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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 3-2: Technical requirements —
Energy management systems

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 62898-3-2 has been prepared by subcommittee 8B: Decentralized electrical energy
systems, of IEC technical committee TC 8: System aspects of electrical energy supply. It is a
Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

8B/153/DTS 8B/177/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62898 series, published under the general title Microgrids, can be
found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Microgrids can serve various purposes depending on the primary objectives of their applications.
They are usually seen as a technical means to manage reliability of supply and to facilitate local
optimization of energy supply by controlling distributed energy resources (DER). Microgrids
also present a way to provide electricity supply in remote areas, to use renewable energy as a
systematic approach for rural electrification and to increase resiliency and security of supply to
end users.

IEC TS 62898 series is intended to provide general guidelines and technical requirements for
microgrid projects.

IEC TS 62898-1 mainly covers the following issues:

e determination of microgrid purposes and application,

e preliminary study necessary for microgrid planning, including resource analysis, load
forecast, DER planning and power system planning,

e principles of microgrid technical requirements that should be specified during planning
stage,

e Microgrid evaluation to select an optimal microgrid planning scheme.

IEC TS 62898-2 mainly covers the following issues:

e operation requirements and control targets of microgrids under various operation modes,
o the basic control strategies and methods under various operation modes,

e the requirements of electrical energy storage (EES), relay protection, monitoring and
communication under various operation modes,

e power quality.

IEC TS 62898-3-XX subseries technical specifications deal with the technical requirements of
microgrids.

IEC TS 62898-3-1 covers the protection and dynamic control of microgrids.

The present document covers microgrid energy management systems (MEMS).
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MICROGRIDS -

Part 3-2: Technical requirements —
Energy management systems

1 Scope

The purpose of this part of IEC 62898 is to provide technical requirements for the operation of
energy management systems of microgrids. This document applies to utility-interconnected or
islanded microgrids. This document describes specific recommendations for low-voltage (LV)
and medium-voltage (MV) systems.

This document focuses on developing standards of energy management systems aimed for
microgrids integrated in decentralized energy systems or public distribution grids. It concerns
some particularities that are not totally covered by the existing conventional energy system.
The microgrid energy management systems are being studied by various actors (utilities,
manufacturers, and energy providers) on actual demonstration projects and application use
case. The aims of this document are to make the state of the art of existing energy management
systems used in actual microgrids projects, to classify the relevant functions which can be
accomplished by microgrid energy management systems, and to recommend necessary
technical requirements for energy management systems of future microgrids.

This document includes the following items:
e main performances of key components of microgrid: decentralized energy resources, energy
storages and controllable loads),

e description of main functions and topological blocks of microgrid energy management
systems (MEMS),

o specification of information exchange protocol between main function blocks, linked to
microgrid monitoring and control systems (MMCS).

Main functions of MEMS:

e power and energy management among different resources within microgrid including active
and reactive power flows with different time scales,

e power and energy forecasts of microgrid,

e energy balancing between upstream grid and microgrid energy resources according to
power and energy forecast and upstream and local constraints,

e economic and environmental optimization,

e possible service capacities such as capacity market auctions and resiliency anticipation:
new business models,

e data archiving, trending, reporting and evaluation of operation capacities in various
operation modes.

MEMS can have some other additional functions according to microgrid size and actual
application cases:
o tariff and market trading management,

o utility ancillary services such as frequency regulation, voltage regulation, power quality and
reliability improvement, demand response possibilities, change of operation modes linked
to MMCS.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60364-8-82, Low-voltage electrical installations - Part 8-82: Functional aspects -
Prosumer's low-voltage electrical installations

IEC TS 60364-8-3, Low-voltage electrical installations — Part 8-3: Functional aspects —
Operation of prosumer's electrical installations

IEC 60870 (all parts), Telecontrol equipment and systems

IEC 60870-5-101|, Telecontrol equipment and systems — Part 5-101: Transmission protocols —
Companion standard for basic telecontrol tasks

IEC 60870-5-104, Telecontrol equipment and systems — Part 5-104: Transmission protocols —
Network access for |[EC 60870-5-101 using standard transport profiles

