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o If both electricity prices and heat storage are 
high, empty the heat storage. 

o If heat demand is low and electricity price is 
high, full the heat storage.

Biomass is considered the only fuel in the 
system, to be more specific, wood pellets. The 
wood pellet markets for large-scale users as CHP 
plants consists mostly on mid-term contracts 
(up to three years) combined with short term 
deliveries from daily spot markets.

For this model the CHP plant operator needs to make an estimate of its heat and power 

production in order to be able to predict the optimal quantity of biomass  contracted.  Flexible 

solutions are given by the introduction of two different CVaR in the objective function.  CVaR1 
for  the expectation of electricity production revenues and CVaR2 for the expectation of heat 

production costs.  
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First Stage:
The CHP producer has to decide the 
contract that defines an amount of 
biomass to be delivered.

Second Stage:
The CHP producer has to submit its 
bid in the day-ahead market. 

Third Stage:
Is the real time operation. The heat 
demand has to be fulfilled as well as 
the power production bid.  

Here and now decisions:

Biomass delivered periodically in tones.

Wait and see decisions:
Power production, heat production, heat storage 
level, biomass storage level, biomass used, biomass 
sold and purchase in the last minute. 

Objective Function:

CVaR 1: Power 
production. profits 

CVaR 2: Heat 

production costs.

Non-anticipativity constraints:

The power production bid in one node of stage 2 has to 
be applied in stage 3 for all the branches coming from 
that node.

The case study is performed considering one year of planning 
horizon and weekly biomass delivering. 

The case study is performed using data from the city of 
Nordborg, located in the Sønderborg municipality. Hourly 
district heating demand was calculated from the obtained 
measurements for the 53 buildings and scaled to the whole DH 
grid. From these data we generate our scenarios. Three 
scenarios for heat demand and another three for electricity 
prices.  The combination of all of them defines our scenarios, 
presented in Table 3.

Nominal electricity prices were set as the price in the DK-west 
sector in the year 2015. Low and High electricity prices, were 
obtained by multiplying the Nominal prices with the factors of 
0.8 and 1.2, while low and high heat demand was obtained by 
multiplying the Nominal demand with the factors 0.9 and 1.1.

Table 1 displays the technical data for the CHP plant . Table 2 
shows the characteristics of the biomass fuel.  

Results displayed in Table 4 provide 9 different types of contracts based on 
the quantity of biomass distributed weekly.  

The performance of the 9 different contracts is studied using probability 
density functions for different realization of the uncertainties:  
o The 9 scenarios depicted in Table 3. (Table 5, Figure 1)
o 100 scenarios applying a random distribution for the heat demand and a 

normal distribution for the electricity prices. (Table 6, Figure 2)   

Conclusion:

CHP producer profits are significantly more affected by the risk level assumed 
in the electricity prices rather than heat demand. Being conservative in the 
power profits expectations leads to bad contracting decisions because the 
amount of biomass contracted is employed to cover the heat demand and 
not to obtain profits from bidding in the day-ahead market. As a 
consequence, if an unexpected realization of the electricity prices performs, 
the producer limits its profits to the amount of biomass available.

Flexible Mid-Term Biomass Contract Planning for CHP Plants 
Ignacio Blanco1, Dominik Franjo Dominkovic2 and collaborators

1Technical University of Denmark, DTU Compute – Department of Applied Mathematics and Computer Science
2Technical University of Denmark, DTU Energy     – Department of Energy Conversion and Storage

{igbl1,dodo2}@dtu.dk
CITIES – Centre for IT-Intelligent Energy Systems in Cities

The CHP plant used for our case, described in Figure 1, is 
inspired in the CHP plant serving Nordborg district heating 
network. The plant is a gas driven plant equipped with a peak 
gas boiler. However, for our case we have chosen the CHP plant 
to be biomass driven and to have a large thermal storage 
instead of the peak boiler 
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