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TRAFFIC LIGHT PROTOCOL (TLP)!

The Traffic Light Protocol (TLP) was created by the UK Centre for the Protection of National
Infrastructure (CPNI) in order to encourage greater sharing of information. In order to
encourage the sharing of sensitive (but unclassified) information, however, the originator
needs to signal how widely they want their information to be circulated beyond the imme-
diate recipient, if at all. The TLP is based on the concept of the originator labelling infor-
mation with one of four colours to indicate what further dissemination, if any, can be un-
dertaken by the recipient. The recipient must consult the originator if wider dissemination
is required.

Sharing of information is classified with four states (colours). The four colours and their
meanings are:

- Personal distribution for named recipients only

Information is shared in the context of a meeting, for example. RED
information is limited to those present at the meeting. In most circum-
stances, RED information will be passed verbally or in person.

YELLOW Limited distribution

The recipient may share YELLOW information with others within their
organization, but only on a ‘need-to-know’ basis. The originator may
be expected to specify the intended limits of that sharing.

GREEN Community wide distribution

Information in this category can be circulated widely within a particular
community. However, the information may not be published or posted
on the Internet, nor released outside of the community.

WHITE Unlimited distribution

Subject to standard copyright rules, WHITE information may be dis-
tributed freely, without restriction.

1 RULES OF PROCEDURE FOR THE EUROPEAN FORUM FOR MEMBER STATES (EFMS) ON PUBLIC POLICIES FOR
SECURITY AND RESILIENCE IN THE CONTEXT OF CRITICAL INFORMATION INFRASTRUCTURE PROTECTION,
Version 3.0 FINAL - May 2011 “Traffic Light system”
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ABSTRACT - EXECUTIVE SUMMARY

Introduction

Energy storage is the key enabler for the transition to a 100% renewable power system.
The Adaptive Control of Energy Storage (ACES) project has invested in energy storage
and associated equipment for measurement, monitoring and control in order to provide
effective energy storage solutions using artificial intelligence. In this context work pack-
age WP 5 has investigated the market for a “"Storage to Cash Solution” and has devel-
oped a software component, which monitors and invoices the services provided by the
ACES solution. The billing solution developed here can be applied to a high variety of
business cases not just limited to those described in this report.

Background

Payment transactions and billing solutions are becoming increasingly important in the en-
ergy business and future energy market places. There is an increasing demand for “en-
ergy-to-cash” solutions, e.g. for load balancing, for e-car charging, for power quality, for
SMEs providing local RES production, and other energy related services. Additionally,
new regional market places for local energy trading will emerge, which would require bill-
ing services to handle flexibility and flexible tariffs on demand and on production side.

Methodology

Work package WP 5 focusses on software development and market penetration for
emerging energy related services including billing. It divides its software development
process into distinct phases starting with (i) requirement specification, (ii) ICT architec-
ture and design, (iii) software development, (iv) installation and integration, and finally
(v) demonstration and evaluation of the project results. In parallel to this software devel-
opment activities a thorough market analysis has been done which builds the basis for a
suitable and convincing dissemination and exploitation strategy of the ACES solution.

Results

All components of the ACES solution have been developed and tested by independently
acting teams. System design, integration and testing have been executed under the
guidance of the partner EMBRIQ. The Billing System has been developed by partner MIN-
com Smart Solutions. On various occasions WP5 partners have contacted ACES stake-
holders and potential customers and presented the ACES project focusing on billing. They
have received high interest and convincing readiness to invest into the billing solution de-
veloped.

Conclusions

Work package WP5 invites interested parties to receive a demonstration on features and
performance of the Billing System developed. Potential customers, investors, operators

and end-users will be supported by our experts to get our billing solution integrated and
applied to any specific IT environment, regardless which kind of ERP system - like SAP,

Schleupen, ... - they might have in use.
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1. Acronyms

ACES Project

Adaptive Control of Energy Storage project

ACES Service Provider

is meant to be the operator of energy storage ser-
vices comprising energy / battery management, or-
der processing and billing. The ACES Service Pro-
vider causes OPEX which is necessary to calculate
the economic value of an ACES business application.
The ACES Service Provider expects remuneration of
OPEX plus profit.

ACES Service Receiver

is meant to be a user of energy storage services pro-
vided by the ACES Service Provider. The ACES Ser-
vice Receiver pays the bill and thus covers CAPEX,
OPEX and profit in the business model of the specific
ACES application.

ACS Adaptive Control System

aFRR Automatic Frequency Restoration Reserve
AMS Automatic Measurement System

B2B Business-to-Business

Battery Owner

Is meant to be the party which invested into ACES

technology, where the main share of investment will
be related to the battery. The Battery Owner causes
CAPEX which is necessary to calculate the economic
value of an ACES business application. The Battery

Owner expects ROI including coverage of CAPEX (in-
terests, depreciation) plus profit or any other value.

Billing System

Shall be the complete software package including all
necessary services provided by MINcom Smart Solu-
tions to achieve the required ACES goals. This com-
prise services like: TS (Tariff Service), BS (Billing
Service), print services, file transfer services for bills
and credit notes provided to the ACES demo sites.

BMS

Battery Management System, A battery management
system (BMS) is any electronic system that manages
a rechargeable battery (cell or battery pack), such as
by protecting the battery from operating outside its
safe operating area, monitoring its state, calculating
secondary data, reporting that data, controlling its
environment, authenticating it and / or balancing it.
(Barsukov and Qian 2013)
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BO

BRP

BS

CAPEX

CHP

DER

DSO

DSOA

EEG

EEX

EMS

ERP

EUR

EV

FCR-D

FCR-N

FMS

H2E

ICT

kVAr

kw

kWh

Battery Owner

Balance Responsible Party

Billing Service

Capital Expenditure
Combined Heat and Power
Distributed energy resource
Distribution System Operator
DSO Aggregator

Erneuerbare-energien-gesetz (German renewable
energy sources act)

European Energy Exchange

Energy Management System. Generally, this is a
system of computer-aided tools used by operators of
electric utility grids to monitor, control, and optimize
the performance of the generation and/or transmis-
sion system. It also is used by systems which control
the dispatch and thereby energy flows (charging,
discharging of batteries) between the battery storage
system and the electrical grid it is connected to.
Enterprise Resource Planning

Euro

Electric Vehicle

Frequency Containment Reserve — Disturbance
Frequency Containment Reserve — Normal

Facility Management System

Hydrogen to Electricity

Information and Communication Technology
Kilovolt-ampere reactive power

Kilowatt

Kilowatt hour
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kWp Kilowatt Peak - The optimal power delivery from a
solar cell, int0 the best possible environment. In
Sweden a solar panel typically delivers 800-850
kWh/year for every 1 kWp.

mFRR Manual Frequency Restoration Reserve

MINcom Short for MINcom Smart Solutions GmbH

MTTI Mean Time To be Informed - receive information
about an event

MTTR Mean Time To Repair

MVP Minimum Viable Product

MW Megawatt

MWh Megawatt hour

OPEX Operational Expenditure

(O Operating System

PCR Primary Control Reserve

PQ Power Quality

PtH Power to Heat

PV PhotoVoltaic

RES Renewable Energy Sources

REST Representational State Transfer: a software architec-
tural style that defines a set of constraints to be
used for creating Web services. [Wikipedia - Repre-
sentational state transfer. 2019]

ROI Return on Investment

SCR Secondary Control Reserve

SEK Swedish krona

SME Small Medium-sized Enterprise

SWOT Strength - Weaknesses - Opportunities - Risks

TCR Tertiary control reserve

TRL Technology Readiness Level
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TS Tariff Service is a part of the Billing System
TSO Transmission System Operator

UPS Uninterruptable Power Supply

usb United States Dollar

VAT Value Added Tax

VPP Virtual Power Plant
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2. Introduction — Deployable Storage-to-Cash Solution

Energy storage is the key enabler for the transition to a 100% renewable power system.
The Adaptive Control of Energy Storage (ACES) project has invested in energy storage
and associated equipment for measurement, monitoring and control in order to contrib-
ute to an affordable 100% renewable power system with effective battery storage solu-
tions using artificial intelligence. The Adaptive Control of Energy storage (ACES) project
has been performed by a consortium of ten [10] partner organisations: lead partner
Metrum Sweden AB (Sweden), Glava Energy Center (Sweden), RISE Research Institutes
of Sweden AB (Sweden), Insplorion AB (Sweden), Embrig A/S (Norway), MINcom Smart
Solutions GmbH (Germany), Fraunhofer Institute for Factory Operation and Automation
IFF (Germany), Krebs engineers GmbH (Germany), VanerEnergi AB (Sweden), ABB AB
(Sweden).

The ACES project has received funding from the Swedish Energy Agency, The Research
Council of Norway and the German Federal Ministry of Economic Affairs and Energy in the
framework of the joint programming initiative ERA-Net Smart Grids Plus, with support
from the European Union’s Horizon 2020 research and innovation programme.

The “Deployable Storage-to-Cash Solution” is created as part of the Adaptive Control of
Energy storage (ACES) project. In this context work package WP 5 has investigated the
market for a “Storage to Cash Solution” and has developed a software component, which
monitors and invoices the services provided by the ACES solution.

Remuneration of energy services makes this work packages key to the adoption and roll
out of the ACES solution. The billing solution developed here can be integrated to a high
variety of business cases not just limited to those described in this report.

Billing solutions with effective interfaces to advanced energy management systems will
become more and more important in the future. There is an increasing need for remuner-
ation of energy services, e.qg. for load balancing in the distribution grids (see Figure 1),
for charging to push e-mobility, for owners and operators of the highly raising number of
small RES installations, for upcoming new markets regarding regional energy supply and
the demand for flexible tariffs. MINcom Smart Solutions who are in charge of driving the
work package WP 5 have contacted several potential customers who expressed high in-
terest in the ACES solution and the Billing System in particular.
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Figure 1: Conflicting targets require intelligent energy control and storage capacity to manage fluc-
tuating power demand and feed - Picture Source?

The overall objective of the ACES project is to develop, implement, and test advanced
measurement technology and adaptive control algorithms for energy storage systems in
order to allow for improved economics of operation. By reaching the project objectives,
the ACES project aim is to contribute to an affordable 100% renewable power system
with smart battery storage solutions using artificial intelligence.

More information on the ACES project can be found on: http://www.acesproject.eu/

PURPOSE OF WORK PACKAGE 5

The ACES project has been organized in six [6] different work packages with multiple de-
pendencies and collaborations in-between. The purpose of this report is to present the
findings and conclusions related to project goals of work package 5. In addition, a gen-
eral description and evaluation of the project execution is given, in order to share not
only findings related to the project objectives, but also learnings about project methodol-
ogy and tools in order to further contribute to the research community regarding suc-
cessful project design.

Work package 5 focusses on creating a possibility for the battery storage system opera-
tors to offer different services on several markets simultaneously. This document de-
scribes:

1. Markets and new opportunities for energy storage (battery) services

2 Prof. Dr. George Huitema (TNO), EuroCASE 2015, TU/d, 2 November 2015.
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2. A Billing System which has been developed to get such new services
remunerated.

3. A complete Storage-to-Cash solution to be tested as a prototype at
least at two demonstration sites.

Figure 2 describes the generic ICT architecture of the ACES solution including the inter-
faces between the different system components. The Billing System provides various ser-
vices to the ACS component which has been developed by the project partner EMBRIQ as
part of work package WP3. The main output of the Billing S system are invoices or credit
notes that can be sent to the users of the storage services.

load
portfolio
(=i
storage
Photovoltaic . 7g = I:ﬂ@
-generator } =

Battery

Hydrogen
fuel cell

=0

Wind
-generator

\‘ \

/'I \L_/‘

Pyl
)

API Server

Demo site specific database server

Figure 2: Generic ICT architecture of the "Storage to Cash Solution” with WP3 ACS software and
WP 5 Billing System.

GOALS AND RESEARCH QUESTIONS
The overall goal of work package 5 has been the development and testing of a billing so-

lution for energy storage (battery) services provided for markets that for the most part
do not exist today.

DELIMITATIONS

Limitations for the economic evaluation is the amount of data and the chosen dispatch
algorithm for the BMS.
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3. Background information - Smart Dynamic Billing

There have been several project prior to ACES which have dealt with remuneration of
flexibility or battery services regarding dynamic pricing in local markets. The project
which came very close to what ACES has in focus has been one of the so called Smart-
Community projects co-financed by the Japanese governmental institution of NEDO3. In
2019 the German city of Speyer with its Stadtwerke Speyer (SWS) of Germany have im-
plemented and tested a similar installation of various energy storages (electrical storage
and PtH). This project aimed to use as much as possible of the PV generated power from
the roofs of two selected apartment buildings to satisfy household energy consumption
while reducing total household energy costs including heating costs. The presentation of
results and sustainable business models have given guidance to the evaluation of the
ACES project - see Figure 3 [1].

. ® :
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Figure 3: Intelligent battery management where flexible tariffs would drive cost-efficiency in use of
storages [1]

CURRENT STATE OF THE ENERGY STORAGE MARKET

This chapter provides an overview of the current state of the battery energy storage
market, focusing on Sweden and Germany. Only stationary battery storage systems are
considered.

The first two subsections provide an overview of the global battery energy storage mar-
ket and some notable illustrative examples from around the world. The subsequent sec-
tions discuss Swedish and German regulations and taxes that, in some cases, affect the
business case for battery energy storage solutions.

8 NEDO - New Energy and Industrial Technology Development Organization
https://www.nedo.go.jp/english/

8 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021


https://www.nedo.go.jp/english/

International overview

Global investments in electrochemical stationary battery storage has grown to around 3-
5 billion USD per year in recent years [2]. This amount includes both smaller behind-the-
meter battery storage and larger grid-scale applications, with global investments divided
roughly equally between these two categories. The stationary battery storage market is
still relatively small compared to many other sectors within the electrical power industry.
For example, global investments in solar PV is estimated to have been almost 140 billion
USD in 2019.

Globally, the United States, Korea and Japan has been accounted for large shares of the
market while investments in China has increased substantially during 2018-2019 [2].
Australia also stand out as having attracted a relatively large amount of investment in re-
cent years. A large proportion of currently operational grid-scale battery energy storage
systems are used for providing services to TSOs, especially frequency control. Further,
grid-scale batteries installed in combination with large solar PV or wind-power projects
are becoming increasingly common [3].

The behind-the-meter storage market is often supported by incentives for pairing a bat-
tery with distributed solar PV. This has created a relatively large market for behind-the-
meter batteries, for example in Germany, Korea, the United States and Australia [2] [3].

International examples

This section briefly describes some notable cases where battery energy storage is used
commercially today, from large grid-scale applications to smaller behind-the-meter bat-
teries. The cases in this section highlight a few illustrative examples and is not meant to
provide an exhaustive list.

Grid-scale applications
Hornsdale Power Reserve

The Hornsdale Power Reserve is a 100 MW/129 MWh lithium-ion battery energy storage
system in South Australia, built in 2017 by Tesla for the French power producer Neoen.
During 2020, an expansion project is adding an additional 50 MW and 64.5 MWh. The
system shares the same network connection as the 300 MW Hornsdale Wind Farm, also
owned by Neoen.

