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Abstract

The electricity retailing, a new business in deregulated electric power systems, needs the development of efficient tools to optimize its

operation. This paper defines a technical-economic model of an electric energy service provider in the environment of the deregulated

electricity market in Spain. This model results in an optimization problem, for calculating the optimal electric power and energy selling

prices that maximize the economic profits obtained by the provider. This problem is applied to different cases, where the impact on the profits

of several factors, such as the price strategy, the discount on tariffs and the elasticity of customer demand functions, is studied.

q 2005 Published by Elsevier Ltd.
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1. Introduction

Nowadays, many countries are involved in developing

deregulation and opening processes to promote an economic

competition in their electricity markets. The final aim of this

deregulation is to enhance the efficiency of the investments

and the operation of the electric power systems, by reducing

the costs as much as possible. The final result should be that

the final consumers would obtain a reduction in the

electricity costs and an increased quality and reliability of

the electric supply [1].

The restructuring of the electric sector has led to the

conversion from a vertically integrated structure, where all

the activities are considered together, to a horizontally

integrated structure, where the generation, transmission,

distribution and retailing processes operate separately.

Retailers have emerged as fundamental agents within this

new framework [2].

The mathematical model for calculating the prices,

maximizing the profits instead of minimizing the costs,
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was proposed in the 1980s based originally on Ref. [3].

It has been used to obtain nodal prices in electric

transmission networks [4] but many other applications

have been proposed [5].

For markets to work, there must be an active demand side

in which consumers react to price changes [6,7]. Customers

should have the opportunity to see electricity prices varying

from hour to hour, reflecting wholesale-market price

variations. Allowing customers to face the underlying

variability in electricity costs can improve economic

efficiency, increase reliability and reduce the environmental

impact of electricity production [8].

Economic efficiency requires a series of customer

choices. Offering customers a variety of pricing options is

an essential component of competitive markets and the key to

improve customer well-being. The heart of the strategy is an

explicit contract between each consumer and the utility [9].

Most consumers of electricity are unlikely to find it

profitable to buy electrical energy exclusively on the spot

market. This does not mean that they will not be able to take

advantage of a liberalized electricity market. Electricity

retailers will indeed try to get their business by offering

them various types of contracts [10,11]. Retailers’ settle-

ment obligations for wholesale power costs will be then

based on customers’ load-profiled consumption [12].
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This paper defines a model that can be applied to an

energy service provider (that supplies electric energy to

eligible industrial customers) in the Spanish electricity

market. This model results in a quadratic non-linear

optimization problem, where the objective function to be

maximized is the economic profit obtained by the supplier,

and it calculates the optimal electricity selling prices to be

applied to the customers.

This problem has been solved for different cases in order

to assess the impact of several factors on the final profit:

price elasticity of demand from eligible customers, price

strategy and discount on price with respect to the regulated

tariff applicable to each customer.
2. Electric energy service provider model

This section develops the model that reproduces the

behaviour of a retailer firm working in the Spanish

deregulated electricity market. This model leads to an

optimization problem: the maximization of the profit

obtained by the company, from which the optimal electric

power selling prices for eligible customers are calculated.

The proposed model considers different agents, as it is

shown in Fig. 1.

Two factors have an impact on the relationships among

the agents, namely, the consumed electric energy and the

price. The customer demand will depend on the price,

according to the demand price mathematical function that

characterizes it. The relationships of the retailer with the

electricity market and the distribution utilities are limited to

the purchase of the electric power demanded by customers

for the former, and to the payment of network access tariffs,

associated with each customer, for the latter.
2.1. Agents in the model
2.1.1. Electric energy service provider

The electric energy service provider is responsible for the

purchase of the electric power in the market, and for the

payment of access tariffs to the utilities. These two factors

constitute its operation costs. The retailer profit function is
Production
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Fig. 1. Proposed model of retailing for an electric energy service provider.
obtained by subtracting these costs from the income

(derived from the sale of electric energy to the customers):

Profit Z Income KEnergy Costs KAccess Costs (1)

Each element of this profit function is detailed in the

following paragraphs.

