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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DECENTRALIZED ELECTRICAL ENERGY SYSTEMS ROADMAP

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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INTRODUCTION

Decentralized Electrical Energy Systems are intended to support the development of safe,
secure and reliable systems with decentralized management for electrical energy supply,
alternative/complement/precursor to traditional large interconnected and highly centralized

system

S.

Decentralized electrical energy systems have applications for developing countries (focusing
on access to electricity) as well as for developed countries (focusing on higher reliability, black-
out recovery and/or services). Interactions within Decentralized (Multi) Energy Systems are also
considered.

e Mic

A micr
normal
a micrd

e Nomn-conventional distribution systems

Non-cd
and D(

A grid
resour
voltage

A mult
power
as CC

storage segments (such as electricity storage, heat storage, gas storage, cooling storag

and us

One D
electrid
the wa

e Virtfual Power Plants

A Virt

rogrids

ogrid is an independent system composed of distributed energy resoéurces,
y connected with main grid with tie-line. Due to the imbalance between supply an
grid can either connect with main grid or operate independently.

nventional distribution systems include grid-tied local system, multi-energy local
distribution system.

tied local system means a group of interconnected loads and distributed
es with defined electrical boundaries forming a local*electric power system at distr
levels, that is not intended to be disconnectedi\from a wider electric power systq

-energy local system is composed of djstributed power networks (such as el
supply, gas supply, and cooling/heat supply networks), energy exchange segment
HP unit, generator, boiler, air conditioher, and heat pump, etc.), distributed

eIS.

al power supply, DC lipes, DC converter stations, DC loads and monitoring sys
of direct current, mainly completing DC electrical power distribution and consuf

hal power .plant achieves Distributed Energy Resources (DER) aggregatid

coordir
cars,

plant pparticipating in electricity market and power grid operation.

e Deg¢entralized DC distribution system

ation optitmization (such as DG, energy storage systems, controllable load, and
c.) through advanced ICT and software systems. It is considered as a special

which
d load,

system

energy
ibution
m.

pctrical
5 (such
energy

ke, etc.)

C distribution system is. ah~electrical power system formed by connecting the DC

ems in
nption.

n and
Blectric
power

The decentralized DC distribution system is mostly distributed in the strong demand DC power
supply area or in the area of high DC load density, and in the areas where DC power supply
and DC load exist simultaneously. The decentralized DC distribution systems are distributed in
AC power supply areas. [Source: IEC SC 8B, WG5]
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DECENTRALIZED ELECTRICAL ENERGY SYSTEMS ROADMAP

ope

IEC TR 63410, which is a Technical Report, aims to prepare a road map for categorizing
Decentralized Electrical Energy Systems and identifying gaps in the existing standards relevant
to Decentralized Electrical Energy Systems. The task of IEC Subcommittee 8B is to develop
IEC publications enabling the development of secure, reliable and cost-effective systems with

decent
or preg
but is

distribd
electrid

2 Ng

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

For the

ISO an
addres

e |ECQ
e |[S(C

3.1

3.1.1
microg
<in an
group
bounda
single

Note 1t

Terms and definitions

Falized management 1or electrical energy supply, wWhich are alternative, complem
ursors to traditional large interconnected and highly centralized systems. This if

entary

cludes

hot limited to AC, DC, AC/DC hybrid decentralized electrical energy system; sjuch as

rmative references

purposes of this document, the following terms, definitions and abbreviated terms

d IEC maintain terminological databases’for use in standardization at the fo|
5es:

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

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

rid
electric power system>

ted generation, distributed energy storage, dispatchable loads, virtual pewer plants and
al energy systems having interaction with multiple types of distributed energy respurces.

apply.

lowing

of interconnected loads and distributed energy resources with defined elgctrical

controllable entity and is able to operate in grid-connected and/or island mode

[SOUR

3.1.2

CE: IEC 60050-617:2009, 617-04-22]

isolated microgrid
group of interconnected loads and distributed energy resources with defined electrical
boundaries forming a local electric power system at distribution voltage levels, that cannot be
connected to a wider electric power system

Note 1 to entry:

[SOUR

CE: IEC 60050-617:2009/AMD2:2017, 617-04-23]

ries forming-a local electric power system at distribution voltage levels, that acts as a

entry:” This definition covers both (utility) distribution microgrids and/or customer owned microgr|ds.

Isolated microgrids are usually designed for geographical islands or for rural electrification.
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3.1.3
black start
start-up of an electric power system from a blackout through internal energy resources

[SOURCE: IEC 60050-617:2009, 617-04-24]

3.14

virtual power plant

VPP

party or system that realizes aggregation, optimization and control of decentralized generations,
energy storage devices and controllable loads, which are not necessarily within the same
geographical area and facilitate the activities in power system operations and electricity market

[SOURCE: IEC TS 63189-1:—1]

3.1.5
intentipnal island
island fesulting from planned action(s) of automatic protections, or from.deliberate action by
the redponsible network operator, or both, in order to keep supplying-electrical energy to a
section of an electric power system

[SOURCE: IEC 60050-617:2009/AMD2:2017, 617-04-17]

3.1.6
prosumer
network user that consumes and produces electricalenergy

[SOURICE: IEC 60050-617:2009, 617-02-16]

3.1.7
aggregator
party who contracts with a number of-other network users (e.g. energy consumers) in grder to
combirle the effect of smaller loads;or distributed energy resources for actions such as demand
responge or for ancillary servic¢es

[SOURCE: IEC 60050-64/22009, 617-02-18]

3.1.8
microgrid operator
party responsible for the safe and reliable operation of a microgrid

[SOUR[CE: IEC 60050-617:2009, 617-02-19]

3.1.9
microgrid user
party who supplies electric energy or is supplied with electrical energy through a microgrid

[SOURCE: IEC 60050-617:2009, 617-02-20]

1 Under preparation. Stage at the time of publication: IEC/PRVDTS 63189-1:2023.
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3.2 Abbreviated terms

ADEMS Aggregator DER Management System

AMI Advanced Metering Infrastructure

BDEMS Building DER EMS

BUC Business Use Cases

CAGR Compound Annual Growth Rate

CHP Combined Heat and Power

CIM Common Information Model

CIS Customerinformation-System

CVPP Commercial VPP

CVR Conservative Voltage Reduction

DDEM$ DSO DER EMS

DER Distributed Energy Resources

DERM$ DER Management Systems

DES Distributed Energy Storage

DMS Distribution Management System

DOMA Distribution Operations Model and Analysis
DR Demand Response

DSCADA Distribution SCADA System

DSOs Distribution System Operators

DSPF Distribution System Power Flow

ECPs Electrical Connection Points

EPS Electric Power System

ESPs Energy Service Providers

ESI Energy Services ntérface

EV Electric Vehicle

EVEM$ Electric \Vehicle EMS

EVSE Electri¢_Vehicle Supply Equipment

FDEM$ Fagility DER Energy Management Systems
GIS Geographical Information Systems
GOOSE Generic Object Oriented Substation Event
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IEV International Electrotechnical Vocabulary
ISO International Organization for Standardization
ISOs Independent System Operators

LAN Local Area Network

MDEMS Microgrid DER EMS

MDMS Meter Data Management System

NEA National Energy Administration

OMS Outage Management Systems
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PAS Publicly Available Specifications
PCC Point of Common Coupling

PDEMS Power Plant DER EMS

PPA Power Purchase Agreements

PV Photovoltaic System

REP Retail Energy Providers

RDEMS Retail DER Energy Management System
RTOs Regional Transmission Organizations
SGAM Smart Grid Architecture Model

SyC SE System Committee Smart Energy
TBLM Transmission Bus Load Model

TCs Technical Committees

TSOs Transmission System Operators
TVPP Technical VPP

VDEM$ Virtual Power Plant DER EMS

WAN Wide Area Network

4 Methodology

A System Approach is a holistic, iterative process that helps to deal with complex situ
This dqcument is developed as a means of exchange with the System Committee Smart
and other involved Technical Committees (TCs)»in order to identify applicable standar
standafdization work to be undertaken.

Figure |1 identifies links between TCs and\System Committee Smart Energy (SyC SE). F
illustrates the fields that SC 8B covers~and the relationship between work programmes.

ations.
Fnergy
ds and

gure 2
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Figure 1 — From system requirements to pro@ standards (TC8 Road map
‘;\Q L L R R L BJ
|
ﬁ m xO m .
General planning design, rﬁap for Energy Virtual power Direct current
operdtion and control of ralized management plants and hybrid
microgrids linked to TC8 rlcal energy system Projects: distribution
Projefts: C}ystem Projects: IEC TS 63189-1 ED1 systems
PWI TR 8B-1 . IEC TS 62898-3-2 ED1 |IEC TS 63189-2 ED1 Projects:
IEC IS 62898-1/, D1 IEC TS 62898-3-4 ED1 IEC TS 63354 ED1
IEC T|S 62898- 1ED1 IEC TS 63410 ED1
IEC IS 62898- D1
IEC TS 62 -3 ED1
IECTR -4 ED1
IEC 1|S'63276 ED1 Ec

Figure 2 — SC 8B work groups, fields and work programmes
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5 Market analysis, market segmentation and business models

5.1

Online survey

5.1.1

General

To support the decentralized electrical energy system standardization strategy development,
the IEC SC 8B AHG2 prepared a survey on decentralized electrical energy systems in 2018
and a survey on microgrids in 2020. The survey outcomes are given in 5.1.2 and 5.1.3.

5.1.2

1)

Acd

No
red
ensg

ApH

Deq
con

iyers and types of non-conventional distribution system projects

sys’[em are summarized, which are shown below:

Outcomes from the 2018 survey on decentralized electrical energy systems

ems and DC distribution systems. According to the online survey, it can-be se
ernments are very supportive. Three of the five non-conventional distribttion
ects identified in the survey are government-sponsored and the remaining two g
hot receive any sponsorship fund.

ernment support contributes a lot to the non-conventional _distribution sy
elopment, and it has a big impact on the near future of the *market. Standa
ortant to guarantee the confidence of investing in new ymarket and techng
refore, government may be not willing to support if the standardization work
icient.

ording to the survey results, five primary driver§/to’ launch non-conventional distr

t

y local
en that
system
rojects

stem’s
ds are
logies;
is not

ibution

-conventional distribution systems play, an important part in achieving egﬂssion

Lction and energy conservation, improving comprehensive utilization effici
rgy, and cost efficiency in investments and operational cost, etc.

Improving the acceptance and logal"‘consumption of renewable energy generatio

Improving comprehensive utilization efficiency of electricity, heat, gas and othe
of energy

Solving the problem of(electricity use in areas with weak connections to the pow
or geographically isplated islands

(In some cases) providing higher cost efficiency in investments and operational ¢
cycle assessmént) compared to traditional grid solutions

Saving engfgy and reducing emissions.
lication(of decentralized electrical energy systems

pite~of the low response, the information received about five responses coV
mon types of projects. Two projects are DER projects, two are DC distribution p

ncy of

H

r forms

er grid
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ojects,
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At present, the specifically designed technologies and equipment for non-conventional
distribution systems are not available in this analysis because none of the results received
from the five surveys responded to this question.

Sta

ndards needs for non-conventional distribution systems

The survey is beneficial to identify the satisfaction degree in the current standardization
level of non-conventional distribution systems. The collected results are still valuable
although the number of responses is limited.
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Issues identified include lack of standards on technical requirement of multi-energy local
systems, which makes it impossible to identify whether the projects under construction are
multi-energy local system. Also, there are few standards in DC distribution. Therefore, it is
difficult to develop non-conventional distribution system projects due to the lack of relevant
standards. The development status of standards on DER, multi-energy local systems, and
DC distribution in these countries are shown respectively in the form of figures.

According to the limited survey results, gaps identified in the non-conventional distribution
system standardization include:

— Technical requirements for multi-energy local systems.

— Protection configuration, parameter adjustment of DC distribution network or technical
requirements to be met when interconnecting with AC system.

— [Materials, installation and tests for LVDC systems.

— [System specifications in DC distribution.

5.1.3 Outcomes from the 2020 survey on microgrids
1) Migrogrid standardization is strongly market driven.

Fighire 3 shows the results of the survey.

\V
yes Os\
X

0% 10 % 20 % 30% 40 % 50 % 60 % 70 % 80 % 90 % 100 o
1§C

Figure 3 — General view of the microgrids projects implementation in countri¢s

NOTE The data is provided based on personal knowledge from the participants.

Nearly 75 % of the participants already have microgrids in their countries, and acconding to
the|very limited resources from the participants, the market has great potential.
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Table 1 — Market Status and roadmap to 2020

Country Current Scale Roadmap to 2020 (USD)
China’s National Energy Administration (NEA) has released
the National Action for the construction of the distribution
network (2015-2020) in July 2015, in which a general view
China At least 100 projects for microgrid is to “build one or two microgrid
demonstration projects in each province, that installed
renewable energy generation should exceed 50 % of the
load demand”.
Switzerland 1 000 000 USD 10 000 000 USD
Thailapd v QOO US.D for the 1< We are working on it. About 3 more projects may be pdded.
upcoming project
U.S.A ?8 gﬂﬂoonogsUgD to 4 to 5 times present level
At the COP21 meeting held at Paris; India unveiled ifs
plans to meet 40 % of its installed electric power
generation using renewable energy by the year 2030| The
. slew of measures the country undertook to meet thoge
India . ; :
targets include its propesal to install renewable ener}y
powered Micro and Mini Grids. The proposal is to ins}all a
minimum of 10,000 renewable energy using Micro and Mini
Grids to achieye600 MW yield in the next five years.
We have today in the country After the pilotwe are running in the country we can gssume
some 300 local distribution that the gevernment will allow to more entities to aggregate
networks that act as a microgrid as a microgrid. We can assume that this will give some
| but not controlled yet. In the more<200 additional microgrids: campus, hospitals.
srael
other hand they are already
regulated as a microgrid. They
are connected to the grid in a
single point.
Over the past ten years, Germany’s renewable energly
sector has grown more than threefold and the country is
now an undisputable leader in renewables in Europejand
Germalny globally. The current energy mix sees renewables
accounting for 50 % of total capacity, with small scal¢ PV
at this time representing 15 % and expected to furthgdr grow
thanks to declining solar costs.
Nigerid Encoeutage plan for industrial
igerid 3 .
area/microgrids.
31 put{of 62 participants skipped the question “Please indicate the scale and roadigap up
to 2626of the-microgridmarket —whichsquite understandabteForamindividuatexpert or

stakeholder, it is hard to provide the information of the whole country’s market scale and
roadmap, even if there is a published roadmap available. The gathered responses are
summarized in Table 1. Due to the limits of time and resources, the market scale and
roadmap information gathered here is raw, but we can still see from the very general trend

that:

— There are many existing microgrids market around the world.

— The market is highly likely to expand and grow.

— There is a political desire to accelerate the development.
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2) Microgrids are deployed for much diversified reasons

Power supply to remote area;

Utilize renewable energy/manage DER;

Improve reliability, resilience, power quality and security;
Reduce transmission losses;

Encourage demand management;

Disaster recovery;

Improve distribution system;

Verify of new technologies:

Decrease operations and maintenance costs;

High penetration RES resiliency.

Ong¢ of the key features that makes microgrids stands out from the many new techn

is that it is not just suitable for developed economies, but also for emerging econ

Fro
sol

Thy
3) Mi

Ne
tec
deV

o

the drivers listed above, we can see that microgrids have heen considerg
tion to:

reach clean energy goals;

power un-electrified population; and

elevate grid performance and energy consumption.

s they have even greater potentials in future development.

rogrids application and technology innovation have mutually promoted effects

v technologies enable microgrids and application of microgrids triggers R&D
hnologies, which often requires additiomal work in standardization to realise
elopment and deployment, as shown in Figure 4.

IEC

Figure 4 — New technologies developed for microgrids

blogies
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pof new
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ire 5.

4) Sta1ndardization of the field is in urgent need of improvement, as can be seen in Fig
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Q49: Do you find the current international standards
meet your requirements for developing microgrids?