70 MW of the battery discharge capacity and about 10 MWh of the energy storage capac-
ity is reserved for providing contingency frequency reserve, and for a control scheme
protecting a particular transmission line. The remaining 30 MW discharge capacity, and
most of the energy capacity, is available for other market uses, including energy arbi-
trage and provision of regulation frequency control. [4]

Gemini Solar Project

Another example of a very large battery energy storage system is the planned Gemini
Solar Project in Nevada, USA. This project involves combining a 380 MW and 1400 MWh
battery energy storage system with a 690 MW solar PV project [5]. The project is ex-
pected to be completed in 2023.

Pomona Energy Storage

The Pomona Energy Storage facility is a 20 MW and 80 MWh battery energy storage facil-
ity in Pomona, California. It is owned and operated by AltaGas, who offers the full capac-
ity of the battery to the California ISO integrated energy and ancillary services market,
thereby enabling the battery to provide energy arbitrage and/or ancillary services such
as frequency regulation.
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The Pomona Energy Storage facility was built as a response to the emergency shutdown
of the Aliso Canyon natural gas storage facility in 2016 - an event that caused a signifi-
cant risk for insufficient flexible generation in Southern California. As a response to this
emergency, the California Energy Commission requested the local utility Southern Cali-
fornia Edison (SCE) to solicit an energy storage solution that could be brought online
within a very short time-fame. Therefore, in addition to the revenues received for the
day-to-day operations of the facility, AltaGas receives Resource Adequacy payments from
SCE for allowing SCE to count the facility towards meeting their Recourse Adequacy obli-
gations. [6]

Pen y Cymoedd Battery

The 22 MW Pen y Cymoedd battery in Wales is owned and operated by Vattenfall, who
uses the battery for providing Enhanced Frequency Response (EFR) to the TSO National
Grid. EFR is a new service developed by National Grid specifically for resources that can
respond to frequency deviations faster than what is required for the traditional frequency
response services. The Vattenfall Pen y Cymoedd facility is one of eight storage facilities,
with a joint capacity of about 200 MW, that were selected in a competitive tendering pro-
cess for supplying the new service. These facilities are providing the EFR service for a
four-year contracting period and are receiving a compensation based on the bid they
submitted during the tendering process.

Leighton Buzzard

As part of the Smarter Energy Storage project, a 6 MW and 10 MWh battery was placed
at a substation in Leighton Buzzard north of London in the UK. The primary purpose of
the battery was to defer upgrades in traditional distribution network infrastructure, which
otherwise would have been needed due to peak loads occasionally exceeding the capacity
rating of the existing infrastructure. A detailed description of the case, including a social
cost-benefit analysis, is provided by [7]. In addition to the distribution network deferral,
the battery was also used for providing a range of other services, such as frequency re-
sponse and energy arbitrage. Despite this, the battery investment likely did not have a
positive net social benefit, given the high battery costs at the time of investment [7].

Behind-the-meter applications
Stem

The US-based company Stem offers battery energy storage solutions and related soft-
ware, primarily targeting somewhat larger commercial and public sector behind-the-me-
ter applications. Many of their use cases involve using behind-the-meter energy storage
for managing demand charges (peak shaving) at commercial sites [8].

SonnenBatterie

The German company Sonnen manufactures and sells energy storage systems under the
brand name SonnenBatterie. The SonnenBatterie is primarily targeted to households and
small businesses for behind-the-meter applications and integrate with new or existing so-
lar PV installations. This enables the customer to increase the amount of self-consump-
tion. [9]

Tesla Powerwall

The Powerwall from Tesla is intended to be used for home energy storage for maximizing
solar self-consumption and/or providing backup power. The Powerwall has a usable ca-
pacity of 13.5 kWh and can supply up to 7 kW of power.

REGULATORY CONSIDERATIONS

Some potential battery energy storage business models may be affected by regulations
that prevent some market actors from engaging in certain activities. Specifically, so
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called unbundling rules may, in certain cases, prevent DSOs or TSOs from directly own-
ing and operating battery energy storage.

To ensure a level playing-field with non-discriminatory access to grid infrastructure for all
market players, DSOs and TSOs are subject to various forms of unbundling require-
ments. These regulations attempt to prevent conflicts of interest by promoting the inde-
pendence of TSOs and DSOs from entities that are active in other parts of the electricity
value chain, such as generation and retail of electricity.

The main EU legislation concerning unbundling of TSOs and DSOs was introduced with
the Third Energy Package in 2009, specifically the electricity directive [10]. The 2019 re-
cast of the electricity directive [11] (part of the Clean Energy of all Europeans Package,
CEP) introduced some changes relevant to unbundling, but the main unbundling provi-
sions remain unchanged compared to the 2009 directive [12]. Since these legislations
have been adopted as directives, they are transposed into national law meaning that the
specific unbundling regulations differ across different EU member states.

The unbundling requirements set out in the directives are stricter for TSOs than for
DSOs. TSOs are required to go through a certification process with their national regula-
tory authorities. Full ownership unbundling, where the TSO is not part of a vertically inte-
grated undertaking?, is the preferred regulatory approach and is the approach chosen by
most member states. However, other unbundling models are also allowed which allows
existing vertically integrated undertakings to maintain ownership of transmission assets,
provided that the TSO role is independent of any generation and retail interests.

For DSOs, the directive does not require unbundling in terms of ownership. However, in-
dependence in terms of legal form, organization and decision making from activities not
related to distribution is required. Member states may choose to not require such unbun-
dling for DSOs with less than 100 000 connected customers. Irrespective of size, sepa-
rate financial accounts for the distribution activities should be maintained. The regula-
tions are intended to prevent any cross-subsidies to or from the DSO and other parts of a
vertically integrated undertaking.

As mentioned above, the DSO unbundling requirements remain largely unchanged in the
electricity directive of the CEP compared to the 2009 electricity directive. However, the
CEP introduced some additional articles that relate to the roles and responsibilities of
DSOs. Specifically, it requires that DSOs should not own or operate energy storage facili-
ties (except under some specific circumstances where exemptions may be granted).

Unbundling in Sweden

Swedish unbundling goes beyond the EU requirement. All network owners (including
DSOs of all sizes) are prevented from engaging in production and trade of electricity,
with only two exemptions: to restore service in case of a black-out, and to compensate
for losses in their own networks. However, this unbundling requirement only concerns le-
gal separation, i.e. it requires that the network operation and ownership is carried out in
a separate legal entity. However, it does not prevent a DSO from being part of a group of
companies with common ownership, where other entities within the same group may en-
gage in production and trade of electricity. If the DSO has more than 100 000 customers,
then the EU-mandated rules apply for functional separation in terms of management and

4 A vertically integrated undertaking is defined as “an electricity undertaking or a group
of electricity undertakings where the same person or the same persons are entitled, di-
rectly or indirectly, to exercise control, and where the undertaking or group of under-
takings perform at least one of the functions of transmission or distribution, and at least
one of the functions of generation or supply of electricity” [10].
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organization between the network company and other legal entities within the same
group.

As of 2020, the CEP has not yet been transposed into national law and Swedish law does
not yet explicitly state how the unbundling rules should be interpreted when it comes to
the possibilities for DSOs to own and operate battery energy storage. The Swedish En-
ergy Markets Inspectorate have communicated that their interpretation of the current law
is that a DSO is allowed to build and own a battery energy storage, but that they are re-
stricted in how they can operate it [13]. Essentially, a DSO is not allowed to use the bat-
tery for anything that can be considered arbitrage trading. However, a DSO could rent
services from a battery energy storage from a third party.

Some modifications to Swedish law is necessary to comply with the new restriction re-
garding energy storage ownership imposed by the CEP. The Swedish Energy Markets In-
spectorate has proposed new legislation which more clearly specifies that DSOs cannot
own energy storage facilities, unless an exemption has been granted by the Swedish En-
ergy Markets Inspectorate [14].

Unbundling in Germany

By and large, the German unbundling rules follow the EU minimum requirements, mean-
ing that strict legal unbundling is not required for DSOs with less than 100 000 custom-
ers. 90 percent of DSOs in Germany are sufficiently small to fall under this threshold
[15]. However, also for the smaller DSOs, a range of unbundling rules may be applicable,
for example concerning separate accounting for the distribution activities, and how the
DSO should handle potentially confidential and valuable data [16]. This is to ensure that
the DSO provides non-discriminatory access to their network for third parties.

As for the TSOs, Germany’s four TSOs have chosen somewhat different approaches for
how to comply with the unbundling requirements. Two TSOs (TenneT and 50Hertz) have
complete ownership unbundling and are not part of any vertically integrated undertak-
ings. The other two TSOs (Amprion and TransnetBW) have owners that are active also in
other parts of the electricity value chain [17].

TAXES AND FEES

Many business cases for battery energy storage are affected by taxation. The effect of
taxation on battery energy storage business cases can go both ways: some business
cases may be undermined by taxes, while others may become more attractive because of
a tax.

Swedish taxes and fees

Energy tax on electricity

Sweden imposes a national tax on electricity consumption. For 2020, the tax rate is 35.3
ore per kWh (about 0.035 EUR per kWh). Certain consumption, primarily electricity for
industrial processes, is exempt from the tax, and consumers in some northern municipal-
ities pay a reduced rate.

The DSO is responsible for collecting the tax when delivering electricity to its customers.
Therefore, the DSO adds the tax as an additional volumetric fee when billing its custom-
ers. However, the tax is not exclusively applicable to grid-supplied electricity. Self-pro-
duced electricity is also taxable, with some exceptions for small-scale generation.

Until recently, the energy tax on electricity has had a significant impact on some battery
energy storage business cases. Delivery of electricity from the grid to a battery for charg-
ing is, for tax purposes, considered consumption even if the electricity is later fed back to
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the same grid. This has effectively made business cases based on wholesale market arbi-
trage much less profitable, since the battery owner would have to pay tax on all stored
electricity. Business cases based on provision of grid services to DSOs or TSOs have also
been negatively affected by this.

A modification in the tax law approved in November 2018 removes this effective double
taxation [18]. Electricity used for charging a battery is still considered consumption and
is therefore still taxable, but the tax will be reimbursed for electricity that is fed back to
the same grid that it came from. The battery owner will therefore only need to pay tax
for the energy losses, if the electricity is fed back to the grid.

Renewable energy certificates

The energy certificate system is intended to provide additional incentives for investment
in renewable electricity production. New facilities that generate renewable electricity re-
ceive one certificate for each MWh produced during the first 15 years of the life of the as-
set. The owner can sell these certificates in an open market, which provides an additional
revenue stream that complements the revenue from selling the electricity itself.

Demand for certificates is created by obliging consumers to buy a certain number of cer-
tificates for each MWh consumed. The quota requirement for 2020 is 26.5 percent, which
means that consumers are required to purchase 0.265 certificates for each MWh con-
sumed. It is the responsibility of the electricity supplier to buy certificates on behalf of its
customers, which means that the supplier adds the cost of the certificates to the amount
they charge their customers.

If a battery owner buys the electricity for charging the battery from an electricity sup-
plier, then the certificate system affects battery energy storage business cases in much
the same way as the energy tax on electricity did before the modification in 2018, albeit
at a lower rate. This is because the electricity supplier is required to purchase certificates
for the electricity, even if the electricity is later fed back out to the same grid that it
came from. However, it may be possible for a battery owner to circumvent this issue by
trading directly on the wholesale market instead of via an electricity supplier. In this
case, the owner itself is responsible for procuring certificates, and may not be required to
buy certificates for the electricity that was fed back out [19].

Network fees

DSOs are funded by fees charged to end-users. Because of the natural monopoly aspects
of electricity distribution, the fees that DSOs charge are regulated. In Sweden, this is
regulated by the Swedish Energy Markets Inspectorate who determines a revenue cap for
each DSO. As long as the revenue cap is satisfied, the DSOs have some flexibility in how
they choose to design their pricing structure. For smaller low-voltage customers (such as
households) most DSOs charge two types of fees: a fixed price and a variable price. The
fixed price is unrelated to the electricity usage, and the variable price is a per-kWh price.
Other types of pricing schemes also exist, such as fees based on peak electricity use, but
these are more common for larger industrial end-users.

Some Swedish DSOs have chosen to rely primarily on fixed charges and therefore have
zero or very low variable prices. Others collect the bulk of their revenues through varia-
ble charges. This means that consumers that have different DSOs face different marginal
(per-kWh) prices for their electricity. This has implications for certain battery energy
storage business cases. In similarity with the energy tax on electricity and the renewable
energy certificate costs, the variable network fee creates a difference between the price
that a prosumer pays for electricity bought from the grid and the price received for elec-
tricity sold to the grid. This price difference encourages the use of battery energy storage
for self-consumption of distributed generation.
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Further, the DSO network fees may also affect business cases where a third party owns
and operates a battery energy storage and provide grid services to a DSO. Because of
non-discrimination requirements, the DSO may have to charge network fees for electric-
ity delivered to the battery and/or for electricity fed back to the grid, even if the battery
is providing a service to the DSO.

Tax reduction for distributed generation

Households with renewable small-scale distributed generation may be eligible for a tax
deduction for every kWh that is not self-consumed. The tax deduction is therefore based
on the amount of surplus electricity that is delivered to the grid at times when the
amount generated exceeds the amount consumed. The deduction allows the owner of the
distributed generation to deduct 60 6re (about 0.06 EUR) for each surplus kWh that has
been delivered to the grid. At most 18 000 SEK per year can be deducted, and the owner
of the distributed generation must have sufficient income, such that there is a tax from
which to deduct.

This tax deduction affects the profitability of investing in battery energy storage in order
to maximize self-consumption from, for example, solar PV. The business case for maxim-
izing self-consumption is based on the premise that the prosumer pays a higher price for
electricity bought from the grid than it receives for electricity supplied to the grid. Be-
cause of the tax deduction, this price difference is greatly reduced (it may even be re-
versed) which reduces the profitability of investing in battery energy storage for this pur-
pose.

German taxes and fees

Figure 4 below shows the total per-kWh electricity price that a typical German household
pays, broken down by its various components [20].
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Figure 4: Composition of electricity price for a typical German household, 2006-2019. Data source:

[20]

Electricity consumption tax

The German electricity consumption tax is a tax on electricity that originates when elec-
tricity is withdrawn from the grid in Germany. The tax rate as of 2018 is 0.0205 EUR per
kWh, and the tax is collected by the supplier who includes the tax in the price of electric-
ity. Some businesses in the manufacturing, agricultural and forestry industries can get a
partial tax refund, and certain energy-intensive processes are fully exempt from the tax.
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Self-produced electricity may be taxable at the same rate as grid-supplied electricity, but
self-produced electricity from renewable sources is exempt.

Electricity consumed for the purpose of generating electricity is exempt from electricity
tax. The German tax law explicitly states that this exemption applies to pumped storage,
but it does not mention other types of storage technologies. However, according to [21],
battery energy storage could in some cases be considered part of the grid infrastructure,
in which case it may be exempt from electricity consumption tax.

EEG-levy

Under the German feed-in tariff system, renewable energy producers are guaranteed a
fixed feed-in tariff for 20 years for electricity supplied to the grid. For small-scale produc-
ers, the tariff is received from the DSO, who in turn gets reimbursed from the TSO, who
sells the power in the wholesale market. Alternatively, larger producers can sell the
power directly in the wholesale market and receive a compensation for the difference.

