Ref. Ares(2021)511377 - 21/01/2021

DRIMPAC project has received funding from the EU’s Horizon 2020 research
and innovation programme under grant agreement No. 768559

Project Acronym:

DRIMPAC

Project Full Title:

Unified DR interoperability framework enabling market participation of
active energy consumers

Grant Agreement:

768559

Project Duration:

36 months (01.09.2018 – 31.08.2021)

DELIVERABLE D5.1
Report on activities for the definition and promotion of
DRIMPAC standardization punch-list
Work Package

WP5 – Business modelling, policy support and
standardization activities

Task

T5.1 – Report on activities for the definition and promotion
of DRIMPAC standardization punch-list

Document Status:

Final

File Name:

DRIMPAC_D5.1_JRC_v1.0.docx

Due Date:

29.02.2020

Submission Date:

22.01.2021

Lead Beneficiary:

JRC

Dissemination Level
Public

X

Confidential, only for members of the Consortium (including the Commission Services)
Public

Page 1

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1

Authors List
Leading Author
First Name

Last Name

Nikoleta

Andreadou

Beneficiary
JRC

Contact e-mail
Nikoleta.Andreadou@ec.europa.eu

Co-Author(s)
#

First Name

Last Name

Beneficiary

Contact e-mail

1

Ioannis

Poursanidis

JRC

Ioannis.Poursanidis@ext.ec.europa.eu

2

Alexandre

Lucas

JRC

Alexandre.Lucas@ec.europa.eu

3

Evangelos

Kotsakis

JRC

Evangelos.Kotsakis@ec.europa.eu

4

Paolo

Bertoldi

JRC

Paolo.Bertoldi@ec.europa.eu

5

Giorgos

Pitsiladis

Hypertech

g.pitsiladis@hypertech.gr

6

Mikhail

Langovoy

KIT

mikhail.langovoy@kit.edu

7

Dimitrios

Thomas

JRC

Dimitrios.Thomas@ec.europa.eu

Reviewers List
Reviewers
First Name

Last Name

Beneficiary

Yannis

Damousis

CERTH

Marco

Barbagelata

STAM

Public

Contact e-mail
damousis@iti.gr
m.barbagelata@stamtech.com

Page 2

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1

Legal Disclaimer
DRIMPAC project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No.768559. The sole responsibility for the content of
this publication lies with the authors. It does not necessarily reflect the opinion of the Executive
Agency for Small and Medium-sized Enterprises (EASME) or the European Commission (EC).
EASME or the EC are not responsible for any use that may be made of the information contained
therein.

Copyright
Copyright © 2019 DRIMPAC Project

Public

Page 3

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1

Revision History
Version

Date

Author

Content change description

0.1

22.01.2020

Ioannis Poursanidis

Creation of structure

0.2

31.01.2020

Nikoleta Andreadou

Status in EU policies

0.3

04.02.2020

Ioannis Poursanidis

DR status
introduction

0.5

18.02.2020

Nikoleta Andreadou

Description of standards
international level

0.6

21.02.2020

Giorgos Pitsiladis

DRIMPAC
smart
system description

0.7

24.02.2020

Mikhail Langovoy

Standardization
extensions
enabled by DRIMPAC

0.8

25.02.2020

Ioannis Poursanidis

Completion of Chapter 5 and EU
status in DR

0.9

26.02.2020

Nikoleta Andreadou

Executive
conclusions

1.0

28.02.2020

Alexandre
Lucas,
Evangelos Final corrections
Kotsakis, Paolo Bertoldi

1.1

03.12.2020

Dimitrios Thomas

Public

of

China

summary

and
at

building

and

Updates that reflect the 1st review
outcome (section 3.1).

Page 4

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1

Executive summary
This is the first version of the series of deliverables to define and promote the standardization punchlists in terms of the DRIMPAC framework. In this deliverable, the goal is to define the status of
demand response and depict the standardization effort in this field. As a next step, the DRIMPAC
framework is examined and extensions to the existing standards are noted down. The extensions serve
to make the usage of DRIMPAC solutions interoperable and facilitate the usage of demand response
programs among residential users.
In this preliminary version, we give the description of the most important standards in the field of
demand response, whereas we identify a list of standards that address issues in the demand response
field. The task is ongoing and the complete description of the list of standards along with a detailed
status outside the EU on demand response will be accomplished in the second version of this
deliverable, which will be delivered at M36. In this version, key subjects discussed are:


The status of demand response in Europe, meaning what is being done in different countries in
Europe to promote demand response programs and products. The role of H2020 projects is
also mentioned, meaning that the relative work done in projects working on demand response
is depicted. In addition, gaps and recommendations are presented in the field, based on the
work of the European Smart Grid Task Force Expert Group for the Deployment of Demand
Side Flexibility. In the latter work, gaps are identified and recommendations are provided at
European level.



A preliminary version of the status in the field of demand response and the standards existing
in this field at international level is presented. Specifically: a detailed description is presented
with respect to the development in China; the standardization work in the USA is listed with
particular reference to one of the standards; the standardization work in international level is
identified with specific reference to two important documents (standard, protocol).



The DRIMPAC smart building system is explained and presented along with the system
components. The extensions needed for existing systems and standards are explained in order
to be compatible with the DRIMPAC framework.



Extensions to OpenADR are also examined as well as extensions to OneM2M in the
framework of DRIMPAC. A preliminary description is made with respect to such extensions.

As future work for the second version of the deliverable it is planned to extend and finalize the
analysis of the demand response status at international level, addressing the key points of the standards
referring to demand response. In addition, as the rest of the deliverables will be completed, a clearer
picture of the extensions created in the framework of DRIMPAC project will be available. Therefore,
it is expected to depict the work done in order to make DRIMPAC solutions interoperable and ready to
use by other systems. The full list of the extensions to existing standards will be depicted, taking into
consideration the realization of the pilot sites and the work done in all deliverables.
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1. Introduction
This deliverable is the first version of the two deliverables on the definition and promotion of
standardization punch-lists under the DRIMPAC framework. The DRIMPAC project consists of seven
(7) Work Packages (WPs) including, in total, forty-six (46) deliverables.
The work rationale of the deliverable is to analyze materials from the project and to perform a gap
analysis in terms of standards and regulations. In order to address the needs of the Task 5.1 “Report on
activities for the definition and promotion of DRIMPAC standardization punch-list v.1”, we identified
all the potentially relevant deliverables that could be used as input. The total number of these
deliverables counts to seventeen (17), i.e. 37% of all deliverables. The number of the deliverables
already delivered is fifteen, i.e. 33% of total. From the seventeen (18) deliverables identified as
relevant to Task 5.1 only three (3) have been already delivered, i.e. 18% of the total amount of relevant
to T5.1 deliverables.
For the needs of this deliverable, we cover standardization gaps identified during the process of
development of the four (4) relevant deliverables that have been already delivered. The remaining
deliverables, relevant to Task 5.1, will be covered in the second version of this work that will be
delivered at the end of the DRIMPAC project.
Figure 1 presents the graphical representation of the above-described situation1.
Table 1 presents the (potentially) relevant to task T5.1 deliverables and the rationale behind relevancy
for each one of them.

Figure 1. Status of DRIMPAC deliverables relevant to Task 5.1
Table 1. Deliverables relevant to task T5.1 and rationale for relevancy
SN
D1.2

D1.4

D2.1
1

Deliverable
Innovative energy retailer business 
model proposal and market analysis
(e7)
DRIMPAC technical specifications 
and system architecture (CERTH)
Analysis of standards and protocols 
in the building automation and

Rationale behind relevancy
Delivered
YES
Innovative business model proposal
for covering market needs
Technical
specifications
and
description
of
architectural
components
Analysis of existing standards and

YES

YES

As of February 2020
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D2.2

D2.4
D3.1

demand response domains (KIT)
DRIMPAC Common Information 
Model and Ontology (KIT)
DRIMPAC interoperability layer 
prototype
Customer Energy Manager and 
extended BEMS (Hypertech)

D3.2

Virtual Energy Storage module
(Hypertech)



D3.4

Predictive Maintenance component
for home appliances and energy
equipment (Siemens)
DRIMPAC solution integrated
prototype (CERTH)
DRIMPAC solution interoperability
verification and testing results
(CERTH)
DRIMPAC
solution
holistic
evaluation (JRC)



DRIMPAC solution integrated
prototype v.2 (CERTH)
D4.10 DRIMPAC solution interoperability
verification and testing results v.2
(CERTH)
D5.3 Policy-market
reform
recommendations report (e7)
D5.4 Consolidated
report
on
the
innovative business models for
energy retailers (e7)
D5.5 DRIMPAC replication roadmap
(e7)
D5.7 Policy-market
reform
recommendations report v.2 (e7)



D4.3
D4.4

D4.8

D4.9



protocols of the domain of interest
Architectural depiction of the new
CIM and ontological components
developed
Description of the interoperability
layer prototype
Description of the extensions to the
customer
building
energy
management system (BEMS)
Description of the development of a
new module for virtual energy
storage
Description of new component
development

NO

NO
NO

NO

NO

Description of DRIMPAC solution
prototype
Description of the means through
which interoperability is verified
and tested
Holistic evaluation of DRIMPAC
solution assessing the effectiveness
of the tools used and extensions that
took place for the realization of DR
programmes
Description of DRIMPAC solution
prototype
Description of the means through
which interoperability is verified
and tested
Recommendations on market reform

NO



Description of innovative business
models for energy retailers

NO



Description of replication roadmap

NO



Recommendations on market reform

NO







NO

NO

NO
NO

NO

The above list of deliverables is mentioned, as these are found to be relevant to possible alterations in
standards/ protocols. In the final version of the deliverable, where the pilot sites will be fully
developed, a detailed analysis will be provided with respect to the alterations and additions made by
DRIMPAC project to existing standards. In the rest of the document, we analyse the status in
standardization and policies. We have selected the standards that are relevant to demand response, at
European and international level. In this first version of the deliverable, the most popular standards are
analysed at international level and the most recent policies are examined. A short reference to
additional standards is made. In the final version of the deliverable, a further analysis will be made.
Chapter 2 presents the situation for DR policies in the EU. Chapter 3 identifies the Status and
Standardization work on DR in the EU, the USA and China as well as international Standardization
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work on DR. Chapter 4, briefly, presents the DRIMPAC Smart builing system, its components
interactions between them. Chapter 5 presents the Standardization extensions2 enabled by
DRIMPAC framework where identified gaps are addressed. A comprehensive list with all
extensions will be included in the second version of the deliverable. Chapter 6 concludes
deliverable.

