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1. EXECUTIVE SUMMARY

The world is dealing with one of the most difficult challenges ever faced: climate change. Moving 
forward in developing cleaner and safer technologies that definitely help in the fulfilment of the 
EU 2030 climate and energy targets is crucial.

In tins sense, energy storage in general, but batteries in particular, are postulated to be key 
enablers of such important mission, by allowing integration of variable renewable energy sources 
m traditional grids, and/or providing flexibility to the grid to accommodate new challenges as 
electric mobility, virtual power plants, distributed generation or new business models in the 
energy field.

Albufera Energy Storage is fully committed and aligned with European targets established mainly 
through Green Deal initiative. Our experience and deep knowledge related to batteries and our 
holistic vision of the big challenge, but also opportunity that we have in front of us, has led us to 
develop a new battery technolog}’ winch offers solution once and for all m terms of sustainability, 
performance and cost to die energy transition challenges: ALUMINIUM-ION BATTERY 
TECHNOLOGY.

Iceland represents an example tor all European countries on supplying almost 100% of its 
demand with electricity from renewable sources at the same time tiiat it is possible to ensure grid 
stability. Leadership m the energy model of die future requires condnuous efforts in innovation, 
applying the right resources to profitable new trends in the development of the business model 
coming from Smart Grid proposals. We have here an opportunity to show the way of 
sustainability in the energy field to odier countries, experiencing innovative projects in well- 
designed demonstration scenarios.
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2. ALBUFERA ENERGY STORAGE

Albufera Energy Storage S.L. is a Spanish SME active in the energy storage markets. Our mission 
is to develop a new battery technology which could offer the right solution in terms of cost, 
performance and sustainability to the energy transition challenges, especially related to stationary 
battery markets, such as:

■ Smart Grids energy storage applications (PV self-consumption, utility-scale energy storage).
■ Power system for emergency lighting.
■ Uninterruptible Power Systems and emergency reserve energy.
■ Back-up power for telecom base stations.
■ Solar trackers of photovoltaic panels.

After some years of researching, the Aluminium-ion rechargeable battery has offered proof of its 
performance and potential by completing requirements of Technology Readiness Level 6, and 
strong evidence of improving energy storage and power system technologies currently used.

It is time for us to face necessary steps forward and moving from having a technology 
demonstrated in relevant environment to a finished and qualified Aluminium-ion rechargeable 
cell, in a first stage. This will give us feedback, metrics and experience to improve our 
manufacturing process for producing competitive batteries for global markets, and it will allow us 
to be ready for launching into the scaling up the product to other niches selected in later stages.

Meanwhile, our business is also about consulting services on diverse battery technologies 
regarding their chemistries, performance in different applications, advantages and limitations and 
safety aspects. Our customers are usually utilities, industrial, mobility and energy companies 
immerse in the integration of batteries in their activities:

■ Analysis and surveys of different battery chemistries. Benchmarking reports.
■ Battery sizing and delivery for Smart Grid applications.
■ Technology due diligence reports on diverse energy storage systems and applications.
■ Training on batteries and energy storage including general courses and specific dedicated in

company ones: The Battery University.

Additionally, we have strong presence in the most important forums and international initiatives 
and associations regarding with advanced batteries and new business model for fostering energy 
transition.

EUROPEAN
BATTERY
ALLIANCE

EBA250
BATTERY
203©

ALINNE

BATTERIES
EUROPE

European Technology and Innovation Platform

All of these international experiences give us a holistic vision of the energy storage sector and 
bolster our strategy of creating alliances, collaborations and partnerships to continue improving 
Aluminium-ion rechargeable technology, as we do with the Faculty of Industrial Engineering, 
Mechanical Engineering, and Computer Science of the University of Iceland regarding the 
development of the Battery Management System and electronics and algorithms for the 
integration of the battery packs.
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3. SUSTAINABILITY: BIG CHALLENGES IN FRONT OF US

3.1. EU Cadmium challenge: finding alternative battery technologies

Cadmium is a heavy metal classified by World Health Organization as human carcinogen1 and 
exerts toxic effects primarily on the kidney, the skeletal system and the respiratory system. It is 
mainly used for Ni-Cd batteries manufacturing (over 80%2). Directive 2006/66/EC3 (Batteries 
Directive), prohibited the placing on the market of batteries and accumulators containing more 
than 0.002% of Cadmium, widi the exception of those applications in winch there was no any 
other technical alternative, such as back-up power tor critical systems at substations.

