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Abstract. This paper presents an original trading strategy for electricity buyers in futures markets. The 

strategy applies a medium-term electricity price forecasting model to predict the monthly average spot price 

which is used to evaluate the Risk Premium for a physical delivery under a monthly electricity futures 

contract. The proposed trading strategy aims to provide an advantage relatively to the traditional strategy of 

electricity buyers (used as benchmark), anticipating the good/wrong decision of buying electricity in the 

futures market instead in the day-ahead market. The mid-term monthly average spot price forecasting model, 

which supports the trading strategy, uses only information available from futures and spot markets at the 

decision moment. Both the new trading strategy and the monthly average spot price forecasting model, 

proposed in this paper, have been successfully tested with historical data of the Iberian Electricity Market 

(MIBEL), although they could be applied to other electricity markets. 

1 Introduction  

The deregulation process carried out in electricity 

markets of developed countries in the last thirty years 

has driven to the establishment of new trading scenarios 

for buying or selling electricity as any other commodity, 

although with the special feature of the practical 

impossibility of storing electric energy for a future 

consumption. The global electricity market is organized 

in a sequence of different markets in which the agents 

trade energy and reserves for different time periods, 

from mid-term periods covered by forward markets to 

short and very short-term periods covered by day-ahead, 

intraday and real-time markets [1]. 

Electricity forward markets are a set of markets in 

which electricity purchase/sale contracts are traded years, 

months, weeks or days prior to the physical delivery of 

energy. In the medium-term, electricity market agents 

trade different types of contracts, with delivery periods 

of different duration (for example, one year, a quarter, a 

month, etc.). European electricity forward markets trade 

with several different products [2], the most common are: 

 Electricity Forwards: Bilateral contracts adapted to 

the requirements of agents (electricity buyers or 

sellers) with physical delivery of electricity at some 

time in the future at a specified price. They usually 

are traded in a not organized or standardized market, 

the so-called “over the counter” (OTC) market. The 

agents close transactions through intermediaries or 

brokers (physical or virtual). 

 Electricity Futures: A contract under standardised 

terms and conditions of the exchange, with 

anonymously and transparency to buyer and seller, 

and with a specified delivery period and price. 

 Electricity Swaps: A swap allows a buyer/seller to 

set a fixed price for its purchase/sale for an agreed 

quantity and period of time. 

 Electricity Options: An option gives to the 

buyer/seller the right to purchase/sale a specific 

quantity of electricity at a predefined price in the 

future. 

On one hand, the participants in forward markets 

don’t need to be able of generating (as producers) or 

consuming (as retailers or large consumers) electric 

power because it is possible to trade both physical 

contracts and financial contracts. On the other hand, in 

the day-ahead, intraday and real-time markets only 

electric power producers or consumers can participate. 

The day-ahead market is usually organized as an auction 

market in which the price of the electricity for each one 

of the 24 hours of the next day is established. Electricity 

prices set in the day-ahead market are called spot prices, 

and the day-ahead or daily market is also called the spot 

market. 

Forward market prices and spot prices are related to 

the so-called market Risk Premium (RP). The ex-ante 

RP has been defined as the difference between forward 

price and expected spot price [3]; it requires to model the 

dynamics of the electricity market in order to estimate 

the future spot price. Since different models could lead 

to different expected values, it is more common to use 

the ex-post RP, which is defined as the difference 

between forward price and realised spot price. The ex-

post RP can be calculated as the sum of the ex-ante RP 

and the forecast error (difference between the expected 

or forecasted value and the realised value of the spot 

price during the delivery period) [4].  
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Electricity forward price reflect the perception of 

market agents about the spot price in the future, therefore 

it provides a useful information for the prediction of spot 

price in the mid-term (from days to a few years) [5, 6]. 

Thus, futures prices (prices established in electricity 

futures contracts) have been used as one of the 

explanatory variables in a short and mid-term forecasting 

model of the spot prices in a central European electricity 

market [7].  

