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However, it can be argued that ensuring DSM sustainability requires creating suitable business models.
Business models are influenced by different factors such as electricity market regulation, mechanisms,
Keywords: power system characteristics and infrastructure. The proliferation of smart grid infrastructure, dis-
Demand side management tributed generation, intermittent renewable energy resources and energy storage devices has affected
Es:;;defr;;zc:lr;e DSM business models considerably. Therefore, in this paper, possible business models for EE and DR
Business model providers in different electricity market segments are analyzed and reviewed. The analysis covers three

types of characteristics: DSM transaction characteristics, renewable energy correlation and DSM load

:T;?tr:figdmarket control characteristics. In DSM transaction characteristics, the value proposition of DSM such as added
Renewable energy value offered to the DSM purchaser and transaction triggers are discussed. In renewable energy
correlation, the effect of increased renewable energy penetration on the business model is evaluated.
In DSM load control characteristics, load control and aggregation aspects such as response speed,

duration, advance notice, location sensitivity and actual usage frequency are analyzed.
© 2015 Elsevier Ltd. All rights reserved.

Contents

B O U e L Tt o) U 271
2. Energy efficiency related business MOdels. . . .. ... ... . ittt e e e 272
2.1.  System operator related energy efficiency business models . . . ... ... 272
2.1.1. Energy efficiency as @ CapacCity TESOUICE. . . . ..ttt t e ettt e et et e e et e e e et ettt et et ettt 272
2.1.2. Market performance enhanCemeNt. . . . ...ttt ittt ettt e ettt e e e e e e e e e e e 273
2.2.  Generation stakeholder related energy efficiency business models ... ...... ... ... i e 273
2.2.1. Credit for energy performance obligations. . . .. ... ...ttt e e e e e 273
2.3. Load-related energy efficiency business MOdels . . . ... ... ... ittt e 273
231 Energy saving performance contracts (ESPC) . . ... ...ttt et e e e e e e e e 273
2.3.2.  Energy efficiency service and device Sales . . .. ... ...ttt e 273
3. Demand response business models related to the system operation SEZMENL. . . . .. ...ttt ittt et et e e e e 273
3.1.  System reliability @NhanCemMeNt . . . . ... ..t e e e e e 273
3.1.1. Ancillary service market partiCipation . . ... ... ...ttt e e e e 274
3.1.2. Contract-based reliability enhancing SEIVICe . . ... .. ...ttt e e e et ettt et e 274
3.1.3. FreqUeNCY TegUIAtION . . . . oottt ettt e et e e e e e 275
3.2, CaPACILY PIrOVISION . . vttt ettt et e ettt e et e e e e e e e e e e e e e e e e e 276
3.3.  Market efficiency NhanCement . . . . .. ... .ttt et e e e e e e e e e 276
3.4, Hybrid MOdels. . .. .ot e e e e e e e e e 277
4. Demand response business models related to the generation and transmission/distribution segments ..................cciuuuvuen... 277

E-mail addresses: behrangrad.mahdi@jp.panasonic.com,
m.behrang.r@gmail.com

http://dx.doi.org/10.1016/j.rser.2015.03.033
1364-0321/© 2015 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2015.03.033
http://dx.doi.org/10.1016/j.rser.2015.03.033
http://dx.doi.org/10.1016/j.rser.2015.03.033
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.03.033&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.03.033&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.03.033&domain=pdf
mailto:behrangrad.mahdi@jp.panasonic.com
mailto:m.behrang.r@gmail.com
http://dx.doi.org/10.1016/j.rser.2015.03.033

M. Behrangrad / Renewable and Sustainable Energy Reviews 47 (2015) 270-283 271

41.  Business models involving the generation stakeholder. . . ... ... ... i e e et ettt et et 277
41.1. Reducing variable generation unit (VGU) iNtermittenCy COSt . .. ..t it it vttt ittt et et ettt ettt 277

41.2. Generation-load balanCing SEIVICE . . . . . ..ottt e et e e e et e e e e e e 278

413. Load SHaPINE . . ..ottt e e e e e e e 278

4.2. Business models involving the transmission/distribution stakeholder......... ... ... . .. i 278

5. Demand response business models involving energy retailing and load segments. .. ..........o ittt 279
5.1. Business models related to the energy retailing stakeholder . ... ... ... .. .. i e e 279
5.1.1. ProCurement IMPIOVEIMIEINE . . . ottt et e ettt et e e ettt et e et e et et e et e et et e et e e e e e 279

