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Abstract—The world is progressing towards a more advanced society where end-13 

consumers have access to local renewable-based generation and advanced forms of 14 

information and technology. Hence, it is in a current state of transition between the 15 

traditional approach to power generation and distribution, where end-consumers of 16 

electricity have typically been inactive in their involvement with energy markets and a 17 

new approach that integrates their active participation. This new approach includes the 18 

use of distributed energy resources (DER) such as renewable-based generations and 19 

demand response (DR), which are being rapidly adopted by end-consumers, where 20 

incentives are strong. This paper presents the role of DR aggregator to effectively 21 

integrate DER technologies as a new source of energy capacity, into the electricity 22 

networks using information communication technology and industry knowledge. This 23 

framework based on DR aggregators will facilitate renewable energy integration and 24 

customer engagement in electricity market efficiently. To this aim, advantages and 25 

disadvantages of DR aggregators are discussed in this paper from political, economic, 26 

social and technological (PEST) point of views. Based on this analysis, a strengths, 27 

weaknesses, opportunities, and threats (SWOT) analysis for a typical DR aggregator is 28 

presented. 29 
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1. INTRODUCTION	32 

The power system is in a state of transition due to the increased amount of renewable-33 

based distributed energy resources (DERs) emerging on the demand-side of the grid [1]. 34 

DERs include renewable technology such as solar photovoltaic systems, wind 35 

generations, and electric vehicles, but also encompass other resource capacities such as 36 

demand response (DR) programs, batteries, microgrids and small generators [2]. 37 

Integrating these new technology resources into existing infrastructure and energy 38 

markets pose massive challenges for power systems worldwide as operators usually do 39 

not have the appropriate mechanisms for monitoring or controlling low voltage 40 

networks, which is typically where these resources are connected [2].  What makes the 41 

situation worse is that renewable DERs are intermittent in nature and unlikely able to 42 

detect overall frequency and voltage change, which have the potential to jeopardize 43 

system stability and power quality [3]. High penetration levels of renewables connected 44 

to the grid requires system operators to secure larger reserves of dispatchable capacity 45 

from more traditional sources of energy, which increases the cost of energy delivery [3] 46 

[2]. Furthermore, these balancing sources must bear the loss of life caused by the constant 47 

cyclic readjustments needed to mitigate the variations caused by renewables [4].  48 

In order to promote investment on renewable-based technologies, the incentives 49 

through DR programs and the associate electricity pricing schemes can be effective [5]. 50 

Also, customer engagement in the operation of these technologies including participation 51 

in the associated markets is a promising approach to tackle the issues regarding high 52 

penetration of DERs [1]. This engagement through demand response programs brings 53 

many benefits for those participated customers and the network side as well, as 54 

described in Section II. One of the effective platform for customer engagement is 55 

participating in electricity market [6]. However, most end-consumers especially in 56 

residential areas have not generally had access to dynamic price signals of electricity and 57 

therefore have been limited to their participation in energy markets. Having said that, 58 

commercial and industrial end-consumers have had an easier time gaining a foothold in 59 

markets through the use of DR programs [7]. However, the coordination of commercial 60 

and industrial customers to maximize benefits to them and to other players such as 61 

utilities. To this aim, DR aggregator help manage these objectives. 62 

DR aggregators play a fundamental role in tapping into the end-consumer market, by 63 

creating customized, automated controls for consumer loads and appliances that enable 64 
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remote access, while taking into consideration preferences and behavioral patterns [8]. 65 

These aggregators have the ability to bridge the information and technology gap that is 66 

currently being faced by power networks. Simultaneously, DR aggregators can provide 67 

operators with a cost-effective mechanism for reducing the need for grid infrastructure 68 

and a tool for integrating renewable energy technology [9]. DR aggregators are emerging 69 

power market participants that also facilitate the integration of demand side technologies 70 

by capitalizing on current advances in information communication technology (ICT) 71 

along with advanced metering infrastructure (AMI) to develop new products that engage 72 

and encourage end-consumers to participate in electricity markets [1]. 73 

This paper outlines the role of a demand response aggregator and highlights the 74 

advantages and disadvantages of this new market participant from different aspects such 75 

as political, economic, social and technological, which is referred as the PEST analysis in 76 

literature [10]. Based on the provided PEST analysis, a strengths, weaknesses, 77 

opportunities, and threats (SWOT) for a sample DR aggregator is presented. SWOT is an 78 

organized planning framework that assesses the mentioned four components of a 79 

business or project. This analysis evaluates the internal and external aspects that are 80 

advantageous and unfavorable to satisfying the objectives of that business [11]. 81 