2

and
the
the
this

As of February 2020
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2. DR policies
In this chapter, DR policies at European level are discussed. The most recent policies in the field of
electricity and especially on the topic of demand response are described.
2.1

EU

2.1.1 Policies in the European Union
Among the policies at European Union level, in this document we analyse the most recent ones
relevant to the topic, which contain the most updated information to be used as a guideline for further
actions. The most recent policies that give guidelines for demand response issues are examined. These
are the Regulation (EU) 2019/943 of 5 June 2019 on the internal market for electricity and the
Directive (EU) 2019/944 of 5 June 2019 on common rules for the internal market for electricity and
amending Directive 2012/27/EU.
Regulation (EU) 2019/943
The European Union has recently approved the Regulation of 5 June 2019 on the internal market for
electricity [1]. It addresses the topic of demand response in several articles, listed below:
Article 3:
The article highlights the fact that electricity markets should facilitate demand response for final
customers. The markets should promote the aggregation of loads from different demand response
facilities in order to have joint efforts on the electricity market. In addition, investment incentives
should be enhanced so as to contribute to the spread of demand response activities.
Article 6:
This article refers to balancing markets. It is stated that balancing markets should foster nondiscrimination rules for customers to facilitate participation in DR individually or through aggregation.
The different technical needs are taken into consideration.
Article 12 and 13:
These articles refer to the dispatching and re-dispatching of power generating facilities. Market-based
mechanisms should be the basis for selecting DR resources. Only on the occasion of a very low
number of available DR facilities, should non-market based re-dispatching be used, since a low
number would mean competition is endangered. In any case, financial compensation should take place.
Annual reporting is necessary on behalf of the TSO or DSO with respect to the extent of development
of market-based re-dispatching mechanisms.
Article 18:
The article addresses charges on the network and in general the usage of the network. It is defined that
network charges should not be a negative incentive for demand response users. On the other hand,
such charges should not be either a positive incentive for aggregation.
Article 23:
This article refers to European resource adequacy assessment. Such an assessment should give an
overview of the adequacy of the system to satisfy electricity demands. It should also consider the
contribution of demand response sources for covering electricity demands. An assessment of the DR
development should also be done.
Article 57:
This article focuses on the necessity of cooperation between the TSOs and DSOs for the achievement
of coordinated access to resources, including demand response.
Article 59:
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It is mentioned that network codes should be established. With these network codes, uniform condition
rules are ensured, whereas it is clearly stated that rules on aggregation are included. The Commission
can adopt delegated acts on network connection rules regarding the connection of demand units used
to provide demand response.
Directive (EU) 2019/944
The Directive of 5 June 2019 on common rules for the internal market for electricity and amending
Directive 2012/27/EU [2] addresses the topic of demand response in several articles, listed below:
Article 3:
This article deals with the electricity markets in the member states and highlights that alternatives to
the construction of new generating capacity, like DR solutions should be considered. In addition, final
customers should receive all relevant DR data.
Article 17 and article 31:
This article addresses DR through aggregation. It is mentioned that Member States should facilitate
the participation of customers in DR programs through aggregation. TSOs and DSOs should establish
the technical requirements for participation of DR in all electricity markets; such requirements should
cover participation through aggregated loads. All customers should be treated in a non-discriminatory
way.
Article 40:
This article specifies the tasks of the TSOs. The availability of the ancillary services, including those
provided by DR, have to be ensured.
The TSOs should be able to procure non-frequency ancillary services from providers of DR; such
services replace electricity capacity and support the efficient operation of the transmission system. The
above is not valid in case the regulatory authority has evaluated that the provision of non-frequency
ancillary services is not economically efficient. TSOs need to establish the specifications for the nonfrequency ancillary services procured and the standardized market products for such services.
Article 20 and 23:
These articles deal with data management and smart metering systems. Such systems should support
automated demand response. There is a Union legal framework providing the rules regarding access to
data by the final customers.
Article 32:
This article tackles the topic of regulating the incentives for the use of flexibility. The MS should
provide the correct incentives to DSOs in order to foster DR programs. Apart from the provision of
flexibility services, the DSOs should ensure that energy efficiency measures are put into practice,
which contribute to the upgrade of the electrical system. Non-discriminatory measures should be
followed for such services to be adopted. In addition, coordination is necessary between the TSOs and
DSOs for the optimal utilization of resources in order to ensure the efficient operation of the system.
Article 51:
This article mentions that the TSO should consider the potential for the use of DR for the creation of a
long-term development plan. DR can be an alternative to system expansion and the expected
consumption.
From the above, it is clear that DR is a topic for newly created policies and there are many aspects
needed to take into consideration.
2.1.2 Gaps and barriers in DR identified at EU level
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The European Commission initiated the Smart Grid Task Force Expert Group 3 for the Deployment of
Demand Side Flexibility (DSF) in 2017 in order to identify gaps and provide recommendations in the
field of demand response. The group gathered information out of 41 use cases realised in Europe in the
field; the information gathered was based on a detailed questionnaire addressing questions, among
others, about defining flexibility products, market participants, customer related issues, defining the
baseline of demand response programs, etc. As a further step, 8 main areas have been identified for
which gaps and recommendations have been provided. The information collected from the 41
questionnaires was used to identify the gaps and provide recommendations for these 8 areas of interest.
The final report [3] describes these gaps and recommendations. Table 2 lists them in order to give the
picture of the areas identified as the ones that need further work, like for example network codes to be
developed.
Table 2. Areas identified by the SG TF EG 3 for which gaps and recommendations are provided
n.
1
2
3
4
5
6
7
8

Area
Customer perspective
Market access
Flexibility Product Design
Market Process and Coordination
Measurement, Validation and Settlement of Flexibility Products
Technical Solutions and Platforms to Fulfil System and Grids Needs for Flexibility
Privacy and Security
General Considerations

In the following, we give a short description of every identified area in terms of the gaps and
recommendations suggested.
Customer perspective
In order to successfully employ demand response, it is essential to have customers’ acceptance. The
technical solutions available need to be simple enough for the users to handle. A number of gaps have
been identified and the respective recommendations have been drawn. These are listed as follows:
 There is a lack of standardization with respect to technical solutions offered and
interoperability is not guaranteed. As a recommendation, these aspects should be improved.
 Customer awareness is low, which indicates that actions should be taken both at European and
national level.
 The price signals are not clear and cannot give incentives to customers. As a recommendation,
better incentives, financial or not should be given.
 A better contractual choice for the use of aggregators should be offered.
Market Access
There are four gaps and their respective recommendations identified for this area, listed as follows:
 There are different standards and prequalification methods followed across Europe, which is a
barrier for the deployment of demand response. As a recommendation, standardization of
smart meter platforms and technologies is required.
 There is a lack in a clear framework for providers of flexibility, like the aggregators, which
should be tackled.
 There is no clear framework for the integration of implicit and explicit demand response,
which should be solved.
 Data sharing is vital and correct data access as well, meaning that these are areas where the
rules should be defined in a clear way.
Flexibility Product Design
There are 5 gaps and their respective recommendations found for this category.
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There is a need for a clear product definition. As a solution for this, a European framework for
product definition should be defined.
Better knowledge of locational information is required for correct flexibility bids.
The prequalification process needs for actors and products should be user friendly.
There is a need for a trade-off between short-term and long-term products. Consequently,
availability contracts within different products should be analysed.
Responsibilities of different BRPs on one connection point should be clarified. Thus,
connection to a smart sub-meter or smart gateway is needed to collect the correct data.

Market Process and Coordination
Two gaps and their recommendations are identified for this area.
 Market accessibility is a barrier and to overcome it, an EU framework should be created in
order to have a fair level playing field for all service provides providing flexibility resources
that participate in the market.
 Market fragmentation is an issue to be encountered; it can be solved with an integrated system
approach, which includes coordination between all market players.
Measurement, validation and settlement of flexibility products
There are two gaps and their equivalent recommendations for this area; however, the predominant one
refers to the definition of baseline, which is fundamental to define the flexibility that has been
delivered.
 There is the need to have a methodology for baseline setting, which is simple, accurate and
transparent. Therefore, it is necessary to categorize best practices for baseline design and
methodology development for selecting and validating baseline methodologies.
 The choice of defining where the metering point will be set is an issue; for this purpose, best
practices for sub-metering need to be developed.
In general, although measurement, validation and settlement procedures are developed at national
level, there is a need for harmonization at European level.
Technical solutions and platforms to fulfill system and grids needs for flexibility
There several gaps identified for this area, listed as follows:
 There is the need for higher observability of the distribution grid through smart meter. Thus, a
smart meter roadmap is needed and the usage of smart meter data to enhance grid monitoring
is necessary.
 It is observed an inadequate load and generation forecasting at distribution level, which will
become even greater since the load and the RES generation are expected o increase in the
future. Therefore, it is needed that load and generation forecasting are improved for the
distribution grid in the day-ahead and intraday markets.
 It is noticed that there are many emerging platforms that are not harmonized. As a
recommendation it is suggested that common rules for the communication solutions are put
into practice.
 Network codes are needed to ensure grid stability, which may not exist at the current time.
Privacy and security
There are three issues identified in this area.
 It is required to define in a clear way who has access to data. In addition, the routes of access
need to be specified.
 It is also necessary to define, clearly, which information should be made transparent and
available in the energy sector. All rules on encryption should be applied.
 Data protection should take place at source, in transit and at rest, whereas data should be
destroyed equivalently when necessary.
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General considerations
Apart from the above areas that have been identified, there is also an important general
recommendation and it concerns the already realised use cases and the the ones to be realised in the
near future. There is the fear of work duplication plus the non-effective dissemination of results.
Therefore, it is suggested that EU collective learning is improved and reporting of the projects and use
cases on demand response takes place regularly. The dissemination of results and lessons learned
should be done at European level.
Market inconsistencies
Another issue that has to be addressed, and could potentially be part of the identification procedure for
standardization gaps/inconsistencies, is the extent to which the aggregators business is being regulated.
The situation for information and financial transaction flows between the aggregator and/or its
customers and retailers and/or brokers taking part in DSR programs is different across EU member
states. In markets such as those of Austria and Germany, retailers are both informed for upcoming
DSR programs and compensated by the aggregators for any losses incurred due to the deployment of
DR events. In the UK market, they are not. There is a paramount need for harmonizing the situation
across member states.
2.2

