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THE ECONOMIC OPTIMISATION  
OF COGENERATION POWER PLANTS

Summary: The aim of this article is to depict the rules of economic dispatch of CHPs work-
ing in the Polish regulation environment. Economic dispatch is the basic instrument of pre-
paring the load schedule of individual generation units in CHP for different time intervals 
(the smallest time interval is one hour). Generally speaking, the economic dispatch of CHPs 
should depend on the marginal costs of electricity and heat generation by separate produc-
tion units. The marginal costs of electricity and heat generation by separate units are the 
basis of the merit order that is the main idea behind economic dispatch. The marginal costs 
of electricity and heat generation depend on many factors, including the cost of fuels and the 
efficiency of separate generation units. However the regulation environment, in particular 
relating to the support of co-generation and renewables development, changes to some ex-
tent the typical rules of economic dispatch. In this case the economic dispatch depends not 
on marginal costs, but rather on the unit gross margins generated by separate electricity and 
heat production units in CHP. 
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1. Introduction 

The main goal of every company is the maximization of value generated for 
shareholders. This goal is also characteristic of companies operating across the 
energy industry. Subsectors of the energy industry include:
 – the mining industry,
 – electricity and heat production,
 – electricity and heat distribution,
 – electricity and heat trade.

Electricity can be produced by the usage of different fuels and technologies 
including:
 – renewables (wind farms, water turbines, photovoltaic etc.),
 – thermal power plants and CHPs (Combined Heat and Power) using different fuels:
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 – coal,
 – biomass, 
 – natural gas, 
 – nuclear power plants.

In large cities in Poland and in Nordic European countries, heat is delivered to the 
inhabitants by way of district heating systems that are supplied with heat by Combined 
Heat and Power plants (cogeneration). In Poland the most popular technologies 
are based on coal boilers and back pressure or pass – out and condensing turbines. 
Recently, Polish energy companies have invested heavily in biomass technologies. 
At present there are also being realized a couple of investments in CCGT. 

The aim if this article is to depict the rules of the economic dispatch of CHPs 
working in the Polish regulation environment. Economic dispatch is the basic 
instrument of preparing the load schedule of individual generation units in CHP for 
different time intervals (the smallest time interval is one hour).

2. The rules of economic dispatch 

In the everyday exploitation of CHPs, the main problem is the preparation of the 
electric and heat load schedule of separate cogeneration units. In such a schedule the 
electric and heat load of separate cogeneration units is envisaged with an accuracy 
of at least one hour. This schedule is prepared for the day ahead as well as for longer 
time periods. The schedule should be prepared in a way that will maximize the short-
term financial results, in particular the gross margin (revenues less flexible costs). 
Hence, the goal function of the scheduling process is the maximization of the gross 
margin generated by the CHP within an assumed time period, taking into account 
a couple of limitations such as:
 – the efficiency of the cogeneration units (boilers and turbines),
 – the weather forecast that impacts the demand on heat power in each hour of the 

day ahead (the heat load required in each hour of the day ahead),
 – the signed agreements relating to the electricity sale that determine the position 

on the electricity market in each hour of the day ahead (the minimal electric load 
required in each hour of the day ahead),

 – electricity and heat sale prices,
 – cogeneration and green certificates sale prices,
 – fuel prices, CO2 emission allowances prices and other unit variable costs,
 – the limitations (bottlenecks) of heat and electric grids,
 – the requirements of ancillary services provided for the Power Grid Operator.

Load scheduling is much easier in condensing power plants than in CHPs. 
To maximize the gross margin generated by condensing power plant within an hour 
or a day, it is required to schedule the electric load of separate production units 
in accordance with the marginal cost curve. An example of the load scheduling 
of a condensing power plant is depicted in Figure 1.
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Fig. 1. Load scheduling of condensing power plant 

Source: own study. 

In this case there are three production units in a condensing power plant. Each 
production unit is characteristic of the different efficiency of electricity generation. 
Production unit 1 is the most efficient and production unit 3 is the least efficient. The 
net electric efficiency is strictly correlated with the size of the unit variable costs of the 
electricity generated by a given production unit. If the demand on power is at the 
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level of 450 MW in a given hour, then only two production units should be dispatched 
to maximize the gross margin within that hour. Because of the fact that production 
units 1 and 2 generate electricity with the least unit variable costs then only these two 
production units are taken into consideration while load scheduling for that hour. Unit 
production 2 would operate below its full capacity. 