The size of the feed-in tariffs, which are differentiated by generation type, are deter-
mined by the federal government. The tariffs have been decreasing, reflecting the lower
costs for new installations.

The system is financed by a levy paid by consumers. For 2018, the levy was about 0.07
EUR per kWh. It is predicted to peak around 2023, and then decline. Energy storage sys-
tems are exempt from paying the EEG-levy to the extent that the electricity is resupplied
to the grid, such that the levy is paid by a different end-user.

Network fees

There are more than 800 DSOs in Germany. The DSOs are funded by fees charged to the
end-users of the distribution grids, and the fees are regulated via revenue caps set by
the regulator. Different DSOs may therefore charge different fees. In addition to the net-
work fee, DSOs charge a concession fee which is a fee for the use of public space that
the utility passes on to the consumer.

Storage facilities, including battery energy storage, are exempt from paying network fees
for the energy used for charging the storage, as long as the discharged electricity is re-
turned to the same network. This exemption applies for storage facilities commissioned
after August 2011 and applies for the first 20 years of the life of the asset. Older storage
facilities may be entitled to reduced rates. [22]

BATTERY ENERGY STORAGE COSTS

The investment costs for battery energy storage systems is an important component in
assessing the financial viability of different use cases. [23] provides an up-to-date analy-
sis of observed costs associated with commercially available energy storage technologies.
It focuses on stationary energy storage applications and provides cost estimates broken
down by technology type and system size.

Although [23] primarily presents results in terms of leveled costs of energy supplied from
the storage systems for various applications, it also provides ranges for the initial capital
costs that were used to calculate these values. Combining the cost estimates for storage
module, power conversion, balance of system and related EPC costs for lithium batteries,
these cost estimates correspond to a range of around €250 - €400 per kWh for very large
grid-scale applications, up to around €600 - €700 per kWh for small residential behind-
the-meter applications.
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The costs for lithium-ion battery packs has fallen substantially in recent years and is ex-
pected to continue to fall over the next decade. For example, Bloomberg New Energy Fi-
nance assumes an 18 percent yearly learning rate, meaning that the per-kWh price of
battery packs would fall by about 67 percent to 2030 [24].

BILLING AND BILLING SYSTEMS IN THE ENERGY MARKET

Requirements and Market Practice

Energy billing is split along two customer groups: (i) Residential customers and small en-
terprises: For this group, standardized mass billing and a limited amount of service op-
tions are in place. The specifics of energy billing and (ii) Medium and large enterprises:
Large enterprises can not only negotiate discounts, but also specific services. Most often,
this is not compatible with the options supported by mass biling systems. Customer or
customer group specific processing steps are applied to handle the highly customized
contracts of large customers. In extreme cases, those customers are processed by dedi-
cated data processing and billing systems and the resulting invoices are fed into account-
ing (ERP) systems similar to manual bills (e.g. via SAP SD).

The Effect of Regulation

Regulation in the energy market was driven by planning for many decades, i.e. regula-
tion was and is refined to solicit commitments from actors in the electricity network and
to penalize non-conformance to these commitments. In recent years, the growing share
of renewable energy sources allowing only short-term planning (hours or days instead of
years) is driving regulation from a planning approach for network resources to a dynamic
control approach. Presently, we are right in the middle of this disruptive transition. “Plan-
ning-approach” regulation is still being refined, while “dynamic-control-approach” regula-
tion is only emerging.

Consequences for Billing Systems in the Energy Market

Classic energy products are subject to classic “planning-approach” regulation, with com-
plex billing and customer information requirements including specific taxes and fees un-
known in other markets.

Example: Compare a residential electricity bill with a telecom bill. Behind the price the
telecom customer pays, there are lots of complex B2B relationships (inter carrier billing,
termination fees, peering agreements, ...) as in the energy market. But none of those
have to be disclosed to the customer who is just presented with amounts and standard
VAT tax rates.

Due to "planning-approach” regulatory demands, classic regulated energy services have
to be billed by specialized products for the (often national) energy industry, with deep in-
tegration of the metering process and the regulated taxes and fees with their transpar-
ency requirements towards customers.

Example: In Germany, the legacy billing products used for mass-billing of classic regu-
lated energy services are SAP IS-U, Schleupen and Wilken. A new contender is Power-
Cloud, a cloud native SaaS billing system. Power-Cloud is a good example for the chasm
between regulated and unregulated business. Their micro-services approach in principal
is able to handle both types of business. However since regulated business has so many
specific billing requirements they decided to support only regulated business at first.

On the other hand, new energy services in the “"dynamic control approach” model have
completely different demands on a billing system. Some of these demands - e.g. multi-
ple bonus and allowance accounts for loyalty and pseudo flat rates — can be served by
generic billing systems known from telecommunications. Other demands are new and not
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deployed in large-scale billing systems yet - e.g. fully dynamic pricing based on energy
availability or on the negotiation among different market actors, e.g. producers, network
and sales, or cells in a cellular power network.

In addition to that, new energy services will be provided by the collaboration of many
partners and prosumers, creating new demands on massive multiparty billing. The multi-
service marketing of costly battery resources covered in this project is just one example
for this.

So some of these demands can be fulfilled by large products such as Amdocs One,
Comarch, Netcracker Digital BSS or SAP BRIM. The most innovative demands, i.e. fully
dynamic pricing and massive, dynamically negotiated multiparty billing are not available
in established, large scale billing offerings. Most probably, these demands will be served
by emerging cloud-native microservice billing systems. Those are already on the market
(e.g. BillingCloud, KillBill, T-Systems’ Cloud Billing), but applying them to specific ser-
vices still requires significant programming and finetuning of configuration for static or
dynamic sizing. An additional problem is the prevailing belief that large and complex bill-
ing applications can be served from a single multitenant SaaS offering and do not require
customer-specific instances of the same microservice platform. (An example for this is
the way SAP Subscription Billing is marketed.) Before a market is mature and mainly of-
fers known services, the deployment of innovative services in a productive multitenant
environment creates risk for the existing productive services and slowdown for the new
innovative services.

A good example for the effects of regulation and the multitenant approach is Power-
Cloud. Power-Cloud initially tried to cover all kinds of services with its microservice mul-
titenant offering but found out it could not do regulated and innovative services at the
same time. It then concentrated on standardized classic energy services, and even enter-
ing this legacy market with a modern platform was a hard task.

Billing Approach for the Transition to New Energy Systems

Due to the incompatible demands for the billing of classic energy services and new en-
ergy services the advice is not to use legacy energy billing systems for the billing of new
energy services. Vice versa, it makes no business sense to replicate the regulatory de-
mands from the “planning-approach” era in a new billing system. Keep the legacy system
running for legacy services, and choose a long-term approach for the increasing volume
in new energy services.

Approach for new energy services:

1. Since cloud-native auto scaling micro service billing is not mature in all required as-
pects, we recommend an established and generic core system. Due to the massive multi-
party billing requirement, this core system should have a close association with the with
the group’s ERP system.

For large company groups, a typical candidate is SAP with its S/4HANA ERP system and
BRIM. For smaller companies with in-house development resources, an OSS product like
odoo - the system we used in ACES - may be a good choice.

2. Keep billing out of your energy management system, and keep industry-specific logic
out of your billing system wherever possible. Do precalculations of dynamic prices in your
energy management system — which acts like a mediation system in this case. This is an
approach we used in the worksplit between the ACS energy management system and our
billing system in the ACES project.

3. As long as the market is moving fast even within countries and national regulation is
not settled for emerging energy markets, do not even try to use single-instance mul-
titenant SaaS offers. Instead, drive your vendors to offer customer specific cloud in-
stances of their billing platform.

17 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021



4. Since differentiation is possible and necessary in a period of disruptive changes, select
a core billing system capable of delivering customer-facing and loyalty features, e.g. al-
lowances, bonus accounts and dynamic rule changes driven by marketing campaigns.

5. In countries with strong banking oversight, consider to involve a payment service pro-
vider for clearing when you plan for multiparty services. Otherwise, you may hold reve-
nue on account of other parties which may require a payment provider or banking li-
cense.

6. Since a disruptive transition requires a try-and-error approach to find and parametrize
workable solutions fast, design your architecture to minimize the cost of new service in-
troduction into biling. In many legacy billing systems, new service introduction cost can
be 500,000 Euro or more. This will crush your new service ideas before you can try them
out on the market. To be successful in an emerging market, your new service introduc-
tion cost into billing should be below 100,000 Euro. This should be a measured KPI for
your new billing system.

7. In this transition and in the rapid changes associated with it, you need an end-to-end
view on billing architecture and billing quality, i.e. reliable billing operations. Since billing
is rarely taught in universities, get your best billing experts from internal and external
sources together to drive this change. This ensures you can generate revenue frpm the
best ideas of your energy and energy market experts.

NEW MARKETS AND OPPORTUNITIES FOR BATTERY SERVICES

Distributed flexibilities and automated dynamic pricing are a cornerstone for the transi-
tion towards a more flexible energy system facilitating a higher penetration of distributed
renewable energies on regional level. A holistic approach for smart energy solutions that
are easy to integrate in existing eco systems which are open for new services and new
players is an enabler for this transformation process.

Flexibility trading and regional energy sales are just two examples which will open new
business opportunities and a new type of actors on the European energy market. Many
research project like GOFLEX® (see Figure 5) help to develop these new markets. The
main objective of GOFLEX is to make a set of technology solutions for distributed flexibili-
ties and automated dynamic pricing market ready which enables regional actors like Gen-
erators, Prosumers, Flexible Consumers and Demand Side Operators, Energy Suppliers,
Microgrid Operators and Energy Communities to aggregate and trade flexibilities.

5 https://qoflex-project.eu
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Figure 5: Example — The future new flexibility market requires billing solutions like that developed
in ACES work package 5. Picture source: www.goflex-project.eu

Distribution networks have traditionally been dimensioned such that the physical network
infrastructure is capable of handling any power flows that reasonably can be expected to
occur. DSOs have typically not had the ability to control power flows in real time, which
has necessitated this passive approach to DSO network operations and planning. How-
ever, with modern ICT solutions, the possibilities for a more active management of power
flows have improved.

Further, increased penetrations of distributed generation (such as rooftop solar PV) and
new loads (such as electric vehicles) lead to new power flow patterns in distribution net-
works. Consequentially, some distribution networks are reaching, or are expecting to
reach, their capacity limitations. With the traditional approach, this would necessitate in-
vestments in network equipment to increase the physical capacity. However, if the DSO
has access to flexible resources (such as battery energy storage) in the right locations,
then procurement of flexibility services from these flexible resources could be a cost-ef-
fective alternative.

In many cases, the DSO would not itself own and operate the flexibility resources. In-
stead, some form of market mechanism is needed for enabling the DSO to buy flexibility
services. There are many potential ways for how this could be done, and a range of re-
search projects and commercial initiatives have been launched in Europe in recent years
to develop such market solutions. In addition to the GOFLEX project mentioned above,
other examples include the PicloFlex marketplace in the UK [25], the NODES market con-
cept [26] and the CoordiNet project [27].

These flexibility markets differ in terms of market design, where some primarily focus on
short-term trading for individual activations of flexibility services, while others rely on
longer-term contractual agreements. They also differ in scope, where some have a DSO
focus, while others attempt to enable flexibility services also to other actors such as TSOs
or BRPs.

SMART DYNAMIC BILLING - HOW TO DO BUSINESS WITH INTELLIGENT
BATTERIES
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Batteries can be used for many applications e.g. shaving and shaping load profiles in
electrical grids, improvement of power quality, provision of reactive power, energy trad-
ing, increase of self-sufficiency, asset protection and more as described in Section 5 of
this report. Figure 6 describes an example of how to save cost by reducing the power de-
mand and thus the power demand rate by shaving the peaks from the load profile.
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Figure 6: example cost savings - battery used to reduce power demand by peak shaving

Dissemination and exploitation of the ACES project results target but are not limited to

the following businesses: grid operation, facility management, EV fleet operation, utility
management, energy generation, industry. ACES provides benefits to the operation and
generates economic value to said businesses - see Figure 7.
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Figure 7: The ACES solution provides both (i) benefits to the operation or management of assets
and (ii) economical value to the organization of various kinds of businesses.
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4. Methodology and How to Approach a Deployable Solu-
tion

MARKET STUDIES AND BUSINESS MODELS

Battery energy storage systems can be used to provide value in many different ways and
for many different types of actors within the electric power system. With lower produc-
tion costs, not least for lithium-based storage technologies, as well as an increased de-
mand for storage services, the market for battery energy storage has expanded rapidly
in recent years. This means that the battery energy storage market is evolving quickly,
with a variety of actors involved and new types of services and business models being
developed and tested. WP5 has aimed at helping the ACES project in navigating this
complex market, by providing analyses on the type services that a battery storage sys-
tem can provide and how the financial value of these services can be estimated.

As a first step of this analysis, WP5 carried out a review of the current battery energy
storage market. Since the attractiveness of many battery energy storage services is
heavily influenced by regulations and taxation, the review gave special attention to these
topics, with a focus on relevant regulations and taxes in Sweden and Germany. The out-
come of this review is in provided as background information in this report, in Section 3.

The next step for the WP5 market analysis was to conduct a review of possible services
that battery energy storage systems can provide. In this review, services were catego-
rized based on how and for whom they create financial value. One important objective
with this classification was to provide a common terminology within the ACES project, to
enable discussions about which type of services the project should prioritize. In this re-
gard, the different services were viewed as building blocks that could be combined to
create stacked services.

Once a collection of services had been identified and described, WP5 proceeded to esti-
mate the financial value that the various services could potentially deliver. Since these
values typically are highly case-specific, it is not possible to provide generally applicable
financial estimates. Instead, the estimates were based on assumptions which were cho-
sen to represent current conditions in Sweden.

Finally, an analysis of possible combinations of services was conducted, with the objec-
tive of identifying and analyzing possible stacks of services that could be of interest for
the ACES project. These suggested service stacks served as a starting point for the pro-
ject-wide discussions about which services to develop further, and to test in the ACES
demonstration sites.

These analyses and the resulting outcomes are described below, in Section 5.

THE SOFTWARE DEVELOPMENT PROCESS - BILLING SYSTEM

The ACES WP5 project implementation approach has been designed as a user-driven pro-
ject with user and technology provider aiming at high acceptance rates among the group
of stakeholders including investors, operators and end-users. From the beginning WP5
has had the ultimate goal achieving the highest possible TRL level of the Billing System
to be developed. This orientation has been intended to be strengthened by an iterative
development schema enhanced with agile characteristics. Due to communication issues
and delays it has not been possible to carry out the development in several cycles ac-
cording to agile project management methodology as it has been intended at start of the
WP5 project. Effects of the Corona virus may have been the main reason for this.

21 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021



The overall implementation approach consists of five (5) interrelated phases separated
by milestones which serve as quality gates to minimize costs and efforts related to
changes and corrective actions from later project stages - see Figure 8.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

5.8 Installation / Integration Billing

5.5 Requi 13
= meey ;“ 5.6 Design Spec. © 5.7 Development Z5\
V System

§ Spec. AMS-Billing W% 1< _ gilling System } AMS - Billing System k)
System

¢ & ¢ ¢ \ 4

MO M1 M2 M3 M4
Start Ready for SW SW Ready for SW Ready for End
Development Demo-Sites Acceptance

“\ 5.9 Iterative Development next versions
y Billing System

Figure 8: The Billing System software development process (detail of the overall ACES project plan)

Phase one (1) Task T5.5: Requirement Specification.

