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Abbreviations
KPI

key performance indicator

OM

optimization methods

OF

objective function

SC

system configuration

TC

test case

UC

use case
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1

Introduction

1.1 Purpose of the document
This document presents a part of the work conducted in task T4.2 “Objective function definition” of work
package WP4 “Consolidated Simulation Approach & Evaluation Criteria” of the SmILES project. It describes
a suitable format for defining key performance indicators (KPI) and objective functions (OF) for
simulation-based optimizations. Furthermore, it provides a compilation of KPIs and OFs to be used by the
research partners of the SmILES consortium for the simulation studies in work package WP5.
One of the main goals of the SmILES project is to combine the modelling and simulation expertise of the
research partners. Achieving this goal is not straightforward, as each partner has a different research
focus, choice of simulation toolchain or optimization approach. For example, for transferring information
between partners about system configurations (SC) or test cases (TC), it is not sufficient to share model
implementations. Because such implementations are typically specific to one particular simulation
toolchain, the receiving partner may not have the means to execute or even interpret the provided
information properly. Instead, a specification is required that is independent from particular modelling
approaches or tool implementations. And it has to be detailed and concise enough to enable experts to
extract the information they need and generate their individual models. Work conducted previously in
the SmILES project has provides such specifications for SC (deliverable D2.3), UC (deliverable D3.1) control
functions (deliverable D3.2) and input data (deliverable D3.3).
The situation for defining optimization problems is very similar. For example, different optimization
approaches could be applied to solve the same problem. Or even if the same optimization approach is
applied, the implementations of the same problem in different tools could be very different. Hence, the
work presented in this document follows the same principles as previous work in SmILES, by providing a
suitable format for defining optimization problems independently of specific optimization approaches or
tool implementations.

1.2 Scope of the document
This document focuses on a methodology for describing optimization problems. The document also
presents an implementation of this concept in the form of description templates for KPIs and OFs.
Furthermore, it contains a compilation of the KPIs and OFs used in work package WP5.
However, this document does not give instructions on how to implement optimizations problems with
specific tools and it gives no recommendations on which optimization method (OM) to use. It is rather the
goal of the proposed approach to convey all necessary information to experts in a way that enables them
to make an informed decision on what method to use and how to implement a given optimization
problem.
Throughout the document it is assumed that the reader is familiar with the terminology used in SmILES
(as outlined for instance in deliverable D3.1).

1.3 Structure of the document
Section 2 introduces the methodology behind the proposed format for defining optimization problems.
The methodology relies on the separation of KPIs and OFs and their individual description with the help
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of dedicated specification templates. Furthermore, the link to of this approach to other work in the SmILES
approach is briefly discussed.
Section 3 and Section 4 elaborate on the description templates for KPIs and OFs, respectively. They
provide detailed background on the information requested in these templates and serve as reference and
guide for users.
The appendices provide the KPI and OF definitions for the specific combinations of use cases (UC), system
configurations (SC) and test cases (TC) defined by the research partners of the SmILES project. As such,
they are not only best practice examples of how to use the approach proposed in this document, but also
provide a reference for the work done in work package WP5.
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2

Methodology

2.1 Requirements
For the purpose of the SmILES project, a concept for describing optimization problems and its
implementation in the form of specification templates needs to be able to support the cross-simulation
studies in work package WP5. This means that a description compiled by one research partner must
contain all necessary information for another partner to set up an equivalent optimization study. The
conceptual foundation for such a procedure must meet certain requirements, which were identified
during the working process of task T4.2. These requirements are based on theoretical considerations (R1,
R2 and R3 in Table 1) as well as practical experience from implementations of preliminary versions of the
proposed concept (R4 and R5 in Table 1). Table 1 gives an overview of these requirements, which served
as guides for the design of the methodology proposed in Section 2.2 and the specification templates
explained in Section 3 and Section 4.
Table 1: Requirements for the proposed concept for describing optimization problems.

Requirement

#

Description

independent of specific
optimization method

R1

The research partners in the SmILES project use different toolchains,
which implement different methods for optimization. Hence, in order
to improve interchangeability of information between partners, the
definition of an optimization problem should depend on the specifics
of a particular method as little as possible.

separation of domainspecific input and algorithmic representation

R2

In case the toolchains of the partners of a cross-simulation study are
not compatible, it must be possible to extract the domain-specific
information (which motivates the optimization problem) from the
mathematical formulation of the optimization problem. This gives the
opportunity to reformulate the problem in a way that addresses the
same (or at least similar) target with the help of a different
optimization method.

modularity

R3

A modular approach for the description of optimization problems is
necessary, which provides the possibility to reuse parts of the
specification. This is important in view of the modularity of the
previously developed specifications (for SC, UC, control functions and
input data).

documentation of data
availability

R4

The formulation of optimization problems is often influenced by the
actual availability of relevant data. For instance, reasonable choices
for the time resolution of the optimization models or the expected
precision of results depend strongly on available input data. Hence,
the availability of data needs to be addressed, in order to provide
background and justify associated choices of the problem
formulations.
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contextual information
of application

R5

In the context of practical applications, purely abstract definitions of
optimization problems can sometimes distract from the intentions of
the original intention behind it. This can make it for instance difficult
to understand the significance of the objective or the choice of the
mathematical representation. As such, it is often useful to give
contextual information beyond the algorithmic formulation itself,
providing a link to the targeted UC, SC or TC.

2.2 Conceptual breakdown of optimization problems
To the best knowledge of the authors of this document, there exists no standard or format for describing
optimization problems. For instance, available formats for describing functional behaviour and algorithms
(see overview provided in Section 4.2 of deliverable D3.2) do not cover the specific needs described by
the requirements in Table 1. Similarly, in scientific literature the best (or at least established) practice in
defining an optimization problem is simply the formulation of the objective function in terms of
mathematical equations.
Therefore, this document proposes a new methodology (and its implementation) for describing
optimization problems according to the requirements laid out in Table 1. This methodology is based on
the conceptual breakdown of an optimization problem into the following three elements:
•

Optimizations methods (OM) provide a methodological approach and algorithmic procedure for
solving an optimization problem. As such, they are typically formulated in a generic and abstract
way, independently of domain-specific aspects. Within the context of SmILES, OMs typically are
established approaches from literature and can be considered to be well-known. Furthermore,
their application for the SmILES test cases is typically closely connected to a certain
implementation (optimization tool), and therefore not conducive to the transfer of simulations.

•

Objective functions (OF) are the interface between the generic OMs and an actual optimization
problem. They provide an abstraction of the actual problem by mapping the values of one or more
variables onto a real number (or a real-valued vector in the case of multi-objective optimization).
The OM can then use either the symbolic representation of the OF or only the values provided by
the OF (black-box optimization) to find a maximum or minimum.

•

Key performance indicators (KPI) are parameters that provide a measure of performance for a
certain system or component. Within the context of SmILES, the main focus is on KPIs that are
calculated from simulation results.

2.3 Proposed methodology
Based on this breakdown, it is easy to make a formally and methodologically clean distinction between
specifics of an OM and the addressed optimization problem, according to requirements R1, R2 and R3
from Table 1. In the context of SmILES, this means that it is possible to separate (energy) domain-specific
information from information that is specific to the OM. The proposed methodology can be formulated
in the following three steps (see also Figure 1):
1. Specify domain-specific information via KPIs. The definition and (mathematical) formulation of a
KPI must be independent from any OM or OF, but rather encapsulate information specific to a
certain UC, SC or TC.
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2. Use the OF as a link to the generic OM by using domain-specific KPIs. By referring to previously
defined KPIs, the specification of an OF can focus on the mapping of the set of available scalar
KPIs onto a single real number (or a real-valued vector in the case of multi-objective optimization).
3. Provide a reference to the (class of) OM. Even though a large class of OMs can typically use the
same type of OF, it is in general not possible to combine every kind of OM and OF. Therefore, a
reference to the (class of) OM with which the OF is intended to be used is necessary in order to
provide context.

Figure 1: Overview of the connection between key performance indicator, optimization method and objective
function.

