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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 3-2: Technical requirements —
Energy management systems

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interng
cqg-operation on all questions concerning standardization in the electrical and electronic fields. TO|this en
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Teghnical Re
Pdyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the/subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the Intepnational Organizati
Standardization (ISO) in accordance with conditions determined by agreement betweén-the two organizati
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THe formal decisions or agreements of IEC on technical matters express, as nearly-as possible, an interngtional

cgnsensus of opinion on the relevant subjects since each technical compiitiee has representation frd
inferested IEC National Committees.

IE[C Publications have the form of recommendations for international<usg¢”and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible for theyway in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National-Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their nationaland regional publications. Any divergence be
arly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, accessA0/IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bedies.

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

members of its technical committees and)|IEC National Committees for any personal injury, property damd
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
eXpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

shall not be held responsible for identifying any or all such patent rights.

m all

tional
f IEC
r any

htions
ween
atter.

brmity
r any

liability shall attach to IEC or its directars, employees, servants or agents including individual experts and

ge or
) and
r IEC

bns is

pf (a)
hts in
which
esent
. IEC

ergy

Technical Specification.

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

Draft Report on voting

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

is a

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.

IMRORTANT — The "colour inside" logo on the cover page of this document indicgtes
that it contains colours which are considered to be useful forthée 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

vavavava

IEC TS 62898-1 mainly covers the following issues:

e determination of microgrid purposes and application,

. reliminary study necessary for microgrid planning, including resouf¢e analysis, |load
forecast, DER planning and power system planning,

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

icrogrid evaluation to select an optimal microgrid planning/scheme.
IEC TS 62898-2 mainly covers the following issues:

. peration requirements and control targets of micregtids under various operation modes,
o the basic control strategies and methods under various operation modes,

e thhe 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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1

The

MICROGRIDS -

Part 3-2: Technical requirements —
Energy management systems

Scope

burpose of this part of IEC 62898 is to provide technical requirements for the operatipn of

enerfly management systems of microgrids. This document applies to utility-interconnectéd or
islanded microgrids. This document describes specific recommendations for low-vaoltage|(LV)

and

medium-voltage (MV) systems.

This|document focuses on developing standards of energy management_systems aimef for
micrpgrids integrated in decentralized energy systems or public distribution grids. It congerns
somg¢ particularities that are not totally covered by the existing conventional energy sydtem.
The |microgrid energy management systems are being studied by)various actors (utiljties,
manlfacturers, and energy providers) on actual demonstration. projects and application| use
casel The aims of this document are to make the state of the art ef’existing energy management
systgms used in actual microgrids projects, to classify the“televant functions which can be
accomplished by microgrid energy management systems,; and to recommend necegsary

technical requirements for energy management systemscof future microgrids.

This|document includes the following items:

Mai

ain performances of key components of nmiicrogrid: decentralized energy resources, erergy
sforages and controllable loads),

description of main functions and (fopological blocks of microgrid energy management
slystems (MEMS),

specification of information_exchange protocol between main function blocks, linkgd to
icrogrid monitoring and confrol systems (MMCS).

functions of MEMS:
wer and energy’management among different resources within microgrid including alctive

nd reactive power flows with different time scales,
wer and energy forecasts of microgrid,

nergy balancing between upstream grid and microgrid energy resources accordirng to
wer-and energy forecast and upstream and local constraints,

onemic and environmental optimization,

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

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:

tariff and market trading management,

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


https://iecnorm.com/api/?name=9b42202cf8fc4857527b22fb89bb024e

-10 - IEC TS 62898-3-2:2024 © |IEC 2024

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 360364'8'3, LUVV'VU;tdyU b'l'b'btll'bdl’ l'llbtdiidtl'ullb - Pdlt 8'3 Fullbl‘I.UIIdI' dbpb‘th -
Opetfation of prosumer's electrical installations

IEC 60870 (all parts), Telecontrol equipment and systems

IEC $0870-5-101, Telecontrol equipment and systems — Part 5-101: Transmission protocpls —
Companion standard for basic telecontrol tasks

IEC $0870-5-104, Telecontrol equipment and systems — Part 5-104--Transmission protocpls —
Network access for IEC 60870-5-101 using standard transport profiles

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

IEC $1850-8-1, Communication networks and systems~for power utility automation — Par{ 8-1:
Spedific communication service mapping (SCSM)/)-"Mappings to MMS (ISO 9506-1| and
ISO P506-2) and to ISO/IEC 8802-3

IEC $1850-8-2, Communication networks andsystems for power utility automation — Par{ 8-2:
Spegific communication service mapping (SCSM) - Mapping to Extensible Messaging Presgnce
Protocol (XMPP)

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

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

IEC $1970-1:2005, Energy management system application program interface (EMS-API) -
Part|1: Guidelines*and general requirements

IEC 23515 Power systems management and associated information exchange — Data| and
comimuhications security

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

IEC 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:

http :/:’\fv"v'v"v‘v'.mudb'u'o.urgllduuclll\vlludb'u'o_ll—\\ppliuatiur‘_lnrutuuul_\vl"l_4|b.pdf [vic'vvcd 202342
3 Terms, definitions and abbreviated terms

For

he purposes of this document, the following terms and definitions apply! ISO and

mainftain terminological databases for use in standardization at the following,'dddresses:

[ ]
3.1

3.1.1
ener
EMS
systg

[SOU
"ene

3.1.2

EFC Electropedia: available at http://www.electropedia.org/

50 Online browsing platform: available at http://www.iso.org/obg

Terms and definitions

gy management system

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

RCE: IEC 60364-8-1:2019, 3.2.1 — modified: "Electrical" has been deleted from the f{
gy resources and loads of the installations" has been replaced by "DER and loads".]

distijibuted energy resources

DER
geng
age
a mg

[SOU

3.1.3
micn
MEM
syste

rators (with their auxiliaries; protection and connection equipment), including loads ha
nerating mode (such as.electrical energy storage systems), connected to a low-volta
dium-voltage network

RCE: IEC 60050-617:2017, 617-04-20]

ogrid_energy management system
S
moperating and controlling energy resources and loads of the microgrid

IEC

erm,

ving
je or

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

3.1.4

micr

ogrid controller

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

3.1.5

micr

ogrid monitoring and control systems

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


https://standards.ieee.org/standard/1815-2012.html
https://standards.ieee.org/standard/1815-2012.html
https://www.modbus.org/docs/Modbus_Application_Protocol_V1_1b.pdf
http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=9b42202cf8fc4857527b22fb89bb024e
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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

refer
[SOU

3.1.8

ence point on the electric power system where the user’s electrical facility is connect

RCE: IEC 60050-617:2009, 617-04-01]

state¢ of charge

SOC|
avail

[SOU

3.1.9

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

RCE: ISO 12405-4:2018, 3.20]

state of health

SOH
gens
ane

3.2
EES
ESS

4

4.1

ral condition of a battery and its ability to deliverthe specified performance compared
v battery (0 % to 100 %)

Abbreviated terms
electric energy storage
energy storage system

General

System architecture and functional mapping

Gengrally, microgrids.can be integrated into the electric power system (see Figure 1),

MEM
view
and

S is one of the~key components or functions of microgrid. Figure 1 is based on a ge
and the displayed blocks have other possibilities depending on the size of the micro
he typejofiapplications.

with

and
heral
grids
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Figure 1 — Conceptual map of a power system consisting of a microgrid

The pperation control system of a microgrid can ©e divided into three layers according t9 the
time|scale, namely the energy management layer, the monitoring and control layer, and the
protgction and dynamic control layer, see Figure 1.
“\Q
Ehergy Power generation Economic and Market Demand side Power and energy exchange
manpgement and load forecast environmental transaction management with upstream grid 628pP8-3-2
min dispatch optimisation (MEMS)
e\ :
‘[Data acquisition and processing ’—1 Database management |
l Maloperation locking ‘ | Local power quality control | lSwitch control of devices| ‘ Sequence of operations |
Mohitoring 628p8-3-4
and ?OntrC’l ‘ Freqlehcy/voltage regulation during normal operation | ‘ Active and reactive power control of devices ‘ (MMCS)
hin, s
‘ Mode switching ‘ ‘ Black start | ‘ System restoration ‘ | Time synchronization ‘
I || Islanding detection (e.g. loss of F tabilit . - I
main protection) requency stability Dynamic disturbance control Voltage stability
) control (island) (50ms —2s) control
Prgtection
dd i — - - _3-
an y?arlmc Oscillation damping control Transient disturbance control 628p8-3-1
Cor;n': (due to high proportion of RES, CBGs and non-linear loads) (0 -50 ms)
Eault protection J‘ ! Unintentional islanding and made transfer J‘ 1 Switching and control of major DER and heavy Inndl

Figure 2 — Functional mapping for operation and control of microgrids

IEC

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 describgd in
IEC $1970-1:2005; see also Annex B of the present document.

4.2 | Stand-alone MEMS

Microgrid energy management as a stand-alone system is intended to handjeOnly the operation
and gontrol system of microgrids. It is configured to have the functions with long time schples,
such|as power generation forecasting, economic dispatching, and demand side managemgnt.

4.3 | Integrated MEMS

Microgrid energy management module as a system integratéd into a microgrid controller is
intended to handle the operation and control system of micregrids and partly the monitorind and
control layer. It is configured to have functions with long{time scales, such as power generation
foreqasting, economic dispatching, and demand side‘management. It can have fast resppnse
times, usually involving data acquisition, system.operation mode switching, black start,| and
emeifgency control.

4.4 | Communication protocols and cyber security
4.4.1 Basic principle

The microgrid should have reliablexinformation communication capabilities. The communication
protqcol and communication medium should be configured according to the specific application
scengrios, real-time requirements, and the actual situation on site.