Network Access Tariffs (Access Costs). The Spanish

Royal Decree 1164/2001 [13] establishes the access tariffs

applied to high voltage networks. The tariffs are based on a

division of the year in six time periods and such tariffs

include an invoicing element of power demand and an

invoicing element of electric energy.

The invoicing element of power demand corresponds to

the expression

FP Z
X6

jZ1

tpjPcj (2)

where
Pcj
 electric power demand contracted during the period j, in

kW
tpj
 annual price of the electric power demand during the

period j, in V/kW
The tpj element is settled according to the supply voltage

level and the time period.

The invoicing element of electric energy corresponds to

the following expression

FE Z
X6

jZ1

tejEj (3)

where
Ej
 electric energy consumed during the period j, in kWh
tej
 price of the electric energy during the period j, in V/kWh

Costs of the Purchased Electric Energy (Energy Costs). It is

calculated as the result of multiplying the kWh purchase price

in the generation pool, in a specific time period, by the electric

energy consumed during this period. Therefore, for any

consumer, the electric energy purchase cost is

CE Z
X6

jZ1

ajEj (4)

where
Ej
 electric energy consumed during the period j, in kWh
aj
 electric energy price in the pool during the period j, in

V/kWh

Income. The element of the profit function that

corresponds to the income is obtained by multiplying the

kWh selling price applied to each customer, during each

time period, by the electric energy consumed during such
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period. Then

I Z
X6

jZ1

rjEj (5)

where
Ej
Tab

Ele

Per

1

2

3

electric energy consumed during the period j, in kWh
rj
 electric energy selling price during the period j, in

V/kWh
Fig. 2. Demand function.
2.1.2. Electric power production market

The electric energy service provider buys electric energy

from the pool, a competitive production market, whose

prices change every hour. In the present model, an average

price in kWh for each one of the six time periods of a year

has been considered. Nevertheless, the optimization model

of this paper can be extended to consider hourly spot prices

in the pool. These average prices have been calculated from

the hourly final prices in the pool during the year 2000

(Table 1).
2.1.3. Eligible customers

In practice, customers generally respond to prices by

changing their electric power demand. In order to

characterize this response, one of the easiest and most

reviewed models has been used [3,14]. According to that

model, the customers follow a demand function (Fig. 2),

defined (in a E0j and r0j environment) by the equation

Ej Z E0j 1 C
bj½rj Kr0j�

r0j

� �
(6)

where
Ej
l

ct

io
electric energy consumed during the period j, in kWh
E0j
 nominal electric energy consumed during the period j,

in kWh
r0j
 nominal electric energy selling price during the period j,

in V/kWh
rj
 electric energy selling price during the period j, in

V/kWh
bj
 demand elasticity in the period j (bj!0)
For each customer six demand functions have been

defined, one for each time period. The coefficients E0j and

r0j of each of them have been obtained using the daily load

curve of customers. Nevertheless, the response of

each customer to the price variations, characterized by
e 1

ricity average price in the pool

d Price (V/kWh) Period Price (V/kWh)

0.051206 4 0.045677

0.043465 5 0.037635

0.048393 6 0.027695
the elasticity b, has to be empirically assigned. The price

elasticity of demand b measures the degree of response of

the demand to the changes of price in the market, being

defined as the ratio of the variation of the demand quantity

of some good or service, in percentage terms, to the

variation of its price r, in percentage terms [15]. It can be

expressed as:

b Z
DE=E

Dr=r
(7)

The demand is ‘elastic’ if b is higher than 1, and

‘inelastic’ if b is lower than 1. As it is shown in Fig. 2, as a

price increase is accompanied by a demand decrease and

vice versa, the elasticity has a negative sign in this case.

