v magazing
U

ENERGY STORAGE HIGHLIGHTS
N \L\\

?.

ﬁ ;

i,

Business models beyclh‘d frequency regulatid' _'
Redox flow vs. lithium-ion | Flexible sector coupling
| v

Special edition in ENERGY °©
: - STORAGE
collaboration with

EURGPE




KNE_PVM_bpg50_parallel_180131

KACO

new energy.

o

SIMPLY DO WHATEVER YOU WANT.
CHARGE AND DISCHARGE YOUR BATTERY.

The new battery inverter
from KACO new energy:

= 50 kVA rated power

» DC parallel operation

ineo @

= Ready for various types of batteries,
for example lithium-ion

= Open Sunspec Modbus TCP/IP
for use with different EMS

blueplanet gridsave 50.0 TL3-S

Visit us at
Energy Storage Europe

Booth 8BB03 ENERGY®
‘ STORAGE
. EURQOPE

www.kaco-newenergy.com



6 Storage highlights

An expert jury assembled by pv magazine picks the top 10 innovations that will

be on show at Energy Storage Europe.
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Introduction

Flexible sector
coupling

Fuhs: We are happy that in cooperation
with Energy Storage Europe we can pres-
ent this energy storage special edition.
For us at pv magazine it is a step to even
more detailed coverage of energy storage
and related topics on all of our platforms.

Mingers: And for us, the new issue fits
perfectly with the strategy that we pur-
sue with all trade fairs. Not only do we
see ourselves as a pure organizer, but
we always try to promote the develop-
ment of the industry. And of course, that
includes sound reporting. For the stor-
age industry, I hope the market’s devel-
opment will align with Bloomberg New
Energy Finance’s forecasts, and that by
2030 the global market will have doubled
six times.

Fuhs: The outlook is good, and we are
seeing how new business models evolve.
We ran a roundtable with analysts and
industry experts, discussing among other
things the business models that can con-
tribute to this tremendous growth.
Large-scale storage for frequency regu-
lation will not be sufficient to drive this
kind of growth. All participants agreed
that there is a lot going on with business
models beyond frequency regulation

right now. They were also all surprised
by how the combination of storage with
utility-scale photovoltaic systems devel-
oped over the past year.

Mingers: That is also a very interesting
development for me. In any case, our
team is very excited about seeing what
will prevail in the coming years, and how
the models can be combined, especially
in the utility-scale segment. This segment
has always played an important role for
our exhibitors because they show many
solutions that are currently being used to
store large amounts of energy.

Fuhs: In the special edition we have
included, among other things, top new
technologies submitted by exhibitors
at Energy Storage Europe, evaluated by
five well-known experts. The experts did
not take a uniform approach to assess-
ing these technologies. Some made the
uniqueness of the innovation the guid-
ing criterion. Others, whether a company
has presented a clear business model in
its submission. Others still have priori-
tized the company’s prospects based on
their market power, whether it comes
from having a good track record or a par-
ticularly strong financial footing.

Mingers: And what was most convinc-
ing for you?

Fuhs: The evaluation criteria show that
there are different winners depending on
the approach, and how varied interests
can be. The trade fair visitors will also be
very diversified. We looked in detail at
this issue, both at products that at first
glance look very standard, such as storage

Bastian Mingers

Executive Team Manager
Energy Storage Europe

02/2018 | pv magazine in cooperation with Energy Storage Europe



a key driver

containers, and at innovations which still
appear further away from the market,
such as redox flow batteries. You have to
go deeply into the details, then you will
find the differences between the offerings
and concepts. I found that very interest-
ing. The top 10 submissions will now be
candidates for our pv magazine Award,
which we will give at the end of the year.

Michael Fuhs

Editorial Director pv magazine

Mingers: I am fascinated by the speed
with which sector coupling is currently
developing, while at the same time being
the subject of much controversy. One con-
trovery for example is the actual speed
with which sector coupling is brought
forward. Until recently, everyone has
done their own thing: those who develop
power-to-gas or those that develop
electric mobility, for example. Then
there were those who felt energy stor-
age was more important than expand-
ing grid infrastructure and vice versa.
Fortunately, this has changed. For exam-
ple, at Energy Storage exhibitions and
conferences various stakeholders now
meet to bring these strings together. In
addition, the energy transition in the
heating sector can play an increasingly
important role, and thus also thermal
storage.

Fuhs: What impact do you see on the
individual storage technologies?

Mingers: The complexity of the different
storage technologies is strengthened by
the fact that the industry is now inten-
sively involved in sector coupling, which
is simply great to see. This leads to flex-
ible sector interconnection, which will
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play a major role in the conference pro-
gram. Flexible sector coupling acts as a
fundamental driver for the deployment
of energy storage.

Fuhs: At least if the sector coupling is
combined with renewable generation.
Here you also see the complexity of the
technological solutions being deployed.
In the magazine, we report on two
interesting projects in the field, which
open up completely new perspectives.
Speaking of flexible sector
pling, it has been more of a confer-
ence theme so far, and now you empha-
size its importance in the exhibition.
In general, the importance of the exhi-
bition compared to the early years of
Energy Storage Europe seems to have
increased. Is that so?

cou-

Mingers: The Energy Storage Europe
Conference is, so to speak, the link
between the fundamental work of sci-
entific innovation and the market-ready
products that will be exhibited at the
trade fair. This is the classic evolution of
a conference toward a trade fair. The con-
ference is the foundation, the fair brings
the leading experts, suppliers, and users
together.
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Debrief: 4 key questions

Storage trends: In the run-up to Energy Storage Europe, pv magazine asked industry experts the key storage topics
they were most interested in. Their responses were reflective of their own perspective and position throughout the
value chain, but nevertheless a theme emerged, with recurring questions arising over and over again. These were
those questions...

1. Which business models for medium
and large-scale beyond frequency reg-
ulation are evolving?

Perhaps the greatest surprise to emerge
last year was the combination of large
utility-scale solar power plants and stor-
age systems. All of the experts included
on the pv magazine panel were surprised
by the alacrity at which this co-loca-
tion business model grew (see p. 24 for
a deeper analysis and p. 27 for the panel
discussion). One story above all appeared
to shake the industry, and that was the
prices communicated in the solar + stor-
age bids for tenders at Xcel’s project in
Colorado, USA. The median price struck
was $0.036/kWh. However, this num-
ber should not be overstated because the
bids are at a very early stage, and it is not
yet known just how much storage capac-
ity the bidders have provided. Such bids
should be seen more as a basis for nego-
tiation, rather than binding offers. Never-
theless, our experts agree that this result
is an excellent indication that the solar

and storage industry is moving in an
exciting direction.

The market for C&I storage is espe-
cially large and dynamic in the U.S.
Such bullishness and optimism cannot
necessarily be applied yet to other coun-
tries, because much depends on the tar-
iff structure.

Storage peaker plants are more typical
inthe U.S. or the UK. than in continental
Europe. A gas peaker plant typically has
a single digit capacity factor, i.e. it is run-
ning for a short time only during a year —
when the load in the grid is particularly
high. Some markets, such as the UK,
have capacity auctions where they specif-
ically take bids for capacity, says Logan
Goldie-Scot, analyst at Bloomberg New
Energy Finance (BNEF) in San Francisco.
Other markets are energy only, where it
is assumed that for a certain time of year
during the greatest peaks in demand,
energy prices will be just high enough to
justify keeping a power plant operational
to meet those peaks.
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Australia’s 100 MW/129 MWh Hornsdale Power Reserve facility was delivered
by Tesla and shows how business models beyond frequency regulation grow.

Storage successfully participated in
a capacity auction in the U.K. winning
0.5 GW for delivery in 2020/21. In Califor-
nia, this business model already appears
successful. According to Goldie-Scot,
roughly 280 MWh capacity was com-
missioned in December 2016 and January
2017 to respond to the potential shortage
of gas caused by the devastating leak and
subsequent shutdown of the Aliso Can-
yon gas storage plant. One reason for reg-
ulators to pursue storage is that it can be
used to help hit their renewable energy
targets by shifting renewable generation
to later in the day, says Goldie-Scot.

In 2016, the analyst came to the con-
clusion that globally approximately
390 GWh/170 GW purpose-built battery
peaker plants could be feasibly commis-
sioned. A very interesting take on this is
to ask whether behind-the-meter-storage
can take a slice of the cake. If incentivized
to do so, this would save some $100 bil-
lion in capex, primarily because behind-
the-meter-storage is being built for other
purposes and often paid for by consum-
ers eager to reduce their electricity bills.
“Aggregation payments would not neces-
sarily have to cover the total cost of the
system, but could instead be partial and
additive,” Goldie Scot suggests.

One of the big questions during the
panel discussion was why do the most
effective business models differ from
region to region? It could be because
grids are developed differently and gen-
eration and load profiles are different.
It could also be simply down to a dif-
ferent political approach. Ravi Mang-
hani, Director of Energy Storage at GTM
Research, says, “The important fact is
that the energy transition is beyond just
centralized infrastructure.” One way to
deal with the energy transition is to use
it to develop new business models that
also serve the power system, which the
panel sees more in the U.S. and U.K. than
in continental Europe. But there is also

02/2018 | pv magazine in cooperation with Energy Storage Europe
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facing the storage industry

movement in Germany, for example with
applications of larger storage systems in
the distribution network (p. 12).

2. What does the raw material supply for
lithium-ion batteries on the one hand
and the technical development of other
storage technologies on the other hand
mean for the choice of technology?
There is no clear answer to this ques-
tion, which is probably why it is asked so
often and so widely. Pure cobalt resources
could last for 500 years, and lithium for
440 years. However, it is accepted that
such a viewpoint is simplified because the
impact of resource availability depends
on the price at which these reserves can
be mined. On the other hand, it is also
known from coal, gas, and oil production
that progress is immense and the price at
least does not rise — resource availabil-
ity regularly exceeds what was forecast.
Recycling is also gathering speed. Cobalt
can be recovered to over 90%. Lithium,
however, is barely recycled currently, but
there are developments in the pipeline
and a 70% recycling rate seems possible.
We have therefore titled the article on the
subject as: “Do not worry, but keep ask-
ing” (p. 18).

“Don’t worry” also applies to the devel-
opment of new technologies. A recent
calculation by Apricum shows that redox
flow can compete with lithium-ion tech-
nologies for storage durations of more
than three to four hours (p. 23). At least
as an alternative, this technology is dis-
posable, even if there are challenges in
securing financing. Nevertheless, large
projects are already being planned, such
as huge storage in salt caverns in North-
ern Germany. It will take some time for
the developments to accelerate, and it will
also depend on the development of lith-
ium costs. Even with lithium-ion batter-
ies, progress has not paused, and develop-
ments in the coming years will also allow
for batteries with reduced cobalt.

Taken together, considerations on raw
material and technological development
can be concluded as follows: “The decade
to 2025 is the decade of lithium-ion,” so
said Matthias Leuthold from RES during
the panel discussion.

3. What are the key innovations that
will affect the market for medium and
large storage systems?

Large storage container solutions are cer-
tainly vital here. Two companies submit-
ted their solutions to the highlights fea-
ture (p. 7). It is worth considering how
the technical specifications play a role,
including the control speed, which,
for example, highlights SMA as a USP
because synchronous generators can only
be completely replaced when the reaction
time of the storage system to grid char-
acteristics is extremely fast. On the other
hand, of course, the positioning of the
company is important for the impact of
aproduct. Fluence, which brings together
AES and Siemens, is very well posi-
tioned, according to BNEF. AES owns
many distribution utilities globally and
is a large independent power producer.
This allows Siemens to benefit from the
operational experience of its new partner.
Another powerful storage application is
the combination of battery storage with
gas turbines submitted by Siemens, You-
nicos, and Bosch. These solve the prob-
lem brought by lithium-ion batteries,
namely that the capacity is costly. Then
again, it no longer pays to run gas tur-
bines continuously.

There are also interesting develop-
ments where companies are pursu-
ing entirely new approaches. Much still
remains to be seen how effective these
will prove. For example, Max Bogl com-
bines wind power and pumped hydro
storage. Schmid combines electric
charging stations with redox flow stor-
age systems. Electrochaea participates
in the power-to-gas technologies with

pv magazine in cooperation with Energy Storage Europe | 02/2018

a promising methanation concept, and
Nel Hydrogen with the combination of
solar power plants and hydrogen produc-
tion. However, few can accurately predict
how much the energy industry will rely
on methane or hydrogen in the future.
For most experts it is clear: This topic will
become relevant in large scale only from
about 2030 onwards. The technologies,
though, have to be developed right now.