4.4.2 Recommended methods

The Imicrogrid communication involves remote communication and local communication.| The
remgte communication is applied for information exchange between the microgrid angd the
upstream grid<dispatching system called "dispatch centre", and the local communicati¢n is
applied for information exchange among MEMS, microgrid control and monitoring systems, DER
and/or otherinternal equipment of microgrid. In the case of an isolated microgrid, i.e., it i not
connected’to an upstream main grid, there is no need for communication link with a dispatch
centie {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, IEC 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.


https://iecnorm.com/api/?name=9b42202cf8fc4857527b22fb89bb024e

IEC TS 62898-3-2:2024 © |[EC 2024 - 15—

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

LN TN L
% I Protocols: TEC 60870-5-101/-104, TEC 61850-8-1/-90-2
! DNP3, IEEE 1815
Cloud : Communication media: fiber / twisted pair / wireless
I
1

MEMS
------------ (microgrid energy
management system
Web protocole API, ¢ ¥ )
web services REST for
I Protocols: IEC 60870-5-101/-104, IEC 6185Q-8-1/-90-2
example
DNP3, IEEE 1815, modbus, PQTT
Communication media: fiber / twisted(pair l/vireless

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

Undé¢r a two-layer architecture, the protocols of IEC 60870-5-101, IEC 60870-5-104, ONP3
(Disfributed Network Rrotocol, IEEE Std 1815), etc. can be applied between MEMS andl the
micrpgrid 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
cominunication.medium used for the microgrid can be selected as optical fibre, twisted [pair,
wireless, etc,-according to specific application conditions. For integrated MEMS modules, djgital
and analoglie-signals using I/O card could also be an option.
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| Distribution dispatching :
: system :
: (dispach center) I

I

I

| Protocols: IEC 60870-5-101/IEC 60870-5-104,

| IEC 61850-8-1/IEC 61850-90-2, DNP3, IEEE 1815
I Communication media: fiber / twisted pair / wireless
I
1

4.4.3

The
secu
(IAC

The
requ
IEC
requ
of th

Cybg
the g

@) MEMS
D . -
- (microgrid energy
Web protocole API, management system)
web services REST for
example
" IEC 61850-8-1/IEC 61850-8-2, DNP3, IEEE 1815 \
Communication media: fiber / twisted pair / PLC / wireless
Other equipments
DER ESS Load POC (breaker/ line /
transformer / etc.)
IEC

Figure 4 — Typical two-layer communication forstructure 2

Cyber security

cyber security strategy of MEMS shall be aligned with'the IEC 62443 series, which de
rity levels and associated requirements for Industrial Automation and Control Sys
S).

rements applicable to system level (sée IEC 62443-3-3) and component level
52443-4-2). The required level remains specific to each microgrid application an
red security profile. The manufacturer or system provider shall declare the security
e MEMS and its components, as-defined in the IEC 62443 series.

r security functions of MEMS- should be shared with MMCS (see IEC TS 62898-3-4)
eclared security level can.be common.

Overview of MEMS function requirement

configuration and main functionalities of MEMS shall be based on the selected
bse, use case, application, target and needs of the microgrid specified in IEC TS 628

functionalities of MEMS can be chosen for reducing energy costs, optimizing gener

s,,improving reliability, improving grid power quality, providing disaster-preparedr

fines
tems

IEC 62443 series defines four different ‘security levels (SL1 to SL4), with spegcific

(see
d its
evel

and

ype,
p8-1.

Ation
ess,

ding

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 €

o e

e p

conomic dispatch optimization: energy costs reductions,

nvironment dispatch optimization: CO, reduction,

ower 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:

o foprecast module: power generation and load forecast,

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

. larm, security, safety module: dealing with emergencies,

. arket module: market transaction and market data.

The |implementation of the dispatch optimization target by the MEMS results into af unit
comimitment, power generation scheduling and power consumption.ptan, tie line of power plan,
rese]r\‘/e plan/spare capacity. In the following parts of this™ subclause, the targets|and
funciionalities are detailed.

Figure 5 gives the overall functional architecture of MENMS.

Short-term Short-term Market ‘prices Tie-line power
renewable energy load forecast (electricity, fuel, order (grid-
forecast etc.) connected)
’ Day
*
Mor el gf day- Optimized Unif Strategy of unit

affead unit objectives and »  startup and » start-up and
start up and ;

sHut down constraints shut down shut down

Market prices Tie-line power
L&i%:ﬁ{:frﬁft (electricity, fuel, order (grid-
etc.) connected) )
i Hour/mipute
R ":‘l‘)l‘ . P ders of

Iftra da enewable ower orders o

e onomi¥: erergy power > Intra day » DG renewable
didpatching forecast (short- economic sources and

model term) dispatch loads
. Second
Milli secpnd
IFC<IS,62898-3-1, -3-4
Real time

IEC

Figure 5 — Microgrid energy management system functional architecture
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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.

micrpgrid. 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.

Thefispatch optimization results in safe, reliable, and economical optimal schedulingrof the

5.1.1 Dispatch and scheduling models
5.1.11 General

Schgduling models can be very different according to microgrid” structures, optimization
objegtives and constraints.

Gengration dispatch and load consumption schedule can be-glassified 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 gconomic optimization scheduling. For instgnce,
the gconomic optimization schedule can be:based on 24 hours.

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

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

5.1.1.3 Intraday economic dispatch

The |ntra-day economic optimization dispatching will update the 4-hour power generation plan,
energy.'storage charge and discharge plan, power consumption plan and flexible resdurce
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.
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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, emiss
power quality, RES utilization or a combination of them. These objective functions are m

ions,
ainly

based on user preferences, microgrid type, geographical location, installed equipment,

microgrid capacity, policy orientation, electricity price, energy storage, and power generat

ion.

Dispatch optimization is minimizing or maximizing a target/objective function, which shall be

specjfied by theTmicrogrid owner based o eConomTiTs; ENTSSIONS, power quatity; RESutitiz
or a pombination of them.

Dispptch optimization modes/objective functions/optimization goals of MEMS arealso diffs
accofding to the microgrid type being non-isolated or isolated.

The [reliability and stability of a grid-connected microgrid is normally c(giaranteed with
extefnal power grid as voltage and power support. Therefore, the priority/shall be on econ
dispatch optimization considering local power generation cost, @as “well as grid real
elecfricity price and service market to achieve the most economicakoperation target. Econ
optimization dispatching operation can reduce the cost of eleCtsicity and improve the p
marKet revenue by optimizing the charging — discharging eof<the energy storage equipn
controlling the loads, scheduling the power supplies. Therefore, the optimization objectiv
optimal dispatching for a grid-connected microgrid shallsinclude:

e slystem operating cost, market revenue, planned/value tracking error and other econ
imdicators,

° nvironmental cost,

. ower quality, reliability and stability of the microgrid and the external grid,

°

—

bnewable energy utilization.

The |primary task of isolated migdrogrid energy management is to ensure the long-
uninferrupted power supply of key-loads in the microgrid and the safety and stability of its
real-fime operation. On this basis, the economic indicators are considered, and the control
part pf the microgrid is optimized. The optimization objectives of optimal dispatching for iso
microgrid shall include:

e slystem operating cost,

. nvironmental.cost,

. wer supply reliability,

e renewable energy utilization, etc.

ntion

brent

the
omic
time
pmic
bwer
hent,
bs of

omic

term
own
able
ated

The general economic optimization can be summarized as a cost reduction function, which

considers operating costs, environmental costs, market benefit, and the economic goals
are converted by operating evaluation indicators with weighted coefficients.

that
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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,

——startupamd-stutdowrT,

- equipment degradation,

- power losses,

- energy efficiency.

b) Hnvironmental costs

-1 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 gconomic dispatch aptimization 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

Locdl regulation policy and environmental strategy can put CO, reduction into force. MEMS
shoqld set appropriate optimization goals and operation modes to improve the environmerrt.

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)

5.1.4 Optimization types and approaches

Diff
opti

man
with
into:

Unit output constraints

S

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.
ystem operation constraints

generation-load balance,

wl

sl

e

r]]ization solving problems. The optimisation principle shall be declared by the M

power flow control,
reserved generation capacity,
environmental (emission) constraints,

exchange power at the point of connection (POC) between upstreamgrid and micr
network,

small signal stability constraints,
power quality constraints,
system security constraints (power limitation of power lines),
power supply reliability constraints and probability of offload state.
obustness constraints
stochastic constraints of renewable energy power,
accidental cost constraints.
iscellaneous constraints
controllable loads and other flexible:resources constraints,
market behaviour constraints.
afe operation constraint
constraints which guarantee-the safe operation of microgrid.
eal-time operation constraints

unforeseen constraints.

Fent constraints and optimization objectives form different microgrid economic disg

facturer_and a non-exhaustive list of optimization methods shall be given as an exa
the necessary explanations. The types of optimization solving problems are mainly diy

bgrid

atch
EMS
mple
ided

mixed integer programming problem,

dynamic programming problem,

stochastic and robust programming problem,

n

n

on-linear programming problem,

on-differential programming problem,

multi-objective programming problem.
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According to the different problems of economic dispatch optimization, different specific
optimization methods can be used to solve actual problems quickly and effectively. The
optimization calculation methods mainly used are:

e h

e a

euristic approach,

gent based approach,

e evolutionary approach,

e model predictive control approach (MPC method),

o n

eural network approach,

5.2

5.2.

Forerasts in the microgrid include power generation forecasting, load\‘forecasting,

elec

MEN
cons
(e.q.
strug
inclu
requ

MEM
auto
data

5.2.2

A va
algo
chan

her artificial intelligent approach.
Forecast function

General

ricity price forecasting.

S shall include the forecast module (power generation and load forecast) taking
deration external and internal factors. External factors ingclude environmental condi
geography, meteorology, resources, etc.), requirements’on’economy and reliability,
ture and voltage level of distribution network where microgrid is connected. Internal fa
de type and characteristics of DER, capacity and)site of ESS, characteristics
rements of load, structure of microgrid network, and control strategy.

S shall be capable of receiving forecasted data of power generation and load or carr
nomously generation power forecasting based on historical meteorological measure
and weather forecast data as input data.

Forecasting requirements and,time dimension

riety of algorithms should be established to form a library of prediction algorithms, an
ithm parameters should belLappropriately adjusted according to regional and seas
ges, and the differences-between normal days and holidays should be considered.