Taking as a reference different studies performed to

characterize the customers response to several price

strategies [16–22], elasticity values ranging from K0.01

to K0.25 have been chosen.
2.2. Setting prices

The setting prices have two key elements to be

considered. On the one hand, it is necessary to fix the

number of different prices at which the retailer may offer

electric energy to the customers, in other words, the price

strategy to be applied. The simplest strategy is the flat rate,

that is, apply the same price to all time periods, and the most

complex one is the strategy that offers a different price per

period. On the other hand, the price regulation has to be

considered too, since due to the low elasticity of the

customer electric demand, a maximization of the profit

without limit of price will produce unrealistic results, as it is

shown in case 1 (presented in Section 5).
2.2.1. Price strategy

This model considers different price strategies applied to

each customer by the retailer, and they are:
†
 Flat rate. Only one price for the customers during the

whole year.
†
 Two prices. One price for three time periods and another

price for the other three periods.
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†
 Three prices. This strategy has two alternatives, depend-

ing on the division of the time periods. In the first

alternative, periods 1 and 2 have the same price, as well

as periods 3 and 4, and periods 5 and 6. In the second

alternative, periods 1 and 6 have different prices and the

rest of the periods have a single price.
†
 Six prices. A different price for each period.

2.2.2. Price regulations

As above-mentioned, the profit maximization problem

considered in the model of this paper needs some

restrictions of prices, in order to avoid an excessive increase

of them, due to the low elasticity of the customer electric

demand, that is, due to its limited capacity of response to

price changes.

The tariff that a customer would obtain in a regulated

framework has been used as upper limit of the setting prices:

in this way, eligible customers only would have an incentive

to exercise their right to choose a supplier if they would

obtain electricity at a price lower than the tariff.
3. Optimization problem

This section analyzes the optimization problem proposed

to maximize the profit obtained by the electric energy

service provider.

3.1. Objective function

As above-mentioned, the objective function to be

maximized includes an income element related to the

sales, and two other elements of electric energy purchase

and access costs. When a retailer supplies electric power to

eligible customers, the obtained profit can be expressed by

the following expression

BðrÞ Z
Xn

iZ1

X6

jZ1

Eijrij K
Xn

iZ1

X6

jZ1

Eijaj K
Xn

iZ1

X6

jZ1

Pijsij

K
Xn

iZ1

X6

jZ1

Eijgij (8)

where
Eij
 electric energy consumed by the customer i in the period

j, in kWh
Pij
 power demand contracted by the customer i in the

period j, in kW
rij
 electric energy selling price applied to the customer i in

the period j, in V/kWh
aj
 electric energy price in the pool during the period j, in

V/kWh
sij
 element tpj (network access tariff) of the retailer,

associated with the customer i in the period j, in V/kW
gij
 element tej (network access tariff) of the retailer,

associated with the customer i in the period j, in V/kWh
n
 number of customers
3.2. Mathematical constraints

The constraints of the problem arise from the cases

considered in Section 2.2. The regulation of prices includes

constraints on the maximum average price ri,max for each

customer i

X6

jZ1

Eijrij

Ei;tot

%ri;max c i Z 1; 2;.; n (9)

where Ei,tot is the total electric energy consumption of the

customer i, that is, the combination of its consumption of all

the time periods. Therefore, there is a constraint for each

customer.

Since the electric energy consumption Eij depends on its

price, according to the demand function (6), the resulting

constraint is a quadratic price function. A suitable

linearization process allows to transform these mathemat-

ical constraints into linear constraints (the corresponding

linear approximations have been experimentally validated,

by checking them against to the non-linear ones).

The price strategies considered in the problem include

the other group of constraints. Depending on the chosen

strategy, one of the following expressions has to be

considered:

Flat rate : r1 Z r2 Z r3 Z r4 Z r5 Z r6

Two prices : r1 Z r2 Z r3; r4 Z r5 Z r6

Three prices : r1 Z r2; r3 Z r4; r5 Z r6

or r2 Z r3 Z r4 Kr5

Six prices : There are no constraints ð10Þ
3.3. Mathematical formulation of the optimization problem

The complete formulation of the problem (where the

terms of the objective function have been grouped) is as

follows:

max BðrÞZ
Xn

iZ1

X6

jZ1

½Eijðrij Kaj KgijÞKPijsij� (11)

subject to

X6

jZ1

Eijrij

Ei;tot

%ri;max ciZ1;2;.n

rij Zri;jC1 ðaccording to thepricestrategyÞ

(12)
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Fig. 3. Customer electric load curves.
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4. Optimization problem resolution

The software CPLEX [23] has been used to solve the

optimization. This computer tool uses a primal–dual interior

point algorithm, incorporating a predictor–corrector method.

