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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VIRTUAL POWER PLANTS -
Part 1: Architecture and functional requirements

FOREWORD

ddition to other activities, IEC publishes International Standards, Technical Specifications, Technhical

baration is entrusted to technical committees; any IEC National Committee interested in.the subject d

with the IEC also participate in this preparation. IEC collaborates closely with the International Organiz

Sta

hdardization (ISO) in accordance with conditions determined by agreement betweéen the two organiza

Theg formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interr

con

ensus of opinion on the relevant subjects since each technical committee has representation fi

interested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made t@ ensure that the technical content
Pullications is accurate, IEC cannot be held responsible for ¢he way in which they are used or

mis|

In

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

trarlsparently to the maximum extent possible in their national*and regional publications. Any divergence b
any| IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

IEQ itself does not provide any attestation of conformmity. Independent certification bodies provide cor]
asspssment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible

ser
Al

No
me
oth

ices carried out by independent certification.bodies.
isers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its disectors, employees, servants or agents including individual expe|
nbers of its technical committeessand”IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

expenses arising out of the pdblication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the cofrect application of this publication.

Attgntion is drawn to the/possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not\bé held responsible for identifying any or all such patent rights.

IECT
systems, ofSIEC technical committee TC 8: System aspects of electrical energy supply.
Technjical‘Specification.

S 63189-1) has been prepared by subcommittee SC 8B: Decentralized electrical ¢

International Electrotechnical Commission (IEC) is a worldwide organization for standardization-conjprising
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote~interrjational
peration on all questions concerning standardization in the electrical and electronic fields. To'this gnd and

eports,

licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”)} Their

It with

participate in this preparatory work. International, governmental and non-governmental-organizations [liaising

ion for
ions.

ational
fom all

ational
of IEC
or any

cations
etween
b latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

nergy
It is a

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

Draft Report on voting

8B/124/DTS 8B/197/RVDTS

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

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

A list of all parts in the IEC 63189 series, published under the general title Virtual power plants,
can be found on the IEC website.

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

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

Part 1: Architecture and functional requirements

power

1 Scope

This part of IEC 63189 covers the terms and definitions, system composition and control modes
of virt : i i i . i
generption forecasting, load forecasting, generation and consumption scheduling, centp

mana
energ

jement of energy storage devices and loads, coordinated optimization of(distr

markdt transactions.

Since
aggre

a virtual power plant is a cluster of dispersed energy converting installations, whi

metedrology forecasting, site specific energy management systems, SCADA and
commjunication systems).

Local

marke

opera

2 N

regulations, the electricity market model and the corresponding manner of organisi

lion of VPPs.

lormative references

The fqllowing documents are referred to in the'text in such a way that some or all of their c

consti
For U

amen

IEC 6

Comp

IEC 6

Netwd

IEC 6

IEC 6

iments) applies.

D870-5-101, Telecontrol-equipment and systems — Part 5-101: Transmission proto
anion standard for basic-telecontrol tasks

D870-5-104, Telecontrol equipment and systems — Part 5-104: Transmission proto
rk access for [EC 60870-5-101 using standard transport profiles

1000 (all"parts): Electromagnetic compatibility EMC

1850-(all parts), Communication networks and systems for power utility automation

bl and
buted

y resources, status monitoring and communication, data collection and, analysig, and

h are

jated, it uses additional systems to achieve its objectives (e.g. regional gnergy

other

ng the

t related to the utilisation of controllable DER affect the management, contrql and

bntent

ftutes requirements of this document.For dated references, only the edition cited applies.
ndated references, the latest-gdition of the referenced document (including any

Cols —

rols —

IEC 62351-3, Power systems management and associated information exchange — Data and
communications security — Part 3: Communication network and system security — Profiles including
TCP/IP

IEC TS 62351-5, Power systems management and associated information exchange — Data and
communications security — Part 5: Security for IEC 60870-5 and derivatives
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3 T

erms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addre

o |E
e |S

3.1
contr

load gf particular consumers which under contract must be increased or reduced, for |al
period of time, at the request of the distribution supply undertaking

Note 1
supply

[SOU
defini

3.2
distri
DER

generpting units (with their auxiliaries, protection and .cennection equipment), as well a

units

conngcted to a low-voltage or a medium-voltage nétwork

[SOURCE: IEC 60050-617: 2009, 617-04-20,~modified: adopted for the inclusion of contrg
loads]

3.3

distriputed generation

DG

generption of electric energy by.multiple sources which are connected to the power distri
system

[SOURCE: IEC 60050°617:2009, 617-04-09]

3.4

demahd response

DR

action resulting from management of the electricity demand in response to supply condit

SSses:

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

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

bllable load

to entry: Controllable load can be increased as well as reduced, according to the request of the dist
undertaking.

