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Abstract: Open system interfaces for high power electronics equipment used in zonal electrical 
distribution systems rated above 100 kW are identified in this standard. The required power, 
monitoring, information exchange, control, and protection interfaces are based on technological 
maturity, accepted practices, and allowances for future technology insertions. Also, rigorous 
assessment mechanisms, interface control management, and proactive conformance testing that 
shall be used to verify and validate open systems to enable plug-and-play operability independently 
of the components’ origin are defined.

Airports, hospitals, major data processing centers (especially those using uninterruptible power 
supply), broadcast systems, and maritime vessels and platforms are applications covered by this 
standard. Existing terrestrial utility power systems that do not yet contain the electronic power 
interfaces and high-speed communication networks that are essential to use this standard shall be 
upgraded by its application.

Keywords: IEEE 1826™, open system interfaces, PEEB, plug-and-play, power electronics, power 
electronics building blocks, quality of service, verification and validation, zonal electrical distribution 
system
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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 makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 

use of the material contained in its standards is free from patent infringement. IEEE standards documents are 
supplied “AS IS” 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.

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.
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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 

and 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 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.
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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 

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.

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 

 
IEEE SA Website at https:// standards .ieee .org/ about/ sasb/ patcom/ patents .html. Letters of Assurance 
may indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 01:14:49 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1826-2020

http://www.avadocuments.com/doc/ieee-1826-2020
http://www.avadocuments.com/doc/ieee-1826-2020


6
Copyright © 2020 IEEE. All rights reserved.

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 1826-2020, IEEE Standard for Power Electronics Open System Interfaces in 
Zonal Electrical Distribution Systems Rated Above 100 kW.

This standard defines how openness of system should be verified and validated through rigorous assessment 
mechanisms, interface control management, and proactive conformance testing to enable plug-and-play 
operability independently of components origin. Interfaces are grouped by functions, and are based on 
technological maturity, accepted practices, and allowances for future technology insertions in zonal electrical 
distribution systems rated above 100 kW.

This standard applies to electrical power distribution systems in airports, hospitals, major data processing 
centers (especially those using uninterruptible power supply), broadcast systems, and maritime vessels and 
platforms. Existing terrestrial power systems generally do not yet contain the electronic power interfaces and 
high-speed communication networks that are essential to use of this standard; however, it shall be applied to 
upgrade these legacy systems. Furthermore, this standard may be useful for evolving applications such as 
microgrids, distributed energy resources island systems, and innovative smart grid systems.
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IEEE Standard for Power Electronics 

Open System Interfaces in Zonal Electrical Distribution Systems Rated 

Above 100 kW 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 

environmental protection, or ensure against interference with or from other devices or networks. 

Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard identifies open system interfaces for high power electronics equipment used in zonal 

electrical distribution systems rated above 100 kW. Interfaces are grouped into key and non-key 

interfaces and are based on technological maturity, accepted practices, and allowances for future 

technology insertions. This standard defines how openness of system should be verified and 

validated through rigorous assessment mechanisms, interface control management, and proactive 

conformance testing to enable plug-and-play operability independently of the components origin. It 

also formulates specific interface requirements for open zonal electrical distribution systems on 

ships and platforms. 
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1.2 Purpose 

The purpose of this document is to provide a uniform standard for high-power electronics open 

system interfaces in zonal electrical distribution systems rated above 100 kW. The stated 

specifications and requirements are universally applied to maintain total power system performance 

and efficiency under changing mission and loads conditions. They are will be sufficient for most 

industrial and commercial installations, including ships and platforms. This standard complements 

IEEE Std 1662TM. 

1.3 Application and limitations 

A zonal electrical distribution system (ZEDS) consists of power system elements serving a group of 

loads and is part of a larger power system. A ZEDS plus the loads it serves comprise a zone. A ZEDS 

has a limited number of power and control interfaces with the larger encompassing system and has 

the property that faults within the zone do not propagate outside the zonal boundaries. 

This standard is intended to apply in cases where power electronics are the interface between the 

zones. It is not intended to apply where mechanical circuit breakers are the only means of isolating a 

zone. This standard applies to ZEDS employing power electronics and the loads served by the ZEDS 

aggregate to at least 100 kW. Possible applications include airports, hospitals, major data processing 

centers (especially those using uninterruptible power supply), broadcast systems, and maritime 

vessels and platforms. 