Fore

give
cou

The
auto
scalg

pow’}r generation, andload power prediction functions. The following time resolution value

cast module can have short-term, ultra-short-term photovoltaic power generation,

as examples,(they can be different according to applicative requirements for each re
try, or use case.

short-term forecast can give daily start time and sequence number of forecasts, su
matic start and manual start, and predict the data of the next 1 day to 3 days; the data
iS/15 minutes.

and

into
tions
and
Cctors
and

y out
ment

i the
onal

wind
5 are
jion,

bport
time

Ultra-short-term forecasting can be predicted every 15 minutes with automatically rolling

exec

ution, and is able to predict data for the next 15 minutes to 6 hours.

The power generation forecast model can predict the power generation at different time scales.
The type of forecast involved in MEMS is generally short-term forecast with a time horizon less

than

a week.
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5.2.3 Renewable power generation forecast

Specially, for microgrids with intermittent generation resources such as wind power, solar power,
MEMS should incorporate a supervisory and measuring function on generation resources and
a forecasting function on power generation at various time scales. Power generation forecasting
is mainly based on the prediction of wind and photovoltaic generation. When other power
generation units such as tidal energy, wave energy, geothermal energy, etc. are installed, the
relevant prediction function should be configured. IEC TR 63043 gives detailed information such
as renewable energy power forecasting at different spatial and temporal scales, and the
forecasting technologies for wind and photovoltaic powers.

Powgr generation forecasting is the basis for microgrid planning and operation. Based on
histdrical measurement data, actual weather forecast data and real-time operational datg, the
powgr level of different power generation units at different time scales is predicted. Renewable
powegr generation predictions in microgrids are generally divided into photovoltaic predicfions
and wind power predictions.

5.2.4 Load forecast

The |oad forecast function utilizes historical load data as well as seasohal weather condifions
to forecast load profiles for the site at various time scales. The foregasting object includes fliture
powe¢r demand (power) and future power consumption (energy)sand prediction of load curye.

Load forecasting should have short-term and ultra-short-term load prediction functions focusing
on the hourly system load. In the microgrid system with“integrated multi-energy function, it
should be equipped with relevant cold and heat load forecasting.

Whep industrial loads are present, load forecast.should include plant process forecast. This is
typically associated with the production planning, and includes maintenance cycle, [load
varigtion associated to the manufacturer process, etc.

5.2.5 Electricity price forecast

Electricity price forecasting should”have a power price prediction function to assist |load
management and demand side fesponse functions.

5.2.6 Input values of forecast

The [nput value of forecast can include information in the area where the microgrid is located:

Ttitude, longitude, and altitude,
e hi

o Weather type such as temperature, humidity, precipitation, sunshine, wind level, wind
direction, pressure,

storicallgeneration and load data,

e historical electricity price information.

For PV generation: PV installed capacity, PV cell type, PV installation angle, inverter type (AC
or DC coupled), PV module level maximum power point tracking (MPPT) optimization, tracking
mode, PV module area and quantity, characteristic curve. Historical and real-time data of
photovoltaics, including but not limited to: photovoltaic active power, starting capacity, working
state, photovoltaic power generation fault record, total radiation, direct radiation, scattered
radiation, photovoltaic module temperature, photovoltaic ambient temperature, humidity, air
pressure, wind speed and wind direction, variable export limiting.

For wind generation: wind turbine installed capacity, hub height, blade diameter, power curve
and other data. Historical and real-time data of wind measurement including but not limited to
average wind speed at 10 m, 30 m, 50 m, average wind direction, maximum wind speed and
wind speed standard deviation, average pressure at 10 m height, average temperature, and
average humidity.
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5.3 Demand side integration
5.3.1 General

The MEMS can include a demand side integration strategy such that it is focused on ensuring
the efficient and effective use of the microgrid or external grid.

Demand side resources are resources on the customer side of the meter that can be relied on
to respond to market conditions of the microgrid or external grid. This can include distributed
generation, storage, dispatchable load and other on-site resources capable of impacting
demand for the microgrid.

5.3. Demand side management

Dempnd side management is the process where the MEMS can control loadsand stgrage
systéms in order to manage demand. With direct load control, customers’ load, and storage is
contfolled in accordance with agreed criteria. The microgrid demand side management should
be carried out on the basis of internal load characteristics, such as critical.load, reducible (oad,
interfuptible load, transferable load, etc., combined with system economic‘eperation strategy or
auxiliary service requirements to develop various types of load control methods at different|time
scalgs to ensure economical and reliable operation of the microgrid“or external grid.

MEMS can classify loads by taking user’s requirement on reliability, impact on personnel sgdfety,
microgrid safety, economic loss caused by power interruption*into consideration. On the pase
of logd classification, load control strategy and scheduleunder various operating conditiong can
be determined in advance. MEMS can be capable ofrmanaging load in accordance with Jreal-
time|load monitoring data, and power usage scheddle.In island mode, MEMS can be capgable
of inpplementing load shifting strategies on load\terminals. Load shifting strategies inglude
control turns, time duration, power setting, energy setting, etc. Load shifting strategieg are
distrjputed to central controller to execute. Load shedding is managed by MMCS
(IEC|TS 62898-3-4).

5.3.3 Demand side response

used to increase the participation of the demand response provider or end-use customefs, in
setting prices and clearing the market. Demand response functions include but are not limited
to prpgram management, demand side resource management, and event management.

Derrsfnd side response is relatedito’load shaping and refers to a set of strategies which cgn be

Program managemént”MEMS can set up a demand response program in accordance with the
requlrements of_the demand response provider. Demand response strategy can be updated
with real-time power generation cost, component conditions and power consumption. Outdated
demand response program should be deleted.

Dempnd side resource management: MEMS can acquire and maintain information of demand
side kesourcesuchas critical loadsnon-critical loadsremote controllable loads—interruptible
loads. On the base of the operation condition of demand side resources, MEMS can provide
optimal operating strategy. Demand response potential can be analysed for controllable and
uncontrollable resources.

Event management: MEMS can release a demand response program to the demand response
provider. For example, if microgrid operator provides a price-based demand response program,
MEMS can release electricity rates for the period during which the demand response is required.
Assessment and settlement can be carried out to evaluate the rationality of the demand
response program and settlement in accordance with the demand response contract.
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5.3

4 Energy optimisation

MEMS should monitor power consumption condition of key loads and work out load
characteristics and energy optimisation characteristics on the base of acquired data, such as
power, energy, peak hour, off-peak hour, coincidence, density, etc. MEMS should improve
economy and efficiency of power supply while ensuring power supply reliability. On the base of
day-ahead power generation forecast and load forecast, day-ahead optimized strategy is
established. Real-time energy optimisation management is dynamically adjusted using day-
ahead optimized strategy while taking electricity price, real-time power generation and load
demand into consideration.

5.3

MEMS should exchange power and energy with the upstream grid according to the dispatq
agrepment signed. The energy exchange could be bidirectional, and it can be driven by aux
services or a supplementary supply of the grid to the microgrid.

5.4

5.4

The flexible resources in the microgrid include energy storages and'controllable loads. The
of flgxible resources in the microgrid can be divided into fwe /categories according tdg
interpction microgrid — main grid and microgrid internal coordination. When considering
interpction of microgrid — main grid, the microgrid is considered as a whole body W
exchianges energy with the main grid and assists the _main grid to complete the demand
resppnse related function by adjusting the energy storage and controllable load. During
interpal coordination of the microgrid, the adjustment of the energy storages and
contfollable loads can reduce the impact of the prediction error on the operation of the micr
and provide a fast power response when the pewer generation and load are largely unbala
and mprove the reliability of the system opétation.

The pssistance of flexibility resources foF microgrid to participate in the demand side resp
includes but is not limited to the follewing items:

a)

b)

.5 Power and energy exchange with upstream grid

N General

Flexible resource management

Hrice-based demand response

real time pricing,

time-of-use tariffs,

critical-peak pricing.
Incentive-baseddemand response
- interruptible/curtailable service,
- directload control,

- .<emergency demand response,

hing
liary

role
the
the
hich
side
the
the
bgrid
hced

pnse

— capacity market,

— demand bidding/buyback.
Demand side ancillary services
— non-rotating reserve,

— rotating reserve,

— frequency regulation,

— voltage and reactive power regulation.
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5.4.2 Controllable load management

The management of the controllable load by the microgrid energy management system includes

but

a)

5.4.

b)

d)

5.5

MEMS shall be capable of receiving data from MMCS.

5.6

is not limited to the following:
In grid-connected operation mode, the load is shifted according to the electricity price curve
to obtain the maximum benefit.

In grid-connected operation mode, the load is shifted according to the period of renewable
energy production to obtain a maximal local use of the locally produced energy.

In islanding operation mode, load shifting is performed according to the load prediction

islanding operation mode, it determines the priority and scheme of load shedding, and
rforms load control operation to ensure stable operation of the microgrid when” ppwer

grid-connected operation mode, the control of charge and discharge of energy storage is
performed in function of one of the following objectives:

— cost optimization (in function of the electricity price and cost of charge),

- optimization of the renewable energy sources for local use (in function of the ppwer
demand and the local renewable energy use),

power peak shaving strategy (in function of thé power demand).

In islanding operation mode, it controls the energy storage charge and discharge accofding
the load prediction result and the energy‘storage charge and discharge cost to balance
wer generation and load demand.

—

In islanding operation mode and in emergency situations, it determines the energy stdrage
arge and discharge scheme and>performs rapid charge and discharge operations to
nsure stable operation of the microgrid when power generation and load are serigusly
nbalanced.

Q

ccording to the operating state of each energy storage (not only limited to state of charge
50C) and state of health"(SOH), it decomposes the total power control instruction of energy
forages and distributesdedicated power and energy controls to each individual energy
forage unit.

w n-—~p C

Data archiving, trending and reporting

Market trading module (ancillary services) and market data

The microgrid can effectively participate in the electricity market in the form of ancillary services
according to electricity prices or incentive policies in order to achieve bidirectional security and
economic guarantee. The microgrid can provide support services such as rotating reserve,
frequency modulation and black start auxiliary power supply, and the upstream power grid can
provide spare capacity for the microgrid under some fault operation modes.

