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Abstract: The design and operation of a dc microgrid for rural or remote applications based on
extra low voltage dc (ELVDC) to reduce cost and simplify stability are discussed in this standard.
Such microgrids are typically operated without connecting to a nation’s electric power system.

Keywords: ELVDC, extra low voltage, IEEE 2030.10™, microgrid
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or completeness of the material contained in its standards,
and expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to results and workmanlike effort. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free
from patent infringement. IEEE Standards documents are supplied “AS 1S” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
his or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and Standards Coordinating Committees
are not able to provide an instant response to comments, or questions except in those cases where the matter
has previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any
person who would like to participate in evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is
needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable
regulatory requirements. Implementers of the standard are responsible for observing or referring to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
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include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 2030.10-2021, IEEE Standard for DC Microgrids for Rural and Remote
Electricity Access Applications.

This standard defines microgrids for rural and remote locations that normally operate with intermittent or
no connections to a nation’s primary ac grid. The components in this architecture utilize extra low-voltage
dc (ELVDC) to reduce costs and simplify stability.

This standard harmonizes with ISO 21780:2020 for road vehicles with a 48 V supply voltage.! The intent
of this harmonization is twofold: it permits appliances and other devices compatible with this standard to be
powered using a vehicle’s 48 V auxiliary power outlets, and it also permits the reuse of 48 V electrical
components designed for use in vehicles. ISO 21780:2020 contains device categories and functions that are
specific to vehicles. Some of those distinctions are not relevant to appliances and devices when used
outside of a vehicle so this standard only addresses distinctions that would be useful both outside and
within a vehicle while insuring compatibility for use on both environments. At a high level, the goal is to
reduce the fragmentation of incompatible 48 V appliances with a standard that permits manufactures to sell
conforming products to a broader customer base than just rural microgrids.

This standard consists of two parts. The first part specifies normative requirements and defines the
operating parameters for components used to construct the microgrid. These requirements are intended to
enable conforming microgrids to be constructed from components with minimal constraints. The second
part, comprising the bulk of the document, consists of recommendations addressing the practical concerns
needed to design and operate such a microgrid. These include important safety suggestions.

The intent of this standard is to define a microgrid that can be constructed from components that exist in the
marketplace rather than new components purposely designed for the standard. Using purpose-built dc-dc
converters, for example, to source microgrid power could improve the flexibility and scalability of the
microgrid but could also involve complex technical problems in managing microgrid stability. This
standard is intended to serve as springboard for future revisions that may address those problems and help
allow more sophisticated dc microgrids to be constructed.

Many aspects of a dc power system are not addressed by this standard. It does not address wiring and
distribution inside a home or building, nor the appliances that use grid power except to establish voltage
and power quality expectations for those appliances in the absence of point-of-load converters or local
energy storage. Similarly, details of dc power sources such as photovoltaic (PV) panel, charge controller,
and battery wiring are not addressed though references are provided for other standards that do address
these issues. The standard does not address operational issues such as billing. The standard depends on
voltage observation for managing load and does not propose a communications protocol to shed loads as
the microgrid in this standard is intended to operate passively, without an intelligent microgrid controller.
The possibility of disconnection based on observed voltages using contactors is described but there are no
specific requirements in the standard. Combining customer power generation via a solar home system, for
example, with microgrid power is mentioned but implementation details are not addressed. The possibility
of sourcing power from a national grid using a rectifier is mentioned but the details of such a connection
are not addressed. Bidirectional connection of batteries so they can be recharged from the microgrid is
mentioned but the standard does not impose related requirements.

! Information on references can be found in Clause 2.
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IEEE Standard for DC Microgrids for
Rural and Remote Electricity Access
Applications

WARNING

DC microgrids involve significant risks of serious injury if not properly designed, operated, and
maintained. This standard is intended to provide technical information only to persons who have sufficient
expertise and experience to appreciate the safety issues involved in the design, operation, and maintenance
of de microgrids, and is not intended to identify, appraise, or evaluate all risks. Adherence to the standard

is not a guaranty of safety, and the IEEE expressly disclaims any warranty of safety
in connection with this standard.