Basing the methodology on the conceptual breakdown described in Section 2.2 allows to comply with
requirement R1. By interpreting the OF as an interface, the details of a particular OM can be separated
from domain-specific information as much as possible. This is also important with respect to requirement
R2, as this allows to extract domain-specific details independently of the OM and the OF.
Furthermore, this methodology also complies with requirement R3, because it allows to easily replace
individual parts of the overall optimization problem definition, see for instance Figure 2. This provides
high flexibility in terms of incorporating changes to the problem formulation by replacing only parts of the
definition. For instance, an initial problem definition can be easily modified by using an alternative KPI as
input, using a different OF or replacing the OM (bottom left, bottom centre and bottom right of Figure 2,
respectively).
Please note that requirements R4 and R5 have no immediate consequence for the definition of this
methodology, but rather impose constraints on its implementation (compare with Section 2.4, Section 3
and Section 4).
Figure 3 shows a simple example of how the proposed methodology can be applied. In this example, the
KPI is the total energy consumption within a certain time interval. This KPI is a typical property that can
be extracted from energy system simulations. It can be calculated from the power demand of individual
consumers/prosumers/producers. Details about these consumers/prosumers/producers should be
supplied via a link to the UC, SC or TC description. The OF simply sums up the values of the KPI for all
simulated time steps and provides the resulting value to the OM, which is a genetic algorithm in this
example that would use the OF as a black-box. In such a case, the OM would typically launch many
simulations with changing inputs according to the description of the TC (not covered in this deliverable).
SmILES deliverable D4.2
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A simple modification (in the sense of requirement R3) could for example be realized by switching the OM
to a swarm-based algorithm (which should ideally leave the final result unchanged). Or the OF could be
changed to a sum of squares (which could have a big impact on the results in case of prosumers).

Figure 2: The conceptual separation of key performance indicators, optimization methods and objective
functions increases modularity and flexibility in defining optimization problems.

Figure 3: Example of an optimization problem with a specific key performance indicator, optimization method
and objective function.

2.4 Implementation of proposed methodology
An implementation of this proposed methodology has been developed as part of task T4.2. Two
specification templates have been compiled, one for KPIs and one for OFs. Since OMs are considered to
be well-known approaches from literature, no specification template for OMs has been developed.
To this end, the development process for these two specification forms was split in three separate phases:
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1. Concept phase: During this first phase, the conceptual approach presented in Section 2.2 and
Section 2.3 has been developed internally at AIT and discussed with the project partners. Based
on this, a first prototype of the specifications templates has been compiled.
2. Internal feedback phase: The first prototype of the templates was used internally within AIT by
domain experts to specify exemplary KPIs and objective functions. The feedback from this phase
was included into an updated version of the specification form. Most of this feedback was covered
with improved nomenclature and comments for clarifying the purpose of the requested
information. Furthermore, requirement R4 was formulated and corresponding fields were added
in the KPI template.
3. Partner feedback phase: Using the updated template, all research partners compiled a preliminary
specification of the KPIs and OFs for their own TCs. Feedback from this process was collected and
discussed among the research partners (during the 6th technical SmILES workshop). Most of this
feedback was again covered by improving the nomenclature and comments in the template.
Furthermore, requirement R5 was formulated and corresponding fields were added to the
templates.
The resulting specification templates have been used to define the optimization procedures applied in the
context of the partner’s TCs (see Appendices A to F). They will serve as reference and provide a consistent
basis for the cross-simulation studies conducted in WP5. Details about these specification forms can be
found in Section 3 and Section 4.
If required, the specification templates will be updated towards the end of project, according to the
lessons learnt in WP5.

2.5 Link to other work within SmILES
The methodology proposed in this section has been developed in the context of the overarching SmILES
methodology, which aims at providing a model-independent and tool-independent way of exchanging
information about simulation setups. As such, the methodology and its implementation can be used by
itself, but its actual value becomes most apparent within this broader context.
The analyses enabled by this methodology increase the discoverability of relevant KPIs through the shared
information and data platform (WP6). The method further serves to bridge the UCs (defined in WP2) and
the SCs and TCs (defined in WP2, WP3 and WP4) at various levels by connecting intent with measurements
at a system level.
As part of the SmILES methodology, it is in general assumed that completed specification forms for KPIs
and OFs contain references to other completed specification forms, which contain the specifics about the
associated UC, SC, and others, as covered by, e.g., deliverables D2.3 and D3.5. Therefore, the specification
templates do not provide extensive space for giving this kind of contextual information.
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9

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

3

Key performance indicator specification

The KPI specification template comprises four sections. The first section – titled About – provides general
information about the KPI, i.e., its name and mathematical symbol as well as contextual information
regarding the targeted UC, SC or TC. The last (optional) section – titled Additional Information – allows to
provide information about similar KPIs, related publications and additional comments. The main sections
– titled Classification and Data requirements – contain the relevant information to implement the KPI and
are explained in more detail in the following subsections.

3.1 Classification
This section contains the most relevant information for classifying, calculating and interpreting the KPI,
see Table 2 for a detailed description.
Table 2: Information requested in the specification template regarding the classification of KPIs.

Field name

Description

Group

Specify the type of the KPI from the following list: economic, technical,
environmental, other

Domain

Specify the targeted technical domain of the KPI from the following list:
electrical storage, thermal storage, electrical network, thermal network,
energy conversion device, other

Definition including
justification

Provide a textual description of the KPI. What does it quantify and how
does it achieve this goal? Also explain other parameters that the KPI
depends on.

Significance

Provide an explanation of the significance of the KPI. Why is it important?
What might occur if this KPI is not considered?

Calculation

Specify how the KPI is calculated (mathematical equation).

Strengths and Weaknesses

What aspects are covered well by the KPI? What aspects does it not cover
well?

Scoring / categorization

What values of the KPI are typically considered good or bad?

3.2 Data requirements
This section addresses data availability requirements for the calculation of the KPI, see Table 3 for a
detailed description. In practice, the topic of data availability is often neglected, typically because of
implicit assumptions. As such, this section can be considered as an attempt to spot potential problems,
inconsistencies or misunderstandings that could otherwise be caused by omitting this type of information.
This is especially relevant in the context of SmILES, where KPIs are typically extracted one way or another
from simulation results. And due to the heterogeneity of toolchains used by the SmILES partners, this may
be done in very different ways (e.g., direct processing during runtime vs. post-processing after a
SmILES deliverable D4.2
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simulation run). Hence, it is important to provide this type of information, in order to avoid implicit
assumptions that may lead to inconsistencies.
Table 3: Information requested in the specification template regarding the data requirements of KPIs.

Field name

Description

Expected data source

Where do you usually get the data from to calculate this KPI (in real life)?

Data collection interval

When collecting data to calculate the KPI, how many measurements do
you need? And at which time resolution?

Expected reliability

How reliable is the typically available data for calculating the KPI?
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11

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

4

Objective function specification

The OF specification template comprises five sections. The first section – titled About – provides general
information about the KPI, i.e., its name as well as contextual information regarding the targeted UC, SC
or TC. The last (optional) section – titled Additional Information – allows to provide information about
reference implementations, similar OFs, related publications and additional comments. The main sections
– titled Classification, Function definition and Constraints – contain the relevant information to implement
this OF and are explained in more detail in the following subsections.

4.1 Classification
This section describes the general context of the optimization problem and its OF, establishing the link to
the OM. See Table 4 for a detailed description.
Table 4: Information requested in the specification template regarding the classification of OFs.

Field name

Description

Group

Specify the type of the optimization problem from the following list
(multiple choices possible): economic, technical, environmental, other

Level

Specify which level the optimization problem addresses from the
following list: system, component

Domain

Specify the targeted technical domain of the optimization problem from
the following list: thermal domain, electrical domain, multi-energy

Intended use

Specify the intended use of the optimization problem from the following
list: optimal control, system design, other

Problem specification

Specify the type of problem targeted by this optimization problem.
Select one from each of the following:
• single-objective programming, multi-objective programming
• linear programming, quadratic programming, quadraticallyconstrained programming, non-linear programming
• continuous programming, integer programming, mixed-integer
programming, mixed-integer non-linear programming
• deterministic programming, stochastic programming

Description including
justification

Provide a textual description of the purpose of the OF. What does it
quantify and how does it achieve this goal? Which aspect of the system
or component does it optimize?

Strengths and weaknesses

To what aspects of the system or component is this OF sensitive to?
Under which conditions does it perform well or badly?
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4.2 Function definition
This section contains the relevant information for implementing and evaluating the OF, see Table 5 for a
detailed description. It is assumed that all domain-specific input is encapsulated (and specified) via
individual KPIs. It is possible to define more than one objective function (e.g., for multi-objective
optimization).
Table 5: Information requested in the specification template regarding the function definition of OFs.

Field name

Description

Optimization type

Specify the optimization type of the OF from the following list: minimize,
maximize

Numerical results type

Specify the type of numerical result the OF produces from the following
list: continuous variable, integer variable

Description

If there is more than one OF (multi-objective optimization), a textual
explanation for each of them is required.

Calculation

Explain how the OF is calculated (mathematical equation). To this end,
previously defined KPIs should be used as much as possible for the
formulation of the equation(s).

