical resistance which was too 
high to enable practical charging and 
discharging. 

So Yoshino studied the suitability of 
other carbonaceous materials at the 
negative electrode. He finally hit on 
one crystalline structure that provided 
greater capacity without causing de-
composition of the propylene carbon-
ate electrolyte. 

The secondary battery he successfully 
made — by hand — in the laboratory 
based on this new combination of com-
ponent materials enabled stable charg-
ing and discharging over many cycles 
for a long period.

Arrival of the patents
The result was two patents — 
JP198923 in May 1985 and its US 
counterpart US4668595A, the follow-
ing May.

The next task was how to commer-
cialize the intellectual property. 

“To take anything from the lab work 
bench to the production line takes 
something like 10 years, sometimes 
much longer,” says one battery veteran. 
“To introduce a new battery chemistry 
as a mainstream product with every-
thing from the safety and performance 
guarantees was incredible.”

Indeed Yoshino’s task was far from 
simple — there were basic electrochem-
ical design problems that needed to be 
resolved before anyone could conceive 
of working out the process to put it 
onto a manufacturing line.

Broadly speaking, everything had to 
be worked out from first principles.

“Finding the right current collector 
was a long process as we had to work 
our way through a whole variety of 
metal combinations and thicknesses,” 
Yoshino recalls. “I eventually found 
that aluminium was the best current 
collector for the positive electrode and 
copper foil for the negative. The thick-
ness of each was around 10µm.”

Yoshino’s use of aluminium was one 
of the most important aspects of this 
stage. Previously, only precious metals 
such as gold and platinum were consid-
ered able to withstand a high voltage of 
4V or more. However, Yoshino found 
that aluminum foil was suitable for use 

as positive electrode current collector 
material because a passivation layer — 
effectively a protective layer — forms 
on the aluminum surface.

And the process of actually making 
the electrodes required new technology 
to be developed.

The voltage barrier of an aqueous 
— ie water based — electrolyte of 
around 1.2V had to be overcome by 
using a non-aqueous electrolyte. But 
that raised problems due to its lower 
electro-conductivity and a lower cur-
rent density was needed to prevent heat 
being generated. To get around this 
Yoshino increased the surface area by 
devising flat-sheet thin-film electrodes 
wound into a coil shape. 

“Basically we used the concept of 
winding used in making condensers 
and for that we needed a large machine 
that could do this and several visits to 
various manufacturers, It took us about 
two years to refine this part of the pro-
cess,” says Yoshino, “to create a proto-
type”.

Separators too
The choice of separator was another 
issue that had to be resolved. Here, 
Yoshino had a stroke of luck. “At that 
time I was based in our R&D labora-
tory in Kawasaki and by a stroke of 
good fortune in the next building to 
ours they were working on new poly-
ethylene separator material.

“It was incredibly handy just to walk 
outside the offices to see how well they 
were doing. Safety, of course, was a 
prime concern — it was always on our 
mind,” he says. “What we developed in 
fact was a microporous polyethylene 
membrane for use as a separator.”

 This acted like a fuse when an elec-
tric plug blows. Excessive heat causes 
the material to melt and the porosity of 
the membrane closes effectively stop-
ping the current and acting as a brake 
to thermal runaway.

Yoshino also devised what would 
probably best be described as ‘periph-
eral technology’ which was instrumen-
tal to the development of a practical 
lithium ion battery. This included safety 
device mechanisms, protective circuit 
technology, and techniques for charg-

ing and discharging. One key example 
is a positive temperature coefficient de-
vice which is sensitive to both electric 
current and temperature. Incorporation 
of this in the battery resulted in greatly 
improved safety, particularly against 
overcharging.

Yoshino worked on a variety of de-
sign prototypes and in 1986, a US com-
pany was contracted to make a number 
of semi-commercial prototype cells. 
These were then subjected to abuse 
testing — mistreating the cells in the 
worst of expected conditions — to see 
how they would perform in real life 
and exceptional circumstances. 

The results proved positive. They had 
the required level of safety to be used 
by the general public and this cleared 
the way to the battery’s commercializa-
tion.

Mass manufacture
Asahi Kasei working with Toshiba re-
leased their first mass-manufactured 
lithium cells in 1992. The two firms 
were a few months behind Sony which 
had already been racing to develop 
lithium cells but it is the Yoshino pro-
totype and thinking has prevailed.

But most importantly, the way was 
finally open to mass adoption of a bat-
tery technology that would change the 
world completely. Portable electron-
ics would be transformed forever, the 
world of telecoms was to be revolu-
tionized and, with the rise and rise of 
hand-held cell phones, the internet — 
still hardly born in the early 1990s — 
would dominate the planet.

The jump from Whittingham’s early 
reflections and experiments on interca-
lation to Goodenough’s huge leap for-
ward in understanding the practical ele-
ments of theory to Yoshino’s genius in 
assembling a working battery had tak-
en less than a generation. Their impact 
on the world will last forever. 

This article was compiled from 
previous interviews conducted by 
Batteries International and sister 
magazine Energy Storage Journal 
between 2012 and 2019. Our thanks 
to all three Nobel Laureates for their 
time speaking to us.

“The combination of lithium cobalt oxide with polya-
cetylene instead of graphite on the negative electrode 
showed an exciting way forward,” says Yoshino. “We 
at last had the building blocks to make a working cell 
that had commercial possibilities.”
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“The abomination that causes 
desolation.” That was the way one 
reviewer described the second Battery 
Show when it was held in Novi, a 
seemingly remote and endless suburb 
of Detroit.

But what the location lacked in 
ambience — and frankly there was 
little of it — it more than made up 
for in terms of substance at the show. 
Everyone who was anyone wanted to 
be there to exhibit, to network, or to 
see what new products were on offer.

In those distant days, when A123 
Systems would literally send dozens 
of engineers to see what was then the 

cutting edge of batteries, the future 
looked very bright. 

And the Battery Show rode the boom 
as we all braced ourselves for a new age 
of gleaming, shiny lithium batteries.

But when the EV industry faltered 
and firms such as A123 — at one point 
valued at $500 million but having 
never made a profit — collapsed, the 
Battery Show continued to prosper.