4. What is the prospective for European
cell production?

Industry voices all say that they want a
high volume production of battery cells
in Europe. But the development land-
scape is still tough. Germany-based con-
sortium TerraE plans to build a 6 giga-
watt-hour factory soon, with considerably
more capacity out to a 2027 time frame.
However, so far only €17 million in funds
have been communicated, which is a rel-
atively anemic amount that is unlikely to
drive any great technological leaps. The
2027 goal is, cautiously speaking, unam-
bitious in such a highly dynamic market.
In the U.K. rather more generous sums
are being spent. Some €300 million will
be distributed to leading universities
to boost R&D efforts and help acceler-
ate commercialization and cell indus-
try problem-solving. However, while
laudable, both programs target research
institutions, with little immediate cash
earmarked for production. Northvolt,
a Swedish startup that wants to build a
32 gigawatt-hour production by 2023, is
setting its sights higher: to €4 billion to be
exact. Volkswagen Scania and ABB have
already invested relatively modest sums,
and it is not yet known whether the com-
pany has raised more than tens of mil-
lions of euros. In conclusion, there are
plenty of recent developments, but it is
still necessary for commercial entities to
actually take action, and investment, into
their own hands.

lan Clover, Michael Fuhs
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ergy Storage Europe trade fair in Diis-
ors submitted proposals that our high-
n the following categories: relevance to
ket impact, contribution to energy tran-
ion. Here, we present the top 10, as cho-

s of exhibitors at Energy Storage Europe
magazine highlights feature in 2018 are
tion of very different approaches. So it is
he five jurors judged things differently. In
had their own top candidate: SMA, Flu-
nicos, and electrochaea were all selected
of one juror respectively. After averaging
finished among the top 10, except for Flu-
arguments that the judges used to evalu-
part was focused on the foreseeable suc-
concept, or project as well as the market
1pany. Other members of the jury placed
innovation, potential for disruption, and
se the market in a sustainable way.

ce will materialize is not always a given.
sions are, for example, the wind turbine
water reservoir built into the foundation
o0 storage power plant; and Jena Batteries,
ttery utilizing organic electrolytes that are
yund, and possibly cheaper than conven-
ased on vanadium. Both concepts have yet
petitiveness. There are also some submis-
P is not immediately clear, but some jurors
to be successful: For example the storage
A and Fluence. The jurors also highlighted
a submission served an important market
ounicos’s combination of a battery with a
cidentally, Siemens and Bosch also sub-
binations.

feature, we present in detail those submis-
to the top 10 (10" place is shared, and all
ted on page 14). Those that did not make
nly worth a mention and visit at the trade
ence, for example, Schmid was also highly
y from southern Germany has developed
ral electric filling stations and integrated
If many cars refuel at the same time, the
load so that the grid does not need to be
This is flexible sector coupling, and one of
current developments (see p. 16).

sions will automatically be candidates for
ard 2018. This will be awarded at the end
ith the submissions we will be looking at
- and will be evaluated overall on various

Highlights Jury

Logan Goldie Scot heads up the Energy
Storage insight team at Bloomberg New
Energy Finance. He leads the company’s analysis
on the global energy storage markets, providing
insights on technology, markets, policies and regulation, and
the competitive landscape.

Tobias Federico is the Founder and
" Managing Director of consulting institute
Energy Brainpool. He is a proven expert on the
energy market, and on price forecasts in Germany.
He actively monitors the introduction of new technologies such
as blockchain.

Dirk Uwe Sauer is Professor of
Electrochemical Energy Conversion and
Storage Systems Engineering at RWTH Aachen
University, and one of Germany’s foremost experts
on energy storage issues.

Julian Jansen is a Senior Market Analyst at
IHS Markit Technology. He focuses on battery
storage market activity and industry trends, as
well as analyzing key value drivers and emerging
business models driving storage deployment. Additionally,
Julian provides high level consultancy and strategic advice for
bespoke projects.

Stephan Schnez is Senior Scientist in
Corporate Research at ABB in Switzerland.
As a physicist, he works in the field of energy
storage and systems. He also regularly assists
ABB management and technology ventures with questions
regarding the assessment of potential future technologies.
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Highlight

Younicos

ounicos managed to interest and
convince the jurors with its simple
ept. Their rankings ranged from first
h, and so for the average overall juror
ings and proposals, this led to the
position in this highlights feature.
icos submitted a project in which
ompany, together with the Tech-
e Werke Ludwigshafen, developed
bined balancing power plant, cou-
g a 4 MW gas turbine with a 9 MW
ery with a capacity of 6.5 MWh. The
tion is to provide both primary and
ndary control power, and to get pre-
ification from the network operator
both installations as one technical
The plant is still under construc-
The left side of the building in the
o above is intended for the battery,
ight for the gas turbine.

1e combination will serve an often-
looked market segment with signif-
scaling potential, says juror Julian
en. “Younicos has successfully shown
to do a hybrid solution which can

provide a range of balancing services and
is predestined to effectively stack multi-
ple values,” says Jansen.

There are many small-scale, partly
older gas turbines in operation - 250
with under 15 MW of power in Germany
alone. Their long-term operation is often
no longer worthwhile. One reason is that
they can only offer balancing power if
they are up and running, otherwise their
reaction time is too slow.

At the same time, the demand for
balancing power is rising as part of the
energy transition. For battery storage
to be able to offer this alone it must be
equipped with a lot of storage capacity.
The charm of the solution presented is
that within this technical unit the gas
turbine does not have to run continu-
ously, but the battery initially takes over,
and the gas turbine only intervenes when
the duration of the control power exceeds
the capacity of the battery.

It is therefore an interesting “second
life” project for gas turbines in the given

Combined gas and battery grid services power plant

Photo: Younicos

combination, says juror Tobias Federico.

However, as with most business mod-
els, there is also competition. As the mar-
ket for primary balancing power is rel-
atively limited, the option of achieving
the conditions for the secondary balanc-
ing power market is interesting, notes
another member of the jury. With this
business model, however, the combined
gas and battery storage power plant is
competing with intelligent demand-side
management.

One of the categories for the highlight
ranking is its relevance for the energy
transition. For the combined gas and
battery plant, this is the case because it
reduces the so-called must-run capacity
of conventional power plants. How rele-
vant the topic is can also be seen by the
fact that Siemens and Bosch have also
submitted highlights that deal with the
connection of battery storage systems
with conventional generators.

@ Hallsb/D02
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E3/DC

Multi-string three-phase battery inverter technology

Photos: E3/DC

ighly rated by several of the jurors, used in the 12 kW battery systems of the
E3/DC made it into second place company.

overall. If you look at the individual The challenge for the innovative state-
highlight categories, the manufacturer of ~ of-charge-control is that no lithium bat-
small and medium-sized storage systems  tery system can have an accurate state of
scored particularly high for innovation.  charge measurement without being dis-

The company, already well known for charged and charged from time to time,
its residential storage system, has submit-  states the company. If you measure the
ted a new technology for a DC-DC con-  state of charge in this way, the battery
verter for battery storage systems, with  may be empty in an emergency. The solu-
which users can better control the state tion is to operate two battery modules
of charge. This is especially important for ~asymmetrically. As one is discharged,
emergency power systems. the other holds a defined state of energy.

In addition, the power electronics have The comments in the jury on the prod-
a high discharge capacity with efficiency  uct are varied. One juror sees technical
of up to 98%, even if you connect 48 volt  innovation, but is not sure about the
battery modules. This allows a C-rate business relevance. Another is not sure
of 1 and a maximum output current of about the USP, but places emphasis on
120 amps. According to E3/DC, the trick  the strong contribution to the energy
is a new topology with galvanic isolation  transition.
and an ultra-high frequency allowing for
small components. The inverter will be .) Hall 8b/ E22
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SMA

introduced its large-
solution Medium Volt-
to the global market,
pany reports it has con-
ith a total capacity of
ontainer has an output

s solution is that the
orage with grid forming
tlike a rotating mass in
tes the company in its
magazine highlights.
ution of responsibility
troller and Sunny Cen-

nd general operational
ace within a few hun-
Is to seconds or even
out on the Grid Con-
ctions regarding grid
d reaction within milli-
elocated in Sunny Cen-
tly avoiding any com-
fill these tasks.

mimics the function of
he grid to load and sub-
y changes. When load
g masses are deceler-
rtia dampens the effect
r power is increased.

Large-scale storage solution

While the jurors generally doubt that
the solution is as unique as the com-
pany claims, most acknowledge other
strengths of the product. One juror
emphasizes it’s importance in grid con-
nected installations to reduce the share of
conventional power plants, which today
guarantee the frequency stability with
their rotating masses. Another empha-
sizes the pure size, i.e. the 5.5 MW power
output of these devices, the long track
record of SMA in this field, and the con-
tribution of the company to bring down
costs.

“Out of all the entries SMA has prob-
ably submitted the most commercially
advanced offer, rather than a technical
innovation”, says juror Julian Jansen of
IHS. “Building on their strength in the
power conversion system market, SMA
has used the experience to build a turn-
key solution which can target multiple
applications and seamlessly integrates
into existing infrastructure.”

SMA has deployed the system in places
such as the island St. Eustachius in Neth-
erlands Antilles. The first step was a fuel
saving system. In 2017 it was comple-
mented with the new inverter and bat-
tery system, which is now available “oft

Photo: SMA

the shelf” (see photo above). PV penetra-
tion now can now reach 100% during the
day, says the company.

Volker Wachenfeld of SMA is con-
vinced of the uniqueness of the product.
“We supplied island-ready battery invert-
ers, PV inverters, batteries, medium volt-
age connection, the power management
system with the interface to the genera-
tors, and the SCADA”, he explains.

He goes on, “We regulate the load bal-
ancing, create a seamless transfer at die-
sel shutdown, provide instantaneous
reserve, and primary and secondary con-
trol power.”

Typical systems for primary control
power need several hundred milliseconds
to send the command to the responding
units. “We can initiate a reaction within
the time of a half wave,” he says, which
corresponds to about 10 ms. This reac-
tion time has to be adjusted according to
the characteristics of the individual grid
in order to guarantee the security of the
supply, also when load in the grid changes
quickly.

@ Haiiso/e22

02/2018 | pv magazine in cooperation with Energy Storage Europe



Fraunhofer ISE

Photo: Fra:nhofer ISE

ccording to Fraunhofer ISE, the

Cell-Booster and the power elec-
tronics for the project “Netefhicient” per-
mit high eficiencies on the one hand,
and small construction volumes on the
other. The cell booster converts the typ-
ical 48 volt output of a low voltage bat-
tery with an efficiency of 97% to 700 volts,
as required for example by a three-phase

Electrochaea

Y ou would be forgiven for not know-
ing of methanothermobacter therm-
autotrophicus — a small green bacterium
- but it is the basis of this energy storage
highlight. Electrochaea uses it to convert
hydrogen to methane. With this submis-
sion it reaches first position in the cate-
gories innovation and contribution to the
energy transition, which together lead to
fifth position overall.

The company uses a variant of the bac-
terium, named archeva (see right photo),
as a biocatalyst, which is exclusively
licensed from the University of Chicago.
It developed the technology to a state that
it can be used in large methanation facil-
ities and the first demonstration plant is
running near Copenhagen with 1 MW
electrical power (see left photo). The effi-
ciency of the methanation exceeded 80%,
writes Electrochaea in its submission.
The plant has demonstrated, according
to the company, that the technology can
be “quickly” scaled to the 100 MW range.

One of the questions is whether it
is necessary to convert the hydrogen
to methane, or whether the hydrogen

battery inverter. According to Stephan
Liese, Head of Group Distributed Gener-
ation and Storage, the key factor enabling
this high efficiency is the high frequency
with which the transformer is operated
and which is even modulated. Accord-
ing to Liese, efficiency levels of between
90 and 95% are customary in the mar-
ket for comparable applications. In addi-
tion to the increased efliciency, the high
frequency also helps to reduce the size of
the housing.

For the Netefhicient project, which aims
to increase the share of renewable ener-
gies on the North Sea island of Borkum,
the institute has built a 1 MW battery
inverter.

