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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATING DISTRIBUTED PV INTO LVDC SYSTEMS AND USE CASES

FOREWORD

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

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

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

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

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

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

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

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

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

IEC TR 63534 has been prepared by subcommittee SC 8A: Grid integration of renewable
energy generation, of IEC technical committee TC 8: Systems aspects of electrical energy
supply. It is a Technical Report.

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

Draft Report on voting

8A/187/DTR 8A/191/RVDTR

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 Report 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.

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

e reconfirmed,
e withdrawn, or

e revised.
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INTRODUCTION

During the 2019 IEC SC 8A plenary meeting in Shanghai, China, DECISION 2019/5, based on
a proposition by the China National Committee, was approved and written into List of Decisions
(see document 8A/61/DL): It consisted in a new Preliminary Work Item (PWI) called “Integrating
distributed PV into LVDC systems and use cases”. It was approved to create a new WG led by
SC 8A, with participation from SC 8B called “Integrating distributed PV into DC systems and
use cases”. It was approved to nominate Prof. ZHU Miao from CN NC as the convenor.

The task is to develop a series of projects regarding integrating distributed PV into DC systems
and use cases with emphasis on large-scale and high penetration of renewable energy (RE) via
low voltage direct current (LVDC) system within the following scopes of operational behaviour
and coordinated control between RE and DC system, for example including DC interface for RE
integration, fault response and stability issues of LVDC integrated RE, etc.

It is increasingly important to optimize the performance and efficiency of renewable-enabled
power systems by integrating DC power into various low voltage applications, such as buildings,
vehicles, and electronic devices. DC power generated by PV systems is more compatible with
the DC-based electronic devices used in these applications, making it more efficient and cost-
effective.

Nonetheless, there lacks a standard or reference framework that would orient original
equipment manufacturers (OEMs), engineering, procurement, and construction (EPC) as well
as other RE system operators to provide continuous high-quality generation services to grids.

In this context, the intention of this document is to present necessary technical screening and
then to offer profound insights to the formulation of relevant standards. It helps to deal with both
the converter-level and grid-level requirements on PV integration via DC integration, to pave a
way to further develop a series of standards/technical reports with emphasis on high penetration
of PV via LVDC system.
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INTEGRATING DISTRIBUTED PV INTO LVDC SYSTEMS AND USE CASES

1 Scope

This document reviews existing theoretical attempts and engineering applications in the area
of solar PV systems coupled to LVDC systems. There are three aspects that are identified to
be highly relevant to standard compilations:

e power converters and possible control mechanisms that are eligible for facilitating the
interlinking between PV and LVDC networks;

e local PV system islanding detection algorithms and fault ride through in case of main grid
faults;

o stability analysis of PV interacting with LVDC systems and corresponding stabilization
methods;

An inventory of existing (mostly IEC and national) standards is also presented, based on which
different sorts of PV integration scenarios are elaborated. Gaps between actual standards and
future needs are analyzed and guidelines for evolution are presented.

2 Normative references

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

IEC 62934, Grid integration of renewable energy generation — Terms and definitions

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62934 and the
following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1.1

point of common coupling

PCC

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

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct network users' installations.

[SOURCE: IEC 60050-614:2016 [21], 614-01-12]
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3.1.2

point of connection

POC

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

Note 1 to entry: The difference between PCC and POC is shown in Figure A.1.

[SOURCE: IEC 60050-617:2009 [22], 617-04-01, modified — a note has been added.]

3.1.3

energy management system

computer system comprising a software platform providing basic support services and a set of
applications providing the functionality needed for the effective operation of electrical
generation and transmission facilities so as to assure adequate security of energy supply at
minimum cost

[SOURCE: IEC 61970-301:2020 [23], 3.1]

3.1.4

distributed energy resources, pl

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

[SOURCE: IEC 60060-617:2017 [22], 617-04-20, modified — the note has been removed.]

3.1.5

islanding

network splitting

process whereby a power system is split into two or more islands

Note 1 to entry: Islanding is either a deliberate emergency measure (intentional islanding mode), or the result of
automatic protection or control action, or the result of human error (unintentional islanding mode).