Future Work

Apart from the EU, there are policies in the field of demand response also in other countries and/or at
international level. For example, there are countries, like the USA and China where demand response
has been developed. As future work, the situation in such countries will be examined together with the
development of policies at international level. For this reason, there will be the second version of this
deliverable, which will depict such issues. This work is ongoing and will be finalized at the end of the
DRIMPAC project.
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3. Status and Standadization work on Demand Response
In this chapter, we give the status in Europe and beyond with respect to demand response. For the
creation of the standardization punch-list, it is important to check what exists not only in Europe, but
also at worldwide level, find the similarities and differences in methodologies and policies in different
parts of the world.
3.1

EU

3.1.1 DR status
In [4], the authors present the DR status in the EU Member States. Initially, they introduce the term of
DR and provide information on the legislative framework fostering the adoption and implementation
of DR programs. Two broad categories, namely explicit and implicit DR programs are identified. The
role of the aggregator and the retail business model are elaborated. Next, they present a methodology
through which demand response can be incorporated as a component of power systems planning. They
identify the needs of:
 authorizing demand-side resources to compete with supply-side resources
 enabling aggregators to participate in markets with specific roles and responsibilities within a
standardized framework
 adjusting technical modalities in line with the capabilities of the participants in DR programs
The authors provide a summary on the implementation of DR programs at the Member State level.
Next, information gathered from the National Energy Efficiency Action Plans (NEEAPs) of the
Member States illuastrates the provisions on DR at the country level. The results of a JRC Survey
(2015) on DR are presented as well. The participation of DR programs in different markets, i.e.
wholesale market, ancillary services market, etc. are discussed. The status of regulation concerning
aggregators is, briefly, elaborated along with types of network charges relevant to DR. Main market
enablers and barriers for each of the studied countries are discussed as well. The authors conclude their
work with recommendations on improving the situation for DR in the Member States of the EU.
In [5], the authors study the reasons behind lack of DR implementation in the EU. The status of DR
and recommendations for full integration of DR in energy markets are provided as well. The authors
introduce relevant EU energy policies and market structures. Methodological aspects of the approach
used are presented. Three groups of countries are identified with respect to the regulation and technical
rules enabling DR programs. Key elements for enabling aggregated demand response such as market
structures elements, aggregation of loads, and technical modalities accounting the capabilities of the
participants are discussed.
In [6], the authors study the policy, regulations and the deployment status of DR in Europe. Table 3
presents indicative DR programs as identified by the authors.
Table 3. Indicative Demand Response Programs




Implicit DR Programs
Time of Use Pricing
Critical Peak Pricing
Real Time Pricing





Explicit DR Programs
Direct Load Pricing
Interruptible Pricing
Demand Bidding

The authors identify the policy documents related to the adoption of demand response and provide an
assessment of the European regulatory framework with respect to DR. They discuss the role of ESOs3
in the development of Standards that will foster the integration of DR programs in the everyday
business of electricity system operators. Relevant mandates and standards are identified and discussed.

3

European Standardization Organizations, i.e. CEN, CENELEC, ETSI
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The authors state that the theoretical capacity of DR in the EU market could reach 14% of peak
demand. Information on ongoing research activities related to DR is provided as well.
In [7], the authors deal with the Explicit Demand Response in Europe. They identify the regualatory
requirements for enabling DR. Next, they present the methodological approach used and provide an
informative report for a number of selected Member States of the European Union. Finally, they
present the mechanisms through DR programs and Service providers acquire access to Markets, DR
product requirements, and measurement, verification as well as payments and penalties schemes.
Figure 2 presents the status for explicit DR in Europe.

Figure 2. Status4 of explicit DR in Europe, Source: [7]
The situation in the EU is fragmented and the need for further regulatory developments and
cooperation for the exchange of expertise is identified, among others. Each studied country is assessed
with respect to a set of pre-defined criteria and an overall score at the country level is determined.
Power volumes for DR program in wholesale level as well as balancing and ancillary services
provision are presented per each assessed country.
In [8], the author assesses the theoretical potential for DR in Europe. Theoretical background, data and
methodology used are presented. Process and appliances considered in relevant domains (industry,
tertiary, residential) along with relevant DR measures for each case (load shedding, advance/delay)
and calculation formulas are provided. Sectoral shares in average potential load reduction or increase
are provided at the country level.
Figure 3 presents the calculated load reduction/increase potential (in kW/km2) in Europe.

4

As of 2017
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(a)

(b)

Figure 3. Density of load reduction (a) and increase (b) potential in kW/km2 in Europe, Source:
[8]
The ratio of the average load reduction potential over the annual peak load demand ranges between 7%
and 26% capturing the different potentials for the Member of the EU. Relevant figures are provided
for load increase potential as well.
In [9], the authors study the activation of DR by independent aggregators. They highlight the
importance of DR as a flexibility resource and outline the EU proposal on DR aggregation. InFigure
1Figure 4 and Figure 5, the situation regarding the responsibilities of each of the involved stakeholder
without and with the activation of DR programs is visually presented. An assessment of the potential
economic impact of DR activation by Independent Aggregators in the Intraday Market for the
countries of Germany and France for two consecutive years is provided as well. Finally, the
compatibility of the approaches on the mechanisms of compensation of effects on the system from
independent DR activation are confronted and an evaluation of compatibility with the EU proposal
takes place.

Figure 4. Illustration of a Shift of Imbalances/Imbalance Responsibility from the Supplier’s BRP
to the Aggregator’s BRP, Source: [9]
In [10], a report summarizing the role and potential of electricity demand response in the EU is
performed. Possible role, potential and barriers for DR in the EU electricity system, the current status
and the expected progress for the deployment of DR in the EU are discussed.
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Figure 5. Operation and impact of DR activation with rebound and volume correction,
Source: [9]
Table 4, presents the types of the DR programs as identified in one of the presentations of the
workshop. Table 5 presents the value of DR programs in four dimensions, namely the energy,
capacity, flexibility, and network dimension as presented in one of the presentations of the workshop.
Many countries still do not have an adequate regulatory framework for guaranteeing progress in the
implementation of DR programs. Different market design structures are presented, where DR included
are presented as well.
Table 4. Types of Demand Respone in EU member states, Source: [10]
Demand Response







Incentive-based
Direct load control programs
Curtailable load programs
Demand bidding programs
Emergency demand response programs
Capacity market programs
Ancillary services market programs





Price-based
Time of use pricing
Critical peak pricing
Real time pricing

Table 5. Value of demand response services, Source: adapted from [10]
Value of Demand Response
Energy value
Capacity value
Adaptation of load demand curve to
 Avoid unnecessary investment in peak
balance supply and demand
generation to ensure system adequacy
Flexibility value
Network value
 Providion of flexible/reliable reserves to
 Balancing of supply and demand locally
TSOs in order to balance the power
in order to avoid congestions
system
The quantification of a building’s energy performance is an important step towards enabling a more
active participation of buildings in demand side flexibility and particularly in explicit demand
response, paving at the same time the road to climate neutrality. Towards the quantification of the
demand side flexibility of buildings, a study [11] of Smart Energy Europe (smartEn) proposes a metric
in terms of CO2 emissions which, (i) is connected with building’s carbon emissions, (ii) is subject to
the building’s contribution of the energy system and the local low-voltage system and, (iii) is
associated with building size. The metric’s unit is CO2 / m2.
This metric characterizes the actual performance of a building (compared for instance to the current or
future potential of the same building) and it is based on smart meter data and similar devices
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supplemented by sub metering, Building Energy Management and Control System data where present.
Therefore, the metric is charachterized as actual performance metric.
In an effort to connect this metric expressed in CO2 to the demand side flexibility potential and the
demand response capacity of each building, the authors propose the use of a detailed set of metrics:
 kWh of dispatched volume/time period to the market;
 kWh of offered volume/time period to the market ;
 Max kW capacity offered.
While the authors suggest the use of smart meters, submeters, Building Energy Management systems,
etc., to quantify the CO2 energy-related emissions from a property/building, they do not propose a
rigorous methodology for this, neither have they managed to adequately justify the connection
between the building’s potential contribution to demand response schemes and the quantification of
CO2.
Another study [12] from the same organization examines the progress on the implementation of the
electricity market design to further promote demand side flexibility. This monitoring report presents
the progress of ten European countries on the implementation of central articles for demand-side
flexibility around:
 Market-based procurement of all Decentralised Energy Resources (DER) by System
Operators,
 Non-discriminatory participation of all DER to all markets and mechanisms,
 Frameworks for innovative services,
 Access to price signals for end-users.
The implementation of the electricity market design aims to remove regulatory barriers, promote
innovative data-driven energy services, foster industrial competitiveness and create new jobs across
Europe. The report concludes that, while many countries have already made satisfactory progress to
respect many articles of the electricity regulation (EE 2019/943), the implementation of some articles
related with crucial aspects of demand response (such as integration of electric vehicles, DSOs
incentives for flexibility, citizen energy communities) is lagging behind.
H2020 projects
In the EU, a plethora of projects related to DR are funded under the H2020 programme. A list of
projects on DR can be found below:
 Renewable Energy for self-sustAinable island CommuniTies, REACT [13]
o Large-scale deployment of RES and storage on geographical islands will be
demonstrated. Cloud-based ICT platform will be utilized for the support of
cooperative energy management strategies at the community level. Flexibility will be
exploited through the deployment of explicit and implicit DR programmes.
 Demand Response in Block of Buildings, DR-BOB [14]
o Demonstration of economic and environmental benefits of DR in blocks of buildings.
Savings in energy and electricity demand as well as reduction of peak demand with
respect to minimum night demand will be demonstrated.
 Integrated demand REsponse Solution towards energy POsitive NeighbourhooDs, RESPOND
[15]
o Demonstation of cooperative DR at the building and district level. Seamless
integration of DR enabled elements due to the use of open standards for
interoperability is the key goal. Energy data analytics and forecasting of relevant
quantities will comprise key part of the solution.
 Energy services demonstrations of demand response, FLEXibility and energy effICIENCY
based on metering data, FLEXICIENCY [16]
o Large-scale demonstation of the deployment of novel services in the electricity retail
markets are expected to be accelerated thanks to an opean European Market Place.
More efficient energy behaviours and usage patterns will be addressed. Metering data
will act as key facilitator fostering optimization and control.
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Demand Response Integration tEchnologies: unlocking the demand response potential in the
distribution grid, DRIVE [17]
o Multi-agent systems, forecasting and cybersecurity will be used to deliver an
interoperable and secure DR management platform for aggregators. DR services will
be enabled at the prosumer level for supporting grid stakeholders and DSOs
Simulation Supported Real Time Energy Management in Building Blocks, Sim4Blocks [18]
o Innovative DR services will be developed for small residential and commercial
customers. Renewable and co-generation supply systems and the necessary ICT
infrastructure will be used for testing DR strategies. Dynamic DR and optimal use of
DR capabilities in the context of market tariffs and RES supply will be assessed.
Enabling Demand Response for short and real-time Efficient And Market Based smart Grid
Operation - An intelligent and real-time simulation approach, DREAM-GO [19]
o DR programs are used for leveraging demand flexibility on centralized and
distributed models of the power system. Participation of SMEs is expected to fertilize
with ideas an competences the scientific community and other smart grid actors. A
more efficient Smart Grid is envisioned with the developed DR framework.
New Buildings Energy Renovation Business Models incorporating dual energy services,
NOVICE [20]
o New business model in building renovation will be developed for better monetizing
energy efficiency by focusing both on DR and energy savings. New actors such as
aggregators are introduced and a framework for collaboration with ESCOs is defined.
Enabling new Demand REsponse Advanced, Market oriented and Secure technologies,
solutions and business models, eDREAM [21]
o A novel near real time DR scheme based on secure blockchain-driven technological
and business framework aimed at optimizing aggregated flexibility provisioning to
DSOs is proposed. Novel designs for flexibility market and services/products along
with cooperative DSO-aggregator business models are provisioned.
Integrating Real-Intelligence in Energy Management Systems enabling Holistic Demand
Response Optimization in Buildings and Districts, HOLISDER [22]
o A holistic DR optimization framework is introduced enabling significant energy costs
reduction. A wide range of mature technologies is integrated into an open and
interoperable framework. Implicit and hybrid DR schemes are utilized. New business
models for intermediaries and third parties are proposed.
Future tamper-proof Demand rEsponse framework through seLf-configured, self-opTimized
and collAborative virtual distributed energy nodes, DELTA [23]
o A DR management platform distributing part of Aggregators intelligence into lower
layers is proposed. A fully autonomous architectural design is delivered. Full-scale
market and grid services are provisioned through the delivery of explicit and implicity
DR schemes. Potential grid constraints are satisfied through flexibility activation with
the use of Multi-Factor Forecasting and Deep Reinforecement Learning Profiling.
Open protocols for interoperability are exploited.
Interactions between automated energy systems and Flexibilities brought by energy market
players, InterFlex [24]
o The emporement of DSOs in the transition to more flexible local energy systems is the
main goal of the project. A number of use cases on energy storage, demand response
schemes, integration of EV users and automation of grid operations are envisioned to
be demonstrated.
Democratizing energy markets through the introduction of innovative flexibility-based
demand response tools and novel business and market models for energy cooperatives,
FLEXCoop [25]
o An end-to-end Automated DR Optimization framework is introduced. Novel business
models are realized. Cooperatives are equipped with innovative tools making them
capable of participating in balancing and ancillary markets. An open and
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interoperable DR optimization framework is built including a tool suite for energy
cooperatives and prosumers involved in DR value chain.
New Cost Efficient Business Models for Flexible Smart Grids, NOBEL GRID [24]
o New DR schemas will be enabled with the use of advanced ICT services for DSOs.
New business models for aggregators will be demonstrated as well. Advanced services
to actors in retail markets are designed in order to ensure that consumers will benefit
from cheaper prices, stable power grids and low carbon electricity supply.
Generalized Operational FLEXibility for Integrating Renewables in the Distribution Grid,
GOFLEX [25]
o Cost-effective use of DR in distribution grids is enabled. Flexibility services are
enabled across general (different loads and devices) and operational (accountin for
local grid problems) domains. Flexibility in automatic trading of general, localized,
device-specific energy and flexibility in trading aggregated prosumer energy is
enabled. Thermal and electric loads are included for load flexibility provision.
Increased observability and congestion management are provisioned to contribute to
the platform through the use of Smart Grid technologies.