This is characterized by the use of sil-
icon carbide MOSFET switches, which
leads to high efficiencies of up to 98.5%

Scalable Methanation plant

should be stored directly. Biomethane has
the advantage that it can be used with-
out limitation or expensive investment
in the existing natural gas grid. There-
fore, Electrochaea sees Power-To-Hydro-
gen as a supplier technology for metha-
nation, rather than a direct competitor.
“Power-to-gas will become one of the
crucial aspects in the energy transition,”
says Tobias Federico. “It is necessary to
build it in large scale.” Other members of
the jury also see the innovation, but are

pv magazine in cooperation with Energy Storage Europe | 02/2018
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Power electronics for battery inverters

and at the same time allows the volume
to be kept small. The electronics for | MW
output power fit into a standard 19 inch
switch cabinet.

The jury found the submission very
interesting from a technological point of
view. “Currently, inverters in stationary
applications cause around twice as much
loss as the lithium-ion batteries them-
selves,” writes one juror. “Therefore, effi-
ciencies are of such high relevance.” He
also sees Fraunhofer ISE’s ability to bring
the technology to market together with
industrial partners. Two jurors are miss-
ing that they have not found a concept for
the market launch. One of the jurors asks
whether the large number of components
would lead to higher costs.

,) Hall 8b /B39

not convinced that power-to-gas tech-
nologies will become relevant in large-
scale in the near future, but only after
2030. Low temperature processes and
fast reaction times might be helpful for
the implementation of the technology,
which might be an advantage compared
to other methanation concepts, and the
use of microorganisms may be a major
innovation in this sector.

@ Hallsb/Dn2
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Smart Power

1 EPC Smart Power is working
romising solution for making
storage systems usable in the
grid despite regulatory hur-
ding to the numbers given by
y, this approach can totally
. The utility Stadtwerke Trost-
eversorgung is charged €113/
ad at the transformer station
grid. By peak shaving in the
grid in the order of 11%, this
n be reduced.

purpose, Smart Power is
a 1.5 MWh/1.2 MW storage
sehalf of a retail company. An
nue stream of about €59,000 is
om the peak shaving use case,
litional €89,000 will be gen-
1 being active on the primary
ket.

y point, however, is compen-
utility compensates 80% of
it saves from the peak shav-
y, and 20% will be used to
d surcharge on the electric-
consumers in the region. The
f cannot draw direct finan-
s from this project because
regulations. The cooperation
iven by idealism, and partly
e trading division of the util-
or of it, as it can offer good

Abo Wind

a, a small Tanzanian town
border with Zambia, is con-
220 kV transmission grid. The

services to the operating retail company,
which is its customer.

The theoretical upper bound for the
revenue stream can be calculated as fol-
lows: €113 x 1,200 kW x 80% = €108,000.
The real peak load reduction is roughly
half of this upper bound value. To achieve
this revenue peak shaving is necessary
only for some weeks of the year. And
by pooling several storage systems, the
losses from peak shaving for the pri-
mary control power revenue stream can
be reduced to a single digit percentage.

The jury appreciates the effort to make
use of the possibilities storage offers for
the distribution networks. However, they
say, many other companies already are, or
soon will be aiming for multiple revenue

grid is characterized, writes Abo Wind,
by “large distribution networks at 33 kV
supplying thousands of small transform-
ers.” The overhead lines are working at
maximum capacity, leading to high losses
and a drop in voltage of almost 20%. Abo
Wind has evaluated how the grid can be
stabilized using solar and storage. Now
it is in the development stage of a proj-
ect to realize this potential. The instal-
lation will stabilize the voltage level in
the 33 kV radial distribution networks
between 95% and 105%. This will allow
more consumers to be connected and
SME:s to profit from better grid quality

Large-scale storage business model in the distribution grid

streams, so it is not possible to establish a
USP with such business models.

Also how well this business model
complies with German regulation is still

to be proven. There is an intensive ongo-
ing discussion about what is possible and
what should be possible. Only by under-
taking such projects can one move for-
ward and develop the details. The com-
pany emphasizes that the installation is
not simply a demonstration project, and
that it is planned to be profitable without
any subsidies.

@ Halisb/ET3

Storage in rural distribution networks stabilized the grid

and fewer blackouts. Typically, the max-
imum load in Tunduma is about 7 MW
in the evening. With the projected PV
and battery size, which during the day is
charged with about 5 MWh, the maxi-
mum load can be reduced to about 6 MW.
The company writes that there have
been studies for similar projects, how-
ever, they haven’t heard of any as far
advanced. “Not conceptually new, but
a straightforward use of batteries with
‘smart’ power electronics and control,”
comments one member of the jury.

@ Halisb/D39
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Wemag

N orthern German utility Wemag
made headlines several years ago
with what was then the largest battery
storage power plant in the country. In
2014, 5 MW went online for market-
ing in the primary control energy mar-
ket. In 2017, this battery storage power
value was extended to 14 MW and made
black start capable. Now it has a capacity
of 15 MWh, and provides control capac-
ity comparable to that of a 100 MW gas
turbine. The company emphasizes that
the extension was not subsidized, but for
the black start ability, a state subsidy of
€180,000 was paid. Wemag now wants to
offer its expertise in construction, oper-
ation, and marketing to other interested
parties. Tobias Federico says, “These are
innovative projects, due to the fact that
they have taken the financial first mover
advantage.” However, the jurors note that
primary control power plants and black
start capability are no longer particularly

Highlights

10 MW-storage plant with black start capability

innovative. They also talk about how the  storage capacity.
primary reserve power market is evolving
in the face of the huge buildup in battery Q Hall 8b / CO1
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Fronius

allows homeowners to
lar power via a heating
seem like big news at
devices have been avail-
s, controlling residen-
50 that no current flows
surplus is used to warm
oiler with a heating rod.
Fronius, the special
ice is that beside the

Photos: Fronius

necessary function - heating the hot
water boiler - it also includes more fea-
tures than usual: It includes comprehen-
sive monitoring, can be networked via
WiFi, LAN, or RS 485, works in combi-
nation with other heating elements, and
above all is steplessly controlled. The sin-
gle-phase device has a power of between 0
and 3 kW, the three-phase device between
0 and 9 kW, and both comply with the
guidelines for electromagnetic compati-
bility. Minimum and maximum temper-
atures can be defined, and depending on

yReserve Matrix for commercial application Q Hall 8b / G23
h: Combining a power plant with a battery Q Hall 8b / E39

djustable water heater with further functionality

the setting, the device heats up to over
60°C for Legionella (pathogenic bacte-
ria) prevention in the time intervals set,
even if there is no excess of solar power.
With appropriate dimensioning of the
solar system, conventional heating can be
completely switched off during warmer
months, so that the hot water is obtained
only by the heating rod, writes the com-
pany in its submission.

The response from members of the
jury was as follows: It is a relatively
straightforward product, and while it
does not require any major innovation,
the described functionality and mar-
ket position of the company is convinc-
ing. One juror notes: “Integrated home
energy supply systems, in particular with
the integration of heating systems with
PV, will play a central role. Therefore, the
product is definitely going in an impor-
tant direction.”

@ raisb/cis

hts rank 12 to 24 and more

gy Systems: Charging station with PV and redox flow battery Q Hall 8b / B24

an Electrolyser: Large-scale hydrogen production from PV power plants Q Hall 8b / B11
ergy storage @ Hall , 8b / DO1

start hybrid gas turbine and battery Q Hall 8b / D40

Flex Energy Storage technology platform Q Hall 8b / D40

Solutions: Picea is a combination of battery and power-to-gas energy storage, heating support, and
ation for residential @) Hall 8b /D08

tage balancing solution for storage systems Q Hall 8b / G02

ate of the art energy storage system for refugee camp in Northern Irag Q Hall 8b / GO5
atterien: Scalable hybrid energy storage system combines lead and lithium @ Hall 8b / E16
system with particularly high charging and discharging power Q Hall 8b / G0O4

batteries also for high voltage @ Hall 8b / D27
g in the first round of the pv magazine highlight ranking, but also at Energy Storage Europe
storage system storing electricity for €0.09/kWh @) Hall 8b / EO1

| Connectors: Modular energy system Power-Blox PBX200 \.) Hall 8b / A31
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Max Bogl

M ax Bogl has built wind turbines
with embedded tanks for a water
reservoir. The wind turbines are located
on a hill about 80 km from Stuttgart. The
lower reservoir is down in the valley.

One reason to build hydro storage co-
located with wind is, according to Max
Bogl, that spatial demand for the upper
reservoirs is only marginally larger than
that for wind turbines. Capex for the stor-
age part is €300 to €400/kWh.

Jena Batteries

ena Batteries is developing a redox

flow battery that uses organic elec-
trolytes instead of vanadium-containing
electrolytes. It is more environmentally
friendly, because it is free of heavy metals
and hazardous acids, the company says.
In addition, there is no fire risk.

One of the big questions facing redox
flow technology is how it can be cheap
enough to compete with lithium-ion bat-
teries (see p. 23). As far as price is con-
cerned, the company does not yet pro-
vide any information. However, unlike
vanadium redox flow batteries, the price
is independent of commodity markets
and depends more on scaling, writes the
company.

Also for the stack, which sits between
the two tanks of a redox flow battery and
in which the energy conversion takes

The water battery

Photo: Max Bogl

The water battery ranked in the top five
with three jurors, while two ranked it in
the lower half. Those who are convinced
value the innovation and potential. “It is
avery interesting approach with a highly
innovative character,” says Tobias Fed-
erico. Scalability, however, “might not be
so easy.” The project must show that it is
competitive - even with lithium-ion.

@ Hallsb/E3

Organic redox flow battery

place, one could use cheaper materi-
als, since it does not have to withstand
aggressive acids. The first pilot plant
with a 10 kW/40 kWh battery will now
be installed.

As with the other company with which
Jena Batteries shares 10" place, the jurors’
assessments differ greatly. For two jurors,
the company is among the top five sub-
missions. It is especially strong in the
categories innovation and USP. “This is
a truly novel innovation, which given
the expected resource constraints for
the existing battery supply chain could
help alleviate the long-term challenges to
deploy energy storage as part of a trans-
forming energy system,” opines Julian
Jansen.

g Hall 8b / E03
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Technology

A new concept gains traction

Flexible sector coupling: To date, the energy transition has unfolded primarily in the electricity sector. This
limitation should be overcome by sector coupling, which is basically electrification of the mobility and heat sectors.
But this alone does not offer a complete solution. Sector coupling must be flexible. To this end, a Berlin-based
startup is developing a colossal steel storage tank, and battery storage facilities are being built in Canada along a
highway.

View of the Berlin office of Lumenion, located in an old industrial building.

It is early morning, and already the
smell of heated steel wafts through the
room. Heating surfaces made of stain-
less steel are connected to heavy cables.
In the future, ever-increasing amounts
of electricity produced by photovoltaic
and wind power plants will make these
heating fins glow. They are at the heart
of Lumenion’s storage concept. The Ber-
lin-based startup is transforming sector
coupling into “flexible” sector coupling.

This term is becoming a new buzz-
word, as a glance at the conference
agenda of Energy Storage Europe in
Diisseldorf reveals. In three sessions,
experts at the conference will spell out
in minute detail what this means for the
individual sectors.

Flexible sector coupling aims not only
to overcome a particular technical diffi-
culty, but also to tackle an economic one.
Think of cogeneration plants, which are
generally heat-controlled. This means
that they do not start feeding power to
the grid until they receive a signal from
the heating sector that more energy is
needed. From the electricity sector’s per-
spective, that’s not very flexible.

It is also a matter of design whether or
not a combined heat and power (CHP)
plant can be run more in line with the
needs of the electricity market. Such
plants are often designed to run for
many hours of operation, usually 4,000
to 6,000 hours per year to produce suf-
ficient heat. If they are to be switched

off for longer periods, they have to be
designed larger so that they generate
the same amount of heat during shorter
operating periods.

A steel colossus rises in Berlin
On a street called Bottroper Weg in the
Wedding district of the German cap-
ital, it will soon be possible to see how
the Lumenion concept makes sector cou-
pling more flexible. The startup plans to
build the first demonstration of its high
temperature steel storage tank before
the end of this year, in a residential area
with around 1,000 apartments. It will be
charged with 720 kW of electrical power
and store 5 MWh of energy. It will be con-
nected to alarge district heating network
and can discharge 100 kilowatts of heat.
If required, it can also deliver electrical
energy discharged through a turbine.
Some 15 kilometers away, Lumen-
ion has been working for the past year
to bring the steel storage tank from con-
cept to reality. The heating fins, which
give the laboratory its characteristic
smell, are designed to heat the structural
steel. The art is getting the energy into
the steel in a short time without the fins
getting too hot.