The problem has been solved considering an electric

energy service provider supplying electricity to five eligible

customers, each one with its corresponding electric load curve

(Fig. 3). The numerical adjustment of the model is achieved

from the daily electric load curve of each customer (the model

considers approximately that the daily electric load curve is

the same one during the year). From these electric load curves,

the nominal electric energy consumption and the contracted

electric power demand in each period are calculated.

The electric energy consumption or nominal energy

demand E0j is calculated from the area under the electric load

curve corresponding to the hours of each time period,

multiplied by the number of days of the year that belongs to it.

The contracted power demand will be the maximum one

during each period, with the restriction that the contracted

power demand in a period cannot be lower than in the

previous period, according to the aforementioned Royal

Decree 1164/2001 [13]. Table 2 gives the corresponding

electric energy consumption, in kWh, and the contracted

power demands, in kW, by customer (for each one of the time

periods 1–6).

In order to calculate the nominal selling price r0j applied

to the customers, it is assumed that (in the situation of

nominal demand E0j) the retailer sells electricity at a price

10% higher than the whole cost, that is, it is assigned a profit

on income of 10%.

The problem has been solved in 37 cases with different

hypothesis of discounts, price strategies and demand

elasticity. Tables 3–5 describe the main characteristics of

these cases.

In cases 1–6, a trial of the model is developed considering

different discounts on the price with respect to tariff. For all

the cases six prices are calculated and the demand elasticity

remains constant, with a value of K0.1. Case 1 does not

include constraints, providing only theoretical results. In

case 2, the maximum average price is equal to the price of

tariff, thus implying a zero discount. Cases 3–6 consider

discounts of 5, 10, 15, and 20%, respectively.

Cases 7–10, as well as case 5, evaluate different price

strategies. In all of them, the discount on the tariff remains

unchanged (maximum average price equal to 85% of tariff).

In case 5 six prices are calculated; cases 7 and 8 use the

three-price strategies; case 9 uses the two-price strategy; and

the case 10 uses the flat rate. As in the previous group of

cases, the demand elasticity is K0.1.

In cases 11–22, a sensitivity analysis of computer results is

performed by varying the discount on the tariff and the price

strategy. In cases 11–14, the impact of a change in the price

strategy on the retailer profit is studied. Cases 15–22

represent different trials of the model, assuming different

hypothesis of the contract negotiation with the customers.
In cases 23–28, as well as in cases 5, 7 and 10, the

influence of the demand elasticity is analyzed, for cases of

six prices, three prices and the flat rate. In cases 23–25, a

passive response of the customers is represented (elasticity

of K0.01), while in the cases 26–28 customers with a higher

response capacity are considered (elasticity of K0.25).



Table 2

Consumption of electric energy and power demands

Customer

A B C D E

Consumption

(kWh)

1 2.400.000 1.200.000 192.000 960.000 478.000

2 5.440.000 192.0000 1.568.000 1.600.000 788.000

3 3.936.000 1.271.000 1.328.400 984.000 516.600

4 4.100.000 1.927.000 475.600 1.640.000 781.050

5 6.370.000 2.535.000 1.430.000 2.080.000 1.028.625

6 28.222.000 10.896.000 10.504.000 1.028.000 4.553.925

Demand (kW) 1 5.000 3.000 400 2.300 1.200

2 9.350 3.000 4.000 2.300 1.200

3 9.350 3.000 4.000 2.300 1.200

4 9.350 3.000 4.000 2.300 1.200

5 9.350 3.000 4.000 2.300 1.200

6 9.350 3.000 4.000 2.300 1.200
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Finally, in cases 29–37 a sensitivity analysis is performed

by varying the demand elasticity according to the customers

or the periods. Cases 29–34 include elasticity variations

according to the customers, considering that not all

customers will have the same capacity to change its demand

in response to the changes in the price. In cases 35–37,

elasticity variations are used for the time periods, assuming

that there are more incentives to vary the demand if the

electricity price is higher.
5. Analysis of the computer results
5.1. Cases 1–6

This group of cases (Table 3) constitutes a first trial of the

model in order to assess the impacts of the constraints
Table 3

Case definitions 1–14

Case Price strategy Elasticity Price limitation (with

respect to tariff) (%)