4.3 Constraints
This section provides information about the constraints that are relevant for this OF, see Table 6 for a
detailed description. It is possible to define more than one constraint.
Table 6: Information requested in the specification template regarding the constraints of OFs.

Field name

Description

Domain

Specify the domain of the constraint from the following list (multiple
choices possible): economic, technical, environmental, other

Specification

Specify the type of the constraint from the following list: linear
constraint, quadratic constraint, non-linear constraint

Form

Specify the form of the constraint from the following list: equality
constraint, inequality constraint, bound constraint

Description

Provide a textual description of the constraint. What does it mean?

Calculation

Explain how the constraint is calculated (mathematical equation). To this
end, previously defined KPIs should be used as much as possible for the
formulation of the equation(s).
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Appendix A: KPIs and objective function for Smartdorf (AIT)
A.1 KPI: Costs/revenues of thermal energy consumption/generation
About
Name of KPI

Costs/revenues of thermal energy consumption/generation

Symbol of KPI

𝑐ℎ𝑡

Contextual information

This KPI is related to the system configuration “SmartDorf” and the
use case “Efficient use of local energy generation for the operation
of conversion and storage appliances in hybrid thermal-electrical
distribution system”. It describes the costs/revenues of thermal
energy consumption/generation of thermal-electric units. These
costs are not necessarily economic but can represent ecological or
technical costs as well.

Classification
Group

☒ economic
☐ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☒ thermal storage
☐ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

This KPI describes the total amount of costs/revenues for heat
consumption/generation of a system/component throughout a
specific time span. It is defined as the product of heat flow and price
summarized over time. Hence, changing flow directions or positive
and negative prices can potentially cancel each other out.
The KPI can be used to describe costs/revenues for heat
generation/consumption of a system or a single component.

Significance

SmILES deliverable D4.2

The KPI is important as it describes the total costs/revenues from
heat consumption/generation.
14

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix
𝑡𝑒𝑛𝑑

Calculation
𝑐ℎ𝑡 =

∫ 𝑑𝑥 𝑝ℎ𝑡 (𝑥) ∗ 𝑄̇ (𝑥)
𝑡𝑠𝑡𝑎𝑟𝑡

𝑐ℎ𝑡 … total costs / revenues of heat generation / consumption
𝑝ℎ𝑡 (𝑡) … price for electric power at time 𝑡;
𝑄̇ (𝑡) … electric power flowing in/out of the system at time 𝑡
𝑡𝑠𝑡𝑎𝑟𝑡 … start time of specified time period
𝑡𝑒𝑛𝑑 … end time of specified time period
Strengths and weaknesses

Scoring / categorization

+

Useful to describe costs/revenues for heat
consumption/generation with time-varying prices

-

Most dynamic aspects are lost during aggregation

Low heat costs or high revenues are considered beneficial.

Data requirements
Expected data source

Time series data for all considered loads and generators as well as
for the price are needed.

Data collection interval

The dynamics of heat loads and generation as well as of heat prices
are normally rather slow compared to the electric domain.
Measurement time steps in the range of minutes can thus be
considered sufficient.

Expected reliability

In general, generation and load data time series are highly reliable,
especially when used in an aggregated way.

A.2 KPI: Costs/revenues of electric energy consumption/generation
About
Name of KPI

Costs/revenues of electric energy consumption/generation

Symbol of KPI

𝑐𝑒𝑙

Contextual information

This KPI is related to the system configuration “SmartDorf” and the
use case “Efficient use of local energy generation for the operation
of conversion and storage appliances in hybrid thermal-electrical
distribution system”. It describes the costs/revenues of electric
energy consumption/generation of thermal-electric units. These
costs are not necessarily economic but can represent ecological or
technical costs as well.

SmILES deliverable D4.2
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Classification
Group

☒ economic
☐ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

This KPI describes the total amount of costs for electric power
consumption/generation of a system/component throughout a
specific time span. It is defined as the product of power flow and
price summarized over time. Hence, changing flow directions or
positive and negative prices can potentially cancel each other out.
The KPI can be used to describe costs/revenues for electricity of a
system or a single component.

Significance

The KPI is important as it describes the total costs/revenues from
power consumption/generation.
𝑡𝑒𝑛𝑑

Calculation
𝑐𝑒𝑙 =

∫ 𝑑𝑥 𝑝𝑒𝑙 (𝑥) ∗ 𝑃(𝑥)
𝑡𝑠𝑡𝑎𝑟𝑡

𝑐𝑒𝑙 … total costs / revenues of electric power generation /
consumption
𝑝𝑒𝑙 (𝑡) … price for electric power at time 𝑡;
𝑃(𝑡) … electric power flowing in/out of the system at time 𝑡
𝑡𝑠𝑡𝑎𝑟𝑡 … start time of specified time period
𝑡𝑒𝑛𝑑 … end time of specified time period
Strengths and weaknesses

Scoring / categorization
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Data requirements
Expected data source

Time series data for all considered loads and generators as well as
for the price are needed.

Data collection interval

As electric loads and generators, especially renewable energy
sources, and electricity prices can be highly volatile in their time
characteristics, a high resolution of data is generally beneficial. In
practice, measurement time steps in the range of seconds or
minutes can be sufficient.

Expected reliability

In general, generation and load data time series are highly reliable,
especially when used in an aggregated way.

A.3 KPI: Variance of a variable
About
Name of KPI

Variance of a variable

Symbol of KPI

Δ𝑈

Contextual information

This KPI is related to the system configuration “SmartDorf” and the
use case “Efficient use of local energy generation for the operation
of conversion and storage appliances in hybrid thermal-electrical
distribution system”. It can be used to describe the variation of
control setpoints of thermal-electric units.

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☐ electrical network
☐ thermal network
☐ energy conversion device
☒ other, please specify:

SmILES deliverable D4.2
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Definition incl. justification

This KPI describes the quadratic fluctuation of a variable over time.
Thus, it assesses how much the variable changes over time. The KPI
can be used to penalize high fluctuations in controllable variables,
describe how volatile a variable is, etc.

Significance

The KPI is important to measure the fluctuation of a variable over
time. This can be a critical measure in the case of highly varying
control variables, as the wear of the controlled device might
increase.
𝑡𝑒𝑛𝑑

Calculation
Δ𝑈 =

2
𝑑
∫ 𝑑𝑥 ( 𝑢(𝑥))
𝑑𝑥

𝑡𝑠𝑡𝑎𝑟𝑡

𝑢(𝑡) … variable at time 𝑡
𝑡𝑠𝑡𝑎𝑟𝑡 … start time of specified time period
𝑡𝑒𝑛𝑑 … end time of specified time period
Strengths and weaknesses

Scoring / categorization

+

Simple, quadratic formulation to describe variance of a
variable

-

Other measures for the variance of a variable are possible

In general, no normative claim can be made. However, in control
applications it is often considered good if a (controlled) variable
shows little variation over time.

Data requirements
Expected data source

In control applications, such as model predictive control, the
anticipated future fluctuations of a controlled variable should be
considered. Thus, the data to calculate the variance of a controlled
variable comes from current measurements for the variable and
future setpoints for the variable (internally in the optimization
process).

Data collection interval

In control applications, the data collection interval is the same as
the time step used in the formulation of the control algorithm. In
the context of controlling power setpoints of generators or storages
it is in the order of minutes.

Expected reliability

For the measured value of the variable this depends on the
reliability of the measurement.

SmILES deliverable D4.2
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For considered / predicted values of the variable, this depends on
the formulation of the control algorithm as well as on the quality of
used predictions.

A.4 Objective function: Operation costs for a thermal-electric unit combined with a
thermal-storage
About
Name of objective function

Operation costs for a thermal-electric unit combined with a
thermal-storage

Contextual information

This objective function is related to the system configuration
“SmartDorf” and the use case “Efficient use of local energy
generation for the operation of conversion and storage appliances
in hybrid thermal-electrical distribution system”. It describes the
total costs/revenues of electric energy consumption/generation of
thermal-electric units. These costs are not necessarily economic but
can represent ecological or technical costs as well.

Classification
Group

☒ economic
☒ technical
☐ environmental
☐ other, please specify:

Level

☐ system
☒ component

Domain

☐ thermal domain
☐ electrical domain
☒ multi-energy
☐ other, please specify:

Intended use

☒ optimal control
☐ design optimization
☐ other, please specify:

Problem specification

☒ single-objective programming
☐ multi-objective programming

SmILES deliverable D4.2
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☐ linear programming
☒ quadratic programming
☐ quadratically-constrained programming
☐ non-linear programming
☐ continuous programming
☐ integer programming
☒ mixed-integer programming
☐ mixed-integer non-linear programming
☒ deterministic programming
☐ stochastic programming
☐ other, please specify:
Description incl. justification

This objective function is used for optimal control purposes. It
specifically aims at controlling a single thermal-electric conversion
unit combined with a thermal storage tank in a cost optimal way,
taking into account major constraints like storage characteristics,
ramp rates, time-varying heat generation limits, etc. It is formulated
in a way to allow for an information exchange with an aggregator
(source of system wide information, such as prices, heat demand,
etc.)