IEC b‘
S
Figure 5 — Standardization satisfaction in thgéz'Qa

The sufvey also preliminarily identified some specific standard ps and conflicts; the|results
are reported in Item 4.1, Gaps identified for microgrids stan&q ization, which presentls more
solid cpnclusions. However comments such as "We nevle@nd the direct microgrid sfandard
yet" may show a general picture of the situation. QQ

5.2 Categories of decentralized electrical eni@ systems

%]
5.2.1 General \\S\

Decenfralized electrical energy systems )N%&imilar physical compositions but used in djfferent
scenar|os could be categorized differently;or decentralized electrical energy systems under the
same g¢ategory could be applied to gSjerent scenarios. Following is an attempt to cat¢gorize
decentfalized electrical energy sys{g s under the following headings:

— Market assessment/appli(a?k)n: market assessment from practical application, i.e.
apglication scenarios sometimes may be easier to assess vs. technical aspects, gince it
degends on how and hat application a microgrid is designed and used;

— Teghnical featur :Qecentralized electrical energy systems can be categorized into
migrogrid, non-éenventional distribution systems and virtual power plants according to
technical ch eristics and/or technical requirements.

5.2.2 Ca @ories based on application scenarios

Categg ri&g based on application scenarios is one of the most common ways of classif|cation.
It is a difect and application-oriented way 10 categorize. The differences between various
categories may be blurred, as one project may fall into the scopes of more than one category.
However it could be helpful to have a quick and general view of the scale, application
environment, participating roles, and interaction mode of decentralized electrical energy
systems.

It is shown in the survey data that for decentralized electrical energy systems currently declared,
under construction or already in operation, from the perspective of application scenarios,
decentralized electrical energy systems are used in institutional/campus,
facility/community/utility, commercial/industrial, remote area and military power supplies that
require higher power supply reliability.
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Taking microgrids as an example, the following describes the main features of decentralized
electrical energy systems applied in different scenarios.

5.2.3 Categories based on_technical features

Institutional/campus

Institutional/campus microgrids usually operate in grid-connected mode typically used for
municipal building, universities and hospitals. These kinds of microgrids generally have
fixed load and thus sufficient consumption ability to avoid constraints from utility prohibitions
on transfer of energy services across public right-of-way.

Facility/Community/utility

Facility/Community/utility microgrids refer to microgrids that are designed to be operated in
grid-connected or isolated mode, used for community power supply or as initiated by utility.
Thegse types of application are based on specific issue or need to provide cost-effective
sollition for electric supply or higher reliability. Most regulators will approvgé such
invéstments if they are more economical vs. other solutions.

Remote system

Migrogrids in remote areas are mainly developed to be operated in islanded mode to provide
elegtricity supply to isolated geographic regions. In this case, the systems are normally of
small size and capacity. Applications for mining installations or holiday resorts beygnd the
seryice area of the main power grid have been implemented in-recent years.

Military
Milil:ary microgrids include grid-connected networks for* military bases, and igdlanded
netvorks for forefront operation bases. Higher reliability and safety requirement are the

most distinct features of these kinds of microgrids. Bistributed renewable energy reqources
usually play a significant part in this type of micregrid.

Coxmercial/industrial

Commercial/industrial microgrids are mostly grid-connected networks, used in industtial and
commercial areas for higher reliability and safety. These kinds of microgrids havg been
alrgady developed and matured in-application, especially in North America. Hqwever,
inctemental cost and the lack of standard design scenario have limited their develppment
and deployment.

Accordjing to technical characteristics and/or technical requirements, decentralized glectric
energy|systems can be divided into microgrid, non-conventional distribution systems and virtual
power plants. Among them, microgrids can be divided into non-isolated microgrids and isolated
microgfids according 10 whether they are tied with the main grid or not. Non-convdgntional
distribytion systems' include multi-energy local systems, grid-tied local systems aphd DC
distribytion systems. Virtual power plants can be divided into Technical VPP (TVPP) and

CommIrcial VRP (CVPP).

No

The non-isolated microgrid can not only be tied to the grid, but also operate independently
when the main gird fails or is disconnected from the main network for economic operation.
Isolated microgrids only have off-grid operation mode and do not operate in parallel with the
main grid.

“isolated and isolated microgrid

Multi-energy system

The multi-energy local system is a comprehensive utilization system of multiple energies
such as electricity, heat and natural gas, which is located near users. It focuses on
coordination and optimization among different energies, but does not emphasize the
dominant position of any particular energy. It is mainly composed of power supply networks
(such as electrical power supply, gas supply and cooling/heating network), energy exchange
links (CCHP unit, generator unit, boiler, air conditioner and heat pump, etc.), energy storage
links (such as electricity storage, gas storage, heat storage and cold storage, etc.), terminal
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5.3
5.3

A Stakeholders identification

integrated energy supply units (such as microgrid) and a large number of end users. The
multi-energy local system has broken the existing mode of separate planning, design and
operation of various energy supply systems such as electrical power supply, gas supply and
cooling/heat supply, etc. It is an integrated energy production, supply and marketing system
that organically coordinates and optimizes the production, transmission, distribution,
transformation, storage and consumption of various energies in the process of planning,
construction and operation, etc. It can comprehensively and efficiently utilize various
energies.

Grid-tied system

The grid-tied local system is mainly characterized by small power sources located near
users, such as distributed photovoltaic power generation, which can supply power to nearby
power—users: More—attention—ts pa;d to—the—tocatizationr—of c:cutliu;ty pluduu‘li\n and

consumption.

DC|distribution system

DCldistributing systems do not need inverters to convert direct current from generatofs such
as |PV cells to alternative currents. Thus from the aspect of DC compatible logdd and
equipment power supply, DC distributing system can be more efficient:

VPP

Acgording to different operation objectives, virtual power, (plants can be dividg¢d into
Teghnical VPP (TVPP) and Commercial VPP (CVPP). TVRR determines the mana$ement
mogle conducive to the safe and stable operation of the power grid from the perspegtive of
system management by combining with the influence of, the operation characteristic$ of the
virtphal power plants on the local power grid. CVPR formulates optimal power genleration
plaps based on user demand, load forecasting and’power generation capacity foretasting
and participates in power market transactions from the perspective of market revenye.

Decentralized electrical energy systems’market assessment

Surveys and experiences of representatives from SEG6, SC 8A and SC 8B followind major

stakehplders have been identified but-not limited to:

Consulting Engineering firms
Eleftrical equipment manufacturers
Eqyipment vendors

Usegrs

Utiljties

TraL
Sygqtem(integrators

smission system operators

Goyernments

Car manufacturers

Railways

Standard organizations
Academics

Consultancies

Real Estate developers
Facility operations managers
Microgrid owners

Communication infrastructure operators
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Moreover, service providers, such as energy-saving service companies, third party in demand
response or ancillary service markets, may also be stakeholders depending on the market
conditions. In addition, if the microgrids involve multiple kinds of energy, such as gas and heat,
they will also bring new players. Considering microgrids’ role in disaster recovery and public
emergency response, public safety and public transportation may also be relevant.

The variety of stakeholders has diversified the deployment of microgrids and boosted the market,
but may cause difficulties in standards development and more importantly in standards adoption.
During the survey and general work of SEG 6, we have very easily identified several
organizations working on the international level of microgrid standardization, such as IEC TC 8,
TC 64, TC 82, SEG 4, SyC Smart Energy, etc. For this topic, WG 3 has performed a more
thorough investigation and analysis, and the result is presented in Clause 6 of this document.
Howevpr even just based on the preliminary identification, potential overlap and conflicts are
reasonpbly expected. Inconsistent standards may split the global market, confuse‘usgrs and
eventuplly delay the development of microgrids. Therefore, standards develeped within a
unified|platform and with clear guidance are more effective than those developediin/by scpttered
entitieq.

5.3.2 Market outlook

Based pn the working packages of SEG 6, WG 1 was set up with the goal to assess the furrent
market| need and deployment of microgrids, identify the trend and analyse the influential
elemerts. WG 1 adopted the survey approach to collect market information as widely as
possible. Unfortunately, the low response to the corresponding questions in the survey failed
to provide a quantitative market assessment. However,the group was able to identify g trend
of actije consideration and wide development in every_eolntry participating in the survdy. This
was similar to the experiences and activities within."SEG 6 member countries. The teghnical
development and successful pilot projects hawe given people more understanding and
applicqtion of microgrids. Market forecasts from different resources show that there is a[market
need and confidence in microgrids applicatiomaround the world, as illustrated by Figur¢ 6 and
Figure |7 produced by market research companies at an international level:

NOTE TJechnavio said worldwide microgrid markets will increase at a compound annual growth rate (JAGR) of
nearly 14 % from 2016-2020.

70000 %
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+— Aggressive scenario
50000 $\f=
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Miflion $)
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Figure 6 — Total microgrids revenue by forecast scenario, world markets:2013-2020
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Figurne 7 — DER Capacity Installments as a Percentage of New Centralized Generation,

Among| the many drivers for microgrid development, growing jimportance of energd
sufficigncy, policy stimulation, increased depletion of fossil energy, cost reduction of ren
energy|generation, unexpected changes of energy prices and-tariffs and technology inn
are thel most influential ones. The proliferation of currentand planned deployment of disfributed
generaltion, with the ability to better control load and eonsumption, calls for better optim

of thosp local energy networks which are becoming more complicated and independent

The cgmplexity, diversified structures, and lack’ of standardization of the newly dey
microg
on gov
the adgption of microgrids will grow fast) and the introduction of the relevant standards
imperative to support such growth.

Most dovernments are actively.Supporting the evolvement of microgrids to suppo
sustainable development goals;y as well as power quality and resiliency. Government f
and supportive policies still\play a major role in driving microgrid deployments. In the
survey| half of the projeCts are funded, mostly by government agencies. Secondly, the gradual
steppirlg down of the cost of distributed generation is also a massive dynamic for
microg
years ggo. Thirdly,~the aging grid infrastructure in developed economies, the higher occy
of extrgme weather conditions, disaster threats, and anti-nuclear public sense have pt
fuel on the~development of microgrids. At last but definitely not least, the advancemg
further

resour

Regional Averages: 2015-2024, Source: Navigant Research

rids make such deployments complex.and expensive, and are quite often still dep|

rids development, e.g. the cost of PV generation has dropped 70 % compared t

cast-reduction of energy storage technology, covering deficiency of renewable

y self-
ewable
pvation

ization

eloped
endent

ernmental funding. We estimate, based on market data including our online survgy, that

will be

't their
inding,
market

future
D three
rrence
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es’and enabling more application, will further accelerate the market. Standard

control

systems and reducing the cost of energy storage systems will play another significant role in
reducing the overall cost and effectiveness of the microgrids.

5.4

1)

Market needs and business models for decentralized electrical energy systems

Market needs

With the development of distributed local power supply systems such as distributed
photovoltaic power generation and distributed wind power generation, as well as microgrid
and multi-energy local system, decentralized electric energy systems, as the supplementary
form of power supply for large power systems, are increasingly becoming an effective
energy supply solution to meet the demand of load growth and reduce environmental
pollution.
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Microgrids can be implemented in many different environments and can take many forms.
Generally speaking, some of the microgrid applications in today’s market are as follows:

— Guarantee continuity in load service by islanding: Microgrids are used for higher
reliability and continuity of supply by islanding, i.e. by operating it disconnected from the
grid during grid faults/outages.

— Electrify remote areas using renewable energy resources: In this application, microgrids
are one of the solutions promoting electrification for remote areas and/or islands with
integration of renewable energy resources (or distributed energy resources DERs). It
may also provide back up for a community with weak transmission or distribution feeders.

— Optimize local resources to provide services to customers inside the microgrid:
Microgrids used for providing services to their customers, by optimizing the assets such
as energy storage, dispatchable loads and generators. This is beneficial for redu¢tion of
energy costs, increase of local energy consumption, decrease of greenhouse€| gases
emissions, etc.

— |[Optimize local resources to provide services to the grid/disaster\ prepargdness:
Community microgrids serve critical facilities such as hospitals, police, grocery |stores,
pharmacies, emergency shelters, police and fire stations, banks;and community cell-
phone charging centers, and community communication assets. Such microgr|ds are
also called “town center’ or “oasis” microgrids and provide' electricity to multiple
customers in the face of an emergency (e.g. storms, wind, fire, terrorism) and ofteph cross
public rights of way.

Nom-conventional distribution systems play an important part in achieving egﬂssion
reduction and energy conservation, improving comprehensive utilization efficigncy of
engrgy, and cost efficiency in investments and operational cost, etc.

— |Improving the acceptance and local consumption of renewable energy generatiop;

— [Improving comprehensive utilization efficiency of electricity, heat, gas and othef forms
of energy;

— [Solving the problem of electricity usé&in areas with weak connections to the power grid
or geographically isolated islands;

— [Higher cost efficiency in invéstments and operational cost (life cycle assessment)
compared to traditional grid\solutions;

— [Saving energy and reducing emissions.

Virual power plants (VRP) can effectively lower the market access threshold of distributed
power supply, improve*the economic benefits of distributed power supply, redyce the
mapagement difficulty’ of distributed power supply and the influence of power gr|d, and
proyide auxiliaryzservices for power grids. VPP can aggregate distributed power sources to
stably transmit power to the main grid without reforming the power grid, and can provide
fas{ responseauxiliary services, thus becoming an effective method for distributed power
sonr.irces tejoin the power market, lowering the market access threshold for distributed power

supply ‘and achieving benefit of economies of scale. At the same time, visualizgtion of
disfributed power supply and coordination, control and optimization of VPP greatly reduce
the Tmpact of grid-connection of distributed generation on the main grid, reduce scheduling
difficulties caused by the growth of distributed generation, make distribution management
more reasonable and orderly, and improve the stability of system operation. Therefore, VPP
provide a feasible technical solution for distributed power generation to participate in the
power market. On one hand, the VPP provide the best operation mode of distributed power
supply to maximize market benefits; on the other hand, the optimization strategy of VPP can
meet the requirements of unified scheduling, operation and management of the distribution
network and ensure that the parallel nodes of each distributed power sources meet the
voltage requirements and power flow constraints of the distribution network.
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2)

Business models

In terms of the application of microgrids, the key factor at current stage is not
experimentation or verification of projects or technology, but to figure out what kind of
business model can bring this DER integration platform into a new stage of commercial
operation.

Based on online survey and industry reports from some organizations, a number of
recognized business models are listed below:

e Facility owner financing and maintenance

Microgrids by definition are for addressing unique needs and/or issues. As a result,
microgrid projects that are currently operational adopt this business model, especially

emissions, asset owners including utilities often replace key assets withim\mic
(such as diesel generators, CHP and distribution infrastructures). Once new ass
introduced, a more complex integration is required and any incremental upgrades are
borne by the facility owner. Financial benefits gained by efficiency and rejiability
improvement ultimately reduce operating costs and outweigh expenses incufred by
facility owners.

e |Utility rate base

Utilities also consider use of microgrids to address custerier needs for broader henefits
as part of a utility rate based on economic considerations. In most cases, utilitylowned
microgrids that adopt this business model are public or private power providers |n rural
and/or isolated markets because of overall econamic and environmental considefations.

e |Vendors and equipment suppliers

Evolution of microgrids provides vendorsinew opportunity and destination for their
products, for example, companies that sellstorage devices, smart electricity metIrs and
(most importantly) different types of DG: Nonetheless, companies that are active in the
field of microgrids are still establishing cooperative relationships in order to develop and
to better integrate these types of components with the network, optimizing and ecpnomic
leveraging aspect of microgrid¢With the increase in such efforts, the business mlodel to
deliver cost effective microgrid“will evolve.

