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Abstract: The electric energy price variability on hourly scale can open remarkable occasions of profit (on the 
market side) or savings (on the consumer side) on condition that the market is able to timely communicate 
variation and consumers are willing to modify normal consumptions patterns making flexible the demand. 
The lack of exposition to adequate economic incentives, the unavailability of technologies enabling the 
response and the limited propensity to an elastic behaviour of consumptions are the main reasons of the 
under-exploited field of business actions. The paper presents the first outcomes of a research project carried 
out in collaboration with a company operating as retailer on the electric energy market with the aim to model 
and implement an integrated ICT system able to apply shut down and/or shifting of electric loads to small 
and medium users with flexible price ratings in order to obtain shared economic advantages, with a particular 
focus on the tertiary sector, being the least explored in literature and applications. 
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1. Introduction and literary review 

The demand of electric energy has, on its whole, a quite 
inelastic behaviour for many “historical” reasons, which 
include technological, prescriptive, tariff and cultural 
aspects that make difficult the achievement of a perfect 
balance between supply and demand in real time. The 
process of making flexible this demand, with consequent 
important economic, social and operational advantages for 
the community, is still far to be sufficiently diffused due to 
three main causes, that are the lack of exposition to 
adequate economic incentives, the unavailability of 
technologies enabling the response and the limited 
propensity to an elastic behaviour of the electrical energy 
demand. 

1.1 Definitions and classifications 

According to Palensky and Dietrich (2011), the Demand 
Side Management (DSM) is a portfolio of measures to 
improve the energy system at the side of consumption, 
that ranges from the energy efficiency improvements, 
incentives in tariffs to install sophisticated dynamic load 
management systems, all finalized to induce lower 
electricity use when prices are high or system reliability is 
in jeopardy. 

In particular, Demand Response (DR), as one of the DSM 
strategies, is defined by the U.S. Dept. of Energy (2010) as 
the process that entails customers changing their normal 
consumption patterns in response to changes in the price 
of energy over time and to incentive payments. These two 
reasons, as clearly explained by Albadi and El-Saadany 
(2008), are stated as the basis for the market initiatives, 

divided in two categories of DR programs, such as Prices-
Based Programs (i.e. Critical Peak Pricing and Real Time 
Pricing) and Incentive-Based Programs (i.e., Direct Load 
control and Ancillary Services Market). 
On the customer side, instead, three general actions can 
be undertaken: customers reduce their consumption 
without changing their consumption patterns in other 
periods (direct load shedding without shift); shift the 
consumption, rescheduling some activities; use on-site 
distributed generation. 

1.2 DR benefits and costs 

With regards to the benefits DR politics can achieve, the 
most distinctive on the customer/market side is the cost 
saving. It is evident that reductions in prices or incentives 
are economic benefits for customers if no significant 
variation is requested to their normal usage (this may be 
not the case of industrial customers, that can have 
rescheduling costs and lost in service level). Moreover, it 
is important to notice that the high price of electric energy 
in a certain instant of time is dependent by the amount of 
energy needed. Peaks in demand allow the highest number 
of producers to be admitted to the market, also the most 
expensive. In reducing the peaks, then, environmental 
advantages can be obtained by asking more efficiency to 
producers, efficient use of resources, reduction of natural 
resources depletion (US Department of Energy, 2006). 
Along this, reinforcement and upgrades in distribution 
and transmission infrastructures are avoided or deferred, 
while more reliability against outage risk is achieved. 
Above all, empowered customers can directly affect the 
market behaviour implying less volatiles prices. 



With regards to the cost of DR politics, the participant or 
the retailer of energy would sustain the cost of the 
enabling technology to communicate or to directly control 
the load while the technical assistance should be provided 
by the program. With regards to the event relied costs, the 
consumer will have to bear the loss of service or 
reschedule his activities, the retailer will be in charge of 
evaluating the energy modulation possibility and 
undertake the action needed to perform them. Finally, 
marketing and communication costs have to be taken into 
account in order to get and encourage consumers in the 
programs. 