The rest of paper is organized as follows. Section 2 provides a review on DR programs. 82 

The applications of DR aggregators are explained in Section 3. The technical, economic, 83 

social, and political considerations of such aggregators are analysed in Sections 4 to 6. 84 

Section 7 provides SWOT of a sample aggregator. Relevant conclusion is revealed in 85 

Section 8. 86 

2. DEMAND	RESPONSE	PROGRAMS	87 

Demand response (DR) programs are used by operators in power networks to maintain 88 

system affordability and stability in times of peak demand, peak DER generation, or peak 89 

electricity price [12]. These programs use the ability of end-consumers to respond to 90 

operator signals by curtailing or shifting specified loads or generations in exchange for 91 

an incentive or reward [12]. The benefits from managing these loads or generations 92 

include: bill savings and rewards for end-consumers; stabilized market volatility; grid 93 

infrastructure savings; energy efficiency; improving the reliability and stability of the grid 94 

whilst reducing marginal cost during peak events; and providing system flexibility that 95 

can be used to integrate renewable energy technology [12,13]. A conventional method 96 
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for categorizing DR programs is to separate them into “Incentive-based” or “Price-based” 97 

programs [14], as depicted in Fig. 1 including enabling technologies. Price-based 98 

programs communicate high electricity prices to end-consumers who can then choose 99 

whether or not they want to respond to those signals [15]. Incentive-based DR programs 100 

are those in which the end-consumer receives a defined reward for a specified 101 

load/generation curtailment or shift [14]. Price-based programs are only able to 102 

participate in energy markets as system operators do not have the ability to control their 103 

outcome, whereas incentive-based DR programs tend to be pre-defined contracts which 104 

enable a level of control and can, therefore, participate in energy, capacity and ancillary 105 

service markets when appropriate [13,16]. Some markets allow DR to participate in 106 

wholesale energy markets through the use of demand-side bidding, where large end-107 

consumers or aggregators of DR can directly bid large quantities of manageable load into 108 

energy auctions as a replacement for traditional generation supply. If the bid for DR is 109 

successful, it is then dispatched by the system operator upon the requirement to bring 110 

down the cost of energy supply [1]. Demand-side bidding through DR has the ability to 111 

effectively displace traditional generators out of wholesale energy markets, as the 112 

operating costs of enabling DR is a lot less than the costs of running a power generating 113 

plant [1]. 114 

Ancillary services (AS) are used by system operators in real-time to maintain grid 115 

stability and reliability in case of unexpected outages and supply-demand variations that 116 

cause reliability issues. These services can be provided by DR programs if they are able 117 

to meet the AS requirement, and hence can be used to smooth the variations caused by 118 

intermittent renewable energy technology [8]. Capacity markets allow DR programs to 119 

be entered as a type of energy procurement that is separate from the wholesale energy 120 

market and can be used to reserve capacity for future demand forecast or in response to 121 

an emergency event. These markets increase the efficiency of the grid and also allow the 122 

cost of energy to be lowered as DR programs used for capacity reserves are able to 123 

provide competitive pricing strategies against traditional energy supply [1]. 124 
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 125 
Fig. 1. Demand response categories and the enabling technologies. 126 

 127 
Typically, only large commercial and industrial end-consumers have participated in DR 128 

programs as they are seen to be more economically viable for enabling DR and have larger 129 

scales of controllable load [17]. Industrial participants can reduce loads such as lighting, 130 

heating ventilation and air-conditioning (HVAC), but their potential for load curtailment 131 

is also characterized by their specific industrial processes, which may permit some 132 

operations to be shut down [8]. Commercial participants are able to manipulate lighting, 133 

washing machines, dryers, HVAC, refrigeration systems, water heaters and pool pumps 134 

in order to fulfil the requirements of a demand response signal [18]. Some residential 135 

consumers have participated in DR programs through the use of direct load control over 136 

HVAC, water heaters and pool pumps [19]. Fig. 2 illustrates the potential parts and 137 

appliances of different end-consumers for participation in a DR program. 138 

Domestic participation has been limited as the enabling cost of DR for these consumers 139 

is higher, but also residential premises are places of personal belonging which can make 140 

it hard to motivate participation if it means disrupting their way of life, especially if bill 141 

savings are deemed small by the end-consumer and are hence not worth the effort [20]. 142 

Furthermore, in the past, domestic end-consumers have not been equipped with the 143 
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ability to view dynamic electricity prices and have typically had flat rate meters installed 144 

on their premises [21]. This has limited consumer awareness to the fact that electricity 145 

price changes with time, and hence has prevented them from being able to make 146 

informed energy decisions, however, this is changing with the roll-out of smart meters 147 