Some companies sell microgrid hardware (DG, energy storage devices and distijibution
network components) and software at the same time, thus they can providg most
components for mictogrids. For example, there is an informal alliance formed by| Power
Analytics, Viridity~Energy and Spirae, which provides microgrid modelling, ecpnomic
optimization and,practical control technology packages. DG is the substantial [cost in
microgrid projects. If there is gradual and sustained growth in this area, vendprs will
develop anhd-provide bundled microgrid packages.

o [Netwarking control service agreement

Distributed Generation equipment and hardware is the major portion of investment in the
micfogrid. However, the integration function of microgrids is the most challenging
technical task. Since there are many ways to control and optimize microgrids, this will
be the most complex task. What consumers only expect is functional operation of the
microgrid, thus vendors providing service agreements that includes acceptance of the
microgrid operation risk will be an extremely appealing value proposition.

Some vendors are transferring into this business model similar to plug and play. Since
only a small number of microgrids are adopting this business model, it is unsure whether
this business model will become mainstream in the future. What is predictable is that
more attention will be paid to the open structure of microgrids, plug & play function and
seamless networking of different types of renewable energy and energy storage devices,
which promote the application of this business model.
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e Power purchase agreements (PPA)

PPA is an important concept and business model in the residential and commercial PV
market of some countries, such as the US and China. It is expected that PPA will
continue to play an important role and business operation method for grid-connected
microgrid projects. Upfront cost is not required from consumers. In the PV field, private
sectors with abundant capital-owned related equipment and leased generation systems
until all tax reduction and accelerated depreciation are maximized. In the microgrid
business field, some vendors are promoting microgrid PPA, which is taking on the risk
of performance in exchange for capturing future revenue streams from sales of ancillary
services.

To ensure such a business model is pIaylng its role, the mlcrogrld control system needs
119 GUU}JL UpPCTI ouuu.wc IUUubU GUUILIUIIGI bUbL IIIbuIICu Uy auuulg 1cw Uqulplllc It and
include monitored performance checks. For example, the performance of PPA solar
projects is higher than small contract installation projects. Since microgrids‘arg more
complicated than simple PV systems, companies that are willing to sign_long-tefm PPA
must fully understand the risks and select vendors carefully.

e |Operations and maintenance contracts

Among the mainstream microgrids, operations and maintenanCe. contracts that|aim to
provide the best performance are increasing. Apparently, microgrids in remotg areas
serving low-income communities will become the largesth potential market [of this
business model. This is due to the lack of skilled labor including licensed engineg¢rs and
technicians. The weak links of these isolated microgrids are lead-acid batteries
malfunction and performance depreciation of solarcand wind generators.

\With the increased application of PPA in micrognid/projects, operation and maintgnance
will gradually become a crucial part of project ‘operation, as the economic vialility of
microgrid operation will depend on the actual operation performance of the microgrid
projects.

e |Pay as you go

The main challenge of microgrid dévelopment in developing countries is how to gchieve
revenue flow to support sustainable business development in the less developed| areas.
“Pay as you go” for power supply and key infrastructure is gaining popularity. This
method is especially suitable for small and remote microgrids in developing countries
where it is only requiredto provide enough power for lightings, computers and|mobile
phones. The key of this“business model is to maintain stable service costs and to be
able to terminate services when consumers stop paying. The electricity purchase method
is basically the(same as any other prepaid services. The only difference |is that
consumers can_gradually invest in their own PV systems.

Although a,'smart electricity meter may not be mandatory to enable microgrids], it will
play a erueial role and can be used to monitor status and calculate real time |energy
usage-—of” individual consumer within a microgrid. Without reliable monitoring and
accurate calculation methods to track actual energy usage, business models of these
emerging microgrid markets are not sustainable. Hence, it |s believed tha smart

under “pay as you go” business model.

5.5 Conceptual approach from DER to microgrid

As stated in in IEC 61850-7-420:2021, the conceptual model for DERs shall be recursive, i.e. a
DER is composed of DER as shown in Figure 8. In that approach DER encompasses in the
same approach generators and controllable loads, by the argument that you may provide a very
similar energy system behavior by applying controls to generators and reverse controls to loads.
This enables as well to easily consider storage as part of DERs (controllable generator or
controllable load).
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Figure 8 — Recursive conceptual model of DERs

This ¢

Rs are
connedted on the same electrical network. However it can alsobe virtual, and this intrpduces
the corcept of VPPs.

Adding| to the DER the ability to run in a stand-alone way, i.e. not exchanging any power with
an “upper Area network”, transforms the DER into, asmicrogrid.
This lefpds to this conceptual model for microgrids as shown in Figure 9.
Area EPS Seen as a DER
ECP1
0
/ Microgrid (mixed) \
Grid
CP2¢ ECP3¢
{ DER (mixed) \ / \ \
Could(b&)a DER (mixed) DER unit(s) DER unit(s)
microgrid
as'well
DER DER
(mixed) unit(s)) k J

IEC

Figure 9 — The conceptual model for microgrids

This conceptual approach helps understanding why DER, microgrids and VPPs are from the
exact same family (as far as energy is concerned). Only three prerequisite must be highlighted:

a) DERs include any generators and controllable loads, and thus de facto storage;

b) Virtual aggregation (i.e. VPP) can be approached very similarly to physical aggregation;
c) Microgrids are DERs which have the possibility to run autonomously.
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6 Reference architectures, roles and use cases

6.1  Architecture model for DER management (as proposed by SyC SE)

Most DER systems can or must operate autonomously in order to respond rapidly to changing
power system conditions and meet power system safety, reliability, and efficiency criteria. At
the local level, DER systems must manage their own generation and storage activities
autonomously, based on local conditions, pre-established settings, and DER owner preferences.
However, communications with utilities, facility energy management systems, and/or retail
energy providers can support additional functions and provide updated functional parameters,
so that the DERs can participate more effectively in the management of the Area Electric Power
System (EPS). But direct control by utilities is not feasible for the thousands if not millions of
DER systems connected to the distribution system, so a hierarchical approach is necessary for
utilitieg to interact with most of these widely dispersed DER systems.

In some situations, depending on regional options and regulations, utilities {imay request or
requirdg DER systems to be located at critical electrically important points, whilg utility
assessments of new DER implementations may determine which DER functions cduld be
preferred or even mandatory for providing grid support. For any DER systems to bel active
particigants in grid operations, their operations must be coordinated with other DER slystems
and with distribution grid equipment such as load tap changers, capacitor banks, and yoltage
regulators.

Many tommercial and industrial customer sites woulddlikely include Facility DER Energy
Management Systems (FDEMS) that could modify DER{autonomous settings and issug direct
commgnds. The Area EPS operators could interact with these FDEMS occasionally toEpdate
settingp or broadcast pricing signals and/or emergency commands. In addition, the distripution-
level afea EPS operators could provide some of the DER benefits to Regional Transrission
Organigations (RTOs) and/or Independent Systém Operators (ISOs) for reliability and [market
purposges. In some regions, Retail Energy Providers (REPs) or other Energy Service Prpviders
(ESPs) would be responsible for managing'groups of DER systems.

Information exchange is critical to aceommodate these complex and dynamic power pystem
requirgments, and management ofithese information exchanges needs to be organizped and
interoplerable. Specifically, a hietarchical approach is necessary for the various stakeholders
(utilitiep, aggregators, facilities;"markets, and DER system operators) to exchange information.
At the |ocal level, DER systems generally manage their own generation and storage agtivities
autonomously based on(local conditions, pre-established settings, and DER owner prefefences.
DER gystems can also be active participants in power system operations and must be
coordinated with other DER systems and distribution equipment. In addition, the Distibution
System Operatots-(DSOs) must interact with transmission system operators (TSO¢), also
known |as regional transmission organizations (RTOs) and/or independent system opprators
(1SOs)| for-reliability and market purposes. In some regions, retail energy prdviders,
aggregpators;’ or other energy service providers are responsible for managing groups ¢f DER
systemis_either through operational actions or market actions

This hierarchical approach can be described as hybrid combinations of five levels across
multiple domains, as illustrated in the five-level hierarchical DER system architecture shown in
Figure 10 and described below. The circled numbers identify the various logical information
exchanges.
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( Hierarchical DER system five-level architecture, mapped to the smart grid architecture model (SGAM)
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architecture in SGAM format
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Level 2 facility DER management (blue in Figure 10) is the next higher level in which a
facility DER management system (FDEMS) manages the operation of the Level 1 DER
systems. This FDEMS may be managing one or two DER systems in a residential home,
but more likely will be managing multiple DER systems in commercial and industrial sites,
such as university campuses and shopping malls. Utilities may also use an FDEMS to
handle DER systems located at utility sites such as substations or power plant sites. For
utilities, FDEMS are viewed as field systems and shown at the Station level of the SGAM,;
however, from a facility’s point of view, they may be seen as enterprises in their own right,
and they could then be shown at the Enterprise and Operations levels. The communication
protocols used within a facility are most often proprietary but could include IEC 61850, IEEE
2030.5 (SEP2), and Building Automation and Control networks (BACnet).

Level 3 third parties: Aggregators or retail energy providers (red in Figure 10) shows
malket-based aggregators and retail energy providers (REP) who request or even eommmand

tomer costs or to respond to utility requirements for safety and reliabjlity purposg¢s. The
bination of third parties (this level) and facilities (Level ~2)“may have Yyarying
figurations, responsibilities, and operational scenarios but, @verall, still fundamentally
ide the same services. The communication protocols used by aggregators are psually
prietary, but could include Open Automated Demand ;Response communifations
cification (OpenADR) for market-based interactions ar potentially IEC 61850 gr IEEE
0.5 (SEP2) for technical interactions.

el 4 utility operational grid management (yellow in Figure 10) applies tq utility
lications that are needed to determine what requests or commands should be issued to
ch DER systems. Distribution System Operators (DSOs) must monitor the distfibution
er system and assess if efficiency or reliability of the power system can be imprqved by
ing DER systems modify their operation~This utility assessment involves many utility
trol center systems, orchestrated by.the Distribution Management System (DMS) and

Systems (GIS), Transmission Bus-Load Model (TBLM), Outage Management Systems
(OMS), and Demand Responsey(DR) systems. Transmission System Operators ([TSOs),
regiional transmission operators. (RTOs), or independent system operators (ISO§) may
intgract directly with larger DER systems and/or may request services for the bulk| power
tem from aggregated DER systems through the DSO or through the REP/aggregators.
Onge the utility has determined that modified requests or commands should be isgued, it
will send these eitherdirectly to a DER system, indirectly through the FDEMS, or indlirectly
thrJ)ugh the REP/Aggregator. The communication protocols used for direct control pf DER

tems is either [EEE 1815 (DNP3) or IEC 61850, while indirect interactions throygh the
fac|lity or plant-use either IEC 61850 or IEEE 2030.5 (or in the case of wind |plants,
IEG 61400). The communication protocols used between the DSO and aggregators nay be
IEG 61850-or IEEE 2030.5. Internal to the DSO, the Common Information Model (CIM) can
be lusedJto exchange power system models between applications (IEC 61970)| or for
mepsaging between back office systems (IEC 61968). The DSO and TSOs mgy also
exchange information on DER systems using IEC 60870-6 (ICCP).

Level 5 market operations (purple in Figure 10) is the highest level, and it involves the
larger energy environment where markets influence which DER systems will provide what
services. The TSO markets are typically bid/offer transaction energy markets between
individual DER owner/operators and the TSO. At the distribution level, the markets are not
yet well-formed, and, over time as they evolve, they may be based on individual contracts,
special tariffs, demand response signalling, and/or bid/offer transaction energy markets.
The communication protocols used for market operations include OpenADR, IEC 62325,
and IEC 62746.
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6.2 Actors and Roles (from SyC SE)

Table 2 lists the business roles that have been identified so far by SyC SE. This list is not
exhaustive and will be updated as the use cases are drafted.

Table 2 — Business Roles of the domain

Business roles Definition

Energy generation roles

Responsible party for overall market and financial decisions and contracts related to

DER Owner DER including microgrid design and operations

Responsible party for operational aspects of the tacilities and their DER systé¢ms

DER Operator . . . ) ; -
including real time microgrid operations

A party which aggregates flexibilities for its customers.
Flexibility aggregator May activate flexibility sites.
Equivalent to Retail Energy Provider (REP) in this document,

DER equipment Entity that produces, tests, sells, and implements DER systems

manufdcturer
Party generating electric energy.
Producger Additional information: This is a type of Grid Uset.
[SOURCE: based on IEC 60050-617:2009, 61/-02-01]
Prosunjer Party both generating and consuming eteétric energy

) o Electricity producer with generator(s){connected to the distribution grid. Prodyiction
Decentralised electricity | can be dispatchable and/or non-dispatchable.

producgr
This is a type of Producer.

Power Plant Operator Responsible party for operational aspects of a power plant

Responsible party for.market and financial decisions and contracts related to|a
Power Plant Owner
power plant
Utility Foles \O
Microgfid Operator Responsible‘party for operational aspects of a microgrid
Responsibte party for market and financial decisions and contracts related to|a

Microgfid Owner : 5
microgrid

Retail Energy Provider

(REP) Third party managing DER systems based on market information

A party that operates one or more grids. This term is used when it is not necdssary

Systen| operator to specify whether distribution or transmission system operator is meant.

Entity responsible for the planning, operation, maintenance, and the development in
given areas of the electricity distribution network (LV, MV, and potentially HV), the

Distribgtion System quality of electricity supply (power delivery, voltage etc.) and for customer acgess to
operatgr (DSO) energy supply retail market through his system under regulated conditions.

Equivalent to MV/LV system operators.

Entity responsible for the planning, operation, maintenance, and the development in
given areas of the electricity transmission network (HV), the quality of electricity
supply (frequency and voltage), and access to the bulk market system for DER
systems capable of participating

Equivalent to HV system operators.

Transmission system According to the Article 2.4 of the Electricity Directive 2009/72/EC (Directive): "a
operator (TSO) natural or legal person responsible for operating, ensuring the maintenance of and,
if necessary, developing the transmission system in a given area and, where
applicable, its interconnections with other systems, and for ensuring the long-term
ability of the system to meet reasonable demands for the transmission of
electricity". Moreover, the TSO is responsible for connection of all grid users at the
transmission level and connection of the DSOs within the TSO control area.

[SOURCE: EU Commission Task Force for Smart Grids, EG3]
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Business roles

Definition

Balanci

ng authority

Entity responsible for balancing generation and load, using frequency management

to achieve this responsibility

Customer roles

the distribution power system

Client / customer (of A party connected to the grid that contracts for the ability to consume electricity at a
electricity supplier) metering point.
c A party connected to the grid that contracts for the ability to consume electricity at a
onsumer - h

metering point.

A party connected to the grid and consuming and/or producing electricity. Grid
Grid user Users include Consumers, Producers, and Prosumers.

Equivalent to Party Connected to the Grid.
Markef services roles nrb
Servicq provider or Entity providing electricity-related services (such as energy efficiency-ot
energy|service provider communication services).
Bulk pqwer market or Entity providing a market for the buying and selling energy andyaneillary servjces to
transm|ssion market the bulk power system

Entity providing a market for the buying and selling energy and ancillary servjces to

Distribgtion market
In general, this entity does not exist as a “market” but many energy service
providers may provide related capabilities

Demanl response market Entity providing energy prices to consumers_ and prosumers so that they may

change their energy demand based on those-prices.

Third party roles

)

A party responsible for installing, «haintaining, testing, certifying and

Entity that offers telecommunications services.

decommissioning physical meters‘in compliance with the regulated conditionq for
Meter gperator contract between ESR and their customers.

[SOURCE: ENTSO-E, EFET, ‘and eblX, 2010]

A party responsible forregistering the parties linked to the metering points inja

] ) Metering Grid Area.'He is also responsible for maintaining the Metering Point

Meterirlg point technical specifications. He is responsible for creating and terminating metering
adminigtrator points.