1.3 Consumers predisposition to DR 

Significant importance has to be given to the perception 
that consumers have about DR adoptions, making a 
distinction among familiar consumptions, industrial 
customers and services actors, because of the DR trade-
offs have to be retained advantageous by consumers 
(Vassileva et al. (2012) underline the principle motivations 
for clients involvement in DR programs)As discussed 
before, moreover, demand flexibilization is possible if 
customers takes part to the energy market, but direct 
participation to the market is not always agile for small 
consumers because administration costs (to keep 
informed, to make offer, to buy energy, etc.) are too high 
to be borne. DR programs, for this reason, would seem 
sometimes difficult to adopt. Notwithstanding, electric 
energy retailers can be the link between market and 
consumers, collecting data about quantity needed and 
meeting the demand with the offer. The retailer, in these 
terms, can be the provider of “flexible demand services” 
because he can be in charge of identifying and evaluating 
possible benefits coming from demand reduction, 
communicating them to consumers, contracting the 
rewards. In this sense, the retailer has a key role in the DR 
adoptions with regards to the service sector, with multiple 
actors not so big to participate to the market by 
themselves, but he has to deeply understand the market to 
nose out the opportunities. This motivation puts the 
retailer as the potential user of the evaluation model 
presented in what follows. 

1.4 DR models proposed by the literature 

Among the contributions given in literature on DR, the 
one of Bel et al. (2009) is particularly interesting because 
they develop an economic tool to evaluate the 
convenience from the side of the customer for a 
participation to a demand response program. The model 
is built in two phases: (i) the technological feasibility of 
the project for the customer and the evaluation of the 
amount of energy that could be handled and (ii) the price 
identification for the flexibility offered by the customer to 
the distributor. This price is constructed collecting all the 
direct and indirect costs related to the customer 
participation to this kind of programs.  

About the pricing, another interesting contribution is 
given by Faria and Vale (2011) that analyse and describe a 
simulation model able to maximize the profit function for 
the distributor considering different scenarios of DR 
application. A mathematical formulation was presented 

and also a software implementation of the procedure is 
given, all supported by a practical application of the 
model. 

In 2011, other contributions were found about more 
technical issues, such as a failure modes of demand 
response system or a scheduling model for the spinning 
reserve applying a demand response program. The first 
one was developed by Kim and Shcherbakova (2011). 
This contribution underlines as not so much technical 
issues could cause a failure of the DR policies, but just 
political and economic issues could cause the failure of 
this kind of strategies, if all the stakeholders will not 
support this programs in terms of sponsorship. Partovi et 
al. (2011) developed an algorithm to determine the 
optimum requirement of active power reserve capacity 
and contribution of generating units and DR resources to 
provide this requirement and allocating spinning reserve 
among them by considering the system security constraint 
is solved. This is done by separating the whole problem 
into the master and slave problem which are iteratively 
solved until the final solution is obtained.  

The theme, as clear from literature analysis, is quite open 
to contributions and investigations. In particular, the aim 
of this paper is to present an economic model for the 
evaluation of the economic convenience for the retailer to 
apply a DR policy, going to cover a state of art gap into 
and giving the kick-off to further investigation in this 
sector. The research, still in progress, is carried out in 
collaboration with the company Obiettivo Energia srl with 
the final target to design and realize an integrated ICT 
system able to apply shut down and/or shifting of electric 
loads to small and medium users with flexible price ratings 
in order to obtain economic advantages (ICT for DR). 

2. The service sector 

This research has been focused first on the 
characterization of the categories of customers with the 
wider potentialities of success in the implementation of a 
DR system, with particular attention to the service sector. 
The choice of concentrating the interests on this sector is 
motivated by the shortage of studies analyzing its 
potentialities, contrarily to what happens in the industrial 
sector. The main success factor is technical-economic 
potential of electric energy modulation, that is the demand 
quantity - referred to machines or implant that can be 
powered down for a certain period of time without 
implying evident discomfort or damage - supposed to be 
reduced compliantly with consumers and possibly shifted 
in case of high energy price. In particular, focusing the 
attention on the Italian case, some researches 
(International Energy  Agency, 2005) report that the 
Italian technical-economic potential just for the air 
conditioning in the service sector is about 250 MW in the 
summer, while the whole potential of the commercial 
sector is cautionary about 400 MW, that is more than in 
the industrial sector, because big loads technically eligible 
are already raised by the Interruptible Service. 

The potential advantages addressed to the service sector 
are also advocated by Borenstein et al. (2002), considering 
that air conditioning and illumination are the massive 



causes of energy consumption, and information about 
modulation to practice or direct load control are more 
convenient, programmable and efficient when centralized 
despite to the home consumers. Moreover, air 
conditioning services are the main reason of peaks in 
demand during the hot seasons. An experiment has been 
conducted in the Municipality of Sacramento raising the 
temperature of 4°F and reducing the illumination of the 
30% during the central hours of sunny days, without 
jeopardizing the wellbeing of customers and obtaining 
surprising benefits in terms of load reduction, between 
10% – 39%, and consistently increasing the electric system 
reliability.  