The reason was simple. The EV 
industry, despite its setbacks, was not 
going to go away in a hurry. Yes, some 
aspects of the business were over-
hyped or unsustainable, but the wave 
of invention and new products was 

poised to tap ever new energy markets 
and sectors.

So the Battery Show, more than any 
other rival exhibition or conference, 
provided a huge round-up of the best 
of cutting edge advances in (mostly) 
lithium batteries. 

In part the location worked 
completely in its favour.  It is not for 
nothing that Detroit is nicknamed 
Motor City. Given the influx of foreign 
auto-visitors, the signs in Detroit 
Metropolitan Airport are in Japanese 
as well as in English. Announcements 
are also made in Mandarin.

The first location of the Battery Show 
in California was flawed. Although 
the new generation of lithium battery 
providers was often based in the 
shadow of Silicon Valley, it was the 
auto-makers of Michigan that needed 
to attend the show.

The desolation of the venue has 
changed and continues to change. 
When once delegates at the event 
would queue endlessly in line for a 
hotdog, within a couple of years a 
separate dining area was created.

The addition of the Hyatt hotel to 
the exhibition hall added a huge fillip 
to the international attendees that 
wanted to exhibit and needed to be 
close to the venue.

The latest additions to the venue are 
the Diamond Banquet and Conference 
Center, which despite describing itself 
as ‘elegantly appointed’, has taken 
the venue into the world of opulence 
and memorable catering. Or more 
specifically, memorable catering for the 
best of reasons.

This year the show proved to be yet 
another record breaker. The organizers 
said they welcomed more than 700 
suppliers displaying products and 

The Battery Show and Electric & Hybrid Vehicle Technology Expo   

Novi, Detroit, US • September 10-12, 2019

The creation of a 
conference legend

The first location of the Battery Show in California 
was flawed. Although the new generation of lithium 
battery providers was often based in the shadow of 
Silicon Valley, it was the auto-makers of Michigan 
that needed to attend the show.

Is there any end to the rise and rise of the annual Battery Show and 
Expo? With attendances and exhibitors up by some 20%, it has again 
proved to be an outstanding landmark in the US events calendar.
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services from every continent; 150 
expert speakers; and 9,000 attendees 
made up of buyers and conference 
delegates from more than 50 countries. 

Reflecting the steady rise of hybrid 
and electric vehicles’ mainstream 
adoption, the show has continued to 
see year-on-year growth with 2019 up 
20% from the year before. 

The mood of the show was summed 
up by Ed Begley Jr, the famous actor 
and vocal environmentalist: “What I 
see out there on the showroom floor 
is so good for us, good for climate 
change, good for our pocketbook.” 

The showroom floor displayed a 
variety of technologies, including 
computer simulation software, battery 
test systems, connectors and cabling, 
battery packaging and venting systems, 
motors and controllers, chargers, 
battery cells and packs, and more.

Additional keynote presentations 
were given by automakers Bob 
Taenaka, senior technical leader, 
Electrified Vehicle Battery Cells/
Systems, Ford Motor Company, and 
Mark Verbrugge, director, Chemical 
and Materials Systems Laboratory, 
General Motors — each of whom 
touched on how carmakers will deliver 
on customers’ electric vehicle demands.

The Leaders’ Roundtables, 
which followed the daily keynote 
presentations, proved to be of interest 
to conference delegates, who learned 
about leadership views on the need 
for electric vehicle infrastructure and 
solid-state battery feasibility, and when 
automakers can expect to see a profit 
on electric vehicle sales. 

Other session topics included how 
to qualify a lithium-ion cell, next-
generation batteries, battery safety and 
the off-road electric vehicle market.

The conference organizers said: 
“By all measures, the show met and 
exceeded expectations in terms of 
number and breadth of exhibitor 
participation and growth of 
professional attendance, reinforcing 
itself as North America’s largest and 
most comprehensive advanced battery 
manufacturing trade show.

“Add to that the remarkable 
technologies displayed across the 
showroom floor and 70+ hours of 
unparalleled industry education 
presented in the Open Tech Forum, 
it was hard to leave without some 
amount of elevated optimism towards 
the future.”

Following its continued interest 
and growth, the show is poised for 
additional expansion in the year 
ahead.  

The Battery Show and Electric & Hybrid Vehicle Technology Expo 2020 will 
next be held on September 15-17, 2020. again in Novi’s Suburban  
Collection Showplace.
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Europe may be carbon neutral by 
2050 but questions over the related 
issue — energy storage — shouldn’t 
be phrased over whether storage will 
grow, so much as how fast. And how 
will flow batteries fit into this picture?

This was the theme of one of the 
opening keynote addresses by Patrick 
Clerens, secretary general of the 
European Association for the Storage 
of Energy, at this year’s International 
Flow Battery Forum.

There should be clean energy for all 
Europeans. In all scenarios for energy 
envisaged by the EU, batteries play a 
major role. “So,” said Clerens, “the 
question is not ‘Will storage grow?’ 
but ‘How fast will it grow?’ We need 
to scale up batteries to meet those 
needs.”

As Clerens points out, there is no 
harmonized regulatory framework 
for storage. The business case for 
storage is complex and, together with 
a lack of long-term revenue certainty, 
the knock-on effect tends to inhibit 
investment in storage projects. That 
said there is a great opportunity 
for big storage, and that means 
technologies such as flow batteries 
have an important part to play. 

The following panel session included 
numerous uplifting statements on the 
opportunities for flow batteries and, 

for a brief moment, all seemed well. 
Andy Klassen, CTO of Avalon 

Battery, opened by revealing that 
his firm had delivered 130 identical 
systems and, working with Next 
Tracker, they saw great opportunities 
to deliver winning projects for solar 
and storage. Solar and storage is a 
popular business theme — reinforced 
by Shin Han, founder and CEO of H2 
Inc from Korea. 

There is also no shortage of 
willingness to invest in flow battery 
manufacturing — Redflow of 
Australia has just commissioned its 
manufacturing plant in Thailand and 
is optimistic about opening up new 
markets in the telecoms sector.