Definition of Requirements sets the groundwork of the project and includes all activities
required to define the multifaceted domain of all ACES development activities. The un-
derlying fundamental objectives to be addressed are: (i) Defining system requirements
specifications (ii) Identifying user and market requirements and needs, in respect to the
targeted project vision which should be addressed or connected to the ACES framework;
(iii) Analyzing and identifying technological requirements for the integration of energy
storages, other related assets for sector coupling, and ICT at the selected demo sites;
(iv) Outlining the system architecture based on required functionalities and interconnec-
tions. The output of the Definition Requirements & System Design phase has been a
comprehensive set of requirements which has driven the whole implementation of all
ACES components at milestone M1 - see [28].

Phase two (2) Task T5.6: Design Specification.

After the successful completion of all tasks in the Requirements Specification phase,
where the definition of the generic ACES architectural framework has been designed ac-
cording to work package WP3, this phase involves the conceptual design of the Billing
System. It encapsulates the development of the core architectural elements conforming
to their high-level functional, technical & interoperability specifications. The output of this
phase is the effective translation of the application requirements defined by users into a
software structure, which is understood by software programmers. It consists of four ma-
jor sections as follows; database, software architecture, system behavior, and computer
hardware configuration, defining system boundaries and interfaces. Also the test environ-
ment, test procedures and pass / fail acceptance criteria have been specified here. The
document developed has been classified as company confidential. A light version of this
document has been offered to be used by the ACES partners.

Phase three (3) Task T5.7: SW Development and Implementation

The implementation of the billing solution was based on the design specification. The in-
put mediation for the Billing System has been implemented based on JSON¢ for JavaS-
cript object generation and documentation. The Billing System itself is based on the

6 What is JSON? https://www.w3schools.com/whatis/whatis json.asp
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standard OSS product odoo’. WP 5 announced the Billing System to be Ready for Instal-
lation at demo-sites at milestone M2.

Phase four (4) Task T5.8: Installation and Integration

This phase involves the implementation and application of the ACES Billing System to the
demo sites. At first the Billing System has been tested in a virtual test environment to-
gether with ACES WP3 partner Embriqg. A real runtime live demo has been announced
when writing this report. End of this phase should have been the Ready for Accepting the
prototype and start of data collection within the Phase five (5) Task T5.9: Demonstration
& Evaluation and evaluation at milestone M38, Billing System Test specification and test
results have been summarized in a supplementary ACES deliverable, which could be pro-
vided on request.
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Figure 9: Virtual test system to check the communication and data exchange between the ACS
software (Embriq) and the Billing System

Phase five (5) Task T5.9: Demonstration & Evaluation

This phase of the project concerns the iterative development of the Billing System as well
as the evaluation (lessons learned) and the preparation of activities regarding the sus-
tainability and replicability of said software component. Overall activities will include: (a)
Pilot activities at demo-sites and validation of technology; (b) Implementation and
demonstration in real-life environments; (c¢) delivery of live data for evaluation and verifi-
cation of the business models.

7 https://www.odoo.com

8 The Ready for Acceptance at demo sites has been set to Oct. 2020.
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5. Results of Work Package 5

POTENTIAL BATTERY ENERGY STORAGE SERVICES

Battery energy storage systems can be used to provide many different potential services,
for a range of different types of customers and applications. This section briefly describes
some of these potential services. The services are here described one-by-one, but many
of them could be stacked to improve the profitability of the investments. The summary of
potential energy storage services in this section is inspired by descriptions in [29], [30],
[31] and [32]. The list is not complete, there are other possible services, but it repre-
sents a selection of frequently discussed services.

The services are here categorized into four categories, depending on which type of actor
that would be interested in the service. These four categories are balance responsible
parties, end-users, DSOs and TSOs. Note that this categorization does not necessarily
correspond to the ownership of the battery energy storage. For example, a battery could
be owned by an end-user but provide a service to the DSO.

For balance responsible parties

Wholesale market arbitrage

A battery can be used for arbitrage trading in wholesale electricity markets. Conceptu-
ally, this is relatively simple: it involves charging the battery when the wholesale electric-
ity price is low and discharging when it is high. In most European electricity markets, the
main wholesale electricity markets include a day-ahead auction in combination with some
form of intraday trading.

Wholesale market arbitrage is a market-oriented service and is not related to any other
electricity production or consumption activities. The actual market trading could be car-
ried out by the battery owner itself (if it is @ BRP), or it could be outsourced to a different
entity.

Given that wholesale electricity prices typically follow the load profile, there are typically
one or two potential arbitrage cycles per day, with the wholesale price difference depend-
ing on season, weather conditions, geographical location etc.

The financial viability of arbitrage trading is dependent on the taxes and fees that are as-
sociated with charging and discharging the battery. For example, if the battery owner
needs to pay significant taxes and fees for the electricity used for charging the battery
but does not recover these expenses when discharging the battery, then the nhumber of
profitable cycles will be greatly reduced.

Imbalance risk management

A BRP with a portfolio of consumers and/or producers is subject to imbalance charges
when the final metered amount of the portfolio differs from the amount that the BRP has
bought or sold in the market. If a BRP could use a battery energy storage for balancing
its imbalances in real-time, it may be able to reduce its imbalance liabilities.

For this to be practically possible, the BRP needs to be able to know the imbalance posi-
tion of its portfolio in real-time. One example where this may be the case is for a BRP
that is responsible for some hard-to-predict intermittent generation. In this case, it may
be beneficial if the battery energy storage could be charged directly by the intermittent
generation, since this may enable charging the battery without the need to pay taxes and
network fees.
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The profitability per cycle depends on the imbalance prices, which are likely to be un-
known in real-time. The number of potential cycles per day depends on the intermittency
of the consumption or production that the battery is balancing, and the length of the im-
balance settlement period.

For end-users

Load shaping

Time-of-use pricing means that the electricity prices faced by the end-user are different
at different times of the day, and days of the week. Sometimes, these pricing schemes
are not directly connected to the wholesale market prices of the specific day, but instead
follows a pre-specified pattern that corresponds to average market prices at different
times. Network fees could also be time-varying, with higher prices at times when net-
work congestion is anticipated. A similar but slightly different pricing model, often called
critical peak pricing, has a flat price for most hours of the year but a steep increase dur-
ing some critical hours.

A battery energy storage installed behind-the-meter at an end-user site can be used to

minimize the electricity bill by shifting load form high-price to low-price hours. This bat-
tery service is likely not affected by taxes and other flat fees, but it is highly sensitive to
changes in the electricity supplier or network owner pricing structure.

DER self-consumption

A prosumer with distributed generation (such as solar PV) can use a behind-the-meter
battery energy storage to maximize the self-consumption of the distributed generation.
For example, many prosumers with rooftop solar PV generate most of their electricity
during the mid-day hours, while the electricity consumption often peaks in the early
evening. A battery could therefore be charged in the middle of the day and discharged in
the evening, thereby increasing the amount of self-consumption.

The profitability of this battery service stems from a price difference between the per-
kWh price that the prosumer pays for grid-supplied electricity, and the per-kWh price
that the prosumer receives for surplus electricity fed to the grid. This price difference can
occur for many different reasons, including taxes, network fees and renewable genera-
tion support schemes. Therefore, the value of maximizing self-consumption can differ
widely between different locations.

Peak shaving

Certain consumers, especially larger commercial or industrial consumers, may face net-
work fees that are a function of their peak electricity consumption level. The exact speci-
fication of this type of peak pricing (sometimes also called demand charges) can differ
across different DSOs. For example, the fee might be based on the peak electricity con-
sumption for each month, quarter, or year. The peak consumption may also be calculated
in different ways: it may be based on the single highest value recorded during the period,
or on an average of, for example, the three highest values. Although peak pricing
schemes often refers to the peak power demanded (kW), in practice it is often based on
the average power consumption at an hourly or 15-minute level. Yet another kind of
peak pricing is to charge a high per-kWh fee whenever the load exceeds some prespeci-
fied limit.

Irrespective of the type of peak pricing, a consumer who faces this type of pricing could
use a battery for reducing their peak loads. This type of peak shaving is likely to be most
profitable if the load profile is relatively variable, such that the peak can be substantially
reduced by relatively few battery cycles.

25 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021



Enabling load surges

A battery energy storage system could be used to enable temporary load surges that
might otherwise not be feasible given existing grid connections or capacity limits. An ex-
ample could be an end-user who wishes to be able use electric vehicle fast-charging but
does not have the appropriate grid connection to accommodate these loads.

In this case, the battery could be viewed as an alternative to investing in a higher capac
ity connection to the grid. The financial benefits from this depend on the one-time fee
that would be associated with increasing the connection capacity, as well as any in-
creased grid charges that may be applicable for a higher connection capacity.

Uninterruptible power supply or back-up power

Some consumers, such as data centers, have very high reliability requirements for their
electricity supply. Such consumers may wish to install an emergency power system that
can provide near-instantaneous response when the main power source fails. A battery
energy storage can provide this service. This can complement a backup generator that
may require a somewhat longer start-up time but can provide power for a sustained pe-
riod of time in case of a longer supply interruption.

The value of providing an uninterruptible power supply service depends on how costly it
would be for the end-user to temporarily lose power, and on the probability of such an
event. Further, the capturable value for a battery energy storage to provide this service
depends on the cost of alternative competing technologies.

A simplified version of the UPS service is to use a battery energy storage as a source for
back-up power but allowing for a short interruption in power supply at the time of the
grid interruption. This allows for a less costly installation.

Alternatively, the UPS service could also be viewed from the perspective of the DSO, with
the primary purpose of reducing the costs for the DSO related to power outages. A dis-
cussion about this type of UPS is provided in [33].

Power quality management

Some end-users, primarily certain industrial consumers, may prefer an electricity supply
of higher quality than what they can get from the grid. This includes quality issues such
as, for example, voltage dips, transients, harmonics and unbalanced voltages across the
three phases. Certain end-user processes may be negatively affected by such quality is-
sues, even when most consumers do not notice them.

A battery energy storage system may be able to alleviate some of these quality issues
and protect downstream loads. As for the UPS-service, the capturable value of power
quality management depends both on the fundamental value provided to the end-user
and of the cost of alternative competing solutions.

Reactive power management

Reactive power is sometimes considered a power quality component. However, from an
end-user’s perspective, limiting the injections or withdrawals of reactive power can create
direct financial value in a way that differs from the types of power quality management
described above. This is applicable if the DSO charges for reactive power injections or
withdrawals, which typically would only be the case for very large end-users. The power
converters of a battery energy storage system can be used to manage reactive power
without significantly affecting the battery’s state of charge.
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For DSOs

Investment deferral or substitute

When the peak loads in a distribution grid (or a part thereof) increases, such that the
rated capacity of some components in the grid may not be sufficient, the DSO typically
needs to invest in higher-capacity network equipment. However, if the peak loads are
few and far apart, it may be cost effective to invest in a battery energy storage instead of
traditional “poles and wires” infrastructure. This could be done either as a substitute to
traditional investments, or as a temporary solution to defer the traditional investments.
The potential cost-savings for such services are highly case-specific, since they depend
on the cost of the traditional investments that otherwise would be necessary. In certain
situations, the actual need to cycle the battery may be very infrequent, contributing to a
high per-cycle value.

The use of battery energy storage for distribution grid purposes is legally complex, due to
unbundling rules that prevent DSOs from engaging in electricity trading in many cases.
Therefore, the day-to-day operation of the battery may have to be carried out by an in-
dependent entity. Further, as with wholesale arbitrage trading, per-kWh taxes and fees
may negatively affect the cost effectiveness of battery energy storage for this applica-
tion.

Voltage stability

DSOs are responsible for ensuring that the voltage in their networks remain within rated
limits. A battery energy storage system could help a DSO managing the system voltage,
for example by regulating reactive power.

This battery service shares many of the features of the afore mentioned investment de-
ferral case: unbundling rules may prevent the DSO from operating the battery directly,
the capturable value depends on the site-specific cost of solving the issue with traditional
grid reinforcement options, and per-kWh taxes and fees may negatively affect the cost
effectiveness of a battery-based solution.

DSO peak shaving

This service is similar to the peak shaving case for end-users described above but con-
cerns the peak load of an entire DSO relative its overlying regional or national grid. The
network fees the DSO pays to the overlaying network may include some peak-load
charges, either in the sense that the DSO pays a fee based on the yearly or monthly
peak load, or in the sense that the DSO needs to pay a significant penalty if the load ever
exceeds a certain contracted level.

This means that the DSO in certain situations has an interest in reducing the overall peak
load of its system. This could be performed by a battery energy storage system owned
by the DSO itself, or by a third party. Again, the issues concerning unbundling legislation
and taxes may make a third-party model more attractive.

For TSOs

Frequency regulation

TSOs are responsible for ensuring a continuous match between production and consump-
tion of electricity within its control area. Because both aggregate production and aggre-
gate consumption behaves stochastically over time, the TSO needs to ensure that some
resources (producers, consumers or storage) regulate their production or consumption in
response to system imbalances. TSOs typically do not own the resources for doing this
themselves, but instead procure these services as standardized products from other mar-
ket actors.
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The precise definition of the products varies across TSOs. Some products are activated
by frequency deviations directly, such as FCR (Frequency Containment Reserve) in the
Nordics or PCR (Primary Control Reserve) in Germany, and some are activated by a fre-
quently updated signal from the TSO, such as aFRR (automatic Frequency Restoration
Reserve) in the Nordics and SCR (Secondary Control Reserve) in Germany.

Certain products involve more or less continuous regulation, such that a battery energy
storage that provides the service would frequently switch between charging and dis-
charging. An example of this is FCR-N (Frequency Containment Reserve - Normal) in the
Nordics. The PCR product in Germany is similar but has a dead-band such that a battery
that provides this service would spend more time neither charging nor discharging.

Other products are intended for counteracting the more significant frequency drops that
may occur as a result of, for example, the sudden loss of a large generator. One example
of such a service is FCR-D (Frequency Containment Reserve - Disturbance) in the Nor-
dics. A battery energy storage providing this service would spend most of its time
charged, ready to immediately discharge in the event of a major frequency drop.

The ability of a battery energy storage system to provide these services depends on the
requirements that TSOs define for the various products, such as requirements for dura-
tion, and minimum bid size requirements. The provision from small-scale battery storage
systems may also be hampered by strict requirements for pre-qualification and metering.

Manual reserves and congestion management

In addition to the frequency regulation services discussed above, TSOs need access to
resources that can adjust their production or consumption upon a TSO operator request.
The TSO operator may use these resources to restore the frequency regulation capacity
after a major event, or for more proactive purposes. It may also be necessary for inter-
nal congestion management.

These products typically allow for a somewhat longer activation time but may also re-
quire the resource to sustain output for a longer period of time. Examples of these types
of services include mFRR (manual Frequency Restoration Reserve) in the Nordics, and
TCR (Tertiary Control Reserve) in Germany.

Because of the manual activation, this type of product may lead to higher staffing costs,
if someone needs to be available for receiving the request from the TSO. The pre-qualifi-
cation and metering requirements may however be less stringent.