Because of our model is centred on tertiary sector 
technical-economic potential of electric energy 
modulation, we adopt the hourly load profile provided by 
the Italian project of CESI called ECORET (Alabiso et 
al., 2005). Six classes of users are identified, that are 
commercial centres without and with food, hospitals, 
universities, banks, offices; for each one of them, the 
energy power requirements for the main electric utilities 
used are reported. Figure 1a and Figure 1b show, for 
instance, the electric load profiles of the clients of office 
and hospital categories relative to the summer season. 

 

Figure 1a: Office hourly load profile (CESI 2005) 

 

Figure 1b: Hospital hourly load profile (CESI 2005) 

3. The DR cost-benefit evaluation model 

The main phase of the research work was the conceptual 
formalization and the subsequent implementation of a 
technical and economic model able to estimate the 
economic potential of a whatever DR policy on a group 
of end-use consumers belonging to the tertiary sector 
(macro-categories defined before). The model aims to 
reproduce the logic on the basis of the brokerage process 

into the energy market and to represent a general support 
for the calculus of the economic convenience of the DR 
solutions.  

3.1 General scheme of the model  

The Demand Response (DR), as before underlined, is one 
of the economic and technologic patterns to make the 
energy demand as much as possible flexible. As clearly 
stated, the DR has to be implemented through a 
technological model able to report the field data in a 
decision making system. Aim of this paper is therefore to 
present a model able to assess the economic feasibility of 
Demand Response solutions. In particular, the developed 
tool represents a general decision support system for 
energy distributors, as the industrial partner of this 
research is, because it helps them to evaluate the potential 
profitability of a whatever DR policy. 

The scheme of Figure 2 summarizes the inputs and the 
outputs of the model, in function of the choices made by 
the aggregator. By specifying information concerning load 
profiles, electric energy purchasing and selling prices and 
maximum availabilities for load shedding or shifting 
granted by the clients, the model is able to calculates the 
potential economic advantage for the energy supplier 
deriving from its DR choice and the modality of 
remuneration of the clients that makes the reductions of 
their loads in specific hours convenient. 

 

Figure 2: General scheme of the model 

In this way the operators of the electric energy market can 
obtain important information concerning the potential 
effect of different Demand Response solutions. They 
actually become able to address their efforts towards the 
most promising solutions, in terms of number and 
typology of customers to conveniently involve in the DR 
program and of the best combination of load shut 
down/shifting for the selected set of profiles.  

3.2 Logical steps 

The logic of the model starts from the fact that the main 
reason that leads an industrial subject to implement a DR 
model is the maximization of the profit, through the 
reduction of the overall cost related to the energy selling 
business. The DR gives to the managers two levers: the 
load shedding and the load transfer. Both these solutions 
are feasible only when technical solutions able to manage 
the electric loads, in terms of cutting or shifting, are 
available. The hypothesis to be realized for the aggregators 
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are mainly related to: (i) technological equipment 
availability, (ii) partnership with the clients. In this paper 
we assume that both the hypothesis are verified.  

Figure 3 shows the logical steps followed by the model, 
targeted to the individuation of the hours in which the DR 
is feasible and potentially profitable. They will be 
described in the following paragraphs. 

The steps 1 and 2 of the model consist of data collection 
from the final clients; more specifically, each client has to 
specify for each related electric technology: (i) the nominal 
power, (ii) the normal load requirements, (iii) its 
admissible shedding and (iv) its admissible shifting. 
Obviously, when the client indicates a shifting possibility 
he has to insert also (v) the hours at which he wants to re-
allocate the transferrable load (see Table 1). 

 
Table 1: Client data collection  

At the step 3 of the model the aggregator fixes the price 
for the energy selling. Most of the times the price varies 
with the hours of the day, in fact the model is able to 
manage 24 different hourly prices. On the contrary, the 
model do not provide for the possibility to make price 
differences among the clients; in other words, the hourly 
price is fixed and constant for all the clients. 