The Iberian Electricity Market (MIBEL) was created 

in 2004 as an integration of the Portuguese and Spanish 

electric power systems and their previous markets. The 

MIBEL allows any consumer in the Iberian Peninsula 

(mainland of Portugal and Spain) to purchase electricity 

from any producer or retailer acting in that region. The 

daily and intraday markets corresponding to the MIBEL 

are managed by the company OMIE. Although the 

MIBEL market includes Spain and Portugal, daily 

market prices may be slightly different for both countries 

as a result of the limitation of the power derived from 

one country to the other in order to don't exceed the 

capacity of the interconnection power lines. So, 

electricity prices in MIBEL are identified as SPEL for 

Spain and as PTEL for Portugal. 

The trading of futures contracts in MIBEL is 

organized through the derivatives exchange market, 

managed by the company OMIP. The contracts can be 

base-load or peak-load depending on the hours in the 

delivery period: all daily hours for base-load contracts or 

the hours between 8:00 to 20:00 for peak-base contracts. 

Under an electricity buyer point of view, a physical 

futures contract in the MIBEL comprises the reception of 

1 MW of constant electric power during the 

corresponding hours in the delivery period (all the hours 

for base-load contracts or 12 hours per day for peak-base 

contracts). The delivery period is stabilised according the 

maturity of the contract. These maturities can be weekly, 

monthly, quarterly and yearly. Monthly futures contracts 

in the MIBEL can be traded in the previous six months 

to the defined as the delivery month. 

 The relationships between spot, futures and OTC 

forward prices in the MIBEL has been analysed in [8] 

revealing a unidirectional short-term causality from the 

futures price to the proxy of the spot price. Another work 

that analyses spot and futures prices in the MIBEL for 

the period 2006-2017 concludes that there some 

evidence that futures prices can be used to forecast the 

RP signal [9]. 

This paper presents an original strategy for buyers in 

electricity markets. These buyers could be both large 

consumers and electricity retailers, which can act as 

agents in the spot and in the futures markets. The 

strategy is based on the mid-term forecast of the monthly 

average spot price and the generation of a decision signal 

for buying electricity in the futures market or wait to buy 

it in the daily market. The proposed strategy is applied to 

the MIBEL showing significative improvements related 

to the conventional strategy of buying electricity only in 

futures markets. 

The structure of the paper is as follows: section 2 

presents the mid-term spot price forecasting model and 

its results in the MIBEL; section 3 describes the 

proposed strategy for buyers and the results obtained in 

the MIBEL with the evaluation of the RP; finally, 

section 4 presents the conclusions. 

2 Medium-term electricity prices 
forecasting  

In this paper, we consider an approach for predictive 

conditional trading of MIBEL SPEL base-load monthly 

physical futures (called as Futures in the rest of the 

article), where the buyer of Futures will keep the product 

until the period of electricity delivery (constant power, 

delivered during a predefined month). In this approach, 

the objective is to decide, in each negotiation day (period 

of six months before the delivery month), if the buyer 

should buy in advance the electricity in the form of 

Futures for some period ahead (the holding period is 1 to 

6 months), or if he/she should wait for the spot market in 

the day before each delivery day. In the moment of 

negotiation, it is unknown the price in the spot market; 

the benchmark decision about buying the physical 

electricity as Futures is based on the price of Futures in 

the moment of negotiation and on whether it will be 

higher or lower than the monthly average spot price in 

the delivery month. The approach of this paper consists 

of forecasting the monthly average spot price, using 

prices information from the day-ahead electricity market 

and from the Futures market at the moment of 

negotiation. We estimate a decision signal for buying 

Futures (in the negotiation day), based on the difference 

between Future prices and mid-term electricity spot price 

forecasts, several months before the delivery. The next 

section presents the forecasting model. Later, the 

forecasting model results in the MIBEL will be 

presented.  