[SOURCE:ENTSO-E, EFET, and eblX, 2014]
Telecommunications

devices.

operatqr
. Entity that installs and maintains smart electric systems for industrial, commgrcial
Electrigity Installer . )
and residential purposes.
Equipnlent Manufactgier Entity that produces and sells electrical devices and electricity management

Table ]

lists”the system roles that have been identified so far by SyC SE. This list

exhaud

tive and will he updated as the use cases are drafted

is not


https://iecnorm.com/api/?name=f0d265c705bab63d560dcefd70cf2ea5

IEC TR 63410:2023 © IEC 2023

- 31 -

Table 3 — System Roles of the domain

System Roles

Definition

Level 0 Electric Power system

Electric Power System
(EPS) (high level)

Facilities that deliver electric power to a load

Local EPS

An EPS contained entirely within a single premise or group
of premises

Area EPS

An EPS that serves Local EPSs

Microgrid EPS

A Local EPS that can operate as an island and is operated
as a virtual resource to the Area EPS

DC EPS

A Local EPS that operates direct current

Electrigal Point of
Connegtion (ECP)

Point of electrical connection between the DER 's6ur¢e or
sink of energy and any EPS

Each DER unit has an ECP connecting it\{o”its local power
system; groups of DER units have ap, EEP where thgy
interconnect to the power system at.a-specific site ol plant;
a group of DER units plus local lpads have an ECP where

they are interconnected to the Utility power system.

NOTE For those ECPs bétween a utility EPS and a|plant
or site EPS, this point is_identical to the point of common

coupling (PCC) in the IEEE 1547 “Standard for
Interconnecting Distributed Resources with Electric Fower
Systems”.

Point of Common
Coupling (PCC)

The point wher€ a Local EPS is connected to an Area EPS

Switchiplus its controller at the point of common coupling

PCC Switch (PCG) between the Local EPS and the Area EPS
EPS Switch Switch plus its controller within an EPS
Synchrbnizing equipment Eglggment that synchronizes the frequency between|two
Meteorological service providing weather system thaf can
Weathgr System affect DER capabilities
\U
Level {1 DER C\N

Virtual Resource (high
level)

A set of one or more energy service resources, inclufling
generators, energy storage, controllable load, and ancillary
services

Distribyted Energy
Resource (DER) (high
level)

A distributed set of one or more energy service resolrces,
including generators, energy storage, controllable load, and
ancillary services

Renewable DER

DER system whose prime mover energy comes from
renewable sources, including water, solar, wind, and
biofuels

Combined Heat and
Power (CHP)

DER DybtUlll VVhUDU pl;lllaly |JUI|JUDU ;D bIUGt;UII Uf h at bUt
can also provide electrical energy from the heat creation
capability. In some circumstances, electrical energy is the
primary purpose with heat as a secondary purpose

Electric Vehicle
(EV)

Automobile which is powered completely or in part by
electricity and whose battery can be charged from an EPS

Electric Vehicle
Supply Equipment
(EVSE)

Photovoltaic system
(PV)

Fuel cell

Wind turbine
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System Roles Definition
Hydro plant
Gas turbine

Biomass plant

Wood chip boiler

Battery energy
storage

Pumped water
storage

Prime mover and converter to and/or from electrical energy,

DER Upit (hngh IQ\IQI)

including generators, energy sforage, and controllable load

DER Cpntroller (high level)

Controller of DER unit

DER System (high level)

Combined DER controller and DER unit, including
generators, energy storage, and controllable Toad

Regulating DER
System

DER system responsible for frequeney\and/or voltage
regulation. The regulating DER system could be a
generator, an energy storage system, or controllable|load.

Non-regulating DER
System

DER system not participating in frequency or voltage
regulation.

DER S{orage Unit (high
level)

DER unit that includes ‘enérgy storage that can be
converted to electricahenergy

DER Ggnerating Unit (high
level)

DER unit thatdneludes generation of electrical energ

DER Cpntrollable Load
(high Iqvel)

DER that\consists primarily of a load that is allowed fo be
modifiéd.based on operating conditions, tariffs, contrjacts,
or other criteria

Non-Controllable
Load

Load that is not allowed to be modified

Critical Load

Loads within a Local EPS having the highest priority |of
service. These loads are served at the expense of al| other
loads.

Non-Critical Load

—h

Loads within a Local EPS having the lowest priority ¢
service. These loads may be left unserved in favor o
critical loads.

Time Slynchronization
Source

Source of an accurate time signal

DER Pyotection Functioh

Safety-related function to prevent harm to personnel] the

DER system, and/or other electrical equipment

Log of significant events and alarms for use in markqgt

DER Log settlements, operational analysis, and other audit pufposes
Meter that records the energy produced within specified
DER Mktar time periods, energy used within specified time periods for

DERcharging of storage, and demand curves of DER
generation and storage over time

Level 2 FDEMS

DER Management System
(DER-MS) (high level)

System that manages the settings and dispatch of DER
systems

Facility DER EMS
(FDEMS)

System that manages the settings and dispatch of DER
systems within a facility. This facility could be a residence,
a building, a commercial site, an industrial site, or any
other high-level location.

Microgrid DER EMS
(MDEMS)

System that manages the settings and dispatch of DER
systems within a microgrid, and that can cause the
microgrid to become an island and to reconnect with the
Area EPS
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System Roles

Definition

Power Plant DER
EMS (PDEMS)

System that manages the settings and dispatch of DER
systems within a power plant

Building DER EMS
(BDEMS)

System that manages the settings and dispatch of DER
systems within a building

Virtual Power Plant
(VPP) DER EMS
(VDEMS)

System that manages the settings and dispatch of DER
systems that are enrolled in a virtual power plant

Electric Vehicle
EMS (EVEMS)

System that manages the settings for charging electric
vehicles, including as DER systems

Meter Data

System (MDMS)

Electrig Vehicle Supply
Equipnient (EVSE)

Energy|Services Interface
(ESI)

Facility] Local Area
Network (Facility LAN)

] N\

Level 3 Aggregators Cy

Aggregpator See definition
Aggregator DER
management
system (ADEMS)
Retail DER Energy System that manages the settings and dispatch of DER
Management systems that have been contracted to be operated by REPs
System (RDEMS) and/or’'Aggregators

Level 4 DSO and TSO N

Transnjission System S

Operatpr (TSO) See definition in Table 6
TDEMS or TSO TDEMS is part of the TSO EMS that manages large PER

Operations Model

EMS systems or large aggregations of smaller DER systems
Distribytion System N
Operathr (DSO) See definition
DSO Planner Planner
DSO DER EMS
(DDEMS)
Distribytion Management High level term for all applications used for distributipn
Systen] (DMS) management.
Topological model of distribution system, including the
location and profile characteristics of all distribution
Distribution equipment and DER systems (individually and/or in

aggregate). This model is derived from the geographjc

and Analysis
(DOMA)

model in the GIS, the facilities information (often included
in the GIS and/or an asset management database), and the
DER profiles (derived from the CIS and DER characteristics
database).

Distribution System
Power Flow (DSPF)

Application that determines the power flows of the
distribution system, using the DOMA model

Transmission Bus
Load Model (TBLM)

Geographic Information
System (GIS)

Geographic model of the distribution system, including the
location and characteristics of all distribution equipment
and DER systems (individually and/or in aggregate)
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System Roles Definition

System with customer information, including personal
information, billing information, customer profile
information, etc.

Customer Information
System (CIS)

Outage Management
System (OMS)

Distribution SCADA
System (DSCADA)

Level 5 Market

Transmission Energy
Market (high level)

Wholesale Energy
Market

Balancing Authority
(market)

Transmission
market operator

Retail Narket (high level)

Demand Response System providing demand response pricing informatipn for
(DR) System different energy products during different time frame

Schedule provided by. REPs, DSOs, TSO, and otherq to
indicate contractual(and/or forecast prices for energy| and
ancillary serviceS/during specific time periods

Demand Response (DR)
Pricing|Schedule

EV Pricing Program | Special pricing\for charging EVs

V2G DR program Vehicle to\Grid demand response program
\V

Level § Communications O,
Wide Area Network (WAN)

Public Network

Advanced Metering
Infrastructurex(AMI)

Cellular.system

Publi¢_Internet

Communication
Nodes

Cyber gecurity

Password and
certificate
management

Firewalls

Key management
systems

Role-based access
control systems

6.3 Use Cases: Microgrids
6.3.1 General

Presently, several technical committees or research organizations have been involved in the
development and application of use cases, such as:

— |EC SyC Smart Energy
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IEC TC8 and its WGs
CIGRE, CIRED, IEEE
EDF R&D, EPRI
Universities

The Business Use Cases (BUC) have been classified based on their need and objectives as
follows:

Not all
are intr
and ty
granulé

6.3.2

This B

to

related|

1) Name of use case

Guarantee a continuity in load service by islanding

Electrify remote areas using renewable energy resources

Optimize

Op
De

Optlimize energy supply cost by proper use of local asset within a community-run distr

sys

be d

imize local resources to provide services to the grid / disaster preparedness
elop larger energy system by interconnection of isolated microgrids
fem

use cases are further introduced in this clause. The use casgs‘using 62559 ter

pes that microgrids are applied. A detailed use case isr given below to expla
rity of the description and the coverage of the information:

Business Use Case A: Microgrid-Guarantee a.continuity in load service by
islanding referencing IEC 62898-4

onsistent with IEC TS 62913-2-1, Generic Smart Grid Requirements — Part 2-
Domains.

ibution

nplates

oduced in IEC 62898-4. This document only keeps the list intreducing the envirTnment

n their

JC is based on document IEC SyC Smart Energy/32/CD, and is intended to be rejviewed

1: Grid

Use case identification

1D Area(s)/Domain(s)/Zone(s) Name of use case
Micrdgrids Microgrid-Guarantee a continuity in load service by islanding
2) Version management

Version management

Version No. Date Name of author(s) Changes Approval status
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3) Scope and objectives of use case

Scope and objectives of use case

Scope

This BUC concerns connected microgrids only (distribution microgrids or facility microgrids). It
describes how microgrids can guarantee continuity in load service by islanding, i.e. by operating
disconnected from the main grid.

This BUC is an entry point for specifying interoperability requirements and associated data models
of IEC TR 61850-90-23.

This BUC reaches several objectives on the services to microgrid users:

— Improve reliability of power supply of customers by a) by maintaining supply continuity and/or
b) maintaining supply continuity for critical loads

Objectiye(s)
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interruption.
— Reduce outage times for the customers within the microgrid.
Three kinds of islanding are possible:

— Preventive islanding if a supply interruption is planned (e.g. due to maintenance), or a ¢rid
outage is expected (storms that could damage overhead lines, damages by third partieg, line
congestion are non-exhaustive examples).

— Automated islanding in case of unplanned grid failure.

— Black Start recovery to re-supply loads after grid failure, if the microgrid is technically not
capable to automatically island without any black.

After starting the islanding, the microgrid will continue to operate in islanding mode as long as the
power is not back to normal on the overlay grid. Afterwards, it can reconnect to the grid, apd work
again in connected mode.

Related
technical
issues

Operation of Use Case and technical issues:

This Use Case can be broken down into fourksteps, including a total of six scenarios:
— Step 1: Before Islanding (scenario 1)

— Step 2: Starting the islanding with.@ne of the following scenarios:

e Preventive islanding if a supply interruption is planned, or a grid outage is expected
(scenario 2)

e Automated islanding in"case of unplanned grid failure (scenario 3)

e Black Start recovery to re-supply loads after grid failure (scenario 4)

— Step 3: Maintaining the islanding (scenario 5)
— Step 4: Reconnection to the main grid (scenario 6)

Scenario 2 is only applicable for planned grid outages, which can be planned maintenancq of
upstream_equipment or anticipation of possible upcoming failure or constraints on the network
(storms that could damage overhead lines, line congestion are a few examples).

Scenarios 3 and 4 are applicable when an unplanned outage of the main grid occurs. The ghoice
between both scenarios depends on the technical capabilities of the microgrid: automated
islanding is better for the clients, as they do not sustain any outage, but is much more technically
complicated to achieve, and thus needs more equipment and more investments.

The processes before and during the islanding, and for the re-connection to the main grid are the
same in every case.

Before islanding (scenario 1)

When the microgrid is connected to the main grid, in normal operating conditions, the microgrid
manager monitors the state of the main grid and of the different generators, storage systems,
controllable loads and other flexibilities inside the microgrid to enable islanding if an outage
occurs and to assess the possible duration of islanding. Microgrid (storage) might operate only a
limited time in islanding mode. This duration should be sent to the DSO, especially for sensitive
applications. The microgrid manager informs the MV/LV system operator about the microgrid’s
possibility to island in real time. For utility microgrids, the MV/LV system operator gives an
authorization to island in case of outage (If possible, automatic action will be engaged).
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Scope and objectives of use case

The microgrid manager also prepares the different generators, storage systems, controllable loads
and other flexibilities, so they are in the optimal state to start islanding if necessary, in
coordination with the other use cases using them. For example, a certain percentage of a storage
system’s charge could be reserved to enable islanding, and not be used for other use cases. To
prepare a generator, storage system or controllable loads, the microgrid manager can either have
direct control, or pass through a system manager (DER operator or EES operator).

The preparation and the assessment of the islanding duration takes into account the forecasting
of the consumption and production inside the microgrid. In case of critical loads such as hospitals,
banks, etc. seamless switches are needed for islanding and the total islanding duration must be
defined and guaranteed.

Starting the islanding

Preventive islanding (scenario 2)

The preventive islanding can be triggered by one of the following events:

t

For distribution microgrids, the MV/LV system operator informs the microgrid manager tha
should perform a preventive islanding due to:

— an operation on the network that will cause a supply interruption in the mierogrid area, pr
— an expected grid failure due to climatic events or constraints on the nefwork.

The MV/LV system operator informs the microgrid manager about the'starting time and the
duration of this event.

For facility microgrids, the private network operator can decide to operate a preventive islgnding if
he receives one of the following information:

— The MV/LV system operator informs about an operationon the network that will cause § supply
interruption in the facility area;

— The MV/LV system operator or a weather forecast provider informs about an expected ¢rid
failure due to climatic events;

— The MV/LV system operator informs abput‘an expected grid failure due to grid constraifts;

— The private network operator calculates from market prices that it will be less expensive¢ to
island for a given period of time.

In coordination with other use cases, the microgrid manager prepares the different generajors,
storage systems, controllable loads and other flexibilities, so that the system will be able tp island
during the entire event. Forcritical applications, periodic tests must be conducted to ensuge the
readiness of the system.\llhe microgrid manager informs the MV/LV system operator abouf the
microgrid possibility teisland.

Before the event starting time (real or expected), the microgrid manager takes control of the
operation mode«of the different generators, storage systems, controllable loads and other
flexibilities, add-starts the islanding by physically disconnecting the microgrid from the main grid
and simultaneously switching the relevant resources to islanding mode.

Automated-islanding (scenario 3)

At a given time, an unplanned outage occurs on the main grid, and is detected by the micrpgrid
mianager. If the conditions enable it (for critical loads, this must work 99,999 %) the microgrid
manager takes control of the operation mode of the different generators, storage systems,
controllable loads and other flexibilities, and starts the islanding by physically disconnecting the
microgrid from the main grid and simultaneously switching the relevant resources to islanding
mode.

The microgrid manager informs the MV/LV system operator about the microgrid islanding state,
and the possible duration of the islanding.

Black start recovery (scenario 4)

At a given time, an unplanned outage occurs on the main grid, and the microgrid is enable to
automatically island, and is thus power off. The microgrid manager evaluates the possibility to
perform a black start recovery, and informs the MV/LV system operator about it.

If a black start is possible, the microgrid manager takes control of the operation mode of the
different generators, storage systems, controllable loads and other flexibilities, physically
disconnects the microgrid from the main grid and simultaneously switches the relevant resources
to islanding mode, and performs a black start by managing the energy sources and the other
flexibilities. The microgrid manager assesses the duration that it will be able to maintain islanding,
and informs the MV/LV system operator about it.

Maintaining the islanding (scenario 5)
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Scope and objectives of use case

storage systems, controllable loads and other controllable devices in a microgrid. The bus
LV level should be divided into non-interruptible (lights), interruptible (heating, cooling, etc
interruptible with a time delay (dryer, washing machine). This should ensure enough flexibi

targeted duration. If it is impossible to maintain all the loads supplied for the total duration,

the loads.