Dedicated market trading module is designed for offering ancillary services in the countries
where the electricity market has been established.
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Annex A
(informative)

Examples of actual microgrid application cases
integrated with associated functions of MEMS

A.1 General

All the following application cases are mainly focused on MEMS functions. However, other
funcfions related to MMCS such as operation mode management and black start are]also
included to give a complete overview of the application cases.

This|annex provides 11 application cases from 5 countries to introduce the MEMS) applicalions
in vdrious scenarios. As background information, some company and/or orgahijzation nagmes
are mentioned, including: Goldwind, MAN ES, NEDO, ANRE, METI, Okinawa Electric Ppwer
Co.,[Inc. QEERI, OTF, QEERI/QF. These trade names are given for the convenience of ysers
of th|s document and do not constitute an endorsement by IEC for the.projects and/or sefvice
of these companies.

A.2 | Application CN1: Obtaining lower energy cost,dower pollution emission,
and higher penetration level of renewable energy

A.2.1 Overview

The |microgrid project is located in the Goldwind ' Smart Campus, Yizhuang Economic—
Technological Development Area, Beijing, China."There are assembly lines, office buildings, a
big data centre, a culture and sport centre, electric vehicle charging stations, etc. All year rqund,
the ¢ampus has demands for electric pewer, cooling and heating. The microgrid includes
multiple distributed energy sources. Thesproject was officially put into operation in 2012.

A.2.2 System structure

The main single line diagram of-the Goldwind microgrid is shown in Figure A.1. The Goldwind
micrpgrid is a non-isolated microgrid with high renewable penetration ratio. The total instplled
capdcity of renewable energy sources is 5,8 MW. It includes 4,8 MW wind turbines and 1| MW
PV. The microgrid is composed of 665 kW microturbines, 276,0 MWh energy intensive EES and
900 kW %10 s supercapacitors. More than 75 % of the power demand of the campus is supplied
by the local DER in the microgrid.

1 “Goldwind" is provided to illustrate the location of the microgrid project, which is located in the Goldwind campus.

This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC.
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Smart grid and load monitor main wiring graph
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Sourde: Key Technology of Industry Park Energy Internet Protection and Control" of Goldwind internal report

2018.

Goldwind of China has kindly authorized the use of the above figure:

Figure A.1 — The main single diagram of Goldwind microgrid

A.2.3 Energy management system

Whe
The

h the circuit breaker at the POC is open,_the microgrid starts to operate in island m
energy management system of the microgrid includes the forecasting modules for the

gengration, PV generation and load demand. The supply-demand power balance of

micr
ener
lowe

py intensive EES. The objectives.of the MEMS are to achieve the lowest energy costf
5t pollution emission, and thehighest utilization rate of renewable energy. Factors sud

gendration and energy storage.lcosts, power limits of generation units, power price,

requ
cons

rements of power quality,»démand response, pollution emission and others are taken
deration.

A.2.4 Energy management system operation

The
con

MEMS is designed to achieve the following functions when the microgrid is in
ected mode:

he optimal operation plan is formulated and executed according to the real-time elect
rice,and the forecasted wind generation, PV generation and load.

Dec.

ode.
wind
the

bgrid can be achieved by controlling,;the charging and discharging state and power of the

, the
h as
user
into

grid-

ricity

f the

EES, real-time electricity price and others. For instance, when electricity price is high, EES
shall not be charged from the utility grid to avoid high cost. When electricity price is low,
EES can be charged to store energy for future use.

e The EES is also used for peak shaving and valley filling according to the forecasted wind
generation, PV power generation and load. For instance, as shown in Figure A.2, when the
power generation from the DER is not enough to supply the load (shown as a dip in the wind
power generation curve in Figure A.2), the EES is used to compensate the gap and ensure
the power balance.
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e: Key Technology of Industry Park Energy Internet Protection and Control" of Geldwind internal report
Goldwind of China has kindly authorized the use of the above figure.

Figure A.2 — Application of EES for wind generation and’load matching

he MEMS is also designed to achieve the following functiogns when the microgrid is in is
he charging-discharging of the EES is controlled to_supply the load demand and to en

he loads in the microgrid are classified based on their significances. Critical loads

puld be implemented by the MEMS depending on the generation, load, and the SOC g
ES.

Application CN2: Enhancing local power supply reliability for critical Iqg
with AC/DC hybrid microgrid

Overview

gyu AC-DC Microgrid Project is located in Century Huatong Industrial Park, Sha

b. There are many automobile plastic parts plants in the park. The production load is m
blastic injeation moulding machines. The peak load power is important, and the

res high_fetliability of the power supply of upstream power grid. The project was offi
nto operation on 26 August 2017. The load in the plant can directly use the clean elg
Dy generated by the distributed power supply through the DC bus. This reduces the n
conversion of the original DC to AC to DC and improves the energy utilization efficig

Dec.

land

sure
de.

are
ding
f the

ads

ngyu

omic Developmeént*Zone, Shaoxing City, Zhejiang Province, the People's Republic of

ainly
blant
Cially
ctric
hulti-
ncy.

With

the help of the microgrid energy management system the high-praportion distrib

uted

power supply is designed to be efficiently absorbed on the site itself, and the economical
operation of the system is improved. In case that external power grid fails, the power supply of
some important loads is ensured by the microgrid.
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A.3.2 System structure

The topological structure of Shangyu AC-DC hybrid microgrid is shown in Figure A.3. It belongs
to grid-connected microgrid type. The microgrid is connected to the upstream distribution grid
through PCC. The whole microgrid adopts a multi-AC/DC bus-bar hybrid structure: the AC side
is divided into two-section bus bars | and Il, the rated voltage is 10 kV, and is connected by AC
bus bar separation switch KG1. The DC side is also divided into two-section bus bars | and Il,
the rated voltage 560 V, connected by DC breaker KG2. Power exchange between the AC and
DC systems is achieved by three 250 kW AC/DC power flow controllers in parallel and one
250 kW power electronic transformer. The AC side load is mainly the auxiliary load and some
other existing load in the plant. The 1 500 kW distributed PV generation is also connected to

' : . eroarid R aiRi O-plastieinjeotion—metiding
ines (10 x 50 kW), LED lighting (50 kW) and 4 electric vehicle charging piles (4 x.60:.kW).
The DC bus bars are also connected to 850 kW DC PV generation, which is equivalent tp the
load|capacity, and one 250 kW/1 MWh lead carbon battery energy storage system.

PCC
10kV ACBus| 10 kV AC Busll

| KG1 | |

4HPV 1#ACDC | 2#ACDC 3HACDC | 250 KW power
DC Bus | | 250 kW 250 kW DC Bus /| 250 kW | electronic transformer
’ KG2 é
- ESS LED ‘il
1#PV  2#PV Mouding machiné 3upy 1 MWh SOKW v ding machine
100KW 250 KW 5 x 50 KW 500 kW 5 x 50 kW

IEC

Sourde: Internal technical report for the'National High-tech R&D Program of China (863 Program) Project “THe key
technplogy of high-density distributedvenergy access to AC-DC hybrid microgrid”, Dec. 2018. State Grid Zhgjiang
Electriic Power Co. Ltd. has kindly‘authorized the use of the above figure.

Figure A.3 =Electric network topology of Shangyu AC/DC microgrid

A.3.3 Energy management strategy

Shangyu AC<DC hybrid microgrid belongs to the grid-connected microgrid. When the switches
KG1|and KG2 are disconnected, the right half part of the system forms a small independent
AC-IDC microgrid with short-term islanding operation capability.

For grid-connected operation mode, the energy management strategy is modelled with
consideration of the randomness of the wind and PV resources, the uncertainty, and the master-
slave modelling method. The objective function of the main model is to maximize the utilization
of distributed renewable energies and the constraint condition is mainly the distributed power
supply output limitation. The objective function of the slave model is to minimize the system
network loss and the storage energy loss. The constraints include AC/DC and other equipment
output limitations, energy storage constraint, energy balance, conversion efficiency, power
limitation at PCC, DC side power balance, and AC side power balance. The chaotic binary
particle swarm optimization algorithm is used to obtain the optimal solution of the model.
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For off-grid operation mode, the energy management strategy is also modelled by using the
uncertainty master-slave game modelling method. The objective function of the main model is
to maximize the utilization of the distributed energies. The constraint condition is the distributed
power supply output limitations. The objective function of the slave model is to minimize the
system network loss, the energy storage loss and the cost of interruptible loads. The constraint
conditions include the DC side power balance, AC side power balance, AC/DC equipment output
limitations, energy storage output power and current limitations. The chaotic binary particle
swarm optimization algorithm is used to obtain the optimal solution of the model.

A.3.4 Operation modes

Accdrding to the opening and closing state of the busbar separation swiich, shangyu micrpgrid
system can be divided into four operation modes: 1) KG1 and KG2 are closed: grid connégtion
mode¢; 2) KG1 is opened, KG2 is closed: AC segmentation mode; 3) KG1 is closed)’KG2 is
opened: DC segmentation mode; 4) KG1 and KG2 are opened: islanding operation mode | The
enerpy management system can judge the present operating mode accordingAo-the switghing
statg of the system, and automatically adopt a relevant control strategy.

Wheph the system is in grid-connected and DC segmentation mode, the energy management
systém's control objectives are:

. ccording to the prediction curve, the actual electricity price, and the present output], the
ptimal operation plan is formulated, the system comprehensive operation co$t is
inimized, and the utilization of distributed power source is maximized.

¢ According to the SOC state, energy storage participates in the tie-line power cdntrol
adjustment, and optimizes the purchase and sale ©f)power with upstream main power grid.

e Hnergy storage SOC management and adjustment of SOC should be in a reasonable
mterval. At this stage, the main task of énergy management system is to ensurg the
economic operation of the system.

