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The elements covered in this report involve trends that have been identified in the previous
research conducted in the ALBATTS project. These main trends with their sub trends are
further analysed and discussed in this document to provide recommendationsow to
further boost the development and availability of the skills and competences. This is
conducted on the basis of the job roles, skills, and competences that were also identified in
our previous research.
In this report we cover the following mairend categories with the job roles and skills as well
as related recommendations:

General Stationary Applications

Costefficiency

Safety

Resiliency and/or Sediufficiency

Sustainability

With General Stationary Applicationsve cover the trends related to the use of BESS and the
implications in terms of what can be recommended as further actions. For example, the
increasing use of battery energy storage systems (BESS) with-dhetgry\grid/off-grid and
telecom applications ia result of various needs and benefits. These include supporting the
process of reaching sustainability goals by combining BESS with variable renewable energy
(VRE) systemsas well as bringing resiliency and reliability with backup systems. What we
recommend is further training on understanding not orhe energy storage technologies of
them, but their areas of applications and system integration and management skills. -The so
called heavy duty use in the context of our research is often assocvatédthe areas of
application that have plaackthe reliability of the power supply to a higmportancelevel

which then emphasizes the neédr skills related to the maintenance and repair. The main
job roles supported by the trends range from application eegis to energy storage project
engineers and those responsible for the maintenance such as field service engineers and
beyond.

Costefficiencyis a common driver of development from throughout industries and markets.

This is also the case with battery egegrstorages. Decreasing electricity costs by placing

Co-funded by the A The European Commission support for the production of this publication does not constitute
Erasmus+ Programme X F an endorsement of the contents which reflects the views only of the authors, and the
of the European Union * ek Commission cannot be held responsi ble for any use which may be made of the info rmation

contained therein.



fralbatts (o

lliance for Batteries Technology, Training and Skills

stationary battery systems is aijectivethat boosts the deployment of stationary batteries.
Batteries can be used together for example with intermittent PV and wind power systems.
Additionally, batteres can save energy when electricity prices are lower in order to be used
during the time of higher rates. Those working in this area include not only technical staff but
also personnel who needs to ensure the business sidesamabthcustomer interactiorfrom
consultants to sales related roles. Recommendations on education and training do not only
include such skills as understanding battery systems and electrical engineering but also for
example project planning, ability to build models along with compegeto perform energy
related cost calculations.

In the Safetychapter, we look into the importance of creating regulations and legislation on
the topics of battery safety. In our previous resegmie have learned about the risks related

to battery fires.We have identified such job roles as safety managers and specialists. There
are also other significant roles that support the safety such as test engineers, inspection
techniciansauditors,and others. In our recommendationsve emphasize the need to ate

and update electrical equipment regulations and legislation accordingly to ensure the safety
of users. We also address the skills that are needed when disaster strikes such as ensuring re
skilling of firefighters with adequate skills and beyond.

Resiliency and se$ufficiencyare the factors that are required from systems that have some
type of critical rolevhosefunctionality has to be ensured. In the context of BESS, it is about
enabling the availability of power in any circumstances. We inotuksuch trends as military

use, offshore oil and gas operations as vesltelecom applications and beyond. Batteries
provide resiliency bgupplyingoower in blackout situations. Together with VVBESS ensures
aselfsufficiert, intermittent power souce. Interms of job roles, we are talking about various
engineer positionsuch adattery system, energy and application enginetrat are needed

there in consultant roles. Maintenance roles are emphasized due to the critical nature of
batteries in theconcerned application areas. Consequently, for exampigntenance and
repair related skills are recommended in addition to the skdisociated withunderstanding
battery technologies to the integration of BESS with renewable systems.

Finally, we addresthe Sustainabilityelement of batteries through second life application,
integration of battery systems with renewable energy sources and the need for sustainable

and resilient base stations. While batteries support sustainability related goals aathe s
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time the sustainability of the batteries themselves requires to be addressed. In terms of
second life application, we have discovered job roles from cell test engineers to various other
engineer positions and beyond. Recommended skills include temtidgjuality inspection as
well as repairingWith the integrationof renewables, we are talking about engineers with
various skills from battery systems to algorithniRegarding thebase stationsthere is a
developmenttaking the shapeof moving to increaed sustainability and resiliency ,ldpr
example shifting from diesel generators to batteries with backup systehere is a ariety

of technical positions related to this ardaom battery maintenance to inspectgras well as
those dealing with the bisiness development sidall the way to the safety specialists. The
needed skills includine ability to manage projects involving the sustainability of base stations
along with the engineering competences related to such projeotscerningbatteries and

their integration.
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Proliferation of batteries in various stationagpplicationsfrom backup power systems to
battery energy storagsystemgBESS} occurring in Europe and beyonithe global market
for energy storage is forecasted to grasignificantly. According to the forecasts installed
capacity is expected toeach over 100 GWby 2030 . While there are different
estimations on the pace of the growt&S Market Researdbrecass thatthe market could
reach 26 billion USD by 2022
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We are experiencing suctiendst as increasing neefor energy storages in heasduty
applicationssuch asin public places to variouapplicationsfrom hospitalsto airports and
stadiums The reliability of our mobile communicationsatsodependent onbattery backup

systemshat areemphasizedy the globaldeployment of energyhirsty 5G networks.