RCE: IEC 60050-603:1986, 603-04-42, modified — "increased or"‘has been added
ion.]

buted energy resources

bnd those units having both characteristics (suchas electrical energy storage syst

mited

ibution

to the

5 load
ems),

llable

bution

ons

[SOURCE: IEC 60050-617:2009, 617-04-16]

3.5
dema
DSM

nd side management

process that is intended to influence the quantity or patterns of use of electric energy consumed
by end-use customers

[SOURCE: IEC 60050-617:2009, 617-04-15]


http://www.iso.org/obp
https://iecnorm.com/api/?name=7e35b18cef2af625793594dd45d736bf

-8 - IEC TS 63189-1:2023 © |EC 2023

3.6

electrical energy storage system

EES system

EESS

grid-connected installation with defined electrical boundaries, comprising at least one electrical
energy storage, which extracts electrical energy from an electric power system, stores this
energy internally in some manner and injects electrical energy into an electrical power system
and which includes civil engineering works, energy conversion equipment and related ancillary
equipment

Note 1 to entry: The EES system is controlled and coordinated to provide services to the electric power system
operators or to the electric power system users.

Note 2 [to entry: In some cases, an EES system may require an additional energy source (nonelectrical) dyring its
discharge, providing more energy to the electric power system than the energy it stored (compressed 'air|energy
storagq is a typical example where additional thermal energy is required).

Note 3 to entry: “Electric power system” is defined in IEC 60050-601:1985, 601-01-01.

[SOURCE: IEC 62933-1:2018, 3.1.2]

3.7
local control unit
LCU
devicg¢ that interfaces field equipment to a control system hy“transmitting measurement and
statuq data from the equipment to the control system and,operating commands from the gontrol
systefn to the equipment

3.8
micrggrid
group| of interconnected loads and distributed energy resources with defined eleftrical
boundaries forming a local electric power system at distribution voltage levels, that act$ as a
singlef controllable entity and is able to operate in either grid-connected or island mode

Note 1 o entry: This definition covers both(utility) distribution microgrids and (customer owned) facility micfogrids.

[SOURCE: IEC 60050-617:2009,-617-04-22]

3.9
virtugl power plant
VPP
party for system that‘realizes aggregation, optimization and control of distributed genenation,
energly storagedevices and controllable loads

Note 1|to entrys The aggregated distributed generation, energy storage devices and controllable loads pre not
necesshrily,within the same geographical area.

Note 2 to entry: The party or system is to facilitate the activities in power system operations and electricity market.

3.10

virtual power plant management system

VMS

system which can realize the dispatch management and control of different VPP units such as
generators, loads and energy storage units, with the VPP participating in market trading in an
orderly manner
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4 System components

4.1 General

A VPP may include distributed generators, storages and controllable loads spread over a wide
geographical area, equivalent to a large power plant with the function of regulation and control.
A core part of a VPP is the virtual power plant management system (VMS). In VPPs, the VMS
can communicate with generators, controllable loads, energy storage units and microgrids with
different reserved communication interfaces to provide operational data and realize unified
scheduling management and control. The communication medium can be optical fibre, cable or
wireless, with OPC (Object Linking and Embedding for Process Control), IEC or other protocols.
The \ MS prr\\lidne external interfaces and can interact with c\]lcfnm npnrgfnr and nergy
management/trading platform to implement external information access release, schefuling
management and market trading. Figure 1 shows the VPP system components.

S External interface »  Energy management /

tragli latf
VPP management system rapgapiatiorm

(VMS) NS

System operator

ower grid service X W N if| BV —
N LY
- ~
""" > Real-time communication interface
- @5 Firewall / router / VPN ilrtEiits
System operator &b s
Power grid automation OPC/IEC Optical fiber / cable / wireless, ;,’ @ o,
L3 LS
LN aﬁ |
Power generation units Controllable loads Energy storage

+ ¥ A. A R D B O

Dispersed wind  Photovoltaic ~ Thermal power Industrial ~ Office building Alrcondmumng Lighiing E\ecinc Electrical energy Pumped
turbine power plant unit load load load vehicle storage storage

IEC
Figure 1 — VPP composition diagram

A typical virtual power plant possibly’ contains multiple levels, among which the suborflinate
level nay be regarded as an integrated part for the upper level, and a VPP can also be formed
by a dertain amount of VPPs;

4.2 [Power generatiof:units

The ppwer generation-units of a VPP can include dispersed wind turbines, photovoltaic power
plantg, thermal pgwer units and other units. The power generation unit can interact witff VMS
to upload the-~status information of the power generation unit and respond to the power
generption control command of VMS. The power generation forecast function shoyld be
provided by, upper layer VMS.