The load scheduling in CHPs is much more complicated because of:
 – the prioritization of heat delivery,
 – the cogeneration certificates which depend on the total efficiency of production 

units that is known with 100% certainty after a year,
 – the possibility of working in cogeneration or condensing mode which influences 

the total efficiency of the production units, and as a result of that the quantity 
of cogeneration certificates gained,

 – the possibility of using biomass which translates also into gaining green 
certificates.
The above reasons change the approach to scheduling CHP’s production units. 

The goal function of scheduling CHP’s production units is the same as in the case 
of condensing power plants. The primary aim of the optimization is the maximization 
of the gross margin earned on the sale of electricity and heat . However, in contrast 
with condensing power plants, there are two variables of the goal function:
 – the heat load of cogeneration units in each hour,
 – the electric load above the minimum that results from heat load (in cases when 

the production unit can work both in the cogeneration and condensing mode).
Due to the fact that the total efficiency of cogeneration units is known after the year 

which determines the revenue gained from cogeneration certificates, the scheduling 
of cogeneration units’ load cannot be based on the merit order built on electricity 
efficiency production, but should be prepared on the basis of the planned total gross 
margin. A comparison of the scheduling of production units in a condensing power 
plant and in CHP is depicted in Table 1.

The main reason why cogeneration units cannot be scheduled on the basis 
of electricity marginal costs is the fact that some of them can work in both condensing 
and cogeneration mode, which influences not only electricity unit production costs but 
also the stream of revenue coming from cogeneration certificates. This phenomena 
is depicted in the below case. 

In a CHP there are installed three production units:
 – biomass cogeneration unit power of which 30 MWt and 14 MWe while working 

in cogeneration mode or 18 MWe while working in condensing mode,
 – Combined Cycle Gas Turbine (CCGT) power of which 90 MWt and 135 MWe 

while working in cogeneration mode or 155 MWe while working in condensing 
mode,

 – coal cogeneration unit power of which 200 MWt and 118 MWe while working 
in cogeneration mode or 135 MWe while working in condensing mode.
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Table 1. A comparison of the scheduling of production units in a condensing power plant and in CHP

Power plant Goal function Variables of goal function The tool  
of optimization 

Condensing 
power plant

Gross margin 
maximization

Electric load of each 
production unit

Merit order  
(marginal cost curve)

CHP Gross margin 
maximization

Heat load of each production 
unit
Electric load above the 
minimum resulting from heat 
load – operating in condensing 
mode (if applicable) 

Calculation of total gross 
margin generated within 
the whole year in different 
configurations of heat 
and electric load of each 
cogeneration unit

Source: own study. 

So in that CHP there are used three kinds of fuels: hard coal, biomass and natural 
gas. Each cogeneration unit is allowed to get cogeneration certificates, the quantity 
of which depends on total efficiency, PES, and the electricity produced in cogeneration. 
This CHP can be granted the following cogeneration certificates:
 – red certificates – to electricity produced in cogeneration by biomass and coal 

production units
 – yellow certificates – to electricity produced in cogeneration by CCGT.

Fig. 2. Potential options of electric and heat load schedule of separate cogeneration units

Source: own study. 
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Besides this, a biomass cogeneration unit is allowed to get green certificates to all 
produced electricity. To find the optimal electric and heat load of cogeneration units, 
four options of the CHP work schedule were set for the next year. These options are 
depicted in Figure 2.

The horizontal axis represents the number of hours during the year (circa 8,700 
hours) and the vertical axis represents the heat power. The figure represents the 
potential heat load of separate cogeneration units taking into account the ordered heat 
load for the whole CHP during the next year. The peak heat load amounts to above 
350 MW (the heat load for the air temperature below minus 20 degrees C). The base 
heat load that occurs in summer time does not exceed 20 MW. In all the depicted 
options of load schedule, the biomass unit works in the base load which is justified 
by the fact that it yields a large gross margin including green and red certificates. 
Besides which, the heat power installed in the biomass unit is the closest one to the 
heat base load. When the demand for heat power exceeds 30 MW then the CCGT  
(option 1) or the coal cogeneration unit (option 2) is dispatched. When the demand for 
heat power exceeds 120 MWt in the first option or 230 MWt in the second option, then 
the last cogeneration unit is dispatched (CCGT or coal cogeneration unit dependending 
on the option of the load schedule). In the peak heat load the peak boiler is dispatched. 
We should also take into account that:
 – in option 1 and 2 the electric load of coal cogeneration unit and CCGT is adjusted 

to the heat load,
 – in option 1a and 2a the coal cogeneration unit and CCGT work in condensing 

mode in the summer time (in that time they generate only electricity and the heat 
is lost in the cooling tower).
The above described options of load schedule determine the production of electricity 

and the quantity of certificates granted to the electricity produced in cogeneration. 
However, the heat production is at the same level in all options (3,9 PJ a year) because 
it is only determined by the demand on heat power and by weather conditions that 
are the same in all options. The production data regarding the four options of load 
schedule are depicted in Table 2.

