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Abstract: A framework for monitoring the effects and evaluating comprehensive benefits of 
demand response programs is proposed in this guide. From perspectives of ex-ante and ex-post 
evaluation, this guide introduces the evaluation processes on demand response effects with its 
comprehensive benefits and implemented calculation methods in detail. This guide could be 
applied in various electricity market structures to provide utilities with the references for the 
planning, design, implementation, and post-evaluation of demand response programs. 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 
IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be 
obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html. 

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE 
Standards are documents developed through scientific, academic, and industry-based technical working 
groups. Volunteers in IEEE working groups are not necessarily members of the Institute 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. 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.  

IEEE does not warrant or represent the accuracy or content 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. 
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: 
PROCUREMENT OF 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 should be considered 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, or 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 his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE. 

Comments on standards 
Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide 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 revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

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 imply 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 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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 fee, 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. 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 ten years. When a document is more than ten 
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 the IEEE Xplore at 
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more information about the 
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Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
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Attention is called to the possibility that implementation of this standard may require use of subject matter 
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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 04:05:53 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2030.6-2016

http://ieeexplore.ieee.org/
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-2030-6-2016
http://www.avadocuments.com/doc/ieee-2030-6-2016


 

 
Copyright © 2016 IEEE. All rights reserved. 

6 

Participants 

At the time this IEEE guide was completed, the IEEE 2030.6 Working Group had the following 
membership: 

Peng Li, Chair 
Naihu Li, Vice Chair 

 
Alstom 
China Datang Coorporation 
China Southern Power Grid 
 

North China Electric Power 
University 

Honeywell 
Panasonic 

Siemens Smart Metering 
Solutions Co., Ltd. 

Southeast University 
Tsinghua University 
 

 

Fang Cao 
Qixin Chen 
Chengwei Dai 
Chongbin Gao 
Chengyu Jiang 
Yuyang Lai 
Lipeng Li 
Tingting Li 

Yang Li 
Yehong Li 
Haiyang Liu 
Wenxiao Ma 
Zhe Ming 
Qiang Shuai 
Yujun Sun 
Beibei Wang 

Ke Wang 
Ting Wang 
Yan Wang 
Yong Xiao 
Lizi Zhang 
Minming Zhang 
Dengiun Zhao 
Rongzong Zhou 

The following members of the individual balloting committee voted on this guide. Balloters may have 
voted for approval, disapproval, or abstention. 

 

Alstom 
Beijing Sifang Automation Co., 

Ltd 
China Datang Corporation 
China Energy Engineering 

Group Co. Ltd. 
China Southern Power Grid Co., 

Ltd. 

Electric Power Research 
Institute, Inc. (EPRI) 

Honeywell International Inc. 
Jiangsu Shenma Electric Co., 

Ltd. 
Nissan Motor Co, Ltd. 
North China Electric Power 

University 

Panasonic Corporation of North 
America 

Shanghai Jiao Tong University 
Siemens Corporation 
Southeast University, China 
Southwest Jiaotong University 
Tsinghua University 

When the IEEE-SA Standards Board approved this guide on 16 May 2016, it had the following 
membership: 

Jean-Philippe-Faure, Chair 
Ted Burse, Vice Chair 

John D. Kulick, Past Chair 
Konstantinos Karachalios, Secretary 

Chuck Adams 
Masayuki Ariyoshi 
Stephen Dukes 
Jianbin Fan 
Ronald W. Hotchkiss 
J. Travis Griffith 
 

Gary Hoffman 
Michael Janezic 
Joseph L. Koepfinger 
Hung Ling 
Kevin Lu 
Gary Robinson 
Annette D. Reilly 

Mehmet Ulema 
Yingli Wen 
Howard Wolfman 
Don Wright 
Yu Yuan 
Daidi Zhong 
 

*Member Emeritus 
 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 04:05:53 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2030.6-2016

http://www.avadocuments.com/doc/ieee-2030-6-2016
http://www.avadocuments.com/doc/ieee-2030-6-2016


 

 
Copyright © 2016 IEEE. All rights reserved. 

7 

Introduction 

This introduction is not part of IEEE Std 2030.6-2016, IEEE Guide for the Benefit Evaluation of Electric Power Grid 
Customer Demand Response. 