4.3 Controllable Toads

The controllable loads of a VPP can include industrial loads, office building loads, air
conditioning, lighting, electric vehicles, and other loads. The controllable loads exchange
information with the VMS, upload the status information and respond to the power demand
command of VMS. The controllable loads prediction function should be provided by the upper
layer VMS.

4.4 Energy storage

The energy storage units of a VPP can include electric energy storage, pumped storage and
other units, which have the ability to interact with the power grid in two directions, and can
supply or consume power. The energy storage unit interacts with the VMS to upload the status
information of the units and respond to the charge and discharge control commands of the VMS.
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The energy storage units can help the upper layer VMS to realize an optimized operation control
strategy.

4.5 Microgrids

A microgrid is a small power distribution system consisting of distributed generation, energy
storage units, energy conversion device, load, monitoring, control, energy management and
protection devices. It may operate in grid-connected or island mode. It is used to realize flexible
and efficient application of distributed energy resources. The VMS communicates with the
microgrid control system, and then the microgrid control system communicates with the
generators, EES units, loads, etc., in microgrid.

On a pasis of having the integration function for DER, microgrids and VPPs not only pljay the
role of participating in market transactions and demand response, but also provide(suppprt for
peak fegulation and frequency regulation for the system.

Microgrids and VPPs have certain commonalities regarding the system components, role in
aggrepating DER, participating market activities including demand résponse, as wegll as
providing ancillary service to the power system.

While|microgrids and VPPs have a major difference regarding geographic boundary. A microgrid
is a physical system composed of DER, loads, electric lines.@nd so forth that located |in the
same[geographic area, and is connected to the main grid as*a single unit. Virtual power plants
are cppable to achieve geographically dispersed DER ‘aggregation and coordinatipn by
advanced communication technologies and by softwarenand hardware framework, taking part
in the|electricity market as an independent unit.

46 |[(VMS

The YMS realizes the dispatch management and control of different VPP units suph as
generptors, loads and energy storage units, with the VPP participating in market trading| in an
orderly manner. The VMS should includé'data acquisition and communication systems to realize
data ¢gommunication and interaction_with different systems and units. According to different
contrgl methods, a VMS can functionin centralized control mode or decentralized control jmode.
The ¢entralized control modélis generally applicable to smaller and more centrplized
contrqgllable resource aggregation, such as DER connected at the same grid poinf. The
decentralized control mode is more suitable for large-scale, geographically distributed |areas
contrgl resource aggregation.

5 Control mode

5.1 Centralized control mode

5.1.1 General

In the centralized control mode, the VMS determines the optimization objectives according to
the grid state, and then directly controls and schedules the LCUs (local control unit) according
to the analysis and calculation of the optimal scheduling strategy according to the optimization
objectives. LCU converts the operational state or signal into a data format that can be sent via
communication channels. It also converts the data/information sent from the VMS into
commands to realize the functional control of the remote equipment. See Figure 2.


https://iecnorm.com/api/?name=7e35b18cef2af625793594dd45d736bf

IEC TS 63189-1:2023 © |IEC 2023 -1 -

VMS
A

Y Y Y Y
LCU LCU LCU LCU

) ) ) I

¥ L J L J L}
Power

. Controllable Energy ) "
ger:Jenri?Stlon loads storage Microgrid

1EC
Figure 2 — Centralized control mode architecture

51.2 Dispatch and control architecture

In the|centralized control mode, all kinds of measurement variables, state variables and dontrol
varialjles are collected by the LCU and uploaded directly toithe VMS. The VMS analysgs and
calculptes the optimal dispatch and control strategy aceording to the given optimigation
objeﬁ'{iaves and sends the dispatch commands to theAE€U. The LCU forwards the didpatch
commiand to the control systems of DER and controllable load for implementation.

The time interval for the LCU to upload data to the ' VMS shall be suitable for the type of buginess
in which the VPP participates. When the VPP participates in real-time business, it sholld be
transmitted frequently. While when participating in non-real-time business, it can be transpitted
less flequently.

When| a certain regulated resourceis out of operation due to failure or maintenance, pffline
statug information needs to be uploaded to the LCU. The LCU then uploads the informafion to
the VMS, and the VMS will re~gptimize the objective function and determine set points fof the
other fregulated resources.