FINANCIAL ESTIMATES FOR INDIVIDUAL SERVICES

The financial value that can be created by the various battery services listed above de-
pend on many factors. It is therefore not possible to provide a generally applicable esti-
mate of how much value a service can provide. This is not only because of differences in
prices, regulations and taxation across different markets, but also because of the differ-
ences in, for example, load shape and predictability between different end-users. The
same battery storage service can therefore generate very different financial values for
two different end-users, even if they are in the same market. Further, some services,
such as the provision of back-up power, have a value that is of a more subjective nature
(for example, the end-user’s subjective value from peace of mind or sense of self-suffi-
ciency). Such values are of course very difficult to quantify in any objective way.

Nevertheless, for some of the services listed above, it is possible to make some assump-
tions about the main parameters that influence the financial value of the service, and
thereby provide some rough estimates for how much financial value a service can be ex-
pected to generate. In this section we provide such financial illustrations for a selection of
the services listed above.
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Costs and price assumptions

The assumptions made for the financial estimates in this section represent values that
currently are reasonable to observe in Sweden. However, in several cases the values are
so case-specific that a wide range of values may be viewed as reasonable.

Price paid for electricity delivered from the grid to end-users: For most behind-
the-meter services, a constant electricity price is assumed (i.e. the price does not vary
within the day). The assumed price is €0.12 per kWh, excluding VAT. This includes costs
for wholesale electricity (€0.04/kWh), electricity consumption tax (€0.03/kWh), variable
DSO network fee (€0.04/kWh) and other retail fees (€0.01/kWh). For the load shaping
service where the price is based on a time-of-use tariff, the price difference between
peak and off-peak hours is assumed to be €0.02/kWh.

Price received for electricity fed to the grid from a prosumer: The amount received
for electricity supplied to the grid is assumed to be €0.05/kWh, based on a wholesale
electricity price of €0.04/kWh and €0.01/kWh for renewable certificates and certificates
of origin. This means that it is assumed that the owner of the battery is not eligible for
the income tax reduction for distributed generation.

Price paid for electricity delivered from the grid to large-scale standalone bat-
tery: For larger battery system installations, we assume a much lower variable network
fee (€0.005/kWh) since the network fees for higher-voltage customers tend to rely more
on peak power tariffs. Further, the retail fees are also assumed to be lower
(€0.005/kWh), meaning that the total average price is assumed to be €0.08 per kWh.
The average price difference between peak and off-peak hours is assumed to be
€0.03/kWh.

Price received for electricity fed to the grid from a large-scale standalone bat-
tery: The amount received for electricity supplied to the grid is assumed to be
€0.07/kWh, based on a wholesale electricity price of €0.04/kWh and an electricity tax re-
imbursement of €0.03/kWh. Again, the average price difference between peak and off-
peak hours is assumed to be €0.03/kWh.

Peak power charge: For the peak shaving service, the end-user faces network charges
that are based on the monthly peak power consumption. A monthly network charge of €7
per peak kWh/h is assumed, which is in line with the peak power charges that are
charged by Swedish DSOs that have this type of pricing for low-voltage customers (e.g.
[34] and [35]).

DSO peak power charge: For the DSO peak power service, it is assumed that the DSO
pays an overdraft fee if the yearly load peak for the network area exceeds a contracted
amount. This is typically the case for Swedish DSOs. We assume that the overdraft fee is
€40 per kW and year, which is in line with the amount charged by [36].

Cost of increased connection capacity: In the enabling load surges service, the costs
associated with an increased connection capacity for an end-user is considered. It is here
assumed that the increase in connection capacity requires that the DSO installs a new
cable, at a cost of €20 000. This is based on the approximate cost for 1 km of a 0.4 kV
ground cable, installed in a rural setting (see [37]). It is further assumed that upgrading
to a higher capacity connection point is associated with an increased monthly fixed net-
work fee of €30. This is in line with the cost increase for upgrading one level (such as
from 25A to 35A, from 35A to 50A, or from 50A to 63A) in [38] and [39].

Compensation received for frequency regulation: In one service, we consider the
provision of frequency regulation. We here use FCR-N (Frequency Containment Reserve -
Normal) in Sweden as an example. The compensation in this market is currently based
on a pay-as-bid structure, meaning that no uniform market price exists. Instead, we esti-
mate the potential revenue by assuming an average compensation level of €30 per MW
and hour. This is in line with the weighted average compensation for recent years [40].
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Reactive power: For the reactive power management case, it is assumed that the DSO
charges for injections or withdrawals in excess of an allowed amount. The charge is
based on the hourly peak reactive power injection or withdrawal for each month, and we
assume a charge of €2 per kVAr and month for the amount that exceeds the allowed
amount.

Battery energy storage system costs, behind-the-meter: For the behind-the-meter
services we assume a battery system with a capacity of 20 kW and 40 kWh. This approx-
imately represents 3 Tesla Powerwall and is therefore a bit larger than what is likely to
be applicable for a single-family home, but more reasonable for, for example, an apart-
ment building. Based on the information in the previous chapter, we assume an invest-
ment cost of €24 000 (€600 per kWh) which includes the cost for the whole battery sys-
tem, including power converter and installation costs, but excluding VAT.

Battery energy storage system costs, large-scale standalone: For the large-scale
standalone services we assume a battery system with a capacity of 1 MW and 2 MWh.
Based on the information in the previous chapter, we assume an investment cost of €800
000 (€400 per kWh) which includes the cost for the whole battery system, including
power converter and installation costs, but excluding VAT.

Battery life and residual value: We assume that the economic life of the battery sys-
tem is 5000 full battery cycles, or 20 years, whichever comes first. After this, the sys-
tem is assumed to have a residual value in the second-life market of 25% of its original
investment cost. Some of this amount also represents the reduced investment cost for
battery renewal due to an existing installation. The assumptions regarding battery life
and residual value do not affect the financial estimates in terms of pay-back time, but
they do affect the investment cost when viewed as an annuity.

Battery efficiency: For the purpose of estimating the cost of losses incurred by cycling
the battery, an efficiency of 92.5% is assumed, in line with the estimates from [41]. This
efficiency estimate corresponds to a case where the battery is charged directly from solar
PV (DC), and then converted to AC after discharging from the battery.

Cost of capital: When future cashflows are discounted we use a 6% real interest rate.

Service-specific assumptions

We here briefly discuss the specific calculations and assumptions made for each consid-
ered service. These estimates are summarized and compared to investment costs in the
next section.

Wholesale market arbitrage

For this service, we assume a large-scale standalone battery system (1 MW, 2 MWh)
used for discharging when the wholesale prices are high and charging when they are low.
Assuming 200 full cycles per year (depends on how frequently large wholesale price vari-
ations occur), and the assumptions listed above, net revenues would amount to around
€5000-€6000 per year.

Load shaping

For this behind-the-meter service we assume that the battery follows a fixed daily price-
cycle, and therefore performs one full cycle per day. Further, we assume that the end-
user remains a net consumer also during hours when the battery is discharging. With the
20 kW / 40 kWh battery system, this leads to cost savings of about €150 per year.

DER self-consumption

The cycling frequency of this behind-the-meter service depends on how often the end-
user has over-production and feeds power to the grid. We here assume that this occurs
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on 200 days per year. However, not all cycles are assumed to take full advantage of the
battery system storage capacity, and we therefore assume 160 full cycle equivalents per
year. Given the assumptions above, this leads to cost savings of almost €400 per year
using the 20 kW / 40 kWh battery system.

Peak shaving

The theoretical maximum peak shaving amount when using a 20 kW / 40 kWh battery
system is 20 kW peak reduction. However, given forecasting errors and battery capacity
limitations, some peaks will likely be missed, and some will only be partially reduced. We
here assume that the peak is successfully reduced for 80% of months, and that it is re-
duced by 80% of the battery capacity during those months. Therefore, the average peak
reduction is assumed to be 12.8 kW. The cycling frequency for the peak shaving service
depends on the type of end-user. We here assume the same cycling frequency as for
DER self-consumption, i.e. 160 full equivalent cycles per year. Given these assumptions,
a cost reduction of about €1000 per year is achieved.

Enabling load surges

This behind-the-meter service is of course very sensitive to the assumption about how
much the connection capacity upgrade would cost. The operational assumptions for the
battery are less financially important. We assume one daily battery cycle with an 80%
average depth of cycling, and that the 20 kW / 40 kWh battery system is sufficient. To-
gether with the assumptions listed above, the annualized cost savings are than almost
€1500.

Investment deferral

As for enabling load surges, the value from the investment deferral service is highly
case-specific. In order to provide an estimate for the potential financial value of invest-
ment deferral, we follow the case described in [7]. In that case, a relatively large (6 MW
/ 10 MWh) battery storage system was used to defer a network reinforcement by about
10 years. The cost of the deferred network reinforcement was in that case estimated to
be about €7.25 million. With a 6% discount rate, the annual value of the investment de-
ferral was therefore €435 000. In our example, we consider a distributed solution where
a similar service is provided by many small batteries instead of one large. Since the bat-
tery in our example has a capacity of 20 kW, about 300 batteries of this size would be
needed to provide a total capacity of 6 MW. Therefore, the per-battery cost savings from
the investment deferral service is estimated to be around €1450 per year. Assuming that
the battery system owner receives 50% of this amount (after sharing revenues with DSO
and aggregator), and after accounting for some costs for cycling the battery, the battery
owner would receive around €700 per year for the investment deferral service.

DSO peak shaving

The DSO peak shaving service means that the battery energy storage can be discharged
based on a need from the DSO to reduce the overall load in the DSO network area. We
consider a behind-the-meter installation where the battery owner can capture half of the
value created for the DSO. If we assume that the DSO has a 50% probability of exceed-
ing the subscribed amount in a given year, and that the battery can achieve a peak re-
duction for the DSO corresponding to 90% of the battery power capacity, then the ex-
pected yearly revenues for a 20 kW / 40 kWh battery system would be almost €200 per
year. This is here assumed to only require 10 cycles per year.
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Frequency regulation

For a behind-the-meter case, an aggregator would be needed as an intermediary to sell
this service to the TSO, and to provide all necessary additional services regarding com-
munication, metering and pre-qualification. For the purposes of this example, we assume
that the battery owner and the aggregator share the revenues equally. If we assume that
the FCR service is provided 300 days per year, 18 hours per day (leaving some hours for
resetting the charge-level and for times when bids were not accepted in the auctions),
then the annual FCR revenues for the battery owner would be almost €1200. This is here
estimated to require about 1000 full equivalent cycles per year.

Reactive power management

We here use the same assumptions as for the peak shaving service, i.e. that the battery
system successfully reduces the peaks during 80% of months, and that they are effec-
tively reduced by an amount that corresponds to 80% of the battery system power ca-
pacity. Therefore, the reactive power withdrawal (or injection) is reduced by 12.8 kVAr,
leading to yearly cost savings of about €300. If we assume that a $400 additional invest-
ment is heeded when buying the battery system in order to get a power converter that is
capable of managing reactive power and an assumed 10 year life of the power converter,
then annualized net contribution towards the battery system investment from the reac-
tive power management service is about €250 per year.

Summary of financial estimates

The estimated financial values are summarized in Table 1 below. The wholesale market
arbitrage service is the only one for which a large-scale standalone installation (1 MW / 2
MWh) is assumed, all other services here assumes a behind-the-meter installation with a
20 kW / 40 kWh battery system.

The column with the annualized battery investment costs (leftmost numerical column)
shows the investment cost for the battery system (rounded to nearest €100) when con-
verted from a one-time investment cost to an annual value assuming a 6% real interest
rate and a lifetime based on the expected cycling as described above. Note that most of
the behind-the-meter services have an annualized investment cost around €2000 per
year, with relatively infrequent battery cycling and a long expected life. The frequency
regulation service stands out as an exemption with more frequent cycling and a higher
yearly investment cost.

The annualized investment cost is calculated in order to provide a reference point for how
much revenues or savings a service would need to deliver per year to become an attrac-
tive investment option (given our list of assumptions). The second numerical column of
Table 1 shows the estimated yearly revenues or savings, whichever is applicable
(rounded to nearest €100). As seen, no service reaches the target annual investment
cost value, and some services are at less than 10% of the target value.

The third numerical column shows the revenues or savings from each service, divided by
the amount of energy cycled through the battery. This is an important complement since
some services do not generate much revenues per year but have a high per-cycle value,
which make them potentially interesting when combining multiple services.

Finally, the third column provides the simple pay-back time for each service. This value
does not take the expected life of the battery into account, but instead simply divides the
one-time investment cost by the estimated annual revenues or savings. This can for ex-
ample be used to gauge how much cheaper battery systems need to get in order to pro-
vide a more attractive pay-back time. If we e.g. use 7 years pay-back time as a target
value for an attractive investment, then the costs of battery systems need to fall by more
than 2/3 to make peak shaving an attractive service on its own, for example.
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Figure 10 illustrates the information from the two right-most columns of Table 1 graph-
ically.

. . Annualized battery Annual Per cycled kWh .
Service Installation type i . R Pay-back time (years)
investment cost (€) revenues/savings (€) revenues/savings (€)
Wholesale market arbitrage Large-scale standalone 64300 5500 0.01 147
Load shaping Behind-the-meter 2300 100 0.01 160
DER self-consumption Behind-the-meter 1900 400 0.06 61
Peak shaving Behind-the-meter 1900 1000 0.16 24
Enabling load surges Behind-the-meter 2100 1500 0.12 16
Investment deferral Behind-the-meter 1900 700 1.80 33
DSO peak shaving Behind-the-meter 1900 200 0.44 136
Frequency regulation Behind-the-meter 4900 1200 0.03 19
Reactive power management Behind-the-meter 2800 300 95

Table 1 Estimated financial value for some battery storage services
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Figure 10 Estimated pay-back time and financial value per cycled kWh

STACKED SERVICES AND BUSINESS USE CASES

In this section, four different stacked business use cases are presented, each of which
consisting of a combination of three or four different services the battery energy storage
can provide. The objective of this section is to provide some examples that illustrate
some possibilities to combine various battery services in order to improve the financial
viability of a battery energy storage investment. For each stacked use case, an illustra-
tive financial example is provided, comparing investment costs and service benefits.

Battery services can be combined in a very large humber of ways. Which combination of
services that is most interesting for a particular end-user depends on a large set of user-
specific factors, such as load characteristics, local network and energy pricing, reliability
considerations, etc. The four stacked use cases discussed in this section should therefore
not be viewed as representing an optimal combination of services in any general sense.
Instead, they are meant to represent combinations of services that may be interesting
given the right circumstances. In the ACES project, they were used as a starting point for
analyzing and developing stacked use cases.
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For most battery energy storage services, the potential value in terms revenues or cost
savings that the service can deliver is highly case-specific, especially for behind-the-me-
ter applications. It is therefore often impossible to quantify the financial value of a bat-
tery service with a single value that is generally applicable. In order to provide some fi-
nancial examples for the stacked used cases, it is necessary to make a large number of
assumptions. The illustrative financial examples in this section are meant to provide
rough estimates of the costs and benefits that might be observed, given the assumptions
made. The calculations provided in this section are based on the same assumptions as
the in the previous section. One simplification made for the estimated value of stacked
services is that we assume a 10-year expected life of the investment across all examples.