Wheh the system is in AC segmentation mode, the control objectives of the energy management
system are:

e According to the prediction curve, the actual electricity price and the present power oytput,
tr:l:e optimal operation plan~is- formulated, the system comprehensive operation cost is
inimized, and the distributed power utilization is maximized.

e Hnergy storage SOC management and adjustment of SOC should be in a reasonable rgnge.
Tlhere is no longerParticipation in tie-line power control adjustments.

Wheh the system is'in’island operation mode, the energy management system has the following
contfol objectives:®1) reliable power supply to the right half part of the system to ensure ppwer
balance in the~AC and DC areas; 2) photovoltaic power limitation to prevent system crash when
the photovoltaic power is much larger than the load; 3) Interruptible load control, priority to
ensure jmportant load power supply.

A.3.5 Black start

For the right half part of the microgrid, a black start strategy is designed, with automatic and
manual start modes. Before a black start, it shall confirm that KG1 and KG2 switches are
disconnected, that there is no voltage on the AC bus bar Il and DC bus bar Il, and that all
devices are in the stop state.

Manual black start mode: 1) start the energy storage converter, establish the DC bus Il voltage;
2) start the #3 AC/DC converter, establish the AC bus Il voltage; 3) start the electronic power
transformer; 4) start the photovoltaic power generation; 5) Connect AC and DC loads; 6)
Confirm that the whole system is working properly.

Automatic black start mode: Click the black start button. After the system is started, confirm
whether the system is working normally.
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The power supply system in Nanji Island is an off-grid microgrid. The main control objectives of
the energy management system are: 1) reliable power supply to the system; 2) maximum
utilization of renewable energy; and 3) minimum management of energy costs for the whole
system. The specific performance is summarized hereafter:

e Through the wind, solar and load forecasting, the number of start and stop of the diesel
generator is arranged by rolling optimization algorithm in order to ensure the system power
balance. The diesel power supply is reduced by maximizing the utilization of clean energy.

e Use the hybrid energy storage system to stabilize the fluctuation of renewable energy

utput. The super capacitor is used for rapid power stabilization, and the battery en
sforage is used for energy fluctuation.

ergy

. ad grading management. The system load is divided into critical load, general load and
justable load. In an emergency situation, MEMS adjusts the adjustable load powegr of
lectric vehicles, building air conditioners, hotels, etc., and prioritizes the supply of crjtical
Ipads. The electric vehicle charge is generally arranged in the middle~of the night where
there are more wind resources and lower residential load.
A.3.7T Operation modes
The three fast switches KG1, KG2 and KG3 in Nanji Island migrogrid divide the whole sygtem
into $even operating modes (as shown in Table A.1).
Table A.1 — Operationimodes
Operation modes 631 sub 632 sub Main power State of switch Scheme
microgrid | microgrid sources
KG1 | KG2 | KG3
1 | Economical energy | Grid Grid Diesel ON ON OFF ..
) ) connected | connected | generation
hole microgrid KG3
KG1-KG2) _— kb2
2 | Economical energy | Grid Grid Diesel ON | OFF |ON -
. ) connected |-ceonnected | generation
hole microgrid KE3
[KG1-KG3) KG1 -HEE
3 | Economical energy | Grid Grid Diesel OFF | ON ON -
. ) connected | connected | generation
hole microgrid KG3
KG2-KG3) B G2 Kz
4 | Green operation Grid Grid Energy OFF | OFF | ON
mode connected | connected | storage ﬁ ﬁ
KG3
hole microgrid
9 o B
5 | Economical energy | Islanded Grid Diesel OFF | ON OFF
Sub-microgrid connected | generation KG3
(KG2) KG1 KG2
6 | Economical energy | Grid Islanded Diesel ON OFF OFF
Sub-microgrid connected generation KG3
(KGT) KG1 kG2
7 | Green operation Islanded Islanded Energy OFF | OFF OFF .
mode storage ﬁ KG3 ﬁ
Sub-microgrid -HGI -HGE
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The energy management system shall automatically choose the relevant control strategy
according to the present system operating mode. Different operating modes shall switch among
different main power supply sources. Before the planned mode is switched, the energy
management system performs the necessary calculations, taking into account the local
switching device to ensure that the system has a sufficient stability margin during the switching
process.

A.3.8 Black start

According to the main power supply, the Nanji Island microgrid is equipped with two kinds of
black start modes, namely, the black start with diesel engine and the black start with energy
storgge. The combination of automatic procedure control and manual coniirmation ensures the
fast fecovery of the system power supply.

Befofe a black start, it shall confirm that there is no voltage on the AC bus and that-all deyices
are ip the shutdown state.

Seqyence of diesel generation based black start:

start diesel generation and establish bus voltage,
start energy storage inverter,
e progressively switch on the loads,

p

rogressively switch on the decentralized power generations.
Seqyence of energy storage based black start:

tart energy storage inverter and establish bus voltage,

rogressively switch on the decentralized power generations. After starting up the whole

S
e progressively switch on the loads,
p
slystem, verify that all components.afe'in good operation state.

A.4 | Application DE1: Intelligent; data-driven, and grid stabilizing energy management
platform — Developing a,pilot for industrial diesel application

A.4.1 Overview

The |ncreasing abapndonment of nuclear and coal-fired power plants as well as the expansion
of photovoltaic and\wind power plants are current trends in power generation worldwidge. In
particular, the grewing share of renewable energy sources is increasingly endangering the
secufity of energy supply and leads to strong fluctuations of electricity prices. This ppses
enormous challenges especially for industrial companies, as rising and strongly fluctugting
enerfly costs have a negative impact on their production costs. Therefore, intelligent erlergy
management solutions are needed which integrate self-generation, energy storage, external

9 A Fl H N 4+
pOWCI pul\;llaac, dITU TTCTATUTT \JUIIOUIII'JLIUII.

Against this backdrop, MAN ES is currently developing an intelligent, data-driven, and grid-
stabilizing energy management platform (IDGE Platform) for utility-scale customers. For energy
production, the IDGE Platform is able to integrate conventional, e.g., diesel or gas gensets, and
renewable energy generation, e.g., photovoltaic systems PV and wind turbines WT, in
combination with energy storage BESS, e.g., lithium-lon batteries. Moreover, the platform
connects flexible consumers and offers an optional interface to power and energy markets. In
order to optimize the generation from an economical perspective and maintain a balance with
consumption, we developed and implemented an optimization algorithm which aims to increase
power quality, i.e. grid stability, and to reduce the generation costs. Our work is part of a publicly
funded project.
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A.4.2 System structure — IDGE Platform

A.4.2.1 Layout of the IDGE Platform

2024

The overall aim of the IDGE Platform is the integration of onsite-generation, external power and
energy procurement, and flexible consumption (see Figure A.4) to enable intelligent energy
supply and consumption.
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IEC
an-Carlos Mejia has kindly provided the above figure.
Figure A.4 — Basic structure of the IDGE Platform
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Plant operators can monitor and control the following key parameters for power quality:

o frequency,

o a

o \'

ctive power generation and demand,

oltage,

e reactive power generation and demand,

e p

ower-factory generation.
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Plant operators can monitor the following key parameters for economic optimization:

e current generation costs,

e marginal generation costs,

o fuel price,

o wholesale power and energy prices.

A.4.2.2 Functional requirements, operating modes and use cases
Generation User Grid Storage | Control capabilities Type User
'Ié' - k m . — £ AN
" pyes- ~ » l‘l r
0| g5 . [OI ==9 | [1#]
Conv. RE fRE off | sTs - PMS | Micro | Ind. rﬂ/ Priv.
MTS Island. EMS p
p X

Mr. Jyan-Carlos Mejia has kindly provided the above figure.

Figure A.5 — Functional requirements

Basgd on market requirements (see Figure A.5), certain usexCases for hybrid and micrpgrid
applications have been identified: fuel saving, peak shaving, spinning reserve, ancjllary
services, power arbitrage, enhanced dynamics.

LooKing at the use-cases and customer requirements,” MAN identified six archetypes, descrjbing
a path of de-carbonization by enhancing RES-penetration for off-grid and grid-pafallel
operptions. Those archetypes will lead the way to an up to 100 %-RES world.

. rchetype 1: Microgrid with conventioftal generation and strong grid-connection,

rchetype 2: Conventional-hybrid-plant with strong-grid-connection,

rchetype 3: Microgrid with conventional backup-power and weak-grid-connection,

rchetype 4: Microgrid withneonventional generation and weak-grid-connection,

rchetype 5: Microgrid with conventional and RES-generation without grid-connection,

rchetype 6: Microgrid pure RES-generation and storage without grid-connection.

Depe¢nding on the\spécific application and configuration, the IDGE platform can operate in the
folloywving modes:

supply<to.grid,

supply-from grid,

e istand(generator);

e island (no generator),

e black start,

e unintentional grid outage (generator),

e unintentional grid outage (no generator),
e intentional grid outage (generator),

e intentional grid outage (no generator).
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A.4.3 Energy management strategy
A.4.3.1 Optimization algorithm
The aim of the optimization is to ensure the operator's interest from a business point of view to

reduce costs and maximize revenues. The basic prerequisite, however, is a stable operation (in
terms of frequency and voltage stability) of the microgrid.

An integrated optimization, which both 1) ensures grid-stable operation of the microgrid and 2)
minimizes the costs of power generation. For this purpose, two separate optimization models
were developed, see Figure A.6. The interaction of both enables intelligent control of the overall
systerm:

Optimization scheduler
g ! i )

A%

.

¥
Economical optimization =———— (:':) . . ‘ .
f Minutes Stability optimization = @

I Milliseconds
I—l .",v\'"’
Stability constraints N

\_ Economical constraints Stability constraints
~— Stability verification j— @
Milliseconds

Stability constraints

.

IEC

Mr. Jyan-Carlos Mejia has kindly provided the above figure.