3.1.2 Standardization work
The following standardization items, within the EU context, have been identified as relevant to DSM
and DR. Below, a list of them is provided:
 Mandate M/441 – Standardization Mandate to CEN/CENELEC/ETSI in the field of measuring
instruments for the development of an open architecture for utility meters involving
communication protocols enabling interoperability [26]
 Mandate M/490 – Smart Grid Standardization Mandate to European Standardization
Organizations (ESOs) to support European Smart Grid deployment [27]
 KNX Demand Side Management – White Paper [28]
 EN 13321-1:2012 – Open data communication in building automation, controls and building
management – Home and building electronic system [29]
 EN 50491 series – General requirements for Home and Building Electronic Systems (HBES)
and Building Automation and Control Systems (BACS) [30]
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3.2

USA

3.2.1 DR status
In the USA, the field of demand response is developed in terms of DR programs offered and research
performed. Due to the huge amount of information to be elaborated and work to be delivered, this is an
ongoing task and will be concluded in the final version of the deliverable. In this version, we refer to
relevant standardization work performed in the USA, which will also be further developed in the final
version of this deliverable.
3.2.2 Standardization work
There are several attempts for standardization in the field of demand response in the USA, since it is a
country where demand response has been developed. In this preliminary version, we develop
extensively only the work of NAESB – North American Energy Standards Board. There are a number
of standards identified that refer to issues related to demand response. However, their detailed
description will be developed in the second version of this deliverable, expected to take place at the
end if the project.
NAESB – North American Energy Standards Board
The work has been performed in the framework of the “Implementation Proposal for the National
Action Plan on Demand Response”, which was issued by the US Department of Energy (DOE) and the
Federal Energy Regulatory Commission (FERC). There were 4 working groups formed, one of which
focused specifically on: Measurement and Verification for Demand Response Resources. The work of
the latter group performed also a review on the Business Practice Standards for Demand Response
Measurement and Verification of the North American Energy Standards Board (NAESB).
Demand Response is addressed in two broad contexts, namely the Settlement and Impact Estimation.
The former refers to determining demand reductions achieved by individual program participants
along with setting financial rewards or penalties, whereas the latter one refers to determination of
program-level demand reduction for ongoing program valuation.
NAESB business practice standards:
In the NAESB business practice standards, it is defined that there are five performance evaluation
methods for estimating the demand reduction of the service provided by a demand response resource.
As it is expected, for calculating the demand reduction of a service before and after the demand
response event, estimating the baseline becomes of vital importance. The 5 methods are listed as
follows:
1. Maximum Base load: when the demand resource keeps electricity usage below a certain level
2. Meter before / Meter after: when the electricity demand is compared in two time periods, one
during the demand response time occurrence and one with similar readings prior to realization
of demand response event
3. Baseline Type I: when the historical interval meter data is used of the demand resource
4. Baseline Type II: when statistical sampling is used for an aggregated demand resource so as to
estimate the electricity usage; with this methodology, interval metering is not available for all
demand response resources.
5. Metering Generator Output: when the output of a generator which is located behind the
demand resource’s revenue meter; the demand reduction value is based on this output
Methodologies #4 and #5 are the most common ones for defining demand response baselines.
The aforementioned methodologies entail specific criteria, listed as follows:
Criteria for methodologies:
 Baseline information: baseline window, calculation type, sampling precision and accuracy,
exclusion rules, baseline adjustments, adjustment window
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Event information: use of real-time telemetry, use of after-the-fact metering, performance
window, measurement type
Special processing: highly-variable load logic, on-site generation requirements

Especially for the baseline information, practical examples are given for the values of interest:
 Baseline window: the last 10 non-holiday weekdays; the 10 most recent program-eligible nonevent days; the 10 most recent program-eligible days beginning 2 days before the event
 Exclusion rules for the definition of the baseline window: excluding days with DR events,
days with outages, days with extreme weather, days with lowest/ highest loads.
 Calculation type: average value (take the average value of load for a specific hour over the
days of calculation), regression (calculate the load with a regression model including other
parameters like weather, etc).
It can be seen that there are several values that can be used in order to define the baseline window and
various ways of making the calculation.
Measurement and Verification Methods for Settlement:
In this context, individual program participants are evaluated in terms of the demand reductions
achieved. The load characteristics play an important role as to the demand response measurement and
verification choices and accuracy achieved. Therefore, it is important to define such characteristics,
which are listed below:
Load Characteristics:
 Business or customer type
 Weather sensitivity: it is crucial to define if the loads are weather sensitive or not
 Seasonality: make sure the baseline includes data from a specific season, especially for nonweather sensitive loads
 Operational variability – highly variable loads: such loads are a challenge for measurement
and verification methodologies
 Presence of facilitating technology: automating solutions make it easier for end-customers to
participate in demand response programs and help in defining the baseline
 Shift cancellation and other operational response to event notification or anticipation: demand
response event notification or anticipation can facilitate the participation of customers in such
events
 DR resources providing load reduction every day: it is important to identify resources that can
provide flexibility on a daily basis
There are program design features that influence Measurement and Verification choice and accuracy,
which are listed as follows:
Program design features:
 Rules to ensure comparable days in baseline calculations: similar days should be chosen in
order to define the baseline;
Challenges: DR is performed on extreme days, making it difficult to find similar days without a DR
event; too few recent non-event days (previous reason can be the cause)
 Notification rules and day-of-event adjustments: the events that can take place during the
adjustment window can vary; examples can be preparatory increase or decrease in response to
notification, anticipatory increase or decrease prior to notification (eg. pre-cooling or preheating a building prior to DR event)
Methods for Impact Estimation:
In this context, determination of program-level demand reduction for ongoing program valuation is
performed. Estimation deals mainly with determining the demand response program effects.
There are several impact estimation methods, listed as follows:
Methods:
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1. Individual regression analysis: it refers to a regression model fixed to a customer’s load data
for a specific period of time (season/ year). Such regression models usually refer to individual
customers taking into account the non-event days; event day terms can also be included with a
small modification in the model. Equation 1 shows the mathematical expression of the model:
𝐿𝑗𝑑ℎ = 𝑎𝑗ℎ + 𝛽𝑗ℎ 𝐶𝑑 + 𝜀𝑗𝑑ℎ + 𝛿𝑗ℎ 𝐸𝑑
(1)
In the above equation: Ljdh is the customer’s load j at hour h of day d; Cd is cooling-degree-days for
the day; αjh and βjh are base and cooling coefficients for each hour h of the day, for each customer; ε jdh
is residual error; Edh is a dummy variable that can be 0 or 1, indicating that an event happened on day
d; δjh is the event effect for hour h.
The last term in Equation 1, can be present or not depending if event day terms are present or not.
2. Pooled regression analysis: it is similar to method n. 1 with the difference that a single model
is applied to a large group of participants. Equation 2 shows the mathematical expression of
the model:
𝐿𝑗𝑑ℎ = 𝜇𝑗 + 𝜏𝑑ℎ 𝑎ℎ + 𝛽ℎ 𝐶𝑑 + 𝜀𝑗𝑑ℎ + 𝛿ℎ 𝐸𝑑
(2)
The parameter μj is an incremental fixed level for customer j; τdh are fixed effect terms affecting all
customers for a particular day and hour; the rest of the terms are as described in Eq. 1 but here they
refer to a group of customers instead of an individual one.
3. Match days: similar non-event days are identified to the event day and the baseline is fixed
according to the average of the match days that is calculated.
4. Experimental design: customers are divided randomly in two groups, the control and the
treated group. One group serves to calculate the baseline (control) and the other is the one that
undergoes demand response events (treated). The averages of the groups are estimated along
with the difference.
5. End-use Metering for DR Impact Estimation: metering samples are the basis for residential
DR programs. This method is applied mainly for direct load control and impact estimation is
done for each end user.
The match days methods are more difficult to assess in terms of accuracy than regression models. On
the other hand, for variable loads that are not well described by hourly or weather models, match day
methods can prove to be more effective. There are different techniques for improving accuracy,
including taking into account variations across days, across end customers, model estimation errors,
model lack of fit error, prediction error and method specification error [31].
The following standardization, within the US context, items have been identified as relevant to DSM
and DR. Below, a list of the them is provided:
 OpenADR 2.0a Profile Specification v1.0 [32]
 OpenADR 2.0b Profile Specification v1.1 [32]
 2030.5-2018 – IEEE Standard for Smart Energy Profile Application Protocol [33]
 2030.6-2016 – IEEE Guide for the Benefit Evaluation of Electric Power Grid Customer
Demand Response [34]
Other material, relevant to DR, within the US context, is available below:
 OASIS Interoperation Version1.0 [35]
 OASIS Energy Market Information Exchange (EMIX) Version1.0 [36]
 NIST Technical Note 1832 – Facility Smart Grid Interface and a Demand Response
Conceptual Model [37]
 ASHRAE materials5 on DR [38]
 Series of annuals reports on Demand Response & Advanced Metering, FERC6 [39]