The microgrid manager regularly assesses the possible duration of the islanding, and infor
MV/LV system operator about it. This assessment takes into account the forecasting of the

If, due to a lack of production, consumption or flexibility, the islanding becomes impossiblg
maintain, the microgrid manager safely powers out the microgrid area, or reconnects the-n
to the main grid when it is possible.

Reconnection to the main grid (scenario 6)

operator informs the microgrid manager that it can reconnect the microgrid.3The microgrid
manager then manages the different generators, storage systems, contrallable loads and
flexibilities to enable a reconnection without perturbation, and physically performs the

and gives back the control of the different generators, storage systems, controllable loads
other flexibilities to the other use cases.

Once the islanding has started, the microgrid operator has control over the different generators,

through a simple and reliable approach in order to manage them to maintain the islanding for the

microgrid manager optimizes the supply time of the loads, taking into account priorities between

consumption and production inside the microgrid. Load priorities should be considered when the
microgrid is operation in island mode, e.g. washing is not important action during a blackout.

When the power on the main grid has regained normal operating conditions,\the MV/LV sygtem

reconnection. The microgrid manager informs the MV/LV system operator about the reconpection,
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6.4

Perspectives

htify the common components of BUC that are or need to be standardized (for ekample
ering issues, power quality andyreliability issues, black start recovery, status of [grid as

Hucer or consumer could besome components)

htify some important specific components in some of the BUC that are not preseny
brs

each componenttoeiexisting IEC standards or standards under development
htify the ones forywhich no standard exists or is under development
pose generficirequirements for the processes (or components) that will need
sidered for. Standardization

JseCases: Non-conventional distribution systems

6.4.1

$fidtied local

tin the

to be

The traditional distribution network is a passive network that distributes power and power to
users in one direction. The access to? distributed generation makes the distribution network an
active network with a two-way power flow. At the same time, it also brings technical problems
such as voltage fluctuation, relay protection mis operation or refusal. The impact of distributed
generation access on distribution network, active distribution network planning, distributed
generation grid connection protection and control, active distribution network protection, active
distribution network voltage control, active distribution network power quality control, distributed
generation scheduling and management are the hot spots of power technology research.


https://iecnorm.com/api/?name=f0d265c705bab63d560dcefd70cf2ea5

IEC TR 63410:2023 © IEC 2023 -39 -

According to the penetration rate of distributed generation in distribution network (the ratio of
distributed generation capacity to rated capacity of distribution network) and the technical
measures taken, the grid connection technology of distributed generation can be divided into
three types: connect and forget, grace access and active network management.

6.4.2 Multi-energy local systems

A multi-energy complementary system is the expansion of traditional distributed energy
application and the embodiment of the concept of integration in the field of energy system
engineering, which makes the application of distributed energy expand from point to area and
from local to system. Specifically, "multi energy complementary distributed energy system"
refers to the "regional energy Internet" system that can contain a variety of energy resource
inputs [and has a variety of output funcfions and transporiation forms. It 1S not aanimpIe
superppsition of multiple energy sources, but should make comprehensive and complenmentary
utilization according to the level of different energy grades at the height of the system, and
make ¢verall arrangements for the cooperation relationship and conversion~usé of yarious
energy| so as to achieve the most reasonable energy utilization effect and benhefit.

The mylti-energy complementary integrated optimization demonstration project mainly has two
modes| first, for the end-users' multiple energy needs such as electrigity, heat, cooling apd gas,
adjust [measures to local conditions, make overall developmentrand complementary [use of
traditional and new energy, optimize the layout and build <an~”integrated energy |supply
infrastucture, through natural gas combined heat, power and ‘cooling, distributed rengwable
energy| and energy intelligent microgrid, realize multi energy collaborative supply and
comprghensive cascade utilization of energy; secondly, to make use of the rgsource
combirfation advantages of large-scale comprehensive/enérgy base, such as wind energy, solar
energy} hydropower, coal and natural gas, and promate the construction and operation qf wind,
water gnd fire storage multi energy complementarysystem.

The construction of a multi energy complementary integrated optimization demonstration
project|is one of the important tasks of building the "Internet plus" smart energy system. It is
condudive to improving the coordination.of energy supply and demand, promoting clean [energy
production and consumption, reducing the wind power, abandoning light, abandoning water
power |and promoting renewable<enérgy consumption. It is an important starting p¢int for
improv|ng the comprehensive efficiéncy of energy system, and for building clean and low|carbon,
A safe pnd efficient modern energy system has important practical significance and far-rgaching
strategfc significance.

6.4.3 DC distribution systems

In recept years, with- the improvement of public awareness of energy conservation and ermission
reductipn, there)are increasingly higher requirements for energy saving and consymption
reductipn, reliability improvement and power quality of power distribution networks. Clelan and

flexiblg distributed energy has been promoted and developed rapidly all over the world} which
has chphgéd the power supply composition of power grids. The electricity generated by PV,
wind power, fuel cell, biomass energy and other new energy is DC or becomes DC through
simple rectification. This electric energy is directly integrated to the DC distribution network to
save lots of conversion process and reduce power consumption. Also, there are more and more
DC loads such as office electricity usage (computers and office equipment), commercial
electricity usage (electric locomotive, elevators, etc.), household electricity usage (DC
frequency conversion air conditioner, refrigerator, washing machine, etc.) on the load side. If
they adopt a DC power supply, this can greatly improve the energy efficiency and power quality.
DC power distribution is not only the best technical solution to solve the problems of renewable
energy grid-connection and corridor limitation, but it can also reduce the power loss of the
distribution network and the negative impact of distributed energy on the distribution network,
and improve the power supply efficiency, reliability and power transfer capability.
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In the future, the distribution system will exist in the form of an AC network and a DC network.
Therefore, the future regional distribution network must be an open system, which can adapt to
the integration of middle and small-scale distributed energy and energy storage systems widely,
manage the demand side, and realize the source-grid-load interaction and other requirements
by making full use of the DC distribution technology in the transformer region.

From power supplies in residential areas and industrial parks, the interconnection of regions
and renewal of city centesr with limited space, to the electrification of transportation, as well as
the collection of large-scale offshore wind power and power supplies of large-scale data centers,
the active application demand is the driver for the development of DC power distribution
technology and a DC power distribution network. Typical application scenarios of DC power
distribution include electric vehicles, data centers, residential buildings, offshore wind power,
industrjal parks, multi-microgrid DC interconnection, etc.

6.4.4 Electric vehicles

The dgvelopment of electric vehicles (PEV) is an important method to improve the |energy
structure, ensure energy security and develop the low-carbon economy, and electric vghicles
will plaly a significant role in the future. Currently, electric vehicle charging stations mainly rely
on AC charging piles. With the development of DC distribution network;-DC charging piles and
DC disfribution network will be the main components of electric vehicle’s battery swap |station
in the future.

Howevpr, with the rapid increase in the number of electric vehicles, its influence on thg power
system especially the MV/LV system becomes more and more significant. Electric vehic|es can
be conpidered as a type of random charging load, and-the charging power demand is ?fected

by the|user's driving habits and battery characteristics. A large number of electric vghicles’
integraftion to households, offices and other areas will'influence the local load distributipn, and
they mlay be charging in the peak load period during a day. This further increases the load
demanf of substations or transformer, which ¢an’lead to overload in serious cases.

DC power distribution network can be connécted to the external AC system through the ]AC/DC
converter, and a multi-terminal LVDC ,is able to connect to multiple lines or transformer$ in AC
system through multiple converters. [tmakes full use of available power balance ability between
lines or transformers to shift the.peak load demand of a single feeder or transformer caysed by
the incfease in the amount of eleetric vehicle integration, thereby avoiding the overload pf lines
or trangsformers. This then provides users with higher running reliability, and solves the glectric
vehiclg integration constraints caused by the existing structure and capacity configurdtion of
the disfribution network{ Therefore, it improves the ability of electric vehicle integration ir] power
distribytion network,

6.5 Use cases: Virtual power plants

The Bysiness*Use Cases (BUC) have been classified based on their need and object|ves as
follows|:

e Virtual power plant operation platform and its practice

e Virtual power plant providing comprehensive energy services

e Normal mode of participating in power system operation

e Emergency mode of alleviating power system contingencies

e Participating in peak shaving energy market

e Local energy management and coordinated control of distributed energy resources
e Virtual power plant participating in primary frequency control

e Virtual power plant participating in secondary frequency control

e Virtual power plant participating in voltage regulation
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7 Standards identification and gap analysis

71 Microgrids
711 General

The availability of standards will greatly simplify the implementation of microgrids and lower the
cost of equipment and controllers. Some identified ongoing standardization activities related to
microgrids in IEC are listed in this document. the standardization needs and gaps in microgrids
are also discussed.

IEC TS _62898-1, Microgrids — Part 1: Guidelines for microgrid projects planning and
specification, |I[EC TS 62898-2, Microgrids — Part 2: Guidelines for operation, and
IEC T 62898-3-1, Microgrids — Part 3-1: technical requirements — protection and, dynamic
controll have been released. IEC TS 62898-1/AMD1, Microgrids — Part 1: Guidelines for
microgyid projects planning and specification, IEC TS 62898-2/AMD1, Microgrids — Part 2:
Guidellnes for operation, IEC TS 62898-3-2, Microgrids — Part 3-2: Techniealrequirements —
Energyy management systems, IEC TS 62898-3-4, Microgrids — Technical requirements —
Monitofing and Control systems, and IEC TR 62898-4, Microgrids: Part4 — Use casgs have
been gpproved. IEC TS 62898-3-3, Microgrids — Part 3-3: Technical requirements |- Self-
regulation of dispatchable loads will be discussed at the next meeting.

Standards that match the unique characteristics of the microgrid are required tq allow
microgfids to play a larger role in the distribution grid operation and contribute to elgctricity
access| in remote rural areas and geographic islandsincluding coordinated and corjsistent
electrigal interconnection standards, communication stahdards, implementation guidelings, etc.

The inferaction between the microgrids embedded in distribution systems and thg DSO,
particularly in terms of the power purchases.and related financial agreements and rediprocal
regulatory obligations between the microgrid”and the DSO, are often part of Grid [Codes
enforced by Authorities. Standards that ca@help demonstrating compliance with the Grid|Codes
are vely useful.

7.1.2 Needs identified for microgrid standardization

Microgfids are not as simple™as a mini traditional power grid. Key features distinghishing
microgfids from traditional power distribution systems include:

— powered by distributed generation sources including renewable with intermittept and
random characteristics, and CHP generators

— actjve interaetion with end user

— thelintroduction of dynamic load control systems

— the|héayy use of power electronics, such as multiple inverters

— the ability to operate as an island system

— multiple operation modes, such as integrated operation, islanding operation,
integration/islanding transition, and

— existence of a single point of common connection (for grid-connected microgrids)

One or several features may exist separately in traditional power systems and may not trigger
any specific issues. But when a microgrid is developed as a system which embodies all these
features together, it generates a unique set of opportunities and risks, which brings higher
requirements for various aspects of microgrids, such as planning and design, demand and
supply balancing, voltage and frequency control, protection configuration and setting,
information and communication planning.
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As introduced through the conceptual approach in 7.2, microgrids can easily be considered as
“extensions of DERs” with some specific capabilities such as (refer to IEC 57_1999e_DC and
57/2176e/INF) — this de facto includes communication and information models, as well as all
steps of the life cycle from planning to specifying to commissioning and design, testing,
operation and maintenance):

Connection/disconnection requirements of microgrids to main grid — including coordination with
the area EPs (main grid)

Planning and design
Protection (during islanding mode otherwise similar to DER)

“ StaTd=atone  MomitoT g and Tontrot (g exXtension to DER Manmagement System) ]

Sygtem performance of microgrids, including the reliability, power quality,-etc
extension of DER grid tied system)

Opegration (as complement to DER management systems)
Mi

Safety requirements

drogrids black start

Midrogrids management, including maintenance,-in addition to,DER management sy
Solution for access to electricity in remote or developing areas

71.3 Gaps identified for microgrid standardization

Microgfid standardization gaps identified are shown as’the following:

Terminology

(as an

stems

Modgelling and simulation (electro-magnetic.transient, stability, frequency domain for PQ,

etc))

Sydqtem performance indicators for -distributed energy systems, including the rel
power quality, etc.

Safety requirements

Connection requirements of'microgrids to main grid

Comnection requirements-of micro-sources or devices into microgrid
Comnmissioning, and-conformance & acceptance test (microgrid system as a whole)
Cofnmission and maintenance

Tegh-economi¢c evaluation

Standards.for evaluating the safety of the system and its components
Standafds*and codes addressing the installation of the system

ability,

Criferia’for measuring and expressing the performance of the system

EMC and power quality (already addressed by TC8)

System performance of electricity supplied by microgrids, including the reliability,
quality, etc.

Microgrids management, including coordinated operation and control of multiple

power

energy

resources, optimal utilization of multi-types energy storage, cost-effective operation of
microgrids, demand side management within microgrids, microgrids black start, coordinated
operation with main grid, Coordinated operation of multi-microgrids, participation in ancillary

service, maintenance, etc.
Test and evaluation of microgrids
Solution for access to electricity in remote or developing areas
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7.2

7.2.

DC microgrids
Guidelines for electrification projects
Microgrids interconnectivity

Development of a a) simple and small, b) medium size and c) large microgrid based on least
cost, efforts and expertise

Currently, the published microgrids standards: IEC TS 62898-1:2017, Microgrids — Part 1:
Guidelines for microgrid projects planning and specification specifying the planning of new
microgrid projects, IEC TS 62898-2:2018, Microgrids — Part 2: Guidelines for operation,
specifying the operation of microgrids, IEC TS 62898-3-1:2020, Microgrids — Part 3-1:
Techn/cal requ:rements - Protectlon and dynamic contro/ specifying the protect/on and
2 s. The
unergomg mlcrogrlds related prOJects IEC TS 62898 1/AMD1 M/crogr/ds L~Part 1:
Guldelines for microgrid projects planning and specification, IEC TS 62898-2/AMD1,
Migrogrids — Part 2: Guidelines for operation, IEC TS 62898-3-2, Microgrids,— Part 3-2:
Tedhnical requirements — Energy management systems, specifying the energy ' management
in microgrids, IEC TS 62898-3-3, Microgrids — Part 3-3: Technical requirements | Self-
regulation of dispatchable loads, specifying the self-regulation of dispatchable Igads in
migrogrids, IEC TS 62898-3-4,Microgrids — Technical requirements~ Monitoring and|control
systems, specifying the monitoring and control in microgridsy 'and IEC TR 62898-4,
Migrogrids: Part 4 — Use cases, specifying the application of nicrogrids, also have rjot fully
addressed the above mentioned gaps.

Non-conventional distribution systems

1 Needs identified and gap analysis of grid-tied'local system

A grid-fied local system is located near users withssmall installed capacity and local ppwer is
consumed locally. It is generally tied to low-voltage distribution networks, such as the pystem
tied to|the local distribution network composed of a photovoltaic power generation pystem

installdd on the rooves of users and local consumers.

There g@re two modes of operation for @ygrid-tied local system. One is that the generated power
is consumed by its internal users and the surplus power is not transmitted to the main grfid. The
other i$ to transmit the surplus péwer to the main grid when the power generated is n¢t used
up by its internal users. For the)former mode, the grid-tied local system is an ordinary| power
user rejative to the main grid, and the user shall not supply power to the main grid. In thi§ mode,

the

latter

griri-tied local systemSshould meet the grid-tied requirements of the existing users. for the
ode, the grid-tieddocal system is a user with power generation capacity relativeg to the

main gfid. In this casey’it is equivalent to connecting a small power source to the distgibution
network. Standardsineed to be specified for the grid-tied local system of this operation mode to

standafdize and~lead the safe and reliable operation of the grid-tied local system.

A|thOLro?h the’ grid-tied local system also includes power supply and users, the grid-tigd local

syste

is.different from the microgrid. The main difference between the two is that the grid-tied

local system is always tied to the main network and does not have the ability to operate
independently from the main network.

