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1 Chapter 1: Introduction to the course 

Learning objectives: Upon completion of this course, you should be able to 

• explain why small amounts of Battery Energy Storage Systems (BESS) in ancillary services can 

reduce the need for thermal must-run power station fraction, 

• explain when the sizing of a BESS is first needed, 

• identify relevant sources for requirements to size a BESS for ancillary services, 

• carry out a basic sizing methodology, and 

• extract relevant information from the sizing to evaluate a BESS business case. 

 

This course is intended for project developers, grid operators and academics who are interested in the 

rationale for sizing BESS in ancillary services to solve power quality problems. It provides an overview 

about motivation, methods, and best practice for early steps to identify the suitability of a BESS for a 

given ancillary service. As such, it is one of multiple parts of the toolset to evaluate the optimum use 

and location of BESS [1]. 

The course is split into four chapters. A summary is shown in the diagram "structure of the course" 

below: 

1. In the first chapter, the course explains why and how BESS are used for ancillary services. 

2. The second chapter teaches a basic methodology for the sizing of a BESS for an ancillary 

service. 

3. The third chapter explains how the economic performance of the BESS can be evaluated from 

the technical numbers obtained from the sizing. 

4. The fourth chapter looks at basic tools to verify the sizing of BESS at the end of a project 

development. 

5. The main results and next steps of this course are summarized in the last screen pages. 

This course deals with terminology from three fields of expertise: electricity grids, plant engineering, 

and battery technology. Each of these fields uses different terms for certain aspects. The following 

terms will be used frequently during this course in reference to IEC 62933-1 [2] and IEC 60050 [3]. As it 

can be seen, we need to take some caution to avoid confusion, especially around the use of the term 

"capacity". 

This course Grid (IEC 60050, 

section 600) 

BESS plant engineering 

(IEC 62933-1) 

Battery technology 

(IEC 60050 section 

482) 

active power (capacity) active power - 

active power export generation of 

electricity 

output power discharge 

active power import n/a input power charge 

nominal active BESS 

power 

n/a nominal active power n/a 
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This course Grid (IEC 60050, 

section 600) 

BESS plant engineering 

(IEC 62933-1) 

Battery technology 

(IEC 60050 section 

482) 

rated active BESS 

power 

maximum capacity rated active power n/a 

energy capacity energy capability energy capacity capacity 

available energy energy reserve available energy residual capacity 
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Structure of the course (Source: Author’s image).  
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1.1  Introduction to battery energy storage systems 

Learning objectives: Upon completion of this page, you should be able to 

• identify battery energy storage systems (BESS) as a sub-category of electrical energy storage 
systems (EESS) and energy storage systems (ESS), and 

• name four historical examples of BESS usage in ancillary services. 

This RENAC BESS course will focus on battery energy storage systems (BESS) using electrochemical 

energy storage as one specific type of electrical energy storage systems (EESS), as shown in the figure 

"types of EESS". 

The use of these BESS in ancillary services for electricity grids is often portrayed as a novelty. However, 

there are numerous instances of BESS being used for ancillary services in the past:  

• In 1883, a rechargeable lead-acid BESS of approximately 20 kW was used to stabilise the 

voltage in a DC grid and to compensate mismatches between generation and consumption in 

Amsterdam, Netherlands [4]. 

• From 1984 to 1994, a 17 MW / 14.4 MWh BESS using rechargeable lead-acid batteries was 

employed to stabilize the frequency in the electricity grid of Berlin, Germany. This was required 

because Berlin was operated as an isolated grid during the decades of German separation [5]. 

• In 1994, the Puerto Rico utility PREPA commissioned a 20 MW / 14 MWh BESS to stabilise the 

grid frequency and avoid load shedding [6]. 

• In 2014, the 5 MW / 5 MWh BESS of the public utility WEMAG in Schwerin, Germany, was 

prequalified for the paid provision of primary frequency response service to the 

interconnected European ENTSO-E grid [7]. 

In the past ten years, the use of BESS for ancillary services has increased significantly. This growth is 

due to the technology synergies with power conversion technology from wind and photovoltaic 

inverters, as well as battery technology synergies with e-mobility. Nowadays, most BESS inverters are 

technically very similar to wind and photovoltaic inverters, and the lithium-ion battery cells commonly 

used in ancillary services are often identical to the cells used in e-mobility.  
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A brief overview of the electrical energy storage system technologies (Source: Author’s image) 

1.2 BESS advantages for ancillary services 

Learning objectives: Upon completion of this page, you should be able to 

• list the common requirements for ancillary service providers, and 

• explain why BESS are technically suited for the provision of certain ancillary services. 

The use of BESS for ancillary services is significantly different from the intuitive understanding that 

most laypersons have about energy storage. Ancillary services are entirely distinct from the bulk energy 

market, since they are primarily employed for improvement of the power quality of the electricity, and 

not for the balancing of the quantity of the power supply and demand. Thus the purpose of BESS for 

ancillary services is not to store "energy to be released later on". Other energy storage technologies 

like pumped hydro storage are more cost-effective for a quantitative balancing of power supply and 

demand. The value to the ancillary service provider is not primarily a low-cost power throughput (also 

commonly referred to as "levelised cost of storage" or LCOS). Instead, ancillary services require, for 

example: 

1. Bidirectional operation from their working point, i.e. they appear to the grid as a generator 

and as a load 

2. High accuracy 

3. Fast reaction times 

4. High efficiency and low self-consumption at partial loads 

Classification of Electrical Energy Storage Technologies 

Mechanical 

energy storage 

Thermal energy 

storage 

Electrochemical 

energy storage 

Electrical 

energy storage 

Chemical 

energy storage 

Conventional 

batteries (BESS) 

Flow battery 
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These performance characteristics should be fulfilled over the entire power range of the provision. The 
design characteristics of BESS fit very well with these requirements: 

1. BESS can be charged and discharged, thus providing bidirectional operation 
2. The static inaccuracy, i.e. the deviation between a setpoint and the corresponding measured 

value after a short settlement time, e.g. 1 second, can be 1% or lower [8] 
3. Round-trip-efficiencies can be 85% or higher, even at partial loads. High partial load can be 

achieved through switching off parts of the BESS that are temporarily not needed. 

 

Ancillary services requirements for BESS (Source: RENAC) 

 

1.3 BESS use in ancillary services 

Learning objectives: Upon completion of this page, you should be able to 

• compare specific characteristics of BESS with conventional generation, 

• name some examples of ancillary services provided by BESS. 

Due to physical constraints, generators with rotating machines such as thermal power plants are not 

efficient providers for all the operations required for ancillary services: 

1. Bidirectional operation is only partially possible with generators, as they can only ramp up and 

down from their current operating point. 

2. Inertia, damping and long dead times in the motor and the generator imply reaction times of 

30 seconds and more, as shown in the figure "Reaction speed and accuracy of a fossil power 

plant and a BESS to a reference active power set point". 

3. Thermal power plant efficiency and lifetime decreases under frequent load changes. 

4. Thermal power plants and wind power plants that provide short-term frequency stability often 

deteriorate the medium term frequency when their kinetic energy reservoir is depleted 

[9][10]. 

Bidirectional 
operation

Reaction 
time

Efficiency Accuracy
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Due to these disadvantages of generators with rotating machines, BESS can be commercially 

competitive in the provision of ancillary services. The provision of BESS for ancillary services can be 

especially attractive when: 

1. remuneration is based on capacity instead of energy throughput; 

2. better performance (e.g. higher speed and accuracy) is paid better, or poorly performing 

providers are excluded from well-paid ancillary service markets; 

3. bidirectional provision is a mandatory requirement; 

4. provision of the ancillary service is only required for a short duration, ideally for a period of 1 

hour or less [11]. 

Examples of ancillary service applications where BESS are used successfully are: 

• the dynamic secondary frequency regulation market (RegD) in the US PJM grid; 

• the primary frequency response market "Enhanced Frequency Response" (EFR) in the UK; 

• the primary frequency response market "Frequency Containment Reserve" (FCR) in the 

continental European ENTSO-E grid. 

The inverters of BESS are also capable of providing reactive power ancillary services. However, in these 

services the BESS has no advantage over existing solutions such as capacitor banks or STATCOMs. 

Therefore, they can only be provided economically if the BESS capacity is not needed for other services 

at that time, or if there are attractive remuneration schemes [12]. 

 

Reaction speed and accuracy of a fossil power plant and a BESS to a reference active power set point 
(Source: Younicos AG / Aggreko) 

1.4 BESS as a leverage to reduce thermal must-run power stations 

Learning objectives: Upon completion of this page, you should be able to 

• explain the term "must-run-capacity", 

• explain why small amounts of BESS in ancillary services can reduce the need for thermal must-

run power station fraction. 
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Before the widespread usage of BESS, thermal power plants were often used to provide ancillary 

services because there were few technical alternatives. However, unlike BESS these thermal power 

plants cannot contribute their entire power to ancillary services. Instead, they have to generate a large 

amount of electricity in order to provide a small amount to ancillary services. For example, a 

conventional coal power plant can only contribute 2% - 10% of its momentary generation to ancillary 

services. As a result, the provision of ancillary services has tended to lead to a lot of so-called "must-

run-capacity". This is conventional generation capacity that is only held running to enable the provision 

of ancillary services, not because the energy would be needed at that time. If the ancillary service can 

be provided by other technical means, these conventional generators can be switched off and are only 

required if the renewable generation at a moment is lower than the electrical load at that time 

[13][14][15]. 

 

Fraction of active power that is available for ancillary services in a thermal power plant and in a BESS 
(Source: Author’s image) 

Through the use of small amounts of BESS to provide ancillary services in a grid, conventional must-

run-capacity can be significantly reduced, meaning that BESS can provide significant economic and 

ecologic leverage – i.e. the addition of a given amount of BESS active power has a bigger impact than 

adding the same amount of conventional generation – in this context [16][17]. 