As Cadmium has been also banned from batteries placed m other excepted applications, such as 
portable tools (Directive 2013/56/EU4 5), and disposal and recycling requirements are getting 
more demanding in Europe3, this shows the need to implement m these applications an 
alternative technology to get Cadmium based batteries substituted progressively. However, 
although in Europe most of die companies are aware diat environmental friendliness and 
sustainability is more and more critical for their clients, it is not a straightforward task to 
substitute Ni-Cd batteries in some stationary applications. Ni-Cd presents good technical 
performance and high reliability winch adds difficulty to find a perfect substitute.

3.2. EU Circular Economy challenge

Europe needs a new growth strategy tiiat transforms the Union into a modern, resource-efficient 
and competitive economy6 and, for that, the EC has developed die European Green Deal7, the 
roadmap tor making the EU's economy sustainable, launching a concerted strategy for climate- 
neutral, resource-efficient and competitive economy. As part of this strategy, the EC has 
published the Circular Economy Action Plan8, which presents measures to focus on the 
sectors that use most resources and where die potential for circularity is high such as key value 
chain of batteries and vehicles. In order to boost the circular potential of all batteries, dns year 
the Commission will propose a new regulatory7 framework for batteries. Tins legislative proposal 
will build on the evaluation of the Batteries Directive and the work of the European 
Battery Alliance (EBA@250) with consideration of sustainability and transparency 
requnements for batteries taking account of die carbon footprint of battery manufacturing, 
ethical sourcing of raw materials and security of supply, and facilitating reuse, repurposing 
and recycling.

1 WORLD HEALTH ORGANIZATION. “Exposure to Cadmium: a major public health concern”. 2010.
2 INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (LARC). “Cadmium and Cadmium 
compounds”. 2018.
3 Directive 2006/66/EC of the European Parliament and of the Council of 6 September 2006 on batteries and 
accumulators and waste batteries and accumulators and repealing Directive 91/157/EEC, OJ L 266, 26.9.2006, p. 1.
4 Directive 2013/56/EU of die European Parliament and of die Council of 20 November 2013 amending Directive 
2006/66/EC as regards the placing on the market of portable batteries and accumulators containing cadmium 
intended for use in cordless power tools, and of button cells widi low mercury content, and repealing Commission 
Decision 2009/603/EC Text with EEA relevance.
5 It is expected diat the Commission will publish the review of “Batteries Directive” along 2020, with more 
demanding requirements for hazardous chemicals related to battenes.
6 https://ec.europa.eu/info/node/123797
7 EUROPEAN COMMISSION. “COM (2019) 640 final. The European Green Deal”. December, 2019.
8 EUROPEAN COMMISSION. “Circular Economy Action Plan”. March 2020.
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3.3. Green Deal objectives

The European Green Deal is a response to these challenges. It is a new growth strategy that aims 
to transform the EU into a fair and prosperous society, with a modern, resource-efficient and 
competitive economy where there are no net emissions of greenhouse gases in 2050 and where 
economic growth is decoupled from resource use.

Main pillars of the Green Deal can be seen in the following picture.

Achieving climate 
neutrality

Sustainable transport

Clean, reliable and 
affordable energy

Financing 
the transition

Green Deal 
Going Local

i

Preserving Europe's 
natural capital

Leave no one behind 
(Just Transition)

Towards a modernised 
and simplified CAP

Transition to a 
circular economy

A zero-pollution 
Europe

From farm to fork

#4.

Figure I. European Green Deal objectives.

EU industry needs ‘climate and resource front-runners’ to develop the first commercial 
applications of breakthrough technologies in key industrial sectors by 2030. Priority areas include 
clean hydrogen fuel cells and other alternative fuels, energy storage, and carbon capture, storage 
and utilization. In this sense, promoting new forms of collaboration with industry and 
investments in strategic value chains are essential. The Commission will continue to implement 
the Strategic Action Plan on Batteries and support die European Battery Alliance. It will propose 
legislation in 2020 to ensure a safe, circular and sustainable battery value chain for all batteries, 
including to supply the growing market of electric vehicles.

Inevitably, batteries for stationary applications are going to be affected by these measures, which 
represents a competitive advantage for Aluminium-ion rechargeable technology. Table II in 
the next subsection explain m more detail how our innovation addresses all these issues and offer 
proof of being a disruptive technolog}' for this sector.
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4. ALUMINIUM-ION TECHNOLOGY

4.1. Sustainability, Performance, Cost

Albufera’s Aluminium-ion rechargeable battery was planned from its very initial stages ol 
research and development to address the following issues regarding to powering stationary 
applications.