1 ALBATTSDA4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020

2 Bloomberg New Energy Finance. Deloitte. lobal energy storage Digitization and market innovation accelerate
battery storage deployment. Retrieved July 22. 2020, from https://wweitte.com/us/en/pages/energy
and-resources/articles/globaénergystoragerenewableenergystorage.html

3 ALBATTSDeliverable 4.3 Future Needs Definition for sedector ISIBARelease 1
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Furthermore there are grid and off grid appatons that are more and more

supported withESS
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4 Herce Wireless, 5G base stations use a lot more energy4f&base stations: MTN by Linda Hadestry, Apr 3,
2020. Huawei. Retrievedlugust28, 2021 from https://www.fiercewireless.com/tech/5éasestationsuse-a-
lot-more-energythan-4g-basestationssaysmtn

5 Electricity Storage and Renewables: Costs and martke®030, International Renewable Energy Agency
(IRENA), October 2017, p. 33,

http://www.climateactionprogramme.org/images/uploads/documents/IRENA_Electricity Storage Costs 2017.

pd
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The driverdor the forecasteddevelopment are numerousThey areguided and supported
with policies, directives and regulatiotisat push the industries towardsustainability with
the application and integration of variable renewable energy systems (Vi) there is the
costefficiency factothat BESS application carovideas well as technical aspetthat may
involve thingdor enablingresiliency and selufficiency of system#\ddtionally, this is also

supported by the decreasing pricesiam batteries.
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Along with the deployment of stationary batteridfsat coexistwith the batteryapplication in

the traffic with various EVs the safety aspect of the batteries is becoming more and more
important. Battery fires are difficult taextinguish, and the risk of #gnition is very
high.This has generated a need for new methods and tactics for fire and rescue departments.
This again needs encouraging collaboration between fire and emergency services globally.
What is needed to imprav the situation from the safetyperspectiveincludes education,
innovation, information, installation, and regulation. Eacstakeholder, such as
manufacturers have their role in ensuring the safety. Authorities are responsible for the
legislation and sumillance. Currentlyenergy storage systems are not covered well by EU

legislation® There areaspects that could usenprovement from the safetpoint of view

6§ ALBATTSD4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020

7 https://www?2.deloitte.com/kz/en/pages/energyand-resources/articles/gglobatenergystoragerenewable
energystorage.iiml last accesse@8.8.2021

8 ALBATTSDeliverable 4.3 Future Needs Definition for sedector ISIBARelease 1
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This report covers theperation, repair, and maintenancéwith some outreach into battery
second life or recycling)ncluding thebattery value chain stage of applicationsstationary
applications of batteriegincluding heavy duty applications; telecommunicatigmsainly 5G,
grid and offgrid applications; military applications; base statiodg)alysis of other stationary

battery applications is expected to be included in future ALBATTS reports.

The reportcontainsa set oftrends that were identified within the ALBATTS project. Trends
related to theaforementioned stationargapplications of batteries are structured according to
their characteristics and their scope is described in individual sections. §emnduch were

used for further mapping of skills/competences that anaking updifferent job roles.

This mapping and composition are possible due to the extensive research (continuous desk
research, survey, interviews, or workshops) that has been dotiee ALBATTS project, where
all relevant skills and job roles were stored in th® 2 Y LIS (i Sy @ch Mepresénds the

relation of skills concepts to the occupation profiles (job roles).

Thanks to thisnapping processwhere multiple skills were magp to multiple trends, itvas
possible to see a link between trends and available skills/compessmue thus job roles in
the database and see which job roles or skills/competenoe® influenced orwere related

to different trends.

This is visualised itwo different ways:

(1) tree mapshowing a set of skills, their occurrence number corresponds to the area, which
is covered by the skills within theee map The more occurring skills, the more area it covers.
This was done for the sectgpecific andcrosssectoral skills/competences concerning each
individual trend. Occurrence is calculated based on the significance of the job roles, which is
described in the next point. In a few cases, not sufficient data was found and, therefore, only
sectorspecift or crosssectoral competence mapping was possible.

(2)word cloudvisualisation is used for the significance of the job roles, while more significant

job roles are showcased with a bigger font size. This significance rating is done by analysing
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the skils/competence to trend mapping and selecting all job roles that are relevant for the
trend scope and are composed of this skill. This enables us to see how many times different

job roles will occur per trend.

Recommendationsand target groupsare identified as a last part of the trend description.
Actions that are recommended to be partaken are targeting relevant EU institutions,
Governmental bodies (Ministries of Education, Labour, etc.,) and the industry sector/business

areainvolved ineducation, trainig, reskilling, and upskilling of the workforce.

The main sourceused for trendssub trends and recommendations are the previopioject
ALBATTS reports desk research, webinars, and surt®ut it wasalso based on specific

knowledgeof involved project partners.

This is thefirst in a series of threeALBATTS sectoral intelligence reports for stationary
applications. The findings and recommendations need furtregification and specification

within upcoming ALBATTS project rounds of activities, such as the next desk research works,
webinars, and otheactivities. In the next reports, we plan to update findings and expand the

scope to other applications or other battery value chain steps.

The report will be used aspartial input to the first overall report under the ALBATTS WP3
Sectoral Intelligece working group due bthe end of November 2021, which will also cover
other parts of the battery value chaisfrom the extraction and processing of minerals to the
secondary use or recycling of batteried/P3 report will constitute the main sectoral

intelligence deliverable.

10 Deliveries D5.1, D5.2 and D5.3 availablehtips://www.project-albatts.eu/en/results (last accessed on

24/08/2021)
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This chapter discusses the trends concerning the various stationary appliéatibhatteries.
While batteries are often associated more with the electrification of tratfiere are a
number of uses that are far less obvious for regular citizens and consewvemthoughthey
are using systems and relying on power grids that are often critical and consequently backed
up with battery systems on the daily basis. Additionalgy play a significant role in the
process in whicHor example Europe is pursuing its goala sustainability. Planning, building,
maintaining, servicing, sellingtc. these batterysupported systems will require actions in
terms of education, skilland competences of those who interact with them.
In this chapterwe cover the following trends:
Increased need for energy storages with heduyy applications

Proliferation of battery energy storages commercially in public places

Growing competitionn the energy storage market

5G cellular network deployment, batteries in telecommunications

Commaoditization of base stations

grid and off grid systems and applications

Removal of barriers for a widespread implementation of battery storage

Smart Grid

11 ALBATTSD4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020
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Energy storage can be regarded as a promising technology, when coupled with a variety of
heavyduty applications, and this has resultedanincreased use of it worldwide. The areas
of applications considered as heaslyty include use of energy storagder example in
hospitals, stadiums, data centres, airports, military applications, maritiméfishore and
beyond. The reasons for increased need and benefits include:

support in meeing sustainability goals;

combining energy storages with VRE systems;

cost savingdor example by storing the energy when the prices are the lowest;

resilience and safety with backup power systemasduce the need for diesel

generated energy as a backup

energy independency.
Geographicallythis development is likely to occur earlier in Europe and North America

followed by other areas, but this wilentuallybe a global development.