A heat storage tank that also
produces electricity

When used as CHP storage, some 75% of
the stored energy flows into the heating
sector, either as process heat between 300
and 500°C for industrial and commercial
use, or as district heat and low tempera-
ture process heat between 80 and 120°C.
Thanks to the storage tank’s high tem-
perature, up to 30% of the stored energy
can be reconverted to electricity through
a steam turbine if power is needed to sta-
bilize the grid, which generates another
revenue stream.
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To see the advantage of the develop-
ment, one has to consider the alterna-
tive. Flexibility can also be achieved with
battery storage prior to the conversion of
electricity into heat. But in such appli-
cations battery storage cannot be oper-
ated economically, as costs are currently
more than €200/kWh. In the medium
term, battery-based systems will still be
well in excess of €100/kWh. They have to
go through several useful cycles per day
to finance themselves.

The big advantage of the steel colossus
is that Lumenion aims to achieve storage
costs of €25/kWh, about one tenth of the
cost of storing electricity in a battery. The
company says that the low costs enable a
lower number of cycles and a relatively
long storage period of two days. Assum-
ing 20 years of operation and 180 cycles
per year, the stored kilowatt hour at the
target price would cost less than €0.01.
Reconverted to power at 30% efficiency,
the energy storage cost would be €0.023,
and over 40 years it would be equivalent
to €0.015, accounting for the stored heat.

“However, the storage tank is not
designed for seasonal applications,”
says Lumenion cofounder and techni-
cal director Andrew Zwinkels, “but for
a maximum discharge time of 48 hours.
This is compared with a charging time
of 10 hours. It is precisely this asymme-
try of the storage tank - it decouples a
high charging capacity from a lower dis-
charging capacity - that makes the sys-
tem innovative. This lets us absorb big
surges in wind and solar without expen-
sive power electronics; we only need
those to deliver the power.”

Zwinkels envisages a wide range of
applications for the tank-connected com-
bined heat and power plant: for organic
farmers, in industrial parks, in commer-
cial areas, or as a district storage facility.
There are already plans for what comes
after the demonstration in Berlin. “In
northern Germany, where wind power
sometimes produces huge surpluses,
talks on another project have already
come a long way,” says Philip Hierse-
menzel, who was reluctant to elaborate.
Hiersemenzel is Lumenion’s spokesper-
son, and the connection is no accident.

He is also press spokesperson for You-
nicos, one of many renewable energy
companies founded by Alexander Voigt.
Voigt also happens to be the Founder
and CEO of Lumenion. “The nice thing
about our system is that the necessary

value chain does not have to be built up;
it is already on the market - unlike pho-
tovoltaics and lithium-ion batteries, for
instance,” says Hiersemenzel.

Considering the grid and storage
function

The project idea has fallen on fertile
ground. Current discussions on grid sta-
bility and negative electricity prices indi-
cate that the electricity system is already
running up against its limits. “The prob-

Technology

charge their electric cars simultaneously
at each of the so-called FAST charge
stations via level 3 chargers with 480 V
charging in about 20 minutes.

To prevent excessive load on the grid,
the power comes from large lithium-ion
batteries. The standard size of these bat-
teries will be 250 kilowatt hours. “This
depends on the projected demand at the
respective sites, but the battery capac-
ity is modularly expandable,” says Bryan
Urban, the North American head of

“From the electricity sector’s
perspective, that’s not very flexible”

lems of distributed storage often drop
out of the system analysis, or the issues
of network and storage are mixed,” says
Andreas Hauer, head of energy storage at
the Centre for Applied Energy Research
(ZAE) in Bavaria, and Chair of Energy
Storage Europe. Storage shifts power over
time, networks shift power locally. These
functionalities sector coupling alone can-
not take over.

With their innovative concepts, com-
panies such as Lumenion are pushing
the boundaries between sectors. Their
coupling concepts work even better if
the transition is directly combined with
a storage system, says Hauer. For these
applications the energy supply has to be
shifted to meet the demand: “In indus-
trial applications in particular, there is a
strict demand at certain times.”

Hauer says that the economic value
of electricity increases for power-to-gas
or power-to-liquid applications in the
mobility sector. In electric cars, the form
of energy remains the same despite the
change in sector. The planned expansion
of the charging infrastructure along the
Trans-Canada Highway illustrates how
additional storage at the sector boundary
is also sensible for e-mobility.

Flexible e-mobility

In the middle of last year, eCamion of
Toronto partnered with two Swiss com-
panies, Leclanché and SGEM, and the
Canadian government to launch a project
for the construction of 34 quick charg-
ing stations along the approximately
3,000 kilometers of the country’s Trans-
Canada Highway. Three drivers can
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Leclanché. At Energy Storage Europe,
battery manufacturer Schmid will be pre-
senting a redox flow storage device cou-
pled to a charging station, which it has
also submitted to pv magazine Energy
Storage Highlights (see p. 7).

According to Urban, the estimated
CA$17.3 million (US$14 million) project
has now successfully completed its dem-
onstration phase and is currently in tran-
sition to the early stage of production as
well as site identification and approval.
This fall, the first charging stations along
the highway will be set up, and by spring
2019 the entire route, with stations about
every 100 kilometers, is scheduled for

completion. Daniel Seeger

Photo: pv magazine

Andrew Zwinkels, Technical Director
and cofounder of Lumenion behind
one of his heating fins in the
laboratory. He evaluated the long-
term stability.
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hat’s inside? A question seldom
heard in modern society hooked
on a use-and-discard cycle. Things are
taken for granted; wake-up calls go
unanswered. But, perturbed by the raw
material price spikes, the storage indus-
try recently had many more questions to
ask. The immediate answer is: Keep calm,
but for a short while it might get rocky.
Last year, the price of cobalt soared by
more than 120%. But the arguments of
James Frith, Energy Storage Analyst at
Bloomberg New Energy Finance, indicate
that the overall situation is not that dra-
matic. First, for the cost of a battery pack
this makes only a slight difference. “A
50% rise in the cost of cobalt, from today’s
$91,000 per metric ton on the Shanghai
market, would only increase the cost of a
battery pack by 9%,” explains Frith. And
that does not necessarily mean that sys-

Buried treasure

As one of the critical raw materials for
lithium-ion batteries, cobalt has attracted
much attention, having ended last year as
a hot trading commodity.

There are various cobalt demand sce-
narios at the moment, which range from
about 180,000 to 260,000 metric tons of
total demand per annum by 2025. More
than 40% of global production is already
used as cathode material for the produc-
tion of lithium-ion batteries. “According
to our assumptions, cobalt demand for
electric vehicles could reach only 56,000
to 88,000 metric tons by 2025 if the share
of EVs increases to 12-18% of global
vehicle production,” says Siyamend Al
Barazi, a geologist at the German Min-
eral Resources Agency (DERA).

That is why, beyond market ups and
downs, geologists see no threat of a severe

uct of copper and nickel, and therefore is
linked to the production of these com-
modities, and “2016 showed how produc-
tion cutbacks of nickel and copper miners
and refiners in Australia (Yabulu Nickel
Refinery), Brazil (Niquelandia Nickel
Refinery), and the DRC (Kamoto and Til-
wezembe mines of Katanga Mining Ltd.)
directly affected cobalt output,” explains
Al Barazi. “Steep price increases, such as
the one observed in 2017, are the result.”
Moreover, he estimates that when cop-
per and nickel producers operate under
healthy market conditions, cobalt supply
will meet future demand.

Meanwhile, mining companies are
announcing increases in cobalt output to
cater to the market. Seeking to cement its
number one position on the global mar-
ket, Anglo-Swiss mining giant Glencore
announced in December last year plans

Don’t worry, but keep asking

As both energy storage makers and car manufacturers keep close track of the prices of key raw materials for lithium-
ion batteries, the question of their availability is thrust into the limelight. Meanwhile, the recycling industry is
gearing up to provide alternative supply chains.

tems are really becoming more expen-
sive. “This price increase is likely to be
absorbed by savings in other areas, so on
the whole battery pack prices are likely
to continue falling in 2018.” Second, the
price increase is not just based on sup-
ply bottlenecks. Adding to the shortage,
investors scrambled to hoard physical
supplies, betting prices would increase
further. “The rise in the price of cobalt in
2017 was exacerbated by stockpiling by
funds such as Cobalt 27 and Pala Invest-
ments,” adds Frith.

So far, there is no indication of a long-
term shortage, and no major impact on
prices. Nevertheless, the topic of mate-
rial availability is suddenly here. In the
run-up to the Energy Storage Europe
show, experts quizzed for this publica-
tion highlighted the questions of raw
material availability and sustainability
of their production and use.

cobalt shortage in terms of the metal’s
availability. According to the U.S. Geo-
logical Survey’s (USGS’s) Mineral Com-
modity Summary issued in January 2017,
world reserves were estimated at 7 mil-
lion metric tons. If one counts cobalt in
manganese nodules and crusts on the
floor of the Atlantic, Indian, and Pacific
Oceans, then according to the USGS esti-
mates, there is an additional 123 million
metric tons of resources. However, deep-
sea mining for now remains out of the
industry’s depth.

The by-product mechanism
Clearly, it is not only the availability, but
also the mining economics that count.
“The real problem is not the availability
of resources, but the cost of extracting
them,” Frith underlines.

With the exception of only one deposit
in Morocco, cobalt is mined as a by-prod-

to double its cobalt output over the next
three years, following supply negotia-
tions with Tesla, Apple, and Volkswagen.
Also, junior mining companies are eager
to get their slice of the cake.

Another raw material that keeps inves-
tors on their toes is lithium, which the
European Commission does not even
characterize as critical. In 2017, the
USGS estimated that worldwide lithium
reserves were 14 million metric tons,
whereas production stood at 35,000 met-
ric tons. “Based on the current known
lithium reserves and production, there is
enough lithium for the next 440 years,”
says Al Barazi, adding that this is not a
fixed number and can vary according to
annual consumption and further explo-
ration of lithium deposits.

In addition to being more avail-
able, lithium is also cheaper to extract.
Nonetheless, its price has not remained
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immune to the burgeoning demand. It
saw its peak in 2016, when spot lithium
carbonate prices in China increased up
to 300%, based on an acute, but tempo-
rary shortage from Australia, while the
rest of the world experienced spot price
increases of approximately 40% to 60%
on a yearly basis. Overall, prices for lith-
ium have jumped over 200% over the last
five years, as miners struggled to answer
to an uplift in demand. As a result, all
industry players are looking to broaden

their market reach by expanding their
mining operations. “In the next couple
of years, we expect a glut of lithium to
come online, as miners such as Albe-
marle and SQM look to significantly
increase their lithium production,” Frith
says. After ending a long-running dispute
with the government, SQM announced
plans to step up its production by an extra
349,553 metric tons until 2030. Others,
meanwhile, explore new deposits, like

in the case of the world’s largest iron ore
producer Rio Tinto, which is looking
to start lithium production in Serbia in
2023.

But to what degree could the raw mate-
rial price rally reflect on energy storage
prices? “It takes about six months for
the price of raw materials to reach bat-
tery manufacturers, so the rise in cobalt
prices in 2017 will now be hitting their
profit margins. In fact, we have already
heard of some manufacturers passing

these costs on to their customers,” says
Frith. Nonetheless, he says that overall in
2018 the prices will keep falling, although
at a slower rate than the decrease seen in
2017, when the volume weighted aver-
age battery pack price across the indus-
try fell 24% to $209/kWh. The downward
price curve will be a result of savings in
other areas and due to the Chinese mar-
ket, which already has some of the lowest
prices, at an average of $191/kWh.
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Also in the long run there is no need
to worry. “Our calculated learning rate
of 18% means that every time the volume
of batteries produced doubles, prices will
drop by 18%. These price declines will be
driven by economies of scale as ‘giga-
factories’ continue to grow to an opti-
mal size of ~30 GWh/year, increases in
the energy density of cathode materials,
adopting for example NMC (811) which
contains eight parts nickel for every one
part of manganese and cobalt, and even-

Photo: Umicore

tually a step change in technology, which
may come in the form of solid-state bat-
teries or high voltage lithium-ion batter-
ies,” adds Frith.