As the participation of demand response (DR) in electric power market becomes a hot topic, an increasing 
amount of DR related studies and applications have been conducted in China and all over the world. 
Therefore, the rules of DR in participating electricity markets and the program designs become increasingly 
significant. 

The Effect monitoring index system and benefit evaluation system, which are scientifically reasonable, 
have important guiding significance on the design and implementation of DR programs and the regulation 
of DR markets. However, systematic and scientific guidance and universally accepted technical 
specifications on DR effect monitoring and benefit evaluation have not been established. To this end, the 
IEEE Guide for the Benefit Evaluation of Electric Power Grid Customer Demand Response is proposed. 
This guide establishes the effect monitoring index system of DR programs, and proposes the methods for 
DR baseline calculation and comprehensive benefit evaluation. According to the different DR program 
types from the perspective of different market entities, the proposed methods are able to perform 
corresponding comprehensive system analyze the benefits, and provide regulation and guidance to the 
projects under various market structures. 
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IEEE Guide for the Benefit Evaluation of 
Electric Power Grid Customer Demand 
Response 

1. Overview 

1.1 Scope 

This guide describes the index framework of DR programs on effect monitoring and comprehensive benefit 
evaluation, and provides the detailed calculation methods. This guide could be used by DR sponsors, 
including independent system operator (ISO), region transmission organization (RTO), electricity 
distribution company (EDC), load service entity (LSE), governments, and other research institutes, to 
analyze the actual effects of DR programs, evaluate the comprehensive benefits of implementing DR 
programs, and provide guidance for the overall resource planning decision. 

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 60050-603, International Electrotechnical Vocabulary– Chapter 603: Generation, transmission, and 
distribution of electricity - Power systems planning and management.1 

IEC 60050-617, International Electrotechnical Vocabulary– Part 617: Organization/Market of electricity.  

IEC 60050-691 International Electrotechnical Vocabulary: Tariffs for electricity. 

                                                 
1 IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch/). IEC publications are also 
available in the United States from the American National Standards Institute (http://www.ansi.org/). 
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3. Definitions and symbols 

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.2 Terms and definitions specified 
in IEC 60050-603, IEC 60050-617, and IEC 60050-691 and listed below should be obeyed.3 

actual load: Load measured by meters when customers participate in demand response (DR) events. 

adjustment factors: Factors used for benefits pre-evaluation of demand response (DR) program. 
Specifically, the factors include availability of DR program IA, notification time for dispatch IB, flexibility 
of the program trigger IC, avoided or deferred T&D system upgrades ID, and avoided energy costs IE, 
among which IA, IB, and IC are used to adjust avoided capacity costs, ID is used to adjust avoided 
transmission and distribution costs, and IE is used to adjust avoided energy costs. 

administrative costs: The costs of hiring personnel to manage demand response (DR) programs and 
operate professional equipment and technologies. 

avoided capacity: The amount of newly installed capacity avoided due to demand response (DR) 
implementation. 

avoided capacity costs: The reduced investment on new installed capacity of supply side achieved by 
demand response (DR) implementation. 

avoided energy: The electricity generation that could be reduced due to demand response (DR) 
implementation. 

avoided energy costs: The generation costs reduction due to reduced energy consumption achieved by 
demand response (DR) implementation. 

avoided operating costs: The reduced operating costs for utility companies achieved by demand response 
(DR) implementation. 

avoided power loss costs: The saved economic value by reduced outage probability and improved system 
reliability. 

avoided transmission and distribution costs: The reduced investment of transmission and distribution 
facilities as peak load is curtailed achieved by demand response (DR) implementation. 

capacity/ancillary service program: The way to utilize customers’ responsive load as system reserve to 
substitute conventional generator units or provision of supply resources. 

critical peak price (CPP): A dynamic pricing mechanism developed under which the price is obtained by 
superimposing critical peak rates on time of use price (TOU). 

customer baseline load: The probable load demands in post-evaluation procedure without demand 
response (DR) implementation. 