IEC 61850 (all parts), Communication networks and systems in substations

EC 61850-8-1, Communication networks and systems for power utility automation — Part 8-1:
Specific communication service mapping (SCSM) - Mappings to MMS (ISO 9506-1 and
ISO 9506-2) and to ISO/IEC 8802-3

IEC 61850-8-2, Communication networks and systems for power utility automation — Part 8-2:
Specific communication service mapping (SCSM) - Mapping to Extensible Messaging Presence
Protocol (XMPP)

IEC TR 61850-90-1, Communication networks and systems for power utility automation —
Part 90-1: Use of IEC 61850 for the communication between substations

IEC TR 61850-90-2, Communication networks and systems for power utility automation —
Part 90-2: Using IEC 61850 for communication between substations and control centres

IEC 61970-1:2005, Energy management system application program interface (EMS-API) -
Part 1: Guidelines and general requirements

IEC 62351, Power systems management and associated information exchange — Data and
communications security

IEC 62443 (all parts), Security for industrial automation and control systems

EC 62443-3-3, Industrial communication networks — Network and system security — Part 3-3:
System security requirements and security levels

IEC 62443-4-2, Security for industrial automation and control systems — Part 4-2: Technical
security requirements for IACS components

IEC TS 62898-1, Microgrids — Part 1: Guidelines for microgrid projects planning and
specification

IEC TS 62898-2, Microgrids — Part 2: Guidelines for operation
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IEC TS 62898-3-1|, Microgrids — Technical requirements — Part 3-1: Protection and dynamic
control

IEC TS 62898-3-4:2023, Microgrids — Technical requirements — Part 3-4: Microgrid monitoring
and control systems

IEEE Std 1815-2012, IEEE Standard for Electric Power Systems Communications-Distributed
Network Protocol (DNP3)

MODBUS Application Protocol Specification:
https://www.modbus.org/docs/Modbus_Application_Protocol _V1_1b.pdf [viewed 2023-12-12]

3 Terms, definitions and abbreviated terms

For the purposes of this document, the following terms and definitions apply. 1ISO and IEC
maintain terminological databases for use in standardization at the following addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 Terms and definitions

3.1.1

energy management system

EMS

system monitoring, operating, controlling, and managing DER and loads

[SOURCE: IEC 60364-8-1:2019, 3.2.1 — modified: "Electrical" has been deleted from the term,
"energy resources and loads of the installations" has been replaced by "DER and loads".]

3.1.2

distributed energy resources

DER

generators (with their auxiliaries, protection and connection equipment), including loads having
a generating mode (such as electrical energy storage systems), connected to a low-voltage or
a medium-voltage network

[SOURCE: IEC 60050-617:2017, 617-04-20]

3.1.3

microgrid energy management system

MEMS

system operating and controlling energy resources and loads of the microgrid

[SOURCE: IEC 60050-617:2018, 617-04-25]

3.1.4

microgrid controller

physical device/system which includes MMCS functions and can include MEMS as well, for
example, in small size microgrid

3.1.5

microgrid monitoring and control systems

MMCS

computer or PLC based system performing real time monitoring and control of microgrid
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3.1.6

point of common coupling

PCC

point in an electric power system, electrically nearest to a particular load, at which other loads
are, or could be, connected

[SOURCE: IEC 60050-614:2016, 614-01-12]

3.1.7

point of connection

POC

reference point on the electric power system where the user’s electrical facility is connected

[SOURCE: IEC 60050-617:2009, 617-04-01]

3.1.8

state of charge

SOC

available capacity in a battery pack or system expressed as a percentage of rated capacity

[SOURCE: ISO 12405-4:2018, 3.20]

3.1.9

state of health

SOH

general condition of a battery and its ability to deliver the specified performance compared with
a new battery (0 % to 100 %)

3.2 Abbreviated terms
EES electric energy storage
ESS energy storage system

4 General

4.1 System architecture and functional mapping

Generally, microgrids can be integrated into the electric power system (see Figure 1), and
MEMS is one of the key components or functions of microgrid. Figure 1 is based on a general
view and the displayed blocks have other possibilities depending on the size of the microgrids
and the type of applications.
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Figure 1 — Conceptual map of a power system consisting of a microgrid

The operation control system of a microgrid can be divided into three layers according to the
time scale, namely the energy management layer, the monitoring and control layer, and the
protection and dynamic control layer, see Figure 1.