The grid-tied local system that transmits power to the public power grid mainly needs the
following standards:

Standard series of technical requirements for access to public power grid. This standard
series provides technical requirements for grid-tied local systems that transmit power to
public power grids, including power control, voltage and frequency response characteristics,
maximum allowable short-circuit current, safety and protection functions, communication
protocols, power metering, operation detection and power quality, etc.
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Standard series of characteristic tests. This standard series mainly standardizes the voltage
and frequency characteristics, power quality (flicker, harmonic) effects and low voltage ride-
through capability test methods of grid-tied local system.

Standard series of operation control. This standard series mainly specifies the operation
mode arrangement, active power/frequency control, reactive power/voltage control and
emergency control of grid-tied local system.

Standard series of information and communication. This standard series specifies the data
acquisition, communication interface, communication medium and communication protocol
of the grid-tie local system.

7.2.2 Needs identified and gap analysis of multi-energy local system

Multi-epergy local system is originated from the research in the field of thermeglectric
optimigation. In the field of energy, there is a long-term situation of coordinatign and
optimization of different energy forms. For example, CCHP can achieve the jpurpose of

improv|ng fuel utilization efficiency through coordinated optimization of high and low gra
energy| and electrical energy. Ice storage equipment coordinates electrical.energy ar
energy| (which can also be regarded as a kind of heat energy) to achieve the purpose
cutting|and valley filling of electrical energy. In essence, CCHP andyice storage eq
belong|to the local multi-energy local system.

e heat
d cold
f peak
ipment

Although the concept of a multi-energy local system has beensconsidered for a long tine and

there have been a lot of previous studies, there is still a lack.of a unified definition at pr

The mylti-energy local system in this document refers-o.integrated energy production,
and mprketing system formed through organic coordination and optimization of
generation, transmission and distribution (energy network), conversion, storag

energy| supply networks (such as electricalxpower supply, gas supply and cooling/
networks), energy exchange links (such as:CCHP, generator units, boilers, air condi
heat pumps, etc.), energy storage links (sdch as electricity storage, gas storage, heat s

consumption in the process of planning, construction and operation. It is mainly comp]:sed of
i

esent.

supply
energy
e and

eating
oners,
torage

and cold storage, etc.), terminal integrated energy supply units (such as microgrids) andfa large
numbel of end users.
Both the multi-energy local system and the energy Internet pursue the large-scale develppment

of rengwable energy and the significant improvement of energy utilization efficiency

. Their

ultimate purpose is to solve the problems of sustainable energy supply and environmental
pollutign. However, the two have different focuses with the following significant differenges:

1) the[multi-energy\tocal system focuses on energy systems themselves, while the jenergy

Intgrnet emphasis on the interconnection of energy systems.

coypling between different forms of energy is increasingly close; the independent opferation
of different energy systems in the past has become increasingly difficult to meet the [energy
demand of the future society. Jumping out of a single energy system and coordinating and
optimizing multiple energy sources at a higher level to meet the increasing energy demands
of mankind are the inevitable result of social development. It is the internal driving force for
the birth of multi-energy local system. Therefore, a multi-energy local system places more
emphasis on coordination and optimization between different energy sources, instead of
relying too much on network interconnection and ICT technologies. As even an isolated
system with more traditional control methods can achieve the purpose of improving energy
efficiency and meeting the diverse needs of users.

As for the-energy system itself, with the increasing demand for various types of enerFy, the

The energy Internet can be seen as the product of the penetration of Internet concepts into
the energy system or the reconstruction of the energy system. Therefore, it places more
emphasis on the interconnection of the energy networks. The goal it pursues includes many
features of the current Internet (such as peer-to-peer openness, plug and play, wide
distribution, two-way transmission, high intelligence and real-time response, etc.).So it
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places special emphasis on the deep integration of the Internet and ICT technologies with
the energy system.

A multi-energy local system does not overemphasize the dominant position of which energy
source, while the energy Internet relies more on electrical energy.

Amulti-energy local system pursues coordination and optimization among different energy
systems. Different energy forms shall assume different roles in different applications, and
the dominant energy shall vary with different application scenarios. For the long-distance
and large-capacity transmission of energy, the power grid and the natural gas network are
often required to complete; at this time, electrical energy and natural gas shall dominate.
For energy storage, electrical energy storage, natural gas energy storage or cold/hot energy
storage shall be selected according to factors such a ed, and
thereerress HTE &y 13 play-a—teading - versified
engrgy demands such as electricity/cold/heat, there may be various combinatigns; for
exgmple, a single power grid can be used for energy supply, and other required’cold and

hot
mo
ang
the

energies are obtained by electrical energy conversion. It can also be the power
e of electricity+natural gas; electricity/cold/heat demand can come from-both elq
natural gas and can also be mixed energy supply of power+naturalkgas+heat,
three modes, electricity/gas/cold/heat and other energies play different roles, an

supply
ctricity
Under
d there

is no inevitable dominant energy form.
Thg goal pursued by the energy Internet determines that the electrical power grid and
elegtrical energy shall play a leading role in it. This is mainly,because the electrical power

net
and

work has the advantages of real-time energy transmission, high degree of autg
plug and play on the user side, while the electrical energy itself has the charact

of gasy transmission, conversion and use. Thereforg,«ising an intelligent electrica

grid
gos
con

as the backbone network or core platform is more conducive to the realization
| of energy internet. Rifkin, in his book The Third Industrial Revolution, even ma
clusion that smart power grid + distributed ®energy is the energy Internet.

mation
pristics
power
of the
es the

In grder to realize the organic coordination.and optimization of production, transmission and

disfribution, conversion, storage and consumption of multiple energy sources, thg multi-

endrgy local system needs to formulate the following standards, including:

— |Terminology,

— [Modeling and simulation,

— |Coordination, planning and-optimal design of multi-energy systems,

— [Test, including commissioning and acceptance test, field test, and equipment testing,

— [Operation, including energy production forecasting, energy load foredasting,
coordinated opération control of various energies and energy management,

— [Maintenance,

— [Measurement of multi-energy sources,

— |Information exchange among various energy systems, including information modgls and

protocols, etc.,

7.2.3

7.2.31

EvatTation—incudimgeffict ot NN N

Needs identified and gap analysis of DC distribution system

General

1) Needs for DC distribution system standardization

DC power distribution technology involves the power industry, electrical manufacturing
industry, construction and the majority of users. The system is very complicated and related
technology is in the rapid development.

The project IEC TS 63354, Guidelines for the planning and design of the centralized direct
current distribution systems, has been approved.


https://iecnorm.com/api/?name=f0d265c705bab63d560dcefd70cf2ea5

— 46 — IEC TR 63410:2023 © IEC 2023

The urgent need for standardization is to provide technical support and specifications. The
standardization of DC power distribution has key needs such as common criteria, plan and
design, construction, installation and commissioning, test, operation and maintenance,
dispatch and management, technical requirements for equipment and evaluation.

e General terms and definitions of DC distribution technology

With the development of new energy, power and technology, clean and flexible
distributed energy has been promoted and developed rapidly all over the world, which
promotes the rapid development of the DC power distribution industry. However, DC
power distribution technology has changed the structure and operation mode of power
distribution system and power consumption. It is urgent to carry out standardization and
unification research on DC power distribution system and equipment terms and
JUf;II;t;UIIb (DC bVV;tbh, DC tldllbful ITicT, \;UIIVCItUI atat;un, Uthcl cqu;plllc ]t and
facilities), electrical graphics and text symbols, as well as naming rules for-DC| power
distribution equipment and system scheduling.

e |Planning and design of DC distribution technology

With the development of the economy, the penetration of distributed-generation ir] power
distribution networks increases gradually. DC power distribution-network advgntages
become increasingly apparent, and projects keep emerging. However, there is allack of
unified plan and design. There is an urgent need to carry out\standardization rgsearch
on DC distribution voltage level and selection standards, technical guidelines of|typical
grids, design specifications of power distribution system;{power consumption systems,
and substations, technical guidance for power supply-plans, technical specification of
distributed generation integration, technical requirements of electric vehicle charging
facilities integration, technical specifications far)lightning protection and grdunding
design. It is necessary to ensure the standardization of the DC power distiibution
system’s development and establishment, ‘which promotes the healthy and frderly
development of DC distribution technology and related industries.

e |Construction, installation, commissioning and acceptance of the DC power distgibution
system

With the implantation of DC.\'power distribution projects in succession| their
commissioning and acceptangg) are of great significance for the reliable opergtion of
power distribution network. Therefore, it is necessary to standardize the opjeration
process of the DC powerdistribution system, construction and installation projects of
converter stations, on-sité inspections and project quality as soon as possible tofensure
the normal operation of DC systems.

o |Test specificatiofis)of DC power distribution equipment

With the rapid rise of the DC power distribution technology industry, the demand for
energy saving and consumption reducing, improving reliability and power quality in DC
power distribution network on user side is increasing. There is an urgent need to develop
specifications for test methods and requirements of the converter equipment,
transformer, circuit breaker, lines and other equipment used in DC distribution, arld keep
thelreliability and safety of the system operation.

e Technical requirements of DC power distribution system operation and maintenance

With the rapid development of the DC power distribution system, it is playing an
increasingly important role in power system, and its safe and reliable operation is
improving gradually. There is an urgent need to propose clear requirements for operation
control technology of the system interconnection between DC power distribution and the
AC power grid, system operation control, DC station operation technology, system
monitoring functions, grounding technology of system operation, maintenance
technology in the case of system equipment’s live-line state, on-line monitoring
technology, and the system power quality’s monitoring technology. It guides the
operation and maintenance of DC power distribution system, and improves the reliability
and stability of the power system.

e Scheduling management of DC distribution system
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With the wide application of information and communication technologies in the power
grid, DC power distribution system incorporates into the unified management platform of
the power grid gradually. There is an urgent need to standardize the DC power
distribution system and its scheduling management operation of the equipment, related
technologies on system automation information interaction, system relay protection
device configuration and operation management, basic technical requirements for
system relay protection and safety automation devices, ensuring operation safety of DC
power distribution systems with diversified sources and load types, geographical
dispersion, frequent voltage fluctuations under the new generation of smart grid
environment.

e Technical requirements for DC distribution system equipment

equipment product differentiation is very large. It cannot form a unified market’s
is an urgent need to unify the technical requirements of transformer, cirCuit’bfeaker,
isolating switch, converter, cable technology, lightning arrester and other key equipment
in DC power distribution system. It will promote the standardization and Jorderly
development of DC power distribution industry, as well as the cogrdination of felated
products in technology.

e [Evaluation of DC power distribution systems

The advantages of DC power distribution system are becoming apparent, but i is the
lack of comprehensive assessment data system to previde a basis for plannipg and
construction, operation and maintenance, and energy,saving benefits. It is necegsary to
actively promote standards development on status’evaluation technology of DG power
distribution equipment, supervision guideline of{system technology, system opgeration
index and assessment guideline, system reliability evaluation technology, pystem
economic evaluation guideline, system energy=saving effect evaluation, which pfovides
strong technology and data support for the establishment of a DC system.

2) Gaps identified for DC distribution system
DC|distribution system standardization-gaps identified are shown as the following:
— [|Planning and designing DC distribution systems
— [Control and protection of DC distribution systems operation
— [Commissioning and expétimental testing
— [Technical requirements for the integration of the sources

— [Technical requirements for the integration of the loads
7.2.3.2 Planning. and designing of DC distribution systems

The standardization of planning and designing of LVDC/MVDC distribution systems should be
accelefated. With the development of the economy, the penetration of distributed generators in
distribytion( systems has gradually increased, and the advantages of LVDC/MVDC distfibution
systemssafe more obvious. DC distribution projects are emerging, however, the unified planning
and desigming are tacking. T hus the Tesearchof the setectiomof DCdistribution vottage levels,
typical grid technical guidelines, the design specifications of distribution system, converter
station, DC line, and lightning protection urgently needs to be carried out to ensure the
standardization of the development and construction of LVDC/MVDC distribution systems.

7.2.3.3 Control and protection of DC distribution systems operation

The technical requirements for the control and protection of LVDC/MVDC distribution systems
operation should be clarified. As an effective solution for managing the high penetration of
renewable energy, LVDC/MVDC distribution systems have been motivated under the
circumstances of increasing energy crisis and environmental problems. Thus the operation
control, maintenance, management (energy management, optimized operation, multi-sources
coordinated control) protection, safe operation guidelines, and operational technical
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specifications urgently needs to be carried out to guide the control and protection of
LVDC/MVDC distribution systems operation and to improve the reliability and stability of the
entire power system.

7.2.3.4 Commissioning and experimental testing

The specifications of commissioning and experimental testing for LVDC/MVDC distribution
systems should be improved and unified. With the rapid improvement of the DC distribution
technology, higher requirements for energy conservation, reliability and power quality are
proposed from the user side. Thus it is urgent to standardize the commissioning, handover,
acceptance and detection methods of hybrid distribution systems, converter stations, DC lines,
etc. to ensure the safety and reliability of system operation.

7.2.3.5 Technical requirements for the integration of the sources

Due tq the randomness and intermittent characteristic of the distributed geneérations, the
difficully of the operation control of the distribution network is increased. Thus it is urgent to
standafdize the technical requirements of the integration of energy storage’system, fugl cells
and other non-renewable energy sources into the LVDC/MVDC distribution’systems to meet the
demang of large-scale distributed generations access.

7.2.3.6 Technical requirements for the integration of the‘loads

As higher demand for power quality is proposed and more'sensitive and dynamic logds are
appearjing, higher requirements for the capability of powér supply are needed to enspre the
safety jand reliability of the system operation. Thus if)is” urgent to standardize the teghnical
requirgment of the integration of electric vehicles, DG, charging power plants, air condifioners,
and other loads into the LVDC/MVDC distribution ‘systems.

7.3  VYirtual power plants
7.3.1 Needs identified for virtual power plants standardization

A virtual power plant (VPP) can integrate hundreds or thousands of small power genergtion or
consumption units. These small units are integrated through information commurjication
technology and cooperative control technology. The power supply of each small unit npay not
be controllable, for example,. the output of a distributed photovoltaic power generatipn unit
cannot|be controlled. However, due to the existence of cooperative control systems gf VPP,
through unified monijtoring and dispatching, the whole system can be presenteq as a
controllable system to-the outside, and can participate in the dispatching of electricall power
grid and the compétition in electricity market.

necesdarily.within the same geographical area, and their scope of aggregation and interaction
with thesmarket depends on the communication capability and reliability. VPPs brgak the
physical limits between the power suppliers and users in the traditional power system, and
makes the full use of the advanced communication, measurement and control technology to
aggregate the different types of distributed generations into a whole to participate in the power
grid dispatching operation and electricity market transaction. VPPs require no infrastructure
reform, but enable the aggregation of distributed power sources to achieve stable transmission
to the public grid and the fast response auxiliary services, which can significantly reduce the
impact to the public grid from the integration of distributed generations.

The mest distinct feature of VPPs from microgrids is that the components of VPPsire not

In order to realize flexible control of a large number of power generation or power consumption
units and participate in the electricity market and power grid operation as a special power plant,
a VPP needs to formulate the following standards:

— Terminology
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— Modelling and simulation

— Architecture and functional requirements

— Monitoring and control

— Operation, including coordinated operation with main grid, coordinated operation among

mul

tiple VPPs Information and communication related to VPP operation

— Commissioning, and conformance & acceptance test (VPP as a whole)

— System performance of VPP, including the reliability, power quality, etc.