1.5 System structure 

Learning objectives: Upon completion of this page, you should be able to 

• name the main subsystems found in BESS, 

• give examples of each main subsystem, 

• state three reasons why lithium-ion batteries are the preferred battery system technology for the 

provision of ancillary services. 

In common language, the terms battery system and BESS are often mixed up. This leads to confusion, 

especially when: 



 

Dokument: 722_BESS_Ancillary_Services_EN  Page 12 of 63 
19/09/2019 

• comparing the capital expenditure (CapEx) for different energy storage options, or 

• calculating round-trip efficiencies. 

It is therefore important to identify the different subsystems found in BESS. 

The figure "Subsystems in a BESS, based on IEC 62933-1:2018" shows these subsystems. In BESS, the 

following components are part of each subsystem: 

Subsystem Functions 

Accumulation subsystem • Absorbing electrical energy from the power conversion 

subsystem when importing active power from the grid 

• Releasing electrical energy to the power conversion system 

when exporting active power to the grid 

Power conversion subsystem 

(PCS) 

• Import of active power from the grid by charging the battery 

system 

• Export of active power to the grid by discharging the battery 

system 

• Provision of reactive power 

Control subsystem • Calculation of the active and reactive power set points for the 

provision of the ancillary service 

• Optimum dispatch of the individual PCS units 

• Visualisation and control for the operator 

• External communication 

• Protection 

Notes: 

• Basic level protection functions are often included in the 

individual subsystems  

• Using the term Battery Management System (BMS) for this 

control subsystem is not correct. The term BMS is only used for 

the control subsystem in the battery system. 

Auxiliary subsystem Ventilation, cooling, heating, protection against ambient conditions, 

safety and lighting etc. 

Primary connection terminal Connecting the BESS to the electrical grid 
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Subsystems in a BESS, based on IEC 62933-1:2018 (Source: Author’s image) 

 

1.5.1 Battery system in a BESS for Ancillary Services 

Starting from 2013, lithium-ion batteries have reached a market share of more than 90% of all grid-

connected applications [18]. The main drivers in this development have been a price decrease and an 

increase in calendric and cyclic lifetime. These improvements are largely attributed to industry learning 

from growth in consumer electronics and automotive applications [19]. 

Apart from these general effects for all BESS, lithium-ion batteries are especially attractive for ancillary 

services due to their versatility. Unlike designations like lead-acid-batteries and sodium-sulphur-

batteries, lithium-ion covers a broad range of material combinations. It is therefore easy to adjust the 

batteries’ properties to the requirements of each application. The most attractive types of lithium-ion-

batteries in use for ancillary services are of the Lithium-Iron-Phosphate (LFP) and Nickel-Manganese-

Cobalt (NMC) types [20]. 

This versatility is especially valuable for short-term ancillary services. For these applications, the 

optimum power-to-energy ratio (sometimes also called the C-rate) is 1:1 or higher [21]. The main 

competitors of lithium-ion for stationary applications are lead-acid and sodium-sulphur batteries. 

These technologies offer power-to-energy-ratios of 1:2 to 1:6. As a result, a lot of excess energy 

capacity has to be installed. This can result in a higher total capital expenditure (CapEx, e.g. in USD), 

even if the energy-specific investment cost of the competing technology (e.g. in USD/kWh installed) is 

lower. 
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As a side note, battery chemistries other than lithium-ion are still in widespread use for BESS in 

applications other than ancillary services, e.g. for uninterrupted power supply (UPS) or energy shifting. 

 

Battery system room of a lithium-ion BESS (Source:  WEMAG AG) 

1.6 Inclusion of BESS in a hybrid power plant (HPP) or virtual power plant (VPP) 

Learning objectives: Upon completion of this page, you should be able to 

• explain the difference between a stand-alone BESS, a BESS in a hybrid system and a BESS in a 

virtual power plant, and 

• determine where the main control system for the coordination of the ancillary service is 

located for each of these arrangements. 

BESS can be used for ancillary services in three different configurations, as shown in the figure "BESS 

stand-alone, HPP and VPP configurations": 

• Stand-Alone BESS: In this case, only one BESS in one location is providing the ancillary service. The 

provision of the ancillary services is usually coordinated by a local BESS control system. 

• BESS in a hybrid power plant (HPP): In this case, the BESS is co-located with one or more other 

generators or EESS at one site. The cooperation between the BESS, the other generators and the 

other EESS is coordinated through an upstream hybrid control system on site. 

• BESS in a virtual power plant (VPP): In this case, the BESS is part of a hybrid system with other 

generators and EESS, but the individual units are not all located at the same site. Instead, they are 
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distributed over different locations in the electrical grid. The cooperation between all units is 

controlled via the VPP controller, also called the VPP Energy Management System (VPP EMS). 

The inclusion of the BESS in an HPP or a VPP has four main benefits: 

• The BESS can improve the properties of the ancillary service provision of the other units, e.g. by 

acting more quickly and more accurately. 

• The BESS can provide ancillary services when the other generators cannot, such as PV generators 

when there is not enough solar irradiance at a given moment. 

• The BESS can help to avoid opportunity costs and variable costs that would be incurred if other 

generators would have to provide ancillary services. 

• The other generators and EESS usually have lower levelised cost of energy (LCOE) or levelised cost 

of storage (LCOS). They can thereby partially compensate the biggest disadvantage of a BESS: the 

high LCOS. 

The use of BESS in hybrid power plants and VPP is therefore most attractive when there are technical 

requirements or high commercial incentives for generators and other EESS, but the generators and 

EESS are not able to provide the required ancillary service quality, or would have high opportunity costs 

and / or variable costs if they were to provide these services. 

For the current course, the sizing of a stand-alone BESS will be described as the easiest base case. 

 

BESS stand-alone, HPP and VPP configurations (Source: Author’s image) 
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2 Chapter 2: BESS sizing for ancillary services 

2.1 BESS project phases 

Learning objectives: Upon completion of this page, you should be able to 

• explain when the sizing of a BESS is first needed, and 

• differentiate between the different accuracies of sizing of a BESS during the project phases. 

The project workflow for the installation of a BESS is very similar to the workflow for other assets in 

electrical generation and distribution. The preliminary sizing that will be explained in this course is 

typically carried out during a pre-feasibility study. The motivation for this pre-feasibility study is that 

the party responsible for the power quality in an electric grid has measured or predicted a problem in 

power quality. He/she subsequently wishes to find out whether a BESS is a feasible measure to take to 

mitigate this problem. 

Another motivation may be that an operator of a BESS plans to offer ancillary services in a balancing 

power market, and would like to know what size and type of BESS can be most economically beneficial. 

The pre-feasibility study helps to: 

• evaluate the technical suitability, 

• carry out a cost-benefit analysis comparing the usage of the BESS with other flexibility options 

such as flexible generation, demand side management or grid extension, 

• evaluate the profitability of an investment in a BESS, and 

• identify a preliminary optimum size for the BESS. 

This preliminary sizing is not necessarily identical to the final sizing of the BESS that will be tendered 

and installed later. Practical insights obtained during the later stages of BESS design may lead to 

modified configurations. Common causes for this inaccuracy are explained during this course. In 

general project practice, the accuracy of the cost for the first sizing is expected to be in the range of +- 

25% of the final configuration [1]. 
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Project phases of a typical BESS project (Source: Author’s image) 

2.2 Method for sizing of a BESS for ancillary services 

Learning objectives: Upon completion of this page, you should be able to 

• name the three typical steps for a sizing of a BESS in ancillary services, 

• name reasons why the sizing of a BESS for ancillary services is more complex that the sizing of a 

BESS for the bulk energy market. 

This online course teaches a method for the sizing of a BESS is using iterative steps in a time-series 

analysis. This method is common in the industry [2], [3]. The iterative process starts with an assumption 

for a reasonable size of the BESS. This base configuration is then tested using a reference time-series 

for the desired ancillary service. At the end of each iteration, it is possible to check the suitability of the 

BESS for the specific application and to modify its characteristic parameters as needed. 

The steps for the process are shown in the figure "Steps for the sizing of a BESS during the pre-feasibility 

study". They can be distinguished into: 

1. identification and first assessment of the requirements of the BESS, 

2. iterative sizing of the nominal BESS characteristics through modelling and simulation of its 

operational behaviour, 

3. sizing of the BESS rated characteristics, and 

4. calculation and evaluation of the indicators for the economic performance of the BESS. 
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The sizing of a BESS for ancillary services is more difficult than the sizing of a BESS for the bulk energy 

market. The reason for this is that the ancillary services that make BESS attractive typically require 

faster reaction times, and the behaviour of the BESS is thus more dynamic and less predictable. 

Furthermore, it is more challenging to find or create realistic operational profiles that would facilitate 

design and planning. 

 

Steps for the sizing of a BESS during the pre-feasibility study (Source: Author’s image) 

2.3 Identification of requirements 

Learning objectives: Upon completion of this page, you should be able to 

• explain the difference between functional requirements and non-functional requirements, 

• distinguish between non-functional requirements relevant to pre-feasibility and later stages, and 

• identify grid codes and other legal requirements. 

The active power requirement of the ancillary service is the main input variable for BESS in ancillary 

services. This requirement is a so-called functional requirement because it describes a function, i.e. 

something the BESS is required to do. The most common requirement for BESS delivering ancillary 

services is the export and import of active power, but they are also capable to deliver reactive power. 

The BESS is typically required to react to an external power set point or to the measured grid frequency. 

An example for a reaction to the grid frequency is the frequency-power droop as shown in the figure 

"Power-frequency droop for the provision of Frequency Containment Reserve in Germany". 
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For ancillary services applications in grid-connected BESS, the functional requirements are specified in 

the grid code. These grid codes can commonly be downloaded from the website of the grid operator. 