5
6

In the form of trainings, conference proceeding, journal publications, seminars etc.
Federal Energy Regulation Commission of the USA
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3.3

China

In this section, a description of the situation in China is presented. It should be noted, that whereas the
other parts are still under elaboration, and future work is expected to be performed in order to finalise
them, this part is at its final form in this version and no significant changes are predicted. For the
creation of the standardization punch-list, it is important to check what exists at worldwide level, find
the similarities and differences in methodologies and policies in different parts of the world.
3.3.1 DR status
In [40], the authors provide a DSM classification in order to explain the changes to the shape of the
load demand in each case. Figure 6 summarizes the situation.

Figure 6. DSM classification for explaining load shaping, Source: [40]
Different schemes for dealing with increased demand either through DR or through increase in the
power output are described. Figure 7 outlines the situation. The attributes of all the potential options
are briefly explained.
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Figure 7. Schemes to deal with increased demand, Source: [40]
In Table 7 and Table 8 the authors identify the active DR programs in China and the target set in each
of the four pilots that were established up to 2015.
Table 6. Active DR Programs in China
Price-based
programs
Time-of-use
rates
Critical peak
pricing (CPP)
Two-part
pricing

Incentive-based
programs
Interruptible/curtailable
load
Direct Load Control
(DLC)

Policy-guided
programs
Power
rationing
Orderly power

Table 7. Pilot DR programs in China until 2015
City

Beijing

2015 Load Reduction Goals (MW)
Temporary
Permanent
Total load
reduction
reduction
reduction
150
650
800

Suzhou

200

800

1000

Foshan

90

360

450

Tangshan

Total load reduction - 400

Targeted End Users

Commercial buildings,
industry and municipal
facilities
Industry and Municipal
facilities
Industry and Municipal
facilities
Industry

In [41], the authors present the status, feasible market schemes and pilots for electricity demand
response in China. Figure 8 presents a comparison between energy savings achieved as a result of a
DSM program aiming at permanent reduction of demand and the variation in demand during a DR
event.
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Figure 8. Comparison between energy savings from DSM programs and variation in demand
due to a DR event, Source: [41]
The authors of the paper present the status quo of the Chinese electricity industry where information
on installed capacity of different technologies, annual working hours of different types of power
plants, the monopolistic structure of the power flow, electricity prices ranges, the distribution of
electric power load are presented, among others. The types of DR programs (see Table 3, Table 4) are
introduced as well. Figure 9 presents the roadmap of DR-relevant policy development in China.

Figure 9. DR policy development roadmap in China during 1990-2015, Source: [41]
The following mechanisms are identified as feasible in order to promote DR program under the current
situation:
 Adoption of cap and trade schemes
 Encouragement of the curtailment service providers (CSP)
 Development and extension of price-based programs
 Improvement of orderly power limitation
 Implementation of subsidized DR programs
 Implementation of DR start ratings
Figure 10 presents the framework for DR pilots in Shanghai and Foshan respectively.
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(a)

(b)

Figure 10. DR pilot frameworks for Shanghai (a) and Fosan (b), Source: [41]
Results are presented and the effectiveness of the DR programs is assessed through the so-called
completion ratio (CR), i.e. CR = (Vactual/Vpredicted)*100% where Vactual, Vpredicted are in (kW).
In [42], the authors present DR regulations, pilot projects and recommendations for the Chinese
market. Figure 11 presents the main parties involved in DR programs. Figure 12 presents the
classification of DR programs with respect to incentives given to end-users to participate in DR
programs.
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Figure 11. Main DR participant, Source: [26]

Figure 12. DR classification with respect to incentives for participation in programs, Source:
[42]
The authors present the evolution of the electricity market status in China and justify the necessity of
adoption of DR programs in the Chinese context. The main rationale behind these methodological
developments is provided. These methods, chronologically ordered, are the following:
 Electricity conservation management methods (2000)
 Guidance of strengthening electricity demand side management (2004)
 The emergency notification of strengthening electricity demand side management,
implementing orderly power consumption (2008)
 Power demand side management measures (2011)
 The temporary managing method of central financial reward fund in cities for comprehensive
pilot work of electricity demand side management (2012)
Message sequence charts (MSC) depicting the chain of events and prerequisites for the realization of
DR events are presented. Technology and policy challenges for the implementation of DR programs in
the Chinese context are discussed. A comparative assessment between the Chinese and other contexts
is done as well. Potential future developments are discussed accounting for the different relevant
vectors ranging from technological development of new more appropriate solutions to the formation of
proper policy frameworks that will accelerate the rate of adoption and implementation of DR
programs.
In [43], the authors discuss the challenges and drivers for smart demand response in China. They aim
at identifying China-specific challenges in contrast to international experience, determining the drivers
for effectively overcoming the barriers, recommending policies for future smart demand response
developments in China. The main division between price based programs and incentive based
programs is highlighted. Price based programs include time of use (TOU), real time pricing (RTP),
critical peak pricing (CPP), peak time rebate (PTR) while in incentive-based programs mechanisms
such as direct load control (DLC), interruptible or curtailable load (IL), and demand side bidding
(DSB) or buyback are included.
The economic basis and the benefits for utilities due to the deployment of DR events are clarified. The
high potential for system cost savings due to avoidance of peak demand is underlined as well. Other
potential benefits of using DR programs such as alleviation of abuse of market power of wholesalers,
improvements in market efficiency, reduction in short term electricity pricing, deferring investments in
system capacity and grid expansion are identified.
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In the past the policy initiatives, in China, where focused on the supply side rather than the demand.
Recently, more attention is given to demand as well since load limiting access to electricity to end
users, especially big commercial and industrial ones is not an economically effective alternative for
avoiding large-scale black outs.
The four types of existing DR programs in China include mandatory time of use for industrial and
commercial users, voluntary time of use for residential users, interruptible loads, and direct load
control. Compensation mechanisms for participation in DR programs are established either in per kW
basis (capacity provision) or in per kWh basis (energy provision).
Three categories of challenges for the development and adoption of smart demand response strategies
are identified, namely financial and market, consumer and infrastructural challenges. Figure 13
presents the traditional and new electricity market design frameworks in China capturing the
challenges for the needed reform in the structure of the electricity system.
Generation
companies

Fixed on-grid tariff

National utilities
(Only buyer)

Transmission

National utilities
(Only seller)

Fixed retail tariff

End users

The traditional electricity market design in China

National utilities

Transmission charge
Generation
companies

Bilateral trading or centralized trading

End users

Bilateral trading or
centralized trading
Retail suppliers
(including national
utilities)

The new electricity market design in China

Figure 13. Traditional and new electricity market design frameworks in China, Source: [43]
The main drivers of smart demand response development and adoption include the reform of the
electricity market (wholesale market for electricity, regulation of monopolies in the electricity market),
emergence of demand aggregators, challenges with renewables integration and decentralized operation
of the electricity system are addressed. The authors conclude with the policy implications that the new
developments in the operation and topological structure of the electricity power system bring.
Resource pools for DSM programs have been established in the cities of Beijing, Shanghai, Suzhou,
Foshan, as well as Jiangsu Province. DR programs are supported by government programs, grid
enterprises, and load aggregators. The Ministry of Finance of China funds these initiatives. The types
of loads mainly considered as relevant to DR program deployment are central air conditioner,
decentralized air-conditioner, water pump, fan systems, electric heat storage boilers, electric heating
equipment, electric furnace equipment, etc. Figure 14 presents the workflow of a trial implementation
in the city of Beijing [44].
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Figure 14. Beijing DR trial implementation structure, Source: [44]
In [45] the China specific situation for demand response (DR) programs is elaborated. The effort
needed to be put in overcoming key issues are outlined along with the needed investments for the
industry reform that has to take place.
DR programs are investigated as an effective alternative for dealing with increased demand for
electricity in China. The country has faced power shortages leading to compulsory load shedding
actions for big periods. The little effort put to the integration of DR programs as a tool for managing
the electricity system is rooted on lack of experience for designing such programs, low consumer
engagement, lack of government support and the unavailability of advanced metering infrastructure.
The role of TOU and interruptible load pricing mechanisms as well as storage in reducing the severity
and duration of power outages is highlighted. Three representative case studies for the cities of
Beijing, Jiangsu, and Guangdong are presented. Peak load reduction achievement are provided. The
use of ice-storage air conditioners and heat-storage electric boilers as means of exploiting excess
energy production are encouraged. In Jiangsu, interruptible tariffs, voluntary load shifting, energystorage devices, TOU pricing, electric load management centers (ELMC) are utilized as means of
demand reduction.
Figure 15 presents, the flowchart for involuntary load management adopted in Guangdong where the
load management coordination group (LMCG) was formed by members of local government and
utilities.
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Figure 15. Flowchart of involuntary load management, Source: [45]
Finally, the authors suggest the adoption of DR implementation as a priority policy, the provision of
stable and adequate funding, the implementation of further pricing reforms7 as further steps towards
the inclusion of DR programs in the planning process of power system operation.
In [46], the authors describe the situation for DSM and DR programs in China. Specific focus is given
to the city of Beijing. With the support of China’s Ministry of Finance and of the National
Development and Reform Commission DSM pilots where launched in four cities. Specific goals where
set and prioritization of the sectors through which the goal of peak reduction will be achieved is done.
In 2013, the US-China EcoParntership program8 was established in order to transfer the know how for
DSM best practices from the USA to China. Figure 16 presents the BEEC-NRDC EcoPartnership
implementation structure.