— Participation in ancillary service

— Participation in electricity market

- VP
ope€
sto

P management, including maintenance, optimal energy management, coor
ration and control of multiple energy resources, optimal utilization of multi-types
age

- Co:[nection requirements of VPP to main grid

- Co
7.3.2
VPP st

— Ter
- Mo
- Mo
- Opg

- Co
— Syg
- Parn
- Parn

- VP
op€g
sto

nection requirements of micro-sources or clients to VPP
Gaps identified for virtual power plants standardization
pandardization gaps identified are shown as the following:

minology

jelling and simulation

nitoring and control

bration, including coordinated operation withymain grid, coordinated operation

mu'l:‘iple VPPs Information and communication, related to VPP operation

missioning, and conformance & acceptance test (VPP as a whole)
tem performance of VPPs, including reliability, power quality, etc.
ticipation in ancillary service

ticipation in electricity market

ration and control of multiple energy resources, optimal utilization of multi-types
age

- Co

nection requirements of VPP to main grid

— Comnection requirements of micro-sources or clients to VPP

Currently, there are only two undergoing VPP related projects: IEC TS 63189-1,

Power Plants — Part 1: Architecture and functional requirements specifying the archi

linated
energy

among

P management, including’ maintenance, optimal energy management, coordinated

energy

Virtual
tecture

of firtual power plants and functions required, IEC TS 63189-2, Virtual Power Planty — Part

2:

se.cases specifying the use cases of virtual power plants.

8 Proposal for future actions to address the standardization needs for

de

centralized electrical energy systems

8.1 Microgrids

The technical standard system of microgrids mainly includes the following categories: basic
general, technical requirements, debugging and acceptance, test and detection, operation and
maintenance, and scheduling and management. In the future, the formulation of microgrid
technical standards will mainly solve the following problems:

1) Gui

ding principle
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The technical conditions and design principles that should be met in the process of grid-
connected operation, off-grid operation and off-grid transition are specified. They are based
on IEC TS 62898-2:2018, Microgrids — Part 2: Guidelines for operation, and the undergoing
project: IEC TS 62898-1/AMD1, Microgrids — Part 1: Guidelines for microgrid projects
planning and specification and more details should be added.

2) Normative design

The planning and design of interconnection between microgrid and distribution network are
specified. They are based on IEC TS 62898-1:2017, Microgrids — Part 1: Guidelines for
microgrid projects planning and specification, IEC TS 62898-2/AMD1, Microgrids — Part 2:
Guidelines for operation, IEC TS 62898-3-2, and the undergoing project: and more details
should be added.

3) Cog¢rdinated operation

The technical requirements of power control, system abnormal response, mode-cenyersion
and other aspects that should be satisfied under different operation modes of microgrid are
specified. They can refer to IEC TS 62898-3-1:2020, Microgrids — Part.3-1: Tegchnical
requirements — Protection and dynamic control, but emphasize on various.operation|modes
of microgrid.

4) Engrgy optimization

Thg energy exchange and dispatching of microgrid are specified. They can refer| to the
undergoing project IEC TS 62898-3-2, Microgrids — Part. 8427 Technical requirements —
Energy management systems, but emphasize on the energy optimization.

5) Segurity assurance

The test conditions, test items and test methods of{microgrid interconnection interfages are
spgcified. The standard system of microgrid mainly formulates the isolated type and pff-grid
type respectively, and the provisions of grid connection, debugging, acceptance, and test
are|detailed.

6) Nefworking voltage design

The designing of microgrid networking“voltage considering the microgrid capacity, type of
endrgy resources, and injection current at point of interconnection are specified.

The other undergoing projects, 1TEC TS 62898-3-3, Microgrids — Part 3-3: Tefchnical
requirements — Self-regulation of dispatchable loads, specifying the self-regulation of
dispatchable loads in microgrids, IEC TS 62898-3-4, Microgrids — Technical requirements —
Mohitoring and Controksystems, specifying the monitoring and control in microgrigs, and
IEQ TR 62898-4, Microgrids: Part 4 — Use cases, specifying the application of microgrids
als9 have not addressed the above mentioned problems.

8.2 Non-conventional distribution systems

Based jon the determination of the design objectives and principles of the non-traditiona| power
system standard system, combined with the characteristics of the distributed energy gystem,
from the'ehergy structure, system construction, key equipment, information exchange gnd key
technotegtes re—standards—in—retated—fietds—are—anatysed—and—the—standard——systems and
standard planning are put forward.

In the field of non-traditional power system planning, a set of more mature planning methods
has been formed in distribution network planning at present. However, the planning objects of
the related researches are mostly focused on the source network charge, and few have involved
various energy storage configuration methods. In addition, uncertainty analysis, multi-time
constant system and multi-energy system reliability analysis still need to be further studied.

In traditional power system control, power system source—network-load-storage longitudinal
coordinated control research is leading, but the research of horizontal coordination between
multi-energy system control method is still in its infancy. A variety of energy equipment with
adjusted speed differences makes it difficult for related coordination, according to the flow
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dynamic characteristics and interaction, and then the best time scales with intelligent control
method can be put forward.

In terms of intelligent regulation of multi-energy flow, multi-energy complementary coordinated
optimal scheduling is the basis of multi-energy system planning and the market interactive game.
Through the collaboration of multiple systems, the economic and energy efficiency objectives
of non-traditional power systems can be achieved, and the large-scale consumption and
efficient energy supply of distributed renewable energy can be promoted.

1)

4)

8.3

Guiding principles

The attribute range, technical conditions and design principles of non-traditional distribution
networks are specified

Nofmative design
Thg planning and design of non-traditional distribution networks are specified:
Coordinated operation

The technical requirements of power control, system abnormal response;"mode conversion,
etc| that non-traditional distribution networks should meet under different operation|modes
are|specified.

Energy optimization

Thg energy exchange and dispatching of non-traditional distribution networks are spgcified.
The non-traditional distribution network standard system is similar to the distfibution
network, but it is more complex and detailed concerning power electronics and operation
control.

Yirtual power plants

Virtual|power plants, including aggregation, operation and trading, realize energy gfficient
utilization by controlling multiple types of flexible loads (including energy storage and
controllable distributed power supply), which'is a method to solve the above problems apd also
a feasiple business model to support the ‘construction of Energy Internet. In the future| VPPs

need tg focus on several types of technologies and develop relevant standards:

1)

Cog¢rdinated control

The control objects of VPPs mainly include all kinds of DG, energy storage dystem,
controllable load and electric vehicle. Due to the concept that VPPs emphasize the flinction
and effect of external presentation, it is a key and difficult point for the coordinated [control
of PPs to realize the high demand of power output by convergent and diversified DER. The
VPP needs to coordinate and control the energy storage system, the distributable geherator
set| and the_€ontrollable load to reasonably cooperate with it, so as to form corresgonding
stapdards-to_ensure the high level of operation.

Megasurement, control and metering

Intdlligént measurement. control and metering technology is an important part of| virtual
power plant, which is a basis for VPPs to monitor and control DG and controllable loads.
VPPs need remote measurement of real-time user information, reasonable management of
data, and send it to relevant parties, through the establishment of standards to take
reasonable adjustment measures.

Information and communication

VPPs adopt bi-directional communication technology, which can receive the current state
information of each unit and send control signals to control targets. The communication
technologies applied to virtual power plants mainly include internet-based technologies,
such as Internet protocol based services, virtual private networks, power line carrier
technology and wireless technology, etc. The above information and communication
technologies applied to VPPs need corresponding standards.
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8.4 DC distribution systems

Distributed DC power distribution involves power generation, power grid, users and other fields.
The complexity of the system is prominent, and related technologies are in rapid development.
At present, the relevant standards in the field of distributed DC power distribution lack unified
planning, coordination and top-level design, so it is difficult to provide effective standards
support for the future industrial development. It is suggested that the development of standards
can focus on the overall system requirements, planning and design, operation and maintenance,
equipment technical requirements, as well as the connection conditions of distributed power
supply into DC distribution network and other aspects.

1) Voltage level and grid structure

Acdording 1o the application environment, power supply size, load capacity apd| power
supply distance, selecting a reasonable voltage level of distributed DC distribution-dystem,
and standardizing the grid structure of distributed DC distribution system acgeordingd to the
reguirements of application scenarios and power supply reliability.

2) Intgrconnection of DC system and AC system

As the distributed DC system is distributed in the whole AC power slpply area, it n¢eds to
be interconnected with the AC system. This part plans and designsidifferent interconpection
moges between distributed DC distribution system and AC distribution system acconding to
loagl, access voltage level, capacity and application sceparido, and selects and plans
protective grounding and functional grounding of different woltage levels in distribufed DC
disfribution system.

3) DC|protection system

The protection configuration principles of system level, area level and equipment level of
disfributed DC distribution system are specified.

4) Mohpitoring and communication

The functions of the monitoring system required for the distributed DC distribution pystem
are|standardized. They are mainly divided into basic functions and expandable furjctions.
At |the same time, requirements .are put forward for the communication mode and
communication medium required.for the corresponding monitoring system.

5) DC|power supply and user access

Regulating the requirements)of different capacities and types of DC power supply and user
acgess to distributed DC distribution system.
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Annex A
(Informative)

Online survey

A.1  Overview

To support the Decentralized Electrical Energy System standardization strategy development,
a survey has been prepared by IEC Subcommittee 8B AHG2. The results will serve as a
reference to form the roadmap of Decentralized Electrical Energy Systems standardization.

ct, and

tify the

The pyrpose of this questionnaire is to learn the current status of technology, j
standafdization on the Decentralized Electrical Energy Systems in the world a en
gaps fqr standardization. Q .
N

This qyestionnaire is structured in three parts including background infor%&non, microgilid, and
Non-cdnventional Distribution Systems. Q‘
A.2 |Result summary and challenges Q/C)

;\\
A.2.1 Result summary Q )
A.21.1 Stakeholders and interests in standardi on

N
The survey has not drawn enough attention from %\leholders (shown in Figure A.1). V|

receive
for the

d 5 answers out of 26 countries, which y lead to a non-comprehensive asse
global status of microgrids and non- entional distribution systems. Despite
responge rate, utilities and standard orgar&étions show their interest in standardization].
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B Standard organization ~ mUtility  m Other
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Figure A.1 — Variety of participants

Involvement of government in the microgrid development

From the following analysis of the project information collected from the survey, we could see
the supportive role of governments (see Figure A.2).
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In fact, all of the seven microgrid projects identified in the survey are funded, 71 % of the funding
coming from joint funds, and 29 % coming from private funds. Although there is no project
sponsored by governments alone in this survey, governments play a key role in joint funding.
According to the information of seven projects that are listed in the survey, only one of them is
operating without subsidy.

Government support is still a major factor in microgrid development. Considering that the cost
of construction and operation of microgrids is significant and cannot be changed dramatically
in a short time period, government funding has a decisive influence to the near future of the
market. However, comparing to other player in the market, government typically plays a
conservative role, and therefore standards are necessary to ensure confidence in investing in
this market.

Sponsorship of the project

Private funding — 29 %
Funding of the project )

Government sponsored 0

Jointly [ 71
0% 10% 20% 30% 40% 50% 60% 70 % 8( %

=Yes =No

Subsidy of the project

o - N W B o o N
‘

With subsidy No subsidy

IEC

Figure A.2 — Involvement of government in the microgrid development

A.2.1.3 Diversity of microgrid projects and requirement of technologies

From the survey, we have summarized seven primary drivers to construct microgrids, which is
shown in Figure A.3. Microgrids can play a key role in facilitating achievements of emission
reduction and energy conservation, prolonging the life and improving the performance of aging
infrastructure, and electrifying remote areas.

e |Improving the power reliability and power quality

e Power supply to remote area

e Branding of the energy community

e Decreasing operations cost

e Disaster recovery
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e Saving energy and reducing emissions.

e Utilization of renewable energy

Despite the low response, the project information received still covers most of the common
types. Among these, projects built in mature grid environment form the majority and trigger the
development of new technologies and equipment specifically for microgrids besides a group of
existing technologies required. Additional efforts in standardization for new technologies and
interoperations between technologies will certainly help it evolve further.

Project categories

B Remote \Q
| | Institutional/c%gﬁs
[ Commun@uji ity

W Commercial/industrial

l@connected/isolated

IEC

Figure A.3 — Diversity of microg‘ri%q*ojects and requirement of technologie$
4\

The spgcifically designed technologig'gfor microgrids are shown below:

¢ Midrogrid modelling and sinw&ﬁ\}tzn

e Midrogrid planning and design

e Demand side mana t in microgrid

e Smprt protection ()

e Inte gration/is@@‘ﬁg transition

e Ecgnomic ration and optimal energy management of microgrid

e CC 42/@

N

Th H Ll ol + al + 4+ £ + HoA | lo lo 1
e Sp vinealty Ucolyricu TUYUTUTTITTIU TOT TTHUTUYT iuS arc StifowliTt UTTUV.

e Microgrid controller
e Microgrid protection device

e Energy storage system
A214 Standards needs for microgrids

The survey helps us identify that there is a need to develop standards for microgrids that will
facilitate its design and growth as shown in Figure A.4. International standards will also avoid
duplication of efforts and conflicts on horizontal requirements in the development of microgrids.
This will help seamless integration of microgrid projects with public network system/grid in an
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efficient manner. Within the IEC, standards related to microgrids are across many TCs/SCs and
for users they can be challenging in their usability and visibility of relevant information.

Are there any national or international standards used in the construction
and operation of microgrid?

standards meet your requirement
for developing microgrid?

BYes BNo EN/A

%
-%\- No
$ IEC
. W .
Figure A.4 —\%}a dards needs for microgrids

Accordjing to limited survey resU\\ﬁ.\){aaps identified in microgrid standardization include:

e Teghnical requirements, that microgrids system should meet
e Intggration, and guh@e on coordination with private and public system regulation

e Dirgct current C)

e Tedt and ev

A.2.1.5 @ﬁcipation of government in the non-conventional distribution system
velopment
N

According to the analysis of the project information collected from the survey shown in
Figure A.5, it can be seen that governments are very supportive.

Actually, not all of the five non-conventional distribution system projects identified in the survey
are funded. Three of them are government-sponsored and the remaining two projects do not
receive any sponsorship funding.

Furthermore, two of these projects are operating without subsidy and the other three projects
have subsidies.

Government support contributes a lot to the non-conventional distribution system’s
development, and it has a big impact on the near future of the market. Standards are important
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to guarantee the confidence of investing in new market and technologies; therefore,
governments may be not willing to process if the standardization work is not enough.

A.2.1.6 Drivers and types of-non-conventional distribution system projects

Sponsorship of the project

Funding of the project No sponsorship I 40 %

Private funding 0 %

Government sponsored I 60 %

Jointly 0% y

0% 10% 20% 30% 40% 50 % 60%: 70 ¢
= Yes = No

Subsidy of the project

i QA i i
With subsidy No subsidy

IEC

Figure A.5 — Participation of’government in the non-conventional
distribution' system development

According to the survey results, five primary drivers to launch non-conventional distfibution
system are summarized, which are shown in Figure A.6. Non-conventional distribution systems
play am important partdny;achieving emission reduction and energy conservation, improving
comprghensive utilization efficiency of energy, and cost efficiency in investmenfs and

operational cost, etc:

Imgroving.the acceptance and local consumption of renewable energy generation

Imgrovihg comprehensive utilization efficiency of electricity, heat, gas and other fgrms of
engrgy

Solving the problem of electricity use in areas with weak connections to the power grid or
geographically isolated islands

Higher cost efficiency in investments and operational cost (life cycle assessment) compared
to traditional grid solutions

Saving energy and reducing emissions.

Despite the low response, the five projects information received cover all common types. Among
these, two of them are DER projects, two of them are DC distribution projects, and the remaining
one is multi-energy local system project.
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Project categories

At pre
distribd
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A.2.1.7

The sufvey is beneficial to identify the satisfactio@gree in the current standardizatio

of non
numbe

Issues
system
multi-e
difficul
standa
distribd

Figure A.6 — Drivers and types of non-conventional distributi@.system projed

EDER ® Multi-energy local systems m DC distribution '\Q
IEC

sent, the specifically designed technologies and equipment for non-convg
tion system are not available in this analysis because g\ of these five surveys
bive responded to this question. << (@)

Standards needs for non-conventional Q@ibution system

conventional distribution system. The c@ected results are still valuable althod
r of responses is limited. \‘g\

N

s, which makes it impossiblgg identify whether the projects under construct
hergy local system. Also are few standards in DC distribution. Thereforle

ds. The development
tion in these coun&s .are shown respectively in Figure A.7.
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@.
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O
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results

n level
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identified include a lack of stan\‘qg?ds on technical requirement of multi-enerdgy local

on are
e, it is

to develop non-conve I distribution system projects due to the lack of relevant
s of standards on DER, multi-energy local systems, gnd DC
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Are there any national or international standards used in the construction
and operation of DER?