Figure A.6 — Interplay of Layer 1 and Layer 2

A.4.3.2  Grid stability — Layer 1

As a| prerequisitefor economic optimization, a grid-stable optimization model was develgped,
which reacts te“short-term changes in the state of the grid, which are triggered by any deviation
from|the deadband set points for frequency and voltage. No economic factors are included in
the Trid-stable optimization. The primary objective is to restore grid stability as quickly as

posslible.~Jn order to enable calculation in near real time, only grid-stable restrictiony are
consjderéd and supplemented by a target function for grid stability. In addition, the model is
limited to a linear optimization model in order to keep the runtime low and to meet the
requirement of a near real-time calculation. Once the calculation has been completed and the
recommended course of action has been passed on, the economic optimization is initiated. If
both optimizations are completed at the same time, the grid-stable optimization is always
prioritized. Figure A.7 summarizes this procedure. In the further course of the document, the
economical and grid optimization are considered as one integrated model, unless explicitly
stated.
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Figure A.7 — Model reaction

.3 Economic optimization — Layer 2

economic optimization consists of a target function that takes into account different
rs of energy generation. The target function.should always be minimized, which m
an economically optimal solution is also the most cost-effective. Thus, Layer 2 m

ctions as well, e.g., to limit the costs "of individual system components. Cost factors
attery charging, the genset fuel andfesource consumption and maintenance, and en
age. Photovoltaics and wind power-will be added at a later stage of the project.

cost
eans
ainly
pmic
b are
ergy

Layegr 2 compares grid-stable solutions from an economic perspective. Each solution implicitly

prov
disch
2 as
costs

An ¢
emis|
oil,
costs
be rg

des values for the power-of the engine, how much energy the battery is chargin
arging, and how many loads have to be dropped. These values are used as input for L
they represent the main cost drivers. However, the calculations of the battery and er
are more complexsand can be divided into several areas.

ngine generates costs by consuming resources, due to wear and tear, and dd
sions. Fuel/eonsumption is the most expensive component, but we also consider lubric
rea, starting resources such as starting air, and other auxiliary materials. Wear and

relate to individual parts of the engine and the current power that periodically either
placed or serviced. Some components shall be serviced or replaced after a certain nu

of starts’or after a certain number of operating hours. In practice, wear and tear costs only

g or
ayer
gine

e to
ating
tear
shall
mber

ccur

if a part has to be serviced or replaced. In the model, however, we have to compare different
engine loads within limited periods of time and, hence, have to compare wear and tear costs
per time unit. Therefore, each engine start and each operating hour causes proportionate costs
for maintenance and replacement. For example: A part shall be replaced after 1 000 starts and
costs 2 000 €. Hence, this specific engine part adds 2 € per start to the wear and tear costs. At
last, the emission costs are directly related to the fuel consumed and the individual costs per

cons

umed emission unit.
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Although the battery has high initial costs, it only consumes small and negligible costs during
operation. Thus, using the battery costs a proportionate amount of the replacement costs. There
are two possible reasons to replace the battery. The battery can reach its maximum lifetime or
its maximum number of cycles, i.e. complete discharging. In other words, if we discharge the
battery, the remaining number of cycles decreases, and replacement draws closer. However,
we always take the ratio between the remaining lifetime and the remaining cycles into account.

If a battery were to reach its maximum calendric lifetime one way or another before reac
the maximum number of cycles, further cycles do not generate any additional costs.

hing

The calculation method for the battery costs demonstrates that it is not the goal to determine
all cost factors exactly according to reality. Instead, it is necessary to create a meaningful
economic comparative measurement through approximations, which can be applied to [grid-

stable solutions against each other.

Ecorlomic optimization is conducted at regular time intervals on the basis of the Current s

atus

of the overall system. By combining the target functions of grid stability “and econpmic
optimization with the various restrictions, the model can generate an ecéhomically optimal
recommendation for action which implicitly fulfils the criteria of grid stability,“The recommepded
action describes the optimal operation of the individual components~far a period of seyeral

minutes (e.g., 15 minutes). It is also possible to alter the time mindow. The multitug

e of

components, input parameters and dependencies lead to high complexity, which is reflected in
a high calculation time of several minutes. Since the state of the microgrid can change dyring
the galculation, the result of the economic optimization is checked again after the calculation
for cpmpliance with the restrictions of the grid stability. If the calculated solution still turng out

to bg grid stable, the (business) action recommendation can be implemented. If, however

, the

soluflion violates restrictions on grid stability in the mgantime, the calculated recommendation

for aption shall be rejected and the optimization initiated again.
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A.4.4 Demonstrator and evaluation
A.4.4.1 Software tool

A.4.411 Technical platform layout
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Figure A.8~ Technical platform layout

The $ystem architecture copes with the two-part optimization algorithms and their different pims
(stahle versus economical s¢lution) by setting up the platform on a two-layer server archite¢ture
as srjh‘own in Figure A.8. Each layer runs on its own hardware, thus resources for grid stapility

optimizations are not_eccupied with some expensive calculation finding economical optimal
solufions. Besides, Layer 1 serves as a connector to various power management and consymer
systems.

At the lowest level, existing power management systems manage the low-level details of the
controllingsspecific power devices. Typically, these systems have reaction times in thg low
milligecond range, but are limited to controlling a single logical device. Where possible, these
systems.are connected to the IDGE platform using standardized protocols mainly based op the
IEC 61850 series and secondarily on common Indusirial communication protocols.

A.4.4.1.2 IDGE layer 1

The IDGE Layer 1 is responsible for maintaining the stability of the microgrid as a whole.
Layer 1 server monitors the state of all connected power devices and issues control commands
according to the current control strategy. In case of a sudden parameter change that threatens
grid stability, such as a surge in power usage, it is the responsibility of this layer to compute
and execute commands that re-establish stability before any safety protections are triggered.
There are two main components in Layer 1:

e Monitoring and control: This component communicates with the connected control systems.
It periodically reads sensor data and sends the current control commands to those devices.
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e Stability optimization: A fast-running optimization algorithm that computes a stable grid
configuration in real time.

To ensure low response times, IDGE Layer 1 is deployed to a dedicated Linux server that is

specifically configured to minimize interruption by background tasks. Furthermore, the
IEC 61850 protocol (GOOSE) provides the possibility of real-time functionalities.

Once stable grid operation is established, Layer 2 computes an economically optimized control
strategy that coincides with the constraints that ensure grid stability.

A.4.4.1.3 IDGE Layer 2

IDGE platform operations that are not time critical for grid stability are grouped into/ IDGE
Layer 2. This includes the following main components:

¢ [Data aggregation: Sensor data from connected power devices, weather forecast and erlergy
Zrarket data is stored and aggregated, both to be sent to the web servep.for visualizgtion,
nd as an input for the economic optimization.

cpnfiguration. This optimization can be computed on previously defined time slices or gvery

e Hconomic optimization: This component finds an economically~optimized stable | grid
ime there is a significant change to the input parameters or power device capabilities

nergy market connector: This component connects to the €nergy markets and exequtes

t
=

trades according to a strategy computed by the economic optimization module.

e @ rid operator access: Connection to grid operator for control of active and reactive ppwer
as well as failure behaviour.

A.4.4.2 Demonstrator

In ofder to validate and further develop the’software and underlying algorithms, a gmall
microgrid is set up at MAN’s premises.

This|demonstrator comprises the following hardware components:

Gas Genset (395 kWe), Cos\(phi) 0,2 - 0,8
Lfi-lon Battery Storage, 112.kWh, 2C
HV-Plant (40 kWP)
e HV-Inverter: STP.20.000 TL-30 (20 kVA)
Battery-Converter: WS Tech BAT280 (grid-forming and islanding capability)
Qff-Grid Application as first step, but Grid-Connection to the local MAN medium voltage|grid.

The pboye configuration was selected in order to demonstrate and test all scenarios and|use-
casep.

This demonstrator can operate both in off-grid and on-grid mode. Thus, all relevant scenarios
described above can be evaluated.

Based on current evaluations, we identified the following points as most critical for a microgrid
control system:

e Stability-control and economical optimization cannot run in one joint model, due to
performance issues.
e Hardware for Layer 1 and Layer 2 should be separated to avoid performance delays.

e In order to ensure grid stability, the control shall be local; a "cloud"-approach is not useful
due to the fact that many remote areas have weak or no permanent connection.
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e Redundant check of Layer 2 is necessary to avoid a closed-loop-optimization without
checking the stability requirements.

e Physical correlations can be simplified in most cases, without significant loss of accuracy.

A5

Application CN4: Electrifying islands with wind-PV-diesel-energy storage and
hybrid microgrids

A.5.1 Overview

Off the southern coast of Zhuhai in China, Dong’ao Island microgrid and Guishan Island

: sy n . NP . sy frm e} — 4 gt v -V 4 5 4
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Dong
cont
gen

netwprk topology of Dong’ao Island microgrid. Cb(b

Guis
3 x1
stors

‘ao Island microgrid is the first 10 MW level isolated MV microgrid in China. Thﬁ( icr
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Figure A, &) Dong’ao Island microgrid network topology
han Island M|ce€‘g network topology is constituted by 3 x 750 kW wind turbine gener

000 kW di enerators and 4 x 500 kW x 2,4 h lead-carbon batterie based en
ge. Figure é‘) shows the network topology of the Guishan Island microgrid.
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Figure A.10 — Guishan Island Microgrid network topology

4 Purpose

e microgrids are commissioned to improve stability and reliability of power suppl
‘ao Island and Guishan Island while utilizing renewable energy resources on the isla

] Main functions of MEMS
main functions of MEMS include seamless switching of main generation source, econ

Ation, emergency frequency regulation, over-voltage/over-frequency generator trip
r-voltage/under-frequency load shedding, black-start, etc.

| Applications

Und
99,7

stanglards. Real-time renewable energy penetration level can be as high as 99 %. En

r the optimization of MEMS, annual power supply reliability of Dong’ao microgrid rea
%. Frequency and. voltage deviations are well within the tolerance of relevant nat

storgdge is capablesof-participating in frequency regulation with response time of less

10

s while acting as a key role in peak load shifting.