Strengths and weaknesses

The objective function relies on information for heat generation
constraints, electricity prices and heat prices. A linear formulation is
used for the problem. Hence, non-linearities in storage dynamics or
generator dynamics are not considered.

Function Definition
Symbol of objective function

𝑐𝑡𝑜𝑡𝑎𝑙

Optimization type

☒ minimize
☐ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description
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conversion device for a specific time period. It considers the costs /
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generation as well as the costs for changes in heat output, i.e., the
controllable variable.
𝑐𝑡𝑜𝑡𝑎𝑙 = 𝑐𝑔,ℎ𝑡 + 𝑐𝑔,𝑒𝑙 + 𝑤Δ𝑈 ∗ Δ𝑈

Calculation

𝑐𝑔,ℎ𝑡 … costs / revenues for energy flows to heat network from
generator 𝑔
𝑐𝑔,𝑒𝑙 … costs / revenues for energy flow to/from electric network
from generator 𝑔
Δ𝑈 … variance of controlled variables
𝑤Δ𝑈 … weight / price for fluctuations in controlled variables

Constraints
Name of constraint

Heat generation

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

Heat generation is limited by the maximum allowable heat
generation for this device at each time step.

Calculation

0 ≤ 𝑄̇𝑔 (𝑡) ≤ 𝑄̇𝑔,𝑚𝑎𝑥 (𝑡)
𝑄̇𝑔 (𝑡) … generated heat of generator 𝑔 at time 𝑡
𝑄̇𝑔,𝑚𝑎𝑥 (𝑡) … maximum allowable heat generation of generator 𝑔 at
time 𝑡

SmILES deliverable D4.2
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Name of constraint

Maximum charging and discharging heat flow of thermal storage
tank

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

The mass flow in and out of the thermal storage tank is limited by
minimum and maximum values.

Calculation

−𝑚̇ 𝑇𝐸𝑆,𝑑𝑖𝑠 ≤ 𝑚̇ 𝑇𝐸𝑆 (𝑡) ≤ 𝑚̇ 𝑇𝐸𝑆,𝑐ℎ𝑎
𝑚̇ 𝑇𝐸𝑆 (𝑡) … mass flow through thermal storage tank at time 𝑡
𝑚̇ 𝑇𝐸𝑆,𝑐ℎ𝑎 … maximum mass flow through thermal storage tank
when charging
𝑚̇ 𝑇𝐸𝑆,𝑑𝑖𝑠 … maximum mass flow through thermal storage tank when
discharging

Name of constraint

Thermal storage dynamics 1

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form
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☐ inequality constraint
☐ bound constraint
Description

Linear equation to describe the thermal storage behaviour over
time.

Calculation

𝑉ℎ𝑜𝑡 (𝑡) = 𝑉ℎ𝑜𝑡 (𝑡 − Δ𝑡) + 𝑚̇ 𝑇𝐸𝑆 (𝑡)Δ𝑡
𝑉ℎ𝑜𝑡 (𝑡) … hot water volume in thermal storage tank at time 𝑡
𝑚̇ 𝑇𝐸𝑆 (𝑡) … mass flow through thermal storage tank at time 𝑡
Δ𝑡 … discretization / control time step

Name of constraint

Thermal storage dynamics 2

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

The hot volume in the thermal storage tank cannot be bigger than
the volume of the storage tank and not smaller than zero.

Calculation

0 ≤ 𝑉ℎ𝑜𝑡 (𝑡) ≤ 𝑉𝑇𝐸𝑆
𝑉ℎ𝑜𝑡 (𝑡) … hot water volume in thermal storage tank at time 𝑡
𝑉𝑇𝐸𝑆 … volume of the thermal storage tank

Name of constraint

Heat generation 2

Domain

☐ economic
☒ technical
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☐ environmental
☐ other, please specify:
Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

The generator heat output is limited by a maximum and minimum
value depending on the on/off status of the generator.

Calculation

𝛿𝑔 (𝑡) 𝑄̇𝑔𝑚𝑖𝑛 ≤ 𝑄̇𝑔 (𝑡) ≤ 𝛿𝑔 (𝑡) 𝑄̇𝑔𝑚𝑎𝑥
𝛿𝑔 (𝑡) … binary value for on/off status of generator at time 𝑡
𝑄̇𝑔𝑚𝑖𝑛 … minimum heat output of generator 𝑔 when on
𝑄̇𝑔𝑚𝑎𝑥 … maximum heat output of generator 𝑔 when on
𝑄̇𝑔 (𝑡) … heat output of generator 𝑔 at time 𝑡

SmILES deliverable D4.2
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Appendix B: KPIs and objective function for Nordhavn (DTU)
B.1 KPI: Electrical energy bound violation
About
Name of KPI

Electrical energy bound violation

Symbol of KPI

𝐸𝑏𝑜𝑢𝑛𝑑

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

Classification
Group

Domain

☐

economic

☒

technical

☐

environmental

☐

other, please specify:

☐

electrical storage

☐

thermal storage

☒

electrical network

☐

thermal network

☐

energy conversion device

☐

other, please specify:

Definition incl. justification

Due to grid issues, e.g., congestion, a DSO may be required to keep
energy consumption under a threshold for some period of time. By
measuring a district’s ability to comply with such a bound, one can
characterize the efficiency of a proposed implementation. The
violation is measured at each time step relative to some given cap
𝑃𝑡𝑚𝑎𝑥 .

Significance

This KPI measures the ability of a system to comply with an
externally imposed bound on energy consumption.

Calculation

Given a limit𝑃𝑡𝑚𝑎𝑥 for 𝑡 ∈ 𝑇′ ⊆ 𝑇, measure the violation via the total
domain energy consumption as
𝐸𝑏𝑜𝑢𝑛𝑑 = ∑𝑡∈𝑇′ 𝑓 (𝑃𝑡𝑡𝑜𝑡 − 𝑃𝑡𝑚𝑎𝑥 ),
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where 𝑓 is a one-sided error measure, e.g. 𝑓(x) is x if x>0, else 0, and
𝑃𝑡𝑡𝑜𝑡 > 0 indicates that energy is imported.
Strengths and weaknesses

As each hour is weighted evenly, differences in the criticality of
compliance must be expressed through a time-dependency of 𝑓.

Scoring / categorization

A low value is considered good

Data requirements
Expected data source

Measurements on the PCC(s) of a district, with power exchange via
the PCC aggregated over the relevant time period.

Data collection interval

Requires measurement of the integrated energy consumption per
agreed time interval.

Expected reliability

District consumption will be typically monitored per-minute, and as
such power violations may occur at shorter time scales.

B.2 KPI: Exported district electricity
About
Name of KPI

Exported district electricity

Symbol of KPI

𝐸𝑒𝑥𝑝𝑜𝑟𝑡

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

Classification
Group

Domain

SmILES deliverable D4.2

☐

economic

☒

technical

☐

environmental

☐

other, please specify:

☐

electrical storage

☐

thermal storage

☒

electrical network

☐

thermal network
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Definition incl. justification

☐

energy conversion device

☐

other, please specify:

Installations of solar panels are typically motivated by a desire to be
self-sufficient. This KPI characterizes how much of the self-produced
energy is not consumed locally.
Further, since, at a residential level, exported energy is typically
remunerated at a different rate to imported energy, this KPI may
also be adapted for measuring the economic gain from a given
solution.

Significance

This KPI measures the ability of a system to consume locally
generated power locally.

Calculation

Given a time-series for energy exchange at the point of common
coupling (PCC), 𝑃𝑡 for 𝑡 ∈ 𝑇, measure the total exported energy as
𝐸𝑒𝑥𝑝𝑜𝑟𝑡 = − ∑𝑡∈𝑇′ 𝑓 (−𝑃𝑡 ),
where 𝑓 yields the positive part of x, i.e. 𝑓(x) is x if x>0, else 0, and
𝑃𝑡𝑡𝑜𝑡 > 0 indicates that energy is imported.

Strengths and weaknesses
Scoring / categorization

A high degree of self-consumption means a smaller amount of
energy is exported. Therefore, a low value is considered good

Data requirements
Expected data source

Measurements on the PCC(s) of a district, with power exchange via
the PCC aggregated over the relevant time period.