7

Targeted increase of prices for large industrial consumers where prices are set below the cost of production,
reliability-differential pricing, critical peak pricing plan for large industrial consumers, financial incentives for
enrolled consumers, system benefit charge at the bills of consumers for funding DSM deployment, better
government coordination and long-term measures for promoting DR programs
8
Co-administered by the Beijing Energy Conservation and Environmental Protection Centre (BEEC) and the
Natural Resources Defense Council (NRDC)
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Figure 16. BEEC-NRDC EcoPartnership implementation structure, Source: [46]
Relevant experts were hired in order to coordinate the implementation of DSM projects. Overall goals
for permanent load reduction through the adoption of DSM programs for the city of Beijing are
described along with the data collection and information platform used for doing so. An information
exchange channel between China and the USA is in place and relevant developments are
communicated between relevant partners.
Challenges including the need for coordinated support for DSM practices, delays in payments to
participants reduce the motivation for participating in DSM and DR programs, low energy awareness
of end users, and slow pace of the reforms in the electricity market are identified as the main problems
to be tackled.
In [47] the energy efficiency potential of DSM strategic plan for Jiangsu province in China is
elaborated. Specific focus is given on DSM portfolio components and the implementation roadmap.
The work mainly focuses on increasing energy efficiency and not DR programs.
Table 8 summarizes the status of DR pilot projects in China within a study on the potential roles for
demand response in high-growth electric system with increasing shares of renewable energy
generation [48].
Table 8. DR pilot projects in four cities of China

Programs
offered

Load
Curtailment
Target
Targeted
Consumers

Types of Projects

Suzhou, Jiangsu

Beijing

Interruptible load
programs (realtime and contract
demand response)
1000 MW

Interruptible load
and peak load
pricing

Industries and
municipal
facilities
Nearly 400
facilities

Foshan,
Guangdong
Cooling storage
pricing

Tangshan, Hebei

800 MW

450 MW

400 MW

Industrial,
commercial, and
municipal
facilities
131 projects
which targeted 45

Industries and
municipal
facilities

Industries

80 energy
efficiency projects

35 energy
efficiency projects
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Actual Response
in 2015

connected to a
enterprises for
for industries and
DSM-service
dynamic pricing
30 projects for
platform for peak
peak demand
load management
shaving
2716 customers,
74 customers,
123 customers,
2037 MW
71MW
176MW
Source: adapted from [48]

for power plants

NA

3.3.2 Standardization work
In 2010, the National Energy Administration (NEA) and the Standardization Administration of China
(SAC) joint their forces in order to establish the National Smart Grid Standardization Promotion
Group [49] under which the groups of smart grid standardization, smart grid equipment
standardization and smart grid standardization – international cooperation are acting. Different
management layers are actively involved in the activities of the group. These are:
 Upper layer architecture established by NEA and SAC
 Standards development work on power grid and equipment performed by China Electricity
Council (CEC) and China Electrical Equipment Industrial Association (CEEIA)
The standardization framework consists of eight (8) domains, twenty-six (26) technical areas, and
ninety-two (92) standards series integration and planning, smart generation, smart transmission,
smart substation, smart distribution, smart consumption, smart dispatching, and communication and
information. Up to 2010, a total number of one hundred thirty seven (137) corporate standards have
been issued covering areas such as smart substations, distribution automation, AMI, EV charging,
smart grid dispatching, online monitoring of transmission and distribution equipment, smart
communities, etc. National standards developed in China related to smart grid interfaces, demand
response and smart grid dispatching have be submitted as international standards proposals to
International Electrotechnical Committee (IEC).
In [50], the authors suggest the use of the following policies for the promotion of Smart Grid
Standardization activities in China:
 Establishment of an organizational arrangement for smart grid standardization
 Commissioning of a reference architecture framework for smart grids
 Commissioning of smart grid use cases and standards
The above-mentioned activities have already been proved as effective in the US and European
contexts. Similar pathways should be developed and followed in China as well.
Chinese national standards’s recommendations on demand response, published as GB/T standards,
include:
 GB/T 38332-2019 - Smart grid customer automatic demand response – Technical condition of
central air conditioning system terminal [51]
 GB/T 37016-2018 - Technical requirements of measurement and verification about power
saving in demand response for power users [52]
 GB/T 35681-2017 - Function specification of power demand response system [53]
 GB/T 34116-2017 - Smart grid consumer automatic demand response – Distributed air
conditioning system terminal technical condition [54]
 GB/T 32127-2015 - Guide for monitoring effect and comprehensive benefit evaluation of
demand response [55]
3.4

International

3.4.1 DR status

Public

Page 39

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1

As it can be concluded from what is mentioned above, there is a lot of effort done at international level
in the field of demand response. Since there is ongoing work for depicting the status of demand
response in specific countries, i.e. the USA, the complete picture with respect to the status of demand
response at international level will be presented in the final version of this deliverable, anticipated at
the end of the project.
3.4.2 Standardization work
There are numerous standards and protocols identified that refer to issues of demand response. In this
preliminary work, we develop extensively only two important documents that refer especially to
baseline issues of demand response. The rest of the standards identified, are listed and will be
explained in detail in the second version of this deliverable, expected at the end of the project.
International Performance Measurement and Verification Protocol – IPMVP
This protocol has been published by the Efficiency Valuation Organization (EVO), a non-profit
organization in an effort to promote energy efficiency. The protocol comprises of several documents,
with the main one referring to the core concepts of the measurement and verification procedures. The
protocol also refers to the uncertainty assessment of the measurement and verification procedures. The
protocol follows certain principles, like accuracy, completion, conservation, consistency, relevance
and transparency.
The protocol serves for evaluating energy, water or demand savings and comparing the consumption
or demand before and after a specific program’s implementation, like the demand response programs.
There are mainly 4 options described in the protocol that can be applied on demand response
programs; however, there is an IPMVP framework describing the basics that should be applied on
demand response programs.
IPMVP Framework:
The savings are described according to Equation 3.
Savings = (Baseline Period Energy – Reporting Period Energy) ± Adjustments

(3)

The concept for demand response is the following: the consumption is measured when there is no
demand response signal, which constitutes the baseline energy. Figure 17 shows the main concept with
respect to the savings achieved and the calculation of the baseline.

Figure 17. Calculation of savings in correlation to the baseline energy, Source: [56]
It is defined that the important steps/ parameters to set are:
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Measurement period selection: the baseline should be defined carefully, so as to represent the
consumption under normal conditions (no demand response event); it should also stand for a
complete cycle, containing the maximum and minimum consumption of the interested facility.
Methods of adjustment and savings accounting approaches: there are methods to adjust the
baseline or the reporting period, in order to take into account modifications in weather or
production data. Equation 4 and Equation 5 show this avoided energy consumption, revealing
that adjustments can be made to the baseline or the reporting period.
Avoided Energy Consumption = Adjusted baseline energy – Reporting period energy ± Non
routine adjustments to reporting period conditions
(4)
Avoided Energy Consumption = Baseline period energy – Adjusted reporting period energy
± Non-routine adjustments to baseline period conditions
(5)



Operational verification: these methods include, among others, visual inspection, short-term
performance testing and control-logic review.