5.1.3 Communication system

Communication system should be implemented to enable the data and information exchange
amongst differentayers of VPP, i.e. the DER and LCU, controllable and LCU, LCU and|VMS,
VMS Wwith system operator and energy market. The communication system shall consider the
real ehgineering conditions and allow to use consistently multiple communication technojogies
and pfotocols.

The communication system shall be specified by the following technical parameters:

— Quality of the communication network

— Communications technology and protocols for communications networks
— Access rate requirements for different control scenarios

— Information model’

— Security requirements

T IEC 61850-7-420:2021, Communication networks and systems for power utility automation — Part 7-420: Basic
communication structure — Distributed energy resources and distribution automation logical nodes is an eligible
data model for supporting VPPs (independently from the communication protocol).
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The first four requirements are detailed in 6.1, the establishment of security protection capability
should be considered from the aspects of potential malicious attacker's capability, natural
disasters, other external threats, internal system vulnerabilities, and recovery capability after
damage. The security protection plan shall include physical environment protection, security
area division, terminal protection, communication control, security equipment and protection
system selection, security policy and process, etc.

5.1.4

Application scenario

The central control mode is suitable for a single operator to build a small VPP. The controllable
resources are few in number, variety and total amount in a small scope (for example, contiguous

urban

nrpnc) which mninly Inrm/ir'lpc services far laocal power grid Qr power ysers

5.2
5.2.1

In de
Mana
have
functi
decen

imple
imple
and m
etc., 4
the L

The @

Decentralized control mode
General

Centralized control mode, Central VPP Management System (CVMS) and Loca
jement System (LVMS) coordinate the control and dispatch of LCUs. LVMS ma
ower-level LVMS nested within it. Among them, according te_the different divis
bns between CVMS and LVMS, decentralized control mode~can be classifie
tralized control-centralized assessment and decentralized control-local assessme

ented by the LVMS. In the decentralized control-local assessment, calculatio
entation are performed by the LVMS, and the CVMS"is only used as the data exc
anagement system for interactive electricity pricednformation, meteorological informn]

the d]:centralized control-centralized assessment, calculationjis,performed by the CVM

MS.

ommunication system between CVMS<{and LVMS shall consider the real engin

VPP
also
on of
l into
nt. In
S and
h and
hange
ation,

nd decomposes and distributes the power griddispatching or power market demand to

bering
pcols.

condifions and allow to use consistently multiple communication technologies and prot
See Higure 3.
CVMS
VPP
A
v Y
LVMS (mixed) LVMS
i i

v v v v v Y

LVMS LVMS

(mixed) :Z\.A;eLLu Controllable Energy
“ Y I Units loads storage VIICTogra 17 [ [7 ¥
! P
B ower

generation Corlﬂrollable Energy Microgrid

i i units oads storage
v v v v

Power

generation Corlﬂrollable Energy Microgrid

units oads storage

Figure 3 — Decentralized control mode architecture
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In both cases, the time interval between LCU uploading data to LVMS depends on the needs of
the distribution network operator and should be appropriate for the type of business in which
VPP participates. In both cases, the time interval for the LCU to upload data to the LVMS should
be suitable for the type of business in which the VPP participates. When the VPP participates
in real-time business, it should be transmitted frequently, while when participating in non-real-
time business, it can be transmitted at less frequently. See 6.1 for specific requirements.

5.2.2 Decentralized control-centralized assessment

and the LVMSs. Among them, LVMSs will aggregate controllable components bas
electr|cal location, network operational limits, geographical location or energy type! into VPP
units, |and accept the dispatch and control of CVMS.

The general consideration on the decentralized control mode architecture includes:

a) digpatch and control priority of CVMS and LVMSs under differentccontrollable resqurces
aggregation modes. For example, for the aggregation mode based on energy type,|when
th¢ controllable components of the same feeder but different\energy types need [to be
scheduled and controlled, they are controlled by CVMS or LVIMSs respectively according to
their energy types;

b) digpatch and control boundary of CVMS and LVMSs. Forexample, whether the contrgllable
resources in the VPP unit controlled by LVMSs should be transparent to the CVMS | If so,
th¢ CVMS needs to send accurate scheduling commands to dispatch geographically or

ctrically interconnected components in differentVPP units;

c) functional division of CVMS and LVMS;
d) regcommend fault tolerance and synchronjZzation mechanisms, including:
— | Failure of one or more LVMSs due-to delayed communication or system failure;

— | The LVMSs cannot execute or delay the execution of dispatch and control instrugtions
from the CVMS;

— | One or more componentscwithin a VPP unit do not respond or fail to respond.