Data collection interval

Requires measurement of the integrated energy consumption per
agreed time interval.

Expected reliability

District consumption will be typically monitored per-minute, and as
such intermittent energy export at shorter time scales will not be
captured.
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B.3 KPI: Total district heat import
About
Name of KPI

Total district heat import

Symbol of KPI

𝑄𝑖𝑚𝑝𝑜𝑟𝑡

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☐ electrical network
☒ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

As district heating systems move to increasingly lower
temperatures, using distributed heat resources allows districts to
import less energy overall. This KPI characterizes the total heat
import of a district and allows measuring the effect of integrating
such units.

Significance

This KPI characterizes the effectiveness of such units.

Calculation

Given a time-series for heat import at the point of common
coupling, 𝑄𝑡 for 𝑡 ∈ 𝑇, measure the total imported heat energy as
𝑄𝑖𝑚𝑝𝑜𝑟𝑡 = ∑𝑡∈𝑇 𝑄𝑡 ,
with 𝑄𝑡 > 0 indicating that energy is imported.

Strengths and weaknesses
Scoring / categorization
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Data requirements
Expected data source

Measurement at the heat exchanger coupling the local district
heating system to a centralized heat source, either a heat exchanger
connected with a heat transmission grid, or a CHP plant.

Data collection interval

The integrated energy use is collected daily.

Expected reliability

B.4 KPI: Total cost of electricity consumption
About
Name of KPI

Total cost of electricity consumption

Symbol of KPI

𝑒𝑙
𝐶𝑡𝑜𝑡

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

Classification
Group

☒ economic
☐ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The economic value of a solution typically comes in the form of
moving demand for a resource away from price peaks toward times
of lower prices.
This KPI relies on a time series of prices, against which the electricity
consumption is priced.
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Significance

For a district aggregator, optimal use of distributed energy
resources reduces the total costs of energy imports.

Calculation

Given time-series of electricity prices, 𝜋𝑡

𝑖𝑚𝑝𝑜𝑟𝑡

𝑒𝑥𝑝𝑜𝑟𝑡

, 𝜋𝑡

and district electricity consumption 𝑃𝑡𝑡𝑜𝑡 , where, 𝑃𝑡𝑡𝑜𝑡

for 𝑡 ∈ 𝑇,

> 0 indicates

that energy is imported, the total expense is given as
𝑖𝑚𝑝𝑜𝑟𝑡

𝑒𝑙
𝐶𝑡𝑜𝑡
= ∑𝑡 𝜋𝑡

(𝑝𝑡𝑡𝑜𝑡 )+. − 𝜋𝑡𝑒𝑥𝑝𝑜𝑟𝑡 (−𝑝𝑡𝑡𝑜𝑡 )+.,

where the time series is divided into import and export, as these are
typically remunerated differently.
Strengths and weaknesses
Scoring / categorization

A low value is considered good.

Data requirements
Expected data source

Measured data at each managed household/unit, possibly proxied
by the total consumption of the district.

Data collection interval

The integrated energy use is collected daily.

Expected reliability

This data is now commonly available in Denmark due to the high
penetration of smart meters.

B.5 KPI: Battery cycle count
About
Name of KPI

Battery cycle count

Symbol of KPI

𝑊𝑡𝑜𝑡

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain
SmILES deliverable D4.2

☒ electrical storage
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☐ thermal storage
☐ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:
Definition incl. justification
Significance

High battery cycling implies more wear which can lead to high
maintenance costs.

Calculation

Let 𝑆𝑡 be the state of charge of the battery at time t. Then the cycle
count of the battery can be found via the waterfall counting method
as
1
𝑊𝑡𝑜𝑡 = ∑|𝑆𝑡 − 𝑆𝑡+1 |
2
𝑡

Strengths and weaknesses
Scoring / categorization

A low value is considered good.

Data requirements
Expected data source

State-of-charge of battery.

Data collection interval

Data should be collected as often as possible.

Expected reliability

State of charge calculations typically display a high amount of jitter
due to the uncertainties involved in measuring the charge. Such
jitter may cause apparent increases in the cycle count. This may be
counteracted by comparing W with the total energy input to the
battery, relative to its nominal capacity.

B.6 Objective function: Trade-offs in heat for power
About
Name of objective function

Trade-offs in heat for power

Contextual information

SC: SmILES-NHN
UC: Heat for Power
TC: SmILES-NHN-H4P

SmILES deliverable D4.2

31

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

Classification
Group

☒ economic
☒ technical
☐ environmental
☐ other, please specify:

Level

☒ system
☐ component

Domain

☒ thermal domain
☒ electrical domain
☐ multi-energy
☐ other, please specify:

Intended use

☐ optimal control
☒ design optimization
☐ other, please specify:

Problem specification

☐ single-objective programming
☒ multi-objective programming
☐ linear programming
☐ quadratic programming
☐ quadratically-constrained programming
☐ non-linear programming
☒ continuous programming
☐ integer programming
☐ mixed-integer programming
☐ mixed-integer non-linear programming
☐ deterministic programming
☐ stochastic programming
☒ other, please specify: Model-based evaluation

Description incl. justification

SmILES deliverable D4.2

Using the heating network to provide electrical grid services
involves a trade-off between the amount of service that can be
delivered on the one hand, and the additional system costs on the
other. These system costs include the costs incurred from installing
equipment, and the additional operational costs due to system
operation. This objective function seeks to establish the trade-off
made between these two factors.
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Strengths and weaknesses

The objective function is particularly sensitive to:
•

The size(s) of the installed components providing service.

•

The operational scenario under which system operation is
evaluated, e.g. whether demand is high or low relative to
capacity.

•

The control strategy used in operating the system.

One would expect the objective to be worse under the following
conditions:
•

Low solar infeed leading to reduced potential for selfconsumption.

•

Low variation in heat demand over the day, with resulting
low potential for fuel-shifting.

•

High heating demand, leading to less flexibility in
operational strategy for the heating system.

Function Definition
Objective function #1
Objective name

Total service delivered

Minimize / Maximize

☐ minimize
☒ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description

This objective measures the total amount of service delivered to the
electrical grid.

Calculation

Given an amount of service provided, 𝑃𝑡𝑚𝑎𝑥 , this objective is given
as
𝑂1 = ∑ 𝑃𝑡𝑚𝑎𝑥
𝑡∈𝑇

Objective function #2
Objective name

Overall operational costs

Minimize / Maximize

☒ minimize
☐ maximize

Numerical result type
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☐ integer variable
Description

This objective measures the overall operational costs for a given
solution.
The costs and payments considered are:

Calculation

•

Cost of electricity exchange

•

Cost of heat energy import

•

Revenue from service provision

•

Penalty due to missing service provision

•

Levelized installation cost of service provision units

•

Degradation cost of the battery

The objective function is a sum of these terms:
𝑂2 = 𝑐𝑜𝑠𝑡 𝐸𝐿 + 𝑐𝑜𝑠𝑡 𝐻𝑒𝑎𝑡 + 𝑐𝑜𝑠𝑡 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 + 𝑐𝑜𝑠𝑡 𝑢𝑛𝑖𝑡𝑠
+𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 − 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

Constraints
Constraint #1
Constraint name

Comfort level satisfaction

Domain

☐ economic
☐ technical
☐ environmental
☒ other, please specify: User interaction

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

User preferences per house 𝑖 is given as a bound on the internal
temperature of the house. This internal temperature should not
exceed the comfort levels set by the user.

Calculation

Let 𝑡𝑖 be the temperature in house 𝑖.
Then the bound is given as
𝑇𝑖𝑚𝑖𝑛 ≤ 𝑡𝑖 ≤ 𝑇𝑖𝑚𝑎𝑥
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Constraint #2
Constraint name

Service quality constraint

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☒ inequality constraint
☐ bound constraint

Description

When providing services for the electrical grid, there are strict
requirements for the service quality. This bound ensures that a
minimal quality is preserved.

Calculation

Given the total bound violation (KPI1)
𝜀 = ∑ 𝑓 (𝑃𝑡𝑡𝑜𝑡 − 𝑃𝑡𝑚𝑎𝑥 )
𝑡∈𝑇′

The bound is then given as
𝜀≤𝛤
Where 𝛤 is an externally mandated quality factor.
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Appendix C: KPIs and objective function for Collectopia (EDF)
C.1 KPI: Exergy imported
About
Name of KPI

Exergy imported

Symbol of KPI

𝐸𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑

Contextual information

The exergy is a reflection of the energy, taking into account its
quality.