Table I. Challenges on batteries for stationary applications.
CHALLENGES ON BATTERIES FOR STATIONARY APPLICATIONS
DIMENSION FEATURE
Sustainability No Cadmium or any heavy metal content.

Ethical sourcing of raw materials and security of supply.
Performance Operating temperature range, safety, reliability, energy efficiency, charge

acceptance.
Cost Competitive value.

From the tests carried out since 2014, both in our R&D facilities as in independent third-party 
laboratories, Aluminium-ion rechargeable cells have shown evidence and potential of being a 
disruptive battery technolog}’ for stationary applications, in comparison with existing 
technologies by:

■ SUSTAINABILITY: Using exclusively sustainable materials involved in
electrochemical process.

Aluminium, Carbon and Urea. We are working with suppliers which are also aware of 
sustainability. In the case of Aluminium, our mam supplier, manufactures a high-purity (up 
to 4N+) Aluminium product with the lowest environmental footprint m the industry of 
Aluminium manufacturing. In the case of Carbon and Urea, both of them are obtained as 
by-products of other industries, and let our suppliers die chance to improve their circular 
economy strategy, valorising this by-product and giving diem a second life.

■ PERFORMANCE: Suitable specific energy value of the cell due to Aluminium 
storage capacity.

Aluminium is die second element of the Periodic Table with greater theoretical storage 
capacity, in terms of specific energy (Wh/kg), after Lithium, and the first one in terms of 
volumetric energy (Wli/1), but without involving safety7 problems related to storage, 
overcharge and transportation of Li-ion batteries.

■ COST: Having competitive cost.

Aluminium is die most abundant metallic element on Earth’s crust (8.3% by mass) and die 
third most abundant of all elements, with stable price and low recycle cost due to the high 
energy efficiency recycling process9. No extra transportation costs related to safety issues 
must be taken into consideration for Aluminium batteries and manufacturing process does 
not require such a relevant initial investment as required for Li-ion.

9 Compared with die production of primary Aluminium, recycling of Aluminium products needs as little as 5% of 
tiie energy and emits only 5% of the greenhouse gas. INTERNATIONAL ALUMINIUM INSTITUTE. “Global 
Aluminium Recycling: A Cornerstone of Sustainable Development”. 2009.
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In tins sense, Table II shows in more detail how Alumimum-ion batteries represent a 
breakthrough in the three dimensions identified:

Table II. Breakthrough of Aluminium-ion technology.

ALUMINIUM-ION TECHNOLOGY BREAKTHROUGH
DIMENSION FEATURE ALUMINIUM-ION EXPECTED BENEFITS

Sustainability

Performance

Cost

No Cadmium or any * Exclusively sustainable * Avoiding regulation risks of 
heavy metal content raw materials involved. continuing implementing Ni-Cd.

* High-purity Aluminium * High reduction ot greenhouse
manufactured with the gasses by using sustainable raw
lowest footprint of the materials.
industry. * Free of toxic materials for

humans and environment.
Circular Economy * Carbon and Urea: by- * Valorising by-products

products of other contributing to circular economy, 
industries. * For society: contributing to
* Well established address Goals 1, 2, 3, 6, 7, 8, 11,
Aluminium recycling 12, 14 and 15 of UN
process and second life Sustainable10 and Green Deal
utilisation. objective11.

Operating T range, High energy efficiency Fulfilment of market standards
safety, reliability, (>90%), high operating and technical requirements ot
energy efficiency, temperature (>55°C), no regulation of batteries for
charge acceptance. safety issues, 90% of stationary applications, 

charge acceptance.
Cost (€/kWh stored) Lower than 0.05 €/kWh Having disruptive technology at a 

stored competitive cost.

4.2. Transitioning of industry to a clean and/or circular economy: Aluminium-ion 
technology’s contribution

Aluminium-ion technolog)' contributes to deliver this Green Deal objective, winch is directly 
correlated with European challenges stated in previous subsections. Focusing in stationary 
applications such as Uninterruptible Power Systems, back-up power or integration of Variable 
Renewable Energy (VRE) sources into the grid at utility-scale, to illustrate Aluminium-ion 
technology’s contribution to die delivery of this objective, conclusions based on the comparison 
of principle raw materials used in Ni-Cd, Ni-MH, Pb-acid and Li-ion batteries versus 
Aluminium-ion ones and their respective security of supply are provided below.