Asset| owner is allowed to.opt out. VPP systems assure that the required flexibility |s still
availaple.

In the| above case, offline status information needs to be uploaded to LCU, which will ypload
the information to-the main station, which will re-optimize the calculation and select|other
regulgted resources.

5.2.2.p Communication system

The requirements are the same as o.1.3.

5.2.2.3 Application scenario

This control mode is suitable for the single operator or a group of VPP operators in a wide
geographical area (for example, a large city or agglomeration) to build large-scale VPP (the
controllable resources are large in number, variety and total amount), and is especially suitable
for the sub-regional (including electrical and geographical) or classified management of
resources. Such VPPs can serve a wide area grid, local grid or power users.


https://iecnorm.com/api/?name=7e35b18cef2af625793594dd45d736bf

- 14 - IEC TS 63189-1:2023 © |IEC 2023

5.2.3 Decentralized control-local assessment
5.2.31 Dispatch and control architecture

The CVMSs only serve as data exchange and processing centres, which are used to exchange
price information, weather information, etc., and to decompose and distribute power grid
dispatching or power market demand to each VPP unit. LVMS is responsible for dispatching
and controlling the VPP units to ensure the optimal operation of the local power grid.
Dispatching information, provided by the distribution grid operator shall be processed by the
LVMS directly.

synchfonization mechanisms need to be considered, mainly including:

— F4gilure of one or more LVMSs due to delayed communication or system failure;

— THe LVMSs cannot execute or delay the execution of scheduling contrelinstructiong from
the CVMS;

— One or more components within a VPP unit do not respond.

Asset| owner is allowed to opt out. VPP systems assure that the“required flexibility |s still
availaple.

In thelabove case, offline status information needs to be upleaded to the LCU, which will ypload
the information to the main station, which will re-optimize the calculation and be repladed by
other pdjustable resources.

5.2.3.p Communication system

The r¢quirements are the same as 5.1.3.

5.2.3.8 Application scenario

This dontrol mode is suitable for-arge-scale controllable resources with various types of DER
which|can be controlled by different LVMS. Through the cooperation between different JVMS,
it can|provide services for a wide area grid, local grid or power users.

6 Fpunctional requirements

6.1 [Status monitoring and communication
6.1.1 Status monitoring and data collection

When|cobnecting various DER and controllable loads to a VPP system, LCU is recommended
to be praced to carry out the functions of status monitoring, data collection and processing,
communication and control.

The general functional requirements of an LCU are listed below:

LCU should have the functions of data collection and control to the connected DER. The data
type and data accuracy to be collected should meet the requirements of different data analysis
functions. For example, for the function of participating in power trading, the data to be collected
includes the active power, the on/off status, the cost, etc. The sampling period depends on the
requirement of different trading platform, e.g. every 5 min or 15 min. For the function of providing
the frequency regulation or reserve, the data to be collected includes the active power, the
on/off status, the cost, etc. The sampling period depends on the requirement of the system
operation, e.g. every minute for secondary frequency regulation.
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LCU should be able to send data remotely to VMS, CVMS, and LVMS, and be able to receive
control command or set-point command remotely from VPP central platform or sub-platform.

LCU should have the interface and communication functions, see 6.1.2 in detail.

LCU should have time synchronization function.

LCU should have the self-testing and diagnostic function.

LCU may have the encryption functions for data privacy, e.g. cyber security in accordance with

IEC 6

6.1.2
LCU

351-3 1EC 62351-5_efc

Communication and interface specification

shall have communications with the DER/controllable loads and_the VMS

commlunication scheme can be selected according to actual engineering conditions.

Carrigr and optical fibre communication scheme should be in accordance to any stand

IEC 6

1850 series, IEC 60870-5-101, IEC 60870-5-104, DNP3.0 and other appropriat

seried, OpenADR, OPC, Modbus, MQTT, etc.

Wirelgss communication scheme should meet the powetk specific level. Electroma
compatibility (EMC) should be in accordance to IEC 61000 ‘'series. The operating temper
the pgwer supply voltage and the protection level should-be adequate values for the equip
The wireless transmission equipment should have<the” function of router and firewal
channel should be compatible with 5G/4G/3G/GPRS.

The a

Vailability of the channel should be greater than 99 %, which is defined as the tim

the channel is available for normal communication compared with the whole year timg

privat

e network communication is preferred. Wireless public network communicat

recommended as the main mechanism-.while other communication schemes are conside
supplémentary mechanisms.