2.1 Forecasting model of monthly average spot 
prices 

The forecasting model predicts the monthly average spot 

price (arithmetic average of the hourly prices for all the 

hours in the month settled in the spot market for Spain) 

of electricity at the moment of delivery, that is, the 

monthly average spot price predicted in day n for the 

delivery month. The input variables of this forecasting 

model are the following ones: 

1. Input variable I1: this variable, Delivery Month 

(DM), is a number between 1 to 12, representing the 

month of the year where the commodity (electricity) 

of the Futures contract will be delivered. 

2. Input variable I2: this variable, LagD, is the number 

of days between the negotiation day n and the last 

negotiation day. The last negotiation day is the last 

trading day before the first delivery day of the 

delivery month DM. The negotiation day n belongs 

to the negotiation month. For Futures market, 

between the negotiation month and the delivery 

month DM there are 6 possible maturities (1 to 6). 

The maturity represents the lag between the moment 

of decision and the moment of consequence 

(delivery). A maturity of value 5 means that the 

2

E3S Web of Conferences 152, 03007 (2020) https://doi.org/10.1051/e3sconf/202015203007
PEEE 2019



delivery period corresponds to the fifth month after 

the Futures was traded. 

3. Input variable I3: this variable is the average of the 

Futures prices, negotiated in the last 7 days just 

before the negotiation day, for the delivery month 

DM. This variable represents the last information 

about Futures settlement.  

4. Input variable I4: this variable is the average of 

MIBEL SPEL base-load quarterly physical futures 

prices negotiated in the last 90 days just before the 

negotiation day n, for the delivery quarter that 

includes the delivery month DM. The negotiation 

day could be any working day of the negotiation 

month.  

5. Input variable I5: This variable is the average spot 

price in the last 7 days before the negotiation day n. 

The negotiation day could be any day in the 

negotiation month.  

6. Input variable I6: This variable is the weekly 

differential of the weekly average spot price before 

the negotiation day n. This variable represents the 

trend of the spot price observed in the negotiation 

day.  

The forecasting model is implemented on a 

multilayer perceptron (MLP) neural network [10] with a 

single output (the abovementioned monthly average spot 

price for the delivery month). We use an MLP with a 

hidden layer of 13 neurons (twice the number of input 

variables plus one) and with random weights initiation. 

Since different training processes of an MLP offer 

slightly different output values, we use, as a final 

forecasting value, the ensemble averaging [11] of the 

outputs of ten training processes of the proposed MLP.  

2.2 Results of the forecasting model 

The forecasting model has been successfully tested with 

historical data of MIBEL. The forecasting model was 

trained for all kinds of maturities, named LagM (in this 

work, 6 maturities). The training dataset corresponded to 

set of values of the input variables in the period January 

2015 to August 2018. The target was the MIBEL SPEL 

monthly average spot price in the delivery month. For 

the testing period (rolling period, or rolling forecast), the 

forecast was carried out for each one of the maturities of 

Futures for every week day in the testing period 

(September 2018 to August 2019). 

The forecasting model provided 6 forecasts for each 

day in the testing period, one for each holding period 

(maturity) from 1 to 6 months ahead. Figure 1 plots the 

ex-post monthly average spot prices (that is, real values), 

the forecast of the monthly average spot prices, and the 

Futures prices negotiated in the negotiation day   for a 

maturity value of 1 month (LagM=1). 

The well-known normalized Mean Absolute 

Percentage Error, MAPE, relatively to the ex-post 

monthly average spot price, was computed for the 

monthly average spot price forecast (that appears in 

Table 1, as Spot Forecast) and for the Futures (that 

appears in Table 1, as Monthly Futures). This table 

shows the forecasting results achieved with the proposed 

forecasting model and those achieved using the Futures 

price as a forecast of the monthly average spot price.  