EMS| of Guishan Island microgrid coordinates power output from diesel generator, wind tu

gengrator;“and energy storage and utilization of renewable energy resources is improve

32 %. Under low wind conditions, diesel generator can operate in parallel with two wind tu

gendrators while ensuring generator is operating within an economic operation zone. En

y on
hds.

omic
bing,

ches

onal

ergy
than

bine
d by
bine

ergy

storage can temporarily operate as main generation source in parallel with the wind turbine
generator, thus the microgrid is capable of operating with 100 % renewable energy resource.
Moreover, waste heat from diesel generator is utilized to desalinate sea water. Consequently,
cost on fuel consumption is reduced by more than 30 % and electricity cost is lowered.
Figure A.11 shows a snapshot of active power and reactive power sharing among generation
sources and energy storage.
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Figure A.11 — Snapshot of active power and reactive'power
sharing among diesel generator

A.6 | Application CN5: Optimizing local energy resources with demand side
integrated microgrid including PV and energy storage

A.6.1 Overview

The demand side microgrid project was carried out through China National High Technglogy
Resgarch and Development Program (namely "863-program"). The project mainly includeg four
type$ of microgrids, i.e., community micrognid, residential microgrid, commercial micrggrid,
indusgtrial microgrid. Details of the four micregrids are as follows (see Table A.2):

Table A.2 —Description of the microgrids

Types Locations Configurations
Comnpunity microgrid \Village in( Yuxi, Yunan Province 60 kW PV, 25,1 kWh energy
storage
. . . . Urban residential area in Guangzhou, Guangdong 157 kW PV, 31,7 kWh energ
Residential microgrid Provi
fovince storage
Commpercial microgridy, JCommercial building of Shenzhen, Guangdong Province ;t“ozi'akgz PV, 90 kWh energy
Indusjrial microgrid Industrial park in Foshan, Guangdong Province ;?O’ZJQZIW PV, 900 kWh enetgy
A.6. Purpose

Improve the utilization of solar power resources locally, optimize the economic benefit with the
integration of energy storage, and investigate personalized customization of MEMS
management strategy for various types of demand-side microgrid.

A.6.3 Main functions of MEMS

Power forecasting, economic optimization, efficiency management, islanding detection,
operating mode switching, black-start, etc.
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A.6.4 Applications

Power forecasting: solar power forecasting and load forecasting modules are compacted and
embedded in the energy management system. The modules supply accurate forecasting results
for energy and efficiency management. Figure A.12 shows an actual forecasting example on a
particular day in Foshan industrial microgrid.
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la) Solar power forecasting performance b) Load forecasting

Mr. Xiyuan Ma has kindly provided the above figure.

Figure A.12 — Solar power and load foreécasting in Foshan industrial microgrid
Imprpving solar power utilization: With the implementation of energy optimization strategy, Jocal

solan utilization was significantly improved. Figure A.13 shows power generation | and
consjumption details on a particular day-in Foshan industrial microgrid.
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Figure A.13 — Example of power generation and consumption detailed
on a particular day in Foshan industrial microgrid
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Efficiency management: By manipulating the power of the air conditioner while ensuring the
degree of comfort for users, power consumption is reduced, and household energy efficiency is
improved. Figure A.14 shows the air conditioner power and ambient/air temperature for a
particular user in Guangzhou residential microgrid.

5 ||[—— Without efficiency management

Ia

Load power (kW)

N

Mr. X

A.7

A.7.1

A pr
Hach

This
Devs

Figu
gene

w
ol

—— With efficiency management

I
N W
(3 N ]

N
o
I

|

Temperature (°F)

—— Without efficiency management
— With efficiency management

N
o o o O
|

0:00

DMOWOWOWOWOBWowowo
oY aTeoeNWNAeT N e
CTANOBONOGTINOOBONE O
D O P O O O N O O O & D
Qo QO OO0 OO0 Q.00 Q0
(1/. b“ 6‘ %‘ \Q. '\(1,. \b‘. \%. \Cb. (19. (1/(1/.
IEC

a) Air conditioner b) Temperature

lyuan Ma has kindly provided the above figure.

Figure A.14 — Air conditioner power consumption and space temperature
for a particular user in Guangzhou residential microgrid

Application JP1: Local independent grid supplied by an energy product
system of combining biomass, biogas, wood chip co-firing, photovolta
and small wind power: the Hachinohe demonstration project from Japa

Overview

bject demonstrating«a microgrid with renewable energy resources has been conduct
inohe, Japan forthe'period from July 2003 to March 2008.

demonstration project is a project of the New Energy and Industrial Technd
lopment Organization (NEDO) in Japan.

e A(15 gives an overview of the system. The total capacity of variable renew
rators (PV and WT) is 150 kW, accounting for about 25 % of the total demand of ¢
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As controllable DER, three gas engine generators fuelled by renewable digested gas with a

total

capacity of 510 kW are also installed.

In addition, a lead-acid battery system, which can generate £100 kW continuously and =100 kW
to +200 kW for short periods, is installed to adapt to sudden demand changes and peak or low
demands that cannot be supplied by the gas engines.
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Sourge: P429-436, IEEJ Trans,PE,Vol.128,N0.2,2008. NEDQ)has kindly authorized the use of the above figurg.
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Figure A.15 — Overview of Hachinohe demonstration project

2 Purpose

The kcope of the project is to develop, operate, and evaluate a dispersed 100 % renew
enerfy supply system with the ability to adapt the total energy output in response to cha
in weather and user demandg-

A.7.3

3 Main functions.of the control system

The electricity and heat demand within the system are optimally supplied, controlling the o

of t

he gas engine\generators and boilers along with the charge and discharge of the b3

system by the{project’s energy management system. This control system minimizes
operpting cests and the environmental burden while maintaining a constant power flow aft the

mic

rogridcoupling point with the incumbent power utility.
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Figure A-16 shows a hierarchical structure of the energy management system, which has
stages as follows.

four

a) Weekly operation planning is undertaken every day to make a week-long schedule for the
operation of the controllable generating facilities and to purchase power from the utility grid

b)

based on demand forecasts.

Economic dispatching control is executed every three minutes for a time fram

e of

2 hours to correct the operational schedule based on any difference between the actual

demand and the forecasted demand.

Both a) and b) exploit optimization techniques so that operating costs and environmental
burdens are minimized under various constraints. By contrast, the following display the role

of power quality control.
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c) Demand balance control regulates the power flow through the coupling point at a scheduled
value every one second in usual operation. In islanding operation, frequency is controlled
with a high degree of accuracy by demand balance control.

d) Local control is used only in the islanding operation, which controls active and reactive
power outputs of the battery system every 10 milliseconds to maintain the frequency and
voltage within the limits under sudden changes in demand and supply.

NOTE The fast control of 10 ms cycle in item d) is referred to in IEC TS 62898-3-4 as Microgrid monitoring and
control systems.

Constraints l

l Forecasted demand

Daily cycle Operation planning For 7 days
- | X
Fuel consumption, p——
storage operation ‘ Observed demand
Economic dispatching
3 min cycle control For 2 hours
Start/stop
output Tie-line flow / fréquency
1s cycle Demand balance
control
Output l i L o6al information
10 ms cycle Local control

IEC

Sourde: P429-436, IEEJ Trans,PE,Vol.128,N0.2,2008. NEDO has kindly authorized the use of the above figur¢.

Figure A.16 — Hierarchical structure of the energy management system

A.7.4 Applications

The ftarget value obtained for.power flow at the coupling point has a 99,99 % success Jrate.
Accdrding to the cycle analysis' of the power flow at the coupling point, fluctuations with a ¢ycle
longer than 16 seconds have a reduced effectiveness within the control system, see Figure |A.17
and Figure A.18.

99,99 % of the errors for

161 Oct.~Dec. 2006 are within 3 %
14
S 12 n"
2>
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= 6
2 [ |
S 4
0
3, [\
O 1 L l_j 1 \ L L
5 4 -3 -2 -1 0 1 2 3 4 5

6 min moving average error (%)
IEC

Source: P429-436, IEEJ Trans,PE,Vol.128,N0.2,2008. NEDO has kindly authorized the use of the above figure.

Figure A.17 — Performances for grid connected operation: deviation from planned flow
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For the islanding operation, the success rate of maintaining the frequency at 50 Hz £ 0,2 Hz is
99,85 % and that of maintaining the voltage within the rated voltage £ 2 % is 99,99 %.

30 60
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S o [ —~
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IEC
Sourde: P429-436, IEEJ Trans,PE,Vol.128,N0.2,2008. NEDO has kindly authorized the gse. of the above figur¢.
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Table A.3 — Description of the microgrids

Figure A.18 — Obtained success rate of maintaining freqGency and voltage

sting the control system without a battery, it was found there-was the possibility for a
omical system operation, as shown in Table A.3 and Figure A.19.

4) No battery use or
fixed pewer output

used and only gas
engines react to
changes. When the

demand is too low and is

impossible to be

supplied by gas engines,

the battery activates as
a fixed virtual demand

Battery Battery power | Success rate
Case description capacity output of power flow
control
kWh kW %
1) Without limitation Battery is fully used 400 +100 99,9
2) 50 % limitation Battery is used-as if its 200 +100 100,0
capacity capacity was/half-sized
3) 50 % limitation of Battery_ IS usqd as if its 400 +50 99,9
ower output power, mpgt (inverter)
P was-half-sized
Basically, no battery is - Fixed 95,6

more
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Figure A.19 — Overall performance under different battery operation modes

A.8 | Application JP2: Islanding operation of;microgrid with only converter

Aichi, from Japan

A.8.1 Overview

In tHis empirical research project, funded by the New Energy and Industrial Technd
Devglopment Organization (NEDO)\in Japan, cogeneration systems and distributed p
sourges such as storage batteries are appropriately combined. Each distributed power sg
is remotely controlled by a centfal energy management system developed ad-hoc using en

control technology, as shown jn Figure A.20 and Figure A.21.

Interftional islanding eperation was also performed. During islanding operation, it was pr
that |it was possible ;to stabilize and operate the microgrid using only inverter conne

connected resources and no-rotating.machine: the 2005 World Exposit

resoyrces, in other words without the utilization of rotating synchronized generators.