Maintenance Engineer [nspection Engineer . ......c. s
wlaintenance Energy Storage Project Eng|_neer
Déevelopment Manager =75

Enertc;c)ﬂ/tI torar?e Consultant

on E |neer Serw;e Technician

Appllcat|on Engineer PV Energy Storage e
" Electrical battery storage inspéector

Field Service Engineer Microgrids BEES

Manager of Battery Maintenance

Safety Spec
Emi

2 ALBATTSDA4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020
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When providing the training on energy storage, it is needed that the tranaderstandthe
following:
energy storageéechnologies
areas ofenergy storagepplication
energy storagenstallation with functional testing and charge/discharge
energy storagentegration to different VRE and other systems
managment ofenergy storage systems
power management requirements in context of battgr management systems and
their effects on operation of the overall battery staslafety,and cost
the related maintenance including
0 preventive/predictive maintenance
0 battery repair
A safety and maintenance aspeet different cell chemistries within the

applicationandrisk controllingg overcharging, shottircuiting

In terms of general maintenance and repair of battery systems the follpare important
skills:
battery rundown testing; determination ofbattery capacity
inspection of battery, rackiabinet,or chassidor defects (corosion leakage)
measurement and recording float voltage and current of the banénd terminal
voltage of selected batteries
checkingof: (1) dectrolyte levels in each devisual inspection where applicablg)
identification of weakened or damaged cells or compong@jsterminal voltage of
selected batteries(4)loose connections
keeping record of the ambient temperature
comparison of the collected data to the pilieus inspection

removingpreventingcorrosion

It is also important to providéraining to understand the following in the energy storage

context
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sustainability

environment andenvironmentalpermits;
cost estimates

legislativeframework

standards SO 17840EN 501161, IEC 60364, NFPA 855)

This development is currently in progress, and it is going to grow. By 2025 and béycaua be
expected to become more and more signifidgrteveloped. The target groups, heaxduty users of
energy storages inclugéor example

Airports

Aviation authorities

Battery manufacturers

Battery management system (BMS) providers
Citizens/ eneusers in hospitals, stadiums etc.
Commercial organizations

Electric utilities companies

Environmental protection agencies / associations
Local authorities/municipalities, governments
Marine electrical engineering servicing providers
Maritime ESS suppliers

Maritime industry advisors

Military bases

Qil drilling companies/ Oil groups
Powermanagement companies

Project developers and investors

Regulators
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Solar panels manufacturers

Specialist battery storage integrators
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Using battery energy storages coupled with varioeisewable energy systems with public
buildings and facilities such as hospitals, airports, stadiums etc. is incréddimg@xample of

this is the application of renewable energy generating infrastructure with buildings in the form
of PV systems on the roof and combining them with a battery energy storage sybtam.
benefits include for example balancing the peak hoursnergy consumption and reducing
overall electricity costs.

Geographicallythis a process expectdd occur Europevide (and potentially beyond).

Information, metrics on the skills and job roles mapping, qualitative/quantitative summangHats,
will have to develop

Engnesr Ay p ication En ginee" (PV Ene"gy Sto rag e) Battery Management System (BMS) Enginesr (maintenance)
| Open Innovation Manager
Testengineer Data Center Engineer Data Ana yst

Metrologist Battery Engineer Planner o = . | <tion Enai
Validation Engineer AUtOMation Engineer., ., uescion trgineer
Quality Engineer . - -

IT Demand Engineer Batte ry A|g O rith m SEn g IBrt]t er? I prqecttgwapagirgiagtiw Systems
Electrical Engineer (EMS) N o i attery Management System ) Engineer
i aanes CNETQY ENGINeer e E
Battery System Engineer = G Samasy "
== Controls Englneer Energy Storage Consultant
Application Engineer ™ Automation / Process Operator
Software/Modeling Engineer Lead freroy storzge Pincipal Engineer

: Field Service Engineer (Microgrids & BEES)
=r=== Product Engineer (Energy Storage)
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1.2.2 Recommendations and Actions
Proliferation ofbattery energy storages in public placesguires different job roles and

skillsranging from technology related skills to understanding legislation associated

with pursuing this sort of venture.

The range of job roles is tremendous sittikere are so many things associated from

R&D toplanning,implementation to understanding the provision of such solutions

from the business point of view.

Theidentified skills associated and emphasized in this contegiunke the following

areas adgorithms; (2) pojectplanning (3) nodels (4) husiness(5) energy anccosting

(6) dectricalengineering (7) kegislative (8) kattery systems; (9) @oling systems or

(10) thermalanalysis

1.2.3 Target Groups

In terms of the timeframe for this development, we are in a stage in whicist likely modeling, cost

analysis, business cases and R&D are being conducted to lay a foundation for the actual deployment

(while already in potential progresor examplein the EU) of battery energy storages to public places
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more widely.Broadimplementationof swch projects can be estimated to occur more intensively by
2030 and beyond. The target groups includeactically the same as mentioned in the context of 1.1
- Increased Need for Energy Storages with Hdawty Applications.
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The growing interest in energy storage in recent years has also led to new players coming into
the market competigagainstvery weltestablished players of the energy sectbiThese new
players range from new battery manufacturers that put forward new battery chemistries or
technologies that can have advantages in some applications. The newcomers and traditional
actors of the electric sector have a different positioning in tharket and may address
different segments, from the residential segment to the utityale segment.