Depending on who is responsible for the ancillary service, this may e.g. be the transmission system 

operator (TSO) or the distribution system operator (DSO). Examples of these codes are the UK grid code 

for the ancillary service Enhanced Frequency Response (EFR) of National Grid [4], the German grid code 

for the ancillary service Frequency Containment Reserve (FCR) [5] or the PJM grid code for the ancillary 

service RegD [6]. 

 

Power-frequency droop for the provision of Frequency Containment Reserve in Germany (Source: 
German TSOs, 2019, translated by Author) 

2.3.1 Non-functional requirements toward BESS for ancillary services 

In addition to the functional requirements, the grid code often also specifies non-functional 

requirements. Several types of requirements apply to BESS for ancillary services, as shown in the figure 

"Types of requirements of BESS for ancillary services". Non-functional requirements relevant for the 

pre-feasibility commonly include: 

• general permissibility of BESS usage in the electrical grid, 

• general permissibility of BESS usage for the given ancillary service, 

• redundancy in the active power or energy capacity, e.g. a n+1 redundancy to provide the 
ancillary service in case of a failure in one item of BESS equipment, 

• requirements for minimum power of the BESS, e.g. a lower boundary that is required to qualify 
for an ancillary service market, 
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• requirements for maximum power of the BESS, e.g. the upper boundary that may be connected 
to one point of common coupling (PCC). This is often limited because the grid operator does not 
want to lose a large fraction of the BESS providing the ancillary service during an outage of the 
PCC, 

• requirements for a minimum ratio between active power and energy capacity. 

These are relevant because they specify major constraints to the sizing of the BESS. 

There are also other non-functional requirements that only apply at later stages of the BESS project, 

e.g.: 

• grid code compliance of the inverters, 

• reactive power provision, 

• technical considerations for the communication interface to the grid operator, 

• special conditions regarding environmental protection and building permits, 

• take-back and recycling requirements for the battery system and other equipment. 

 

Careful reading is required because some of these non-functional requirements may also be part of the 

grid code. 

 

 

Types of requirements of BESS for ancillary services (Source: Author’s figure) 

2.4 Pre-assessment of BESS viability 

Learning objectives: Upon completion of this page, you should be able to 

• list major obstacles that make the usage of BESS unviable, 

• describe the reason why each obstacle makes the usage unviable, and 

• name possible countermeasures. 

After identifying the relevant legal documents, it is worthwhile to evaluate the general feasibility of 

using a BESS for the desired ancillary service. In some cases, there may be red flags that make the BESS 

usage unfeasible and render any further work useless. These common red flags are listed in the table, 

long with their impacts or consequences, and possible countermeasures. 
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Red flag Potential consequence Possible countermeasures 

The ancillary service is only 

permitted to be provided by 

other technical units, e.g. 

thermal generators. 

It is not permissible to use 

EESS in general or BESS in 

particular for the given 

ancillary service. 

Adjustments to the grid code, 

e.g. on the basis of non-

discriminatory market access. 

The BESS is intended to be 

owned by a grid operator in a 

liberalised electricity market. 

Another BESS owner is not 

permitted to employ their 

EESS because it is considered a 

generation asset. 

Discussion with the regulator. 

The ancillary service is 

tendered separately for export 

of active power and import of 

active power ("Asymmetric 

tendering / provision"). 

When only winning one of the 

two tenders, the BESS 

available energy will always 

tend to be empty or full. As a 

consequence, the ancillary 

service provision is unreliable. 

• Identify other ancillary 

services that are tendered 

symmetrically. 

• Establish strategies that 

ensure that both bids are 

successful. 

It is not permissible to build or 

connect BESS in the desired 

area, e.g. because no specific 

codes exist. 

Delay or termination of the 

project. 

Early exchange with the 

regulatory body. 

Lack of specific metering and 

billing procedures for EESS. 

EESS may be billed twice for 

certain taxes and levies: once 

as a consumer when importing 

active power, and again as a 

generator when exporting 

active power. The project 

becomes commercially 

unviable. 

Analyse specific billing 

procedures early and consider 

during the verification of the 

simulation results. 

It should be noted that the implementation of the countermeasures above may be impossible or could 

require multiple years. 

2.5 Time-series simulation principles 

Learning objectives: Upon completion of this page, you should be able to 

• name the application for a time-series simulation, 

• distinguish between the different categories of variables in a time-series simulation, 

• state the key advantage and disadvantage of time-series simulation compared to other methods. 

A time-series simulation is a method commonly used in various technical systems to represent and 

analyse the real-world behaviour of the system in a simplified way over a limited period of time. The 

step-wise procedure of a time-series simulation is shown in the figure "Basic principle of a time-series 

simulation of a technical system". 

The base concept is that we can describe the state of the system at discrete time steps through state 

variables. These are properties of the system that commonly could be determined in the real world, 
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e.g. temperature or speed. During each time step, the system state is modified by input variables, e.g. 

a command or external influence on the system. Based on the input variables, the state variables and 

the system base configuration, the output variables, and the state of the system at the end of the time 

step are calculated. The output variable is the impact that the system has on other systems. 

Time-series simulations are one of multiple tools for the analysis of technical systems. The field of 

systems theory also provides other possible approaches for the sizing of BESS. The advantage of time-

series simulation compared to other methods is the simplicity of modelling and simulation [7]. Its 

disadvantage is the required computational power. However, due to the low complexity of the BESS 

model in this course, a typical household computer would have enough processing power to undertake 

the task. 

 

Basic principle of simulation of a technical system (Source: Author’s image.) 

2.6 Time-series simulation for BESS 

Learning objectives: Upon completion of this page, you should be able to 

• differentiate between base constants and simulation variables of the BESS, 

• name the key input, state and output variables as well as base constants for a BESS, 

• state the main impact of the available energy on the ancillary service operation. 

For the application of the time-series simulation principle to the BESS, physical variables and their 

corresponding units are assigned to the base constants, input variables, state variables and output 

variables. 

The selection of units is specific to each model. However, it is good practice to use SI units (W, J and s) 

because this reduces conversion effort and thus the risk of errors during unit conversion. If other units 
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are required for output or display (e.g. MW, MWh or %/p.u.), these can be calculated and presented 

separately (after simulations are complete). 

Initially, several base constants and the initial conditions for the model need to be defined in the base 

configuration of the BESS, as shown in the figure "Principle of a basic BESS simulation: static part".  The 

base constants express constraints of the BESS during operation, and do not change during the course 

of the simulation. These may include: 

• nominal active power of the BESS in W, kW or MW, 

• energy capacity in J (Ws), kWh or MWh, 

• ancillary service configuration, e.g. the calculation of the active power set point from the grid 

frequency, unless the active power set point is directly included in the input variables. 

Furthermore, the initial condition of the BESS at the start of the simulation has to be given: 

• initial available energy at beginning of simulation in J (Ws), kWh or MWh 

 

Principle of a basic BESS simulation: static part (Source: Author’s image) 

2.6.1 Time-series simulation for BESS: state and input variables 

After defining the static base configuration and initial system state, the dynamic input variables and 

state variables are assigned, as shown in orange in the figure "Principle of a basic BESS simulation: state 

and input variables". These values typically change during each of the time steps. 

The most relevant state variable at any time is the available energy. Sometimes this value is also called 

State of Charge (SOC), but SOC is a relative value and usually refers to the battery system rather than 

the entire BESS and does not take losses and auxiliary consumption into consideration. In normal 

operation, the available energy is the critical factor that determines if the BESS can provide the ancillary 

service or not, for instance when it is fully charged or fully discharged. The available energy is 

commonly expressed in J (Ws), kWh or MWh. 

For the BESS, the main input variable is the ancillary service requirement. In most applications, this is 

the active power that has to imported from the grid (by charging the battery system) or exported to 

the grid (by discharging the battery system) at each discrete time step. The active power input variable 

may either be given directly (e.g. through an active power set point) or it may need to be calculated 

from another value (e.g. from the grid frequency and/or power of another generator or load). As a 

result, this value is commonly given in W, kW or MW, or (in case of grid frequency) in Hz. 
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Principle of a basic BESS simulation: state and input variables (Source: Author’s figure) 

2.6.2 Time-series simulation for BESS: input variable processing and output variable 

Furthermore, the input variable processing and output variable definition has to be carried out as 

shown in the orange path in the figure "Principle of a basic BESS simulation: input variable processing 

and output". 

The input variable is used during the input variable processing. This processing has to be in 

accordance with the grid code requirements for the specified ancillary service, e.g. by directly acting 

upon an external setpoint or by calculating an active power setpoint through the grid frequency and a 

P(f) droop. After calculating the setpoint, the simulation has to check whether the available energy is 

sufficient to export / import the corresponding active power or if that would lead to an impermissible 

available energy level below zero (deep discharge) or above the energy capacity of the BESS 

(overcharge). 

Following this calculation, the energy used for the actual active power export or import has to be 

subtracted or added from the available energy. This represents a discharging or charging of the battery 

system in the BESS. 

For the BESS in ancillary services, the key output variable is the actual active power output. In an 

optimum situation, this output power is equal to the requirement, i.e. the required active power for 

the ancillary service from the input variable. However, certain constraints may lead to the situation 

that the requirement cannot be fulfilled at some time steps, e.g. because the available energy is zero 

or full. The active power output variable is given in W, kW or MW. 
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Principle of a basic BESS simulation: input variable processing and output variable (Source: Author’s 
figure). 

2.7 Simulation environment and modelling 

Learning objectives: Upon completion of this page, you should be able to 

• distinguish the advantages and disadvantages of typical simulation environments, 

• state a common time span and step size for the simulation of BESS, and 

• describe the relevance of the time step size and simulation run time for the results. 