Energy Power generation Economic and Market Demand side Power and energy exchange
management and load forecast environmental transaction management with upstream grid 62898-3-2
h. min dispatch optimisation (MEMS)
‘lData acquisition and processing ’—1 Database managementl
l Maloperation locking ‘ | Local power quality control | lSwitch control of devices| ‘ Sequence of operations |
Monitoring 62898-3-4
and ?OntrC’l ‘ Frequency/voltage regulation during normal operation | ‘ Active and reactive power control of devices ‘ (MMCS)
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‘ Mode switching ‘ ‘ Black start | ‘ System restoration ‘ | Time synchronization ‘
- || Islanding detection (e.g. loss of F tabilit . - I
main protection) requency stability Dynamic disturbance control Voltage stability
] control (island) (50 ms -2s) control
Protection
and dynamic I - - _3-
’ ] Oscillation damping control Transient disturbance control 62898-3-1
contro (due to high proportion of RES, CBGs and non-linear loads) (0 -50 ms)
S, ms
‘ Fault protection | | Unintentional islanding and mode transfer ‘ ‘ Switching and control of major DER and heavy Ioad‘
- IEC

Figure 2 — Functional mapping for operation and control of microgrids

The protection and dynamic control layer of the operation control system of microgrids is not
handled by the microgrid energy management module as an independent module since this
layer is mainly for real-time control of DER, and its response time is the shortest.

The energy management works mainly in energy management layer and partially in the
monitoring and control layer for small size microgrids. In Annex A, MEMS functions are
performed or detailed in some actual application cases.
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For small microgrids, MEMS and MMCS could be managed by the same microgrid controller
(see 4.4.2, Figure 4).

The following two documents are very important for LV prosumer installations and for microgrid
as well:

e |EC 60364-8-82, which provides more detailed requirements regarding low voltage
prosumer electrical installation.

e |EC TS 60364-8-3, which provides more detailed consideration regarding low voltage
prosumer electrical installation.

The protocol conversion in MEMS should be based on the same principle as described in
IEC 61970-1:2005; see also Annex B of the present document.

4.2 Stand-alone MEMS

Microgrid energy management as a stand-alone system is intended to handle only the operation
and control system of microgrids. It is configured to have the functions with long time scales,
such as power generation forecasting, economic dispatching, and demand side management.

4.3 Integrated MEMS

Microgrid energy management module as a system integrated into a microgrid controller is
intended to handle the operation and control system of microgrids and partly the monitoring and
control layer. It is configured to have functions with long time scales, such as power generation
forecasting, economic dispatching, and demand side management. It can have fast response
times, usually involving data acquisition, system operation mode switching, black start, and
emergency control.

4.4 Communication protocols and cyber security
4.4.1 Basic principle

The microgrid should have reliable information communication capabilities. The communication
protocol and communication medium should be configured according to the specific application
scenarios, real-time requirements, and the actual situation on site.

4.4.2 Recommended methods

The microgrid communication involves remote communication and local communication. The
remote communication is applied for information exchange between the microgrid and the
upstream grid dispatching system called "dispatch centre", and the local communication is
applied for information exchange among MEMS, microgrid control and monitoring systems, DER
and/or other internal equipment of microgrid. In the case of an isolated microgrid, i.e., it is not
connected to an upstream main grid, there is no need for communication link with a dispatch
centre (dotted point lines in Figure 3 and Figure 4).

The communication protocols shall be defined according to interoperability requirements. For
example, the communication protocol can be the IEC 61850 series, |EC 60870-5-104,
IEC 60870-5-101 and IEEE Std 1815.

For local communication, the number of layers depends on the structure of the microgrid
management system.

Usually, a part of MEMS functions is carried out in the cloud, the communication can be based
for example on Web Services REST protocols.
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Local communication for structure 1: Stand-alone MEMS module

Under a three-layer architecture, the protocols of the IEC 61850 series, Modbus and other
protocols can be applied between the microgrid controller and the DER and internal equipment
of microgrid. The selected communication media of the microgrid can be optical fibre, twisted
pair, wireless, etc. according to specific application conditions, see Figure 3.