[21]. 148 

 149 

 150 
Fig. 2. Potential participants in a DR program 151 

 152 
Smart meters are devices that allow information such as energy consumption 153 

measurements of appliances, load profiles, time-of-use tariffs, interruption events, 154 

voltage levels, phase loss and asymmetry to be communicated to end-consumers of 155 

electricity [22]. With this new found knowledge consumers can now respond to power 156 

signals and make smarter energy consumption decisions, thus becoming active 157 

participants in the power market [8]. Considering that traditional power systems are not 158 

generally equipped for monitoring low voltage networks, smart meters provide a 159 

monitoring device that makes them traceable and visible which is essential for successful 160 

DER integration [23]. Although the roll-out of this technology is a key enabling factor for 161 

residential participation in demand response, the fact remains that these consumers are 162 

hard to motivate due the reasons mentioned earlier. Hence, activating the full potential 163 

of residents requires a third party to develop customized products that allow the 164 

consumers to contribute to the decision making process without the load curtailment 165 

instruction being too be difficult to implement [20]. System operators may not be able to 166 

take on the extra workload of developing such customized profiles for residents, as it 167 

would require determining their individual consumption patterns and preferences in 168 

order to effectively facilitate their participation [9]. However, DR aggregators are able to 169 

Residential	End-
Consumer

•HVAC
•Lighting
•Pool pumps
•Refrigeration
•Washing machines
•Clothes dryers
•Hot water heating
•Controllable 
appliances

Commercial	End-
Consumer

•HVAC
•Lighting
•Pool pumps
•Refrigeration 
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•Hot water heating

Industrial	End-
Consumer

•HVAC
•Lighting
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•Back-up generators
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facilitate this level of end-consumer integration by developing customized products that 170 

allow loads to be remotely controlled while taking into consideration consumer 171 

preferences [1]. 172 

3. DEMAND	RESPONSE	AGGREGATOR	173 

Demand response aggregators in electricity market act as third-party intermediates 174 

between power market participants and industrial, commercial and residential end-175 

consumers of electricity [9]. These aggregators realize end-consumers have the ability to 176 

provide system capacity by managing loads /generations during critical times such as 177 

peak times or shifting certain operations to periods of the day where electricity is cheaper 178 

[24]. The aggregator capitalizes on this ability by engaging with enough end-consumers 179 

so that their total accumulative capacity is large enough to fulfil the requirements for 180 

entering into wholesale energy markets [25]. The capacity provided by DR aggregators is 181 

bought by system operators and other market participants as ancillary services, capacity 182 

reserves or balancing provisions [1]. Thus, DR aggregators provide the power system 183 

with a means to captivate available energy capacities that as singular parts may not have 184 

been realized or deemed valuable enough to enter into the market [8]. This is 185 

exceptionally useful for operators who need to secure extra system capacity due to rising 186 

levels of renewable energy penetration on the grid. Fig. 3 shows an example of electricity 187 

market in the presence of DR aggregator [8,17,26-28]. Aggregators of DR programs are 188 

also referred to as “curtailment service providers (CSP)” in the U.S. and are relatively well 189 

established within the market place compared to that of Europe’s where they are called 190 

“independent aggregators” [27,28]. However, by increasing the flexibility of consumers 191 

and integration of renewables, DR aggregators can contribute by increasing and 192 

decreasing of loads as required. Aggregators of DR are forecasted to be major players in 193 

the transitioning of the power system from the centralized approach to a more 194 

distributed architecture as they allow the active participation of smaller energy 195 

consumers, which traditionally have not been effectively realized [4,8]. The following 196 

sections highlight the technical, economic, social and political considerations of DR 197 

aggregators. 198 
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 199 
Fig. 3. Market Action for Demand Response Aggregator structure 200 
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4. TECHNICAL	CONSIDERATIONS	201 

Aggregators of demand response must have some means in which they can 202 

communicate with end-consumers effectively. More specifically, aggregators should be 203 

able to remotely access appliances or pre-determined loads, specified by the end-204 

consumer, and be able to conduct load controls to extract a specified demand response 205 

capacity [8,20]. In addition to this, reasonable graphical user interfaces (GUI) must be 206 

made available to end-consumers by aggregators in order to 1) communicate demand 207 

response signals and 2) allow for some level of end-consumer customisation [20]. 208 