Recycling: heading to profitability
Another major sustainability topic is
recycling. For battery manufacturers, a
circular economy would not only ensure
aresponsible disposal of hazardous waste,
but could also reduce their dependence on
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oto: Umicore

Umicore’s metal recycling plant in Hoboken, Belgium.

traditional raw material supply chains. In
the case of Europe, recycling is far more
than a desired scenario, it is legally com-
pulsory and regulated at both the EU
and national levels. In accordance with
the Battery Directive 2006/66/EC, bat-
tery landfill is forbidden, and the man-
datory recycling is part of the Extended
Producer Responsibility, meaning that if
the recycling operation is not economi-
cally profitable, it has to be funded by the
battery producer.

In this regard, the focal questions
are recovery rates of different materials
and economic viability of the recycling
processes.

The Battery Directive reads that a
minimum of 50% of batteries by average
weight must be recycled, setting no man-
datory amounts for particular materials.
But, in the case of certain metals, such
as lithium, mining is still cheaper than
recycling. “The mandatory percent-
age target is respected for lithium-ion
batteries,” says Claude Chanson, Gen-
eral Manager of Recharge, an associa-
tion representing the battery industry
in Europe. So, the average recovery rate
comes from other metals. “State of the
artrecycling facilities gain around 50%,”
says Reiner Weyhe, Managing Direc-
tor of German recycling firm Accu-
rec, adding that this includes over 90%
of cobalt and more than 95% of copper
and iron. But also 0% of lithium. Today

closed-loop recycling is not “commer-
cially viable” he notes. What is more,
at the moment recovered materials are
not specifically intended to be reused for
battery manufacturing. “However, pos-
sible market tensions in case of strong
demand for battery active material pre-
cursors could help the development
of this closed loop,” adds Chanson of
Recharge.

Last June, investment bank Morgan
Stanley said it forecast no recycling of
lithium at all over the decade ahead, but
efforts are being made to improve the
practice. “Last year, Umicore has intro-
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duced a new recycling process for lith-
ium, which ensures a recovery rate of at
least 70 -80%,” says Matthias Buchert,
Head of Division, Resources and Trans-
port at German non-profit Oko-Institut.

Belgium’s Umicore is both a battery
component maker and a recycling firm.
The company is touted to know the for-
mula for closed loop recycling. Specifi-
cally, it applies a pyrometallurgical pro-
cess on waste batteries through which it
gets an alloy, as an intermediate product,
containing cobalt, nickel, and copper. In
the subsequent hydrometallurgical pro-
cess, the alloy is further refined so that
the metals can be converted into active
cathode materials for the production of
new rechargeable batteries, thus closing
the circle.

More efficient recycling seems there-
fore within reach. “In the case of Europe’s
recycling firms we can speak only of
small-scale recycling by now,” says
Buchert. Umicore has a maximum recy-
cling capacity on a yearly basis of around
7,000 metric tons, and Accurec has
around 5,000 metric tons. Their capaci-
ties are, however, expected to grow sub-
stantially over the coming years as more
batteries reach end of life,” he says, add-
ing that in a few years they could reach
60,000 metric tons. “Then we will be
speaking about the economy of scale,
which as a rule comes with greater effi-
ciency and lower cost.”

Also Chanson of Recharge agrees the
capacities will enlarge when the need
arises. “But a big question which is raised
is the risk of having the waste batteries
exported outside of Europe, looking for
better profit owing to less controlled recy-
cling conditions and targets,” he says.
This would put the circular economy in
the EU at risk and undermine the Euro-
pean recycling business. “Unfortunately,
it is much more difficult for the EU regu-
lation to address this issue, also linked to
external trade conditions,” he says.

Nevertheless, London-based com-
modity recycling company CRU fore-
casts 11,600 metric tons of cobalt to come
from recycling in 2021, up from 7,110 a
year in 2017, and 24,900 metric tons by
2026, accounting for 9.7% and 17.9% of
the total market supply respectively. It is
at least a start. Marija Djordjevic
Aerial view of lithium mining
operations close to the town of Silver
Peak in the Nevada desert, USA.
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Flow battery breakthrough?

Lithium alternatives: Redox flow technologies have grown quite mature, but despite some big letters of
intent, the industry is still waiting for the technology’s major breakthrough. Experts who will present at
Energy Storage Europe address the big questions the technology must answer as it flows into the mainstream

of energy storage.
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The redox flow laboratory at the Karlsruhe Fraunhofer ICT, where the large electrolyte tanks can test storage systems

up to several hundred kilowatts.

I t’s pitch-black, although the walls are
made of bright white salt, and there are
no sounds and no smells. “The caverns
here have a height of up to 400 meters and
a diameter of up to 80 meters,” says Ralf
Riekenberg, project manager at EWE
Gasspeicher. The German energy com-
pany’s area of operations extends to the
North Sea coast, where there are many of
these underground caves, some of which
are currently used to store natural gas.
“The cave is deep enough to fit the Eiffel
Tower in,” says Riekenberg.

The company made headlines last year
with plans to build one of the world’s
largest redox flow batteries in two of these
caverns, with 700 MWh of capacity and
120 MW of power. It’s the same oppor-
tunity that the storage market experts in
pv magazine’s roundtable (p. 27) identi-
fied for redox flow batteries to gain a foot-
hold in the lithium-ion dominated mar-
ket. After that, manufacturers will have
to find niches “where they have a clear
place in the market,” according to Julian

Jansen, Senior Market Analyst, Solar &
Energy Storage at IHS Markit. It is not
enough to only be competitive when the
storage must last longer than in typical
applications. Even local geography, such
as the availability of salt caverns in this
case, can be an advantage for a particu-
lar technology.

In its current form, the cave battery is
more a declaration of intent to develop the
technology than a project to be quickly
implemented for the grid. The goal is that
it will be realized in 2023. One reason is
that the project’s business model cannot
be finalized, in light of shifting develop-
ments in the electricity market, and the
unpredictability of regulation.

There are, however, conditions present
that suggest such a storage solution could
be useful. The coastal region has a partic-
ularly large amount of wind power, and
local storage could take pressure off the
grid. “Surplus power that already exists
could be stored there,” says Riekenberg.
At present, the wind turbines are stopped
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when the electricity is not needed or can-
not be removed because the grids are not
designed for peak performance.”

A similar redox flow project is under-
way in Dalian, China. There, Rongke
Power plans to develop an 800 MWh
storage facility, and wants to use it by
2020 to peak shave 8% of the region’s
load. The Chinese company is using
vanadium redox flow technology, devel-
oped by UET, based in Washington State,
USA. This is the most common redox
flow technology, and offers some benefits
for developer Rongke Power, as the com-
pany also uses vanadium in its steel busi-
ness. “Companies in the steel sector can
use vanadium redox flow batteries as a
parallel revenue source when demand for
steel drops,” says Lorenzo Grande, a tech-
nology analyst at IDTechEx who has pub-
lished a study on the redox flow market.

For the salt caverns, on the other hand,
EWE is relying on a new redox flow tech-
nology that is more environmentally
friendly and works in a salt solution. It
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uses organic polymers and was devel-
oped at the University of Jena. In the ini-
tial phase of the project, EWE will also
build test installations, most likely at the
Fraunhofer Institute for Chemical Tech-
nology in Germany, which is equipped
with tanks for huge amounts of electro-
lytes for redox flow technologies. This is
where Peter Fischer, who answers some of
the most relevant questions on the state
of redox flow technology in the following
interview, carries out his research.

pv magazine: One could get the impres-
sion that energy storage devices are pri-
marily lithium-ion batteries. Although
redox flow batteries have been around
for a long time, they appear to have
fallen behind. What is the status of the
technology?

Peter Fischer: The expression “fallen
behind” is quite misleading in my opin-
ion. For many years, stationary storage
has been dominated by lead-acid batter-
ies. At the moment, lithium-ion battery
systems are emerging and have taken
over in terms of the number of installa-
tions and installed capacity during the
last years. The lower number of redox
flow battery installations is due to the
lack of business cases for capacity stor-
age. The idea of redox flow technology

Currently utilized as a gas storage facility, these salt caverns in Northern
Germany will be used to create an enormous redox flow storage facility.

is to provide large storage capacities at a
potentially lower price. But the business
model for capacity storage is expected to
change very soon, particularly in Ger-
many, as federal funding within the EEG
will fade out.

Mostly unnoticed by the general pub-
lic, flow battery prices have also halved
over the last five years. The price erosion
has not been as dramatic as for lithium-
ion batteries. But nevertheless, flow bat-
tery technology has become more com-
petitive, and manufacturers are no longer
afraid to provide the same guarantees as
lithium-ion storage manufacturers pro-
vide today - these statements count of
course only for the major players.

For which business models and in which
regions do you see the main applications
in the next three years?

The most promising applications are
multi-megawatt installations in the
transmission grid, which could serve
for peak shaving for utility grid services
or small to medium-sized factories. At
the moment peak shaving is not profit-
able, since electricity prices are too low
for the mere storage of electricity to pro-
vide a business case. But with the com-
bination of other business cases like fre-
quency regulation, such energy storage
can become profitable in the near future.
Costs of grid service will increase over
the years, and with the low capex prices of
renewable energy, capex deferral scenar-
ios are also more likely to pay off. Widely
discussed at the moment is the stacking
of business models for flow batteries, to
make the business model for capacity
storage more attractive to investors.

One difficulty is to accurately estimate
the lifetime of redox flow batteries and
to characterize it via the cycle life. Why
is it more difficult to specify compared to
lithium-ion batteries?

During battery operation the reaction
is accompanied by chemical changes on
the electrode surface. Electrical energy
is stored in the form of chemical energy
on the electrode surface. As the conver-
sion rate of a chemical reaction is seldom
100%, a small quantity of the material
cannot be recovered during a revers-

ible reaction cycle, meaning a back and
forth reaction on the electrode that cor-
responds to charging and discharging the
battery. These losses can be counted in
charging and discharging cycles and pro-
jected on the lifetime of a battery.

In a flow battery, the electrical energy
is stored in a liquid, and not on electrode
surfaces. As the electrochemical reaction
takes place in the liquid, the two elec-
trodes don’t change during the charg-
ing and discharging reaction. Electro-
chemists name these types of electrodes
inert electrodes. In ideal conditions,
these types of battery electrodes will not
degrade or wear out at all. In reality, this
is of course not really true, as the elec-
trodes can face corrosion or wear. Also,
the electrolyte capacity can fade, though
in most cases it can be recovered quite
easily. But this is why lifetime of flow
batteries cannot be projected directly
through testing cycles of charge-dis-
charge operations.

What do you advise EPCs and investors
on how they should estimate the lifetime
of redox flow batteries?

The lifetime of all battery systems
depends on their charge and discharge
history, temperature history, etc. This
also counts for flow batteries. The data
from cycle tests are more interesting if
you want to compare battery chemistry in
different conditions than predicting the
lifetime of real systems. I can fully under-
stand that EPCs wish to have indicators
for the depreciation of their investment.

The flow battery is in any case more
related to a fuel cell. Lifetime estima-
tion is also difficult in fuel cells, as fuel
cell electrodes also work with inert elec-
trodes. The lifetime of a fuel cell is usu-
ally compared by soft numbers like oper-
ating hours, to provide guarantees for a
customer.

In flow batteries it would be even more
difficult to provide such data, as charging
as well as discharging operations influ-
ence the lifetime. I think in the future
battery manufacturers will provide guar-
antees, which will of course vary based
on how confident the manufacturer is
with their product. The guarantee will
be structured like a service contract. As
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Capacity with potential

Redox flow storage: Con-

sidering all relevant aspects,

flow batteries can show lower 100
lifetime cost than lithium-ion

for shorter durations than you %
might expect. 80
The consultancy Apricum has 70
compared levelized cost of 60
stored energy (LCOS) for lith-

jum-ion and redox flow batter- 50
ies. The indicative LCOS depends 40

on the charge/discharge dura-

tions of the batteries: i.e., the 30
ratio of capacity to power. For
example, one hour of storage
duration needs a battery with 10
a capacity in kWh equal to its
power in kW. For three hours
duration, the capacity is three
times the power (a C-rate of
1/3). The figure illustrates that,
based on capex figures Apricum
sees in the market today, flow
batteries can have an economic advantage over lithium-
ion batteries already for durations between three and
four hours. Increasingly, applications for energy storage
demand longer charge/discharge durations. This may
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provide significant opportunities for redox flow batteries.