1. Overview

1.1 Scope

This standard covers the architecture of a dc microgrid for rural and remote applications with a nominal
distribution voltage of 48 V. It defines voltage and power quality metrics for power supplied to loads
attached to such a microgrid. This standard focuses on the power distribution portion of a microgrid and
addresses sources only in the way that they are attached to the grid. It does not impose either minimum or
maximum current limits.

Users of this standard are responsible for observing all applicable laws and regulations related to power
grid and microgrid design, operation, and maintenance. Compliance with the provisions of this standard
does not imply compliance to any such legal or regulatory requirements.

1.2 Purpose

The purpose of this standard is to address the needs of the electrical power industry to provide access to
electricity in areas where a national grid infrastructure may not be available. DC microgrid applications can
also provide power where infrastructure costs or other issues prohibit connection to the national grid even
in places where a national grid is available. This standard provides the framework to allow for deployment
of distributed generation, storage, and use of electricity based on identified requirements and existing
technology. Further, it has the goal of facilitating the use of clean renewable generation of electricity in
these applications.

The most important use of these microgrids is to supply electricity to people in remote locations without
access to the primary ac grid. Low cost and safety are critical. Simplicity and reliability are important to
their needs as well.
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IEEE Std 2030.10-2021
IEEE Standard for DC Microgrids for Rural and Remote Electricity Access Applications

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).> >

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily

required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may
equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of

the referenced document (including any amendments or corrigenda) applies.

ISO 21780:2020, Road vehicles—Supply voltage of 48 V—Electrical requirements and tests.*
3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’

arc: A plasma bridge formed in a gap between two electrodes with sufficient potential difference, often
accompanied by sparks.

busbar: A metallic strip or bar used inside power distribution equipment to transfer high currents.

catenary: The curve that an idealized cable or chain assumes under its own weight supported only at the
ends, superficially similar to a parabola but actually a different mathematical function.

common-mode choke filter: Series in-line transformer used to mitigate common-mode current flow
without affecting differential current flow.

contactor: An electrically controlled switch used for repeatedly establishing and interrupting an electric
power circuit.

2 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations.

3 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.

4 ISO publications are available from the International Organization for Standardization (http://www.iso.org/) and the American
National Standards Institute (http://www.ansi.org/).

5 IEEE Standards Dictionary Online is available at: http://dictionary.iece.org. An IEEE Account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page.
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cross-contact: The accidental contact between dissimilar electrical systems such as one of the poles of the
low-voltage dc grid and an ac hot wire.

de-dc converter: A device or system for isolating and/or for changing dc at one voltage to dc at a different
voltage.

droop curve: A graph of voltage as a decreasing function of power for a power source used to determine
the operating point and balance currents when multiple power sources are connected in parallel.

earth fault: An unintended connection between an energized conductor and the earth or another conductor
such as a safety conductor, enclosure, or chassis that is deliberately connected to earth.

electronic fuse: A semiconductor device used to limit current during fault conditions similar to a thermal
fuse but capable of being electronically reset.

electromagnetic compatibility: The condition that prevails when devices or networks perform their
individually designed function in a common electromagnetic environment without causing or suffering
unacceptable degradation due to electromagnetic interference to or from other equipment in the same
environment.

fire: Self-supporting combustion that spreads, uncontrolled, with time, and in space, and may result in
bright light, heat, smoke, burning, or a combination of all the above. (Adapted from ISO 21780:2020)

NOTE—Information on references can be found in Clause 2.°

flyback diode: A diode connected across an inductor used to eliminate flyback, the sudden voltage spike
seen across an inductive load when the inductor’s current is suddenly reduced or interrupted.

gas discharge tube: A device consisting of a discharge gap between two or more electrodes hermetically
sealed in a ceramic or glass envelope containing a gas, used for surge protection, illumination, or other
purposes.

ground fault: See: earth fault.