5.1.2. Capacity MANAZEIMEIIE . o . v vt vttt et ettt et e et et et e e e e et et et et e e e et e e e e e e e e e e e 279

5.1.3. L0ad SHAPINE . . ..ottt e e e e e e e 280

5.2.  Business models inVOIVING 10ad . . . ... ... ..t e 280
521 Price-based behavioral DR. . . . .. ...t e e e e e e 280

522, Grid €OSt TEAUCTION . . . o .ottt ettt et e e e e e e e e e e e e e e e e e e e e 281

5.2.3. Incentive sharing for DR aCtiON. . . . . ..ottt ettt e e et et e e et et e 281

5.24.  Grid independence SUPPOTT. . . ..ottt ettt et e e et e e et e e e e e e e e e e e e e e e e 281

LR ) e 11 T ) o P 282
ACKNOWIBAGIMENT . . . oottt ettt ettt e e e e e e e e e e e e e e e e e 282
ROOTIICES . . o . oottt e e e e e e e e e 282

1. Introduction

The modus operandi of generation-based electrical energy
systems is accepted to be non-optimal and unsustainable in the
long run due to economic limitations and environmental consid-
erations. However, demand side management (DSM) is proving
itself to be a promising complementary resource to generation
side resources. DSM was first introduced by the Electric Power
Research Institute (EPRI) in the 1980s as a series of activities that
utilities undertake to change their load shape and/or energy
consumption pattern for benefit maximization, investment delay,
and reliability enhancement [1]. With the advancement of elec-
tricity market liberalization, DSM has further evolved into follow-
ing two groups [2]:

1- Energy efficiency (EE), reducing the energy required for the
provision of services or products.

2- Demand response (DR), changes in electrical usage by end-use
customers from their normal consumption patterns in response
to changes in the price of electricity over time or to incentive
payments designed to induce lower electricity use at times of
high wholesale market prices or when system reliability is
jeopardized [2].

While technological hurdles were previously cited as one of the
main challenges for DSM proliferation, this has changed due to
technological advances in smart grids. The advancement of technol-
ogies such as grid-device bilateral communication, communication-
powered smart appliances, computationally powerful local controllers,
cloud-based aggregation mechanisms and economically viable energy
storage resources can be named in this regard. It can be argued that
finding a suitable business model is the next big challenge for DSM
sustainability in a market-driven electricity system [3,4]. However, to
the best knowledge of the author, there are no papers that compre-
hensively analyze available DSM business models. The main motiva-
tion of this paper is to review and analyze the business models
associated with DSM in the electricity market context.

In this paper, DSM business models are analyzed in relation to
segments of a typical electricity market: system operation, gen-
eration, transmission/distribution, energy retailing and load, as
shown in Fig. 1. The system operator (SO) is the stakeholder
responsible for achieving the reliable operation of the power
system through economically efficient measures such as main-
taining system load-generation balance. The generation stake-
holder generates electrical energy and can be a fossil fuel-based

generator or an intermittent renewable energy resource, such as
wind or solar generation. The transmission/distribution stake-
holder is responsible for maintaining the secure and reliable
transmission and distribution of generated electricity while
respecting electricity market transactions to the extent that they
do not violate security constraints. The retailing of electricity to
loads will be performed by the retailing stakeholder. The load
stakeholder is the energy-consuming entity exposed to rates and
tariffs enforced by other stakeholders such as the retailer and
transmission and distribution stakeholder. In this paper, the term
demand resource provider (DRP) is used to describe the stake-
holder that turns DSM activity into a business by offering its added
value to another stakeholder. DRP can be a DR aggregator, ESCO,
load-curtailing entity, load curtailment provider, or load owner.

In this paper, business models are analyzed based on the
classification shown in Fig. 2. Here, it should be noted that a
stakeholder can handle more than one segment in some electricity
markets. As an example, an SO could also handle the transmission/
distribution segment, in which case business models related to the
transmission/distribution segment can be incorporated with those
of the SO. In addition to the stakeholder's role in electricity
markets, DSM business models are affected by other factors, such
as market structure, generation and transmission network capa-
city, and electricity tariff structure. Additionally, for a single
business model, DSM actions and characteristics could vary in
different electricity markets. Therefore, in this paper, typical DSM
characteristics are provided for each business model.

Three groups of characteristics are analyzed for each DR
business model in this paper, as shown in Table 1. These groups
are as follows:
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Fig. 1. DRP and energy market segments.
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