However, system costs of individual flow, as well as lith-
ium-ion batteries, vary substantially, and many specific
project and technology parameters have an impact on
the economics via LCOS, such as battery and project life-
time, degradation, efficiency, and charging power price.
In particular, flow batteries can play to their strengths
when a lifetime of 20 years or more is valued.

However, it should be noted that a low LCOS is not the
sole selection criterion — other aspects such as bankabil-

Lithium-ion batteries? are most
competitive for use cases requiring only
0 short charge/discharge durations. ..
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Indicative LCOS' (5/kWh)

Source: Apricum

Example use case:
Ancillary services — German
Primary Control Reserve

Example use case:
Renewable energy time shift —
PV time shift in Hawaii

2017
threshold for cost
competitiveness

...while Flow batteries? are
best suited for the growing number
of long duration applications.

15 20 25 30 35 40 45 50 55 60 65 70 75 80

Duration (hours)

ity could play an important role. See also the pv maga-
zine roundtable debate on page 27 for further discussion
of these results.

Assumptions for the LCOS calculation: 1) 350 full cycles
per year, $0.05/kWh charging power price, 9% discount
rate, $205/kW capex for AC power electronics, annual
O&M cost of 2% of system capex, no residual value;

2) DC system capex for the redox flow battery is the

sum of $190/kWh (usable energy) and $890/kW (power),
20 year lifetime, 70% AC RT efficiency, 0.4% annual deg-
radation;

3) DC system capex of $330/kWh (usable energy), 10 year
lifetime, 80% AC RT efficiency, 1.6% annual degradation.

soon as more installations are out, statis-
tical data can provide more security on
how the lifetime of a flow battery system
can be projected.

Why does the industry need to look for
alternatives which are cheaper than
vanadium?

The limiting costs for electrolytes of
$60 to $80/kWh are still quite high, if
you compare to the projected costs of
lithium ion cells, which are at around
$150/kWh. The investment cost of a redox
flow battery is still significantly higher than
that of a lithium-ion battery. They are also
the reason why lifetime considerations are
crucial. When the lifetime of redox flow is
longer or refurbishing costs are lower, they

can be advantageous. A lot of research is
done to provide cheaper redox flow energy
storage materials, to provide competitive
systems for capacity storage.

What are the most promising alterna-
tives to vanadium? What storage costs
can you get with them, and what is the
state of development?

Different systems are being discussed.
For high power storage applications,
hydrogen bromine flow batteries pro-
vide an interesting alternative, since
hydrobromic acid is a very cheap storage
medium with a potentially high capacity.
This system is a kind of a hybrid system
of a fuel cell with a flow battery. Never-
theless, these systems are quite complex
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today, due to reversible hydrogen storage
and choice of stable materials. Organic
redox coupling is also widely discussed,
as it can potentially be cheaper. Chemi-
cal stability for multiple charge and dis-
charge operations of such redox systems
is often not sufficient. At the moment
different research activities are concen-
trated, to improve stability as well as
energy density of such electrolytes. Zinc
systems like alkaline zinc iron, neutral
zinc bromine, as well as more futuristic
systems like zinc slurry air are also being
discussed. These are hybrids of a zinc bat-
tery with a flow battery. The first two sys-
tems are already commercially available
products.

Text & interview by Michael Fuhs
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Driving long-term growth

IHS Markit Senior Market Analyst, Solar & Energy Storage, Julian Jansen notes that 40% of the total energy storage
pipeline aims at solar plus storage projects. He explains how this combination is developing into a surprisingly good
working business model for storage. It can radically change the energy supply landscape for good.

24
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The 10 MW Clayhill solar farm in the U.K. features a co-located 6 MW storage facility. The U.K. plans to provide further
guidance on the FIT and Renewable Obligation (RO) schemes for co-located sites.

With almost 200 GW of utility-scale solar
PV deployed since 2010, representing
around 50% of total solar installations in
that time, its importance as one of the piv-
otal generation technologies of the future
can no longer be contested. Based on this
impressive growth, the biggest barrier to
achieving a fully renewable energy sys-
tem remains the inherent intermittency
of solar and other renewables.

Energy storage in its many forms
has the ability to make solar and other

renewable generation fully dispatchable,
as well as potentially solving many of the
barriers ranging from solving network
infrastructure constraints to enabling
off-grid energy systems. Despite this,
to date only around 420 MW of bat-
tery storage coupled with utility-scale
solar has been installed - with the num-
ber skewed by a handful of large-scale
projects in Asia. This contributed to the
prohibitive costs of energy storage in the
past.

The opportunities for deploying util-
ity-scale solar plus storage are multi-fac-
eted and diverse, varying not only by
country but from site-to-site. Of course,
energy storage located as a standalone
asset along the distribution or transmis-
sion may also alleviate challenges caused
by the growth of renewables. However,
there are universal benefits of siting stor-
age alongside solar as the share of inter-
mittent renewables, both overall and on
local networks, increases. In short, the
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more solar power is generated and fed
into the grid, the greater the value of stor-
ing power.

The graph (p. 26) highlights how, going
forward, more than 40% of the total
energy storage pipeline aims at solar
plus storage projects. This illustrates a
clear shift away from most past projects
that served single use cases such as fre-
quency regulation or capacity require-
ments. What can be observed is that the
solar plus storage pipeline aims to pro-
vide some of these values as part of their
proposition, but can also serve a range of
additional use cases or, as often seen, sim-
ply take advantage of existing network
infrastructure at the solar site.

Building a successful business
model

New value is now emerging for stor-
age on the utility side of the meter, pri-
marily from capacity requirements and
the integration of utility-scale solar and
island microgrids. This leads to greater
growth in the longer duration energy
storage segment, especially systems of
two to four hours (and above) in dura-
tion. In theory, energy storage can pro-
vide multiple use cases when paired with
utility-scale solar:

1. Time shifting generation: While time
shifting can capture a range of applica-
tions, for this specific analysis we define it
as storing solar power and discharging it
atalater time, typically under a PPA type
agreement with a utility offtaker. Mak-
ing solar generation dispatchable by hav-
ing storage on-site makes it comparable
with a traditional generation resource.
This will be crucial in facilitating con-
tinued growth and integration of solar
power. Such a model will become espe-
cially attractive in locations with high
electricity prices, where solar plus storage
can deliver lower cost electricity, or where
there are significant differences between
peak and off-peak wholesale electricity
prices, and thus a power producer can
maximize revenue. Additionally, the off-
taker may be prepared to pay premium
PPA prices (in comparison to a PV plant
without storage) when procuring solar
plus storage in return for added flexibil-
ity. Should this be the case, investors will
have a clear benefit from co-locating stor-
age, as long as they take into account the
utility requirements and size the proj-
ect accordingly. Currently what can be

observed are energy storage system dura-
tions between two and four hours, while
the feasible power ratios vary widely, but
are commonly between one-to-one and
two-to-one (PV to energy storage).

To provide an example, let’s look at
Tesla’s solar plus storage project for Kauai
Island Utility Cooperative in Hawaii. The
52 MWh of energy storage is necessary, as
during the day the island’s grid is unable
to absorb additional solar generation,
while during evening peak time the elec-
tricity supply relies on expensive diesel.
By co-locating the storage system with
the solar plant, electricity can be stored
during the day and discharged in the eve-
ning. The island utility does not have to
curtail peak solar generation and also is
able to procure electricity at around 10%
less per kWh in comparison to existing
diesel generation.

2. Ramping: Energy storage can be added
to a utility-scale PV system to perform
‘ramp rate control.” Here, a storage sys-
tem would be added to overcome a spe-
cific technical challenge by ensuring that
a system’s output does not increase or
decrease too quickly. An example would
be passing cloud cover rapidly decreasing
output from the solar system and poten-
tially destabilizing the grid. Such sys-
tems have been made relatively common
in Puerto Rico where minimum tech-
nical requirements for interconnecting
renewable generators require the addi-
tion of energy storage systems specifi-
cally to manage the ‘ramp rate’ of power.

3. Distribution network support: In
many regions where intermittent gener-
ators (renewables) contribute a very high
proportion of power generated, grids can
become unstable, either leading to reli-
ability issues or to limits being placed
on grid connections for renewables. If a
storage system is sited alongside a util-
ity-scale solar system, it may reduce the
need for network connection upgrades by
providing an effective way of curtailing
peak output.

The ability of energy storage to allevi-
ate constraints on the distribution grid
is currently shown by Western Power
Distribution’s ‘Solar Storage’ trial in the
U.K., using a 640 kWh battery storage
unit. Following some teething problems,
this particular pilot has shown that the
storage asset can technically provide a
range of services to a distribution net-
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Business Models

work operator when co-located with
solar. However, the trial also highlighted
that currently there is no real business
case that offers remuneration to a devel-
oper. A business case may become appar-
ent, if in future storage becomes a man-
dated addition to utility-scale solar plants
in constrained territories.

$36/MWh in sight?
Highlighting this diverse set of applica-
tions shows that energy storage is a cru-
cial tool to enable the long-term growth
of utility-scale solar. At the same time, the
business case is highly uncertain today
and only exists where premium remu-
neration is available for adding flexibil-
ity, a mandate for adding energy storage
to utility-scale solar exists, or regulation
allows for effective value stacking with
external revenue streams. The key factors
for investors to consider when assessing
individual project feasibility are:

« High power prices and generation costs

» Weak or constrained grid infrastruc-
ture restricting deployment of utility-
scale solar;

« Strong renewable targets and respec-
tive growth in renewable deployment

« Strong conditions for solar generation

o Significant variation in electricity
prices throughout the day;

» Regulatory frameworks allowing
the provision of ancillary services
and capacity with solar plus storage
systems.

0 AT A GLANCE

- It has been a much talked about topic
for years, now we are finally witness-
ing how utility-scale solar plus storage
plants can radically change the energy
supply.

420 MW of battery storage coupled

with utility-scale solar has been

installed globally.

- Now 40% of the total energy storage
pipeline aims at solar plus storage
projects.

- The United States is driving early

deployment of utility-scale solar plus

storage across a number of utility ten-
ders that may reward the addition of
storage to solar projects.

Australia has made the headlines

based on an eye-watering pipeline of

2.1 GW for storage projects paired with

utility-scale solar.

In Europe, the United Kingdom and

France are driving the deployment.




Business Models

On an LCOE basis, stand-alone solar will
always be cheaper than solar plus storage.
However, the added benefits - whether it
be delivering power in the evening peak
period or providing additional ancil-
lary services to network operators — may
make solar plus storage by far more valu-
able, particularly as the cost of storage
continues to fall. IHS Markit currently
forecasts a17% drop in utility-scale solar
PV system prices by 2021 and a 31% drop
in energy storage system costs by 2021, in
comparison to 2017.

Future price declines and favorable
market conditions were recently illus-
trated by solicitation results from Pub-
lic Service Company of Colorado (a sub-
sidiary of Xcel Energy) in the United
States. Here solar plus storage PPA price
proposals came in at a median price of
$36/MWHh, significantly lower than all
previous prices for utility-scale solar plus
storage projects. Given that these results
are preliminary and only form part of the
utility’s future resource planning, one
cannot infer any detailed information on
individual projects. If any of the bids are
to be realized, they would not have to be

Graphic: Harald Schiitt/pv magazine
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51%

age to solar projects across states such as
Hawaii, California, Arizona, and Col-
orado. Subject to some of the prevalent
uncertainty around the solar PV market
in the U.S,, the country will be leading
the short-term development of solar plus
storage projects.

“New value is now emerging for
storage on the utility side of the meter”

commissioned before 2023, so one cannot
equate this number with what is achiev-
able in the market today. What the results
do offer is a glimpse into the future where
solar plus storage is becoming an eco-
nomic and flexible source of clean energy.

Where will we see the greatest
opportunities?
In total, IHS Markit expects between 20
and 26 GWh of energy storage co-located
with utility-scale solar to be deployed
from 2018 through 2025 across a wide
range of regions. Clear growth oppor-
tunities stand out in a number of major
solar and storage markets including:
The United States is driving early
deployment of utility-scale solar plus
storage across a number of utility ten-
ders that may reward the addition of stor-

Australia has made the headlines based
on an eye watering pipeline of 2.1 GW for
storage projects paired with utility-scale
solar. It has to be recognized that a large
proportion of this project pipeline can be
considered somewhat speculative. There
are, however, heightening concerns over
the stability of Australia’s grid, due to the
growing penetration of renewables, the
wide distribution of its population, and
the large number of remote communities.
This is working in favor of energy stor-
age, which in combination with utility-
scale solar is seen as one of the core future
energy resources in the country. Nonethe-
less, direct remuneration for such projects
remains highly uncertain, with the most
likely revenue streams coming from capac-
ity/network stabilization tenders, fre-
quency regulation services, and arbitrage.