A computer modelling and simulation environment is required to create the BESS model and carry out 

the simulation. Multiple software environments are available for the time-series simulation of technical 

systems in general and BESS in particular. The four most common categories in the industry are listed 

below [8]. 

It should be noted that, except for the dedicated software, the simulation environment only provides 

the tools for the simulation. In order to run a simulation you will need to either create the BESS model 

in the simulation environment yourself, or obtain specific simulation models from research institutes 

or vendors. 
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Category Examples Advantages Disadvantages 

Spreadsheet 

programs 

• Microsoft Excel 

• LibreOffice Calc 

• Sometimes free 

• Basic functionalities 

known to most users 

• Limited model complexity 

• No distinction between 

model, input data, output 

data and visualisation 

Programming 

environments 

• Python 

• C++ 

• Sometimes free 

• Some functions 

included in open-

source libraries 

• High effort for model 

programming 

Simulation 

environments 

with model 

editor 

• MATLAB 

Simulink 

• Scilab Xcos 

• Sometimes free 

• Some functions 

included in libraries 

• Easy to set up 

• Expensive 

Dedicated 

software 

• HOMER • Easy to use 

• BESS models 

integrated into the 

simulation 

environment 

• Expensive 

• Usually more targeted 

towards bulk energy 

applications, not ancillary 

services 

• Models partially hidden in 

program 

 

2.7.1 Simulation configuration and input time-series 

Finally, a suitable simulation configuration needs to be selected. This includes the simulation time span 

and the simulation step size. 

A typical analysis interval for a BESS is a full year, because many environmental and commercial 

circumstances repeat (approximately) in this period. Sometimes, shorter simulation time spans are 

chosen because insufficient data is available, or because of a lack of computing power. In this case, it 

is useful to identify critical events in the grid and only carry out the simulation for these time spans. 

The common simulation step size of 15 minutes or one hour that is used for the time series simulation 

of BESS in the bulk energy market is too coarse to represent typical fast-reaction ancillary services 

products where BESS have an economical and technical advantage due to their fast reaction time. Step 

sizes of one or 10 seconds are more suitable to reflect the dynamic behaviour of BESS. 

Obviously, the simulation of the BESS is only feasible if input time-series are available in the desired 

step size and for the desired time span. These time series can often be obtained from the website of 

the grid operator, or through a request to the grid operator. Grid frequency time-series can also be 

recorded with a frequency measurement device from any electricity outlet in the corresponding grid. 
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2.8 Running the simulation 

Learning objectives: Upon completion of this page, you should be able to 

• name the parts of a basic simulation model in a LibreOffice Calc example model, and 

• distinguish between the static model configuration and the dynamic simulation. 

As a practical example for this online course, a LibreOffice Calc spreadsheet has been created. The main 

sheet of this spreadsheet is shown in the figure "BESS time-series simulation model spreadsheet: parts 

of the spreadsheet". This sheet shows the simulation of a BESS in Primary Frequency Response in the 

continental European ENTSO-E grid, also known as Frequency Containment Reserve (FCR). The 

frequency time-series for the input variable were obtained from the French transmission system 

operator RTE.  

From top to bottom, the sheet consists of: 

• the BESS base configuration, in this case a 10 MW / 2 MWh BESS (note that this is a demonstration 

example for this online course. This configuration is not compliant with the non-functional 

requirements for this ancillary service, and the high power-to-energy ratio would imply the need 

for special, more expensive lithium-ion batteries), 

• the ancillary services configuration, in this case the Primary Frequency Response P(f) droop, 

• the simulation configuration (including source reference for the input variables), and 

• the dynamic part for each time step, i.e. the actual simulation. 

It is useful to define conventions for the model. The sheet follows the formatting convention used for 

financial modelling. Specifically, manual input cells are shown in blue font and calculated values are 

shown in black [9]. For active power, positive values show an export of power to the grid (discharging) 

and negative values show an import of power from the grid (charging). 

 

BESS time-series simulation model spreadsheet: parts of the spreadsheet. (Source: Author’s figure) 

2.8.1 Running the simulation: step-wise simulation 

The actual simulation is shown in the figure "BESS time-series simulation model spreadsheet: dynamic 

part". It has one row for each time step, being 10 seconds in this case. At each time step, the following 

procedure is followed from left to right, similar to the general BESS simulation principle: 
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1. calculate step time from previous time step and step size, 

2. read grid frequency in Hz (put into sheet via copy & paste in this case), 

3. calculate deviation from nominal frequency 50.000 Hz in Hz, 

4. calculate required active power in W according to the linear P(f) droop (active power export for 

under frequency; active power import for over frequency), 

5. determine whether the active power can be delivered according to the current available energy, 

and 

6. further checks to ensure the ancillary service requirement is fulfilled and to determine the relative 

State of Charge remaining. 

 

BESS time-series simulation model spreadsheet: dynamic part. (Source: Author’s figure) 

2.9 Verification of the simulation results 

Learning objectives: Upon completion of this page, you should be able to 

• name the operational characteristics that are verified in the simulation results, 

• describe the verification of the simulation results, and 

• explain the iterative method used to readjust the BESS configuration. 

To review the results of the simulation, it is helpful to visualise the time-series behaviour of the BESS 

in a chart. The chart for the sample model is shown in the figure "Chart of time-series simulation for a 

10 MW / 2 MWh BESS in PFR ". The blue line in the graph shows the requirement for active power due 

to the grid frequency fluctuation. The red line shows the actual power delivered. The yellow line shows 

the corresponding relative state of charge, where 100% is full charged and 0% is fully discharged. 

For most of the time until second 3000 (i.e. minute 50), the BESS must export power due to an under-

frequency in the grid. As a result the battery system is discharged, and the available energy decreases. 

Around second 2400 (i.e. minute 40), the available energy reaches 0 (i.e. the state of charge reaches 

0%) and the BESS subsequently cannot export any more active power because the battery system is 

fully discharged. At this point it is unable to provide the required ancillary service. 



 

Dokument: 722_BESS_Ancillary_Services_EN  Page 30 of 63 
19/09/2019 

This only changes after second 3000 (i.e. minute 50) when there is an over-frequency. The BESS 

subsequently has to import active power, thus charging the battery system, and increasing the available 

energy. 

As a result, this base configuration of the BESS does not have enough energy capacity per installed 

power, and is not suitable for the desired ancillary service. A countermeasure is shown in the next 

screen page. 

 

Chart of time-series simulation for a 10 MW / 2 MWh BESS in PFR (Source: Author’s image) 

2.10 Carrying out a new iteration 

Learning objectives: Upon completion of this page, you should be able to 

• explain the iterative method to readjust the BESS configuration, and 

• name methods to compensate for an insufficient energy capacity of a BESS. 

In the last screen page, it was shown that 2 MWh of energy capacity would have been insufficient to 

provide the Primary Frequency Response in the grid contingency that occurred in the European grid on 

2019-01-10. The BESS would have been fully discharged during this event and unable to provide 

stabilisation of the grid frequency. 

There are various methods available to compensate for this lack of energy capacity: 

1. increase the energy capacity, 

2. decrease the nominal active power used for the ancillary service, 

3. implement a recharging / discharging strategy through energy trading, or 

4. implement a recharging / discharging strategy through a partner in a hybrid power plant or virtual 

power plant. 
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Due to the technical, commercial and regulatory complexities of recharging strategies, we will only 

discuss the option to increase the energy capacity in this course. To do so, the parameter "Energy 

capacity" in the simulation spreadsheet is adjusted to from 2 MWh to 5 MWh. 

The resulting behaviour of the BESS is shown in the figure "Chart of time-series simulation for a 10 MW 

/ 2 MWh BESS in PFR". We can see that the drop in the grid frequency still leads to a net reduction of 

the available energy. However, in the seconds 2400 - 3000 (minutes 40 to 50) that were critical in the 

2 MWh base configuration, the new battery system is not fully discharged, and the BESS can still provide 

the ancillary service satisfactorily. 

This iterative step of modifying the nominal power and the energy capacity of the BESS can be repeated 

in iterations. This can be done until a BESS configuration that fits into the project budget and fulfils the 

functional requirements for the ancillary service provision. 

 

Chart of time-series simulation for a 10 MW / 2 MWh BESS in PFR. (Source: Author’s figure) 

2.11 Common mistakes in modelling and simulation 

Learning objectives: Upon completion of this page, you should be able to 

• state three common mistakes when creating a model and simulation, and 

• describe ways to check for these mistakes. 

The numbers and diagrams showing the resulting behaviour of the BESS are often taken as a fact and 

not questioned. However, both the method that was described, and its execution, need to be evaluated 

carefully. Common mistakes that occur are listed below: 

• positive / negative sign flaws, i.e. mixing up export / import of active power and decreasing / 

increasing the available energy of the battery system, 

• mistakes in dimensions, e.g. calculating the active power in MW, but adding / removing energy in 

kWh, 

• mistakes in the step size and starting time between the model and the input time-series. 
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Each of these mistakes can result in a serious misjudgement of the BESS usage in ancillary services. It 

is therefore good practice to carry out the following steps for quality management during the model 

creation: 

• Define and write down conventions for units, signs and step size, 

• Use SI base units wherever possible, 

• Define and use test case scenarios, e.g.: 

• active power export should reduce the available energy, 

• it should not be possible to export active power when the available energy is 0, 

• it should not be possible to import active power in excess of the rated active power of the BESS. 

After carrying out the simulation, it is good practice to carry out the following steps for quality control: 

1. Verify active power by magnitude and sign from the charts. 

2. Compare aggregate energy throughput per year against plausible values or reference data from 

other sources. Common applications have 50 - 500 equivalent full cycles per year, with rare 

exceptions of down to 20 and up to 1000 equivalent full cycles per year [10]. 