Business Use Case 1 - The hotel in the mountains

Service stack: Enabling load surges + DER self-consumption + UPS or back-up power

Description of use case

This use case targets property owners who has (or wants to have) some distributed en-
ergy production, such as solar PV. Further, the use case assumes that the property
owner would like to install some equipment that will lead to high peaks in the power con-
sumption (for example, EV chargers), but that the current connection to the grid does
not have sufficient capacity to accommodate these peaks.

As an illustrative example, we here consider the case of a small hotel in a rural location.
The hotel owner would like to be able to offer EV charging to its guests. However, the re-
sulting power demand peaks could at times be too much for the existing grid connection
to accommodate.

An increase in fuse size would require local network reinforcements, which means that
the DSO would charge a cost-based fee for providing this upgrade. Further, a higher
fuse size would be associated with a higher monthly network fee. The hotel owner would
like to avoid these costs. Therefore, the owner invests in a battery energy storage solu-
tion that can provide support when load exceeds the capacity.

There is some form of distributed generation, such as solar PV, installed behind the me-
ter. Due to taxes and network fees, the hotel owner has an incentive to maximize self-
consumption of locally generated power.® If the electricity consumption for the property
is low, then the installation of EV chargers in combination with a battery energy storage
system can increase the potential for DER self-consumption.

As an additional optional service, the battery could be used to provide back-up power in
case of a grid service interruption. A true UPS solution would require installation of addi-
tional components for enabling instantaneous response. Alternatively, a simpler back-up
power service could be offered, where a momentary service interruption is acceptable.
The UPS or back-up component of this service stack may be more interesting for applica-
tions in relatively weak grids with a higher probability of service interruption and higher
costs for grid reinforcements.

In this use case, the battery energy storage system does not supply any services to ex-
ternal actors, which means that there is no need for an aggregator.

Baseline use case: The single-service baseline for this stacked business use-case is the
case where the battery is used only for enabling load surges.

9 This may or may not be the case in Sweden. This depends on whether the hotel owner
is able to benefit from tax deductions for electricity supplied to the grid, as well as on
the pricing scheme of the local DSO.
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Illustrative financial example

We assume that upgrading to a higher capacity connection point would require the instal-
lation of a new cable, at a one-time cost of €20 000. The battery energy storage solution
would alleviate the need for increased connection point capacity. In addition to avoiding
the €20 000 one-time investment cost, this would also mean that an increase in the
monthly network fee associated with a higher capacity connection can be avoided. It is
here assumed that this saves €30 per month.

Assuming a discount rate of 6%, the annualized cost reduction for the end-user for
avoiding this upgrade is therefore €1560 (0.06*20000 + 12*30). Although the compo-
nents needed for the connection point reinforcement have a limited economic life, the
DSO will be financially responsible for maintaining the capacity of the connection point in
the future. Therefore, from the end-user’s perspective, the investment can be viewed as
a one-time investment with infinite life.

It is assumed that a 20 kW / 40 kWh battery is sufficient to meet the needs of this use
case, and this battery system is assumed to cost €24 000 (€600 per kWh). The technical
life of the investment is 10 years, after which a residual value of 25% of the initial in-
vestment remains. With a 6% discount rate, this corresponds to an annualized cost of
about €2800.

The battery is used to meet an expected daily load peak in the evening. Therefore, one
cycle per day is expected, with an average depth of discharge of 80%. Assuming a bat-
tery efficiency of 92.5% and a cost of grid-supplied electricity of €0.12 per kWh, this
means that the yearly energy cost of losses in the battery is about €100.

Therefore, the single-service baseline use case does not reach break-even in this exam-
ple. In terms of pay-back time, the pay-back time for the single-service baseline use
case is about 16 years (24000/(1560-100)), which exceeds the expected technical life of
the battery.

If the battery is charged with self-produced solar generation that otherwise would have
been fed out to the grid, then the business case is improved. If we assume that the prop-
erty owner receives €0.05 per kWh for electricity sold, and that the battery is charged
with electricity that otherwise would have been fed to the grid for 200 of the 365 yearly
cycles, then the net energy costs for the property owner is reduced by €340 per year (af-
ter accounting for the cost of losses).

In this example, the stacked business use case combining the enabling of load surges
and DER self-consumption still does not break even. The pay-back time is reduced to
about 13 years (24000/(1560+340)).

In this example, the property owner must value the back-up services that the battery
can provide to at least €900 per year (2 800 - (1560+340)) for the business use case to
deliver a positive return.

Business Use Case 2 - Apartment building supporting the TSO

Service stack: Load shaping + DER self-consumption + frequency regulation

Description of use case

This use case targets real estate owners who are subject to time-of-use electricity prices
and who has some distributed energy production. To provide an additional revenue
stream, the battery energy storage also offers frequency regulation services to the TSO,
via an aggregator.

For this use case to be applicable, the real estate owner must face electricity prices that
are (1) higher for electricity bought from the grid than for electricity supplied back to the
grid, and (2) based on time-of-use pricing that makes electricity more expensive during
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peak load hours (such as early evening hours). The first condition is necessary for finan-
cially justifying the DER self-consumption service, and the second for the load shaping
service. Further, these two services have a potential to complement each other if the
production from the DERs tends to take place during low-price off-peak hours. If this is
the case, then the same battery cycle could provide two values by both increasing self-
consumption and reducing the load during high-priced peak hours.

The value of providing load shaping and DER self-consumption varies over time, depend-
ing on weather conditions and load patterns. Therefore, the battery could supply fre-
quency regulation at times when the value of load shaping and DER self-consumption is
likely to be low. It is likely possible to predict times when the load shaping and DER self-
consumption services are not needed, which could provide windows of time during which
frequency regulation could be provided.

To provide frequency regulation, an aggregator intermediary is needed. The adaptive
control system of the battery would need to predict the hours during which it would be
more profitable to offer frequency regulation, such that the aggregator can place bids for
this capacity in the capacity markets. An alternative arrangement would be for the aggre-
gator to own the battery (and keep the revenues from the frequency regulation), while
selling the load shaping and self-consumption services to the owner of the property
where it is installed.

It may advantageous to offer frequency regulation as a demand side reduction (i.e. en-
suring that the net load for the building is always positive, even when the battery is dis-
charging in response to a frequency deviation). There are two reasons for this: first, a
price difference between electricity bought from the grid and electricity sold back to the
grid makes it financially more beneficial to maintain a positive net load, and second,
some TSOs (such as the Swedish TSO) are currently unable to accept some frequency
regulation services from resources that switch back and forth between consuming and
producing electricity. For these reasons, it may be beneficial if the real estate has a rela-
tively large load.

Baseline use case: The single-service baseline for this stacked business use-case is the
case where the battery is used only for DER self-consumption.

Illustrative financial example

In this use case, electricity prices facing the real-estate owner (both for electricity bought
from the grid and for electricity supplied to the grid) differ from hour to hour, with higher
prices during peak hours. The difference in price between electricity bought and sold,
which is due to taxes, network fees and other levies, remains constant from hour to

hour. We here assume that the later price difference is €0.07 per kWh.

It is here assumed that the DERs in question are solar PVs, and that the battery there-
fore is charged during mid-day hours and discharged in the evening. The building is a
residential building, meaning that loads are typically higher during mornings and eve-
nings, and lower in the mid-day. Some of the power produced by the solar panels during
mid-day hours would therefore be fed back to the grid, unless it could be stored in a bat-
tery.

As in the previous section, we here consider an investment in a 20 kW / 40 kWh battery.
With a battery investment cost of €24 000, a 6% discount rate, 10 years expected life-
time, and a residual value of 25% of the initial investment, we get an annualized invest-
ment cost of about €2800.

200 of 365 days per year are assumed to have the right weather and load conditions to
enable a cycle where the battery is charged using electricity that otherwise would have
been fed to the grid. Assuming a full depth of charge cycle on such days, the increased
self-consumption of solar energy would lead to an energy cost reduction of almost €500
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per year, after accounting for energy losses in the battery. The DER self-consumption
service from the battery is therefore on its own not sufficient to financially justify the bat-
tery investment cost. In terms of pay-back time, almost 50 years would be required to
pay off the initial investment, far exceeding the expected life of the battery system.

If the real-estate owner faces time-varying prices, then the financial conditions for this
use-case can improve somewhat. To begin with, consider the case where electricity
prices are lower during the mid-day hours than during evening hours. Then the cost sav-
ings from the DER self-consumption service increases, without the need for any addi-
tional cycles. Continuing the example from above, if we assume an average price differ-
ence of €0.02/kWh between mid-day and evening hours!® (applied both to the price
charged for electricity from the grid and electricity fed to the grid), then the energy cost
reduction would increase to around €650 per year.

Further, the battery could be used to benefit from price differences at other times of the
day as well. For example, if the prices at night are lower than in the morning, then the
battery could do a night-to-morning cycle without limiting the ability of also providing
DER self-consumption. If we again assume that the average price difference would be
€0.02/kWh and that the battery would perform 200 night-to-morning cycles per year,
then this would lead to less than €100 per year in cost savings (after accounting for en-
ergy losses).

In total, this means that the combination of DER self-consumption and load-shaping in
our example would lead to cost savings around €700-800 per year, which is still far from
break even.

Finally, we consider the addition of frequency regulation as an additional service. Specifi-
cally, we here consider the provision FCR-N in Sweden. Assuming an average compensa-
tion level of €30 per MW and hour, a 20-kW battery could generate about €0.6 per hour
in revenues (0.03*20). An aggregator would be needed as an intermediary to sell this
service to the TSO, and to provide all necessary additional services regarding communi-
cation, metering and pre-qualification. For the purposes of this example, we assume that
the battery owner and the aggregator share the revenues equally, meaning that the bat-
tery owner in the use case would receive €0.3 per hour for providing FCR-N. If we as-
sume that the FCR service is provided 100 days per year, 12 hours per day, then the an-
nual FCR revenues for the battery owner would be almost €400. This estimate does not
take the costs associated with additional battery cycling into account.

Adding all three services together, we arrive at yearly revenues and cost reductions of
about €1100 per year, which is still far from enough to break even. The payback-time for
the stacked use case would be about 22 years.

Business Use Case 3 - The sensitive industry

Service stack: Power quality + Peak shaving + DSO peak shaving

Description of use case

This use case targets industrial applications with high requirements concerning power
quality, e.g. voltage stability. The battery energy storage is used to mitigate temporary
power quality issues. The power quality service is complemented with peak shaving, both
for the industrial end-user itself, and as a service to the DSO.

10 This price difference is higher than what is typically observed today in the Nordic
wholesale market. It is a more reasonable estimate for markets with a higher share
of solar generation.
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The peak shaving service requires that the customer is subject to network charges based
on peak load. For smaller end-users the load is typically measured at an hourly level,
meaning that it is not really referring to a peak power load but rather to the average
power consumed during the hour with the highest load (i.e. measured in kWh/h). For the
peak shaving service to be attractive from an end-user’s perspective, the end-user’s load
should preferably have relatively short and easy-to-predict spikes. If this is the case, a
battery could be used to reduce the peaks. Therefore, for this use case, we assume that
the industrial process in question meets this criterium.

The DSO peak shaving service means that the battery energy storage can be discharged
based on a need from the DSO to reduce the overall load in the DSO network area. The
DSO’s incentive to reduce load peaks could, for example, stem from contractual arrange-
ments that the DSO has with overlying network owners, where the DSO needs to pay
high penalty fees if the peak load exceeds a certain pre-specified limit.

There are many options for what the relationship between the industrial owner of the
battery and the DSO could look like. The DSO would like the battery to be fully charged
and available when a load peak is likely, and then activate the discharge when the load
reaches a critical peak level. A relatively simple arrangement would be for the DSO and
the battery owner to agree on a bilateral contact that guarantees the DSO access to the
battery for activation a certain number of times per year. Another option is for the DSO
to bid for the service on a case-by-case basis, either directly or through an organized
flexibility marketplace.

If one individual battery energy storage system would not be large enough to make a
significant difference for the DSO, then an aggregator may be needed as an intermediary
to offer DSO peak shaving from a portfolio of distributed assets.

Baseline use case: The single-service baseline for this stacked business use-case is the
case where the battery is used only for power quality services.

Illustrative financial example

The value for the end-user of a higher power quality is highly case-specific and depends
on the type of damage that power quality variations might inflict. Instead of directly esti-
mating a value of this service, we here begin by providing a financial estimate for the
peak shaving services, which provides a basis for evaluating what the power quality ser-
vice would have to be worth for the use case to be financially attractive.

In this example, we consider the case where the industrial end-user is charged a monthly
peak power charge of €7 per kWh/h, based on the average load during the end-user’s
peak load hour for each month.

The end-user invests in an 80 kW / 160 kWh battery energy storage system at a cost of
€80 000 (€500 per kWh). Assuming a 6% discount rate, 10 years expected life-time, and
a residual value of 25% of the initial investment, we get an annualized investment cost
of about €9400.

The load profile of the end-user is here assumed to be such that this battery is sufficient
to reduce the monthly peak load by 40 kWh/h on average. For this to be possible, it must
be that the load peaks do not last more than a couple of hours and are sufficiently infre-
quent that the battery has time to recharge. The network charge cost savings from these
peak load reductions are, given the assumptions above, €280 per month, or about €3400
per year.

For the DSO peak shaving service, we consider the case where the DSO has to pay an
overdraft fee of €40 per kW and year if the yearly peak load for the DSO as a whole ex-
ceeds the amount that the DSO has contracted for with the overlying grid owner. We fur-
ther assume that the DSO contracts for an amount that equals the expected peak load,
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and that there is a 50% probability that the peak load will exceed the contracted amount
in a given year.

We here assume that the DSO peak loads are sufficiently predictable and short-lived that
the full 80 kW battery capacity effectively reduces the peak load. This means that the
value for the DSO in terms of potential cost savings that the battery can deliver is €3200
during a year when the peak load exceeds the contracted amount. In expectation, this
means that the value for the DSO of the peak shaving service is €1600 per year. Assum-
ing that the DSO and the battery owner share this amount equally, the DSO would be
willing to pay €800 per year to the battery owner for the service. Even though this is not
a very high yearly value, very few battery cycles would be needed, meaning that the
value per cycle is high.

The two peak shaving services are here generating cost savings and revenues for the
battery owner of about €4200 per year. In terms of pay-back time this corresponds to
about 19 years, which is longer than the assumed battery life. For this financial example
to reach break-even, the battery owner must value the power quality service at about
€5200 (€9400 - €4200) per year.

Business Use Case 4 — Apartment building supporting the DSO

Service stack: Investment deferral + DSO peak shaving + Peak shaving + DER self-
consumption

Description of use case

This use case involves behind-the-meter energy storage that supplies services both to
the real estate owner where the battery is installed, and to the DSO.

For the DSO, flexibility services such as investment deferral and DSO peak shaving is
supplied. From the perspective of the battery, the investment deferral and DSO peak
shaving services are quite similar. In both cases, the DSO needs access to a flexible re-
source that can be activated when the load in the DSO area (or a part thereof) reaches a
critical level. Depending on the case, the need for this flexibility might be quite infre-
quent.

For the investment deferral service, it could be that only a small amount of flexibility is
needed in a specific location, in which case the battery on its own may be large enough.
Alternatively, it could be that a larger area is affected, and that the battery is part of
portfolio of flexible assets. In either case, an aggregator may be needed as an intermedi-
ary between the DSO and the real estate owner. An aggregator handles the interaction
between the DSO and the real estate owner and provides the real estate owner with a
revenue stream for providing the services to the DSO.