■ Lithium and Natural Graphite present very low values of EOL-RIR, which indicate diat 
recycling these raw materials is not technically nor economically profitable at current stage ot 
development.

10 https://wv.unenvironmeiit.org/explore-topics/chemicals-waste/what-we-do/emerging-issues/lead-and- 
cadmium
11 Methodology, justification and quantification of the contribution of Aluminium-ion batter)’ to Green Deal 
objective “Transitioning of industry to a clean and/or circular economy” is addressed in sub-section 3.3.1 
Transitioning of industry to a clean and/or circular economy Green Deal objective.
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Lead presents well performance in all metrics. However, its toxicity12, low energy density 
and short operational lifetime will make it progressively being out the market, in spite of the 
fact that batteries account currendy lor more than 80% of the global demand of Lead. 
Besides, UN Environment Programme has established Lead (and Cadmium) as one of the 
environment emerging issues that must be addressed regarding to UN Sustainable Goals13 .

Battery-grade refining and processing facilities for Cobalt and Natural Graphite are also 
currently concentrated in non-European countries (mainly in China, which consequently 
dominates die Li-1011 battery supply chain). In some cases, access to these raw materials may 
be at risk because of political instability, winch could lead to access being disrupted 
(including exposure to high taxes and duties on exports), or being hindered by the prevalent 
use of unethical and unsustainable mining practices. Again, battery technologies relying on 
these raw materials could be at risk.

Aluminium, with a very low SR/EI metric (8%), appears as not critical raw material for 
manufacturing batteries in Europe. Growing forecast demand m the next decade for 
stationary batteries m Europe makes relevant the use of Aluminium instead of other critical 
raw materials tor battery manufacturing, such as Lead14, Natural Graphite, Lithium or 
Cobalt. Besides, although EU imports 64% of primary Aluminium, recycled Aluminium 
already represents 36% of Aluminium metal supply in Europe, but the real opportunities 
lie ahead. Increased recycling of Aluminium could avoid up to 39 million tonnes of CO2 

emissions per year by 2050 (a reduction of 46%). As a consequence, the volume of 
imported Aluminium sold in Europe would also decrease, reducing Europe’s import 
dependence while generating €6 billion (bn) per year tor the European economy. Putting 
these figures into context, and taking into consideration our European stationary battery 
market, implementing Aluminium-ion technology into tins market would suppose a 
reduction of 102,955 tonnes of CO2 eq. in Europe by 2024.

PRINCIPLE BATTERY RAW MATERIALS AND 
METRICS

7

6

5
4
3
2

1
0

I
3.7

I

4 100 °/,| 28%!

15%
6%

2.92.9

42°/

Li Ni Co Mn NC Pb A1

120%

100%

80%

60%

40%

20%

0%

ihI Economic Importance (El) Supply Risk (SR)

—SR threshold (1) El threshold (2.8)

+ SR/EI (%)

Figure II. Principle battery raw materials and metrics.

12 Lead is highly toxic to humans and the environment; it is a cumulative toxicant particularly hazardous to young 
children and pregnant women. No safe level of lead exposure has been established. Once taken into the body, lead 
can cause permanent damage to die neurological and cardiovascular systems (UNEP & Pure Eardi, 2019).
13 https://www.unenvironment.org/explore-topics/chemicals-waste/what-we-do/emerging-issues/lead-and- 
cadmium
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4.3. Aluminium-ion technology beyond the current state-of-the-art

Over die last decades, the market of batteries for stationary applications was a very mature 
market, with well-established technologies, Ni-Cd and Lead-Acid. After die above-mentioned 
European Directive 2006/66/EC, Ni-MH tried to substitute Ni-Cd, but its high cost and its 
content of Nickel (also a heavy metal) did not make it real. Not until a couple of years ago did Li- 
1011 arise into the stationary battery market, when tins teclinolog}' started having a competitive 
cost and safety issues where sufficiendy improved to be installed in some of these applications.

Table III shows a comparison of existing battery technologies for stationary applications 
(competition) and Alumimum-ion technolog}' with regard to key features, grouped in 4 relevant 
categories, where it can be observed how Alumimum-ion battery represents a game-changing 
teclinolog}7 obtaining improvements in all the key features studied.

Table III. Comparison of existing battery technologies for emergency self-contained luminaires vs. Al-ion.