LCU dhould have any of RS232,,RS485, Ethernet, optical fibore communication interface.

In practical application, in\terms of information security, secure communication devices
way communication devices, VPN links, etc., are necessary. Considering the reliability
commfunication scheme, redundant communication methods should be adopted.

In adgition, VPR'should have an interface with the smart metering system for data excha

6.1.3

Data analysis functional requirements

The

ard of
e |[EC

gnetic
ature,
ment.
. The

e that
. The
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one-
of the

hge.

VPP status monitoring and data collection shall support VPP to achieve the following functions:

— Data storage function should include historical database and process database.

— Registration function should support the registration and management of DER, controllable
loads, and microgrids.

- Bi

lling function should support the energy settlement of DER and controllable loads.

— Diagnostic function should evaluate the operating status and availability of DER in the VPP.
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6.2 Prediction
6.2.1 Power generation forecast

6.2.1.1 Objective requirement

a) Power generation in VPPs includes conventional power plants and renewable power plants
(such as photovoltaic power stations, wind farms and biomass power generation).

b) The time scale of power generation forecast includes ultra-short-term forecast (time scale
from minutes to hour) and short term forecast (time scale from hour to day), and the detail
requirements should be in accordance with the technical specifications in each VPP project.

c) The spatial scale of power generation forecast should vary with the optimization.

The spatial characteristics of the forecasts should be adapted to the multiple combinatipns of
renewable power plants in VPPs.

d) THe outputs of the power generation forecast should be online corrected with actual power
data, and the accuracy should meet the operation requirements.

6.2.1.p Data preparation

a) Adtual power data

Actual| power data is necessary but not sufficient for power geheration forecast, which ig also
indispensable to the mathematical model of uncertainty fore¢ast.

All acfual power data of photovoltaic power stations, wind farms or biomass power generation
with not less than one year of commissioning should‘be collected since operation.

b) Gg¢neration unit information

Genefation unit information includes unit“type, unit capacity, normal generation |[state,
curtailment state, stand-by state.

¢) Fgr wind farms, the wind speed, wind direction, air temperature and atmospheric prgssure
at|the altitude of 10 m, 70 m andvabove for at least one year should be collected.

d) Fgr photovoltaic power plants, the global horizontal radiation, direct normal rad|ation,
ambient temperature and'sunshine time for at least one year should be collected.

e) Tdpographic data should be collected.

6.2.1.B Data analysis and processing
a) Al| data should:be collected automatically and more data can be added manually.

b) D3ta of wind farms and photovoltaic power forecasting system should be transmitted by
reliable-wireless or fibre transmission.

c) Al| data should be tested for integrity and rationality before storage in the database¢, and
any-missing-erabnermal-data—sheould-be-supplemented les to
record the operations on that abnormal data.

6.2.1.4 Multi-scale forecast

Considering the climate and historical data of the wind farm, the photovoltaic power plant or
biomass power station, the appropriate method should be used to construct a specific model
for power generation forecast. According to predictable time scale and specific requirements of
a practical application, ensemble method should be adopted to achieve an optimal prediction
strategy. Generally, predictable time scale for power generation forecast should include short
term forecast and ultra-short-term forecast, with high-resolution time series processing.
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6.2.2 Controllable load forecast

Controllable loads in the virtual power plant system need to participate in the optimal scheduling
of the system. Load forecasting can be divided into two types: short term and ultra-short term.
The influencing factors need to be considered in load forecasting, including:

a) Economic factors: economic factors have influence to the load size.

b) Time factors: the load level on weekends is usually below that on workdays. The load
amplitude declines significantly and the load curve has obvious changes in major holidays.
In addition, it differs distinctly from seasons.

c) Meteorological factors: temperature is the main factor affecting the short-term load.
Hu ; ; ; cially
injsummer.

d) Other factors: there are many other factors that may affect the accuracy of load forecgsting,
sulch as consumption pattern changes of large electric power consumers.The elegtricity
prlce variation may also influence the load demand.

Analyge statistically the present load condition within the planning, rebuilding or expansiop area
of the|virtual power plant, including:

— Types of the main power load.

— Pgak load demand.

— Typical daily load curves in every month.

Forecpst the load demand in the planning period, according to the historical load data and the

total programming requirement of power development within the covering area of the Yyirtual

powet plant, including:

— THe growth trend of peak load.

— Types and levels of additional load.

— Tdtal annual load demand forecasting data.