The MAPE results presented in Table 1, show a 

general better proximity (lower MAPE) for the monthly 

average spot price forecast than for the Futures 

settlement. Comparing the MAPE values, we conclude 

that the values provided by the forecasting model 

improves the prediction MAPE from 13.0% to 11.2%. 

As expected, the error of forecasted price and the error 

of Futures settlement is lower for shorter LagM (holding 

period or forecasting horizon). The monthly average spot 

price forecast improves the MAPE for almost all the 6 

types of maturities. 

 

 

Fig. 1. Ex-post monthly average spot, forecast of the monthly 

average spot, and Futures prices. 

Table 1. MAPE values. 

LagM 
Spot Forecast 

(%) 

Monthly 

Futures (%) 

1 7.7 6.8 

2 7.1 9.2 

3 8.2 12.7 

4 12.2 14.1 

5 15.4 15.8 

6 15.7 17.8 

Average 11.2 13.0 

3 Trading strategy of physical futures 

In the context of the trading of physical futures, the 

general objective is to hedge against the volatility of spot 

prices. Thus, the objective in the moment of negotiation 

is to select between two options.  First option: to buy 

electricity as futures, with several days or months in 

advance. Second option: to accept the price of the spot 

market settled for each delivery day, that is, wait until 

the daily market sessions to purchase the electricity.  

3.1 Proposed strategy and evaluation index 

We assume that the forecast of the monthly average spot 

price is closer to the real value than the Futures price, for 

the delivery period; thus, we can obtain a signal about 

whether the Futures prices will be higher or lower than 

the monthly average spot prices. This signal helps to 

select between the options above described, that is, buy 
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Futures or accept spot (trade in the daily electricity 

market). 

Based on this assumption the trading strategy for 

buyers consists of buying in the spot market if the 

forecast of monthly average spot price  ̂     is lower 

than (or equal to) the Futures price        in the 

negotiation day n for the delivery month DM. In other 

case (the forecast of monthly average spot price  ̂     is 

higher than the monthly Future price       ), then it 

consists of buying in the Futures market. 

The proposed trading strategy has been evaluated by 

calculating the ex-post RP. This value evaluates the 

premium associated with the option of buying Futures 

instead waiting for and accept spot (in the electricity 

market). We have used the ex-post RP definition 

provided in [12], where the RP is evaluated as the 

difference of the logs of the realized spot price over the 

delivery period (delivery month) and the monthly futures 

price for the same period. Thus, a formal description of 

the Risk Premium       , in negotiation day  , and for 

the delivery month DM, is:  

 

     ̂                            

else           (  ̅
    )    (      ) 

                           

where   ̅   
       is the average realized spot price 

computed as the average of the spot price values for all 

the hours of all the days   belonging to the delivery 

month   . 

In order to evaluate the results of the proposed 

trading strategy, we compare the RP resulted from the 

conditional strategy, with the conventional ex-post RP of 

simply buying Futures in every negotiation day, that 

corresponds to evaluate always the ex-post RP as 

  (  ̅
    )    (      )  The main difference between 

the proposed trading strategy and the conventional 

strategy is that the proposed one consists of a conditional 

decision, about buying or not, instead the conventional 

strategy that assumes that buyers always buy Futures. 

Thus, the benchmark measure of ex-post RP, labelled as 

RP Futures in charts (in the next section), consists of 

buying always Futures, for every negotiation day, for all 

holding periods (LagM from 1 to 6).  

In order to carry out an overall evaluation of the 

performance of the proposed trading strategy, the global 

RP for buyers is computed as the average of the ex-post 

RP values for all delivery months and all the maturities, 

as it is presented in the next section. 

3.2 Results of the proposed trading strategy of 
physical futures 

The Futures settlement, for the testing period, was 

generally higher than ex-post monthly average spot price. 

For this reason, there were losses for buyers (negative 

ex-post RP). Figure 2 plots the ex-post RP corresponding 

to the conventional strategy (RP Futures) and the 

corresponding to the proposed strategy (RP Forecast) for 

each negotiation day in the testing period with holding 

period of one month (LagM=1). 