Classification
Group

☐ economic
☐ technical
☒ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☒ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The KPI computes the amount of exergy coming from exogenous
sources to supply the district.

Significance

Reducing the exergy imports implies higher use of locally generated
energy, which is most often from renewable sources, and higher
security of supply.
𝑡𝑒𝑛𝑑

Calculation

𝐸𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑 = ∑ ∫ 𝑑𝑥 𝑃𝑖 (𝑥)
𝑖 𝑡𝑠𝑡𝑎𝑟𝑡

with:
𝑃𝑖 (𝑡) … exergetic power import from source 𝑖 at time 𝑡
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𝑃𝑒𝑥𝑒𝑟𝑔𝑦 = 𝑃𝑒𝑛𝑒𝑟𝑔𝑦 ⋅ (1 −

𝑇𝑎𝑚𝑏𝑖𝑎𝑛𝑡
𝑇𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑠𝑢𝑝𝑝𝑙𝑦

)

𝑖 … source of energy, e.g., gas network, power network, etc.
𝑡𝑠𝑡𝑎𝑟𝑡 … start time of considered time range
𝑡𝑒𝑛𝑑 … end time of considered time range
Strengths and weaknesses

Careful attention should be given when defining the boundaries of
the district under investigations. For example, if the district of
interest includes the primary network of a district heating network
(DHN), the power import is considered where the energy is injected
to the primary network. If a gas boiler feeding the DHN is considered
within the perimeter of the district under investigation, the HHV or
LHV of the gas should be considered as the energy imported.

Scoring / categorization

Data requirements
Expected data source

Time series of electrical energy from the grid.
Time series of heat energy supplied to the DHN, per energy source.

Data collection interval

Common timespan is 1 year. Time step can vary.

Expected reliability

C.2 Objective function: Sizing of the long-term storage tank to minimize exergy
imports into the district
About
Name of objective function

Sizing of the long-term storage tank to minimize exergy imports into
the district.

Contextual information

The objective function is to minimize the imports of exergy coming
from grids. The exergy is a reflection of the energy, taking into
account its quality. It can concern both electrical and thermal grids.
In the system configuration under study (Collectopia), a storage tank
is sized in order to reach this objective. In the related use case, the
storage tank is used to separate the periods of energy production
from the periods of energy consumption.
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Classification
Group

☐ economic
☒ technical
☒ environmental
☐ other, please specify:

Level

☒ system
☐ component

Domain

☐ thermal domain
☐ electrical domain
☒ multi-energy
☐ other, please specify:

Intended use

☐ optimal control
☒ design optimization
☐ other, please specify:

Problem specification

☒ single-objective programming
☐ multi-objective programming
☐ linear programming
☐ quadratic programming
☐ quadratically-constrained programming
☐ non-linear programming
☐ continuous programming
☐ integer programming
☐ mixed-integer programming
☒ mixed-integer non-linear programming
☒ deterministic programming
☐ stochastic programming
☐ other, please specify:

SmILES deliverable D4.2
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Description incl. justification

Excess of locally produced energy is stored in the long-term storage
tank and later on discharged at time of high end-use demand.
Hence, the total energy imported to the district depends indirectly
on the size of the storage tank. The volume of the tank is optimized
to minimize exergy imports. The exergy is a reflection of the energy,
taking into account its quality.

Strengths and weaknesses

The optimized volume highly depends on the energy quality, i.e., the
temperature level of the different energy carriers in the system. The
stratification within the tank, the temperature losses in the
distribution grid and the temperature needed at the final
substations are to be taken into account.

Function Definition
Symbol of objective function

𝑉𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑎𝑛𝑘

Optimization type

☒ minimize
☐ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description

The energy imports come from the electrical grid and the infeeds to
the district heating networks from exogenous sources.

Calculation

The optimization is run using the KPI of exergy content of the
exogenous energy carriers. The exergy is a reflection of the energy,
taking into account its quality.

𝑉𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑎𝑛𝑘 = arg min 𝐸𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑
𝑉

with:
𝐸𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑 … total exergy import
𝑉𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑎𝑛𝑘 … optimal size of storage tank
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Constraints
Name of constraint

Bound constraint for the size of the storage tank

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

The size of the storage tank is constraint by a minimum and a
maximum value.

Calculation

𝑉𝑚𝑖𝑛 ≤ 𝑉𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑎𝑛𝑘 ≤ 𝑉𝑚𝑎𝑥

SmILES deliverable D4.2

40

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

Appendix D: KPIs and objective function for Collectopia (EIFER)
D.1 KPI: CO2 emissions
About
Name of KPI

CO2 emissions

Symbol of KPI

EMCO2

Contextual information

Classification
Group

☐ economic
☐ technical
☒ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☒ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The KPI determines the CO2 emission of the consumed electricity
and heat within the investigated system.
Therefore, the KPI depends on the fuels (gas, solar irradiation,
electricity imports from national grid), energy conversion and
storage efficiencies as well as the aggregated demands.

Significance

Calculation

The EU and its members have a common understanding to decrease
CO2 emissions; therefore, targets for future CO2 emissions are
defined. The KPI shows the future CO2 emissions within the defined
periods in the investigated system.
∑ ∑ 𝐸𝑀𝑌,𝑆,𝑃,𝐶𝑂2 = 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑌
𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑆

the variable 𝐸𝑀𝑌,𝑆,𝑃,𝐶𝑂2 represents the level of CO2 emissions in the
year Y for each time slice S and process P
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Strengths and weaknesses

Highly depending on national values/regulations, e.g. national grid
emission factors, calculation methods for CHP emission distribution
between heat and electricity

Scoring / categorization

The lower, the better! So, zero emissions are typically considered as
good.

Data requirements
Expected data source

Literature data from national / European data bases

Data collection interval

yearly

Expected reliability

good

D.2 Objective function: Discounted cumulated system costs
About
Name of objective function

Discounted cumulated system costs

Contextual information

Classification
Group

☒ economic
☐ technical
☐ environmental
☐ other, please specify:

Level

☒ system
☐ component

Domain

☐ thermal domain
☐ electrical domain
☒ multi-energy
☐ other, please specify:

Intended use

☐ optimal control
☒ design optimization
☐ other, please specify:
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Problem specification

☒ single-objective programming
☐ multi-objective programming
☒ linear programming
☐ quadratic programming
☐ quadratically-constrained programming
☐ non-linear programming
☐ continuous programming
☐ integer programming
☒ mixed-integer programming
☐ mixed-integer non-linear programming
☒ deterministic programming
☐ stochastic programming
☐ other, please specify:

Description incl. justification

The objective function represents the total discounted costs of the
investigated energy system during the reporting period.
The costs include CAPEX & OPEX (fixed & variable) and revenues for
each considered technologies (gas CHP, HPs, PV, solar thermal,
aquifer storage, imports, exports), for each considered energy (gas,
electricity and heat)

Strengths and weaknesses

The costs are highly depending on the national energy prices and
subsidies; and so, this has to be taken into account.

Function Definition
Symbol of objective function

Csys

Optimization type

☒ minimize
☐ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description

SmILES deliverable D4.2
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Csys = min 𝑓(𝑋, 𝐶, 𝐼, 𝐸)

Calculation
𝑓 … a linear function

𝑋 … energy commodity flows (in and out of the processes)
𝐼 … represents the imports
𝐸 … represents the exports
𝐶 … represents the investments in capacities

Constraints
Constraint #1
Constraint name

Commodity balance

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

Ensuring that the amount of energy to meet demand, inner
consumption and export is covered by the energy imports and
system production

Calculation

𝑜𝑢𝑡
𝑖𝑛
𝐼𝑖𝑡 + ∑ 𝑋𝑖𝑘𝑡
= 𝐸𝑖𝑡 + ∑ 𝑋𝑖𝑘𝑡
+ 𝑑𝑖𝑡 , ∀𝑖∀𝑡
𝑘

𝑘

i … represents the set of commodities
k … represents the set of processes
t … represents the set of periods
d represents the demand
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Constraint #2
Constraint name

Flow-to-flow transformation

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

Ensuring that energy conversion from consumed to produced
commodity respects the technology transformation efficiency

Calculation

𝑖𝑛
𝑜𝑢𝑡
∑ 𝛽𝑗𝑗𝑘𝑡 𝑋𝑗𝑘𝑡
= 𝑋𝑖𝑘𝑡
, ∀𝑖∀𝑘∀𝑡
𝑗

i … represents the set of commodities
k … represents the set of processes
t … represents the set of periods
β … represents the efficiency factor of a technology

Constraint #3
Constraint name

Capacity utilisation

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
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☐ non-linear constraint
Form