Advances in ICT/AMI have allowed the development of Home Energy Management 209 

Systems (HEMS) and Building Energy Management Systems (BEMS), which support 210 

interactive environments that allow effective control of consumer loads and enable 211 

effective communication abilities [17]. HEMS/BEMS units are capable of providing 212 

signals of demand response for load control purposes and also provide the measured 213 

energy consumption rates of different appliances/loads, while also communicating 214 

relevant environmental conditions [24]. These units communicate all of the relevant data 215 

back to the demand response aggregator through the use of home area networks (HAN), 216 

access points/gateways, wide area networks (WAN), power line carrier (PLC) 217 

communications and backhaul networks [17,24]. Aggregators then communicate the 218 

appropriate accumulated data back to the utility provider or system operator through 219 

these same networks. 220 

HEMS/BEMS are inclusive of many different types of technology components including 221 

smart meters, central controller, local controllers, sensors, load switches, central 222 

controllers, and GUIs [29]. Smart meters and interval meters act as the gateway/access 223 

point for utility providers and aggregators [30]. These components not only allow for the 224 

measurement of energy deviation due to a demand response signals, which defines an 225 

essential requirement for successful billing and successful incentive/reward 226 

development, but they also can act as the GUI for end-consumers [31]. GUIs can be such 227 

devices as smart meters, smart phones, laptops, desktops, home energy displays or web 228 

dashboards/portals [17]. GUIs are critical devices for determining customer load 229 

profiles/preferences as they allow the end-consumer to interact with their appliances 230 

remotely and thus decide whether or not they wish to “opt-in” or “opt-out” individual 231 

appliances [20]. Hence, GUIs provide an interface avenue that enables the customisation 232 

of end-use load preferences, which is an essential criterion for larger market 233 
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participation. GUIs also allow the end-consumers to see potential demand response 234 

signals in advance and communicate relevant power system information [29]. 235 

HEMS/BEMS controllers are located in the end-consumers premise, and is used as a 236 

main point of contact for the energy aggregator where the unit dispatches control signals 237 

according to appropriate algorithms and methods [20,29]. This controller is in 238 

communication with the various sensors and local load controllers that determine the 239 

states, parameters and operating conditions of the dispatchable loads and appliances 240 

[31,32]. For example, one important sensor that has recently come into play is the 241 

wireless smart thermostat [30]. This sensor is important to note as it allows aggregators 242 

to remotely change temperature settings, and hence represents a technology that greatly 243 

advances the potential for demand response penetration [14]. Sensors (wired/wireless) 244 

and local controllers are used in HEMS/BEMS units to translate relevant environmental 245 

information of the end-consumer and then perform the appropriate load control signals 246 

sent by the HEMS/BEMS unit [8,30]. 247 

Communication modules are also needed to facilitate the successful transfer of data 248 

between the HEMS/BEMS unit, appliances/load controllers, sensors, GUI and appropriate 249 

participants. Traditional demand response programs use wired communication modules 250 

and protocols such as power line carriers, fibre optics, and Ethernet protocols to transfer 251 

and receive signals [29]. However, compared to that of their wireless counterparts, these 252 

forms of communication have higher installation/maintenance costs associated with 253 

their physical hardware requirements [30]. Recent advances in wireless communication 254 

modules and standards such as ZigBee, 6LoWPAN, WiFi, Bluetooth, and Z-wave have 255 

provided a more economically efficient and flexible form of communication that suits the 256 

distributed topology of the changing power system. These communication modules adopt 257 

standard protocols developed by the IEEE for advanced metering infrastructure, which 258 

provide essential bi-directional communication [29]. The SEMIAH (Scalable Energy 259 

Management Infrastructure for Aggregation of Households) project described in [33] 260 

outlines the technologies associated with an energy management system for demand 261 

response purposes. The project develops the appropriate system, which enables 262 

aggregators to control a large scale of residential load appliances effectively. In addition, 263 

the types of data systems needed for aggregators to effectively participate in markets are 264 

described. The proposed system is first simulated using a residential grid model that 265 

consists of 200,000 households; then field tested in Norway and Switzerland, where 200 266 
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households were successfully used for the demonstration of their system [33]. EnerNOC 267 

is an existing aggregator of DR that has a strong international presence and an established 268 

market base in the U.S. [34]. This aggregator can directly control the load appliances of 269 

industrial and commercial sized end-consumers using their in-house developed Network 270 