Many people think immediately of 
vanadium when flow batteries are 
discussed, and obviously vanadium 
is a big sector in the flow battery 
industry. In all over the three days of 

the meeting, some 23 papers looked 
at various aspects of VRFB. In a 
possible trend for the future in China, 
VRB Energy Inc, based in Beijing, 
discussed 100 MWh-scale vanadium 
flow battery projects in China and 
forthcoming utility-scale deployment.

Schmid Energy Systems of 
Germany has been quietly working 
on developing its manufacturing 
capability for vanadium flow batteries 
and has recently agreed to build a 
vanadium flow battery giga factory in 
Saudi Arabia. 

With demand for integrating 
renewable electricity in the Middle 
East, it’s a logical location for a 
new-build factory. It’s a good boost 
for those in the vanadium sector  — 
and there is no shortage of mining 
companies who would love to increase 
their sales of vanadium. 

But will the purchasers buy flow 

International Flow Battery Forum • Lyon, France • July 9-11, 2019 

Challenges ahead as flow 
battery commercialization 
struggles to push onward

The company is moving its marketing focus away 
from only long duration applications, with sales 
targets towards high cycling applications, where 
the lack of degradation was showing a competitive 
advantage. 
Thorsten Seipp, a co-founder of Volterion

Patrick Clerens, secretary general of the European 
Association for the Storage of Energy

Michael Aziz, a professor at Harvard University
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batteries when the predominant 
flavour is lithium ion?

Several themes need to be discussed, 
and there are no simple answers. The 
first point is to identify the purchasers 
of battery electricity storage. 

Here the international dimension 
of the IFBF came through, with 
comments, quite sharp at times, 
showing the differences in opinion 
between those used to a traditional 
electrical utility structure and those 
from areas that had more fully 
embraced deregulation. 

Some of the suppliers of materials 
and components have a different 
perspective from the battery 
manufacturers on the end purchasers 
of batteries.

 Several comments suggested that 
the utilities need to be told to buy flow 
batteries, which contrasted strongly 
with the experience of those in other 
countries, where investment was made 
from private funds and rates of return 
were the main priority. Clearly, there 
is not a global homogenous market 
for any form of energy storage. 

Presentations explaining the 
business case for battery storage in 
Mexico, Russia, Korea and Japan 
showed how the market for flow 
batteries changes across the world. 

In many instances, the growth of 
storage has been high when there has 
been a supportive government policy 
towards the sector. Indeed, the two 
niche market assessments covering 
specific opportunities in Mexico and 
Russia, presented by Joep Pijpers for 
the National Institute for Electricity 
and Clean Energy in Cuernavaca, 
Mexico, and Andrei Usenko, 
representing Inenergy and the Institute 
of Problems of Chemical Physics RAS, 
Chernogolovka, Russia, illustrated 
the overlaps between government 
policy on renewable energy, the need 
for cheap energy and the importance 
of financial analysis. 

In South Korea, government policy 
is pushing energy storage as an 
integral part of the national energy 
plan. 

Thorsten Seipp, a co-founder of 
Volterion, explained that the company 
is moving its marketing focus away 
from only long duration applications, 
with sales targets towards high 
cycling applications, where the 
lack of degradation was showing a 
competitive advantage. 

Sumitomo, which developed a flow 
battery in the first phase of vanadium 
flow battery development almost 30 

Behind all the scientific work, it 
is obvious that there is a clear 
direction of travel to reduce the 
costs of energy storage. The target 
is not just to match the headline 
figures of competing systems, but 
to push the cost boundary to the 
limit and to deliver low cost storage. 

In previous years’ conferences 
participants have concentrated on 
achieving a low cost product. But 
this year, with the continual fall in 
lithium ion pricing and a variable 
commodity cost for vanadium 
electrolyte, discussions are moving 
away from just selling at low cost 
to the development of clear and 
persuasive arguments about 
safety, reliability and consistent 
performance. 

It’s becoming clear that the 
technical benefits of flow batteries 
can provide a low-cost solution to 
the energy storage problem. 

But it is less clear how that is 
turned into a commercial reality, 
with few solid business cases that 
demonstrate attractive rates of 
return to make investment in stor-
age systems with the capability of 
delivering power over timespans of 
two to 10 or even 20 hours viable. 

The challenges are clear. As a 
worldwide society we need huge 
amounts of intraday energy storage 
and significant seasonal balancing. 
The industry needs to talk about 
ownership, harmonization, 
implementation and long-term 
revenue streams. 

Fortunately for the flow battery 
industry, there are potential 
purchasers waiting for the right 
moment, when the need for 
low cost, long duration storage 
becomes a priority. The challenge is 
for the flow battery manufacturers 
and developers to be able to stay in 
business until that moment arrives. 

We have been there before. Just 
trying to get batteries accepted 
as part of the power industry took 
more than 20 years, so most are 
just being patient. 

But until buyers and sellers 
of storage — and that means 
investors, governments, power 
companies, private and public 
industry  — understand the full 
impacts of the energy trilemma 
and the real need for efficient and 
low cost storage we need to be 
prepared to remain optimistic for a 
year or two longer.

With the continual fall in lithium ion pricing and a 
variable commodity cost for vanadium electrolyte, 
discussions are moving away from just selling 
at low cost, to the development of clear and 
persuasive arguments about safety, reliability and 
consistent performance.

ACHIEVING A COMMERCIAL REALITY
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years ago, has demonstrated large-
scale projects in California and Japan. 
RedT is continuing to make sales of 
their flow machines worldwide. 

Further themes
The second theme of the conference 
was a debate over the merits and 
advantages of flow systems and 
lithium ion; what could be learned 
from safety issues (particularly fire) 
and what did the rest of the world 
need to know about the lifetime of 
flow batteries?

With greater experience of lithium 
ion operation, owners and operators 
are reporting on the true costs of 
battery ownership — including 
heating and cooling and accounting 
for degradation. 

There is a strong marketing message 
from the flow battery manufacturers. 
One delegate said it should be: “Buy 
my battery and work it hard. Give it 
as many hard cycles as you like, it can 
take it.  And that’s important, if the 
battery has a long life, its whole life 
cost comes down. The electrolytes can 
be recovered and re-used, retaining 
their value.”