2.12 Converting the simulation results to a BESS sizing 

Learning objectives: Upon completion of this page, you should be able to 

• describe the difference between the nominal characteristics and rated characteristics of a BESS, 

and 

• describe the difference between the rated characteristics of a BESS and the nominal characteristics 

of its components. 

The results of the simulation are the nominal active power and nominal energy capacity of the BESS 

at the point of connection (POC). These values are also called the "nameplate" ratings of the BESS. In 

order to fulfil all functional and non-functional requirements, additional oversizing of the active power 

and energy capacity is usually required. 

The conditions of this oversizing result in the rated characteristics of the BESS as shown in the figure 

"Oversizing conversion from nominal BESS characteristics to rated BESS characteristics". The figure 

shows a range of numbers for the oversizing. The most common oversizing requirement for Ancillary 

Service providers is redundancy, so as to ensure a reliable provision of ancillary services and additional 

active power for discharging and charging to maintain the long-term available energy [11]. The 

redundancy may be required either explicitly or implicitly through a very high availability requirement 

(e.g. 95% or 100%) [12][13][14]. 

The actual requirements have to be identified from the requirements of the project described earlier, 

e.g. the grid code. If the precise numbers cannot be provided, it is also feasible to generate three 

different sizings using a best case (no oversizing), base case (average oversizing) and worst case 

(maximum oversizing) scenario, to understand if the BESS would be feasible under any conditions. 

Finally, the rated characteristics of the BESS have to be compared once again to the functional 

requirements for ancillary service providers. At this stage, it is especially important to verify that the 

BESS complies with the requirements for power-to-energy ratio, if these have been set out in the grid 

code. For the example earlier used, the requirement for primary frequency response providers in the 

European ENTSO-E grid is to have an energy capacity between 15 and 30 minutes in each direction 
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[15]. Therefore, depending on the national grid code, the 10 MW / 5MWh BESS might be compliant 

with the non-functional requirements. 

 
Oversizing conversion from nominal BESS characteristics to rated BESS characteristics. (Source: Author’s 

figure) 

2.12.1 Oversizing at later project stages 

It is important to bear in mind that the rated BESS characteristics are not identical to the nominal 

characteristics of its subsystems, which can commonly be found on the datasheets of power 

conversion subsystems (e.g. inverter nameplate power) and battery systems (e.g. battery module 

nameplate capacity). 

The nominal characteristics of the BESS subsystems are commonly not identified during the pre-

feasibility stage because they require detailed information about the particular characteristics of the 

power conversion subsystem and the battery system type. These are commonly not set during the pre-

feasibility study. 

These oversizing factors are shown in the figure "Oversizing conversion from nominal BESS 

characteristics to nominal characteristics of the subsystems". It can be seen that the nominal 

characteristics of the BESS subsystems are higher than the rated characteristics of the BESS. Therefore, 

using cost assumptions on the subsystem level to calculate costs for the BESS on the system level will 

inevitably lead to an underestimation of the BESS CapEx. 

As a result, when talking about BESS active power and energy capacity, it is important to specify the 

reference frame, i.e.: 

1. BESS nominal values, 

2. BESS rated values, or 

3. nominal values of the BESS subsystems. 
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Oversizing conversion from rated BESS characteristics to nominal characteristics of the subsystems. 
(Source: Author’s image) 

2.13 Common mistakes in BESS sizing 

Learning objectives: Upon completion of this page, you should be able to 

• state three common mistakes and countermeasures when sizing the BESS, and 

• name countermeasures for each of these mistakes. 

It is important to keep in mind that the modelling and simulation of the BESS is only one part of the 

pre-feasibility study. It does not show all potential risks and possible mistakes that can occur during the 

pre-feasibility analysis of a BESS for ancillary services. The most common mistakes outside of the 

modelling and simulation are shown in the table. 

Mistake in sizing Potential consequence Countermeasures 

Non-functional requirements 

are not considered. 

• Use of BESS in the desired 

ancillary service or desired 

area might be 

impermissible. 

• BESS might require an 

oversizing in active power 

or energy capacity beyond 

what is required in the 

simulation. 

• Identify all applicable codes 

and standards, e.g. through 

web research, direct contact 

with responsible authorities, 

and/or stakeholder 

workshops. 

Sizing determined during the 

pre-feasibility study is used as 

a final result for tendering of 

the BESS. 

• Additional cost due to 

oversized active power or 

energy capacity. 

• Unsuitability of the BESS 

due to insufficient active 

power or energy capacity. 

• Clearly state the accuracy of 

the current sizing stage in 

the reports. 

• Improve the sizing accuracy 

in the following project 

stages. 
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Mistake in sizing Potential consequence Countermeasures 

Nameplate ratings of the BESS 

subsystems are assumed to be 

identical to the rated 

characteristics of the BESS. 

• Significant cost increase 

during the project lifetime 

because capital 

expenditure for the 

oversizing is not taken into 

account in the assessment 

of the BESS economics. 

• Consider required oversizing 

for the conversion between 

nameplate ratings of the 

subsystems and rated 

characteristics of the BESS. 
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3 Chapter 3: BESS economics in ancillary services 

3.1 BESS capital expenditure for ancillary services 

Learning objectives: Upon completion of this page, you should be able to 

• name the major capital expenditure (CapEx) components of a BESS, with typical figures, and 

• describe some major influences on the BESS CapEx. 

Typical figures for lithium-ion based BESS capital expenditures (CapEx) are given in the table below 

[1][2][3]. Note that for the pre-feasibility phase, these are typically top-down figures. A bottom-up 

calculation of CapEx (along with operational expenditures, or OpEx) is only carried out from the 

feasibility stage onwards, once the specific equipment is identified by type and technology [5]. 

Item Typical CapEx for Li-Ion 

Capital expenditure: rated BESS energy capacity 

(including balance of plant and project costs) 

350 - 450 USD/kWh 

Capital expenditure: rated BESS active power 

(including balance of plant and project costs) 

80 - 120 USD/kW 

 

These figures are typical estimates for a BESS being installed in 2019. Estimates for the CapEx reduction 

potential range between 5% and 20% each year compared to the reference year [4], [5], [6]. 

It should be noted that the historical price reduction in BESS CapEx has not been linear [7]. This is 

because the advancements in material and production technology is only one factor that plays into the 

overall price. Oversupply or shortages of equipment, and price hikes of raw materials, e.g. cobalt for 

lithium-ion-batteries, can also cause temporary fluctuations in price [8]. 

3.2 BESS operational expenditure 

Learning objectives: Upon completion of this page, you should be able to 

• name major operational expenditure (OpEx) components of a BESS and typical figures, 

• list three different methodologies to account for the charging costs of the BESS. 

Typical figures for BESS OpEx of a lithum-ion BESS are given in the table below [9], [10]. 

Item Typical OpEx 

Operational expenditure: general, e.g. typically including 

maintenance, repairs, insurance, site lease, auxiliary power 

consumption, marketing of ancillary service offering, battery 

performance warranty. 

3% - 7% of CapEx p.a. 

Operational expenditure: charging costs (including taxes and 

levies) 

Project specific 

 

There are three different methods to consider the operational expenditure for charging costs. Since 

the electricity for a stand-alone BESS in ancillary services is commonly drawn from the electricity grid, 
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the selection of the appropriate method for any given project depends on the metering and billing 

framework for the grid where the BESS is installed. The three methods are as follows: 

1. Do not consider charging costs, e.g. when the BESS is considered an asset for transmission and 

distribution (T&D) and its losses and auxiliary consumption are covered together with the general 

T&D losses, e.g. transformer losses. 

2. Only consider costs for losses and auxiliary consumption. In this case, the easiest approach is to 

multiply the aggregated yearly energy throughput with the average yearly losses and the average 

electricity price. 

3. Fully consider charging costs. In this case revenues are typically generated when the BESS is 

discharged again. If the electricity price is variable, its overall influence may be very difficult to 

assess with the simple BESS model used in this online course. 

3.3 Levelised cost of storage: calculation 

Learning objectives: Upon completion of this page, you should be able to 

• describe the concept of LCOS, 

• calculate LCOS for a sample BESS, and 

• explain the inadequacy of LCOS as the sole performance indicator for a project. 

The figures for the CapEx and OpEx of the BESS do not yet give a base to compare the economics of a 

BESS for ancillary services with other ancillary service providers. This is due to the following reasons: 

• The lifetime of the BESS is not considered. 

• The time value of money is not considered. 

• Decommissioning and waste management costs are not considered. 

The principal method used to overcome these issues is the calculation of the levelised cost of storage 

(LCOS). This methodology is very similar to the calculation of levelised cost of electricity (LCOE) in 

renewable and conventional generators [11]. 

For the calculation, the discounted cost of the BESS is divided by the discounted value of the BESS 

energy output over its lifetime. The formula for the calculated of LCOE is as follows: 

𝐿𝐶𝑂𝑆 =
∑(𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑡 + 𝑂&𝑀𝑡 + 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑡 + 𝐷𝑡) ∗  (1 + 𝑟)−𝑡

∑ 𝑀𝑊ℎ𝑡 (1 + 𝑟)−𝑡
 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑡 Capital costs in year t  

𝑂&𝑀𝑡  Operation and maintenance costs in year t, excluding fuel and possible carbon tax  

𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑡 Charging costs of BESS in year t 

𝐷𝑡  Decommissioning and waste management costs in year t  

𝑀𝑊ℎ𝑡  The amount of electricity generated in MWh in year t  

(1 + 𝑟)−𝑡 The discount factor for year t, r being the discount rate  

 

Certain parts of the equation are subject to project-specific conventions. Subsequently, a common 

convention should be used when comparing different LCOS: 
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• Whether the energy output in the denominator is discounted or not. 

• In which year the CapEx are incurred. Due to the construction time of BESS of less than one 

year, the CapEx are often taken into account in the year 0 without discounting. 