Operating Center. EnerNOC can directly control HVAC systems, lighting, pumps and other 271 

operational equipment of participants to respond to system reliability events and peak 272 

demand signals [35]. Albertsons grocery stores is a franchise across America that has 273 

enrolled itself in EnerNOC’s demand response program. Three hundred of the stores were 274 

installed with EnerNOC’s technology to control lighting and HVAC, which cost US$11,000 275 

per store or approximately US$450 per kW. Since their enrolment with EnerNOC, the 276 

grocery stores have been able to save 25kW per store. 277 

Table 1 highlights the main components of an energy management system 278 

[8,9,17,20,24,26,29-35]. This Table presents various components related to technical 279 

consideration of DR aggregators. As seen, the associated technologies with each 280 

technology along with the available communication systems are also provided. Moreover, 281 

the compatible communication protocols and standards for each device are depicted. The 282 

portfolio of a demand response aggregator must be able to meet the technical parameters 283 

of the specific market if they wish to participate [36]. For example, to participate within 284 

the capacity resource market, aggregators bid their available manageable load increase 285 

or decrease into the market and if successful are usually required to dispatch the 286 

contracted load within 30 minutes to 2 hours. Whereas aggregators who wish to 287 

participate in the ancillary service market must be able to dispatch loads in less than 30 288 

minutes. Therefore, these aggregators would need to ensure that their demand response 289 

equipment can handle the corresponding data transfer rates [36]. Furthermore, different 290 

markets require different capacity entries, for example for DR aggregator to enter into 291 

the NYISO emergency market, they must be able to reduce a minimum load size of 100kW 292 

per zone [37,38]. 293 
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Table 1. Component associated with Energy Management System for Technical Considerations of DR Aggregators	294 
HEMS/BEMS 
Components	 Technology	 Available	Communication	Device	 Compatible	Communication	

Protocol/	Standard	

Ac
ce
ss
	

Po
in
t/
	

Ga
te
w
ay
	

Smart Meter & Interval Meter 
RF Mesh network (Common in Residential) ZigBee, 6LowPan, Bluetooth, IEEE 

802.15x, WiFi 
PLC (Common in Commercial Buildings) HomePlug, Narrowband, X10 

Wireless Star Network (Common in Rural Areas) GMS/EDGE,LTE 

Co
m
m
un
ic
at
io
n	
M
od
ul
e	

Wireless 

WiFi IEEE 802.11x 
Bluetooth IEEE 802.15.1 

ZigBee ZigBee, ZigBee Pro, IEEE 802.15.4 
Cellular GSM/GPRS/ EDGE 

RFID IEEE 1451, IEEE 802.11, XBee 
WirelessHART IEE 802.15.4 

6LoWPAN IEE 802.15.4 
Z-Wave Z-Wave, 802.11 

Xbee ZigBee, IEEE 802.15.4, WiFi 

Wired 

Power Line Carriers (PLC) HomePlug, Narrowband, X10 
Ethernet IEEE 802.3x, BACnet 

Serial RS-232/422/423 /485, UART, I2C, 
SPI, Modbus, DLMS/COSEM 

BACnet IEEE 802.3, RS-232, RS-485 

Se
ns
or
s	

Light Sensors 

ZigBee, WiFi, Z-Wave, 6LoWPAN, Serial, Xbee, 
BACnet, WirelessHART See Above 

Temperature Sensors 
Humidity Sensors 

Voltage and Current Sensors 
Motion Sensors 

Lo
ca
l	C
on
tr
ol
le
r	 Arduino WiFi, Bluetooth, Xbee, ZigBee, Serial, X10, Cellular 

See Above 

Banana Pi ZigBee, Bluetooth, WiFi, Serial, Cellular 
BeagleBone Black Serial, PLC, Ethernet, Bluetooth, Cellular 

Rasberry Pi Cellular, Z-Wave, Ethernet, Serial, WiFi, ZigBee 
FPGA Serial, Bluetooth 

Intelligent Thermostat ZigBee, Bluetooth, WiFi, Z-Wave, Cellular 
Electronic Relay Circuits Serial 

GU
I	

Home Energy Display Smart meter, Tablet, Stand-alone devices 

N/A Web Dashboard/Portal Laptop, Desktop, Smartphone 

Smartphone Application iPhones, Android phones, and others 

 295 
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5. ECONOMIC	CONSIDERATIONS	296 

The economic characteristics of demand response aggregators in terms of their ability 297 

to generate revenue, capital expenditure, type of market transactions, and installation, 298 

maintenance and operation costs depend on a number of parameters, which are mainly 299 

categorized as follows [8,13,36]: 300 

1. the market type, conditions and environment, 301 

2. entry barriers to markets, 302 

3. what type of supporting technology and infrastructure exists in the area, as 303 

discussed in Section IV, 304 

4. the geographical area in terms of population, 305 

5. whether or not social adoption is apparent, as described in Section VI, 306 

6. what type of government policies and standards are in place, as addressed in 307 