Geographicallythis development is occurring Europe, and worldwidéo various extents

Customer Success Engineer Test Development Engineer

Energy Storage Project Engmeer
Energy Storage Consultant -
Automation Engineér®i-- Battery Algorithms Engmeer 2

Embedded Software Engineer

Contok nomeer S@l @S ana%er/Dlrector |
Business Develo Manager:

M a rketl n g M a n g e r/D I re Cto rProlect Mar*ac:ﬂl BattE|y C.rstems T
Technical Praduct Mansaer . ENETQY Engineer  Jest Automation Engineer

are/Mo cleling Engineer Lead

Semor Battery Systems Engmeer - Innovation
Automation / Process Operator

Product Engineer |:'-;.';.- Storage)
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1.3.2 Recommendations and Actions
Business and marketing related training programmes for BESS experts, who function

in managementconsultancyand sales roles (in addition to the technical expertise),

are reeded to enhance the abilities to understand for example

(0]

(0]

(0]

(0]

(0]

the BESS business and development of strategies on how to operate in it
the market (customers, competitors etc.) and the market requiremgnts
BESS sales skills

benchmarking

cost estimates

Additionally, people with business degree backgrounds (without technical battery

related educational etc. backgrounshouldbe provided training on the basics of BESS

technology to enable them to function effectively for example in the markgand

sales roles
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The competition is occurring already and likely to expand geographically to new areas. The future is
not about competition among different companies, but also potentially about new batteries vs. second
life ones and diffeznt battery technologies. Thentities that are most likely to baffected are various

providers of battery energy storage solutions as well as the customers wheuppmsedo benefit

from the competition.
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Worldwide application of 5G technology presents two main challenges and thus opportunities
for battery suppliers having to do with the designing or refurbishing of the base stations. 5G
networks will demand more eneréiythan previous techologies which means more local
generation and battery storage. Additionally, 5G networks need higher density of base
stations than 4G networks meaning that new base stations need to be built, considering
sustainability and environmental goals, nonethele$his is a great opportunity for battery
storage and, particularly, lithiufon battery storage as it is deemed as a better technical and

economical solution than conventional leadid batteriest®
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_.controls Engineer ENergy Engineer Aviernziion fnoneer
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1.4.2 Recommendations and Actions
Global deployment of 5G networks presents a significant business opportunity for the

providersof LFion bateries for base station applications, has mentioned in section

1.3, there is a competition. Consequently, this emphasizes the need to provide
business and strategic development related training to battery experts and executives
to exploit the opportuniies fosteredby this expanding market.

With the number of base stations increasing and battery energy storage being
recognized as a crucial helpdeploying the needed power and energy to feed the
antennas, owners of the base stations shodidpose ofteams with operatingand
repairingcompetencesand perform maintenance protocols on the battery system
Workforce and competen@sneeded to install, service and maintain base station
batteries should be acknowleddeand therequirements and benchmarkgnof

different solutions for energy storage should be known.
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In terms of timeframe5G deployment isurrentlyin progress globally. Those that are affected

by the development includefor example: (1)attery manufacturers; (2) citizens/tetom

users in general; (3glectric utilities providers; (4energy management system (EMS)
providers; (5) environmental protection agencies / associations; (6) 5G telecom base station;
(7) equipment providers; (8) integrated base station providers; (#gmated storage
technology vendors; (10) local authorities/municipalities, governments; (11) Power
Conversion System (PCS) manufacturers; (12) research institutes; (13) solar panels
manufacturers; (14) telecommunication technology providers; (15) teleoperators; and

(16) telecom regulators.
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Regarding cellular networks, along with 5G deployment, there is a shift in the industry to
general purpose equipment instead of the dedicated equipment approach. This
commoditization of base stations is allowing a faster growth of 5G networks but, moteover
the apparition of new actors. This is also relevant for battery storage, particularly
manufacturers and integrators, assihouldfollow this trend for standard products with large

life cycle.

"Compliance Engineer Sales Manager/Director
Battery Management System (BMS) Engineer

s DBattery System Con

Application Engineer

Battery Management System QA Engineer

Business Development Manager
Marketlng Manager/Dlrector

tem (Bh }E“;
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1.5.2 Recommendations and Actions
Commoditizing of base stations provide another business opportunity within the 5G

technology deployment process. Developers and sellers of battery systems need to be

skilled andappropriatelytrainedin battery system integration with these base station

GLIO|F 384 ¢

YR NBfFGSR

a2F061 NS RS@OSt2LIYSyY

Understanding the customer requirements concerning the batteries needed with the

givenbase station equipment requires adequate marketing and business skills for the

developers of valuadding solutions for 5G t¢&nology providers.

Requirements to be met when designing the 5G base station power source:

Integration of multiple energy sources to improve reliability to produce stable

electricity is also recommended.

Intelligence for operation and maintenance to iease efficiency.

Digitalisation of power high density and efficiency.
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Development of smart batteries to achieve maximefficiencyfrom the entire

battery life cycle.

In terms of timeframe5G deployment isurrentlyin progress globally. Tke that are affected

by the development include for example: (battery manufacturers; (2) citizens/telecom
users in general; (3)lectric utilities providers; (4)energy management system (EMS)
providers; (5) environmental protection agencies / associa] (6) 5G telecom base station
equipment providers; (7) integrated base station providers; (8) integrated storage technology
vendors; (9) local authorities/municipalities, governments; (10) power conversion system
(PCS) manufacturers; (11) research togds; (12) solar panels manufacturers; (13)

telecommunication technology providers; (14) telecom operators; and (15) telecom

regulators.
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The driverof the growing interest in energy storage technologies for the energy sector have
been multiple, ranging from environmental, economic, aadechnical aspects. The electric
sector presents a consistent need for energy storage, significantly related totdgration

of significant shares of renewable sources. In the last two decades, a massive integration of
Renewable Energy Sources (RES) in the power/energy distribution systems has been

prompted by the global increasing climate awareness and various edonooentives®
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Overall competence development within renewable enesgurces
0 experts on applications such as photovoltpanels.