And that opens another area: how 
much do the electrolytes cost in the 
first place? Several groups are working 
on ways to cut the initial capital 
cost. Vanadium is not particularly 
expensive, but it has a volatile price, 
depending highly on the main market 
for its use in steel making. 

Recent price spikes inhibited sales 
of vanadium flow batteries, but prices 
seem to have settled once more. 

Mikhail Nikomorov, co-founder of 
Bushveld, believed that over time the 
manufacturing cost of batteries will 
reduce, but not the cost of the raw 
materials. 

New business models, including 
leasing electrolytes and forming 
special purpose companies to own 
the electrolytes, should provide the 
impetus that is required to boost 
sales. This should increase the number 
of financial players in the market 
place, increasing volume, increasing 
the range and number of derivative 
products and increasing liquidity in 
the market place while at the same 
time allocating the risk to those who 
are capable of managing it. 

Other flow battery types
The IFBF programme also included 
presentations and discussions on other 
battery types; novel chemistries as 
well as the traditional types based on 

Conferences should be an 
opportunity for delegates to meet 
and discuss all aspects of the 
conference topic, often in a variety 
of formats. Now in its 10th year, the 
IFBF has achieved this with social 
events, industry visits and poster 
sessions. This year there were more 
than 30 posters covering research 
ideas, results and studies of flow 
battery science and engineering.

Some quite new ideas were 
presented: Simon Long Yin Tam, 
an associate professor at the 
Chinese University of Hong Kong, 

and his colleagues proposed a 
semi-mechanical system using a 
cassette of zinc tape instead of 
a fixed electrode to increase the 
energy density of a flow system. 

Lukas Siefert, chair of energy 
technology at the University 
Duisburg-Essen, explained his work 
to improve the performance of the 
zinc-iodide system. Ashkan Kavel, 
a post-grad researcher at Imperial 
College, presented his work on 
the manganese hydrogen flow 
battery and the benefits of low-cost 
electrolyte materials.

POSTER EXHIBITION

The Kemiwatt team

The sgl team on the exhibition stand
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zinc bromine and hydrogen bromide. 
Several years ago, the first organic 

flow batteries were discussed, and 
this year they arrived. In the pre-
conference visit to IFP Energies 
Nouvelles (IFPEN), delegates had the 
opportunity to see an organic flow 
battery developed by Kemiwatt, a new 
French flow battery manufacturer. 

The Kemiwatt team had delivered 
the battery to site from their works in 
Rennes just the week before the visit. 
The conference included a specific 
session on organic flow batteries, 
which was opened with a keynote 
presentation from Michael Aziz, a 
professor at Harvard University. 

Aziz combined economic modelling 
of the lifetime costs of battery 
operation with his scientific and 
engineering approach to organic 
electrolyte chemistries. Although 
some organic electrolytes are subject 
to degradation in operation, getting 
the cost right in the first place gives a 
great financial advantage in reducing 
the overall lifetime cost of storage. 

Electrolyte lifetime can be increased 
by adding side arms to the benzene 
rings, and this has a strong positive 
effect on improving the replacement 
cost ratio for the electrolyte. 

 In the same session, the conference 
heard from Fathima Fasmin, post-
doctoral researcher of the Qatar 
Environment and Energy Research 
Institute, and the progress in their 
project to demonstrate the use of 
slurry electrodes for quinone-based 
aqueous flow battery systems.

Other work in quinone systems 
is proceeding at the University of 
Chemistry and Technology in Prague, 
as well as at EPFL, Switzerland and at 
IFPEN in France. 

Later, Olaf Conrad, managing 
director of Jena Batteries, explained 
the role of organic flow batteries 
in the EnergyKeeper project. Jena 
Batteries has deployed a 30kW, 
100kWh battery in the test centre 
in the Netherlands, as part of a 
demonstration to test the operation 
and economics of a microgrid. 

This type of demonstration takes 
flow battery operation through the 
steps of scientific display, engineering 
construction and into deployment 
and real-world operation. 

The panel session was lively, with 
more questions than answers. The 
opening question was direct: what 
needed to be done to move from 
vanadium-based systems to organic 
systems? The feeling from the panel 

members was that the transition was 
not a big deal. 

Conrad believed the hard work had 
already been done. The end product 
of an organic system looks very much 
like a vanadium system, but some of 
the intervening steps are not quite as 
easy.

The choice of membrane is critical. 
Michael Aziz felt that it was a question 
of optimizing components for the 
choice of electrolytes. If organic 
systems tend to operate in weak 
alkaline solutions, components from 
vanadium systems, which operate in 
acidic environments, might not be the 
most suitable. 

Nevertheless, in terms of 
commercialization, Jena Batteries 
believed that organic systems are 
nearly there; commercial products 
should be available in 2021. 

David Pasquier, energy storage 
manager at IFPEN, said the stability 
of the organic electrolytes is a 
remaining issue but the market for 
energy storage is huge and if chemists 
are able to address the synthesis of 
the electrolytes at scale, then large 
scale organic flow batteries could be 
achieved. 

Some issues remain, such as the 
need to address compliance with 
the REACH legislation. REACH 
— Registration, Evaluation, 
Authorization and Restriction of 

Chemicals  — is a European Union 
regulation dating from 2006 that 
addresses the production and use 
of chemical substances and their 
potential impacts on both human 
health and the environment. 

Jena Batteries already has a process 
of complying with the legislation 
underway, but the regulations are 
onerous, and have a disproportional 
impact on smaller manufacturers with 
smaller quantities of materials. 

Some of the speakers addressed the 
process of commercializing organic 
flow batteries, covering the role of 
venture investors and the importance 
of universities passing on the 
commercialization process to others 
in the industry. 

Aziz referred to his preference for 
non-exclusive licensing as a means 
to moving quickly. He would like 
the industry to create the demand 
and put manufacturing systems into 
production, commenting that this 
is a faster development route than 
spinning out new companies. He 
pointed out that organic batteries 
need to be inexpensive if they are to 
be commercial, and they have this 
potential.  

The next meeting for the 
International Flow Battery Forum 
will be held in Düsseldorf, Germany 
from June 30-July 2, 2020

Presentations explaining the business case for 
battery storage in Mexico, Russia, Korea and Japan 
showed how the market for flow batteries has 
changed across the world.