This number can be compared to the cost of other ancillary service providers. However, we should keep 

in mind the following caveats regarding reliance on LCOS for BESS in ancillary services [12]: 

• BESS do not generate electricity, i.e. it is usually necessary to consider the cost of charging or 

generation to obtain a full picture when comparing the LCOS to other ancillary service providers 

that do generate electricity. 

• The value of ancillary services is not proportional to the energy throughput. Subsequently, many 

of the short-term ancillary services products and markets that are attractive for BESS are 

reimbursed on a capacity basis, i.e. for keeping the service available for a certain period. 

A pragmatic approach to this problem is to relate the cost of the BESS service to the timespan of the 

ancillary service provision. This method is explained later in the course. 

3.3.1 Levelised cost of storage: example 

For the 10 MW / 5 MWh sample BESS using the numbers established earlier in this online course, the 

LCOS is calculated below. The following assumptions are used: 

Parameter Value 

Power oversizing ratio 

(rated active power of BESS : nominal active power of BESS) 

1.25 : 1 

(+25% oversizing) 

Energy capacity oversizing ratio 

(rated energy capacity of BESS : nominal energy capacity of BESS) 

1.2 : 1 

(+20% oversizing) 

Active power CapEx Capitalt,1 100 USD/kW 

Energy capacity CapEx Capitalt,2 400 USD/kWh 

CapEx occurrence Year 0 

Decommissioning costs Dt Not considered 

Project lifetime n 10 years 

Discount rate r 8% p.a. 

General OpEx O&Mt 5% of initial CapEx p.a. 

Electricity costs for charging and/or losses Not considered 

Energy throughput 300 equivalent full cycles 

p.a. 
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𝐿𝐶𝑂𝑆 = 

10,000 𝑘𝑊 ∗ 1.25 ∗ 100
𝑈𝑆𝐷
𝑘𝑊

+ 5,000 𝑘𝑊ℎ ∗ 1.2 ∗ 400
𝑈𝑆𝐷
𝑘𝑊ℎ

+ ∑ (0.05 ∗ 𝐶𝑎𝑝𝐸𝑥) ∗ (1 + 0.08)𝑡𝑡=10 𝑎
𝑡=1 𝑎

∑ (300
𝑐𝑦𝑐𝑙𝑒𝑠

𝑎 ) ∗ 5,000 𝑘𝑊ℎ ∗ (1 + 0.08)−𝑡𝑡=10 𝑎
𝑡=1 𝑎

 

 

=
3,668,500 𝑈𝑆𝐷 + 1,329,260 𝑈𝑆𝐷

10,870,332 𝑘𝑊ℎ
 

 

= 0.46 
𝑈𝑆𝐷

𝑘𝑊ℎ
 

3.4 Levelised cost of capacity: calculation and example 

Learning objectives: Upon completion of this page, you should be able to 

• explain the concept of levelised cost of capacity (LCOC), 

• give a typical range for LCOC numbers, and 

• calculate the LCOC for a sample BESS. 

As explained in the previous screen page, there are drawbacks to using levelised cost of storage (LCOS) 

as a reference frame to compare ancillary service provision by BESS with other alternatives. 

The value of ancillary service with high accuracy and reaction time requirements is usually paid based 

on active power, i.e. similar to capacity payments. Thus calculating the levelised cost of capacity (LCOC), 

also called the levelised annual cost, gives a better insight on the economics of BESS in ancillary services 

[13][14]. For LCOC, the discounted cost of the BESS is divided by the discounted value of the capacity 

provided during the BESS lifetime. Levelised cost of capacity should not be confused with Levelised cost 

of power (which is often used as an alternative term for levelised cost of electricity (LCOE), e.g. in 

USD/kWh) or levelised cost of curtailment (which is also, confusingly, abbreviated LCOC). 

This capacity provided is usually expressed in MW-h, MW-days, MW-weeks or MW-years. It should not 

be confused with the continuous provision of power over the time period. The actual energy provided 

is usually a small fraction of the capacity. 

𝐿𝐶𝑂𝐶 =
∑(𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑡 + 𝑂&𝑀𝑡 +  𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑡 + 𝐷𝑡) ∗  (1 + 𝑟)−𝑡

∑ 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑃𝑜𝑤𝑒𝑟𝑡 (1 + 𝑟)−𝑡
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For a sample system using the assumptions provided earlier in this online course, the LCOC would be 

as follows: 

𝐿𝐶𝑂𝐶 = 

10,000 𝑘𝑊 ∗ 1,25 ∗ 100
𝑈𝑆𝐷
𝑘𝑊ℎ

+ 5,000 𝑘𝑊ℎ ∗ 1.2 ∗ 400
𝑈𝑆𝐷
𝑘𝑊ℎ

+ ∑ (0.05 ∗ 𝐶𝑎𝑝𝐸𝑥)(1 + 0.08)−𝑡𝑡=10 𝑎
𝑡=1 𝑎

∑ (10
𝑀𝑊

𝑎
) ∗ (1 + 0.08)−𝑡𝑡=10 𝑎

𝑡=1 𝑎

 

 

=
3.668,500 𝑈𝑆𝐷 + 1,329,260 𝑈𝑆𝐷

72,469 𝑘𝑊 − 𝑦𝑒𝑎𝑟𝑠
 

 

= 69 
𝑈𝑆𝐷

𝑘𝑊 − 𝑦𝑒𝑎𝑟
 

This number can either be compared to the LCOC of other ancillary service providers, or to ancillary 

service market prices or tariffs. The typical LCOC of BESS is in the range of 50 USD/kW-year to 400 

USD/kW-year [15], [16]. 

LCOS and LCOC as metrics for the economic performance of the BESS in an ancillary service are helpful 

in gaining a first insight in the general viability of a project. However, just as with the levelised cost of 

electricity (LCOE) in electricity generation, they do not immediately represent the benefit or revenue 

that is delivered by the BESS usage in the ancillary service. 

 

3.5 Evaluation of business cases 

Learning objectives: Upon completion of this page, you should be able to 

• compare sample LCOC with typical numbers for remuneration in ancillary services markets, 

• name alternative sources for data to compare against the BESS LCOC, and 

• list limitations of each method. 

In some liberalised electricity markets, separate markets for ancillary services exist. If this is the case, 

the use of the BESS may be viable for any party that is able to participate in that market. Many ancillary 

service market operators in liberalised electricity markets provide public data on relevant market 

numbers. On this basis, a quick insight into the general economic viability of the BESS through the LCOC 

is possible. 

As an example, the LCOC identified for the sample BESS would translate into approximately 

1194 EUR / MW-week: 

68 
𝑈𝑆𝐷

𝑘𝑊 − 𝑦𝑒𝑎𝑟
∗ 0.90 

𝐸𝑈𝑅

𝑈𝑆𝐷
∗

1 𝑦𝑒𝑎𝑟

52 𝑤𝑒𝑒𝑘𝑠
∗

1000 𝑘𝑊

1 𝑀𝑊
= 1194

𝐸𝑈𝑅

𝑀𝑊 − 𝑤𝑒𝑒𝑘
 

This cost can be compared with potential revenues or savings resulting from the availability of the BESS. 

For example, the result for primary frequency response in Germany between March and May 2019 was 

[17]: 

• minimum 800 EUR / MW-week, 
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• average 1300 EUR / MW-week, 

• maximum 2050 EUR / MW-week. 

Since the potential revenue is higher than the preliminary LCOC, it is feasible that a BESS could be 

economically viable in this market. Care should be taken, of course, since this data only shows the 

historic development of revenues and cannot provide completely reliable indications regarding future 

developments. 

In certain electricity grids, no ancillary service markets may exist. Here the potential economic 

advantage of the BESS can only be exploited by the party responsible for the provision of the ancillary 

service, e.g. the single seller or the grid operator. In this case, it may be hard or impossible for third 

parties to provide ancillary services with remuneration. Possible approaches to the evaluation of BESS 

viability include obtaining the current cost of provision from the single seller or grid operator, or using 

generic data for the service [18]. Using generic data has the disadvantage that it may be based on 

assumptions or circumstances quite different than the reality in the target grid. 

If the BESS usage is found to be attractive in either of the two cases, a more detailed analysis is required 

because of the inaccuracy inherent during this early preliminary sizing. 

 

3.6 Common mistakes in calculating the economics of BESS  

Learning objectives: Upon completion of this page, you should be able to 

• explain four common mistakes in the calculation of economics for BESS in ancillary services, and 

their consequence, 

• describe five specific fallacies regarding BESS CapEx, and their countermeasures. 

When calculating the economic performance of BESS in ancillary services, there are some mistakes 

commonly made during the evaluation. Three common examples and their consequence are listed in 

the table below. 

Mistake Consequence Countermeasure 

Not all CapEx or OpEx are 

considered. 

Economic performance is 

revealed to be worse in 

the later detailed analysis. 

Leave a safety margin for 

contingencies. 

Comparing LCOS and LCOC 

figures with other ancillary 

service providers under 

different assumptions. 

Economic performance is 

not comparable. 

Agree on technology-agnostic 

conventions, e.g. regarding cost of 

electricity, cost of capital, discount 

rates etc. 

Project lifetime is assumed to 

be too long. 

Economic performance is 

worse in the later detailed 

analysis. 

Consider 10 years as realistic BESS 

lifetime unless there is a specific 

battery performance warranty offer 

that covers a longer period. 
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3.6.1 Common BESS CapEx fallacies and sensible assumptions 

The "true cost of energy storage" is a controversial discussion during any stage of a BESS project. The 

causes of potential differences in assumptions and the conclusions taken for the discussion of this 

course are shown in the table. 

Cause Countermeasures 

Lack of distinction between price for cells, 

modules, packs, battery system and BESS. 