COMPETITION OUR
INNOVATION

Impact on 
climate

KEY DIMENSION / FEATURE Pb-acid Ni-Cd NiMH Li-ion Aluminium-ion
Impact to climate 
change or the 
environment 
Sustainable raw 
materials 
Manufacturing 
footprint 
Green Deal 
objective 
UN Sustainable 
Goals 
Robustness 
Operating 

temperatura

Benefirs for 
society

Technical
parameters

Cycling life 
Charge acceptance 
Energy efficiency 
Safety
Cost

Affordability
Extra
transportation costs 
due to safety 
Recycling costs

Not satisfactory Acceptable Satisfactory

The following competition chart (Figure III) shows evidence of the positioning of Aluminium- 
lon technolog}7 and existing battery technologies for stationary applications, witii regard to 2 
relevant metrics:

■ Cost of energy stored (€/kWh stored)
■ Level of risk of the investment in these technologies, considering average performance of 

the technolog}7, scarcity7 of raw materials, geopolitical factors, expected market growth, etc.
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Figure III. Competition chart.

Aluminium-ion
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4.4. Stage of Development

The battery cells of Aluminium-ion object of this 
project have completed relevant tests for 
stationary applications. The activities carried out to 
achieve this level of readiness have been 
performed in our laboratories since 2014 under the 
tasks included in a H2020 NMP-13-2014 project, 
ALION, ended last May 31st 2019.

Figure IV. Lab Aluminium-ion cell.

The first relevant results were established along 2018 with the demonstration of the cycling 
capability of the Aluminium-ion configuration, that were certified by INTA (Institute) Nacional 
de Tecnicas Aeroespaciales) laboratories in January 2019.

ALBUFERA ENERGY STORAGE, S.L. 11

Received by NSD/FARA Registration Unit 09/15/2021 10:51:06 AM



Received by NSD/FARA Registration Unit 09/15/2021 10:51:06 AM

Aluminium-ion technology for stationary applications 

Albufera Energy Storage
albufera^

ALION tasks together with our own research activities with different materials, components and 
key suppliers conducted during this period ol time, ended up with the achievement ol first pre
commercial prototypes in the second halt of 2019.

Next step consisted on testing a prototype Aluminium-ion battery under conditions which could 
simulate those occurring m a relevant environment and demonstrating its fulfilment for the 
stationary battery market m the beginning of 2020. So, Alumimum-ion battery prototypes were 
tested m Complutense University of Madrid laboratories.

We got satisfactory results as shown in the following graphs where it can be seen the following 
mam conclusions of the tests.

■ Endurance tests: for tins purpose, a 390-hour test is carried out during 10 successive cycles 
of 36 hours. During the 10 cycles, the battery is charged for 30 hours and then discharged 
for 6 hours to simulate the back-up power operating state. It can be appreciated in Figure 
V.(a) the stability of the battery throughout the 10 cycles, responding satisfactorily to the 
endurance test. In addition, it can be seen m Figure V.(b), how the discharge of the battery 
during the 6 hours of operation is not complete, enabling its use to be prolonged if 

necessary.
(3) 300

~ 200

<
E_
O 100

0 2 i 6 a 10 0 5 10 15 20 25 30
Cycle (number) Time<ti)

Figure V (a), (b). Endurance tests for Aluminium-ion battery.

Commutation tests: 50 commutation operations were performed immediately alter the 
endurance test was completed. Each commutation operation consists in connecting the 
battery to the normal power supply for 60 s followed by disconnecting the power supply for 
20 s. Tins test was verified with satisfying results (not self-discharge of the battery and 
proper operation), as it can be observed m Figure VI.c) and Figure VI.(d).

(d)206

2.04

S
cn

£ 2.02

2.00
0 1000 2000 3000 4000 500 550 600 650 700 750 800

Timefs) T«me<s>

Figure VI. (c), (d). Commutation tests according IEC 60598 section 22.12.1 for Aluminium-ion.

Heating tests: A correct response of the battery to the heating tests can be observed. 
Losses of capacity of less than 10% were found with increasing temperature and a correct 
return to normal operation after the heating cycles. To conduct the tests, the following steps 
were followed:

V 50 complete charge/discharge cycles at room temperature and a maximum temperature 
uncertainty of 5°C (Figure VII.(a)).