' Distribution dispatching |
: system |
: (dispach center) I

Protocols: IEC 60870-5-101/-104, IEC 61850-8-1/-90-2

DNP3, IEEE 1815
Communication media: fiber / twisted pair / wireless

Q MEMS
R mmmeem———— (microgrid energy
management system
Web protocole API, ¢ ¥ )
web services REST for
Protocols: IEC 60870-5-101/-104, IEC 61850-8-1/-90-2
example
DNP3, IEEE 1815, modbus, PQTT
Communication media: fiber / twisted pair / wireless

MMCS
(microgrid monitoring
and control systems)

Protocol: MODBUS-RTU/MODBUS-TCP/IEC 60870
Communication media: fiber / twisted pair / PLC / wireless

Other equipments
DER ESS Load poC (breaker / line /
transformer / etc.)

IEC
Figure 3 — Typical three-layer communication for structure 1

Local communication for structure 2: Integrated MEMS module

Under a two-layer architecture, the protocols of |EC 60870-5-101, JEC 60870-5-104, DNP3
(Distributed Network Protocol, IEEE Std 1815), etc. can be applied between MEMS and the
microgrid controller, and the IEC 61850 series, Modbus and other protocols can be applied
between the microgrid controller and the DER and internal equipment of microgrid. The
communication medium used for the microgrid can be selected as optical fibre, twisted pair,
wireless, etc. according to specific application conditions. For integrated MEMS modules, digital
and analogue signals using I/O card could also be an option.
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Figure 4 — Typical two-layer communication for structure 2

4.4.3 Cyber security

The cyber security strategy of MEMS shall be aligned with the IEC 62443 series, which defines
security levels and associated requirements for Industrial Automation and Control Systems
(IACS).

The IEC 62443 series defines four different security levels (SL1 to SL4), with specific
requirements applicable to system level (see |EC 62443-3-3) and component level (see
IEC 62443-4-2). The required level remains specific to each microgrid application and its
required security profile. The manufacturer or system provider shall declare the security level
of the MEMS and its components, as defined in the IEC 62443 series.

Cyber security functions of MEMS should be shared with MMCS (see IEC TS 62898-3-4), and
the declared security level can be common.

4.5 Overview of MEMS function requirement

The configuration and main functionalities of MEMS shall be based on the selected type,
purpose, use case, application, target and needs of the microgrid specified in [JEC TS 62898-1.

The functionalities of MEMS can be chosen for reducing energy costs, optimizing generation
assets, improving reliability, improving grid power quality, providing disaster-preparedness,
demand side response. In islanding mode, the functionalities of MEMS can be set for providing
power to remote areas with lower cost, improving reliability.

The functionalities shall be selected to always fulfil the main target of dispatch optimization
considering the technical constraint conditions and selected optimization methods/sub-target
modes.

The following optimization modes can be made available:

e economic dispatch optimization: energy costs reductions,

e environment dispatch optimization: CO, reduction,

e power quality/reliability/stability dispatch optimization: High power quality.
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These optimization modes shall not be permanent. MEMS can select dynamically an
appropriate optimization model according to the operating mode and system state. For example,
when a grid-connected microgrid has abundant renewable energy, the optimization goal mainly
focuses on the microgrid participating in the demand side response of the main grid to obtain
higher returns. When the renewable energy resource is insufficient, the optimization target shall
be switched to guarantee high power supply reliability with lower cost. When the grid-connected
microgrid is switched to the islanding operation mode, the optimization goal shall be considered
more on the power supply continuity of the critical load.

Besides the selected functions, MEMS shall integrate a common set of functional modules to
accomplish the main target of dispatch optimization:
e forecast module: power generation and load forecast,

e power management module: load and generation coordinated control, active power control,
reactive power and voltage control,

e alarm, security, safety module: dealing with emergencies,

e market module: market transaction and market data.
The implementation of the dispatch optimization target by the MEMS results into a unit
commitment, power generation scheduling and power consumption plan, tie line of power plan,

reserve plan/spare capacity. In the following parts of this subclause, the targets and
functionalities are detailed.