Existing terrestrial power systems generally do not yet contain the electronic power interfaces and 

high-speed communication networks that are essential to use this standard. In some applications, 

ZEDS can be designed without the use of power electronics to achieve the ZEDS objectives. This 

standard does not apply to these applications; a long phase-in period will thus exist before this 

standard can be generally applied to these legacy systems. 
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1.4 Intent 

This document applies open system concepts outlined by [B1] and [B24]1 to zonal electric power 

systems and microgrids controlled by power electronics. as described in [B25] and [B3]. For a zonal 

power system to be “open,” each device attached to the power bus shall meet these the following 

criteria: 

a) Each device shall implement certain functionality that lets it “play well” with the other 

system components, including implementation of power control and safety features. 

b) Each device shall conform to standard control and information interfaces. 

c) Each device shall conform to standard power interfaces. 

d) Each device shall conform to dependability requirements of IEC 62853 and[B29]2. 

e) Each device shall be qualified as recommended in [B4], [B5], [B6], [B18], [B2], [B21] and [B22]. 

This standard defines the functionality, control and information interfaces, and power interfaces. 

This document references and extends the application of IEEE Std 1662™ and IEEE Std 1676™1. 

Guidance on implementing open systems is provided by Levine et al. [B19] and Abbott et al. [B1]2. 

1.5 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).3,4 

1 2 The numbers in brackets correspond to those of the bibliography in Annex B.  

2 1Information on references can be found in Clause 2. 

3The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe 

unavoidable situations. 

4The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact. 
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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. 

IEC 60038:2009, IEC Standard Voltages.3 5 

IEC 61850-3, Communication networks and systems for power utility automation—Part 3: General 

requirements in Substations. 

IEC 62853, Open Systems Dependability. 

IEEE Std 493™, IEEE Recommended Practice for the Design of Reliable Industrial and Commercial 

Power Systems.4, 5 6,7 

IEEE Std 1012™ 2012,, IEEE Standard for System and Software Verification and Validation. 

 

5 3IEC publications are available from the Sales Department of the International Electrotechnical Commission, 3 rue de Varembé, 

PO Box 131, CH-1211, Geneva 20, Switzerland (http://www.iec.ch/). IEC publications are also available in ) and the United States 

from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http 

https://www.ansi.org/). 
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IEEE Std 1547.1™ 2005, IEEE Standard Conformance Test Procedures for Equipment Interconnecting 

Distributed Resources with Electric Power Systems and Associated Interfaces. 

IEEE Std 1547.4™, IEEE Guide for Design, Operation, and Integration of Distributed Resource Island 

Systems with Electric Power Systems. 

IEEE Std 1662™, IEEE Guide for the Design and Application of Power Electronics in Electrical 

Power Systems on Ships. 

IEEE Std 1676™, IEEE Guide for Control Architecture for High Power Electronics (1 MW and 

Greater) Used in Electric Power Transmission and Distribution Systems. 

IEEE Std 1709™ 2010, IEEE Recommended Practice for 1 kV to 35 kV Medium-Voltage DC Power 

Systems on Ships. 

IEEE Std 2030™, IEEE Guide for Smart Grid Interoperability of Energy Technology and Information 

Technology Operation with the Electric Power System (EPS), End-Use Applications, and Loads. 

IEEE Std 3002.2™, IEEE Standard for Recommended Practice for Conducting Load-Flow Studies and 

Analysis of Industrial and Commercial Power Systems. 

IEEE Std 3002.3™, IEEE Recommended Practice for Conducting Short-Circuit Studies and Analysis 

of Industrial and Commercial Power Systems. 

IEEE Std 3007.2™, IEEE Recommended Practice for the Maintenance of Industrial and Commercial 

Power Systems. 

 

 

 

6 4IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 

USA (https://standards.ieee.org/). 

7 5IEEE standards or products referred to in Clause 2 are trademarks of The Institute of Electrical and Electronics Engineers, Inc. 
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3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

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

Dictionary Online should be consulted for terms not defined in this clause.6 8 

community: A logical and physical grouping of neighborhoods. 

dependability: Ability to continue expected service under an unexpected event. 

galvanic isolation: A way to separate functional sections of electrical systems to prevent current 

flow between 

sections by electromagnetic (transformers), optical, acoustic, or mechanical means. 

generator start time: Maximum time following an interruption in power to restore generation 

capacity. 

neighborhood: A geographic or physical service area, a plant or grouping of buildings, a ship or a 

marine platform, or other similar entity. 

power grid: An assembly of normally interconnected power systems arranged to meet the power 

generation and consumption needs of a relatively large geographic area. 

power system:An assembly or grouping of generation, storage, and consumption assets arranged in 

a common community. 

reconfiguration time: Maximum time to reconfigure the distribution system without bringing on 

additional generation capacity. 

 

8 6IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.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 www.ieee.org/portal/innovate/products/standard/ 

/standards_dictionary.html. 
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zone: A logical and physical grouping of generation, storage, or consumption assets arranged in a 

common neighborhood. Zones with generation or storage may be operated for periods of time 

independently from the power system. A zone is the smallest logical and physical grouping of 

assets. 