In Japan, as utility-scale solar will
account for an increasing share of gen-
eration, curtailment is becoming a real-
ity, leading to electric utilities starting to
pilot energy storage projects paired with
solar generation to improve grid stability
through multiple use cases.

At the same time, South Korea will
further cement its position as one of the
leading energy storage markets. Spe-
cifically, the Ministry of Trade, Indus-
try and Energy has outlined the coun-
try’s new energy road map. The target is
to increase the proportion of renewable
energy in the country’s energy mix from
7% to 20% by 2030. As part of the plan, the
government will look to increase invest-
ment in backup facilities and energy stor-
age systems to overcome challenges of
intermittency.

Opportunities for utility-scale solar
plus storage are not only emerging in
markets that have such strong visibility.
In Europe, the United Kingdom govern-
ment and regulator are planning to pro-
vide further guidance on the FIT and
Renewable Obligation (RO) schemes for
co-located sites. At the same time, France
has been driving deployment of utility-
scale solar plus storage through ten-
ders across its non-interconnected zones
(islands and overseas territories).

In island locations across the world,
solar plus storage is becoming an eco-
nomically attractive option to displace
diesel generation, while in markets
across Latin America, a strong short-
term growth in utility-scale solar is creat-
ing grid constraints that can be alleviated
through energy storage. For example, in
Baja California Sur (Mexico) added flex-
ibility through energy storage is becom-
ing a requirement for the connection of
new renewable plants.

As this specific market segment is
being established, such challenges will be
overcome, and the willingness of policy-
makers, regulators, and utilities to take
advantage of this low-carbon and reliable
source of electricity offers a positive out-
look. THS Markit expects that solar plus
storage will become a cost competitive
source of electricity across most major
utility-scale solar markets from 2020
onwards. In the meantime, early oppor-
tunities are emerging across the globe
from the U.S., through Europe and the
Middle East, to the major markets of Asia
and Australia.

Julian Jansen
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Masked surprises

Roundtable

Energy storage is a highly dynamic market. Nevertheless, it is not always easy to pick out the most interesting
news from developments that have not been widely reported. In the pv magazine roundtable discussion, we
found three of the major themes: They are dealing with business models beyond frequency regulation.

Michael Fuhs (pv magazine): I have the
impression that in the storage commu-
nity the discussions are repeating them-
selves. On the one hand, there is news of
fast growing markets, and on the other,
companies frustrated by regulation.
We also heard this message last year at
Energy Storage in Diisseldorf. Have there
been developments since then that have
surprised you particularly?

Ravi (GTM Research):
One of the most surprising things that
I came across in the last few months is
very recently Xcel energy in Colorado
released their requests for proposal that
are currently ongoing, all-source solici-
tation. The surprising element was that
they had 100-plus bids for either stand-
alone or renewable paired storage. We
don’t know details of each one of those
bids, but what was explicitly reported in
their document is that all of those 100-
plus bids were with lithium-ion batteries,
except for the one separate category for

Manghani

0 AT A GLANCE

- The combination of large photovoltaic
systems with battery storage is a larger
field than was thought a few months
ago, but only in some regions.

- Redox flow storage did not come into
play in tenders for solar installations
with storage facilities in the USA,
although the conditions might have
worked well.

- The differences in the storage mar-
ket, especially between the U.S. and
continental Europe, can partly be
explained by the different conditions.
In addition, it plays a role whether one
understands the energy transition as
something bigger than a pure infra-
structure change.

A 6 MW/10 MWh lithium-ion battery installe
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d by Younicos in the UK. “In the

UK regulators are showing a much stronger will to provide market access to
energy storage than in most other European countries,” says Florian Mayr.

compressed air energy storage. And what
makes it all the more surprising in terms
of industries, technologies and landscape
perspective, is that there were a few bids
in there that were six, eight and ten hour
storage bids.

Fuhs: Which could, according to com-
mon sense, favor redox flow chemistries
Jfor example.

Manghani: As we start to move to longer
duration storage there is scope for other
technologies, like flow batteries or some
other chemistries, or electro-mechani-
cal based technologies. And yet we did
not see a single bid for these. All these
projects have a completion date of 2023.
If we read between the lines, the devel-
opers who bid into these projects don’t
expect by 2023 that we will have compet-
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itive flow battery technologies that they
can trust.

Florian Mayr (Apricum): Regarding
the general choice of lithium-ion bat-
teries over flow batteries: How long was
the PPA or the guaranteed remunera-
tion in the request for proposals? That is
also important, as if you have, let’s say
only a five-year PPA, then flow batter-
ies that have very long lifetime and low
degradation cannot fully play out their
advantages.

Manghani: The contract duration was
left open. But most of the bids are going
to be in the 20 or 25-year range, which
again speaks to the contrary that flow
battery technologies are better suited to
last so long.
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Mayr: An explanation could be bankabil-
ity. There are only a few huge corpora-
tions, such as Sumitomo, in the flow bat-
tery business, while a lot of lithium-ion
batteries are coming from big companies
like LG Chem, Samsung SDI and Pana-
sonic. This could lead to higher financing
costs for flow batteries.

Matthias Leuthold (RES): Why were you
so surprised? I would say it is a common
disbelief from three to four years ago
when we thought everything beyond four
hours is the home turf for redox flow. We
cannot find cheaper redox-couples than
vanadium - the only reliable redox flow
technology we know is vanadium redox
flow - I haven’t seen any major instal-
lations in other technologies. Now, one
can buy a low power/high energy lith-
ium-ion battery for capacity prices well
below €300/kWh, and for very large proj-
ects soon below €200/kWh. In contrast,
I see that manufacturers of redox flow
batteries proudly present that they can
get below €350/kWh storage capacity. I
don’t understand how they get business.
With the small volume redox flow battery
suppliers, the cost reduction potential is
too small. We also have to be aware that
lithium-ion batteries are not only high-
power batteries. The low power branch
has made significant progress and there
are dedicated manufacturers for pure
energy cells, which are big enough to
have bankability, which is a serious ques-
tion. We had a project where a customer
decided on redox flow and it was only
bankability that didn’t make it possible.

Michael Fuhs

Michael Fuhs has been editorial director of

pv magazine since 2010. As editor in chief of
the German edition, which has had a very
strong focus on the storage market since 2012,
Michael has a slightly European perspective
in this panel discussion moderation. He holds
a PhD in physics and worked for German
newspapers, national public radio and TV
before joining pv magazine.

Mayr: Matthias made an important
point. To assess future competitiveness,
decreasing costs due to economies of scale
and technological improvements have to
be taken into account. In this context, the
upcoming massive growth of e-mobility
will drive down costs of lithium-ion bat-
teries independently from the develop-
ment of the stationary energy storage
segment, something flow batteries can-
not benefit from. On the other hand, I'm
seeing increasingly low CAPEX for vana-
dium flow batteries on a DC level. In our
close work with storage technology pro-
viders around the world, we are getting
first hand insights on prices that trans-
late into about $190/kWh for the energy
components plus $890/kW for the power
components achievable already today.
Based on these prices we conducted an
LCOS analysis (see page 23) in order to
understand how competitive a top-of-
its-class vanadium flow battery can be
today, compared to lithium-ion and what
the resulting duration time threshold is.
I am hearing a lot about six, seven and
eight hours as a threshold beyond which
redox flow is competitive. According to
our calculation it is closer to three or
four hours. However, please note that
the analysis does not include bankability
or any residual value, which both impact
LCOS as well.

Fuhs: What do the others think about
CAPEX assumptions?

Julian Jansen (IHS Markit): I think
that is quite an aggressive and optimis-

Julian Jansen

Julian Jansen is a Senior Market Analyst at
IHS Markit Technology. He focuses on battery
storage market activity and industry trends,
as well as analyzing key value drivers and
emerging business models driving storage
deployment.

Additionally, Julian provides high level
consultancy and strategic advice for bespoke
projects..

tic CAPEX assumption. Part of the prob-
lem we have really seen for flow batteries
comes back to what Matthias said. It is
not just about the cost factor and capital;
itis aboutlonger-term risk and the bank-
ability, and possibly a lack of faith in the
warranties that can be provided. Another
issue is that as a customer do I actually
have any security that the company that
I am buying this technology from will
still be around in three years’ time? I still
believe in the potential of flow batteries.
But I think companies really need to do
a much better job at finding their niches
and segments where they are not compet-
ing with lithium-ion batteries, but where
they have a clear place in the market. It is
not just the storage duration that counts,
but also the location, cycling require-
ments and the types of application being
provided. By focusing on their strengths,
some flow battery players are doing quite
well finding these niches. Those simply
competing with lithium-ion on a cost by
cost basis will struggle in the foreseeable
future.

Jonathan Gifford (pv magazine): I
know the Australian company Redflow
from South Australia and they are very
much looking for telecommunications in
Southeast Asia. What are the other use
cases that you think play to the natural
strength of flow batteries?

Manghani: Flow batteries can last much
longer than lithium-ion batteries and
typically require less O&M, which again
points to applications that are remote in

Matthias Leuthold

Mathias Leuthold is Head of Storage at RES
Deutschland. RES is a major supplier of
medium and large-scale storage installations.
Before joining RES he led the research team
on application of storage systems at RWTH
Aachen. Matthias has led the development of
numerous projects, including experimental

5 MW storage demonstration facility system
M5Bat.
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nature, that do not require the level of
TLC that deep cycle batteries or lithium-
ion batteries may need. So we are talking
about applications like microgrids. Much
like telecom, in microgrids again there is
a different variety of application, argu-
ably some island nations, some island
type applications, even in mainland,
developed countries or even developing
countries. I think there is a huge variety
of energy access related applications, that
flow batteries could target.

Fuhs: What do you think about the cost
assumptions of $190/kWh for redox flow?

Manghani: I stand in the same camp as
Julian who thinks these cost estimates
seem fairly aggressive. I am not saying
that these costs are not achievable. Some
of the flow battery vendors that we spoke
with are confident that they could get to
fairly low prices. The question is whether
there is a market big enough for flow
battery companies to scale up. If there
was a market for vanadium flow or any
other kind of flow batteries, we would
see investments by flow battery vendors
or their financiers into building up giga-
factories. But we haven’t seen that yet,
excluding one or two vendors now look-
ing to build facilities in China.

Fuhs: How concrete is this huge
800 MWh redox flow project in Dalian,
China?

Jansen: It is a little bit of a mystery. The
latest I heard was that it is going ahead,

Ravi Manghani

Ravi is the Director of Energy Storage at GTM
Research, where he focuses on markets and
value chain analysis. He has over eight years
of experience in storage as an analyst and
engineer, and holds a Master of International
Business degree from Tufts University, a
Master of Science in Chemical Engineering
from University of Washington, and a Bachelor
of Chemical Engineering from the Institute of
Chemical Technology, Mumbai, India.

but as with many projects in China it may
be built in several phases. Then the case
will be reevaluated, and the next phase
goes ahead. So I think it is unlikely that
800 MWh will be commissioned in one
go. But I do think China is serious about
all types of battery technology and it will
be quite interesting to see what impact
they have on the global market. If they
want to make it happen, they make it hap-
pen; they do not sit around on regulations
for years.

Fuhs: Regulations and market growth is
related to business models. Has anybody
been surprised by recent developments?

Jansen: If you would have asked me a
year ago, I would not have expected the
size of the pipeline in Australia, neither
for utility-scale solar nor for utility-scale
solar plus storage, for which the pipe-
line has reached more than 27 GW and
2 GW respectively. These expansion plans
have taken me and lot of people by sur-
prise. Another interesting trend can be
observed in smaller markets. They are not
as big an opportunity as any of the major
markets, but I think the developments in
the Czech Republic, Austria and Sweden
are worth watching.

Fuhs: As far as I heard, the inspiration
to build the 100 MW big Hornsdale stor-
age plant was a blackout. Is this really
the business case, and how is this service
rewarded?