Figure 5 gives the overall functional architecture of MEMS.
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Figure 5 — Microgrid energy management system functional architecture
Documents

Document Sharing Hub


http://www.avadocuments.com/doc/pd-iec-ts-62898-3-2-2024
http://www.avadocuments.com/doc/pd-iec-ts-62898-3-2-2024

- 18 — IEC TS 62898-3-2:2024 © |IEC 2024

5 Functional requirements

5.1 Dispatch optimization

MEMS will optimize the generation dispatch mix of energy produced by all forms of DER
generation, ESS storage and load consumption schedule, both electrical and thermal. For this,
MEMS considers utility grid dispatching schedule, power forecasting, demand forecasts,
renewable generation output, ESS charging/discharging states, real-time operating status, unit
economic efficiencies, the energy import tariff and characteristics, constraints of generating
resources and load.

The dispatch optimization results in safe, reliable, and economical optimal scheduling of the
microgrid. Its goal is to minimize the economic cost according to the remote dispatch plan,
power generation load forecasting data, real-time operation data of microgrid, power supply and
load characteristics. MEMS should be able to provide such optimization up to a week in advance.

511 Dispatch and scheduling models
5111 General

Scheduling models can be very different according to microgrid structures, optimization
objectives and constraints.

Generation dispatch and load consumption schedule can be classified into day-ahead and intra-
day (see 5.1.1.2 and 5.1.1.3).

5.1.1.2 Day-ahead economic optimization schedule

Economic dispatch should include day-ahead economic optimization scheduling. For instance,
the economic optimization schedule can be based on 24 hours.

Day-ahead economic optimization dispatching should arrange a 24-hour unit combination plan,
energy storage charge and discharge state plan, and a flexible resource power plan
corresponding to the time scale from 00:00 on the next day.

According to the renewable energy output and the short-term power forecast of microgrid loads,
day-ahead unit optimization start-stop model is used to optimize the microgrid: start-stop status
of the sources, the switching plan of each type of load, the charge and discharge status of the
energy storage systems, and SOC (state of charge) operation interval. The optimized
scheduling plan is sent to the corresponding equipment and corresponding users in advance.

5.1.1.3 Intraday economic dispatch

The intra-day economic optimization dispatching will update the 4-hour power generation plan,
energy storage charge and discharge plan, power consumption plan and flexible resource
power plan from now on with a time resolution of no more than 15 minutes.

Based on the day-ahead schedule (start-up and shut-down plan of sources, switchable load
start-stop status and SOC curve of PQ-type storage), the intraday economic plan can compute
and optimize the operating powers of each sub-source and each load in the microgrid according
to ultra-short-term power prediction results and the intra-day economic optimization scheduling
model. Generation schedule can be generated manually or automatically with MEMS. The
optimized scheduling plan is sent to the corresponding equipment and corresponding users in
advance.

5114 Real-time scheduling plan adjustment

Real-time scheduling adjusts planned power values in real time based on system and device
security constraints and system operation. Documents
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5.1.2 Dispatch optimization modes and objective functions
5.1.21 General

The optimization of the dispatch is a target/objective function, which shall be specified by the
microgrid owner whether to optimize generation dispatch based on economics, emissions,
power quality, RES utilization or a combination of them. These objective functions are mainly
based on user preferences, microgrid type, geographical location, installed equipment,
microgrid capacity, policy orientation, electricity price, energy storage, and power generation.

Dispatch optimization is minimizing or maximizing a target/objective function, which shall be
specified by the microgrid owner based on economics, emissions, power quality, RES utilization
or a combination of them.

Dispatch optimization modes/objective functions/optimization goals of MEMS are also different
according to the microgrid type being non-isolated or isolated.

The reliability and stability of a grid-connected microgrid is normally guaranteed with the
external power grid as voltage and power support. Therefore, the priority shall be on economic
dispatch optimization considering local power generation cost, as well as grid real-time
electricity price and service market to achieve the most economical operation target. Economic
optimization dispatching operation can reduce the cost of electricity and improve the power
market revenue by optimizing the charging — discharging of the energy storage equipment,
controlling the loads, scheduling the power supplies. Therefore, the optimization objectives of
optimal dispatching for a grid-connected microgrid shall include:

e system operating cost, market revenue, planned value tracking error and other economic
indicators,

e environmental cost,

e power quality, reliability and stability of the microgrid and the external grid,

e renewable energy utilization.