1 Six prices K0.1 –

2 Six prices K0.1 100

3 Six prices K0.1 95

4 Six prices K0.1 90

5 Six prices K0.1 85

6 Six prices K0.1 80

7 Three prices (1 2345 6) K0.1 85

8 Three prices (12 34 56) K0.1 85

9 Two prices K0.1 85

10 Flat rate K0.1 85

11 A and E: flat rate,

B–D: 3 prices

K0.1 85

12 A: flat rate, B–E: 3

prices

K0.1 85

13 A and E: flat rate,

B–D: 6 prices

K0.1 85

14 A and E: flat rate,

B–D: 3 prices

K0.1 85
(upon the selling kWh average price applied to each

customer) on the profit obtained by the retailer.

The first case has not constraints. In case 2 a constraint

is imposed, setting (as maximum price of each period) the

tariff price. These maximum prices are going to decrease

progressively until they reach the 80% of the tariff price

in case 6, where no profit and no profitability is

practically obtained, as it is shown in Fig. 4. The

profitability has been calculated as the quotient between

profit and income. The results of case 1 are not indicative

of a real situation, due to the lack of constraints upon the

maximum electricity price.

In case 5, with a maximum average price of 85% of the

tariff price, the customer gets a discount of 15% with respect

to the tariff and the retailer profitability is around 6.5%.

These values coincide approximately (in the evolution of

the Spanish electricity market from 1998 to 2000) with the

prices that the eligible customers obtained in their contracts

and with the profit obtained by the retailers. It can be said

that it is an appropriate constraint for the real market.
Table 4

Definitions of cases 15–22

Case Price strategy Price limitation

(with respect to tariff)

15 A and E: flat rate, B–D: tou rate A: 80%, E: 85%, B–D: 90%

16 A and E: flat rate, B–D: tou rate A and E: 85%, B–D: 90%

17 E: flat rate, A–D: tou rate A: 80%, E: 85%, B–D: 90%

18 E: flat rate, A–D: tou rate A and E: 85%, B–D: 90%

19 A and E: flat rate, B–D: tou rate A: 80%, E: 85%, C: 95%,

B and D: 90%

20 A and E: flat rate, B–D: tou rate A and E: 85%, C: 95%,

B and D: 90%

21 E: flat rate, A–D: tou rate A: 80%, E: 85%, C: 95%,

B and D: 90%

22 E: flat rate, A–D: tou rate A and E: 85%, C: 95%,

B and D: 90%

tou, time-of-use.
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Table 5

Case definitions 23–37

Case Price strategy Elasticity

23 Six prices K0.01

24 Three prices K0.01

25 Flat rate K0.01

26 Six prices K0.25

27 Three prices K0.25

28 Flat rate K0.25

29 Six prices P1 K0.25; rest K0.05

30 Three prices P1 K0.25; rest K0.05

31 Flat rate P1 K0.25; rest K0.05

32 Six prices P1 K0.25; P2 K0,2; P6 K0.05; rest K0.1

33 Three prices P1 K0.25; P2 K0,2; P6 K0.05; rest K0.1

34 Flat rate P1 K0.25; P2 K0,2; P6 K0.05; rest K0.1

35 Six prices A: P1 K0.25; P2, P3 K0.01; rest K0.05

C: P1 K0.25; P6 K0.01; rest K0.05

B, D, E: P1 K0.25; rest K0.05

36 Three prices A: P1 K0.25; P2, P3 K0.01; rest K0.05

C: P1 K0.25; P6 K0.01; rest K0.05

B, D, E: P1 K0.25; rest K0.05

37 Flat rate A: P1 K0.25; P2, P3 K0.01; rest K0.05

C: P1 K0.25; P6 K0.01; rest K0.05

B, D, E: P1 K0.25; rest K0.05
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5.2. Cases 7–10

These cases (Table 3), as well as case 5, constitute the

group used to analyze the impact of the price on the final

profit obtained by the retailer. All of them have the same

constraint upon the maximum price (85% of the tariff) and

the same elasticity (with bZK0.1). As it can be observed in

Fig. 5, the three-price strategy of case 8 does not obtain an

effective segmentation of the prices, since the prices of the

first four periods are practically the same.