V
VO 21

20s

l> 30 h Charge

• 6 h Discharge

(b)

■> '-0

—*— 30h Charge 

—D— 6h Discharge
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50 complete charge/discharge cycles at the maxrmum temperature supported by the 
battery (40°C for Aluminum-ion battery) and with a maximum uncertainty of 2°C 
(Figure VIL(b)).
Cooling of tlie batteiy to ambient temperature and carrying out a cycle m back-up 
power operating conditions (Figure YII.(c)).

T„.U0i5 C T = 40+1 C

20 40 60 60 100

Q (mA h g )

Figure VII. (a), (b), (c). Heating tests for Aluminium-ion.

a) (b)i ■:>:

251 250
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—■— Lfiaency 
—D— RriMfiM200 2: j

01 ■ii■ 50 ' 50

40 >100

« Charge 
J Discha-ge

Charge
Discharge

20 40

Cyde (number)

10 20 30

Cyde (number)

C
Cample** Charge 
Full Discharge

S15

? 1.0

Recently, the technology has thoroughly been described in a specific paper promoted by the 
initiative Batteries Europe of die European Commission under the Working Group 1 “New and 
emerging batteiy technologies”. Albufera Energy Storage has participated in this document widi 
the last stage of development of Alumimum-ion batteries.

POWER
SOURCES

Giuseppe Antonio Elia, Kostiantyn V. Kravchyk, Maksym V. Kovalenko, 
Joaquin Chacon, Alex Holland, Richard G.A. Wills,
“An overview and prospective on A1 and Al-ion battery technologies”,
Journal of Power Sources,
Volume 481, 2021, 228870, ISSN 0378-7753.

http://www. sciencedirect.com/science/article/pn/S0378775320311745
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5. CONCEPT NOTE FOR ALUMINIUM-ION RACKS AND CONTAINERS

To illustrate die scale-up process to obtain Alummrum-ion battery racks and, subsequently, 
containers to offer services to stationary application such as micro-grids or integration into the

Alumimum-ion technology. Tins Micro-Grid ESS (Energy Storage System) contains 240 kW/ 
240 kWh Alumimum-ion battery system, including:

■ PCS and the battery system.
■ 1 set HVAC (Heating, Ventilation and Air Conditioning).
■ 1 set Fire Fighting, lighting system.
■ SCADA system.

Optional parts such as AC Sc DC distributor can be included. All of die above are designed in a 
20 ft standard container. The mam specifications are listed m Table V.

Tins system presents multiple benefits:

■ Lower total cost of ownership in high power applications witii demanding operation 
profiles.

■ Cheaper technolog}' than conventional Li-ion.
■ High energy throughout witii minimum auxiliary consumption.
■ Long life and calendar life m a wide range of temperatures.
■ Quick and cost-effective installation.
■ Easy system integration.
■ Excellent flexibility: Optimum configuration of strings/containers and power interfaces.
■ Low maintenance.
■ Remote supervision capability.

grid, a concept note for a 240 kW / 240 kWh Smart Micro-Grid Alumimum-ion Battery Storage 
System is developed below.

5.1. System description

Albufera’s Micro-Grid presents a fully integrated battery storage system, combining high 
operational reliability witii outstanding power capacity based in the new generation ol

Battery monitoring
SCADA

240 kW

Lighting

Fire Fighting

Battery System

HVAC

Figure VIII. Battery container description.
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Table IV. Aluminium-ion battery energy storage system spectifications.
ALUMINIUM-ION BATTERY STORAGE SYSTEM SPECIFICATIONS

ITEM
ESS Container

Connection Cables

Communication Interface

DESCRIPTION

Dimensions: 20 It. 
(6.058 x 2.438 x 2.896) 

mm
Weight: — 12 tons 

1 set

Ethernet

REMARK
Including 20 battery cabinets of 12 
kWh, auxiliary systems such as tire 
suppression and alarm system, 
HVAC, lighting, etc.
Exclude any cables from die ESS to 
buyer’s devices, the container 
grounding cables.
MODBUD (TCP/IP)

Nominal Characteristic at 0 - 45 °C, 5 — 95% humidity (non-condensing), < 2,000 m

Working voltage (V)
Capacity (kWh)
Rated power (kW)
Efficiency (%)
Self-discharge
Max. continuous current (A) 
Discharge time at nominal 
power (h)
Time to full recharge (h)
DC component 

Calendar life (years)
Cycle life 

System noise

500
240
240

>95%
< 5% /month 

500 A 
1

1
< 5% / rated power

20
10,000

< 75 dB

1 hour charge / discharge

Valid for charge / discharge

at - 25 °C
at 25 °C and 80 % DOD

Cell safety 

Module Safety 

Container Safety 

Immunity for residential, 
commercial and light-
industrial environments 
Immunity for industrial 
environments
Emission standard for
residential, commercial and
light-industrial environments 