Options for the IPMVP:
There are four options described in the protocol which can be followed for demand response purposes:
Option A (retrofit-isolation – key parameter measurement):
For this option, the key parameters are measured; these are the ones to define the energy consumption
needed for the project outcome to be evaluated. There are other parameters that are not measured but
estimated; these are based on historical data or manufacturer specifications. The way the estimated
values are calculated is justified and there are techniques to mitigate the errors coming out from their
estimation.
The key parameters are calculated through measurements during the baseline period and the reporting
period. Adjustments (routine and non-routine) are required.
An example of applying this Option is the lighting operation: the power is the key parameter to be
measured, whereas the lighting operating hours are estimated through the schedule of the facility.
Option B (retrofit isolation – all parameter measurement):
For this option, all parameters are measured on field, including the energy consumption, the demand
and the rest of the variables affecting the system. The measurements can be short-term or continuous
for both the baseline and the reporting period. Adjustments (routine and non-routine) are required.
An example of this Option is the operation of a motor: a meter can read the electrical supply of the
motor, whereas this meter can be used to measure power consumption and demand for the whole
reporting period.
Option C (whole facility):
In this Option, the measurements for demand response are performed at the whole facility level. So,
energy consumption and demand are measured for the whole facility continuously. The savings are
calculated through analysis of the meter data that correspond to the baseline and reporting period of
the whole facility.
An example of applying this Option can be a demand response program that affects many systems in a
facility. For this example, the consumption and demand are measured through smart meters.
Option D (Calibrated Simulation):
As the name of this Option implies, the calculations are based on simulations. The consumption and
demand are simulated for the whole facility or a part of the facility and the energy performance is
based on simulations. The simulation results are calibrated through utility billing data, whereas real
meter data can be used for improving the initial simulation model. Simulations are used to determine
the baseline and also to estimate the consumption and demand of the reporting period.
An example of applying this Option can be a facility or a sub-system within the facility for which no
meter data exist. New facilities are such an example.
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Final remarks:
The protocol defines details about the aforementioned options and insights for more examples of
applications. In addition, it is specified that an IPMVP measurement and verification plan is needed
for a successful demand response program. Some of the important issues relevant to this IPMVP
adherent plan are:
 To have a clear idea of the facility and the desirable project outcome
 To select the Option to be applied (among Options A, B, C, D)
 To specify the baseline with cautiousness – both consumption and demand data
 To specify the reporting period
The protocol also gives an extensive description of the methods for correcting errors and performing
the necessary adjustments.
Finally, it is important to check the resulting measurements and adjust the methodology used
according to the desired outcomes and project’s features.
Energy management systems – Measuring energy performance using energy baselines (EnB) and
energy performance indicators (EnPI) – General principles and guidance – ISO 50006:2014
As the name implies, this international standard deals mainly with two indicators, namely the energy
baseline (EnB) and the energy performance indicator (EnPI). This is directly related to demand
response, since defining the baseline is fundamental for evaluating demand response activities and the
effect on energy savings that demand response can result in. In DRIMPAC, there is a methodology for
defining the baseline in order to evaluate the Key Performance Indicators (KPIs), therefore the
inclusion of the standard is important.
It provides guidance to organisations as to how these indicators should be used when measuring
energy performance and energy performance changes. EnPIs facilitate the comprehension of energy
performance and can be applied facility, system, process or equipment level. For the evaluation of
EnPIs, it is necessary to set an EnB and a target. So, for an EnPI, it is defined a reporting period, where
a specific target needs to be met and the baseline period, which serves for comparison reasons. The
EnB is used to define the EnPI values for the baseline period. Figure 18 shows the concept of both
indicators.
The document defines specific steps for energy performance measurements in an organization, listed
as follows:
 Gather information for energy
 Identify energy performance indicators
 Set energy baselines
 Use energy performance indicators and energy baselines
 Maintain and improve energy performance indicators and energy baselines
In the following, we briefly describe each one of these steps.
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Figure 18. Baseline period and the energy performance indicator evaluation, Source: [57]
Gather information for energy:
Several issues are discussed with respect to information gathering for defining the indicators and
important parameters are discussed, as listed in the following:
 Boundaries should be defined for each energy performance indicator. Such boundaries can be:
individual, around one facility or equipment; system, around a group of equipment;
organizational, around the organization facilities.
 The boundaries set, are used in order to define energy flows across the boundary. For this
scope, fence diagrams can be useful, showing the interconnection of equipment and metering
points, which clarify the energy flow.
 The variables that affect the energy performance need to be defined. For this purpose,
variables that change at similar times as the energy consumption are defined and seasonality
dependencies are found. Static factors are also defined.
 The data collection is also important; measuring is performed according to the measurement
and monitoring capabilities of the organization and all measurements should be accurate.
Identify energy performance indicators:
For each energy performance indicator, a target is set. When comparing the energy performance
indicators over time, it should be evident if the target is met and if there are changes observed.
The main types of EnPIs are:
 Measured energy value – it refers to the consumption of an entire site or energy uses measured
by a meter
 Ratio of measured values – it is typically used for monitoring the energy efficiency of systems
with one relevant variable
 Statistical model – linear or nonlinear regressions are used in order to define the energy
consumption related to specific variables
 Engineering based model – engineering simulations are used in order to define the energy
consumption related to specific variables
For the energy performance indicator, it is important to define the users. It is the users’ needs and
requirements that define the type of the energy performance indicator and its complexity. Examples of
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user groups are: the external users; the process engineer; the operation and maintenance personnel; the
plant or facility manager; the management representative; the top management.
The energy performance characteristics need to be also determined.
Set energy baselines:
For the energy baseline indicator, it is important to have the energy performance indicator during the
baseline period. Comparison between the baseline and the reporting period shows progress in meeting
the predefined targets. For the EnB indicator, it is also important to define a proper baseline period.
This period should reflect the needs of the organization and is typically set to one year. Other duration
can be used according to the purpose of the energy baseline defined by the organization. Finally, the
energy baseline needs to be tested to reassure that the EnB is suitable to be used for comparison
purposes.
Use energy performance indicators and energy baselines
In order to compare the energy consumption between the reporting period and the baseline period, it is
necessary that no significant changes in the relevant variables are present. In the ISO standard, it is
specified that normalization may be needed in order to compare the EnPis and the EnBs under similar
criteria. In addition, the organization needs to take actions to improve the energy performance
indicators and meet the targets set, in case these are not satisfied. Therefore, setting the baseline
period, the reporting period, the baseline itself and the targets, is a dynamic procedure that should be
adapted to the needs of the organization and redesigned if needed.
Maintain and improve energy performance indicators and energy baselines
Similarly, the baseline, the boundaries and targets set need to be adjusted, when there are changes to
the facilities or the systems of the organization. The resulting indicators and the way they are defined
should respect the conditions of the system and adjustments are needed when there are changes
applied.
Final remarks:
The standard provides detailed information of what has been briefly described here. It gives examples
of activities for retrieving energy values, hints of how boundaries should be set. It also gives
information on the main advantages and disadvantages of each type of EnPI along with a practical
guide of how to use EnPIs and EnBs. Examples of EnPIs and EnBs are given together with their
purpose. Normalization criteria are also provided. Finally, it is highlighted that monitoring and
reporting is a critical procedure and baseline determination is a dynamic procedure that should be
adjusted accordingly to the organization needs and changes [27].
The following international standardization items have been identified as relevant to DSM and DR and
will be described in the final version of the deliverable. Below, a list of them along with a brief
descrtiption of the relevance to DSM and DR is provided:








ISO/IEC 15067-3:2012 - Information technology – Home electronic system (HES) application
model – Part 3: Model of a demand-response energy management system for HES [58]
ISO/IEC 15067-3-3:2019 - Information technology — Home Electronic System (HES)
application model — Part 3-3: Model of a system of interacting Energy Management Agents
(EMAs) for demand response energy management [59]
ISO 17800:2017 – Facility smart grid information model [60]
IEC 61968 series - Application integration at electric utilities - System interfaces for
distribution management [61]
IEC 61970 series – Energy management system application program interface (EMS-API)
[62]
IEC 62746 series – System interface between customer energy management system and the
power management system [63]
Public

Page 44

H2020 Grant Agreement Number: 768559
Document ID: WP5 / D5.1




IEC TR 62357 series – Power systems management and associated information exchange [64]
IEC 61850 series – Communication networks and systems for power utility automation [65]

Another relevant source of standardization work on demand response is freely accessible in a
dedicated webpage deployed by the IEC Smart Grid Standards Map [66]. More information on the
Standards that can be extracted from this tool will be provided in the second version of this
deliverable. Figure 19 depicts the situation regarding the DR related components according to IEC.

Figure 19. Architecture view of IEC Smart Grid Standards Map with a focus on demand
response/load management, Source: [66]
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4. DRIMPAC Smart building system
4.1

General Description

Nowadays, despite the elimination of several barriers, demand response programs have not yet had the
desired impact on energy systems mainly because a huge energy consumer and provider of demand
flexibility remains disengaged from Demand Response services. This consumer represented by
residential and tertiary buildings which are responsible for 44% of the final energy consumption and
represent the dominant energy consumer in the EU. DRIMPAC aims to develop a technical solution
that will engage different building typologies to a unified framework and activate small prosumers to
actively participate in energy markets.
In order to achieve this goal, DRIMPAC aims to infiltrate inside the buildings, always under their
informed consent, and undertake control of the key building assets capable to deliver their demand
flexibility in a manner that does not interfere with occupant’s comforts and daily routines. This
requires the deployment of a monitoring and control system that will appropriately modify energy
consumption to extract potential demand side flexibility and optimize energy consumption inside the
building.
To enable wide penetration of Demand Response (DR), it is of utmost importance to introduce plug
and play solutions (gateways) that ensure end-to-end interoperability between DR systems and smart
home devices. This can only be achieved through the definition of single standardized open interfaces
that allow seamless communication and data exchange across the whole value chain. End-to-end
interoperability can only be ensured through the implementation of innovative gateway solutions
(integrating the required intelligence for introducing DR in typical energy management functions).
Therefore, DRIMPAC smart building system is an open architecture solution that relies on various offthe-shelf IoT & Smart Home products that harmonically communicates with the building energy
management system via a building gateway. The building gateway or Smart Box, when referred to the
hardware equipment of the implementation, establishes network connectivity over different wireless
communication protocols (Z-Wave, WiFi, Zigbee, etc.) and also acts as a relay between the IoT
devices (sensors, controllers) and the building energy management system.
This architecture has several advantages. First of all, DRIMPAC smart building system is able to
select the most appropriate monitoring or control equipment that is commercially available and
corresponds to the specifications and requirements of each technical implementation. In addition,
DRIMPAC smart building system is scalable, adaptable and can also overpass most of the
compatibility issues when interfacing with different types of appliances inside the buildings. Finally, it
is configurable and easy to install, while commissioning of a new sensor/controller can be performed
in a few steps without going into many technical details and without demanding significant
interventions to the existing infrastructures and devices.
4.2

System Architecture

The DRIMPAC smart building system for residencial and commercial buildings consists of a building
gateway and several sensors and controllers. In each household, a Wireless Sensor Network (WSN)
would be created comprising the smart devices per zone and a communication framework that is able
to facilitate data gathering in the gateway and control dispatch. This infrastructure is a prerequisite for
the establishment of DRIMPAC Energy Demand Management Framework (DEDMF).
The system components can be divided to the following categories [67]:
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Building Gateway (Smart Box), responsible for providing network connectivity among the
different communication protocols of the IoT devices (controllers, sensors, power meters) and
serving as an administrator of the project’s control and monitoring system.
 Sensing devices, responsible for monitoring building’s ambient conditions, including indoor
temperature, humidity, Illuminace and occupancy.
 Metering devices, responsible for collecting data about the energy consumption and
performance of building assets that will participate in DRIMPAC Demand Response testing
campaigns.
 Actuators, responsible for performing any control action is requested by the Building’s
Energy Management system and provide feedback for end-users’ triggers.
For more information, please refer to DRIMPAC D4.4.
A brief overview of the IoT infrastructure of the WSN to be installed in terms of physical devices and
communication network is presented in Figure 20.Overview of sensing, actuation and monitoring
equipment in a residential zone starting from a simplified schematic and ending in a more equipmentspecific block diagram.
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Figure 20.Overview of sensing, actuation and monitoring equipment in a residential zone
4.3