In terms of commercialization, Jena Batteries 
believes that organic systems are nearly there; 
commercial products should be available in 2021. 
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European Utility Week
November 12 – 14
Paris, France

European Utility Week provides a plat-
form to showcase solutions coherent 
with European strategy to achieve a 
smooth transition towards a low car-
bon energy supply. It also offers expert 
knowledge and foresight from hun-
dreds of industry leaders who address 
trends in helping to advance the provi-
sion of energy.

Contact
Clarion Energy
Tel: +31 346 590 901 
www.european-utility-week.com

Power-Gen International 
November 19 – 21
New Orleans, LA. USA

The exhibition and summit serves as a 
business and networking hub for elec-
tricity generators, utilities and solution 
providers engaged in any or all of the 
multiple cross-sections of power gen-
eration.

Contact
Clarion Energy
Tel: +1 708 486 0734
www.power-gen.com/index.html

Energy Storage Academy — 
Singapore Masterclass
November 26-27
Singapore

The Energy Storage Academy is a 
training division designed to enable at-
tendees to delve deeper into solutions 
in smaller groups helped by an experi-
enced professional from the field.

This masterclass will enable the au-
dience to examine and implement stor-
age from an economic and technical 
perspective. It has been designed to 
evaluate different energy storage tech-
nologies, identifying profitable niches 
for storage, and learn how to set up a 
business case for storage based on past 
experiences.

Contact
Dufresne Research
Tel: +44 203 289 0312
www.energystorageforum.com/singapore-
masterclass

ees India
November 27–29
Bangalore, India

The market potential for electrical energy 
storage in India is expected to be tremen-
dous in the future — driven by incoming 
policies for the e-mobility industry.

With the great success and support of 
ees Europe, Europe’s largest exhibition 
for batteries and energy storage, ees In-
dia becomes the most powerful energy 
storage exhibition in India.

The exhibition is the industry hotspot 
for suppliers, manufacturers, distribu-
tors and users of stationary electrical 
energy storage solutions. Covering the 
entire value chain of innovative battery 
and energy storage technologies – from 
components and production to specific 
user applications.

Contact
Solar Promotion International
Ludmilla Feth
Tel: +49 7231 58598 215
Email: feth@solarparomotion.com
www.intersolar.in/en/for-visitors/about-inter-
solar-india/focus-energy-storage.html

Bangalore, India.  

Home to ees India in NovemberSingapore

The 4th Australia Solar + Energy 
Storage 2019 is one of the largest 
business platforms to anticipate 
and manage the changes of 
Australia’s immense solar & 
energy storage markets, aiming 
to lay the groundwork for the 
development and partnership 
across all industrial peers.

As the leading renewable 
energy event and premier business 
platforms in Australia, the event 
anticipates and manages the 
updates of Australia’s immense 
renewable energy markets, 
aiming to expedite the further 
development, investment and 
partnership in the sectors of solar, 
storage and renewables. 

Contact
Candice Fang
Tel: +86 21 6143 2082
Email: candice@leader-associates.com
www.leader-associates.com/auses

4th Australia  
Solar + Energy Storage

November 28-29
Adelaide, Australia
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The Energy Management 
Exhibition – EMEX
November 27–28 
London, UK

EMEX is the UK’s must-attend energy 
event for everyone wanting to increase 
their organisation’s energy efficiency and 
reduce carbon emissions. EMEX con-
nects commercial energy consumers with 
leading experts, policy makers and sup-
pliers. The event is a platform for practi-
tioners and experts from various sectors 
to gather and share their knowledge and 
experiences from successful implementa-
tions of energy efficiency strategies.

Contact
EMEX
Tel: 020 8505 7073
Email: rr@emexlondon.com
www.emexlondon.com

4th Edition Smart Solar  
PV Forum – Data Analytics 
and IoT
December 4 – 5
Berlin, Germany

The forum covers all aspects of big 
data and its impact on the solar sec-
tor, as well as identifying issues and 
challenges and providing potential 
solutions. It’s a great opportunity for 
industry professionals to come to-
gether to exchange ideas, explore new 
thinking and help shape the develop-
ment of the industry.

Contact
BIS Group
Tel: +420 270 005 478
Email: info@bisgrp.com
www.bisgrp.com/event/smart-solar-pv-
forum-data-analytics-and-iot-4th-edition

CTI Symposia Germany
December 9-12
Berlin, Germany

The International CTI Symposium and 
its flanking specialist exhibition is the 
international industry event in Europe 
for people seeking latest information 
on developments in automotive trans-
missions and drives for passenger cars 
and commercial vehicles!

Contact
CTI, Car Training Institute-A division of Euro-
forum Deutschland 
Tel: +49 211 88743-43333
Email: info@car-training-institute.com
www.drivetrain-symposium.world/de/

Berlin, Germany hosts both the 4th Edition Smart Solar PV Forum – Data Analytics 

and IoT and the CTI Symposia Germany in December

As the UK’s energy generation and 
distribution market accelerates, 
attention is steered towards 
balancing generation, supply, and 
demand and creating necessary 
storage facilities. The integration 
of cross-sector and collaborative 
projects becomes crucial for a 
sustainable energy future but what 
are the next steps?

Battery and Energy Storage 
2019 returns for its 3rd year to 
unite all aspects of the ecosystem 
to showcase applications of 
the latest in battery and energy 
storage innovation across the 
transportation, energy, aerospace, 
transportation and industrial 
sectors.

Contact
Email: info@iob-media.com
www.bess.internetofbusiness.com

Battery & Energy  
Storage UK 2019

December 4-5
Warwick, UK
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Advanced Automotive 
Battery Conference  
Europe (AABC)
January 12 -16, 2020
Wiesbaden, Germany

Make plans to participate at the Euro-
pean AABC event where chief battery 
technologists from major European au-
tomakers will present their development 
trends and projected battery needs, and 
their key suppliers will share their latest 
offerings and roadmaps for the future.

Each year, AABC Europe brings to-
gether a global audience of battery tech-
nologists and their key suppliers for a 
must-attend week of development trends, 
breakthrough technologies and predic-
tions of the market for years to come. 

