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Abstract
Demand response resources management is one of the most investigated solutions oriented to
improve the efficiency in electricity markets. In this paper, the capability of customers to
participate in short term markets is analyzed. An available methodology to analyze the daily and
monthly energy consumptions of large customers is used to create energy offers and bids. This
allows customers to participate in energy markets in order to buy, as first step, the usual
electricity consumption and, additionally, to offer demand reductions in the short term electricity
markets. Additionally, this paper shows the customer potential to participate in the Spanish
electricity markets.
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Introduction
The use of demand resources (DR) is one effective action to improve the performance of

deregulated electricity markets. Active demand side participation can reduce the market power
of large utilities [1], minimize the network’s congestions [2], and produce a better operation in
these markets [3, 4]. Cultural, institutional and regulatory barriers [5] to implement or develop
demand resources have not impeded that, in the world, several demand response programs
have been implemented, or were in progress, [6-12]. Nevertheless many of this programs offer
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payments to large customers for load reductions, calculated from an expected consumption
called ‘baseline consumption level’ (BCL). This fact introduces a clear market inefficiency that
comes into an inefficient system as well [13], because participants are paid for something that
they do not have, getting a double payment for the same thing and, sometimes, some programs
need to be subsidized.
For this reason, large electricity customers and energy traders may participate buying
energy through bids in forward markets (day ahead and/or intra-daily). After this energy
transaction is somehow firm, they may participate in short term markets just as generators do,
by selling some of the energy previously bought by offering reductions in balance or other
ancillary services markets. Due to technological reasons, small and residential consumers are
not usually allowed to participate directly in markets [14], but they could participate by managed
aggregators in a similar way.
The authors proposed in a previous paper [15] a way to organize the electricity consumption
based on physical processes, by taking into account its size, provided service and flexibility.
That paper described a methodology developed for the characterization of a large customer in
winter and summer.
The objective of the present paper is to extend the proposed concepts in order to estimate
the potential participation of large customers in short term markets. A simulation of the
participation of a specific customer (a university campus) in the Spanish market (balancing and
ancillary services) is performed in order to describe a detailed economic balance of the energy
purchases and sales in a real environment.
The paper is organized as follows: In the section 2, a proposed methodology faced to
organize the customer demand is used in combination with real tests to settle the basis for the
demand description, with the aim of obtaining bids and offers suited for participation in electricity
markets for a period of 24 hours. After that, in section 3, the possible target markets in Spain
are described. Section 4 is devoted to simulate the participation of this customer in balancing
markets, where the possible benefits for the customer are calculated. Finally, some conclusions
are drawn in the last section.
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Load characterization and generation of bids and offers

2.1

Background
The authors analyzed in [15] the summer and winter peak of demand in the Universidad

Politécnica de Valencia (UPV), produced in January and July. After this characterization,
demand bids for energy trading (DSB, amount of energy and price) were identified, as shown in
Table 1.

Table 1. Demand bids for UPV
Demand Bids (Price)

Description

L1 - 0.50€/kWh
Air Conditioning

Space heating in winter
Space cooling in summer

L2 - 1€/kWh
Outdoor lighting

Characteristic values:
January: 350 kW from 18:00 to 7:45
July: 350 kW from 21:00 to 7:00

L3 - Indoor lighting:
(L3a=3€/kWh)
(L3b=1€/kWh)
L4 - 3€/kWh
Rest of the load

L3a: Essential loads to reach an acceptable illumination level
L3b: Non-essential illumination
Teaching and research loads, electronic equipment, and others

Once bids were obtained, demand offers (DSO, amount of power that the customer is
willing to reduce for a payment) were built by using a non-critical load. Different electricity
consumption processes were grouped and prices were assigned to each group. The identified
demand offers are shown in Table 2.

Table 2. Demand offers for UPV
Demand Offers (Price)

Description
AC loads that can be interrupted with an average increment in

L1a-0.10€/kWh
the internal temperature not higher than 2ºC
AC loads will probably produce an average increment in the
L1b-0.20€/kWh
internal temperature of 4 ºC
L2b-0.30€/kWh

Interruptible outdoor illumination loads

L3b-0.40€/kWh

Non-essential indoor illumination
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2.2

Monthly consumption characterization
Currently the UPV has got an energy management and control system called DERD [16],

which provides information about energy consumed by the different end uses and makes it
feasible to control (automatic or manual) the different loads in buildings (air conditioning, indoor
and outdoor lighting, pumps, and others). For example, Figure 1 shows the effect of a demand
reduction on peak hours in the space heating load curve in a building. In this case the reduction
is maintained only for a few minutes, but this action could be longer and combined with other
reductions in different buildings.