☐ equality constraint
☒ inequality constraint
☐ bound constraint

Description

Ensuring that production of each process is not higher than its built
capacity

Calculation

𝑜𝑢𝑡
∑ 𝑋𝑖𝑘𝑡
≤ 𝛼𝑘𝑡 𝛾𝑘𝑡 (𝐶𝑘𝑡 + ∑ 𝐶𝑘𝑙 ) , ∀𝑘∀𝑡
𝑖

𝑙≤𝑡

i … represents the set of commodities
k … represents the set of processes
t … represents the set of periods
α … represents the availability factor of a technology
γ … represents the conversion factor

Constraint #4
Constraint name

Context-specific constraints

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☒ inequality constraint
☐ bound constraint

Description
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•

Economic (e.g. regulation, tariff related, ...)
𝑔𝑚 (𝑋, 𝐶, 𝐼, 𝐸) ≤ 0, ∀𝑚

Calculation
𝑔𝑚 … linear function

𝑋 … energy commodity flows (in and out of the processes)
𝐼 … represents the imports
𝐸 … represents the exports
𝐶 … represents the investments in capacities
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Appendix E: KPIs and objective function for FlexOffice (KIT)
E.1 KPI: Comfort level
About
Name of KPI

Comfort level

Symbol of KPI

𝑐: 𝑅 𝑛𝑥 → 𝑅

Contextual information

In the FlexOffice use cases, one goal is to avoid too large room
temperature deviations from a desired temperature in order to
avoid comfort loss for the occupants of our buildings. The
formulated KPI penalizes too large deviations from desired room
temperatures.

Classification
Group

☐ economic
☐ technical
☐ environmental
☒ other, please specify: personal

Domain

☐ electrical storage
☒ thermal storage
☐ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The goal is to use the thermal inertia of buildings as thermal
storages to provide services to the electricity or the district heating
grid. This implies that the room temperatures might deviate from
the temperatures preferred by the employees. As a result, this KPI
should evaluate the level of “comfort loss”.
This KPI influences the thermal storage capability of the building
since keeping a high level of comfort might lower the available
storage capacity.

Significance

SmILES deliverable D4.2

The KPI is significant as a large less in comfort might influence the
wellbeing of the employees. Furthermore, the room temperatures

48

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

have to stay in a certain temperature band according to German
regulations.
Calculation

One option is to take the integral of the squared distance from the
desired temperature 𝑇 𝑑 defined by the user
.
With the weighting matrix 𝑄 ≻ 0 one can prioritize certain room
temperatures over others.

Strengths and weaknesses

Here, we use a quadratic function for the comfort loss. However,
this is an engineering choice and the comfort level loss might not
increase quadratically, which might be better reflected by e.g. a
linear function.

Scoring / categorization

Not evaluated yet, this strongly depends on the considered horizon
and the weighting matrix 𝑄.

Data requirements
Expected data source

The temperature time series 𝑇(𝑡) can either be obtained by
measurements or by estimations. The desired temperatures 𝑇 𝑑 are
usually obtained by thermostat settings or by questionnaires or by
assumption.

Data collection interval

In principle, this KPI is independent from the resolution of the time
series, all available resolutions of temperature measurements /
estimations can be used.

Expected reliability

If measurements are used, very accurate, otherwise it depends on
the model accuracy used for the estimation.

Additional Information
Similar / related KPIs
Related publications

Oldewurtel, F. et al. "Use of model predictive control and weather
forecasts for energy efficient building climate control." Energy and
Buildings 45 (2012): 15-27.

Additional comments
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E.2 KPI: Fluctuation in energy demand
About
Name of KPI

Fluctuation in energy demand

Symbol of KPI

𝑣: 𝑅

Contextual information

In the FlexOffice use cases, the aim is to minimize fluctuation in the
energy consumption from the electrical and district heating grid in
order to support grid stability. With this KPI, we account for this aim.

𝑛𝑥

→𝑅

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☒ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

Usually it is beneficial for both district heating and electricity grids
when the fluctuation in energy demand is small, as this allows
supply stations like power plants to react on changing
demand/feed-in fast enough. If the overall fluctuations are too high,
it might be the case that the power plants are not able to follow,
which could lead to stability issues and violation of generator
ramping rates.

Significance

This KPI is significant especially in view of the increasing feed-in from
renewables, which leads to large amounts of fluctuations in
electricity feed-in. The renewable feed-in might also increase
fluctuations in district heating demands as renewables can also be
used to satisfy the heat demands in buildings locally and thereby
reduce their thermal demand. However, the fluctuations are
expected to be much smaller compared with the fluctuations on the
electrical side.
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Calculation

𝑡

A variance around a moving average signal 𝑝̅𝑡𝑏𝑒 (𝑡) between the
times 𝑡𝑏 and 𝑡𝑒 can be formulated as

where 𝑡̅ is a certain horizon length and 𝑄 is a positive definite
weighting matrix.
Strengths and weaknesses

By computing a variance as above, the KPI depends on the choosing
averaging length 𝑡𝑒 − 𝑡𝑏 . Choosing these values might influence the
resulting value, although these parameters don’t have a direct
physical meaning.

Scoring / categorization

Not evaluated yet.

Data requirements
Expected data source

Measurements and simulation results for the electricity demand
and district heating energy consumptions

Data collection interval

Usually 15 min to 1 h, but depends on the metering device.

Expected reliability

Reliability is limited due to the above-mentioned weaknesses.

Additional Information
Similar / related KPIs

Electrical/thermal peak consumption

Related publications

Not available, but similar approaches are used in financial
mathematics. A similar approach is also used in the MATLAB
function movstd() defined in:
https://de.mathworks.com/help/matlab/ref/movstd.html

Additional comments

E.3 KPI: Electrical/thermal peak consumption
About
Name of KPI

Electrical/thermal peak consumption

Symbol of KPI

𝑝̅ : 𝑅 𝑛𝑥 → 𝑅

Contextual information

In the FlexOffice use cases, a goal is the minimization of the peak
power demand drawn from the electricity grid and district heating
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grid in order to support these grids in critical load / feed-in
situations. The formulated KPI takes this aim into account.

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☒ thermal storage
☒ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The electrical grid faces stability issues especially in case of high
demand / feed-in situations. This usually means that many
consumers are using a high amount of electrical power at the same
time. Hence, reducing the peak demand of a consumer is in general
beneficial for electrical grid operation.

Significance

For the operation of the electrical grid, the peak demand is quite
important and is also used in electricity and district heating grid
planning.

Calculation

The peak power over a certain time horizon 𝑡̅ can be computed as
,
where 𝑝𝑒 (𝑡) is the electrical demand, 𝑝𝑑 (𝑡) is the demand from
district heating and 𝛼, 𝛽 are weighting coefficients.

Strengths and weaknesses

The peak power is an indicator for grid beneficial behaviour.
However, it might also be counterproductive to reduce the peak
power. For example, if there is a high feed-in situation it might
actually be desirable that there is a high peak power demand closely
located to the high feed-in point such that this power exceed has
not to be transmitted over long distance through the grid.

Scoring / categorization

Depends on the building size, the used equipment etc., not
evaluated yet in more detail.
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Data requirements
Expected data source

Usually metering data.

Data collection interval

Usually 15 min to 1 h, but depends on the metering device.

Expected reliability

In case the data is collected with a quite high sampling period (for
instance 1 h) peak demands occurring within this interval cannot be
captured accurately.

Additional Information
Similar / related KPIs
Related publications

There are many publications in this field, one is for instance:
Leadbetter, J., and Lukas S. "Battery storage system for residential
electricity peak demand shaving." Energy and buildings 55 (2012):
685-692.

Additional comments

E.4 Objective function: Weighted sum of KPIs
About
Name of objective function

Weighted sum of KPIs

Contextual information

The objective function is formulated as a weighted sum of the KPIs
defined above. By using weighting coefficients, it is possible to
prioritize certain KPIs over others or even deactivate some of them
by setting the respective weighting coefficient to zero. This provides
a very general and flexible objective function .

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Level

☒ system
☐ component

Domain
SmILES deliverable D4.2
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☐ electrical domain
☒ multi-energy
☐ other, please specify:
Intended use

☒ optimal control
☐ design optimization
☐ other, please specify:

Problem specification

☒ single-objective programming
☐ multi-objective programming
☐ linear programming
☐ quadratic programming
☐ quadratically-constrained programming
☒ non-linear programming
☒ continuous programming
☐ integer programming
☐ mixed-integer programming
☐ mixed-integer non-linear programming
☒ deterministic programming
☐ stochastic programming
☐ other, please specify:

Description incl. justification

A weighted sum of the KPIs defined above is used in order to be able
to set priorities between the different KPIs. Because a model
predictive control (MPC) is used, in which the system model is
included into the optimization procedure, all controllable units such
as heat pumps, storages and the HVAC system are controlled in one
integrated MPC controller.