— THe typical daily load demand forecast (with hourly interval data).

— Dynamic load (e.g., motor).€haracteristics forecasting data (with minute or second level
data).

6.3 |Aggregation andtoeptimization

6.3.1 Aggregation

Aggregation is_one of the most important features of virtual power plants. For a virtual power
plant jwith multiple distributed energy resources, the output volatility of multiple distrfbuted
powel sources is high due to the uncertainty output of wind/sunlight, which affects the quality
of VPP é@ncillary services to the public grid and makes it difficult to meet electricity market
trading-standards as well With advanced information communication technology and software,
the controllable units such as distributed generators, controllable loads, energy storage
systems, and microgrids could be aggregated to provide more stable electrical power to the
public network, fast-response ancillary services, and join the power market. This would reduce
the unbalanced risk of distributed generators, controllable loads and energy storage systems
running alone in the market, and could obtain the benefits of economies of scale.

The aggregation function should establish capacity configuration and regulation method, by
which the VMS can regulate the output of combined distributed power sources to conform to
expected values.

The aggregation function should take into account the backup costs and deviation penalties for
the contribution of renewable energy, to better weigh the expectations and risks of investment
returns, and to quantitatively analyse the approved electricity price, risk preference, reserve
price, and renewable energy for renewable energy generation.
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6.3.2 Optimization

The optimization of the virtual power plant refers to the integration and packaging of distributed
generators and controllable loads with fine control methods and energy management methods.
Controlling the output through mutual complement between multi-power supplies and multi-
time-space coordinated scheduling method, thereby achieving the standards for participation in
the electricity market transactions, which means a power sales agreement is similar to a
conventional unit can be signed.

Different control architectures, operating modes, market factors, and other factors will directly
affect the results of the virtual power plant’s portfolio optimization.

From the perspective of controlling range, the virtual power plant’s optimization can bedjvided
into iffternal controllable units optimization and optimization in market transactions.

a) THe optimization of the virtual power plant’s internal controllable units

Distritputed generators’ output has volatility and intermittency, such as wind\power, photopgtatic,
etc., which means accurate prediction is difficult. However, different types’of distributed power
supplies are space-time complementary to each other, so distributed-power combinatiorns can
effect|vely reduce their respective uncertainties.

The optimization of the virtual power plant’s internal controllablewinits refers to the efficient and
econdmic aggregation of various power generation units in~the virtual power plant through
algorithms such as combinatorial optimization, according to different optimization objegtives,
such as the highest renewable energy consumption rate, the highest reliability of power sppply,
etc., gnd cooperative scheduling with energy storages electric vehicles and interruptibleg load,
to achiieve multi-objective optimization scheduling. within the virtual power plant.

b) THe optimization of the virtual power plantparticipating in market transactions

all digtributed energy resources flexiblyyand dynamically, with the goal of maximizing repenue
and adopting a combination algorithmm or game theory, according to the type of transgction,
such @s electricity, ancillary service, etc. The real-time and flexibility of dynamic combipation
can rgduce the cost of real-timebalance of energy networks and the bias caused by powef plant
downtime, load and renewable energy output prediction errors.

Optin{zation of participating in market transactions refers to the virtual power plant compining

6.3.3 Generation and‘load schedule development

A VPP that participates in the day-ahead operation process of electricity market is summarized
in Figlire 4, anddhe operation process of short-term market is similar to the day-ahead opegration
procegs. The virntual power plant can achieve peak load regulating of power system through the
day-ahead-market or the daily plan. The participation of VPP in the day-ahead operatign can
include the-following steps:

a) Predict the Toad of the next day, and estimate the response capacity and cost. Participate
in the electricity market bidding based on the predicted and estimated results.

b) Release the load shedding time and the amount to be reduced to the user, according to the
load reserve or reduction plan obtained from the electricity market bidding.

c) The user conducts bidding on the demand side based on his own load-loss cost.

d) The optimization decision model based on demand side bidding and multi-energy
complementation is solved, and the user's load shedding amount and output increase
amount are obtained, and the dispatching instruction is sent to the user.

e) The VPP optimal scheduling process.

Declaration: Before the end of the energy market transaction, the VPP operation and dispatch
centre will declare the bidding information of day D+1 to System Operator (SO) according to its
own economic characteristics, which mainly includes the overall declared power generation
capacity of VPP and its corresponding power generation cost curve. At the end of each
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dispatching cycle, System Operator will assess the actual power generation and power
generation efficiency of new energy units, and punish the phenomenon of wind abandonment
and light abandonment accordingly. When VPP declares in the reserve market, it not only needs
to meet the upper limit of unit output, but also can optimize the internal power generation plan
by allocating the reserve capacity of units reasonably, and economically compensate the unit
whose power generation is reduced according to its reserve capacity share.