Emission standard for
industrial environments 
Transport

Compliance to standards
IEC FDIS 61427-1/2 

IEC 62485-2 
IEC 61508 

EN 61000-6-1

EN 61000-6-2 

EN 61000-6-3

EN 61000-6-4 

UN 38.3

5.2. Aluminium-ion battery system

5.2.1. Features

■ Using long lifetime (> 10,000 cycles), highly efficient (> 95%) and high safety Al-ion cells.
■ Advanced industrial design offering high safety and robustness.
■ Actively balance management:
■ Modularity with one Battery Management Module (BMM) per cabinet.
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■ Master Battery Management Module (MBMM) for global management.
■ One PCL for external communication and motorization.
■ Support RS485.
■ Ethernet communication.
■ Batteries with UL1973 certification.

5.2.2. Battery system

The 240 kW/240 kWh (500 V; 480 Ah) Aluminium-ion battery system contains 1 Battery 
system, composed of 20 battery cabinets of 12 kWh compounds themselves of 8 battery 
racks of 1.5 kWh (50 V; 30 Ah) each. Each cabinet has one BMM and all are controlled by a 
MBMM.

Table V. Battery system description.
BATTERY SYSTEM DESCRIPTION

Cells

Battery
rack

Battery
cabinet

Battery

system

UNITS
TOPOLOGY

Pouch cell

10S30P

1S8P

10S2P

NOMINAL
VOLTAGE

(V)

5

50

50

500

NOMINAL
CAPACITY

(Ah)

1

STORAGE
ENERGY

(kWh)

0.005

30 1.5

240 12

480 240

REMARK

Al-ion bipolar 
cell (2 layers)

19-inch 
battery rack 

(5U)
19-inch 
battery 

cabinet (45U)
20 cabinets + 

1 MBMM 
module

Bipolar current collector

Active Material (Cathode)
Separator

Aluminium (Anode) 

Active Material (Cathode
Separator

Aluminium (Anode)

■t ©

Figure IX Battery cell 5 V, 1 Ah Al-ion battery bipolar cell design.

Battery power cable 
port communications

Externa communication
Screen

CAN

Switch

Figure X. Battery Management Module control.
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Figure XI. Battery cabinet design and dimensions (mm).

Table VI. Battery system spcciGcadons.
BATTERY SYSTEM SPECIFICATIONS

ITEM SPECIFICATION
System topology 10*2 19-inch 45U Battery cabinets (10S2P) of 12 kWh each
Cell type Al-ion bipolar cell 5 V 1 Ah
Nominal voltage Cell: 5 V, Rack/Cabinet: 50 V, System: 500 V
Nominal capacity Cell: 1 Ah Rack: 30 All Cabinet: 240 Ah System: 480 All
Nominal energy Cell: 0.005 kWh, Rack: 1.5 kW, Cabinet: 12 kWh, System: 240 kWh
Working voltage range 80 — 500 V 
Standard charge 500 ± 10 V
voltage
Max charge current 500 A
Max discharge current 500 A
Dimension (mm) Cell: 1.5x210x600 Rack:222x482.6x800 Cabinet: 2000x530x850

Gross weight (approx.) Cabinet: 15 kg, System: 300 kg 
Operating temperature chargmg- 0 - 45°C, Discharging! 0 - 45°C 

Cycle life >10,000cycles @ 80% DOD

5.2.3. MBMM (Master Battery Manage Module) function

The battery system includes a sophisticated battery management for operability in grids 
applications:

■ Monitoring and control of voltage at cell level.
■ Real tune supervision of charge and discharge current limits.
■ Real time indication of State of Charge (SOC).
■ Balancing of SOC between cells.
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■ Alarms and faults management (contactor opening rules).
■ Indicator of State of Health (SOH) integrating cycling and calendar aging.
■ Black Box registering alarms and number of cycles.
■ Integrated solution to support load, battery and power grid at the same time.
■ Touch display, easy to use.
■ Complete protection function to protect inverter and battery.
■ CAN & RS485 port, Modbus communication protocols.
■ Interrupted supply load.

Table VII. MBMMPerformance parameters.