As more European nations and inter-
national automotive OEMs make their 
own commitment to vehicle electrifica-
tion, we are excited to carry that momen-
tum forward for 2020 and beyond.

Contact
Cambridge Enertech
Dave Mello
Tel: +1 781 972 5400
Email: ce@cambridgeenertech.com
www.advancedautobat.com/europe

World Future Energy Summit
January 13-16, 2020
Abu Dhabi, UAE

The annual World Future Energy Sum-
mit in Abu Dhabi is the leading global 
industry event and exhibition for fu-
ture energy, clean-tech and sustain-
ability. Bringing together government 
and business leaders, 800 specialist 
exhibitors and 33,500 visitors from 
170 countries, it showcases pioneer-
ing technologies and ground breaking 
thinking in energy, energy efficiency, 
water, solar, waste and smart cities.

Contact
Reed Exhibitions
www.worldfutureenergysummit.com

Solar, Storage & Smart 
Energy Expo: Northern 
California
January 16 - 17
San Francisco, CA. USA

Join us this January and we’ll guide 
you through the policy and market 
changes and set your company up to 
grow your business. Hear from utility, 
private sector and non-profit leaders 
from throughout the region, alongside 
multiple networking opportunities de-
signed to connect you with other solar 
& storage professionals. 

Start your business off on the right 
foot by attending or exhibiting at Solar, 
Storage & Smart Energy Expo: North-
ern California.

Contact
SEIA & SEPA
Tel: +1 703 738 9460
www.events.solar/exponorth/

European PV & Energy 
Storage Market Briefing 
2020
February 1
Düsseldorf, Germany

EuPD Research is delighted to an-
nounce the 2020 edition of its flagship 
event European Solar & Storage Mar-
ket Briefing. 

Recognized as one of the most con-
tent-driven events in Europe, the EuPD 
Research family will once again reveal 
its brand new market data covering 
both solar and energy storage trends 
impacting the industries in the upcom-
ing year.

Contact
EuPD Research
www.jointforces4solar.com/events/
event/12th-european-solar-storage-market-
briefing/

Intersolar North America
February 4 – 6
San Diego, CA. USA

As the first major solar + storage event 
of the year in North America, Interso-
lar North America highlights the latest 
energy technologies, services, compa-
nies and organizations striving to have 
a positive impact on climate change 
and support our planet’s transition into 
a more sustainable energy future.

Contact
Diversified Communications
Tel: +1(207) 842-5500
www.intersolar.us

Abu Dhabi, UAE

Düsseldorf, Germany

San Francisco

Battery India will bring together 
from all of the world leading 
battery manufacturers interested 
in technology and business 
cooperation, battery equipment 
and component manufacturers, 
experts in waste management 
and in environmentally sound 
technologies for the recycling of 
batteries.

Battery India 2020 will ensure 
a direct opportunity towards 
international co-operation and 
business promotion by ensuring 
quality lectures by eminent 
specialists and researchers, buyer 
and seller meetings. 

Contact
Battery and Recycling Foundation 
International
Ajoy Raychaudhuri
Tel: +91 11 2955 2649
Email: info@bfi.org.in
www.bfi.org.in/conference.htm

Battery India

January 10-12, 2020
Karnataka, India
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Solar Finance and 
Investment Europe
February 5 - 6
London, UK

The business of solar is changing. As 
the industry scales up, technology, IT 
and new players to the market will 
add complexity. This sparks a host of 
opportunities such as co-location of 
solar and storage and the rise of un-
subsidized solar projects as well as the 
challenges that will question the very 
business model of European solar asset 
owners.

Solar Finance & Investment 2020 is 
the meeting place for institutional in-
vestors, sovereign wealth funds, solar, 
wind and storage funds and large en-
ergy buyers. 

Contact: 
Solar Media
Tel: +44 (0) 207 871 0122
www.financeeurope.solarenergyevents.com

Lithium Mine to Market, 
Australia 2020
February 12 – 13
Perth, Australia

Roskill’s inaugural Lithium Mine to 
Market, Australia 2020 Conference of-
fers the opportunity to discover what is 
really happening in the lithium supply 
chain. 

The conference will bring together a 
high-profile list of expert speakers to 
offer insights and supply and market 
outlooks for the current situation in 
Australia and further afield. 

It will also give you the chance to 
meet and network with key decision 
makers across the entire lithium supply 
chain.

Contact
Roskill
Tel: +44 20 8417 0087
www.roskill.com/event/lithium-mine-to-
market-australia-2020/

6th Annual Energy Storage 
Policy Forum
February 13
Washington DC, Washington, USA

Featuring nationally recognized policy-
makers and energy thought-leaders, the 
ESA Annual Policy Forum convenes a 
select audience of stakeholders from 
across the energy ecosystem, includ-
ing state and federal regulators, poli-
cymakers, storage industry members, 
utility decision makers and power sec-
tor stakeholders.

Contact
Energy Storage Association
Tel: +1 202 293-0537
www.pf.energystorage-events.org

International Zinc and Zinc 
Oxide Conferences
February 16 – 19
Scottsdale, AZ. USA

The 2020 International Zinc Confer-
ence is one of the premier zinc events 
of the year, highlighting key industry 
trends and challenges and providing a 
unique opportunity to learn about new 
research and market trends. Both con-
ferences offer excellent opportunities 
for building business relationships and 
networking with colleagues. The con-
ferences can be booked individually or 
as a package.

Contact
International Zinc Association
Tel: +1 919 361 4647
Website: www.zinc.org/2020-international-
zinc-zinc-oxide-conferences/

Smart Energy Summit
February 17 – 19
Austin, Texas, USA

The 11th annual Smart Energy Summit 
addresses the challenge and opportu-
nity for utilities as the consumer adop-
tion of connected products and partici-

pation in renewable power generation 
increase. The event addresses the new 
approaches and solutions that are us-
ing connectivity and data to transform 
how energy is delivered.

Contact
Park Associates
Tel: +1 972 490 1113 
www.parksassociates.com/events/smart-
energy-summit

Solar Power Northeast
February 19 – 20
Boston, MA. USA

Solar Power Northeast is the largest 
forum in the Northeast for the solar 
and energy storage industries to come 
together and learn about the trends and 
legislation impacting grid resilience 
and reliability in the region. 