Hall-effect probe: A magnetic flux density sensor containing an element exhibiting the Hall-effect to
produce a voltage proportional to the magnetic flux density.

maximum power point tracking (MPPT): A technique used to extract the maximum power from a
photovoltaic panel or other power source by continuously adjusting the input impedance of a converter so
that operating point of the source’s current-voltage curve stays at its maximum power despite changing
conditions of illumination, temperature, and load.

metal oxide varistor (MOV): An electronic component whose electrical resistance varies with its applied
voltage commonly used for surge protection.

microgrid: A group of interconnected loads and distributed energy resources with clearly defined electrical
boundaries that act as a single controllable entity with respect to the grid that may connect and disconnect
from the grid to enable it to operate in both grid-connected or island modes.

NOTE—The IEEE definition of a microgrid as given in other standards such as IEEE Std 2030.7™ assumes an ac
microgrid that is normally connected to the national grid. This definition clarifies that the microgrid may or may not
have a connection to the national grid.

¢ Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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protected extra low voltage: A circuit, operating at 60 V dc or below, in which one of the poles is
connected to earth.

sag: The distance measured vertically from a conductor to the straight line joining two points of support.
Unless otherwise stated, the sag referred to is at the midpoint of the span.

separated extra low voltage (SELV): A circuit, operating at 60 V dc or below, with both poles isolated
from earth.

service drop: The wiring from the grid point of attachment to the customer premises.
span: The distance measured horizontally between the supports of a conductor.

touch-safe: An energized surface that can be touched by humans without injury under normal, dry
operating conditions.

3.2 Acronyms and abbreviations

ACSR aluminum conductor, steel reinforced

ELVDC extra low voltage dc

NOTE—Sources differ on the definition. IEC 60038 defines it as less than 120 V dc. Other sources define it as less
than 60 V dc.

HDPE high-density polyethylene

MOSFET metal-oxide semiconductor field-effect transistor
MOV metal oxide varistor

MPPT maximum power point tracking

PELV protected extra low voltage

PV photovoltaic

PVC polyvinyl chloride

SELV separated extra low voltage

4. System architecture

4.1 Architecture overview

Any grid, including microgrids, can be partitioned into power sources, power distribution, and power
application that deliver power within a home or business to lighting, appliances, and other uses. (See Figure
1.) The requirements of this standard apply to the portion between the source attachment and the service
distribution.
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Figure 1—Basic microgrid architecture

Internal Distribution
panel

48 VDC refrigerator
48 to 12 VDC converter
DC/AC inverter

Example Appliance loads

This standard assumes that the most commonly used power source for this application will be photovoltaic
(PV) panels but does not preclude other sources such as wind power, micro-hydro, fossil-fueled generators,
energy storage systems, or even intermittent connection to a national grid with ac converted to dc via a
rectifier. It further assumes that the sources will be intermittent, so batteries are used to store and deliver

power when the load demand exceeds the available generated power.

In the most common configuration, PV panels are the primary power source. Power is delivered through a
charge controller to a battery bank when the sun is shining. The details of the PV panel to charge controller
wiring are outside the scope of this standard and implementers are responsible for conforming to the
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requirements of the local authority having jurisdiction for PV wiring. Likewise, the specifics of the charge
controller depend on the type of batteries in use and need to conform to existing standards. This standard
focuses on the wiring and associated components between the batteries and the service entry where grid
power enters the building.

More generally, the microgrid may consist of multiple power sources of varying types and similarly a
variety of loads with different characteristics. (See Figure 2.) When there are multiple source connections,
special provisions may be needed to balance the current between the sources (see A.9.3 and A.10.2), and if
the sources incorporate dc-dc converters, the converters shall be designed to be stable under all permitted
loads (see A.10.1).

Power Sources Source Attachments

~
Source

[j D Circuit Breaker

Solar array 1

~~
Source

D D Circuit Breaker

Solar array 2

Wind A~
Source
Circuit Breaker

| . o S

Power Transmission Lines — On poles or below ground

Branch Circuit
)4 Load Breaker Breakers

’z\\ 48 VDC refrigerator
= 48 to 12 VDC converter
DC/AC inverter

H Optional SPD

Service Entry Internal Distribution Example Appliance loads
to home panel

Figure 2—Microgrid with multiple power sources
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