Development of competence and qualification related to grid balancing

Strengthening the competenaegardingthe behind the meter battery services, namely the:

Electricity consumers

0 Increasedselfconsumption

0 Backup power

0 Savings on electricity bills

o Demand charge reduction
System operation

o Frequency regulation

o Network investment deferral

o0 Peak capacity investmeudeferral
Mini grids

0 Replacing diesel generators

o Backup power

0 Smoothening of VRE

Application of battery energy storage in grid and-giffid applications requires training a
number of skill areas fahe staff, such as: (1) battery repair; (2) battery systems; (3) energy
storage; (4) high voltage skills; (5) pratige/predictive maintenance; (6) maintenance
management; (7) risk management; (8) customers; (9) cost estimates; andudifess and
marketingfor those dealing with business planning of providing batteries to grid andraff

applications .

As described in chaptet.4 5G Cellular Network Deployment, Batteries in Telecommunicatibies

development is in progress at the momemtose target groups are also the saasin chapter 1.4.
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Energy ®rage is one of the mostmportant smart grid components due to its key role in
complementing renewable energy generation. With the proper amount and type of storage
broadly deployed and optimally controlled, renewable generation can be transformed from
an energy source into a ghiatchable generation source. The smart grid, with its many
advanced communications and control features, will make it possible to integrate the
application of widely dispersed battery storage systems. Vehicles (veabigied
applications), houses and ekeical devices will be connected, with digital technologies
changing the way data is transferred and utilised. These new communication technologies

have a key strategic importance in relation to changes in the séttor.
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Battery Management System (BMS) Engineer
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Battery Engineer D@ta Analyst Data Centler Ert')girEweer
Battery Algorithms Engineerresngineer ...

Embedded Software Engineer =&cttica: Shaineer (51
Controls Engineer Automatio%ﬁ Process Operator caions o

Software/Modeling Engineer Lead ,
Test Automation Engineer Open Innovation Manager

Application Engineer (PV Energy Storage)

Balance of Plant (BOP) Engineer (wind generation)  APPlication Engineer  payery Management System QA Engineer
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1.7.2 Recommendations and Actions
The skills neededith battery energy storage application with smart gritieitt need

to be provided in traimg and education to energy storage related workers include:
(1) dgorithms (2) poject planning (3) nodels (4) lusiness (5) gneralprogramming
languages(6) dectricalengineering (7) kgislative (8) kattery systenmsand (9) R&D

1.7.3 Target Groups
The timeframe for the recommendations above ranges from the present day until 2030. In the

nearer future for example R&D and related processes will be in place with expectation for
wider deployment of smart gridsloser t02030-35. The target groupgcludethose involved

with grid development such asfor example (1) lattery modules producers

(2) hattery manufacturers (3) eavironmental protection authorities / associations

(4) dtizens/battery users in genera(5) @mmercial and industrial psumers (6) dectric

utilities companies (7) Engineering Procurement and Construction (EPC) companies
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(8) energy management system (EMS) provid€e ntegrated storage technology vendors
(10) bcal authorities/municipalities (11) nmarket operators ad aggregators (12) Power
Conversion System (PCS) manufactyre(43) poject developers and investars
(14) egulators (15) enewable energy promoters(16) esearch institutes (17) pecialist

battery storage integratorsand (18) tansmission and distribution system operators
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One of the significant drivet® stimulateinvestments in batteries is their potential to help
decreasing electricity costs when applied in energy storage applicaioRsom the
sustainabity point of view this is also beneficial since sustainability and-saging often go
together as is the case with the integration of battery energy storage systems (BESS) with
variable renewable energy (VRE) sources. Application of BESS enablesiaisersargy at

times when the electricity is cheapest and using it when its price is highest. There are job roles
with skills and competences related to the planning and execution of such products as well as

to the practical implementatiof such as systenmtegration and beyond.

We will study these areas deeper with the following trends:

Decrease electricity costs by placing stationary battery systems
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Customers for energy storages incluble® example power generation unit owners, grid
operators and residential consumers and prosumers, who are seeking ways to reduce the
electricity costs Battery energy storage systems can be combinéti variable rengvable
energy sourcesike for example with orsite solar panel power systems to reduce electricity
costsand alsgat the same time, decrease the impact on the environm&mtergy storage can
alsoassist in decreasing electricity expenses by allowusgjomergo charge batteries during
off-peak hours and to release power during peak times to reduce energy costs. Consequently,
customerscan avoid spikes in energy use and high demand charges asdptwless for
energy.Thegenerated excess electricity can be sold on wholesale energy mahest and

where applicablé!