• Calculation of price based on BESS level as 

measured at point of connection. 

• Distinguish between CapEx for energy capacity 

(e.g. USD/kWh) and CapEx for active power 

(e.g. USD/kW). 

Lack of consideration for balance of plant. Include an estimate for the balance of plant, e.g. 

grid connection costs, connection switchgears, 

civil works and permitting costs. 

Lack of consideration for project costs. Include project development costs, EPC margin, 

and decommissioning and recycling costs. 

Lack of distinction between nominal BESS 

characteristics, rated BESS characteristics and 

nominal characteristics of the BESS 

subsystems. 

Use rated BESS characteristics at point of 

connection as a calculation base. 

Battery technologies for specialty applications, 

e.g. high cycling, high power-to-energy ratio, 

or extreme ambient conditions are 

substantially more expensive.  

Use price reference for standard batteries, e.g. 

automotive-grade lithium-ion batteries: 

• 10 years lifetime 

• 3000 cycle warranty 

• Power-to-energy ratio of 1:1 or lower 

• operation at normal room conditions. 

[19][20][21] 

 

 

3.7 Business case improvement: CapEx reduction 

Learning objectives: Upon completion of this page, you should be able to 

• name five methods to reduce CapEx of a BESS, including their effect and limitations, and 

• name five further methods to improve the business case of a BESS in ancillary services. 

After the sizing and first economic evaluation, the practical impact of many technical and economic 

influence factors on the BESS performance are more easily understood. Subsequently, several 

approaches to improve the techno-economic performance come to mind. The most practical ones, 

with their impacts and their limitations, are explained in the following table. 



 

Dokument: 722_BESS_Ancillary_Services_EN  Page 43 of 63 
19/09/2019 

Improvement Effect Limitation 

Reduction of CapEx through 

cost reduction of equipment. 

Reduced total CapEx (e.g. 

USD) 

• Cost decrease potential is limited. 

• Competitors using BESS have the 

same advantage. 

Reduction of CapEx through 

downsizing of the BESS. 

Reduced total CapEx (e.g. 

USD) 

• Costs do not scale totally linearly, 

especially below approx. 10 MW -> 

relative CapEx increase (e.g. 

USD/kWh installed or USD/kW 

installed). 

• Lower boundaries for the 

permissible size of ancillary service 

providers. 

Reduction of CapEx through 

economy of scale of larger 

BESS. 

Reduced specific CapEx 

(e.g. USD/kWh installed, 

or USD/kW installed) 

Larger BESS may be unviable due to: 

• Project budget. 

• Upper limit on permissible 

ancillary service provider size at 

one point of connection. 

• Market cannibalisation in case of 

excess liquidity in the ancillary 

services market. 

Use of cheaper "upcoming" 

technologies. 

Reduced specific CapEx 

(e.g. USD/kWh installed, 

or USD/kW installed) 

• Indicative offers given by suppliers 

during early stages may not include 

all cost components, e.g. 

accessories, installation or 

warranties. 

• Equipment without a proven track 

record may fail during the technical 

due diligence of the project. 

Avoiding redundancies by 

integrating the BESS into a 

virtual power plant (VPP). 

Reduced CapEx. 

Oversizing factor between 

rated and nominal BESS 

characteristics is smaller 

or 1.  

VPP operators (aggregators) charge a 

fee for their service -> decreased 

revenue. 
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3.7.1 Business case improvement: other methods 

Apart from the reduction of the BESS CapEx, there are other methods to improve the BESS economics. 

A number of common methods, with their effects and their limitations, are listed below. 

Improvement Effect Limitation 

Generate additional 

revenues through provision 

of other services from the 

BESS ("value stacking"). 

Increased revenue. • Ancillary services codes often 

require that the active power of a 

provider may only be used for the 

ancillary service during the 

provision period. 

• Additional usage accelerates the 

degradation of the battery system. 

Increase BESS lifetime and 

efficiency through optimised 

dispatching of the individual 

BESS units. 

• More total revenue 

through longer 

project lifetime. 

• Decreased OpEx for 

losses. 

Additional CapEx for the development 

and tuning of the optimised dispatcher. 

Decrease OpEx for auxiliary 

consumption through 

optimised auxiliary 

subsystems, e.g. heat pumps 

instead of electric heaters. 

Reduced OpEx. • Increased CapEx. 

• Reduced OpEx for auxiliaries are a 

benefit for the operator, but an 

additional CapEx for the contractor. 

Suitable contract that incentivises 

this is required. 

• Additional engineering efforts. 

Extend project lifetime by 

using more durable 

equipment. 

More total revenue 

through longer project 

lifetime 

• Durable equipment and their 

warranties may be substantially 

more expensive. 

• Revenues in later years has smaller 

impact on profitability due to the 

discounting. 

Instead of oversizing the 

battery system for ageing, 

install additional energy 

capacity later. 

• Part of the CapEx 

occurs at a later time - 

cost can be 

discounted. 

• Battery prices are 

expected to decrease. 

• Added effort for integrating new 

technologies in a running BESS 

based on older technologies. 

• Uncertainty about the future 

development of battery prices. 

• Effect can only be shown in a more 

detailed financial model. 

 

3.8 Chapter endnotes 
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4  Chapter 4: BESS performance 

4.1 BESS standards  

Learning objectives: Upon completion of this page, you should be able to 

• list reasons why industry standards are preferred to custom specifications, 

• list standards for the BESS and for its subsystems, and 

• list safety standards and performance standards. 

After defining the rated BESS characteristics at the point of connection, it is advisable to identify how 

these characteristics will be checked in the future real-world system. For this purpose, industry 

standards are commonly used. The advantages of using industry standards instead of custom 

specifications stem from the following reasons: 

• Industry standards are developed by a consortium of manufacturers, users and test institutes. They 

are accepted as an equilibrium that considers the interests of all parties. 

• The use of harmonised standards makes both products and tenders more attractive to the market 

because sellers and buyers do not need to carry out individual tests for each project. 

• International standards simplify the use (and trade) of products and standards across borders. 

Nowadays, dozens of standards exist for BESS and their subsystems. It is therefore important to first 

identify the standards that are relevant to measure the rated characteristics of the BESS at the point of 

connection. To do so, the relevant performance standards have to be separated from others, and from 

the safety standards, that will only become relevant during later stages of the project. The relevant pre-

feasibility standards are marked in red in the figure "Performance and safety standards for BESS in 

ancillary services and for their subsystems". 
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Performance and safety standards for BESS in ancillary services and for their subsystems. (Source: 
Author’s figure) 

4.2 BESS performance evaluation and standards 

Learning objectives: Upon completion of this page, you should be able to 

• identify the relevant performance characteristics, 

• describe practical methods to measure the performance characteristics of the BESS, and 

• state some IEC performance standards applicable to the characteristics and testing. 

The main performance characteristics of the BESS at the point of connection are its rated 

characteristics, namely: 

• rated active power, and 

• rated energy capacity. 

They are commonly measured at the point of connection through suitable measurement devices, 

which can either be specialised measurement devices only used for testing (e.g. power analysers), or 

devices that are permanently installed for supervision (e.g. electricity meters, power monitors or 

protection devices with data interfaces). When measuring the performance of the BESS, it is important 

to consider the accuracy of the measurement device itself, along with its voltage and current 

transformers. 
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In addition to the rated characteristics, several performance characteristics related to the quality of the 

ancillary service can be named. These are usually listed in the grid codes that define the ancillary 

service. Common requirements are listed below [1]. 

Characteristic Typical values 

Step response time, i.e. reaction speed to a given input variable, for 

example to a change in grid frequency or an active power set point. 

100 ms - 5 s 

Quasi-static accuracy of the active power import and export. 2% - 5% of nominal 

power 

These can be tested in accordance with IEC 62933-2-1 [2]. 

Furthermore, meta-performance characteristics are often included in the grid code. These are listed 

below. 

Meta-performance characteristic Typical values 

Inaccuracy of ancillary service provision. 5% - 10% of nominal 

power 

Duration over which the ancillary service has to be provided without 

external intervention. 

15 minutes - 4 hours 

Reliability of the service provision. 99% - 100% 

Average round-trip efficiency during normal operation. 50 - 80% 

 

4.3 Outlook for sizing methodology 

Learning objectives: Upon completion of this page, you should be able to 

• Describe three next steps for a more detailed modelling and simulation steps that can be taken to 

increase the accuracy of the sizing, 

• Name the advantages and disadvantages of these next steps. 

For the future feasibility study, which is not part of the current online course, a draft BESS design will 

be developed. The advantage of this design is that it will allow to size the BESS with a higher accuracy 

and model its characteristics like losses better. To do so, the following properties are commonly 

included in the feasibility study [3]: 

• Conversion between rated BESS characteristics and characteristics of the power conversion 

subsystem and the battery system 

• Calculation of the CapEx and OpEx on a bottom-up component-based methodology 

• Losses and auxiliary consumption 

• Detailed considerations for the loss of energy  

The main disadvantage of conducting this more advanced modelling is that it is labour-intensive. 

Furthermore, it requires detailed information about the subsystem's characteristics and thereby is less 

technology agnostic. 
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Feasibility study content. (Source: RENAC) 

 

4.4 Outlook for BESS economics 

Learning objectives: Upon completion of this page, you should be able to 

• identify how the parameters obtained from BESS sizing can be used in financial modelling, and  

• name some economic evaluation parameters that are analysed during the financial modelling, but 

not during the LCOS/LCOC calculation. 

LCOS and LCOC as metrics for the economic performance of the BESS in an ancillary service are helpful 

to gain a first insight in the general viability. However, just as LCOE, they do not immediately represent 

the benefit or revenue that is generated through the BESS usage in the ancillary service. 