At this point the data of all the clients can be summarized 
and aggregated (step 4) in such a way as the aggregator 
can see, for each hour, the following four aggregated 
parameters: (i) the normal requested load, i.e. the more 
likelihood level of demand to satisfy, (ii) the minimum 
level of demand to satisfy, i.e. the normal level without the 
whole amount  of demand response, (iii) the maximum 
level that can be furnished to the clients, i.e. the normal 
demand level with the addition of the transferrable load, 
(iv) the maximum demand response, i.e. the sum of the 
shed and the shift demand levels (see Table 2). 

 
Table 2: Aggregated demand data  

The demand response policy finds its self-advantage in the 
fact that the price of the energy to be bought on the 
energy market is variable with the hours and from a day to 
the following. The existence of the market of the day 
before makes possible, basing on this price variability, on 
the hour of purchasing and on the total amount of needed 
energy, to understand where the purchasing price are too 
high (with consequent lower convenience for the 
aggregator). For this reason it is very important to collect 
data about the purchasing prices, through which it is 
possible to understand when and how much energy is 
convenient to shed or to shift in order to maximize the 
profit function. The data collection of the equilibrium 
prices identified by the market or an hypothesis stated by 

the aggregator on the basis of its forecasts and 
understanding of the market, is performed in the step 5 of 
the model and Table 3 shows the so obtained matrix of 
the hourly purchasing prices.  

Table 3: purchasing prices matrix 

This table is fundamental for the model run. Indeed, as 
the consumers can change their behaviour to meet 
demand peak reduction, the whole market can be 
influenced and the equilibrium price can change as well. 
So that, when a shift happens, the beginning hours may 
present less expensive energy costs depending on the 
quantity shifted, the new hours may show an increase in 
the cost. This dynamic behaviour of the market is 
represented in our model. 

At the step 6 of the procedure it is possible to calculate, 
for each hour, the profit of the energy selling without any 
application of DR policy. This step is important to let the 
aggregator to understand in which hours it is convenient 
to apply a DR policy. 

After that, the aggregator is able to understand when a 
shedding policy is convenient, that happens only when its 
purchasing cost is higher than the selling price (step 7). In 
fact, if this condition is not verified, a shed decision will 
oblige the aggregator to renounce a profit, maybe little but 
however positive. In the hours in which this convenience 
condition is verified, the aggregator can decide the 
amount of load to be shed, according with the 
availabilities to load reduction given by the clients (step 8). 

The following two steps are the most important and the 
most complex of the procedure. In the step 9 the 
aggregator has to decide when to act a shift policy to have 
more profits from the energy selling, how much energy 
load has to be shifted and when these shifted loads can be 
recovered. This decision is clearly guided by the 
information concerning the hourly profit calculated in 
step 6; the aggregator should be able to shift the load 
from the hours corresponding to a low profit to the hours 
in which this profit is higher, according to the constraints 
imposed by the clients about the maximum level of load 
shifting and about the timing to get back the transferred 
load.  

Once the DR policy has been decided at aggregate level, 
the step 10 of the procedure leads to decide how the total 
amount of shifted load has to be split on each client and 
for each electric equipment according to their relative 
availability. The cited control about the client constraints 
is made on the shifted and on the shed loads. It is 
organized with four levels which and guarantees a general 
control that verifies if the shed or shifted loads are 
coherent among them and with all the availabilities 
declared by the clients; if one of these constraints is 
violated the aggregator can easily find out on which client, 
in which electro-technology and at which hour the error 
has been made. 
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Figure 3: Logical steps of the convenience calculation process for a DR system 

When the previous control is positive, the model proceeds 
(step 11) to calculate the new distribution of the energy 
load for each hour as aggregate. The new energy load at 

the h hour ��,����
 is composed by four terms, as shown 

in (1). 

��,����
= (��,
�� + �,��
� − �,
 − �����)� (1) 

where ��,
��  is the normal load, �,��
� is the amount of 

energy transferred to the hour h, �,
 is the energy 

transferred from hour h, �����  is the amount of energy 
that is shed in the hour h. 

Once computed the new loads for each hour, the model 
starts to calculate the profits from the application of a DR 
policy (step 12). In particular, the profit can be calculated 
using the (2) or (3), depending on the comparison 
between purchasing costs cpurc and selling prices psell. If 
cpurc<psell is:  

U1= R+Σh∆ph(Etransf)h-Cpurc  (2) 

When, on the contrary, is cpurc<psell the formula is given 
by: 

U2= R+Σh∆ph(Qtransf)h+Σh(cpurc-psell)hQdist,h-Cpurc  (3) 

where U1 and U2 are the profits values, R is the total 
amount of the energy sales, ∆p is the difference of 
purchasing costs when shifting a load Qtransf from an hour 
to another and Qdist is the amount of energy shed, all at the 
h hour. 