Application Engineer

Energy Storage Project Engineer
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2.1.2 Recommendations and Actions

The associated job roles include a number of different kinds of engineer positions all the way

Project
IManagement

Figure20. Crosssectoral Competence

from R&D and electrical engineering to battery systepreject planning andgricing The
following skills will be required and thusught along with this trend and consequent
development:

Algorithms

Project Planning

Models

Energy and Costing

Simulation Methods

Electrical Engineering

Environment

Battery System

R&D
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Proceeding with the recommendations is acute with expected timeframe ranging from this
year to the middle of the decade. The target groups incjdoleexample:
power generation unit owners, grid operators and residential consumers and
prosumers, whb are seeking ways to reduce the electricity costs
various customers with other heaaduty applications of battery energy storages such

as for example hospitals, airports, militabases offshoreoperators(oil & gas etc.)
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Increasing use and deployment of batteries in different areas of applicatiomgém@esrated
safety related concerns. Battery fires can be devastating due to their nature of being
challenging to extinguish. Battery fires can continue for days, as has basssed in the

case of EV accident$or instance Consequently, creating regulations and legislation that
ensure battery safety and actions that sustain safety in disaster situations is essential
development. The pursuit for this requires understandingskifls, competences related to
enhancing preemptive measures to improve safety as wadhow to execute right measures

to mitigate damages when disaster strikes

We examine this trend in the following subchapter:

Create Regulation and Legislation on Togics of Battery Safety

22 ALBATTSD4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020
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Although batteries are recognized as a safe system, the fire hazard is present when a battery
system is installed. The readily available information ortoipéc of battery safety is still scarce

and there is not enough regulation addressing the topic. The creation of regulatory protocols
and legislation allows not only for easier dissemination of information regarding battery safety
as well as it creates aigle for battery manufacturers and users to follow in order to increase

the safety in battery energy storage systems.

ng Mechanical Supervisor

Safety Specialist

Safety"Manager---

Cell Test Engineer . Cell Inspection Technician

Functional Safety Engineer e orsatter anaiys
Adhesive & Leak Testing Engineer

IﬂSpeCt.lon Engineer Electrical/ batte SLOTage INnspecto
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3.1.2 Recommendations and Actions
It is essential tacreate and updateelectrical equipmentegulationsand legislation

accordinglyto ensure the safety of users with battes in their different areas of
application.
Testers in the operatin, repair and maintenance stages will be needed with adequate
skills, since they have a role in ensuring that battery safety caacbeved Related
training and education will thus be needed.
Later, around 2035, when there is expectedsaebatteries eployed in various areas
of application and many of them in public locatipitss important to pay attention to
elements with related skills and competences that ensure public safety, and that
health and safety standards are beiogmplied with
What will also be needed is that development of new fire safety, overall safety and
rescue methods should be priority:

Reskilling of firefighters and other personnel

Mastering new methods and techniques

New technologieg water blankets and tanks
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Mechanisms to share information, test, and provide training is essential for

supplyingfuture firefighters with skills and competence

The envisagedtimeframe for the recommendationso be properly embedded imegulations and
legislation for electricaéquipment, alongvith training battery testersshould be occurring already or
in the near future (20222025) while eventual wider deployment will require more focus on skills and

related training when it comet® ensuring public safety as well as health and safety standards.
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Resiliency and se#ufficiency belong also the drivers of batteries and BESS. Certain
circumstances require backup systems to provide power to ensarestop functioning,
resiliency of critical systems even in blackout situation. In other applicatieasous
electricity consuming systems are required to be operationabatf. These users that need

to be selfsufficient in termsof electricity can be military bases, offshore systems as well as
simply remote areas not linked to a national power grid. -Sefficiency can be achievgibr
example by linking BESS with VRE which also supports potential sustainability goals. In critical
applications successfulntegration of BESS and batteries requirésr example repair and
maintenance skills. Installation and system integration are essential when implementing

battery systems.

We study the associated trends in the following subdbegp
Increasing BESS use in military applications
Increasing use in offshore oil & gas applications + Vessels
Base stations need batteries to support their power requirements
Provide electricity in remote places where a centralized electricity is noaisiadile

Transfer from leaghcid batteries to lion batteries in cellular network base stations

25 ALBATTSD4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020
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Theexpendingdemand for microgrids in military applicatiomecreaseshe need for energy
storages, as militaries are interestedoifi-grid systems to provide continuous power. Reliance
on Diesel generators in remote locations is often found to be a security threat, as transporting
fuel can be dangerous and costly, and generators are loud in service.

Forward operating bases in remote locations can apply energy efficient technologies such as
solar and wind and store that energgto battery storage systems. -ion battery enable
storage of solar and/or wind energy irsgstem that is substantially lighter than a typical lead
acid battery. The Lithiuaon battery also features a life cycle that is over five times higher
than the life cycle of leadcid batteries. Consequently, lithiuran batteries present a high
potential for storing energy in military transportation and microgrid applications.

Battery storage technologies have advanced enabling {acgée systems that can provide

a costeffective mannespontaneousnd flexible power sourcdor military bases, etdt the

same time, battensbased systems help reducing carbon footprint and bring down the fuel

consumption and costs related to existing backipsel generator$?

2 in al Audit
= Test Engmeer
Battery Test Technician

Field Serwce Engmeer (Microgrids & BEES)

m
0,

26 ALBATTSD4.1 Desk Research Data Analysis ISIBA1), ALBATTS project, 2020

Co-funded by the R, The European Commission support for the production of this publication does not constitute
Erasmus+ Programme £ x an endorsement of the contents which reflects the views only of the authors, and the
of the European Union * ok Commission cannot be held responsi ble for any use which may be made of the info rmation
contained therein.



fralbatts

Alliance for Batteries Technology, Training and Skills

Battery Testers Battery
Chemistry

Battery
Components

Battery
Systems

aauewsig

sanbiuyosa|
uoljewysy ajeis

Battery

Repair
P Lithium-ion

Battery

Chemistry Battery

Industry

Figure23. Sector SpecifiCompetence

Co-funded by the e The European Commission support for the production of this publication does not constitute
Erasmus+ Programme T an endorsement of the contents which reflects the views only of the authors, and the 54
of the European Union Tk Commission cannot be held responsi ble for any use which may be made of the info rmation

contained therein.



fralbatts ™

Alliance for Batteries Technology, Training and Skills

Analysis Inspect Reguirements Remove
Methods Quality Engineering Defective
Product

Product

. Performance Confermity. to
Testing

Prediction Specification
and
Validation

<
[5)
S
o)
oq
(o)
3
o
3
—

Gap and Failure
Analysis

Analyse Test
PE]

535590014
30UBUUIBIA|

Electrical Preventive,
Testing Predictive
Methods Maintenance

7 4
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Equipment MEIRLERENCE!