The DSO services are complemented with services that provide benefits to the real estate
owner directly. In this use case, the real estate owner benefits from peak shaving and
DER self-consumption services. If the DER in question is a solar PV installation, then the
combination of peak shaving and DER self-consumption can be especially valuable for
residential applications where the load is likely to be low in the middle of the day and
high in the evening. We therefore here consider the case where the battery energy stor-
age is installed behind-the-meter in a building with residential load and solar PV.

Baseline use case: The single-service baseline for this stacked business use-case is the
case where the battery is used only for peak shaving.
Illustrative financial example

We here consider a case where the real estate owner invests in a 20 kW / 40 kWh bat-
tery system, which is used to shave a daily load peak that occurs in the evening. The
cost of this system is assumed to be €24000. As in previous examples, we assume a 6%
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discount rate, 10 years expected life-time, and a residual value of 25% of the initial in-
vestment, which leads to an annualized investment cost of about €2800 per year.

In this example, because it is assumed that the DSO charges a network fee based on
peak load, the variable network fee is assumed to be lower (€0.01 per kWh instead of
€0.04 per kWh). Therefore, the price for electricity supplied from the grid is assumed to
be €0.09 per kWh instead of €0.12 per kWh. Assuming a battery efficiency of 92.5%, this
means that the yearly energy cost of losses in the battery would be about €100 with one
full battery cycle per day.

We assume a monthly peak power charge of €7 per kWh/h, based on the average load
during the end-user’s peak load hour for each month. If the battery can reduce the load
peak by 10 kW on average per month, this leads to savings around €70 per month, or
€840 per year. The peak shaving service alone is therefore not sufficient to justify the in-
vestment cost.

Next, we add the DER self-consumption service, meaning that the battery is charged with
self-generated solar electricity during mid-day hours. On 200 days per year, it is as-
sumed that the self-generated solar would have exceeded the property load, meaning
that the real estate owner would have sold power to the grid for which it would have re-
ceived €0.05/kWh. With these assumptions, the yearly value of the increased self-con-
sumption is about €220, after accounting for the cost of energy losses.

The combined value of peak shaving and DER self-consumption in this example is there-
fore around €1100, which is less than half of what is needed for break even.

We next turn to the services targeting the DSO. Starting with the DSO peak shaving ser-
vice, we use the same assumptions as in the previous use case (overdraft fee of €40 per
kW and year and a 50% probability of exceeding the limit in a given year). The expected
yearly value in terms of cost savings for the DSO if the full battery power capacity can be
used to reduce the DSO load peaks is therefore €400, of which we assume the battery
owner will receive €200.

The value from the investment deferral service is highly case-specific. In order to provide
an estimate for the potential financial value of investment deferral, we follow the case
described in [7]. In that case, a relatively large (6 MW / 10 MWh) battery storage system
was used to defer a network reinforcement by about 10 years. The cost of the deferred
network reinforcement was in that case estimated to be about €7.25 million. With a 6%
discount rate, the annual value of the investment deferral was therefore €435 000.

In our example, we consider a distributed solution where a similar service is provided by
many small batteries instead of one large. Since the battery in our example has a capac-
ity of 20 kW, about 300 batteries of this size would be needed to provide a total capacity
of 6 MW. Therefore, the per-battery cost savings from the investment deferral service is
estimated to be €1450 per year (435000/300). Again, assuming that the battery system
owner receives 50% of this amount, the battery owner would receive €725 per year for
the investment deferral service.

It is here assumed that the DSO peak shaving and investment deferral services have op-
erational priority over the peak shaving and DER self-consumption services, but that the
DSO peak shaving and investment deferral services require infrequent cycling the bat-
tery. Therefore, these services would not interfere much with each other. This is espe-
cially true if the network area peak is likely to coincide with the load peak for the end-
user.

In total, all four services provide cost savings and revenues of about €2000 per year,
which is not quite enough to reach break-even in our example. The pay-back time would
be around 12 years.
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ACES BILLING SOFTWARE ARCHITECTURE AND INTERFACES

The project uses a lean, iterative approach on the development of the ACES software
system and its components. In work package WP3 the overall system architecture and
the interfaces between the software components have been defined - please refer to WP
3 project documentation. This section describes a subset of software components and ac-
tors necessary to run a prototype of the ACES solution to demonstrate core features at
the demo sites. Figure 11 describes the software architecture with focus on the Billing
System (colored in red) and its interfaces to software components provided by the other
ACES project partners.

Legend
WP5 MINcom WP5 MINcom
ft datab:
(..., service order, ...) FMS / EMS ﬁ iase
WP 4 WP 3
ta rif‘fs Demo Site SW Embriq SW
—_—
. . web service
argets

Tariff Server

price (t;) P

consumption

Multi Party nyolcs
Billing

Figure 11: ACES ICT architecture and interfaces focusing on the Billing System

As described in the use cases section above facility managers, grid or micro-grid opera-
tors, or even e-car fleet owners will want to use their FMS/EMS systems (blue) to man-
age the flow of energy in order to shave and shape peak loads, provide power quality, in-
crease self-consumption of their RES installations, or amongst others would like to max-
imize profit by flexibility trading based on variable energy prices. In this context the ACS
component (grey) manages all battery service requests from multiple customers and
triggers the Billing System (TS component) to send an offer based on the contract be-
tween customer and battery owner (dark blue). After successful execution of the battery
service by ACS the Billing System (BS-component) is triggered to issue an invoice or
credit note for the services provided. Figure 12 provides a more detailed description of
the information flow.
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Figure 12: generic ACES flow chart (simplified) — charging / discharging request and processing

BILLING APPLICATIONS AND DEMONSTRATORS

For market adoption, i.e., the willingness of market players to deploy new storage, a reli-
able investment case is key. In the pilots, the different business models will be config-
ured on an industrial strength billing and clearing system. Savings, earnings and cost of
the multiparty services provided by the storage devices will be calculated according to
the dynamic market conditions and accounted for all concerned stakeholders in the billing
and clearing system. This serves as a deployable storage-to-cash solution that eases
market adoption. In addition, the experience gained in multiservice pilots will be cap-
tured in business case templates that allow for a better return-on-investment prediction
on battery storage investment.

Figure 13 defines the basic principal to do business with battery services. Any business
depends on the equation ROI(t) = Revenue(t) - Costs(t), where both revenue and costs
are related to the specific application of how(usage) and where(market) the intelligent
ACES battery shall work. CAPEX and OPEX have to be calculated to get costs. The achiev-
able price or tariff model has to be designed to receive revenue. In this context it is also
important to clearly define roles and cash flow to develop a realistic business model for
such a specific application. At least the following roles shall be defined:

a) Customer ~ User of ACES battery services

b) Owner ~ investor

c) Operator

d) Supplier, Subcontractor (e.g. ACES software as a service)

e) Optional: Aggregator
f) Optional: retailer

42 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021



bill / accounting

H service order

service order

ACES Operator

bill / accounting

bill / accounting

User: pays
Operator= OPEX
Owner = CAPEX

Figure 13: How business with ACES solutions works — Roles

Two examples how to calculate ROI:

(i) EV charging: if the intelligent ACES battery is used to guarantee charging of multiple
EVs with different charging requirements. In this case CAPEX depends on the specific
load / charging profiles during the week; OPEX strongly depends on energy purchasing
costs and revenue depends on how much the EV owner is willing to pay for charging.

(ii) Battery as UPS: A completely different calculation has to be done if the battery would
be used as an UPS, then CAPEX is based on the power required to cover a possible out-
age, OPEX in this case is close to € 0,- (because the battery is in standby mode), reve-
nue or price for such UPS battery service can be derived from the potential damage
caused by power outages (see Figure 14: Costs and losses from a power-outage can be
read from the performance curve Figure 14) and the probability of such an event - in-
surance companies provide algorithm and calculation models to define related tariff mod-
els.
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Figure 14: Costs and losses from a power-outage can be read from the performance curve [42]%

Demonstration Pilot and Business Model at Fraunhofer IFF?

In the coming years there is expected a tremendous growth in the usage of electric vehi-
cles (EV). The result will be an increasing amount of EV charging operations, where re-
quirements for charging management strongly depend on frequency, power demand and
time of charging. A high simultaneity factor of the charging processes together with in-
herent high and constant load demands can lead to a higher stress on grid assets and in
extreme situations to violations of grid operation constraints. The costs to guarantee
availability of charging capacity according to mobility requirements on the one hand and
the need to protect the assets of the charging infrastructure on the other have to be cal-
culated and covered by the EV user. Intelligent load management using batteries for load
balancing including also the ability to invoice charging services would be suitable and
beneficial to owners of said charging infrastructure.

The following business has been specified and will be demonstrated to potential owners /
investors of charging infrastructures at Fraunhofer IFF in Magdeburg. In Figure 15 the
principle layout of the demonstration scenario is described. The roles of the chosen busi-
ness scenario are defined as follows:

11 TSBN 978-3-8007-4505-0; https://www.vde-verlag.de/proceedings-
de/454505022.html

12 Please note: the business model describing e-car charging in this demo is a theoretical
example.
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Owner (investor): Logistic company - we used a real German company called DB-
Schenker

Operator: Logistic company - DB Schenker

User (beneficiary and receiver of invoices): (i) cost account of DB-Schenker’s fleet, (ii)
subcontractors extending the fleet of DB-Schenker, (iii) employees, (iv) visitors & guests.

The assets used are (i) roof top PV, (ii) battery, (iii) MV/LV micro- grid and the connec-
tion to the public energy network, (iv) 1 ... n charging station, (v) mini CHP, and (vi) 1 ...
m EVs. The software for energy management, charging operations and the billing / ac-
counting solution shall be provided as a service and thus shall be a part of OPEX.

charging infrastructure

.0.

EV clients

grid
2 ()

Figure 15: Demonstrator FhG IFF (Magdeburg) logistic company with own EV fleet and charging in-
frastructure

The system can be classified as MicroGrid. It generates its own cheap energy from PV
and CHP. The generation characteristics cannot be controlled or can only be controlled to
a limited extent for the CHP unit. PV is dependent on meteorological factors and is a
strongly fluctuating and difficult to predict variable. The generation curve of the CHP is
subject to seasonal and day-dependent fluctuations. Electricity generation can be better
predicted. The site-specific electricity demand consists of office buildings including per-
sonnel, production - printing plants, logistics - electric vehicles. The charging processes
of visitors and logistics service providers must also be taken into account.

DB-Schenker Grid Infrastructure

Grid Photovoltaic Charging Battery other
-generator stations storage loads

=22 ja||| IF || S
! | | l__

Figure 16: ACES managed components of the demo scenario at FhG IFF in Magdeburg
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A battery storage is used for the following target functions of the MicroGrid according to
The following ACES business use cases can be demonstrated by this application:

Avoidance/reduction of peak loads: For commercial user in Germany, the
electricity price consists i.a. of energy price and power price. The power price is
based on the maximum peak power of a billing period. This can extend over a
year, a quarter or a month. Typically, it is one year. In negative scenario, the sim-
ultaneous charging of electric vehicles and peak consumption may lead to a one-
off large peak load, which causes very high fixed annual costs. Therefore, the eco-
nomic potential of battery storage application for peak load reduction/ avoidance
results from the local power price.

Avoidance of grid feed-in: There is a lower remuneration for the energy feed-in
into the grid than the electricity purchase costs. Own generation needs to be
matched to the electrical demand. The economic potential results from the differ-
ence between the electricity remuneration according to feed-in tariff and the elec-
tricity purchase costs.

Sale of electric energy at the charging stations: At the charging stations,
electrical energy from the company's own production facilities is mainly to be sold.
This presupposes that there is overproduction that covers the demand or is stored
in the battery buffer to be sold to the charging station user. It is also possible to
charge the vehicles in a controlled way in order to adapt they consumption to the
generation - see Figure 17.

Resale of electrical energy: If the demand cannot be covered by own produc-
tion, it is purchased from the grid and resold.

Avoidance of reactive power costs: The reactive power purchase is invoiced by
the mains supply. This reactive power can be provided by compensation systems.
It is also possible to use inverters (PV or battery) for this purpose. In the future,
electric vehicles or DC charging stations can also be used for this purpose.

Figure 17 and Figure 18 give an example on how above mentioned business use cases
will be invoiced or accounted.
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DB Schenker-Magdeburg

DB ecemee | OaalestraBe 35 a

" 39126 Magdeburg
SCHENKER  ¢many

eCar User
SaalestraBe 1 test
39126 Magdeburg
Germany
Draft Invoice
Description Quantity Unit Price Taxes Amount
Charge class used Medium 11kWh,
Price for selected class is 0.02€/min VAT ex|
Charge station 001 at 09.09.2019 07:38 158.000 0.02 19% USt 3.16 €
Time in front of charger 158 min.
Subtotal 3.16 €
USt 19% 0.60 €
Total 3.76 €

Figure 17: Sample invoice EV charging - output of the ACES Billing System

=~ Fraunhofer

IFF
Fraunhofer-Institut fur

Fabrikbetrieb und -automatisierung IFF

SandtorstraBe 22
39106 Magdeburg, Deutschland

Stéadtische Werke Magdeburg GmbH & Co. KG
Am Alten Theater 1

39104 Magdeburg

Deutschland

Rechnung: 02020-12

Rechnungsdatum:
27.10.2020

Beschreibung Ausgangsdokument Menge  Preis pro Einheit Steuern Betrag
Bereitgestellte Blindleistung 1,000 19,95 19% USt 19,95€

Bereitstellung von Blindleistung um 26.10.20, 00:00. Energiemenge 375 kVAh r plus Steuer 19%. |hr Preis fiir diese
Operation betragt 23,74

Zwischensumme 19,95 €
USt 19% 3,79€
Gesamt 23,74 €

Figure 18: Sample invoice Reactive Power compensation - output of the ACES Billing System
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Demonstration Pilot and Business Model at GLAVA Karlstad®

HSB a regional facility management company and housing organization has motivated a
couple of their clients (private house owners) to invest into roof top PV and electric bat-
teries in order to maximize self-sufficiency in energy consumption. From the ACES pro-
ject HSB has learned that it was possible to make more use of said batteries by providing
peak shaving capabilities and services to the regional DSO KarlstadsEnergi. This extra
service of the battery will be remunerated by KarlstadsEnergi by sending a credit note to
HSB, who after deduction of their operational costs may refund battery owners by an-
other credit note to their regular energy bill.

GEC 350V DC-system LED lights

HSB Operator
DSF) P PV modules PV charge controller
retailer 3,7KW 400VDC 2
(credit note)
= Battery
E Hﬂ 350VDC

Ventllatlon

Grid connection
240VAC Rectifier

i = &
. Freezer DC
User: DSO Karlstadsenergie R Electrolux
Operator: HSB
Owner: private investor Y

Figure 19: Demonstrator Glava (Karlstad) and system configuration

HSB facility management and housing organization provides DSO peak shaving services
to KarlstadsEnergi using private owned batteries of their clients. The demonstrator at
Glava covers two business models:

Peak Shaving (behind the meter service) business model

In the simple case of a standard peak power tariff between the retailer Karlstad Energi
and the facility manager HSB, the battery owner “provides the capability to HSB to per-
form peak shaving to reduce HSB’s energy bill. HSB measures the maximum peak reduc-
tion achieved by the battery discharge within a period and provides a credit note for a
percentage of the savings to the battery owner. Using a separate credit note allows HSB
to keep their standard energy billing in place without changes.