The following_equipment was installed:

0

. ybfid-Co-generation system with PV,

b

on,

logy
bwer

urce
ergy

bved
cted

e nofterrcarbomate fuet celt(MCFC;
e phosphoric acid fuel cell (PAFC),

e solid oxide fuel cell (SOFC),

e NaS battery,

e renewable fuel (methane) production equipment from garbage fermentation and waste

plastic/wood chip.
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Sourge: P145-153, Institute of Electrical Engineers of Japan Trans, RE,\Vol.127, No1, 2007. NEDO has kindly

authorized the use of the above figure.

N
NaS $\

battery

PV array (double-side
light-receiving type)

N\

West \
administration “o

house

Cooling tower
and auxiliary

Figure A.20 — Overview of equipment configuration

Garbage fermentation
methane tank

High temperature
gasification process

PAFC x 4

IEC

Source: P145-153, Institute of Electrical Engineers of Japan Trans, PE, Vol.127, No1, 2007. NEDO has kindly

authorized the use of the above figure.

Figure A.21 — Appearance of equipment

A.8.2 Purpose

The scope of the project is to provide a stable supply of power and heat to the demand facilities,
and to conduct an empirical study to explore the form of an environmentally friendly microgrid

without affecting the commercial power grid.
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A.8.3

Main functions of the control system

a) Supply and demand planning function

On the previous day, the power generation amount of the photovoltaic power generation
system, the power demand of the demand facility, and the heat demand are estimated from
the weather forecast data of the next day and the past measured power demand data. In
response to the objectives of "reducing CO, emissions" and "improving the overall energy

efficiency of power and heat," the power generation plan for renewable energy power
generation facilities is optimized on a daily basis (30-minute intervals).

b) Supply and demand control function

f

C
O

1

Thc |J=a||||;||9 fuuutiuu blUdtUD thU bdbib p:dll fUI thc PUWTI UUIIUIGtiUII bUIItIU:. ::UV
precasting error for both PV power output and demand consumption have to be proce
and integrated with the basic plan to ensure the real time balancing between proddUction
pnsumption. Three modes for real time control are available based on thel/micr
peration status and the contract condition with the interconnected utility:

) Commercial power fluctuation suppression control

Any deviation of demand or PV production from the forecasted/value can crea
fluctuation of the power flowing at the interconnection pointjwith the electric
creating a mismatch between the contracted power and the measured power.

Therefore, the energy management system controls the generation output of NaS b3
and fuel cells to correct the difference between the planhned value and the actual v
in real time.

Balancing control for 30 minutes

The Japanese electricity market rules includeya 30 minutes energy balance rule. In
operating contract mode, the energy management system controls the output gene
to ensure that the total energy consumption,on the 30 minutes time frame is equal t
total energy production with a maximum deviation of 3 %.

Frequency control (islanding mode)

One of the challenges of a micfogrid is the control of different types of indepen
inverters to obtain a stable voltage and frequency in the grid.

In order to solve this problem; it was decided to operate a PAFC that can follow cha
in load in voltage control mode and supply/demand adjustment, and operate
inverters at a constant output.
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Source: P145-153, Institute of Electrical Engineers of Japan Trans, PE, Vol.127, No1, 2007. NEDO has kindly
authorized the use of the above figure.

Figure A.22 — PAFC system configuration
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e: P145-153, Institute of Electrical Engineers of Japan Trans, PE, Vol.127, No1, 2007, NEDO has
fized the use of the above figure.

Figure A.23 — Block diagram for isolated operation

e A.22 and Figure A.23 show the main circuit configuration and(eontrol circuit of the P
h the microgrid is connected to a commercial system, it_is ‘operating in the GC
ect) mode in the figure, and control is performed according/to active power and rea
r given as a command. On the other hand, during islanding operation, it operates

Independent) mode. In this mode, voltage control+is selected, and the voltag
mined by the output of the PAFC. In order to reduce the output imbalance due tq
ol error of the four PAFCs, an appropriate slope\characteristic with respect to the o
ge was given.

dition, for frequency, a PLL (phase locked’loop) circuit is used. The part that amplifie

pha
the

chargcteristic that increases the deviation.

NOT

IEC T[S 62898-3-4 as Microgrid monitoring and control systems.

A.8.

On

com
the s
para
and
gens

e error of this circuit during islanding operation is set to proportional control, so that \
utput increases, the phase errontoffset remains, resulting in a frequency 4

For item 3), the topic of stable voltage and frequency operation in islanding mode is referred

Applications

eptember 30th, the microgrid was disconnected from the commercial grid, and af
lete de-energization, one PAFC was activated to establish the islanding grid. After
econd to fourth- PAFCs were activated in sequence, and stable operation with 4 PAF
lel was canfirmed. NaS battery charging and discharging began on October 1, and §
MCFC started power generation on October 2 and 3, respectively, and all planned p
ratorsswere connected.

kindly
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Figu

e A 24 shows the \lnlfngn and frnqnnnr\y fluctuations fhrnughnnf the r‘l:\y The \/nlfngn

was

maintained at about 6,350 V and the frequency was maintained at about 59,7 Hz, and no effect
on the power quality on the load was observed.
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Sourge: P145-153, Institute of Electrical Engineers of Japan Trans, PE,/\Vol127, No1, 2007. NEDO has kindly

authorized the use of the above figure.

Figure A.24 — Power quality (voltage andfrequency on Oct. 11th)

A.9 | Application JP3: Grasping the impact.of mass solar power generation on
the actual power system and empirical research on system stabilizatioh
measures using storage batteries: Miyakojima Mega Solar Demonstration
Research

A.9.7 Overview

During the period from 2009 to March 2016, the impact of a large number of PV installations on

power systems was investigated in the remote island power grid on Miyakojima. Under the game

projgct demonstration tests on system stabilization countermeasures such as battery integration,
foregqasting, resource opiimization dispatch were performed and assessed.

This|demonstratian ‘project was promoted and founded by the Agency for Natural Resoyrces

and Energy (ANRE) of the Ministry of Economy, Trade and Industry (METI) in Japan, and| was

implémented by Okinawa Electric Power Co., Inc.

Tabl

e A.4.gives an outline of the facility.
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Table A.4 — Outline of the facility

Site name Miyako island mega solar demonstration research facility
Adress Gusukube, Miyakojima city, Okinawa
Site area 98, 089 m?
Generation operator Okinawa Electric Power Co. Inc

Generation capacity 4 MW

Battery storage L
capacity 4 MW (NaS battery), 100 kW (Li-ion battery)
PV panel type MuTti-crystalline, Amorphous (thin filTm) solicon

Power conditioner 1 MWx3 sets for PV, 500 kWx8 sets for battery

(PCE) and other residential sizes
Load simulator 100-residential load simulator, 4-large load facility simulator
Voltage regulator Static var compensator (SVC), Step voltage regulator (SVR)

Miya
islan
dem

Figu
over
dem

ojima is a remote island with an area of 205 km? located 300%km south-west of the
of Okinawa. There are 23 000 customer contracts and a population of 55 000. The
nd power is 55 000 kW.

e A.25 gives an overview of the Miyakojima island power system. Figure A.26 give
iew of the demonstration research facility. ~Kigure A.27 gives a picture of
bnstration research facility.
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Source: Hybrid/micro grid system with renewable energy in Japan-examples and supposed issues for system
certificate, Jun 22,23, 2017, JET (Japan Electrical Safety & Environment Technology Laboratories), Presented at
IECRE Task Force meeting: Hybrid/Microgrid System Certification, Date: 22 June (after PV OMC) and 23 June 2017
(am), Venue: Danubius Hotel, Budapest, Hungary1. Mr. Koshio Masanobu has kindly provided the above figure.

Figure A.25 — Overview of the Miyakojima island power system
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Sourge: Hybrid/micro grid system with renewable &&y in Japan-examples and supposed issues for system
certifipate, Jun 22,23, 2017, JET (Japan Electrical ety & Environment Technology Laboratories), Presentied at
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Figure A.26 — Oven@w of the demonstration research facility
O
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Sourge: Hybrid/micro grid system with renewable energy in Japan-examples ahd supposed issues for s
certifipate, Jun 22,23, 2017, JET (Japan Electrical Safety & Environment Fechhology Laboratories), Presen
IECRIE Task Force meeting: Hybrid/Microgrid System Certification, Date: 22Jdne (after PV OMC) and 23 Junsg
(am), |Venue: Danubius Hotel, Budapest, Hungary1. Mr. Koshio Masanobt_has kindly provided the above figur

Figure A.27 — Picture of the demonstration research facility

A.9.2 Purpose

Rempte islands rely on diesel generators for-most of the power source. This project iden
problems caused by the replacement of diesel generators by a large number of renew
sourges (such as photovoltaic and winditurbines) due to carbon reduction and introd
technologies solving them. Specifically; the main theme is how to reduce the impa
fluctbations in the output of renewable energy on the grid at low cost by installing stg
battdries and EMS (energy management system).

A.9.3 Main functions of\the control system

In th|s demonstration project, the following four functions were verified. In addition, simul
combined with data measurement allowed to design the optimal storage battery cap
necessary for each function.

ystem
ed at
2017

e.

v

ified
able
uced
ct of
rage

ation
acity

a) Suppression of output fluctuation (function to suppress output fluctuation of the photovgltaic
City).
b) ) ion ) [ the

etire system with sorage batty
See Note.

and verification of optimum storage batter capacity).

c) Scheduled operation (predicts PV output from meteorological data and obtains an efficient

operation method of storage battery and diesel generator).

d) Optimal control method (simulates the power load when distributing electricity to residential

loads and commercial facilities with PV and storage batteries connected).

NOTE Suppression functions of output power and frequency fluctuation are referred to in IEC TS 62898-3-4 as

Microgrid monitoring and control systems.

A.9.4 Applications

Figure A.28 and Figure A.29 show the results of NaS battery control for short-term and long-

term PV output fluctuations.
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Figure A.28 — Result of the PV + NaS storage long term operation
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Figure A.29 — NaS storage operation for short term power fluctuation levelling
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