Figure 1. Example of load interruption controlled whit DERD

Concepts reviewed above have been used in this research together with the information
provided by the system DERD. The whole information received is used to make new simulations
in order to characterize the consumption of the university in the required horizon of time to plan
the participation in market. Consequently, demand packages (DPs) used to produce DSB and
DSO have been computed for a period of 24 hours.
The potential of the UPV participation in short term markets is evaluated on the January and
July peaking months. Firstly, a decomposition of the average load shape for January and July in
DPs is obtained, as shown in Figure 2.
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Figure 2. Decomposition of the average load shape in DPs

In order to validate this decomposition, the load curve of each identified end use is added to
obtain the total profile of the whole system. After that, this curve is compared with the average
load curve measured in January and July, as shown in Figure 3.
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Figure 3. Validation of demand decomposition in DPs

The process of making demand offers to participate in short term markets (from a few hours
to 15 minutes ahead) is based on the capability of the consumer to reduce its electricity
consumption according to the energy purchased in long term markets through the bidding
process.
Coming back to the example, the amounts of power for L1a and L1b DPs are calculated by
using physically-based modelling [17], taking into account the expected degradation in the
provided service (dwelling internal temperature). In addition, it is necessary to obtain, in a
similar way, demand reductions for L2b and L3b. The total interruption of the AC load is not
acceptable for the customer, so this condition is not considered in the study.
Secondly, the price of each package is computed by considering the impact of the expected
loss of comfort and the cost of the equipment to implement the required control. Figure 4 shows
the DSOs and their prices for the UPV.
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Figure 4. Average monthly reductions to build offers

The critical issue of the time in which the load reduction has to be implemented (less than
15 minutes) is solved by the control system DERD, which means the UPV campus is technically
able to participate in short term markets like balancing or ancillary services markets. The impact
of this technical requirement has been validated by using detailed physically-based models, as
shown in [17]. It is important to point out that DERD mitigates the recovery peak effect after the
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reduced load has been reconnected, since the time in that these loads are re-switched on might
be staggered.

3

Spanish electricity market structures
This section aims to discuss about the demand potential participation in the Spanish

electricity market structures, so a brief description of this particular market is provided.
In July 2006, the Spanish and Portuguese Electric Markets were fused. Currently, they
operate together like MIBEL (Iberian Electricity Market). MIBEL is divided into two different
pools:


A spot market, organized in a day-ahead market (DAM) and several intra-daily market
sessions (IDM).



A long-term market, based on the negotiation of bilateral contracts.
Ancillary services and technical restrictions are managed by the transmission system

operators (SO), which are different for each country. For the case of Spain demand is only
allowed to participate in DAM and IDM sessions. Additionally, the Spanish SO signs contracts
with large customers to participate in interruptibility programs, although amounts of 5MW are
required as minimum interruptible power to participate in this service.
Performing energy transactions for the next day is the purpose of DAM. Market agents
participate by presenting energy bids or offers to the market operator (MO) between 8:30 and
10:00. The MO matches the different offers and it determines the marginal price and the volume
of energy accepted for each hour in the following day. These matched energy transactions are
reviewed by the SO in order to check the possible technical constrains.
The IDM is also managed by the MO. It is a market for adjustments in generation or
demand deviations which can take place after the DAM closure. This market consists on six
sessions where agents that have previously participated in the DAM can present some new
energy offers and bids. The plan of transactions from each intra-daily market is analyzed by the
SO.
The SO is also responsible of the operation of both the ancillary services markets (AS) and
balancing market (BM) [6], whose purpose is to balance in real time the electricity demand and
generation. The BM is activated when deviations higher than 300 MW between the scheduled
production (resulting from the last IDM session) and load are detected.
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Table 3 shows the main technical requirements of the different electricity markets, as well
as the possibility that Spanish customers have to participate nowadays.

Table 3. Spanish markets requirements and demand participation
Type of market

Markets or services

Technical requirements

Demand can
participate?

Day-ahead

Day-ahead market

-

Yes

Hourly-ahead

Intra-daily market

-

Yes

Balancing market

Deviation Management

Response in 15 min.

No

Ancillary servicesfrequency control
and reserves

Primary Regulation

Time of operation 0-30 sec.

No

Secondary regulation

Time of operation 30 sec – 15
min (Spinning Reserve).

No

Tertiary Regulation

Response in 15 min and time
of operation of 2 hours (Stand
by reserve).