Strengths and weaknesses

With the weighted sum approach, all KPIs can be considered
simultaneously. However, this requires the definition of weighting
parameters which is a design decision.
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Function Definition
𝐽(𝑡̅)

Symbol of objective function
Optimization type

☒ minimize
☐ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description

The integral over a weighted sum of the KPIs defined above is used.
By doing so, priorities between the different KPIs can be
incorporated by choosing the weighting coefficients appropriately.
Furthermore, by setting some of these coefficients to zero, also only
a subset of the KPIs can be considered.

Calculation

We use the integral over a weighted sum of the before defined KPIs
as

where 𝛾𝑖 ∈ 𝑅 are weighting coefficients.

Constraints
Name of constraint

System dynamics

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

SmILES deliverable D4.2

This constraint contains the dynamic behaviour of the system,
mainly covering the thermodynamic effects within the building and
55

SmILES – 730936
D4.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

the electrical and thermal storage dynamics. The constraint is here
given by a linear ordinary differential equation (ODE).
Calculation

The linear ODE of the system can be written as

where 𝑥(𝑡) ∈ 𝑅 𝑛𝑥 is the state vector containing the temperatures
within the building, and the state of charge of all storages. The
vectors 𝑢(𝑡) ∈ 𝑅 𝑛𝑢 and 𝑧(𝑡) ∈ 𝑅 𝑛𝑧 are control variables and
disturbances where the former describes all manipulable variables
to steer technical devices like a heat pump power, the storage
charging / discharging powers, the space heating power and the
latter describes uncontrollable external influences like the outdoor
temperature, the solar irradiance and the ground temperature.

Name of constraint

Technical algebraic constraints

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

There are several additional constraints on the technical equipment,
which are described by algebraic equations. In principle, under
some technical conditions, it is also possible to include these
equations into the system dynamics described by the ODE above.
However, here they are considered as separate algebraic
constraints.

Calculation

For example, the heat pump can be described by

where 𝑝2ℎ (𝑡) is the thermal power supplied to the HVAC system,
𝑝2𝑒 (𝑡) is the consumed electrical power and 𝜇 is a fixed efficiency
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coefficient. Furthermore, energy balance in the electrical and the
thermal domain has to be satisfied, i.e.,

where 𝑝𝑖𝑒 (𝑡) are the demands / feed-ins in the electrical domain,
𝑝𝑖ℎ (𝑡) are the demands / feed-ins in the thermal domain and 𝐷 ℎ , 𝐷 𝑒
are the device sets in the thermal and electrical domain
respectively.

Name of constraint

Bounds of technical equipment

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

Technical limitations of the used equipment, e.g., bounds on the
electrical storages, bounds on the thermal storages and maximal
electricity / heat demand from the grid.

Calculation

Bounds on the technical equipment in this case usually means limits
on the thermal / electrical powers, which can be formulated as

where 𝑝𝑒 (𝑡) ∈ 𝑅 𝑛𝑒 and 𝑝ℎ (𝑡) ∈ 𝑅 𝑛ℎ are the vectors collecting all
power demands / feed-ins in the electrical and thermal domain and
𝑝𝑒 , 𝑝̅ 𝑒 and 𝑝ℎ , 𝑝̅ ℎ are their corresponding limits.
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Name of constraint

Temperature constraints

Domain

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☒ equality constraint
☐ inequality constraint
☐ bound constraint

Description

According to regulation, certain minimum and maximum
temperature constraints must be satisfied.

Calculation

These temperature constraints are defined as

where 𝑇 ∈ 𝑅 𝑛𝑡 is a vector containing all room temperatures and 𝑇 ,
𝑇̅ are the corresponding temperature limits.

Additional Information
Reference implementation
Similar / related optimization
Related publications

Oldewurtel, F. et al. "Use of model predictive control and weather
forecasts for energy efficient building climate control." Energy and
Buildings 45 (2012): 15-27.

Other comments
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Appendix F: KPIs and objective function for SmartFab (KIT)
F.1 KPI: Electric peak load required from the grid during production
About
Name of KPI

Electric peak load required from the grid during production.

Symbol of KPI

P𝑝𝑒𝑎𝑘 (t)

Contextual information

In the SmartFab use case, the aim is to reduce the peak power
demand from the electricity grid through the utilization of a battery.
This KPI is related to this aim.

Classification
Group

☐ economic
☒ technical
☐ environmental
☐ other, please specify:

Domain

☐ electrical storage
☐ thermal storage
☒ electrical network
☐ thermal network
☐ energy conversion device
☐ other, please specify:

Definition incl. justification

The KPI is marked as the maximum power rate required from the
grid during the production process.
This KPI is used to minimize the maximum value of the power
consumption during the production, considering that battery packs
are integrated into the system.
The KPI is relevant for the monetary cost of the electricity required
for production. It is related to the cost which can be saved with the
energy storage.

Significance
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Calculation

The electric peak load during the production until a certain time can
be written as:
P𝐿𝑜𝑎𝑑 (t) = ∑ P𝑖 (t) − P𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 (t) − P𝑏𝑎𝑡𝑡 (t)
𝑖

P𝑝𝑒𝑎𝑘 (t) = max{P𝐿𝑜𝑎𝑑 (τ), 0 ≤ τ ≤ t}
where P𝑖 is the electric load of each machinery under production
measured by the power sensor, P𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 is the available local
renewable generation, P𝑏𝑎𝑡𝑡 is the available power from the battery
storage.
Strengths and weaknesses

The peak power is straightforward and easy to calculate. However,
the power from renewable generation and the battery depends on
the size of PV and battery. Their sizes also need to be optimized and
have an impact on the KPI.

Scoring / categorization

Highly depends on the production process, not evaluated yet.

Data requirements
Expected data source

From the measuring sensor installed for the machinery.

Data collection interval

Usually about 5 seconds. Can be faster or slower.

Expected reliability

Highly reliable.

F.2 Objective function: Optimization of required battery for peak-shaving
About
Name of objective function

Optimization of required battery for peak-shaving.

Contextual information

This optimization problem aims at minimizing the peak load from
the grid during the production, utilizing a battery of suitable size.

Classification
Group

☒ economic
☒ technical
☒ environmental
☐ other, please specify:

Level
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☐ component
Domain

☐ thermal domain
☒ electrical domain
☐ multi-energy
☐ other, please specify:

Intended use

☒ optimal control
☒ design optimization
☐ other, please specify:

Problem specification

☒ single-objective programming
☐ multi-objective programming
☒ linear programming
☐ quadratic programming
☐ quadratically-constrained programming
☐ non-linear programming
☒ continuous programming
☐ integer programming
☐ mixed-integer programming
☐ mixed-integer non-linear programming
☒ deterministic programming
☐ stochastic programming
☐ other, please specify:

Description incl. justification

The weighted sum of load and battery size is used to indicate an
overall cost, while utilizing the storage during the production. The
battery size is chosen according to the requirement and cost.

Strengths and weaknesses

The coefficient need to be carefully considered.
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Function Definition
Symbol of objective function

𝐸𝑚𝑖𝑛

Optimization type

☒ minimize
☐ maximize

Numerical result type

☒ continuous variable
☐ integer variable

Description

The objective function describes the weighted sum of the peak load
from the grid, the total energy imports from the grid and the size of
battery with respect to economic consideration.

Calculation

𝐸𝑚𝑖𝑛 = min(𝛼 ∙ 𝑃𝑝𝑒𝑎𝑘 + 𝛽 ∙ ∫ 𝑃𝐿𝑜𝑎𝑑 (𝑡)𝑑𝑡 + 𝛾 ∙ E𝐵𝑎𝑡𝑡 )
where 𝛼, 𝛽, 𝛾 are weighting coefficients, 𝑃𝑝𝑒𝑎𝑘 is the KPI that
represents electric peak load required from the grid, 𝑃𝐿𝑜𝑎𝑑 is the
electric load from the grid, E𝐵𝑎𝑡𝑡 is the battery size.

Constraints
Name of constraint

Bound constraint for size of battery

Domain

☒ economic
☒ technical
☐ environmental
☐ other, please specify:

Specification

☒ linear constraint
☐ quadratic constraint
☐ non-linear constraint

Form

☐ equality constraint
☐ inequality constraint
☒ bound constraint

Description

The size of the battery is constraint by a minimum and a maximum
value.

Calculation

E𝑚𝑖𝑛 ≤ E𝐵𝑎𝑡𝑡 ≤ E𝑚𝑎𝑥
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