This event will feature multiple 
tracks of education that include busi-
ness and market insights, technology, 
policy, energy storage, innovation and 
more – plus extensive networking op-
portunities.

Contact
SEIA & SEPA
www.events.solar/northeast/

Solar Finance and Investment Europe:  London

Boston
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Electric Vehicles Battery 
Tech 2020
February 24 – 25
Los Angeles, CA. USA

Battery Tech 2020: where electric ve-
hicle battery technology innovators 
will meet with leading automotive 
manufacturers to explore new battery 
technologies and battery management 
systems for use in next generation 
electric vehicles and hybrid electric 
vehicles.

Contact
IQ Hub
Tel: +1 206 582 0128 
www.usa.battery-technology-conference.
com

Energy Storage Summit
February 25 – 26
London, UK

The largest UK downstream focused 
event addressing energy storage returns 
to London in February 2020. It in-
cludes four streams filled with develop-
ers, financiers, utilities, networks and 
aggregators discussing standalone stor-
age, along with co-located and C&I ap-
plications.

Contact
Solar Media
Tel: +44 207 871 0122
www.storagesummit.solarenergyevents.com

Intersolar Middle East 
Conference
March 3 – 5
Dubai, UAE

The Intersolar Middle East conference 
focuses on photovoltaics, PV produc-
tion technologies and solar thermal 
technologies. Since its foundation, In-
tersolar has become the most impor-
tant industry platform for manufac-
turers, suppliers, distributors, service 
providers and partners of the global 
solar industry.

Intersolar at Middle East Electricity 
is the largest gathering of solar indus-
try professionals in the Middle East 
& Africa, offering the most effective 
trade-focused forum for international 
manufacturers and distributors looking 
to meet regional buyers.

Contact
Intersolar
www.intersolar.ae/en/home.html

Energy Storage USA
March 3 – 4
Fort Lauderdale, FL. USA

Following the successful launch of En-
ergy Storage Summit USA, Solar Media 
is pleased to announce its return for 
a 2nd year. Renowned for its qual-
ity, breadth and expertise, this event 
features an all-encompassing range of 
strategic and technical sessions on the 

adoption and deployment of storage.
Key market drivers such as the falling 

price of lithium-ion batteries, invest-
ment in electric vehicle infrastructure, 
FERC Order 841, government incen-
tives, grid modernization, transition 
from dependency on networks to a de-
sire for autonomy and intermittent re-
newable sources all add to an exciting 
time for the energy storage value chain.

Contact
Solar Media
Tel: +44 207 871 0122
www.storageusa.solarenergyevents.com

India Smart Utility Week
March 3 – 7
New Delhi, India

ISUW 2020 will bring together India’s 
leading electricity, gas and water utili-
ties, policy makers, regulators, inves-
tors and the world’s top-notch smart 
energy experts and researchers to dis-
cuss trends, share best practices and 
showcase next generation technolo-
gies and products in smart energy and 
smart cities domains.

Contact
India Smart Grid Forum
Tel: +11 4105 7658
www.isgw.in

Interbat 
March 4 – 6
Moscow, Russia

For the 29th consecutive year, Russia’s 
battery storage association — better 
known as INTERBAT — has brought 
together Russian and international bat-
tery manufacturers and suppliers to 
meet in this the most prestigious spe-
cialized exhibition and trade fair.

Contact
International Association “INTERBAT” & 
National Association of Power Sources Manu-
facturers “RUSBAT”
Tel: +7 499 248 4653
Email: interbat@interbat.ru
www.interbat.ru/index-e.htm

Japan’s largest international 
exhibition showcasing various 
cutting-edge technologies and 
products related to smart grid and 
smart communities.

The best place to:

•	 Find	products	and	technologies	
to solve research and production 
issues

•	 Effectively	compare	test	
technologies from around the 
world

•	 Seek	detailed	and	rapid	
solutions to problems

•	 Carry	out	face-to-face	business	
meeting with key industry 
leaders. 

Contact
Reed Exhibitions Japan
Tel: +81-3-3349-8576
www.smartgridexpo.jp/en-gb.html

10th International  
Smart Grid Expo

February 26 – 28
Tokyo, Japan

A new show specializing in 
recycling technologies & services 
of renewable energy resources such 
as solar panels and rechargeable 
batteries. 

The 2nd Resource Recycling 
Expo will be held inside the 
world’s largest-scale smart energy 
show – World Smart Energy Week 
2020.

Contact
Reed Exhibitions Japan
Tel: +81-3-3349-8576
www.recycling-expo.jp/en-gb.html

Resource Recycling  
Expo 2020

February 26 – 28
Tokyo, Japan

Tokyo, Japan hosts both the 10th International Smart Grid Expo and the Resource 

Recycling  Expo 2020 in February
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Energy Storage Europe
March 10 – 12
Düsseldorf, Germany

For those who would like to get to 
know the entire world of energy stor-
age, its leading technologies and key 
figures, there is only one destination: 
Energy Storage Europe in Düsseldorf.

The unrivalled focus on the topic of 
energy storage can only be found here 
in Düsseldorf. The entire range of tech-
nologies in all its diversity is here: elec-
trical, thermal, chemical and mechani-
cal solutions. 

Contact
Messe Düsseldorf
Caroline Markowski
Tel: +49 211/4560 - 7281 
www.energy-storage-online.com

Annual Microgrid Global 
Innovation Forum
March 10 – 11
Chicago, Illinois. USA

The forum brings together thought 
leaders, utilities, energy providers, proj-
ect managers and other stakeholders 
for focused networking and in-depth 
information sharing concerning the lat-
est technological developments, design, 
implementation and operation of hy-
brid renewable energy microgrids. 

The emphasis is on maximizing the 
business case for microgrids, integra-
tion into the larger grid and sharing 
real-world case studies of both grid-
tied and off-grid/remote environments.