Building Gateway

Building gateway (Smart Box) plays a crucial role in DRIMPAC technical solution. It is the
connection point between the DRIMPAC energy demand management framework and the demand
flexibility resources inside each building. Smart Box will act as a gateway of the real-time monitoring
and control system that will be installed in the pilot end-users and will enable the realization of the
DRIMPAC concept for human-centric Demand Response (DR) deployment.
More precisely, DRIMPAC Smart Box will act as:
 a gateway between the home and the DRIMPAC DR framework
 a multiprotocol communication bridge within the pilot users’ home
 an information management layer normalization, pre-processing, semantic annotation,
compression, buffering (&encryption) of data (ambient sensing, metering/sub-metering,
flexibility/control) prior to transmission
 an autonomous monitoring system initially configured to push data to the energy management
system
 a home agent providing access (local and remote) to the DRIMPAC home with the support of
a smart home user interface
 a prosumer agent enabling distributed intelligence and optimized learning and control.
It also fulfills a threefold role:
 the integration of a wide range of sensors, such as luminance, occupancy, temperature,
humidity
 setting of the control interfaces to monitor/control the operation of specific devices, namely
HVACs, lights and water heaters
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setting of the interfaces to measure the electricity consumption of these specific devices and/
or the consumption of the whole dwelling
These roles can be materialized by enabling communication/gateway functions for achieving
interoperability with all major Smart Home protocols and devices (e.g. ZigBee, Bluetooth, Z-wave,
etc.). Smart Box will also enable optimized energy management and demand flexibility extraction at
the house level through its interfacing with the Customer Energy Management System and the Humancentric demand flexibility engine respectively. As part of the DRIMPAC system, the Customer Energy
Management System will utilize a variety of tools and applications to ensure energy consumption and
flexibility awareness increase, personalized DR optimization through automation and remote controls,
promotion of self-consumption at the prosumer level and virtual energy storage introduction in a costefficient manner. This will become feasible by utilizing already existing equipment, such as HVACs
and water heaters, while exploiting the thermal mass of the building in order to store excess energy
from distributed generation through the deployment of tailor-made demand shifting, pre-cooling/ preheating strategies. Furthermore, DRIMPAC solution will focus on measuring and forecasting
consumption of specific loads towards estimating flexibility per load that can be offered.
The principles structuring Smart Box design were guided by the DRIMPAC needs and requirements
including:
 Adaptability: Smart Box design must ensure that it will be able to serve the needs of each
individual pilot end user
 Modularity: Smart Box software architecture will be designed focusing primarily to reduce
complexity. Smart Box software design will be based on logical partitioning allowing to be
manageable for the purpose of implementation and maintenance.
 User needs and acceptance: the DRIMPAC pilot users must accept the DRIMPAC technology
so that they are willing to participate in the project as pilot users. To this end, the Smart Box
and the rest of the hardware equipment should be:
o a plug-and-play device ensuring ease of installation;
o a user-friendly device in both aesthetic and ease of use criteria.
 Cost acceptance: A compromise had to be found between the availability of low-cost sensors
and the data and related parameters that need to be gathered towards meeting DRIMPAC
scope and ensuring that its goals will be demonstrated, to the extent possible, in the
DRIMPAC pilot users.
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5. Standardization extensions enabled by the DRIMPAC framework
5.1

Introduction

Figure 21 presents the DRIMPAC framework where existing components to be used without any
modification, existing components to be extended during the project, and new components to be
developed are presented. For the needs of this deliverable only the latter two types of components are
relevant, since either extension to existing components or the development of new components are
justified on the ground of identified gaps that make the deployment of DRIMPAC framework
unfeasible unless the proposed extensions are made.

Figure 21. The DRIMPAC framework
DRIMPAC aims to bring demand response services to the level of a residency or a building of the
tertiary sector and engage them to participate in the energy markets as a valuable resource of energy
demand that can be adjusted according to the generation schedule instead of the opposite.
Until now, to the best of our knowledge, there is a lack of standards and specifications of how a
demand response service can achieve end-to-end interoperability and communicate/interface with
existing energy-consuming building devices such as HVACs, DHW and lights. On one hand, there is
OpenADR, a general accepted communication standard for communications between the market actors
and the Building Energy Management Systems of large infrastructures, and on the other hand there is a
variety of cutting-edge smart home appliances and IoT devices designed for multiple purposes without
supporting any common standard. However, these devices have high potential to different
implementations and they can be successfully incorporated under a demand response framework.
DRIMPAC aims to develop an innovative demand response framework for small buildings and
prosumers. The technical solution includes the development of a building gateway (Smart Box) and a
Customer Energy Management System (CEM) as an alternative to high-cost BEMs systems and smart
home solutions that were not intended to support demand response services.
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As mentioned within the project proposal, the DRIMPAC consortium is leveraging the strategic
positiong of its members. In fact, the DRIMPAC consorium has representation in all standardization
bodies and organizations that are responsible for the prevailing and emerging standards in the sectors
of interest. As depicted in Figure 22, its partners are members of ETSI, IEC, OpenADR and oneM2M.
Furthermore, DRIMPAC will have a unique opportunity to contribute in standardization via the
participation of the JRC in CEN/CENELEC as well as the Smart Grids Task Force.
During project implementation, the main contributions and envisaged extensions to standards will be
codified according to the expectations of each standard (e.g. in terms of notation, data model, service
type) and will then be directly communicated to the members of the aforementioned standardization
bodies in order to promote them, adapt them – if necessary – to create consensus for them and finally
integrate them in the upcoming versions of the standards.

Figure 22. Map of DRIMPAC partner membership in European initiatives, networks and bodies
The analysis of the present Deliverable helped to identify a number of gaps and incompatibilities
between important Smart Grid standards.
The DRIMPAC standardization punch-list identified at this point9 contains the following elements:
 In particular, OpenADR 2.0 is currently limited to electrical loads. It would be important to
add other types of energy sources, such as gas.
 IEC 62746 standard does not specify the implementation side of a functional DR system yet,
and relies on standards such as IEC 61850 to assist in the implementation.
 In turn, IEC 61850 is currently better suited for relatively static systems, and this might be a
weakness in terms of the realistic ICT use cases of DRIMPAC.
 Similarly, SAREF is an ontology and requires an adequate implementation to be used in
practice. Moreover, it might happen that application scenarios of DRIMPAC would call for
extensions of SAREF to adjacent domains such as Smart Cities.
 Finally, we note that USEF is currently used for a day ahead trading and not for intraday
markets.
5.2

Extensions to OpenADR within the DRIMPAC framework

An expansion of the current openADR 2.0 ontology is a future activity in the Smart Grid ICT.
Development of Ontology for openADR 2.0b is still an open problem: openADR 2.0a was designed
9

As of February 2020
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for simple devices with limited signals, while openADR 2.0b is applicable to more sophisticated
modern devices.
Another addition includes specification of dynamic aspects of openADR message exchanges. In
addition, inconsistencies in openADR specification concerning terminology is of high importance.
Furthermore, it is still a matter of ongoing research to create a mapping of the openADR ontology to
more complex ontologies specifying multiple layers of the Smart Grid architecture.
The Custom Energy Management System has been designed to:
 Translate demand response signals to device control actions. Right now, in the specifications
of OpenADR2.0b standard only instructions to the load controller of an Energy Management
system are supported and not targeted control actions.
 Interface with software components designed to support OpenADR standard until this
technology reach maturity and can be executed directly in small single-board computers and
IoT devices.
 Support a human-centric calculation of demand side flexibility that doesn’t intervene with
occupants’ comfort.
 Further develop and support value-added features that will enhance the acceptance of
demand response programs by small prosumers and building occupants.
5.3

Extensions to OneM2M within the DRIMPAC framework

The overall implementation of the DRIMPAC smart building system has been developed based on
most of OneM2M and SmartM2M requirements and specifications. OneM2M is a set of specifications
for M2M communications and IoT technologies that will enable users to build platforms, regardless of
existing commercial solutions. Although, OneM2M is not a standard, it has been developed by several
organizations included ETSI/CEN/CENELEC and it is actively supported by the EC.
Technically speaking, OneM2M sees true promise in combining M2M communications and big data to
enable much greater functionality and new applications. As single building or a local area solution can
be enhanced with OneM2M specifications that enable wider integration cross-system value to be
derived than is currently possible. One of the major fields supported by OneM2M is the smart building
technologies. Lately, SmartM2M has been promoted in order to fill the gap between SAREF and
OneM2M.
To address requirements set in the previous section, for the definition of a single smart home interface
and protocol, DRIMPAC smart building system will incorporate appropriate extensions to comply
with OneM2M, incorporating the recently released SAREF ontology and SmartM2M specifications. In
addition, DRIMPAC final solution can be considered as an OneM2M system and can be presented in
the future as an OneM2M use case.
5.4

Extensions to other Standards within the DRIMPAC framework

The Building Gateway has been developed to accomplish the following objectives:
 Establish wireless network connectivity over different communications protocols (Z-wave,
WiFi, Zigbee) due to the lack of a common communication protocol for smart buildings.
 Incorporate a set of sensors, metering and control devices with different
specifications/technologies under a unified operational framework due to lack of standards
for demand response controllers and monitoring devices.
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Propagate the necessary control actions to the corresponding devices for load dispatching
according to a list of commands derived from the disassemble of the demand response signal
at the customer energy management system.
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6. Conclusions
In this deliverable, which is the first version of two, we depict the status of demand response and
standardization efforts in Europe and beyond. It is a preliminary work depicting this status, whereas
the task is ongoing and continuously developing; the final version of this deliverable will be ready by
the end of the project.
As a first step, we depict the status regarding the policies in demand response at European level and
we list gaps and barriers. The policies refer mainly to the Directive and Regulation on the internal
market for electricity published just in June 2019. The gaps and recommendations reported are mainly
the oucome of the Smart Grid Task Force Expert Group for the Deployment of Demand Side
Flexibility, which took into consideration multiple cases in the demand response field and came out
with specific gaps and recommendations.
In addition, the status and standardization work are depicted. In Europe, it is clear that the status is
different in different Member States. So, whereas some countries have developed several programs for
demand response and have different products to offer, in other countries demand response programs
are not developed and necessary conditions for their development do not exist. In terms of standards,
there are several standards that address issues in demand response, both at European and international
level. A list of such standards is presented. Furthermore, the demand response status in China is
presented in detail. As future work for the second version of the deliverable, the status in other
countries, i.e. USA, will be depicted.
For this deliverable, we take into account the extensions enabled, as for February 2020, by the
DRIMPAC framework. The DRIMPAC smart building system is explained and presented along with
the system components. The extensions needed for existing systems and standards are explained in
order to be compatible with the DRIMPAC framework. Extensions to OpenADR are also examined as
well as extensions to OneM2M in the framework of DRIMPAC.
As future work, in the second version of the deliverable, all additional extensions to standards in the
framework of DRIMPAC project will be analysed and described. The realization of the pilot sites and
the experimental part of the project work, will be crucial to depict the extensions necessary for
DRIMPAC.
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