4.1.2 Recommendations and Actions
Microgrids and integration of renewable energy systems within operating bases and

remote locations should be explored-itn batteries can providalighter solution and

are less prone tofail as a result ofextreme temperature and environmental
conditions. Application of batteries also generate cost savings by mitightngse of
diesel generators, etc.

Military and itsspecificapplication require limate reliability and usability from any
systems inmost conditions. Batteries and battery energy storages are not an
exception. This will place an emphasis on repair and maintenance of batteries.
Especially important ighe ability to conduct preventivend predictive maintenance

to avoid failures in critical conditions.

Maintenance and repair are skills that are important teach personnel that are
involved with servicing systems that use batteries. This includes such roles as field

service engineerghat specialize in microgrids and battery energy storage systems.
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Integration of batteries into the existing military systems and equipment will require

personnel trainedn system integration and installation skills.

The following skills can bdentified as essential when it comes to training personn@inly
in various engineer positionthat deals with military applications of batteries:

Battery Repair

Battery Testers

Electrical Testing Methods

Maintenance Processes

Preventive/Predictive Maintenance

Equipment Maintenance

Problem Solving/Troubleshooting

Reporting

System Integration

Battery/Energy Storage Installing

The deployment of batteries for military applications is in progress and yibilexampé, the biggest
military spender by far, USA, is in the forefront of the battery applicatioti®er countriesare close

behind. Generally, the timeframe for the military application of batteelated skills training and
education is potentially around thaid-2020s.

The target groups include military forces and their contractors and equipment manufacturers.
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LHon batteries caralsobe used in offshore/marine applications. Batteries can actesgp
shavers, loadevellers etc. and provide fuel costs savings along with low maintenance
expenses. This market is expected to grow in the futasehere are clear benefits. The
integration of energy storage with the power supply and distribution sysbérma drilling rig
improves the environmental sustainability of the offshore oil and gas industry. The power
consumption isteeply fluctuatingn drilling and dynamic positioning processes. With energy
storages, it is possible to decrease the use of Diesglines (runtime) and optimize
combustion level when operating thethus decreasing the emissions consequently. The
batteries can be used for supplying power during peak load times and as a backup power
system to prevent blackout situations and providewmw to the thrusters if needed. In
addition to battery storage installatioon a drilling rig power plant itself, there is also potential

scope to replace Diesel generatansengines?vith batteriesin offshore supplywessels”’

Safety Specialist Compliance Engineer

Energy Storage Consultant

Electrical Engineer/Battery Specialist
Appl | Cat|on Eng INEerl Energy Storage Principal Engineer
Sales Engineer — Energy Storage Solutions (ESS)

ersonnel
Battery Management System (BMS) Enginéer (maintenance

J J 13 J L
E"I'E‘;”' StD"age P"OJECt E"Ig NEEr Energy Storage and Materials Spedialist {maintenance)

Technical Product Manager wisintenance
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4.2.2 Recommendations and Actions
Exploration and development of innovative lithidion battery applications such as naval

power systemsare needed.
Various skills concerning energy storages and batteries will be reqoiredderstanding the
systemdn and ofthemselves, their installation processes, maintenance, and repair as well as
how the related projects are managed. Thenrihes also the business aspect with related
skills such sales and consultancy. For example, the following skills will needatagbéto
personnel, mainlyo different kind of engineers, working with battery applications in offshore
oil and gas:

EnergyStorage

Battery System

Project Management

Business
Customers
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Analyse Test Data

Ensure Conformity to Specifications
Electrical Engineering
Battery/Energy Storage Installing
Preventive/Predictive Maintenance
Maintenance Processes

Battery Repair

Safety Procegres

The need for recommendations is occurring n@g the use of batteries in offshore applicatiogs
increasing. The target groups incluttee companies involved in offshore oil and gas operations and

their contractors and suppliers.
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With new technologiesitting the marketand their needor updated equipment, the power
consumptionhas increasedabruptly. Usually, base stations are equipped with a battery
storage systenwhose function is to provide backup power in case of failure of the power
supply. Lithium batteries have been gradually replacing-ad due to the increasing power
requirements for the backup of base stations. The complexity of the battery storagarsyst
due to the cumulative augmentation on the requirements for battery systemslve a set

of needed skills in order to operate repair and maintaiorks onthe devices 22
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e e Energy Engineer
en Inhovation Manager Electrica E“d' \eer
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4.3.2 Recommendations and Actions
Project planning and management:

o Project managerseed to have extensive knowledge on battery systems and
their connections to the grid and base stations in order to makes#tapmore
profitable

With the number of base stations increasing and battery energy storage being
recognized as a crucial help deploying the needed power and energy to feed the
antennas, owners of the base stations should have a team wothpetencesto

operate, repair and perform maintenance protocols on the battery system.