Section VI. 308 

Much research illustrates that aggregators can earn greater profits in the capacity and 309 

ancillary services market, if enabled, as these markets are better designed for the use of 310 

the aggregators flexible capacity. For example, in the White Oak Campus Microgrid 311 

project, the U.S. Food and Drug Administration campus is enrolled to participate in 312 

demand response programs that are being entered into both the ancillary service market 313 

and the capacity market. The campus’s load, which consists of curtailable loads, storage 314 

technology, and renewable generation technology, had been retrofitted with control 315 

infrastructure developed by Honeywell. The results from the project demonstrated that 316 

as of 2013, the White Oak Campus has been able to generate US$3 million from 317 

participation in DR programs in capacity and ancillary service markets [39]. 318 

The initial costs of making a potential end-consumer demand response ready, is usually 319 

carried out by the aggregator and depending on whether or not there is existing 320 

infrastructure. The cost for enabling a large mass of end-consumers can represent a 321 

substantial market barrier for aggregators [8]. Residential end-consumers usually have 322 

higher incremental costs associated with demand response enabling technology due to 323 

the lack of awareness, and the cost of implementing advanced metering if it does not 324 

already exist [40]. However, aggregators may find that the additional cost for enabling 325 

commercial and industrial end-consumers to participate in a demand response program 326 

is significantly less due to their previous exposure to demand response programs and 327 
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their tendency to already have some pre-existing infrastructure [8]. 328 

Research conducted in [41] suggests that the investment costs associated with enabling 329 

a single residential household with intelligent ICT/AMI infrastructure capable of 330 

facilitating automated DR, is approximately 500 EUROs for smart meters and wireless 331 

sensors. Another 500 EUROs is necessary to cover the cost of the appropriate 332 

microcontroller/processor in addition to 50 EUROs for the annual operating and 333 

maintenance (O&M) costs. However, the costs and benefits associated with 334 

implementation of ICT/AMI infrastructure depends on various parameters as mentioned 335 

in the beginning of this Section. Some of the known operational costs and benefits 336 

experienced by aggregators in regards to smart meters and their appropriate ICT/AMI is 337 

depicted in Fig. 1 [4,8,13,36,39,41]. As Shown in Fig. 4, average cost per meter installation 338 

and the associated systems is different in different cases, which is from 0.8 to 2.2 units 339 

per meter (unit=$200), depending on the geographical area and availability of existing 340 

infrastructure. This figure shows that O&M cost savings are not the only advantages of 341 

AMI. Also, the benefits from DR and energy conservation are significant in many cases. 342 

Consequently, depending on the type of policies and price reforms committed by 343 

regulators and utilities, the total benefit per cost is different. This economic analysis 344 

should be undertaken for every DR aggregator. 345 

Aggregators must also analyse the cost/benefit of customers as well and make sure that 346 

the customers’ contributions are affordable for those consumers. Therefore, DR 347 

aggregators should take into consideration whether or not the economic benefit they 348 

provide to the end-consumer is incentive-based (reward for participation), price-based 349 

(bill-savings/ reduced rates) or a combination of both [8]. Furthermore, remuneration to 350 

end-consumers depends on the aggregator being able to determine their Baseline Profile 351 

(BLP), which is the normal demand profile of customers without DR. BLP is critical for 352 

determining the amount of energy deviation due to demand response signals/actions 353 

[40]. If the BLP is not easily explained to the end-consumer, this can cause uncertainty [9] 354 

to aggregators and customers. The research in [42] identifies that the most successful 355 

approach used by aggregators to motivate end-consumers into reducing their loads 356 

during critical peak times is to offer them monetary incentives. However, the study shows 357 

that this mechanism is most effective if the end-consumers are given advanced warning 358 

of the peak event, so that they may prepare to shift certain loads to predetermined off-359 

peak times [42]. 360 
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 361 
Fig. 4. Economic consideration regarding implementation of ICT/AMI infrastructure for 362 
DR aggregator. Ave: Average, Met: Meter, Ben: Benefit, EC: Energy conservation. All 363 
parameters except “Total Ben/Cost” are divided by $200 and represented here for better 364 
appearance. 365 

 366 
Aggregators can also provide system operators with better grid cost savings as they 367 

defer grid expansion [7], reduce potential equipment damage along the grid, provide 368 

operators with better mechanisms for load forecasting and help mitigate congestion and 369 

improve security [27,18]. This area is another benefits for DR aggregators can provide to 370 

utilities and communities, which needs an appropriate agreement between aggregators 371 

and utilities and the corresponding analysis. 372 

6. SOCIAL	AND	POLITICAL	CONSIDERATIONS	373 

Social implications of demand response aggregators are intertwined with political 374 

implications in many aspects. Thereby, in this section, both social and political are 375 

presented along with their relationships. 376 

Research in [43] discusses the social implications of motivating residential end-377 
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consumers to engage in DR programs. The study highlights how government rollouts for 378 

demand response enabling technology such as smart meters, encourages market 379 

participation by helping to facilitate the active participation of end-consumers through 380 

economies of scale. Some consumers may find the idea of having their appliance energy 381 

consumption rates monitored and changed by various electricity market participants, to 382 

be an invasion of privacy. Therefore, it is up to the aggregator to ensure that the correct 383 

security measures are undertaken, in order help mitigate this social concern [20]. 384 