MBMM PERFORMANCE PARAMETERS

PERFORMANCE 

Operating voltage 

SOC estimation accuracy 

Single voltage sampling accuracy 

Total voltage sampling accuracy 

Current sampling accuracy 

Communication support

18 ~ 32 V

< 8%

± 5 mV

± 5 V

< 1% s F

INDEX VALUE

RS485, CAN, Ethernet

5.3. Fire suppression system

The system will be equipped with a safety management system with smoke detection, fire
suppression system and alarms:

■ The system can automatically detect fire, alarm and start the fire 
extinguishing system.

■ Have three kinds of starting methods: automatic control, manual control 
and mechanical emergency operation.

■ Independent emergency manual operating mechanism.
■ Alarm bell and sound and light alarm.
■ Self-test system, regular automatic inspection, monitoring faults and fault 

alarms.

5.3.1. Automatic working mode

Control system is in automatic working state, automatically completes the whole process of fire
detection, alarm, linkage control and tire extinguishing.

Step 1: After a fire signal is detected by a detect circuit in die protection area, tire alarm 
controller activates the alarm bell in die protected zone and provides a tire pre-alarm signal. 
Step 2: After the other detect system inside the same defense area defects the tire signal, the 
tire alarm control system activates die voice and light alarm from the detense, meanwhile, 
alert the people to escape. Then die air-conditioned and airflow fan instruments will be cut 
off. The tire alarm system will enter into delayed period (0-30 s).
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■ Step 3: When the delay is over, fire alarm control system outputs active signal to activate the 
solenoid valve on the gas cylinder, and spray lire extinguishing agent into the protection area. 
The lire alarm control system actives the deflation indicator of die protection area to remind 
the staff that on tins protection area is spraying lire extinguishing agent and do not allow 

enter into.

5.4. Temperature control system

In order to overcome the shortcomings of slow cooling and poor consistency ol die existing 
battery compartment thermal management scheme, the utility model proposes a thermal 
management scheme using improved air ducts, wind walls and heat dissipation channels in the 
battery box to improve cooling efficiency and consistency.

The diermal management scheme of die energy storage container battery storehouse proposed by 
the utility model is that an industrial air conditioner is arranged at one end ol the battery 
warehouse aisle, the maximum refrigeration capacity of the air conditioner is die same as the 
maximum heating power ol all die batteries in the battery storehouse, the air supply and return m 
ode of "top air supply and front air return" is adopted, the top air oudet ol die air conditioner is 
connected with the air duct, and die air duct is installed above the battery rack along both sides 
ol the aisle, and the air duct height is the direction decreases step by step.

This design can make die air pressure of each oudet close to each other, and ensure die uniform 
outflow of cold air from each outlet. A wind wall is arranged between each battery rack and the 
wall of the warehouse. The upper part of the wind wall is connected with the air duct. The lion- 
blocked side of the wind wall is welded seamlessly at die edge and the battery rack. Its function is 
to guide the cold air flow from the air duct into each battery box evenly. Along the width 
direction of the battery box, a heat dissipation channel is arranged every two cores. The heat 
dissipation channel connects the wind wall and the walkway, enlarges the heat dissipation surface 
of the cores, and is conductive to uniform heat dissipation.

The utility model has die beneficial effects diat die stepped air duct effectively equalizes the wind 
pressure, and realizes die even distribution of the cold air flow in each wind wall. The cold air is 
accurately guided to the heating electric core to realize efficient heat dissipation. The cold air is 
overflowed by the wind wall and evenly enter the heat dissipation channel of each battery box to 
improve the heat dissipation of the battery core.

An advanced thermal management system based on industrial air conditioning will be provided 
with controllable fans:

■ It will be placed at the end of the battery compartment aisle, on the air conditioning top is 
air supply and stepped air duct.

■ Connection: air duct outlets connected to the battery rack.
■ Wind wall.
■ The unsealed side of the wind wall is seamlessly welded to the battery holder at the edge.
■ The battery box of the battery rack is placed horizontally, the front of the box is the battery 

compartment walkway, and the back is the wind wall.
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5.5. 20 ft Container

The structural design of the mobile box energy storage power station is mainly composed of a 
20-toot special container, with the battery system, air conditioner cold system, tire protection 
system, monitoring and thermal insulation devices.

MBMM + temperature control

morn
0.60 m m

HTII-Il 10

fire suppressionBattery cabinets system

Figure XII. Battery container design.

ALBUFERA ENERGY STORAGE, S.L. 20

Received by NSD/FARA Registration Unit 09/15/2021 10:51:06 AM