4.3.3 Target Groups
The need for batteriesvith base stations is occurring right now with the deployment of 5G base

stations beingdn progress in the EU and beyond. This means thatdbemmended actions are needed

currently.
Co-funded by the i The European Commission support for the production of this publication does not constitute
Erasmus+ Programme S an endorsement of the contents which reflects the views only of the authors, and the 63
of the European Union Tk Commission cannot be held responsi ble for any use which may be made of the info rmation

contained therein.



fralbatts ™

Alliance for Batteries Technology, Training and Skills

4.4 PROVIDE ELECTRICITY IN REMOTE PLACES WHERE A CENTRALIZED
ELECTRICITY INOT SUSTAINABLE
Energy storages, when paired with, for example, renewable energy systems, enable

generating power in offrid circumstances. This helps the deployment of, for example,
telecom base stations to provide the critical means of communication®tote areas as

well as providing power to microgrids for remote community power applicatiths

4.4.1 Skills Agenda
Adhesive & Lgak Testing Engineer  Comgliance Engineer_ ENIErgy Storage Manager
Equipment Engineer Open Innovation Manager.. . :
Energy Storage Project Engineer_ Energy Storage Principal Engineer
Embedded Software Engineer, ;i 5t o=
Business Project Manager Appllcatlon Englneer Software/Modeling Engineer Lead

Energy Storage Consultant Data Analyst 'téwﬁ“ A

Electrical Engineer/Battery Specialist Sr. Electronics Enginesring Technician
Test Engineer

rocess Enginesr w

Battery Algorithms Engine

IT Demand Engineer ) = Cleaning Technician Battery Management System Qi Engineer
Data Center Engineer Energy Engl NEETI Field Service Engineer (Microgrids & BEES)
Quality Engineer . Inspection Engineer
Senior Battery Engineer Ba_ttery System Englﬂeer Sales Engineer — Energy Storage Solutions (ESS)
Apphcatmn Engmeer (PV Energy Storage:} Electrical Engineer Facilities Projects
Bala nCE Of Plant (BOP} Eﬂgineer (Wiﬂd generatiOﬂ) Development Engineer - High-valtage Storage Companents
Battery Cell Developer - Energy Functions
Senior Battery Systéms Engineer - Innovation  sevor sy systems Engineer - ineation
Battery Management System (BMS) Engineer (maintenance)

Energy Storage Manager;

Battery System Consubtan
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4.4.2 Recommendations and Actions

Understandingthe projects related battery applications in the context of using variable
renewable energy sources in remote areas is needédtk involved job roles are mainly
engineers that need to b@aughtthe following skills:

Algorithms

Project Planning

Models

Business

Energy and Costing

Energy and Costing

Electrical Engineering

Electrical Engineering
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Environment
Battery System
R&D

The timeframe for the recommendations is ranging from 2022a80.The target groupinclude for

examplestakeholders relatedo off-grid solutions as well as providers of telecom base stations in

remote ares.
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Lithium+ion batteries are increasingly replacing Lesld batteries in telecom networksith

both off-grid or ongrid base stationsrhedecreasing costs of Lithiuran batteries are making
them competitive interms of lifecycle compared to Leaatid battery, which is still the most
mature and cheapest type of batteryAdditionally,Lithiumion batteries provide a higher
energy density which means less footprint, a key challenge for the compactness required for
a base stationLithium-ion batteries can perform more charge/discharge cycles and present a
larger calendar life, which means that its needs for maintenance are lower and battery

replacement can occur less frequentfy.

Electrical Engmeer/BatterySpeoahst o
Battery Repair Engineer Service Technician,

Energy Storage Principal Engineer

Battery Test Technician
Equipment Engineer
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4.5.2 Recommendations and Actions
The transition fronolder leadacidbatteries and/or diesel generatots lithium-ion batteries

implies speial careand skilled workforce in regard to the 5G deployment and needed
requirements for the base stations. Replacing leat batteries with the Lion ones will
require such skills as Battery/Energy Storage Installing, Battery Removal, Battery Repair,
Battery Charge/Discharge and Battery Testers. The job roles wWiggiersonnel need to be
taught with the above skills include for example battery engineers and specialists, service

techniciansetc.

4.5.3 Target Groups
The need to follovthe recommendations mentioned above basically imminent due to the current

global deployment of 5G networks
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Battery energy storage systems are a significant element in the pursuit of sustainability.
Application of BESS supports the decarbonization goals by enabling the increasing use of
intermittent VRE systems to provide power to a grid as well ablergowering for example
off-grid telecom base stations without the need to use polluting ,atdhe same timefuel
consuming and potentially unreliable diesel generators for power generation. Another
sustainability element is to ensure that the use ddtteries themselves can be kept as
sustainable as possible. The application of second life batteries, used EV batteries in energy
storage solutions supports that cause. While technologicakyare able taallow second life
application further regulatoryframework and standardization is needed to ease and support

it.

With the above comethe need for skills that enable, once again, integration of BESS with
other systems and numerous other skills. Second life application regfgaresxampletesting

of used batteries to ensure their conditiand state of healtlare adequate.

Second Life Application
Integration of battery systems with renewable energy sources, with the goal of
decarbonization

The need for sustainable amdsilient base stations
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5.1 SECONDLIFEAPPLICATIONB2
Battery energy storages consistingseicond lifeEV batteriehave been applied increasingly

The solution can hdor examplea combination of new and secorde batteries.

5.1.1 Skills Agenda

= Electrical Engineer (PV) Electrical/ battery storage inspector
ceimpection e ElECETICAl ENGineer (BMS)  com pliance Engineer s esserens syem o5 igicer mirorce
Battery Management System QA ENQINEET sueint vots scenet cnesive & Losk Tesing Exmens o o "
Energy Engineer Battery Management System (BMS) ENGINEET  secvic togneermatery specii
= Operating Model and Cell Cost Specialist

Battery Test Technician Apphcatlon. Eﬂglneer Recycling Technician

safety Manager C| | Test Engineer,, oreerns i,

Tetnament Technican . Inspection Engineer
Customer Success Engineer <o ierna auditor
~ Technical Product Manager Mmechanical Technician
Energy Storage Principal Engineer - Auditer, batteries and e-waste recycling Planning and Logistics Manager
Service Technician

rage and Materials Specialist (maintenance

Dacum

Ban
¥ Testr

Energy Storage Consultant

Safety Specialist !

Field Service Engineer (Microgrids & BEES)
Battery Dismans Process Engineer, Battery Discharge - Rattery Recycing
Senior Battery Systems Engineer — Innowvation

&r. Electranics Engineesing Technician
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Figure33. Sector Specific Competence
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