As it is shown in Fig. 6, the highest profit is obtained

when six prices are calculated and the lowest profit is

achieved in the flat-rate situation. This behaviour is due to

the displacement of the prices far away from the optimal

ones (understanding by ‘optimal’ prices those of the six-

price case, that is, case 5) caused by the inclusion of the

corresponding constraints into the price strategies. The

reduction of the profitability between the case 5 of six prices

and the flat-rate case is 11.26%.
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In Fig. 6, it can be observed that (although the

profitability is very similar) the most suitable of the two

three-price strategies is the one considered in case 7. This

fact, together with the ineffective segmentation of the prices

obtained with the strategy of case 8, have led to select the

three-price strategy of case 7 for the rest of the cases.

The profit and the profitability obtained in each one

of the time periods are very varied, as it is shown in

Fig. 7.

Furthermore, as it can be observed in Fig. 7, the sixth

period is the one that provides the highest profits in all cases,

so that all the profit is obtained in the situation of flat rate

(case 10), compensating the considerable economic losses

that are produced in the first four periods.

The sixth period is also the most profitable one in all the

cases, except case 7. It is worthwhile to highlight the huge

negative profitability obtained in some cases, particularly in

the tenth one. This is logical, as it is in the situation of flat

rate where the prices of the time periods are far away from

the optimal prices.
5.3. Cases 11–22

In these cases, a sensitivity analysis of the results is

carried out (by changing slightly the hypothesis of

maximum average prices and the price strategy) in order

to study the impact on the resulting profit obtained by the

retailer.
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Fig. 6. Profit and profitability in cases 5, 7–10.
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In cases 11–14 (Table 3), the impact on the profit of a

change in the price strategy applied to an only customer is

assessed. In particular, a change to the flat rate for the

customers A and E is carried out, in two situations: from a

situation where the customers have a six-price strategy and

from another situation where they have a three-price strategy.

Fig. 8 shows the reduction of the profitability for each

customer, A and E, that change to the flat rate. As expected,

the customer A decisively influences the profit and the

profitability obtained by the retailer: the change in the price

strategy causes an important profit and profitability decrease.

Nevertheless, the same change applied to the customer E

does not lead to an effect so marked, because it is a customer

with a lower electricity consumption.

Cases 15–22 (Table 4) represent different trials of the

model assuming different hypothesis of the contract nego-

tiation with the customers, since different price strategies are
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combined with different maximum average prices. Fig. 9

shows the profit and the profitability of each case, obtaining the

best results in case 22.
5.4. Cases 23–28

These cases (Table 5), as well as cases 5, 7 and 10, allow to

assess the impact of the elasticity of the customer demand

function on the final profit obtained by the retailer. Cases 23–

25, with bZK0.01 (also 26–28 with bZK0.25) are similar to

cases 5, 7 and 10, with bZK0.1, except for the elasticity of the

customers. For the customers, the maximum average price has

been fixed at 85% of the tariff in all cases.

In Fig. 10, it can be observed that the highest profit is

obtained using a low elasticity, since the customers have less

disposition to vary their consumption in response to a change

in the prices. As it can be observed in Fig. 10, according to the

elasticity increase, the difference among the results (corre-

sponding to each strategy of prices) rises. Thus, the difference

in the profit (and in the profitability), between the six-price

case and the flat-rate case, grows with the most elastic

behaviour of the customers: with bZK0.01 (cases 23 and 25),

it is the minimum difference, 1%; with bZK0.1 (cases 5 and

10), it is 12%; and finally with the elasticity bZK0.25 (cases

26 and 28), the difference reaches 30%.