Residential consumer behavior and preferences can also have a great impact on available 385 

capacity for aggregators, especially those who are just starting up [13]. This is because 386 

their available energy pool is not only restricted by the number of participants but also 387 

the consumer’s appliance preferences. Hence, it is important for a DR aggregator to assess 388 

whether or not an end-consumers potential profit is greater than their 389 

installation/operation cost of enabling demand response. Consumers are also becoming 390 

increasingly aware of the cost of electricity, which provides DR aggregators with an 391 

opportunity for effective marketing by providing an easy solution that requires minimal 392 

effort for consumers to reduce their bill [20]. Through these considerations, DR 393 

aggregators can provide network operators with a large flexible portfolio of defined and 394 

dispatchable energy, by tapping into residential end-consumers. This flexibility can be 395 

used to effectively smooth the stochastic and intermittent nature of renewable energy 396 

technology, which fluctuates on a yearly, seasonal, daily and hourly basis [44,45]. It 397 

should also be noted that grid regions that have higher penetration levels of wind and 398 

solar resources need higher levels of reserve capacity/generation. DR aggregators also 399 

have the benefit of having a diverse, flexible portfolio, which by its very nature allows 400 

them to spread potential risk [13]. A study done in [33] discusses the instability effects 401 

DR aggregators can have on the power system, which can be caused by a rebound effect. 402 

This rebound effect can occur when an aggregator schedules a large-scale curtailment of 403 

residential loads whose households happen to be located relatively close together on the 404 

grid. However, the research determines that aggregators can mitigate this adverse effect 405 

by staggering the scheduling of their load curtailments and by also maximizing their 406 

geographic portfolio span. The research in [33] also demonstrates that DR aggregators, 407 

who serve the purpose of “pooling” available residential loads together to enter into 408 

markets, provide the grid with more stability compared to aggregators of DR, who purely 409 

seek to communicate prices to end-consumers as it can create market volatility. 410 
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In addition to economic benefits of DR aggregators, as explained in Section V, these 411 

aggregators also improve the power system security and help mitigate congestion 412 

[18,27]. Consequently, the comfort level of customers and feeling of having a reliable 413 

electricity network will be improved. Services to retailers include the opportunity to 414 

hedge their risks against market volatility, by allowing the aggregator to stabilize their 415 

consumer’s peak demand [9]. DR aggregators also provide a method of peak load 416 

reduction, that can rival that of peaking stations and generators as they have usually far 417 

less marginal costs than traditional methods of generation and are not emitting as much 418 

carbon dioxide [8,18]. Another advantage is that DR aggregators can usually respond 419 

faster, as conventional generating plants often have operational limitations that affect 420 

their ability to change their power output quickly [46]. 421 

The research depicted in [43] discusses the market barriers presented to DR 422 

aggregators due to political uncertainty. The study highlights that how policies and lack 423 

of standardization can create unfair advantages and represents a large risk that can deter 424 

aggregators of demand response from entering into markets. Currently there are no 425 

standard rules for DR aggregators to follow including remuneration, which can create 426 

unfair advantages for different market participants [47]. For example, some electricity 427 

markets allow aggregators to directly participate in forward auctions, whereas other 428 

markets specify aggregators must create bi-lateral contracts with utility providers, which 429 

inherently minimizes the potential for DR participation in wholesale market bids. Hence, 430 

lack of standard market policies creates opportunistic value for some participants, which 431 

can be deemed an unfair advantage [44]. In this environment, the economic benefits, 432 

realized through DR aggregators, depends mainly on the commitment of utilities and 433 

regulators to pricing reform and their willingness to establish new policies/standard. 434 

Furthermore, some regulatory conflictions and contradictions exist, that make clear 435 

identification for revenue potential and market participation difficult [13]. For example, 436 