[SOURCE: IEC 60060-603:1986 [24], 603-04-31]

3.1.6
islanding detection methods, pl.
techniques used in grid-tied systems to detect the occurrence of islanding

3.1.7

voltage sag

voltage dip

sudden voltage reduction at a point in an electric power system, followed by voltage recovery
after a short time interval, from a few periods of the sinusoidal wave of the voltage to a few
seconds

[SOURCE: IEC 60050-614:2016 [21], 614-01-08]

3.1.8
non-detection zone
region where islanding detection schemes fail to detect the islanding mode
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3.1.9
hazard

potential source of harm

Note 1 to entry:

The term hazard may be qualified in order to define its origin or the nature of the expected harm

(e.g., electric shock hazard, crushing hazard, cutting hazard, toxic hazard, fire hazard, drowning hazard).

[SOURCE:IEC 60050-351:2013 [25], 351-57-01]

3.2 Abbreviated terms

BCCC
BVCC
CPL
CHP
DER
EMS
EPC
ESS
FRT
IBC
IDMs
LvDC
MPPT
NDZ
OEM
PCC
POC
PWM
RE
RHP
SEG
SMB

bus current-controlled converter
bus voltage-controlled converter
constant power load

combined heat and power
distributed energy resources
energy management system
engineering, procurement, and construction
energy storage system

fault ride through

intermediate bus converter
islanding detection methods

low voltage direct current
maximum power point tracking
non-detection zone

original equipment manufacturer
point of common coupling

point of connection

pulse width modulation
renewable energy
right-half-plane

standardization evaluation groups

standardization management board

4 Selected LVDC use cases and challenges

4.1 General

The rapid development of DC power systems such as DC microgrids and DC distribution
networks, as well as the advances in power electronic converters, have made it technically
feasible for PVs to be directly integrated into LVDC systems. The LVDC system integration of
PV has attracted worldwide interests from both academic and industry perspectives. There are
quite a few practical demonstrative projects across the whole world and in this document, six
typical cases are presented. They can be classified into three categories: Case | to Case llI
show typical LVDC systems either in islanding or grid-connected mode. Case IV shows how
LVDC integrated with PV would add values to the hydrogen industry. Case V and Case VI show

that LVDC could help to decarbonize modern green buildings.
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4.2 Typical Case I: Nushima Island (Japan)

The LVDC system on Nushima Island features community-level renewable energy utilization
and local utilization. In this use case (see Figure 1), 8 kW distributed PV arrays, 1 kW wind
turbines, and 46 kWh lithium-ion batteries are connected to a 360 V LVDC bus via specially
designed interface converters to supply a self-sustainable decentralized energy system. This
LVDC system also features dynamic coordination between RE generations and household
power consumption [1]1.

Japan’s Nushima Island DC system successfully builds a low-voltage DC power distribution
system covering PV, wind power, energy storage, and mixed AC and DC loads [2]. This project
fully explores the combined operation of multiple renewable energy sources and energy loads
based on LVDC systems and provides important theoretical and technical bases and
engineering empirical references for the construction and operation of LVDC systems
containing high proportion of distributed RE in the future. The project focuses on the following
technical contents:

1) LVDC interface for RE integration (PV and wind turbines);

2) networking and system operation with multiple RE sources, energy storage systems (ESSs)
and hybrid DC and AC loads.

Photovoltaic Wind turbine | Battery | Commeroial
cells generator § power line

DC 200 V DC 250 V
A4 A JV
DC/DC AC/DC DC/DC AC/DC
converter converter converter converter

i 1

1
Charging station [

'y DC 360 V bus line
DC/DC DC/AC
DCo6V DCo6V DC 360V converter converter
DC 24/19V AC 100V | r
A - 51 Households |
Mobile Mobile DC household appliances DC household appliances AC household appliances | Y
battery battery - LED light - Cleaner and electric fan (emergency use) |
(type A) (type B) - Refrigerator - Microwave oven - Business use refrigerator .
r - Air conditioner - Personal computers - Emergency satellite phone | Visualization and
-V - Charger for mobile phones - Emergency watch camera | dynamic pricing
v
Plug-in |
hybrid boat |
Demonstration experiment Social experiment

S

e
Virtual experiment (simulation)
IEC

Figure 1 — LVDC system on Nushima Island

4.3 Typical Case Il: LVDC systems enabled hybrid AC/DC systems (Tongli, China)

In 2017, with the support of the "Research on Hybrid Renewable Energy Technology Based on
Power Electronic Transformer”, a National Key Research and Development Project under the
13th Five-Year Plan, the demonstration was carried out in Tongli, Suzhou. It includes wind
power generation, photovoltaic power generation, solar thermal power generation and thermal
utilizations, power storages, and grid power supplies.

T Numbers in square brackets refer to the Bibliography. Documents
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