For a definitive statement about the economic viability, a financial modelling (FM) has to be carried out 

[4]. The method for this financial modelling is similar to the financial modelling for renewable 

generators or any other investment. As a result, any expert in financial modelling of investments can 

carry out a financial modelling of the BESS as long as he/she is supplied with the following data (or able 

to identify them by himself/herself): 

• BESS CapEx, 

• annual values for BESS OpEx including generic O&M, charging costs,  

• annual values for BESS operation revenue (or market conditions and nominal power of the BESS) 

or benefits through saved costs for other ancillary service providers, 

• decommissioning and disposal costs. 

With this data, the financial model is also able to represent the detailed economic properties, e.g.: 

• cost of equity and debt, 

Characteristics: 
BESS - power 

system -
battery system

CapEx and 
OpEx -

component-
based

Losses and 
auxiliary 

consumption
Loss of energy 
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• cost for equipment warranties (including the battery performance warranty for the ageing of the 

battery system), 

• costs for BESS marketing (e.g. virtual power plant aggregator fees, bidding, bookkeeping), 

• subsidies, investment tax credits (ITC) and similar, 

• end-of-life costs and residual value, 

• escalation of OpEx, 

• loss of revenue due to scheduled unavailability (e.g. maintenance and repair) and unscheduled 

unavailability (e.g. complete or partial outage of a component), 

• penalty payments or payment for the activation of back-up reserves in the case of an unscheduled 

unavailability, 

• project risks through sensitivity or probabilistic analysis. 

Even though it would be possible to include these in the LCOS and LCOC, this is often not done because 

these metrics are intended for the detailed economic and financial analysis. 

 

Financial modelling of a BESS. (Source: RENAC) 
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4.5 Chapter endnotes 

[1] Sternkopf and Pesnel, 2019, p. 12 

[2] IEC 62933-2-1, 2017 

[3] Baxter, 2016, p. 54 ff 

[4] Christensen and Dysert, 2005 
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5 Last chapter: Summary of the course 

5.1 Summary 

Learning objectives: Upon completion of this page, you should be able to 

• list the steps required to carry out the first sizing of a BESS, 

• name the parameters of the BESS configuration that are identified during the first sizing in the pre-

feasibility phase of the project, 

• state which conclusions can be drawn from the first sizing. 

During this online course, the following steps toward a pre-feasibility study of a BESS in ancillary 

services have been carried out: 

1. identification and first assessment of the requirements for the BESS, 

2. iterative sizing of the nominal BESS characteristics through modelling and simulation of its 

operational behaviour, 

3. sizing of the BESS rated characteristics, 

4. calculation and evaluation of the indicators for the economic performance of the BESS. 

During the course of these steps, the following BESS characteristics were discussed: 

• nominal and rated active power of the BESS at the point of connection, 

• nominal and rated energy capacity of the BESS at the point of connection, 

• levelised cost of storage and levelised cost of capacity. 

As a result, a first preliminary assessment of the general viability of the BESS in the ancillary service can 

be undertaken. Based on this assessment, it is possible to decide whether a more detailed assessment 

of the BESS viability through a more thorough feasibility study is warranted. 

 

Steps toward a pre-feasibility study of a BESS in ancillary services. (Source: RENAC) 
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7 Additional glossary terms 

term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

availability  the state of an item of being able 

to perform its required function 

Note 1: Usually expressed through 

a statistical measure to determine 

the ratio between the time a 

system (BESS) is actually fully 

operational vs. the time that the 

system should be fully operational. 

Note 2: the formula for the 

calculation of the availability is 

subject to bilateral agreements 

regarding the items considered, 

e.g. partial availability at a 

moment or scheduled 

unavailability. 

IEC 60050: 603-05-04 

http://www.electropedia.org 

battery 

energy 

storage 

system 

BESS electrical energy storage system 

with accumulation subsystem 

based on batteries 

IEC 62933-5-2 draft 

calendric 

battery 

ageing 

 Decrease of the battery system 

performance (e.g. loss of energy 

capacity) that occurs regardless if 

the battery system is used or not. 

I.e., calendric battery ageing also 

occurs when the BESS is idle. 

 

cyclic battery 

ageing 

 Decrease of the battery system 

performance (e.g. loss of energy 

capacity) that is caused by wear 

and tear through cycling of the 

battery system, i.e. by charging 

and discharging it. 

 

damping (of 

a generator) 

 Additional winding circuitry in a 

conventional generator in order to 

avoid oscillations. 

IEC 60050: 411-37-14 

http://www.electropedia.org 
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term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

dead time (of 

a generator) 

 Time delay between sending a set 

point to a generator and the 

detection of the first response of 

that generator. 

IEC 60050: 351-50-30 

http://www.electropedia.org 

discounting  Discounting is the process of 

determining the present value of a 

payment or a stream of payments 

that is to be received in the future. 

Given the time value of money, a 

dollar is worth more today than it 

would be worth tomorrow. 

Discounting is the primary factor 

used in pricing a stream of 

tomorrow's cash flows. 

https://www.investopedia.co

m/ 

terms/d/discounting.asp 

export power 

of a BESS 

(none) for a given system, power 

transferred from that system to an 

external system; 

here: injecting electrical active 

power to the grid, usually by 

discharging the battery system 

IEC 60050: 113-03-54 

http://www.electropedia.org 

N.B.: For the given online 

course, the term "export" is 

used instead of the more 

common term "output". This 

is done in order to avoid 

confusion between "active 

power output" and "output 

variable active power". 

import 

power of a 

BESS 

(none) for a given system, power 

transferred to that system from an 

external system; 

here: absorbing electrical active 

power from the grid, usually by 

charging the battery system 

IEC 60050: 113-03-53 

http://www.electropedia.org 

N.B.: For the given online 

course, the term "import" is 

used instead of the more 

common term "input". This is 

done in order to avoid 

confusion between "active 

power input" and "input 

variable active power". 
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term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

levelised cost 

of capacity 

LCOC The levelised cost of capacity is the 

$/kW-yr. revenue per kW of 

discharge capacity needed to 

cover all life-cycle fixed and 

variable costs and provide the 

target rate of return based on 

financing assumptions and 

ownership types. 

N.B.: Sometimes also called 

"levelised annual costs" 

N.B.: the LCOC can also be 

expressed in other dimensions 

using similar units, e.g. EUR/MW-

week or GBP/MW-h 

Akhil et al., 2016, p. B-11 

levelised cost 

of electricity 

LCOE The LCOE is the $/MWh revenue 

for delivered energy needed to 

cover all life-cycle fixed and 

variable costs, and provide the 

target rate of return based on 

financing assumptions and 

ownership types. This metric is 

primarily of interest for energy 

resources such as renewables or 

baseload fossil generation. 

Akhil et al., 2016, p. B-11 

levelised cost 

of storage 

LCOS [...] the Levelized Cost of Storage 

(LCOS) is calculated [...] analog to 

the LCOE [...], but uses charging 

cost as fuel cost and takes the 

discharged electricity instead of 

generated electricity. 

Belderbos et al., 2016 
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term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

leverage 

effect 

 Effect like a mechanical lever 

where a small quantity of 

something (e.g. a small weight) is 

able to displace a larger quantity of 

something (e.g. a larger weight). In 

the context of BESS for ancillary 

service: a small amount of BESS is 

able to replace a much larger 

amount of conventional 

generation for the delivery of 

ancillary services. 

 

market 

cannibalizati

on 

 In marketing strategy, 

cannibalization refers to a 

reduction in sales volume, sales 

revenue, or market share of one 

product as a result of the 

introduction of a new product by 

the same producer. 

Note: For BESS this refers to the 

fact that due to the CapEx 

decrease in BESS, newer BESS can 

offer a BESS service at a lower 

price than older BESS and still be 

profitable. Therefore, the older 

BESS either has to decrease the 

price of its service or lose market 

shares to the newer BESS. Both 

result in reduced profits of the old 

BESS. 

https://en.wikipedia.org/wiki/

Cannibalization_(marketing) 

must-run 

capacity 

 Conventional generators that are 

left running not because their 

energy is needed, but because an 

ancillary service is needed and the 

conventional generators cannot 

deliver this ancillary service alone, 

but need to run at a base load. 
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term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

nameplate 

value 

 see "nominal value"  

nominal 

value 

nom value of a quantity used to 

designate and identify a 

component, device, equipment, or 

system 

also see: rated value 

Note: this is often also called the 

"nameplate value" because this 

value is commonly shown on the 

nameplate sign of any technical 

system. 

IEC 60050: 151-16-09 

http://www.electropedia.org 

oversizing of 

a BESS 

 Method to install more rated 

active power and rated energy 

capacity than what is nominally 

needed for the ancillary service. 

Used to ensure that the nominal 

active power and nominal energy 

capacity can always be delivered at 

the BESS point of connection, even 

when considering losses, 

equipment failure, auxiliary 

consumption etc. 

 

power 

conversion 

subsystem 

PCS EESS subsystem in which energy is 

converted from the available form 

at the output of the accumulation 

subsystem of the EES system to 

electrical energy with the 

characteristics (voltage, frequency 

etc.) present at the primary POC 

IEC 62933-1 

rated active 

power 

 EES system maximum active power 

on the operating limits of the 

power capability chart 

IEC 62933-1 
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term 

(can be left 

blank in the 

case of an 

abbreviation) 

abbreviation 

(if 

applicable) 

definition source 

rated energy 

capacity 

 designed value of the energy 

content of the EES system in 

continuous operating conditions, 

starting from a full state of charge 

and discharging continuously at 

rated active power during 

discharge, measured at the 

primary POC 

IEC 62933-1 

rated value  value of a quantity used for 

specification purposes, 

established for a specified set of 

operating conditions of a 

component, device, equipment, or 

system 

also see: nominal value 

IEC 60050: 151-16-08 

http://www.electropedia.org 

 

 