Federal Energy Regulatory Commission (FERC) order 747 requires DR aggregators be 437 

paid/reimbursed for the capacity they provide at rates which are equivalent to the 438 

proportional generation they have displaced [44]. However, the U.S. Court of Appeals due 439 

to regulating jurisdiction concerns has recently determined that DR is a type of retail 440 

product and must be controlled within each state. This essentially minimizes potential 441 

profit for DR aggregators, as they cannot benefit from wholesale capacity markets, where 442 

revenue generation tends to be higher. In addition, many governments are supporting 443 
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the large-scale rollout of smart meters to encourage the active participation of end-444 

consumers, as a result of climate change initiatives [30]. Although this represents an 445 

opportunity for aggregators to activate their demand response potential, there is also no 446 

current standard for smart meter communication [13]. This means that smart meter 447 

communication protocol could change region to region, requiring aggregators to adapt 448 

their technology accordingly, which minimizes their ability to capitalize on economies of 449 

scale and scope [9]. 450 

7. SWOT	ANALYSIS	451 

To clearly identify the advantages and disadvantages of a demand response aggregator 452 

a SWOT analysis framework is applied for a sample DR aggregator in this Section. The 453 

SWOT analysis framework is a business model used to illustrate the internal ‘strengths’ 454 

and ‘weaknesses’ of a business operation, but also the external ‘threats’ and 455 

‘opportunities’ [11]. These SWOT analysis is a typical statement and should be updated 456 

based on the situation of individual DR aggregator. 457 

A) Strengths 458 

The main strengths of a DR aggregator can be as follows: 459 

 Incremental cost for enabling DR for industrial and commercial consumers is low. 460 

 Advances in ICT has reduced the cost of technology and has expanded the range of 461 

loads and appliances that can be used for DR. 462 

 Activating large amount of residential DR diversifies the portfolio and helps to mitigate 463 

risk. 464 

 DR aggregators have lower O&M costs than traditional power station for peak demand, 465 

and can therefore offer competitive pricing. 466 

 DR aggregators can improve the capital productivity of by providing access to market. 467 

 DR aggregators provide a capacity resource that offers minimal carbon footprint. 468 

B) Weaknesses 469 

Some possible weaknesses of a DR aggregator is listed below. 470 

 Incremental costs for enabling individual residential end-consumer is high. 471 

 Highly skilled technical staff are necessary but represent a high business cost. 472 

 End-consumers can experience discomfort from having to change their consumption 473 

patterns. 474 

 End-consumer preference behavior greatly effects available profits. 475 
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 Market membership and start-up fees represent high initial & on-going costs. 476 

 Residential consumer awareness of dynamic electricity price is relatively low, thus 477 

effective marketing engagement is needed. 478 

C) Opportunities  479 

There are many opportunities for a DR aggregator as it can 480 

 capitalize on economies of scale with government technology roll-outs. 481 

 provide flexible capacity that is able to help integrate the intermittent nature of 482 

renewable energy resources. 483 

 provide retailers with risk hedging mechanism via portfolio optimization. 484 

 provide system capacity that can displace traditional generation & costly peaking 485 

plants. 486 

 contribute to lowing the cost of energy delivery in a long-term period. 487 

 offer peak load services to system operators to maintain grid reliability and to apply 488 

better congestion management. 489 

 provides better forecasting mechanisms for system operators by integrating end-490 

consumer technology and load behavior. 491 

 capitalize on consumer concern of increasing electricity prices and propose cheaper 492 

solutions. 493 

 provide a cost-effective method for system operators to avoid costly grid 494 

expansion/upgrade. 495 

D) Threats 496 

Some threats that a DR aggregator can face are as follows: 497 

 Lack of smart meter communication standards can minimize potential for economies 498 

of scale & scope but also create data ownership risks. 499 

 Lack of standard market participation rules creates unfair advantages & can restrict 500 

potential profit. 501 

 Lack of standardized methods for end-consumer remuneration can create social 502 

uncertainty. 503 

 Lack of standard government policies and the existence of contradicting policies 504 

creates uncertain business environments. 505 

 End-consumers may be concerned over the viewing and exchange of their electrical 506 

consumption data to external market participants. 507 
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8. CONCLUSION	508 

This paper provides an assessment on DR aggregators from different perspective such 509 

political, economic, social and technological. Therefore, a SWOT analysis is conducted to 510 

present strengths, weaknesses, opportunities, and threats for a typical DR aggregator. 511 

This study shows that DR aggregator has the potential to play a key role in creating value 512 

that benefits the entire power networks and customers. The position of DR aggregators 513 

in the power market is discussed in this paper including what benefits these aggregators 514 

actually provide. Also, the concept surrounding who receives these benefits, what 515 

potential issues may be caused by this concept are investigated. In addition, this paper 516 

shows that for each case, a feasibility study should be conducted to answer whether the 517 

DR aggregator in fact create a more efficient power system or they are simply transferring 518 

rent and adding another step in the process. 519 
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