If the proposed trading strategy, based on predictive 

information, is applied, the RP is forced to zero (not 

buying Futures) when the expectation is to lose. The 

strategy leads to buy Futures if the expectation is to earn. 

In Figure 2 it is possible to see the evolution of RP along 

the testing period. The blue dots in Figure 2 represent the 

RP with the conventional strategy: the RP was negative 

(losses with the purchase of Futures) until February 2019, 

but the conditional strategy with forecast (RP Forecast, 

continuous red line) detected these losses and avoided 

the buying of Futures. However, in March 2019, buying 

Futures had positive earnings, but the proposed strategy 

did not capture this chance to earn. In April and June 

2019, the proposed trading strategy expected profits with 

Futures, winning in June, but losing in April. 

 

Fig. 2. Ex-post Risk Premium for buyers with a holding period 

of one month. 
 

In order to evaluate the overall performance of the 

strategy, it was computed the average ex-post RP for 

buyers and for each maturity LagM. The average ex-post 

RP was always negative, and remained negative even 

with the predictive conditional strategy. However, with 

the proposed trading strategy, the losses were reduced 

very notably, from -11.2% to -3%, with significant 

improvement in all maturities (LagM).  

Table 2. Ex-post RP values. 

LagM RP Forecast (%) RP Futures (%) 

1 -0.4 -5.5 

2 -1.3 -9.0 

3 -2.2 -13.4 

4 -5.0 -14.3 

5 -6.6 -15.2 

6 -6.7 -16.2 

Average -3.0 -11.2 

 

In general, we conclude that the proposed trading 

strategy, using forecasts, have improvements and 

looseness, depending on several volatility conditions. 

Therefore, the application of the trading strategy could 

have an interesting potential as a hedging tactic. In the 

rolling period used for testing purposes (a representative 

yearly period with special volatility perturbances in spot 

and futures prices), the proposed trading strategy 

provides excellent hedging against losses for buyers.  
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4 Conclusions 

This paper presents a global methodology based on a 

physical futures trading strategy to help electricity 

buyers decide whether to buy in the spot market or in the 

futures market, several months in advance. The trading 

strategy could be applied for any possible negotiation 

day, open for monthly futures to be delivered several 

months ahead (1 to 6 months ahead) and it is based on 

rules that consider the results of a mid-term forecasting 

model of the monthly average spot price. 

The new trading strategy, proposed in this paper, 

aims to provide an advantage relatively to the traditional 

trading buyers (used as benchmark), anticipating the 

good/wrong decision of buying electricity in the futures 

market instead in the spot market. 

The proposed mid-term monthly average spot price 

forecasting model is based on the ensemble averaging of 

10 MLP neural networks, and uses exclusively available 

information, at the moment of decision, from the futures 

and the spot markets. 

Both the proposed new trading strategy and the 

proposed monthly average spot price forecasting model 

have been successfully tested with historical data from 

the Iberian Electricity Market (MIBEL), although they 

could be applied to other electricity markets. 

Despite the simplicity of the mid-term forecasting 

model, its results are promising, proving that it is 

possible to predict monthly average spot prices with 

lower MAPE values than the achieved using Futures 

prices as the forecast of the spot prices. The proposed 

forecasting model achieves better results (it improves the 

MAPE values) almost in all the studied maturities. 

The ex-post RP achieved with the proposed trading 

strategy is compared with the achieved with a 

conventional trading strategy (the buyer always buys in 

the futures market). The results of this comparison show 

that the proposed trading strategy achieves an overall 

benefit compared with the conventional strategy: the 

negative RP (buyer losses) notably decreases in absolute 

value, that is, the proposed strategy achieves a 

significant reduction in buyer losses compared to the 

losses of those who follow the conventional strategy. 
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