Do the current international
standards meet your requirement
for developing DER?

BMYes WNo WNA

Sgigjsed in the construction

Are there any national or international stan
and operation of multi-ener al system?

meet your requirement for developing
multi-energy local system?

‘\\C) Do the current international standards

HMYes mNo m NA

iYes m=No

IEC
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Are there any national or international standards used in the construction
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and operation of DC distribution?

Do the current international

standards

meet your requirement for developing

DC distribution?

=Yes = No

Figure A.7 — Standards needs for non-c

Q

mYes m No = N/A

o
X

ventional distribution system

IEC

According to the limited survey results, gapx@’entified in the non-conventional distfibution
system standardization include: $\

Ted
Pro

req
Ma

erials, installation and @s for LVDC systems

Sygqtem specifications i DC distribution

A.2.2

The fir

questignnaire
16 quefstion
low res1

Challengesc)O

lead to a low result confidence.

po
N\

hnical requirements for multi-eneg\‘g? local systems

tection configuration, parama\@r adjustment of DC distribution network or te
Lirements to be met when jnterconnecting with AC system

5t challe&ﬁ?how to balance between collecting enough information and keep

chnical

ng the

t enough to avoid scaring off participants. The question list is shortgned to
still we only received answers from five out of 26 countries. Therefdre, the

Secondly, the responses from these five countries do not cover all the questions. Participation
status by countries is shown in Figure A.8:
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South Africa

Finland

China

Australia

- 61 -

Participation by country

Thirdly
The inf

Japan

o

Figure A.8 — Challenges

questions regarding technologies, equipment and stan

are mostly open que

stions.

ention is to avoid any bias and limits caused by the peé&)nal knowledge of questi¢pnnaire

developer but this may also reduce participants’ interest in’responding, and add the diffipulty in
analysing and summarizing the results. QQ
. . >
A.3 |List of the questions Q
%
Table A.1 gives a list of the questions in th$ vey.
.\@
Table AO1A_ List of the questions
o
No. Description S c\){" Response Rémarks
(-\\ (¥f any)
N
Backgrpund information oo
1 Which country are @\
based in? ch
2 Which type Q%@iﬁess o Academic
do you rest~ t? o Engineering firm
O o Utility
é o Equipment vendor
C) o Government
\Q/ o Standards Organization
= Othaor:

Part A-Microgrid

Market status and marketing roadmap

3 Are there any microgrid o Yes
project(s) in your o No
country?

3a If No, do you intend to o Yes
implement such Purpose:
project(s), and for what o No
purpose?
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No. Description Response Remarks
(if any)
3b If Yes, please indicate Market scale:
the scale and roadmap )
up to 2025 of the roadmap up to 2025:
microgrid market.
3c Are these microgrid o Yes
projects funded? If Yes, Sponsor:
please indicate the o No
name of the sponsor(s)
3d What is the main driver
for you/your country to
launch microgrid
projects?
Projects and business mode
4 Please indicate the total | Type Number
number of microgrid . -
projects and A. Commercial/industrial
corresponding number B. Community/utility
for each type in your
country. C. Campus/institutional
D. Military
E. Remote
F. DC
G. Grid-connected/isolated
H. Other 1. o _
AN M
&
Total
5 Please indicate the Project1 | Project2 | Project ...
name, scale and
purpose of typical Name
microgrid projects to Scales-(MW)
your knowledge.
Purpose
Type:
a) Commercial/industrial
b) Community/utility
c) Campus/institutional
d) Military
e) Remote
f) DC
g) Grid-connected/isolated
h) Other
Micro-sources
6. What are the business Project Project Project ...
modes of these typical 1 2
microgrid projects?
Invested by
a) Private
b) Government sponsored
c) Jointly
Operated by
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No. Description Response Remarks
(if any)
Under the regulation of
Whether the microgrid project
participates in auxiliary
market? If yes, please
indicate what type/kind of
service? For example: peak
load shifting, reliability,
disaster recovery, demand
response, etc.
Who are the main
stakeholders engaged with
the project?
Is there any subsidy for the
project?
a) One-time subsidy for
construction
b) Subsidy based on power
generation
c) Feed-in tariff subsidy
d) Others (please indicate)
Techndlogies and standards
7 What technologies and Technologies:
equipment are most
applicable and/or a
concern for you in Equipment:
microgrid projects?
7a From the technologies o Yes
and equipment(s) listed
above(? afe ther(e )any Please indicatesthe specifically designed technologies:
specifically designed for
microgrids?
Pleasg indicate the specifically designed equipment:
o No
7b Are there any natiopal o Yes
or international ) )
standards used ih_the Please identify the standards
construction and o No
operation @f microgrid?
7c Do the‘current o Yes
international standards o . .
megt.your requirements Please indicate the international standards
for.developing o No
TTTiCTogTias?
7d If No, what are the most
urgent needs for
standard?
7e Have you ever o Yes
experienced any Description:
difficulties in microgrid o No
planning, design and
operation caused by
lack of or conflicting
standards? If Yes,
please describe.
Part B: Non-conventional distribution system
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Market status and marketing roadmap

8

Are there any DER
(such as distributed
PV), multi-energy local
systems (such as
CCHP), DC distribution
projects or any other
non-conventional
distribution system
(convey networks other
than AC distribution
systems firmly
connected to a large
interconnected grid) in

oYes

o No

youlr couritry «

8a

If No, do you intend to
implement such
projects, and for what
purpose?

o Yes
Purpose:
o No

8b

If Yes, please indicate
the scale and roadmap
up to 2025 of the non-
conventional distribution
system market.

Market scale:

roadmap up to 2025:

8c

Are these non-
conventional distribution
system projects funded?
If Yes, please indicate
the name of the
sponsor(s)

oYes
o A.

o B.
o C.
o D.

DER

DC distribution

o No

Others__

multi-energy local systems

Sponsor:
Sponsor:
Sponsor:

Sponsor:

8d

What is the main driver
for you/your country to
launch non-conventional
distribution system
projects?

Project

k5 and business mode

9

Please indicate the total
number of non-
conventional distribution
system projects and
corresponding numbey
for each type in your
country.

Type

Number

DER

multi-energy local systems

DC distribution

O|0|m >

Others 1.

Total

10

Please indicate the
name, scale and
purpose of typical non-
conventional distribution
system projects in your
country to your
knowledge.

Project 1

Project 2

Project ...

Name

Scales (MW)

Purpose

Type:
a) DER

b) multi-energy local
systems

c) DC distribution

d) Others_
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composition of
distributed energy

11 What are the business Project 1 Project 2 Project ...
modes of these typical
non-conventional Invested by
distribution system a) Private
projects?
b) Government
sponsored
c) Jointly
Operated by
Under the regulation of
Whether the non-
conventional distribution
system project
participates in auxiliary
market? If yes, please
indicate what type/kind of
service? For example:
peak load shifting,
reliability, disaster
recovery, demand
response, etc.
Who are the main
stakeholders engaged
with the project?
Is there any subsidy for
the project?
a) One time subsidy for.
construction
b) Subsidy based'on
power generation
c) Feed-intafiff subsidy
d) Others (please
indicate)
Techndlogies and standards
12a What are the Please indicate the technologies:
technologies and
equipment of most
concern for you in.DER Please indicate the equipment:
projects?
12b What are-the Please indicate the technologies:
technologies and
equipment of most
coneern for you in multi- | pjgase indicate the equipment:
energy local systems
projeets?
12¢ What are the Please indicate the technologies:

technologies and
equipment of most
concern for you in DC
distribution projects?

Please indicate the equipment:
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13a From the technologies o Yes
listed above, which of
them are specifically
designed for DER?

Please indicate the specifically designed technologies:

Please indicate the specifically designed equipment:

o No

13b From the technologies o Yes
listed above, which of
them are specifically
designed for multi-
energy local systems?

Please indicate the specifically designed technologies:

Please indicate the specifically designed equipment:

o No

13c From the technologies o Yes
listed above, which of
them are specifically
designed for DC
distribution?

Please indicate the specifically designed technologies:

Please indicate the specifically designed equipment:

o No

14a Are there any national o Yes
or international
standards used in the
construction and
operation of DER?

Please identify the standards

o No

14b Are there any national o Yes
or international
standards used in the
construction and

Please identify the standards

- . o No
operation of multi-
energy local systems?
14c Are there any national o Yes

or international
standards used in the
construction and o No
operation of DC
distribution?

Please identify the standards

15a Do the current oYes
internationalstandards
meet yourqequirements
for developing DER? o No

Please indicate the international standards

15b Do the'current o Yes
intermational standards
meet your requirements
for developing multi- o No
energy local systems?

Please indicate the international standards

15¢ Do the current oYes
international standards
meet your requirements
for developing DC o No
distribution?

Please indicate the international standards

15d If No, what are the most
urgent needs for
standard?
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16a Have you ever met any o Yes
difficulties in DER Description:
construction and o No
operation caused by
lack of or conflicting
standards? If Yes,
please describe.

16b Have you ever met any o Yes
difficulties in multi- Description:
energy local systems o No
construction and
operation caused by
lack of or conflicting
standards? If Yes,
piﬁdhb dﬁbblibﬁ.

16¢c Have you ever met any o Yes
difficulties in DC Description:
distribution construction o No

and operation caused by
lack of or conflicting
standards? If Yes,
please describe.
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Annex B
(Informative)

Microgrid and its application

B.1 Overview

When DERs (Distributed Energy Resources) are integrated into distribution networks at
customer sites, issues arise with respect to reverse power flows, i.e. from user (load) to the
grid. The traditional distribution system is designed for power flow from grid to customer, not
the twg= —Si i it t alone
the trapsmission operator), major technical issues arise, such as voltage rise, protectionpystem
design| which are further compounded by the intermittency of renewable energy. Sourdes due
to weather variability.

To solye the above-mentioned problems, a new type of control and magagement nmode is
needed to minimize the effects caused to the operation and management 6f distribution rletwork
by DER integration. A promising solution is to combine local DG with \in-site loads as 4 whole
within | a clearly defined electrical boundary, i.e. non-conventional distfibution
networks/microgrids, which acts as a single, controllable entity #vith’ respect to the grid| In this
report,|the term "non-conventional distribution network" is intended to convey networkp other
than AC distribution systems firmly connected to a large intet¢connected grid.

Microgrids are able to disconnect from the grid in times“of disruption, either from inadequate
supply| during normal times or outages as a result for fault or disasters. During [normal
operations (e.g., no shortage of generation due *to’ outages), microgrids offer the adfitional
benefit|of optimizing supply and demand throughZcomparative pricing and price arbitragg (e.g.,
buying|from the utility when market prices are‘lower than generation cost in a microgfid and
selling [to the market when costs in the micragrid are lower than market prices).

The concept of microgrids is developing at a very fast pace across the whole world apd with
that, the definition of microgrid islalso evolving based on learning from the on-going pilot
demongtrations and use of it fornew applications According to the feedback of online qurveys
and inqustry research reports,\although the practice and application of microgrids may |vary in
each cpuntry, microgrids have the following features in general:

— Disfinct physical boundary and clear electrical boundary points between public netwjorks;

— Intggrated units\with the combination of energy storage devices, control devicgs and
profection devieces on the basis of distributed generation;

— Clope to user terminal loads;

— Connget-to distribution network voltage levels;
- CaW’ ie= i ;

Research data shows that among identified microgrid projects that are applying, under
construction or operating, the supply system, these include AC microgrids, DC microgrids and
AC-DC combined microgrids according to the electricity supplied. In terms of application
scenarios, there are commercial/industrial microgrids, community/utility —microgrids,
campus/institutional microgrids, military microgrids and remote microgrids; in terms of
connection to main network, there are grid-connected microgrids and isolated microgrids. Grid-
connected microgrids can operate in parallel with public network or disconnect from public
network and operate independently in case of public network malfunction or economic operation
requirements; isolated microgrids can only operate in islanded mode and do not operate in
parallel with public networks.
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Microgrids integrate distributed generation, load, energy storage device and control devices
into a single, controllable and autonomous system. For large grids, microgrids can be seen as
a controllable unit of the grid; for customers, microgrids can satisfy their specific demands, such
as improving reliability of local power supply and comprehensive utilization of energy by CHP.
Generally, when distribution networks fail, microgrids automatically disconnect from the
distribution network and operate independently.

In terms of resource allocation, microgrids are optimized based on configuration platforms of
distributed energy resources. By configuring energy storage devices and cooperating various
distributed generations, microgrids can solve the problems related to the random and
intermittent power output of distributed renewable generation such as wind power generation
and photovoltaic power generation.

In ternjs of relationship with distribution networks, microgrids are crucial components of the
distribytion network. Advance microgrid technology is equipped with almost all featurgs of a
smart distribution network: bilateral interaction, self-healing function, flexibility, \contribd@ition to
contindous power supply, improvement of power quality, assimilation of \distributed [energy
locally etc. In terms of structure, microgrids are the subsystem of smart-distribution ngtworks
and thegy are a significant component of smart distribution network security’and natural disaster
defensp system; in terms of application, microgrids are the implementation carriers some
smart distribution network functions, which satisfies the demand, of connecting disfributed
generation and users’ demand on power quality and power supply,reliability.

Microgrids can be used to optimize local distributed generation, improve users’ power|supply
reliabillty and supply remote areas (see business use cases discussed previously). Mofeover,
microgfids offer a new solution to improve the networkls overall anti-disaster ability anfd post-
disastdr emergency power supply capacity. Firstly, as a supplementary form of large network,
microgfids can be used as standby power to suppeort receiving networks in special ocgasions
(such ps earthquake, storms, floods, hurricanes and other incidents). In case of| power
fluctuation in receiving networks or voltage drop at grid connection points, microgrids can
promptly supply active or reactive powerco maintain system stability; meanwhile, migrogrids
can opgrate independently and quickly disconnect from large public system and form ‘ifolated
microgrids’ in order to guarantee uninterrupted power supply for government, hospitals,|mines,
broadcpsts, telecommunication, transport hub and other critical loads inside the migrogrid;
moreoyer, building microgrids_sin-different forms and sizes in natural disaster-prong areas
provides the function of ‘black_start’ and can quickly recover supply to important cugtomers
inside the microgrid after disasters.

Public hetwork operators, DER owner, end users and society or public in a general sense are
the stgkeholders ©of\microgrid application. Stakeholders may have different benefits from
microgfid development and application, but in general they can be summarized as ecpnomic
benefits, environmental/social benefits and technical benefits, as Figure B.1 shows.
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benefits

Reduce
users’
electricity
costs

Increase
micro-source
income

Postpone
the DSO
investment
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Reduce
voltage
change

Reduce greenhouse
gas emissions

Improve energy
supply efficiency

Provide employment
opportunities

Arise public awareness
in energy saving and
emission reduction

s

Envirpnmental/
socia| benefits

A micrIgrid could offer the following economic benefits:

- Re

— Incfease micro-source income' within microgrids

uce end users’ costs/taxes

— Pogtpone DSOs investment

Peak loading
(congestion)
relief

Figure B.1 — Microgrid benefits

A microgrid could offerthe following environmental and social benefits:

reliable power

Provide

supply

Tedhnical
benefits

IEC

— Prgmote the _.development of renewable energy or low-emission generation, [reduce

grepnhouse-gas emissions

— Application*of energy efficient technologies, such as combined heat and power genjeration

technolegy

Provide a power supply solution for remote areas or underdeveloped areas

A microgrid could potentially offer the following technical benefits:

— Reduce power loss during transmission;
— Relieve voltage change;

— Shift peak load;

— Provide reliable power supply

To fully realize the benefits of microgrids listed above, a relevant market and

regulatory

framework shall be established and implemented. Moreover, reasonable planning is required to
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