Prediction of day-
ahead load curve

\ 4 VPP declares generation schedule
Prediction of wind and corresponding power generation
: cost to SO (system operator), and
turbine output curve .
declares reserve capacity plan and
System operator reserve cost at the same time.
dispatch .
r __________________________________________________ N
: SO carries out economic The dispatching cycle_ls i
| dispatch to form optimal over ang-the)economic [
1 generation plan calculation-s carried out :
|
l

: * A )
: SO carries out economic System operator i i :
| dispatch to form optimal verifies whethe_r YESY Each unit carries (_)ut i
| reserve capacity plan the VPP declaration the power generation [
1 plan is economically schedule :
| i 2
i v optimal? :
: SO releases generation [
| | schedules of energy market :
: and reserve market |
I l
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dispatch
| ey e A |
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Figure 4 — VPP participates in the day-ahead operation process of electricity market

Scheduling process: Before performing SO dispatching, it is necessary to forecast the load
distribution of the system in the next day and the output of new energy power plants. At the
same time, the cost curve of VPP generating cost and reserve capacity is equivalent to a
generator set, which is substituted by SO dispatching model for optimization analysis. SO
economic dispatch takes the minimization of generation cost as the objective function. It needs
to satisfy the constraints of power balance, capacity of generating units and climbing rate,
capacity of energy storage equipment and charging and discharging rate, power flow and node
voltage. Costs in SO economic dispatch can be divided into unit generation cost, new energy
generation cost (including self-generation cost and penalty cost of abandoning wind and light),
energy storage operation cost and reserve capacity cost.


https://iecnorm.com/api/?name=7e35b18cef2af625793594dd45d736bf

- 20 - IEC TS 63189-1:2023 © |IEC 2023

6.4 Ancillary services

A VPP that participates in the ancillary service of the power system, may have the functions of
frequency regulation, reserve capacity, congestion management, voltage control, etc.

a) Frequency regulation

VPP utilizes aggregate resources (mainly including DG, EES, controllable loads, etc.) to
participate in power system frequency regulation ancillary service. VPP mainly provides
services in the form of active power. The technical indexes that need to be specified include:
response time, adjustment rate, adjustment accuracy, service capacity, service duration,
resource distribution (for example, the frequency control area where the resource is located),
etc.

b) Regserve capacity

A VPR can optimize and combine various controllable resources to participate in different|types
of resferve capacity ancillary services (including load reserve, accident reserve, maintehance
reserye). A VPP mainly provides services in the form of active power. The technical indexes
that nped to be specified include: response time, adjustment rate, adjustment accuracy, service
capadity, service duration, etc.

c) Cagngestion management

VPP influences the distribution of power flow by utilizing the*widely distributed contrgllable
resoufces in the network topology to solve or alleviate the congestion problem in power
transmission. VPPs mainly provides services in the fornTof active power. The technical indexes
that need to be specified include: response time{ /adjustment rate, adjustment accpracy,
resoufce distribution (for example, the grid topology:ocation of the resource junction), sgervice
capadity, service duration, etc.

d) Vaqltage control

VPP ¢an control the voltage at the end”of a line by utilizing the converged line-confrolled
resoufces distributed in specific distribution feeders. The technical indexes that need|to be
specified include: response time, adjustment rate, adjustment accuracy, resource distripution
(for ekample, the access location of resources in the distribution network), service capacity,
servige duration, etc.

The definitions and reference ranges of the above technical indexes are shown in Anpex A,
among which the response time, adjustment rate, adjustment accuracy are the general technical
indexgs that need “t0 be specified when VPP participates in ancillary services| The
reconfmended values of these three general technical indexes in various ancillary servicgs are
shown in TablevA.1. These technical indexes highly depend on the regional market rulgs and
powel system.characteristics, so that the values are examples given for illustrative purpgses.

6.5 [Electricity market transaction function

6.5.1 Participate in the electricity market or aggregate ancillary services

The VPP should have the function of participating in electricity market or aggregate ancillary
services transaction, including:

a) Participating in electricity transaction.

The VPP should be able to provide the range of input power of power grid (output power of the
VPP) and its corresponding available time. It also should be able to provide the ramp rate
required to participate market transaction of output power, as well as the minimum continuous
operation and outage time of the VPP.

b) Participating in aggregate ancillary services transaction.
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