3.2 Acronyms and abbreviations 

HDD hardware design description  

HMI human-machine interface 

HRS hardware requirements specification 

IDD interface design document 

IRS interface requirements specification 

MTBSI mean time between service interruptions 

QoS quality of service 

SRS systems requirements specification 

TRA threat and risk assessment 

t1 reconfiguration time 

t2 Generator start time 

VVP verification and validation plan 

V&V verification and validation 

ZEDS zonal electrical distribution system 
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4. Zonal electrical distribution system (ZEDS) fundamentals 

4.1 Introduction 

A zone is a logical and physical grouping of generation, storage, or consumption assets arranged in 

a common neighborhood. Zones with generation or storage may be operated for periods of time 

independently from the power system. A zone is the smallest logical and physical grouping of assets 

covered by this standard and is characterized by the following attributes: 

— Contains one or more independent power device, i.e., converter, load, storage, generator 

— Normally operates as an integral part of a larger system 

— May operate independently of the zonal system for limited periods of time under special 

operating conditions 

A Zonal electrical distribution systems (ZEDS consists) consist of power system elements serving a 

group of loads and is are part of a larger power system. A ZEDS plus the loads it serves comprise a 

zone. A ZEDS has a limited number of power and control interfaces with the larger encompassing 

system, and has the property ZEDS shall be designed so that faults within the zone do not propagate 

outside the zonal boundaries. Furthermore, a design objective of a ZEDS and the larger system 

containing it is that loads served by it are provided with the type of power, quality of power, and 

quality of service (QoS) specified by a customer-supplier agreement. Loads served by the ZEDS only 

receive power via the ZEDS. The power system elements comprising a ZEDS include power 

conversion equipment, controls, switchgear, cabling, and, optionally, energy storage and generation. 

 In many applications, the boundaries of the zone will correspond to geographical boundaries. From 

a power system perspective, this is not strictly required. Furthermore, even if geographical 

boundaries are employed, not all power system equipment within the geographical boundaries is 

necessarily part of the ZEDS. Likewise, not all loads within the geographic boundaries are 

necessarily part of the zone. Examples of applications of ZEDS are provided in Annex A. 
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If required by the customer, a ZEDS has the capability to operate when isolated from the rest of the 

power system for either a limited period of time or continuously. In this case, the ZEDS shall have 

energy storage and/or generation. Specific guidance for understanding how distributed resources 

(both generators and energy storage systems) may be established as ZEDs that are isolated from the 

rest of the power system is provided in IEEE Std 1547.4 1™ and IEEE Std 1547.4™. In some 

applications, a ZEDS can be designed without the use of power electronics to achieve the ZEDS 

objectives. This standard does not apply to these applications. Figure 1 shows a zonal power system 

as an element of a larger power system. 

 

Figure 1—Power system versus zone (graphic) 

Figure 2 shows the elements of a zonal power system and their power interfaces. 
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Figure 2—Electrical power block diagram 

ZEDS load flow and short-circuit studies and analysis shall be performed for each ZEDS component, 

including power electronics, as determined in IEEE Std 3002.2™ and IEEE Std 3002.3™, respectively.  

4.2 Zonal systems dependability 

IEC’s definition of dependability is the ability to perform as and when required. In zonal systems, it 

includes ability to continue expected service under an unexpected event, even under circumstances 

where the given information on the system is incomplete. In order to provide continuous service in 

spite of failure or of deliberate changes of the system itself, as well as the surrounding environment, 

dependability management activities shall be conducted throughout the open system life cycle as 

described in [B29]. International standard IEC 62853 requirements shall be applied in order for zonal 

system to achieve open systems dependability and to accommodate changing characteristics of open 

zonal systems. 
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4.3 Zonal distribution system elements 

4.3.1 External-to-bus conversion 

The external-to-bus conversion element has shall be designed to have the following functions: 

a) Prevent fault propagation to the external power system or other zone(s) due to faults within 

the zone 

b) Prevent faults observed on the external interface from propagating to the in-zone distribution 

bus. 

c) Convert power received through the external interface from the external power system or 

other zone(s) to the power type needed for the in-zone distribution bus. 

d) Convert power from the in-zone distribution bus originating from in-zone energy storage or 

in-zone generation to the power type needed by the external power system or other zone(s) 

via the external interface Additionally, the external-to-bus conversion element may be 

designed to convert power from the in-zone distribution bus originating from in-zone energy 

storage or in-zone generation to the power type needed by the external power system or 

other zone(s) via the external interface (optional). 

A ZEDS may have multiple external-to-bus conversion elements to interface with one or more 

external power systems or other zone(s). 

4.3.2 In-zone distribution bus 

The in-zone distribution bus provides a means for the exchange of power among external-to-bus 

conversion, in-zone energy storage, in-zone generation, and bus-to-internal conversion. The in-zone 

distribution bus may be totally enclosed within the boundaries of a single equipment cabinet or 

distributed throughout the zone. The in-zone distribution bus may be segmented into multiple 

buses. 
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