The primary task of isolated microgrid energy management is to ensure the long-term
uninterrupted power supply of key loads in the microgrid and the safety and stability of its own
real-time operation. On this basis, the economic indicators are considered, and the controllable
part of the microgrid is optimized. The optimization objectives of optimal dispatching for isolated
microgrid shall include:

e system operating cost,

e environmental cost,

e power supply reliability,

e renewable energy utilization, etc.
5.1.2.2 Economic dispatch optimization

The general economic optimization can be summarized as a cost reduction function, which
considers operating costs, environmental costs, market benefit, and the economic goals that
are converted by operating evaluation indicators with weighted coefficients.
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The following variables can be taken into consideration in the economic dispatch optimization,
where the list is not exhaustive. MEMS could propose part of them according to the targeted
applications:
a) System operation costs including fixed cost and marginal costs:
— power generation,
— fuel,
— distribution/transmission cost and potential upgrade cost,
— maintenance,
— start-up and shutdown,
— equipment degradation,
— power losses,
— energy efficiency.
b) Environmental costs
— carbon emissions with penalty costs.
c) Market profits
— purchase from utility grid,
— reserve capacity market profit,
— demand response incentives,
— day-ahead and real-time electricity market profit,
— other grid service market profit.
d) Miscellaneous objectives
— dissatisfaction costs,
— reliability costs of microgrid,
— tracking error penalties,

— renewable energy utilization rate costs.
5.1.2.3 Power quality/reliability/stability dispatch optimization
The economic dispatch optimization shall reduce energy costs and jointly be implemented with

the power quality dispatch optimization to deliver high power quality by optimizing the output of
controllable DER for a safe and reliable operation of the microgrid.

5.1.2.4 Environment dispatch optimization: CO, reduction

Local regulation policy and environmental strategy can put CO, reduction into force. MEMS
should set appropriate optimization goals and operation modes to improve the environment.

5.1.2.5 Renewable energy utilization optimization: high renewable energy utilization

In microgrids constituting renewable energy resources, the MEMS should be able to maximize
the utilization of the renewable generation. While doing so, the MEMS shall be able to ensure
the microgrid satisfies the stability and power quality requirements.

5.1.3 Management of technical constraint conditions

The economic optimization dispatching model of microgrid depends on diverse factors such as
electrical structure, system composition and time scale. This results in different actual
constraints. The general constraints mainly include unit output limitations, system operation
constraints, robustness constraints, and constraints of other additional modules.
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The following constraints should be taken into consideration in the economic dispatch functions:

a)

b)

Unit output constraints

— maximum and minimum generation power and capacity of DER and EES,
— minimum "down time" and "start-up time" of DER,

— maximum ramp rate of DER,

— start & stop or charge & discharge switching times of DER and ESS.
System operation constraints

— generation-load balance,

— power flow control,

— reserved generation capacity,

— environmental (emission) constraints,

— exchange power at the point of connection (POC) between upstream grid and microgrid
network,

— small signal stability constraints,

— power quality constraints,

— system security constraints (power limitation of power lines),
— power supply reliability constraints and probability of off-load state.
Robustness constraints

— stochastic constraints of renewable energy power,

— accidental cost constraints.

Miscellaneous constraints

— controllable loads and other flexible resources constraints,
— market behaviour constraints.

Safe operation constraint

— constraints which guarantee the safe operation of microgrid.
Real-time operation constraints

— unforeseen constraints.

5.1.4 Optimization types and approaches

Different constraints and optimization objectives form different microgrid economic dispatch
optimization solving problems. The optimisation principle shall be declared by the MEMS
manufacturer and a non-exhaustive list of optimization methods shall be given as an example
with the necessary explanations. The types of optimization solving problems are mainly divided
into:

mixed integer programming problem,
dynamic programming problem,

stochastic and robust programming problem,
non-linear programming problem,
non-differential programming problem,
multi-objective programming problem.
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