The roles of the chosen business scenario are defined as follows:

13 Please note: The business model described here is a theoretical example. Yet, no mar-
ket place exists at Karlstad.

14 Of course, this model can be extended to several batteries operated as a local VPP

48 of 63 ACES_WP5_Report_v1.0-final.docx
print: 11.02.2021



Battery Owner (owner, investor): private capital, here: house owner. The ownership
could also be shared between multiple residents who choose to invest in a battery. In a
different role assignment, the battery owner could be a different unit °of the facility
manager HSB or a third party, e.g. a neighbouring company that wants wo make more
use of its battery.

ACES Service Provider (Operator): “"Power services unit” of HSB, a regional facility
management and housing organization. In a different role assignment, the ACES services
may be provided by a third party “power services” company.

ACES Service Receiver (user): “Facility manager” unit of HSB

DSO Peak Shaving business model

KarlstadEnergi charges the highest peak power in the monthly period. Savings are calcu-
lated as the difference between the highest peak power at any time in the month and the
highest peak power in a time when the “limit consumption” request is active. This differ-
ence times the value of a peak power unit is paid out to HSB via a credit note. The
amount can be directly paid out to the battery operator HSB “power services” or to HSB
“facility management” and then transferred to HSB “power services”. The roles of the
DSO peak shaving business scenario are defined as follows:

Battery Owner (owner, investor): private capital, here: house owner.
ACES Service Provider (Operator): “"Power services unit” of HSB

ACES Service Receiver (user) - KarlstadEnergi DSO

Only the power peak in times with a “limit consumption” request count. Compared to the
static peak power tariff, the retail/DSO business customer pays a lower or equal amount.
In many countries, the bundling of retail and DSO services in one contract and invoice is
problematic. So a static peak power tariff and a credit note for the dynamic reduction of
the power peak is more flexible:

= The static tariff invoice can be produced by a legacy billing system,
while the credit note is produced by a flexible new billing system.

= The static invoice and the credit note can be produced by different
contract partners

Figure 20 and Figure 21 give an example on how above mentioned business use cases
will be invoiced or accounted.

15 “*power services unit”, may be a separate entity or just a profit-loss account
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Energi
Hedvagen 20
Karlstad 654 60
Sweden
HSB
c/o HSB Varmland ek for BOX 141
Karlstad 651 04
Sweden
Credit Note
Description Quantity Unit Price Taxes Amount
Your flexibility performance 1,000 154,08 15.00% 154,08 kr

Dynamic peak shaving tariff; peak was on 17.09.2019
12,87°53,13 with Tax15% = 782.07 kr
Your regular invoice with standard peak shaving was 959.26 kr

Your flexibility performance is difference in standard and dynamic price
782,07- 959.26

Subtotal 154,08 kr
Tax 15% 23,11 kr
Total 177,19 kr

Figure 20: Sample credit note from DSO to facility manager for flexible peak shaving

HSB
c/o HSB Varmland ek fér BOX 141
Karlstad 651 04

HSB - dar mijligheternabor  SwWeden

Battery Owner
Ulvsbygatan 01A
Karlstad 654 64
Sweden
Credit Note
Description Quantity Unit Price Taxes Amount
Your flexibility performance 1,000 127,51 15.00% 127,51 kr

Dynamic peak shaving tariff; peak was on 04.09.2019

3,2°53,13 with Tax15% = 195,52

Your regular invoice with standard peak shaving was 342,16 kr

Your flexibility performance is difference in standard and dynamic price
195,52 -342,16

Subtotal 127,51 kr
Tax 15% 19,13 kr
Total 146,64 kr

Figure 21: Sample credit note from facility management (HSB) to battery owner

Demonstration Pilot at VdnerEnergi and Digital Twin at Umed Energi

The demonstrator at VanerEnergi aims to use battery storage and H2E system for peak
shaving and DSO peak shaving, as well as local power quality services. The demonstrator
is an industrial facility with solar PV generation and a power-to-hydrogen and fuel cell in-
stallation — see Figure 22. Therefore, services have been adapted to the local circum-
stances. The H2E system is designed to both serve the power grid (DSO peak shaving)
and optimizing self-consumption to produce hydrogen and the operating power of the
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HRS and even internal peak shaving. Refer to [28] or to work package WP 4 final report
to receive further information of the business use case and the demonstrator installed at
Mariestad. For testing reasons a virtual demonstrator (digital twin) will be installed and
tested under the direction of leading partner Metrum.

H, Energysystem (H,E)

Solar power
(250 kWp) t

22

/ " D CoONtrol unit

A

90

Elektrolyser Battery
(30-275 kW) (154 kWh)

H
2 H 2 Hydrogen storage Hz
@30 MPa —

(625 kg)

Com-

pressor

" . A0
VanerEnergi ¢ &

Figure 22: Schematic overview of the H2E energy system as established in Mariestad

In the demo application and show case the ACES battery services are used for grid stabil-
ity and power quality issues. There is no internal billing or accounting right now. In the
business model the investment into ACES solution - including battery, IT infrastructure
and software licenses — will become a part of the VanerEnergie assets. Interests, depreci-
ation and operational costs will simply be added to general costs, which then are covered
by the network charge added by a factor to the consumer’s energy bill. The roles of the
chosen business scenario are defined as follows:

Battery Owner (owner, investor): DSO VanerEnergi
ACES Service Provider (Operator): DSO VanerEnergi
ACES Service Receiver: DSO VanerEnergi

Revenue flow - billing relationships: Transfer of service fees between internal accounts
could be shown, but this is not planned at present.
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BUSINESS MODELS EVALUATION AND VERIFICATION

The methodology for the business model evaluation is to calculate the profitability of the
peak-shaving algorithm utilized as the control in the battery or energy storage based on
different tariff structures. For this evaluation five different tariffs have been studied, 1
based on average consumption, 2 based on monthly peak(s) in load and 2 time-of-use
tariffs. The applied tariffs concern the grid fees for end-users, electricity retail prices are
included in the tariffs.

The economic evaluation is based on one week of data provided from the BMS operation.
In Fig. 24 below the input data for the analysis is presented. The data was collected from
2020-11-04 10:00 to 2020-11-11 07:00 (UTC). Missing datapoints were interpolated
from the previous values.

Consumption

Actual
60 — I\ — Forecast

Production

Actual
B | | | _ — Forecast
\ | /

S . - /
0 20 40 80 80 100 120 140 160 180

Battery interaction

| ﬂ | i Actual
¢ / | Forecast

Hours

Figure 24: Input data for the evaluation of the BMS.

The upper plot is the actual and forecasted load consumption, the center plot is the ac-
tual and forecasted PV production and the bottom plot is the actual and forecasted bat-
tery running schedule.

To make an economic analysis, a baseline is required as a comparison to see the impact
of the BMS running schedule. Fig. 25 below shows the impact of solar production and
battery interaction on the overall load profile.
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Figure 25: Signal breakdown of the load profile.

The figure above describes the signal breakdown, where the blue graph is the actual load
signal without any control, the red graph is the combined load, PV and battery interac-
tion. The PV and battery interaction are illustrated as bar plots to better show the charg-
ing and discharging. Since tariffs are billed monthly, the data was extrapolated to one
month as shown in Fig. 26 below.
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Figure 26: Monthly extrapolation of load data.

The five different grid tariff structures used to evaluate the two different modes of opera-
tion (No control/Control) are described in the Table 2 below.

PROJECT

Tariff no. | DSO Description of grid tariff elements
1 Goteborg Energi (GE) Fixed fee 2085 SEK/year. Energy fee: 0.28 SEK/kWh,

[43]

2 Partille Energi (PE) Fixed fee 1350 SEK/year. Energy fee: 0.235 SEK /kWh. Peak power

[44] fee: 26.25 SEK/kWh/month.

3 Sollentuna Energi (SE) | Fixed fee 14535 SEK/year. Energy fee: 0 SEK/kWh. Average peak

[35] power fee (3 peaks, 7-19 weekdays): 55.75 SEK/kW/month (apr-
oct), resp 111.50 SEK/kW/month (nov-mar).

4 Vattenfall - N3T (VF- | Assumed >80A southern Sweden. Fixed fee 4125 SEK/month.

1) [45] Monthly power fee 35 SEK/kW/month, high load fee 88.75
SEK/kWh/month, low load 0.1125 SEK/kWh, high load (6-22 and
nov-mar) 0.28 SEK /kWh

5 Vattenfall - N4 (VF-2) | Assumed >80A southern Sweden, fixed fee 481.25 SEK/month,

[45] monthly power fee 50 SEK/kW/month, high load fee 0 SEK
/kW/month, low load 0.18 SEK/kWh, high load (6-22 and nov-mar)
0.65 SEK /kWh
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Table 2: Five different tariff structures studied from Swedish DSOs.

The economic outcomes based on the different tariff structures for the cases with and
without the proposed control are presented in Fig. 27.

Tariff pre-battery (*)/ battery (°)

16
* norm-GE #0.98756
* peak-PE
Il + peak-SE
*  tou-VF1
12| tou-VF2
- 2 norm-GE
I O  peak-PE
5 wkF| 9 peak-SE
o tou-VF1 #0.99367 096348
- tou-VF2
8|
# 0.9801
° #0.97518
4 . . . . : .
0 1 2 3 4 5 6
Tariff

Figure 27: Evaluation of battery dispatch based of different tariff structures.

In the figure, (*) indicates the costs before the control is implemented (only load) and
(°) represents the costs with implemented control (load, PV and battery). Of primary in-
terest here is the relative cost difference between the two modes of operation. On aver-
age the cost savings are 2% of the total cost over the five different tariff structures stud-
ied. It can be noted that tariffs 1 and 2 have lower costs due to being based on average
consumptions. Also, tariff 2 has a lower peak cost than 3. The gap between tariffs 4 and
5 can be explained by the high load fee of tariff 4.

A sensitivity analysis was performed based on the same battery control but with a simu-
lated higher battery power. From Fig. 25 the maximum power from the battery is 4 kW
which is about 4/70 = 6% of the maximum power of the load.
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Figure 28: Battery power sensitivity analysis

Fig. 28 illustrates a month of battery control with three different levels for the battery
power maximum output. The levels are scaled with factors 1, 2, and 3 respectively, rep-
resenting maximum output levels of 4 kW, 8 kW and 12 kW. The difference between a
lower and higher battery power is that the price is higher for that month. In practice, this
means that the control strategy cuts more power, but also draws more power when
charging the battery from the grid. The negative trend in terms of resulting in higher cost
can be explained by that the control strategy creates its own load peaks while it cuts oth-
ers. An example of this is indicated in Fig. 25, where for hour 00:00 on Nov 5, 2020,
showing a peak in battery charging.
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6. DISCUSSION - New Business Models in a regulated en-
vironment

This Chapter provides two slides which MINcom have presented and explained in the
Stakeholder Meeting in Paris November 14%, 2019 - see Figure 23 and Figure 24. No fur-
ther explanations will be provided here due to confidentiality reasons. At their own dis-
cretion MINcom is willing to disclose information on request about market details, stake-
holders and customer applications regarding its Billing Solution. In parallel to the market
research within the ACES project MINcom has done a lot of marketing research looking at
potential new customers, competitors, competing or alternative technologies, grid envi-
ronment and energy policy. A thorough SWOT analysis will be the basis for MINcom'’s dis-
semination and exploitation activities.

With demo-site partners we have discussed a new business model, which uses dynamic
peak power tariffs. With a high percentage of renewable energy, a static peak power tar-
iff component is not very useful. In this model, the DSO enhances the peak power tariff
by telling the business customers!® whether he wants them to limit consumption in the
next hour.

) LB

A peak powerreduction by battery operation B peak powerreduction by ignoring times
= bonus to battery owner when energy is not scarce = bonus to HSB as
correction of standard tariff

Figure 23: Present and future flexibility billing

16 This information can be sent as a notification (push) or made available on the DSO
website. The information can also be localized depending on the load in different parts
of the DSQ'’s distribution network.
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Figure 24: New billing approaches must separate regulated and unregulated (new) business.

7. Conclusions and Lessons Learned

Work package WP 5 has investigated the market for a “"Storage to Cash Solution” and
has developed a software component, which monitors and invoices the services provided
by the ACES solution. The billing solution developed is a very generic software tool which
can be applied to a high variety of business cases not just limited to those described in
above. As payment transactions and billing solutions are becoming increasingly important
in the energy business and future energy market places. There is an increasing demand
for “energy-to-cash” solutions, e.g. for load balancing, for e-car charging, for power qual-
ity, for SMEs providing local RES production, and other energy related services. Addition-
ally, new regional market places for local energy trading will emerge, which would re-
quire billing services to handle flexibility and flexible tariffs on demand and on production
side.

The following results have been achieved:

B The ACES Billing System has been developed for all business cases
described in Chapter 5.

B Application and testing have been done for peak shaving and DSOA
peak shaving.

B use-case economic evaluation is based on BMS dispatch.

REPORT CONCLUSIONS

All components of the ACES solution have been developed and tested by independently
acting and self-organizing teams — see Figure 25. This methodology is reasonable where
requirements rapidly change or where requirements are vaguely specified - e.g. unclear
environmental conditions or changing priorities or personnel. After having specified the
interface between EMBRIQ’s ACS software MINcom was able to develop the billing mod-
ule independently just checking from time to time if there were any changes to the re-
quirements from the ACES demo-site partners requested. This independence has also
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given MINcom the freedom to keep close contact to utilities and DSOs from their cus-
tomer base in order to collect and add further requirements to the Billing System. In the
end, MINcom was able to develop a market oriented solution that can easily be adapted
to any kind of end customer.
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’ g‘; .\ ‘\/ \\‘ //
"' oﬂo ° \“ ‘ \\\\\<__,LY\\ 14// //
',' TR ‘\‘ {’4 x(\ //J \\\ tt"x\
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.................. 2 P A

Figure 25: In hierarchical organisations, the flow of information is hindered by structural barriers.
Whereas in self-organising teams, the flow of information can develop freely.

RECOMMENDATIONS FOR FUTURE STUDIES

Work package WP5 invites interested parties to receive a demonstration on features and
performance of the Billing System developed. Potential customers, investors, operators

and end-users will be supported by our experts to get our billing solution integrated and
applied to any specific IT environment, regardless which kind of ERP system - like SAP,

Schleupen, ... - they might have in use.

Especially in Germany there are more than 800 utilities and hundreds of companies oper-
ating small energy distribution grids. Many of them are SMEs which neither have the
budget nor the resources to use available billing solutions for the many new energy ser-
vices evolving. The logical step should be to launch a new project to achieve the follow-
ing: (i) applicability of the ACES storage-to-cash solution to customers with low number
of transactions or clients (<< 100 000); (ii) fast installation capabilities - plug & play
(<< x weeks); and (iii) provide ACES billing functionality as a service.

Interesting would be also to launch an ACES open source project, which would make the
results of the ACES software developments to a broad community, which definitely in the
end would lead to a better adoption of the ACES results.

17 Screenshot taken from https://www.youtube.com/watch?v=BatkSenrNOk
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