                                                 
2IEEE Standards Dictionary Online subscription is available at: http://ieeexplore.ieee.org/xpls/dictionary.jsp. 
3 Information on normative references can be found in Clause 2. 
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customer reference load: The probable load demands in pre-evaluation procedure without demand 
response (DR) implementation. 

demand response (DR): The participation of customers in electricity markets by changing their electricity 
consumption patterns in response to the price signals or incentive mechanisms from DR service providers. 

demand response resource: The capacity of controllable load and responsive generation participating in 
demand response (DR) programs. 

demand side bidding (DSB): The mechanism for demand side resources to participate in electricity 
markets, which allows consumers to actively join market bidding to obtain economic benefits by adjusting 
their energy consumption patterns. 

direct load control (DLC): The demand response (DR) control method by which, as contractually agreed 
previously by the supply and demand parties, the end-use equipment may be shut down or operated in the 
cycle control mode during peak hours. Generally, when the supply needs to be interrupted, the notice of 
DLC will be sent 15 min in advance. 

emergency demand response: A type of demand response (DR) program requiring customers to quickly 
curtail or shift load in response to the emergency requests from utility companies. 

emission reduction benefits: The energy-saving and emission reduction benefits achieved by demand 
response (DR) implementation in the perspective of the entire society. 

equipment costs: The costs of equipment purchasing, installation, operation, and maintenance. For 
electrical power customers, equipment costs refer to the expenses of purchasing smart meters and other 
equipment for participating in demand response (DR) programs. For utility companies, equipment costs 
refer to the expenses on equipment including smart power utilization management system, master station, 
optical fiber communication system, etc. 

event: The process from utility company initiating demand response (DR) request, to related customers’ 
participation, and until the completion of response. 

incentive-based demand response: Demand response (DR) programs in which power customers are 
involved to direct load control or voluntary consumption adjustment, and rewarded by incentive bonus or 
discounts on electricity bills. The methods include direct load control, interruptible load, demand side 
bidding, emergency DR, capacity/ancillary service program, etc. 

incentive payment: The rewards to customers that performed load curtailment during demand response 
(DR) events. 

interruptible load (IL): The demand response (DR) control method by which, as contractually agreed 
previously by the supply and demand parties, utility companies issue interruption request signals to 
customers during the peak hours and interrupt power supply after customers’ responses. 

load reduction: The difference between the customer reference load (customer baseline load) and actual 
load during the event. 

load transfer costs: The loss of service revenue due to load curtailment, and the costs for adjusting the 
production/operation (commercial and industrial customers) and utilization schedules (residential 
customers) in advance. 
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price based demand response: A type of demand response (DR) program in which customers participate 
by adjusting their demand and controlling their electricity costs in response to the changes of electricity 
retail prices. The pricing mechanisms include time of use pricing (TOU), real time pricing (RTP), critical 
peak pricing (CPP), etc. 

real time price (RTP): A dynamic pricing mechanism under which the electricity retail price is updated 
based on the wholesale market clearing price. 

time of use price (TOU): A tariff pricing mechanism under which a cycle is divided into several periods 
based on the electricity demand and supply with various retail prices. TOU includes peak-valley price, 
seasonal price, abundant-dry season price, etc. 

transaction costs of participants: The expense of technical training, decisions enforcement, metering, and 
audit for program participants during the transaction of demand response (DR) programs. 

3.2 Symbols 

,new iC  The amortized purchase cost of the ith newly-installed equipment in each year 

,old iC  The amortized purchase cost of the ith non-newly-installed equipment 

Si  The price of the ith newly-installed equipment in each year 

r  The annual amortization rate 

ti  The amortization period of the ith equipment 

si  The installation cost of the ith newly-installed equipment 

CO,i  The operation cost of the ith equipment 

CM,i  The maintenance cost of the ith equipment 

iP∆   The load curtailment for the ith customer 

Ti  The curtailment duration 

pi  The subsidy for per kWh for the ith customer 

commitment,iP  The customers’ electricity payment without discount 

iρ  The unit subsidy for the ith customer 

P(t) The series of load by time 

T The duration 

P  The electricity price with DR implementation 

p(Δt) The real time price 

Δt The changing cycles of price 

n  The number of cycles 

I  The numbers of customers 

M0  The electricity expenses before DR implementation 

TE∆  The avoided electricity of grid 
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