No

Even though the Spanish legislation only allows the consumers to participate in DAM and
IDM, the current technology makes possible customers participation in the following short term
markets:
1. Balancing markets (deviation management market in the Spanish case): Customers
could obtain significant benefits by selling demand reductions through offers, due to
the high prices in this market.
2. Ancillary Services. The tertiary regulation service will be one option for demand
participation, like in the previous case.
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Simulation of participation in the Spanish markets
This section is devoted to simulate and evaluate the potential of the UPV participation in BM

and AS. Nevertheless, it is important to point out that buying the daily surplus of energy in
advance is a necessary requirement. Energy can be bought in DAM and IDM markets or by
using bilateral contracts with other agents. For this analysis, it has been selected one typical
working day during the month of maximum consumption (July).
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4.1

Participation in the daily and intra-daily markets
The global strategy of participation resides on buying the energy in DAM with the DSBs

performed by using the average daily consumption of every month. The energy unbalance is
solved through the participation in the IDM.
The evolution in prices [18] in DAM during 2008 is shown in Figure 5. The maximum price
for this year was about 0.10 €/kWh, and the minimum price for bid DPs was 0.50 €/kWh.
According to these numbers, all the bids could be accepted in this market.

Figure 5. Price’s evolutions of different Spanish markets in 2008

Differences in energy between the monthly average load curve and the consumption in a
specific day are purchase in IDM.
The day of maximum consumption in 2008 was July 3rd. Figure 6 shows the monthly
average curve used to buy in DAM, as well as the prices in this market.
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Figure 6. July´s average monthly energy to buy in DAM and DAM price for July 3rd
The electricity price in all the IDM sessions was lower than 10 cent€/kWh, as it is shown in
Figure 7.

Figure 7. Participation in Intra-daily market for adjustments in July 3rd

4.2

Participation in balancing markets and ancillary services
After the expected consumption had been bought through a bidding process in the DAM

and IDM, is possible to make offers for balancing markets and ancillary services.
In order to get the amount and price of DSOs to be offered in balancing markets for the rest
of the year by using the results from January and July, as shown in Figure 4, it is only
necessary to repeat the same methodology for the following months.
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According to these offers and prices during 2008 in BM and AS [19], some of the DSOs
offered by UPV could have been accepted. Table 4 shows the chances to participate in this
markets (the number of times that, at least, L1a offer could have been accepted, when the price
was higher that 0.10€/kWh).
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Table 4. Opportunity to participate in the BM and AS
Month

Amount of chances
Balancing markets

Ancillary services

January

2

29

February

10

12

March

-

6

May

-

3

June

-

4

July

1

-

August

4

8

September

2

16

October

-

7

November

-

2

December

-

7

19

94

Total

The number of opportunities to participate in BM and AS is limited for high offer prices, but
the customer can obtain an effective response to events of low frequency with high price. For
example, very dry months affect to the amount of hydraulic generation that means an increment
in the price of these markets, just as it happened in 2002 [20, 21], when only in January the
BM’s price was 128 times higher than the DSO’s price.
According to the information showed in Table 2, February 18th was considered to evaluate
the UPV participation in BM , as well as January 28th for AS.
Market prices and energy offers for these days are shown in Figure 8. According to this
figure, UPV offers would have been accepted in BM for 4 hours (11-13, 15-17) and for 6 hours
(8-12, 18-20) in AS. The economic profits due to the implementation of those strategies could
have been about 1.54 k€ in BM and 1.96k€ in AS.
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Figure 8. Participation in BM and AS

Market prices (BM and AS) in 2008 would have allowed the customer to sell only L1a DSO,
except for the case of September when the AS price was greater than L1b price.
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Conclusions
This paper presents the results of the simulation of a possible participation of customers in

the Spanish electricity market by using their capability to reduce the electricity load when prices
are high. Real data from the Universidad Politécnica de Valencia as an electricity customer with
an energy management and control system was used for organizing its demand in packages
and creating sets of hourly offers for over 24 hours trading periods. Real 2008 prices in the
Spanish balancing and ancillary services markets were used in order to identify energy
reductions to be offered by the customer and accepted in short term markets.
The case exposed in this paper proves that the participation of customers in short term
markets could produce benefits for the customer while the efficiency of the electricity market is
improved.
It is important to point out that the case presented in this paper is just an example applied to
a specific customer for the Spanish case. Therefore even if results could seem not encouraging
enough, it should be considered that they are masked by the fact that prices in the Spanish
balancing market do not reflect the real costs of the balancing process. Hence the methodology
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applied to other countries or even just to other type of customer may produce even more
encouraging results.
In summary, the paper proves that customers can obtain benefits from its active
participation in electricity markets if a proper demand organization is used to create bids and
offers.
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