Contact
Smart Grid Observer
www.microgridinnovation.com/Chicago/

Solar Pakistan
March 19 – 21
Lahore, Pakistan

SOLAR Pakistan is the only dedicated 
platform to bring the latest solar in-
novations and showcase the largest 
solar projects in the region, providing 
a unique platform in building partner-
ships with all government and private 
sectors in pursuing innovative solu-
tions.

Contact
FAKT Exhibitions 
Tel: +92 21 3581 0637 39 
www.solarfairpakistan.com

Electricity Pakistan
March 19 – 21
Lahore, Pakistan

Electricity Pakistan will become Paki-
stan’s premier exhibition for the ener-
gy, storage and power industry. It is a 
dedicated platform for manufacturers, 
suppliers, distributors, users and ener-
gy storage solutions providers.

Participants from governments, utili-
ties, independent energy producers, 
energy storage products manufactur-
ers, consulting companies, associates 
and other related sectors are invited to 
discuss applications, opportunities and 
challenges for the energy, storage and 
power sector.

Contact
FAKT Exhibitions 
Tel: +92 21 3581 0637 39 
www.electricitypak.com

Solar Power Mexico 
March 24 – 26
Mexico City, Mexico

Solar Power Mexico is the first exhibi-
tion and conference specializing in the 
energy and solar technology segment, 
a business with growth rates of over 
25% and an expected investment of 
more than $100 billion in renewable 
energy by 2031.

The event will feature a seminar pro-
gramme and exhibition at Centro Ci-
tibanamex.

Contact
SNEC & Solar Power International 
www.hfmexico.mx/solarpowermexico/

EV Infrastructure Summit 
2020
March 25 – 26
London, UK

The second edition of the EV Infra-
structure Summit (25-26 March) will 
focus on the opportunities and chal-
lenges involved in establishing a UK-
wide charging infrastructure as part of 
the transition to zero emission vehicles. 

By the date of the summit, it is antici-
pated that OLEV will have published 
its proposals for high power charging, 
which will make the event very timely. 
It is also possible that the Chancellor 
will have delivered the Autumn State-
ment before the conference, which will 
include a budgetary allocation for the 
delivery of OLEV’s high power charg-
ing plan.

Contact
City and Financial Global
Tel: +44 (0)20 3713 1631
www.cityandfinancialconferences.com/
events/ev-infrastructure-summit-2020/
event-summary-b0d3c5220b174f1b-
86d27e2167b24287.aspx

March events  in Chicago … …Lahore …and Mexico City
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2020 International Zinc 
Conference Europe
March 30 – April 1
Istanbul, Turkey

In addition to providing an update 
on key market trends, including sup-
ply and demand for concentrates and 
metal, sustainable development, first 
use markets with a focus on hot dip 
and continuous galvanizing, innovative 
applications and regulatory issues, this 
1.5-day conference offers excellent net-
working opportunities.

Contact
International Zinc Association
Tel: +1 919 361 4647
www.zinc.org/international-zinc-conference-
europe-2020/

Large Scale Solar Europe
March 31 – April 1
Lisbon, Portugal

As Europe and the UK continue to see a 
growing number of new solar develop-
ments, this summit will look at topics 
including tenders, equipment, energy 
pricing, finance and the grid. 

Contact
Solar Media
Tel: +44 207 871 0122
www.lss.solarenergyevents.com

The Solar Show Africa, 
featuring The Energy 
Storage Show
March 31 – April 1
Johannesburg, Africa

For 23 years, delegates have flocked 
to the conference to gain first-hand 
knowledge on upcoming projects, in-
vestment opportunities and innova-
tions across the continent that will help 
utilities deliver energy.

 The conference brings togeth-
er the brightest and most innovative 
minds that are shaping the way we gen-
erate energy and meet growing demand 
across Africa.

Contact
Terrapinn
www.terrapinn.com/exhibition/solar-show-
africa/index.st

30th Annual Energy Storage 
Association Conference & 
Expo
April 8 – 10
Phoenix, Arizona. USA

The 30th Annual Conference and Expo 
is the industry’s premiere conference 
and networking event. It is the most 
influential gathering of market lead-
ers, customers, decision makers, and 
technology innovators. Attending will 
provide you with new strategies, new 
connections and innovative ideas that 
will move your organization forward.

Contact
Energy Storage Association
Tel: +1 202 293-0537
www.esacon.energystorage-events.org

Solar and Energy Storage 
Southeast
April 20 – 21
Atlanta, GA. USA

Solar and Energy Storage Southeast 
brings together those that are doing 
business in the region, or would like to 
conduct more business in the region to 
discuss strategies, market trends in the 
southeast, policy updates that impact 
businesses, and numerous networking 
opportunities to make more connec-
tions.

Contact
Solar Energy Industries Association (SEIA) 
and Smart Electric Power Alliance (SEPA)
www.events.solar/southeast/

PV India Tech
April 21 – 22
New Delhi, India

Welcome to PV IndiaTech 2020, the 
latest addition to PV-Tech’s acclaimed 
series of bespoke, high quality, global 
solar PV events.

The conference will continue to bring 
together all key domestic and overseas 
stakeholders, including government 
bodies, investors, and the leading com-
panies today from manufacturing to 
O&M and asset management. 

To thrive globally as a major PV pow-
er beyond 2020, India has to succeed in 
unlocking its potential both to manufac-
ture and to lay claim to quality utility-
scale solar farms that are providing high 
returns on investment to site owners.

Contact
Solar Media
Tel: +44 207 871 0122
www.indiatech.solarenergyevents.com

CMT’s E-mobility Conference 
Asia
April 23 – 24
Bangkok, Thailand

The 2nd CMT E-mobility Conference 
provides a platform to promote your 
organization to influential players and 
investors in the industry.

Contact
Centre for Management Technology — CMT.
Tel: +65 6346 9138 
www.cmtevents.com/aboutevent

Energy Storage Latin 
America
April 28 – 29
Bogota, Colombia

The Energy Storage Summit Latin 
America is the first event of its kind, 
designed with a clear goal to acceler-
ate both dialogue and deployment of 
energy storage solutions.

Contact
Solar Media
Tel: +44 207 871 0122
www.storagelatam.solarenergyevents.com

Istanbul  hosts the 2020 International Zinc Conference Europe

Atlanta Bogota
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