As it has been already explained in the study of cases

7–10, the price strategies move the prices of each time
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period far away from the optimal ones, and it causes a

decrease in the profit and the profitability. However,

according to the conclusions obtained from Fig. 10, the

more inelastic the demand is, the less relevant this

repercussion of the price strategy in the profit has.

The profit distribution among periods (Fig. 11) also

presents variations (caused by the elasticity) in the trials

performed for the price strategies. This conclusion can be

specially observed in the situation of flat rate (cases 25, 10

and 28), where a more elastic behaviour causes a profit

decrease in the sixth period and an economic losses increase

in the rest of the time periods.
5.5. Cases 29–37

This collection of cases represents different trials of the

model considering that the elasticity can be different for

each time period (cases 29–34) and for each customer (cases

35–37), as given in Table 5. The results are compared with

the reference cases 5, 7, and 10.

According to the results shown in Fig. 12, it can be observed

that, for the situations with six and three prices, the largest

profitability is obtained when bZK0.1 (cases 5 and 7).

Nevertheless, for the situation of the flat rate, this

elasticity provides the lowest profit (case 10). This fact is

based on the elasticity of the sixth period in cases 29 and 34
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Fig. 12. Profit and profitability in cases 29–34 and 5, 7, and 10.
that is lower than in case 10 and this causes, in this last case,

a lower consumption and a lower profit.

The profit distribution among customers is not affected

by the changes of the elasticity. However, such elasticity

changes have impact on the profit distribution among

periods, as it is shown in Fig. 13.

According to the obtained results, it has been verified that

a change of elasticity has a large impact on the situations of

three and six prices, while the profit distribution remains

almost unchanged for the flat rate.

In the situations of six prices (cases 5, 29 and 32), a large

variation in the relative distribution of profit in periods 1

(P1) and 6 (P6) can be identified. In the period P1, its

relative contribution is doubled (cases 5 and 29), because

the economic losses increase significantly, due to the

increase of the elasticity and the subsequent price decrease.

This causes that the relative weight of the sixth period (P6)

decrease, in spite of its contribution to the profit increase in

absolute value. Nevertheless, in case 32 the contribution of

P6 increases again. In the situation of three prices (cases 7,

30, and 33), a similar situation occurs with respect to the

behaviour of the periods 1 and 6, but this time a significant

part of the profit is obtained in period 5 (P5).

These phenomena show that, although the overall profit

and the overall profitability are not significantly influenced
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by the elasticity changes, the profit distribution among

periods is indeed affected.

Referring to the profit distribution among periods, when

the elasticity of the customers changes (cases 29–31 and

35–37), Fig. 14 shows that the most important changes

occur in the six-price situation (cases 29 and 35). If case 29

is compared with case 35, a very marked increase of the

relative profit distribution in periods 2 and 3 can be

identified (in case 35), as a consequence of a less elastic

behaviour of the customer A in these time periods. On the

contrary, the profit and the profitability obtained in the rest

of the periods decrease.

In the situations of three prices (cases 30 and 36), there is

no difference in the relative profit distribution among

periods: the relative profit distribution among them remains

as constant. This phenomenon is due to the price strategies

that introduce constraints reducing the possible differences.

The same comments can be said for the flat-rate situations

(cases 31 and 37).
6. Conclusions

The following conclusions can be drawn from this paper:
†
 The most profitable (‘optimal’) price strategy for retailers

is the six-price one, because it allows for an independent

calculation of the best possible price for each time

period. From the point of view of consumers, the most

appropriate strategy is the flat rate, because it does not

imply defining time periods.
†
 A compromise strategy is the three-price one as it has a

relatively simple time division quite similar to the classic

time-of-use structure of peak, mid-peak and off-peak

periods.
†
 In general terms, the more elastic the behaviour of

customer demand, the lower the profit obtained by

retailers, as customers have an increased response

capacity to price changes. On the other hand, more

inelastic customers will tolerate price increases without

reducing considerably consumption, thus generating

more revenues and higher profits.
†
 Therefore, price strategies have more impact on more

elastic consumption patterns and, thus, on profits and

profitability. Elasticity is the factor that determines

the relevance of discounts (on the tariffs) and price

strategies in terms of profits.
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