When the profits are calculated, the aggregator (step 13) 
can decide the level of remuneration for the clients, as a 
fixed percentage of its profit improvement. After that, the 
model (step 14) calculates the real net profit, that 
represents the main outcome of the DR policy and is the 
result of the difference between the (2) or (3) and the fee 
acknowledged to the clients. 

To let the aggregator able to estimate the profitability of 
the business, the model considers also the possibility to 
project the profits on annual base and then for long term 

periods (step 15). With this projections it calculates the 
main profitability indexes, i.e. the Pay Back Period (PBP), 
the Net Present Value (NPV) and the Internal Return 
Rate (IRR). 

4. Experimental application 

The on-going research activity is currently focused on the 
experimental campaign with the aim to validate the model 
and to assess the profitability of the DR system. 
Notwithstanding that, we here present its first results to 
show the potential benefits of such a kind of model, able 
to handle and evaluate any generic DR policy. The model 
previously described is applied to a simulation scenario 
with the following hypothesis: (i) 100 days per year 
applying DR tactics, (ii) 12 clients for each class of users, 
(iii) 30% of client maximum availability to DR; (iv) 5% of 
maximum availability standard deviation, (v) 60.000 € of 
investment costs for DR application, (vi) 80.000 €/yr of 
operational costs. 

In these hypotheses, the economic and financial output of 
the model are: (i) the net present value for a period of 10 
years, (ii) the internal return rate in the hypothesis of a 
time span of 10 years for the NPV, (iii) the payback 
period, (iv) the profit without any application of a DR 
policy, (v) the gross profit before the remuneration for the 
clients’ participation fee for the DR and (vi) the net profit 
from the application of a DR policy. 

All these results are obtained from an appositely built 
simulation system. The results are obtained as mean 
values of the total number of simulated days; each day was 
repeated 100 times and the best result was taken as 
reference of simulation for that day. Table 4 shows the so 
obtained values of the financial and economic parameters.  

The financial parameters (NPV, Payback and IRR), 
calculated on 100 days for each year of DR application, 
are very satisfactory. The IRR, in particular, gives a great 
result in terms of investment risk level, having a value of 
107% with a standard deviation of 23%, this lets to 
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conclude that the risk level for the investment is very low. 
Naturally, these results are strongly influenced by the 
hypothesis on the initial costs and by the supposed yearly 
operational costs. Further investigations on the robustness 
of these parameters are now in progress as further 
development of this research. 

 

Table 4: Scenario results  

The economic parameters (profit without application of 
the DR policy, DR gross profit and DR net profit) are 
also very positive, having good mean levels compared 
with the amount of the investment needed for the start-up 
of this kind of initiative. Moreover, the standard deviation 
of these parameters could be very low depending on the 
imposed level of variability (i.e. 5%) to the simulated 
scenario; nevertheless, further investigation have to be 
performed also in this field in future developments of the 
research in order to confirm this first outcomes. 

5. Conclusions 

In this paper a cost-benefit model capable to assess the 
economic potential for the application of a demand 
response program by an energy distributor has been 
presented. The model was developed assuring the 
preservation of the economic point of views of the 
distributor and of the client, with particular attention to 
the characteristics of service sector. 

Obviously, the proposed modes do not executes simply 
the calculus of the economic potential consequent to a 
generic choice of demand response but aims to represent 
a real Decision Support System for the manager of the 
electrical energy selling. This because it makes possible: (i) 
to guide the manager in the DR choices, showing the day 
hours in which the margin is reduced or even negative and 
these in which this margin is maximum; (ii) to show the 
margins of action in the search for the optimal solution 
through the aggregation of the load shed/shift 
availabilities of all the clients; (iii) to assure that the 
manager choice, initially guided by economic 
considerations and constrained by aggregate limits on the 
loads, is really applicable. This through the possibility to 
split sheds and shifts on the single clients basing on their 
specific availabilities; (iv) to avoid errors in making DR 
choices through an articulated system of controls able to 
signal immediately and clearly a whatever violation of the 
existing constraints. 

The model has been finally tested through the load 
pattern data available in literature and relative to the main 
categories operating in the tertiary sector, evidencing the 
economic results obtainable with different combinations 
of admissible reductions levels, remuneration criteria for 

the customers, load shifting constraints and hourly energy 
price behaviours. 
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