Manghani: The Hornsdale project was

Florian Mayr

Florian Mayr is partner at the consultancy
Apricum and brings a wealth of management
consultant experience, combining an
enviable knowledge of both the conventional
energy and renewable energy sectors. Prior
to Apricum, he spent eight years in senior
positions at McKinsey & Company and RWE.
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developed with some funding provided
by the South Australia government that
basically looks to be a resiliency contract,
which of course does not cover the entire
cost of the project. So the plant has the
ability to participate in the Australian
national electricity market.

Fuhs: Business model beyond frequency
regulation is one of the big topics we
defined as being of enhanced interest
this year. A lot was written about the gas
peaker replacement by storage. Peakers
are plants that mainly serve peak load in
the grid and are, for example, rewarded
by capacity markets. However, isn’t it
often the case that experts are spend-
ing lots of time discussing it, but it hasn’t
happened so far?

Manghani: Peaker replacement opportu-
nity is definitely getting more and more
real. Again, some of it is being driven by
some progressive-thinking regulators. In
early January the California Public Utili-
ties Commission ordered that the utility
PG&E should look at storage and other
distributed energy sources, rather than
renewing a contract for three gas plants,
two of which are peakers. Some of the
development is being driven by the policy
makers. But if we look at pure econom-
ics, we come to the conclusion that in cer-
tain markets peaker plant replacement as
an application starts to get competitive in
the next four years, especially in markets
with a significant delta between the off-
peak and peak wholesale prices, e.g. in
the west coast and northeastern markets
in the U.S. We assumed that four-hour
energy storage is sufficient, knowing that
this duration doesn’t necessarily replace
peakers. Some of the peakers are required
to run six or eight hours, and there can be
weather events that require peaker plants
to run for an entire day. If we assume that
the cost reductions continue until 2027,
about half of the new peaker plant capac-
ity that’s expected to come on line could
be addressed [with storage].

Fuhs: What can we learn from this, par-
ticularly for Europe?

Jansen: I agree with Ravi’s expectations
regarding U.S. peaker plants, which are
very much in line with our team’s mod-
eling. European energy markets are fun-
damentally structured in a different way.
We don’t have utilities procuring peaking
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In the U.K., regulators are opening up market access to energy storage
providers. Pictured: a 6 MW battery at Clayhill solar farm, installed by Anesco.

capacity. The closest we might get is the
capacity market mechanism in the UK.,
which regulators realized that the struc-
ture did not necessarily incentivize the
right type of resources, hence the de-rat-
ing of energy storage within those ten-
ders. I think capacity as such will not
become a primary revenue stream in
any European market. It may serve as a
secondary revenue stream, at least with
the right incentives or market mecha-
nisms. A different perspective could be

replacement or peaker supplement. But
one fundamental difference between
Europe and the U.S. is that in Europe
we have a fantastic grid. The renewable
penetration in countries like Germany
is largely balanced by the grid and cross
border transfer. Therefore, these appli-
cations of long duration storage may not
happen in Europe.

Fuhs: Another driver, particularly for
C&I storage applications in the U.S,, is

“The combination of different types of
thermal generation with battery storage
will be a very interesting application”

the combination of thermal generation
with battery storage as part of hybrid
power plants being able to serve more
than one use case. It can be gas turbines,
gas engines, or in remote locations die-
sel gensets.

Leuthold: It is something we also see
coming. You have the option of adding
thermal storage to batteries, which is
making power generation and heat gen-
eration more flexible. We see that in sev-
eral places in Germany now (see page 16).
Generally, I am pleasantly surprised that
we do see some early movers going in
the direction of using storage as peaker

high demand charges. IHS Markit just
published a study that the annual instal-
lations in this segment will increase from
50 MW in 2017 to more than 400 MW by
2022. The basic driver is also overload in
the grid, the same as for peaker plants.
So are we not likely to see such a devel-
opment in Europe?

Leuthold: That is what I think.

Mayr: I agree with you. One reason is
that each region is facing different chal-
lenges. In many regions in the U.S. the
grid is weak, or “all duct tape and bub-
blegum” as I am told. At the same time,

there is more and more renewable energy
fed into the grid. On top of this you have
resiliency issues that became particu-
larly obvious through the various nat-
ural disasters hitting the U.S. in the
last few years. So there is an increasing
urgency for action to keep the lights on.
Well-known initiatives such as the Self
Generation Incentive Program (SGIP), as
well as high demand charges and time of
use pricing reflect the strong intention of
both policy makers and utilities to incen-
tivize customers to consume power in a
more grid-friendly way, and to contrib-
ute to a more resilient infrastructure.
Energy storage is obviously part of the
solution here and benefiting from these
frameworks.

In continental Europe, the grid is typi-
cally in a much better condition, and it’s
much more densely meshed - we are lit-
erally sitting on a copperplate here. That
causes high flexibility and reliability of
the grid. For instance, in Germany, the
mean non-availability of power in 2015
was just about 13 minutes. Hence, the
perceived urgency for action to adjust
frameworks or create new schemes is in
general much lower. Having said this,
energy storage can of course add a lot of
value in continental Europe if allowed
to, for example by providing frequency
response or by helping owners of roof-
top PV systems to increase self-consump-
tion. But I would not expect that improv-
ing market conditions for storage is high
on the policy makers’ agenda right now.

Jansen: We see great potential in the
U.S., based on a number of core driv-
ers around the economics of peak shav-
ing and demand charge management.
One fundamental disagreement I have,
is to say that some states in the U.S. have
tariff structures that enable C&I stor-
age just because they have a less stable
grid than continental Europe. One of
the big issues I see in Germany is that it
is rapidly falling behind. Implementing
the energy transition goes beyond just
installing renewable energy and infra-
structure. In Germany, politicians com-
pletely underestimate future customer
powers, both residential and commer-
cial, and do notlook to enable distributed
energy to become a valuable resource as
part of the grid. Especially in Germany,
policy makers are putting up road blocks
to proper implementation of a distrib-
uted, digitalized and consumer-centric
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energy system. Other countries like the
U.K,, the Netherlands, Switzerland and
the Nordics are much more advanced in
exploiting the opportunities from flexi-
bility and enabling customers to support

the grid.

Fuhs: Would it also make economic sense
to change regulations in the wake of what
is happening in the U.S.2

Jansen: It doesn’t need to be a demand
charge. That doesn’t necessarily make
sense in European countries. What may
be more likely are effective time-of-use
tariffs that commercial customers can
take advantage of. And it also goes back
to the ‘level playing field’ discussion. In
most European countries you cannot
aggregate distributed generation and
small-scale storage without overcom-
ing vast barriers. Look at the UK.: It
faces many challenges, but it is creating
a framework that is future-oriented and
enables different technologies to provide
a range of services in a non-discrimina-
tory nature to the system operator and
the distribution network operators.

Mayr: I agree that in the U.K. regulators
are showing a much stronger will to pro-
vide market access to energy storage than
in most other European countries. But
building on my argument before, there
is also a much higher urgency for action
than in continental Europe. Great Britain
is an island with far less interconnectors
to adjacent countries that could provide
flexibility than, let’s say, Germany. And
there is the phase-out of coal-based gener-
ation that comes along with a loss of iner-
tia that eventually triggered the energy-
storage friendly EFR scheme, for example.

Fuhs: We see that there are several
dimensions, and it could make sense that
Germany moves more slowly. But from
the U.S. we see almost daily announce-
ments that will push energy storage.
Just recently, in one day we learned
that Hawaii’s legislature is considering
income tax credits for energy storage,
and that in California energy storage sys-
tems connected at customer sites are able
to provide services at the distribution or
transmission level. This is something we
wait for in Europe. Do politicians every-
where just do what makes economic
sense, or has it more to do with being
conservative or progressive?

Leuthold: Germany is the most conserva-
tive and protectionist country. If you look
atthe design for frequency regulation, only
German transmission grid operators have
managed to get the German government
to request the 30-minute duration for fre-
quency service, which reduces the compet-
itiveness of batteries. Also, if you talk to
the German ministry for economic affairs
they’re quite defensive for any change. I
think this is because they got burned by the
cost for the energy transition. If we look at
this historic aspect and the higher pressure
in the UK, it is clear that other countries
are moving more quickly.

Manghani: The important fact is that the
energy transition is beyond just central-
ized infrastructure. We are in a contin-
uum of market development. Customers
are more willing to go with decentralized
and distributed energy choices. Be it solar
panels on the rooftop or electric vehicles.
If you look at the regulators’ standpoint,
they know that the market is going to
be more distributed and that custom-
ers are going to be more empowered in
their choice of energy or mode of trans-
portation. One pathway would be to just
continue with the existing market struc-
ture, which could soon lead to a situation
where utilities lose revenue because their

Roundtable

Mayr: There are some interesting new
technologies out there. But in the short-
and mid-term we have a set of mature
lithium-ion and flow battery technologies
that compete in the market and will con-
stitute the majority of installations. This
is mainly because electrochemical sys-
tems are very complicated, and it takes
a lot of time to bring a technology to the
market and to scale it. And scaling is key
to cost reduction. This said, there are a
lot of interesting developments within
the lithium-ion space. For example, there
is the move to silicon-based anodes to
increase the energy density or the move
to solid state electrolytes with improved
safety. Also very interesting is the shift
to higher nickel content in NMC cells to
increase energy density and to decrease
the cobalt content, which might help to
prevent potential bottlenecks in supply.
Last but not least, the gradual improve-
ment of separators to allow for thinner
separators and higher energy density
without compromising safety is a prom-
ising development.

Leuthold: On a regular basis we’re ask-
ing ourselves this question. I don’t know
when solid state batteries will come. Gen-
erally with these technological develop-
ments I trust our colleagues from the

“Implementing the energy transition
goes beyond just installing renewable
energy and infrastructure”

energy sales are going down. The other
pathway is utilizing this transition and
putting the right kind of mechanisms for
revenue models in place. As a result, the
reliability of the system is maintained or
improved. There are a bunch of reasons to
experiment with different ways in which
the distributed resources can be part of
the overall energy system.

Fuhs: Even ifit’s not all about infrastruc-
ture, technology and costs play a signifi-
cant role. Many in our industry wonder
whether there are other technologies to
come soon and whether there will be a
game changer. What do you envision?
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automotive sector that they will drive this
development. My personal favorite is the
organic redox flow battery, where we have
cheap materials. But this will take years.
The decade to 2025 is the decade of lith-
ium-ion. The interesting question will be
what will be coming after the middle of
the next decade.

Jansen: Itis astonishing to see what man-
ufacturers of lithium-ion are doing to
change the composition of different lith-
ium-ion chemistries to reduce costs. This
is also why I don’t believe that we’re run-
ning out of resources to produce lithium-
ion batteries. Very few people know what
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kind of new battery will come into the
market, but we won’t be running out of
batteries any time soon. Also the long-
term trend for cost reduction will con-
tinue, which can be linked to the contin-
ued growth in production capacity across
the supply chain.

Fuhs: How about short-term price reduc-
tions in 20182

Jansen: For smaller battery modules we
recently saw a plateau in price reduc-
tion and even some reporting of small
increases in pricing. In 2018, there will
certainly be a slowdown in battery mod-
ule price reduction, and potentially for
smaller orders a very minor increase.
But overall, we do not expect a huge sud-
den swing to batteries becoming expen-
sive and making current stationary stor-
age projects uneconomical.

Manghani: One thing that may make sig-
nificant impact on cost reductions are sec-
ond life batteries. In 2023 and 2024 when
there will be a huge stock of used EV-bat-
teries coming back into the market. That
may have some implication for economics
of stationary storage applications.

Fuhs: Many people wonder what will
be the residual value of batteries in 10 or
20 years. What are your forecasts?

Leuthold: As battery costs fall, the resid-
ual value will fall just the same. The packs
sold in cars today, when they get back
to the market in 10 years they will not

als go into this consideration. It is hard
to predict but we don’t think it will be a
massive value to reuse batteries. I prefer
recycling materials and making new cells
out of them.

Fuhs: What is the pure material cost of
a battery?

“The decade to 2025 is
the decade of lithium-ion”

only have been used for 10 -12 years, but
will also be 10-12 years-old technology.
They will then have to compete with new
cell technology that has seen 10 years of
development. On top of that you will have
the cost of integrating used packs with
differing states of health into one storage
system. The question about a more exact
value is very hard to answer. Also, recy-
cling costs and value of recycled materi-
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