Analyzing the energy balance, one can draw the conclusion that the potential 
options of heat load and the possibility of working in condensing mode determine the 
level of electricity production and the level of the total cogeneration units’ efficiency 
which translates into the quantity of cogeneration certificates granted to electricity 
production. In particular, the differences of production data are characteristic of the 
coal cogeneration unit and CCGT. In option 1 in which the electric load of CCGT 
is determined by the demand on heat power, the total efficiency of this cogeneration 
unit exceeds the threshold of 80%, which means that yellow certificates are granted 
to the all electricity produced. If  the decision is made about dispatching CCGT 
in condensing mode in summer time, then the total efficiency of that production unit 
would fall below 80%, which would result in gaining about 300 GWh of yellow 
certificates less in comparison to option 1. In option 1 and 1a the volume of electricity 
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Table 2. Energy balance for all the analyzed options

Source: own study. 

produced by the coal cogeneration unit differs dramatically, but the quantity of red 
certificates is the same. This results from the fact that in all the options the total 
efficiency of coal cogeneration unit is below the threshold of 80%, which means that 
the quantity of red certificates gained depends only on the heat production by this 
unit. The heat production by coal cogeneration unit is the same in option 1 and 1a. 

In option 2 and 2a the work of the CCGT and coal cogeneration unit in condensing 
mode does not impact the volume of yellow and red certificates gained. In all these 
options the volume of electricity produced in cogeneration mode is the same, which 
is determined by the fact that both CCGT and coal cogeneration unit do not attain 
total efficiency above the threshold of 80%. In that case the quantity of cogeneration 
certificates depends only on the heat production by separate cogeneration units which 
is at the same level in option 2 and 2a. In this heat load schedule, the decision about 
dispatching CCGT or coal cogeneration unit in condensing mode in summer time 
made during the year will not affect the quantity of cogeneration certificates gained.

The above options of load schedule translate into the gross margin and sale 
income yielded by the CHP. The calculations of gross margin in particular options 
are depicted in Table 3. 

The calculation of  the gross margin indicates option 1a of the electric and heat 
load schedule as optimal in the assumed conditions of electricity, heat and fuel prices. 
CHP yields the highest gross margin in that option which means that:
 – the biomass cogeneration unit should be dispatched at the heat base load, 
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Table 3. The gross margin yielded by cogeneration units (in PLN)

Source: own study. 

 – CCGT should be dispatched before coal cogeneration unit,
 – CCGT and coal cogeneration unit should operate in condensing mode in summer 

time.
The calculation also depicts that the additional gross margin on electricity 

production in condensing mode in option 1a will be higher than the lost revenue of 300 
GWh yellow certificates in comparison to option 1. This means that the electricity 
price is high enough to compensate for the loss of yellow certificates’ revenue 
by the additional margin on electricity produced in condensing mode. The basic rule 
of dispatching CCGT or coal cogeneration unit in condensing mode in summer time 
is depicted in Figure 3.

Of course, the results of the gross margin calculations can change if the electricity 
price falls and the yellow certificate price goes up. The price changes can occur during
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Fig. 3. The rule of dispatching cogeneration unit in condensing mode 

Source: own study. 

Fig. 4. The rules behind changing the load schedule during the year 

Source: own study. 



The economic optimisation of cogeneration power plants 161

the year, for which there was prepared the load schedule of cogeneration units. 
Then the dispatcher should correct the load schedule during the year taking into 
account the price changes and also other circumstances that have occurred like the 
cogeneration units’ failures and new bottlenecks. While changing the load schedule 
during the year, the dispatcher should calculate the gross margin yielded by CHP 
in the whole year that includes:
 – the real gross margin yielded so far (excluding cogeneration certificates),
 – the forecasted gross margin that will be yielded from the moment of making 

the decision about changing the load schedule to the end of the year (excluding 
cogeneration certificates),

 – the forecasted revenue from the cogeneration certificates that depends on the total 
efficiency of the cogeneration units – the change of the load schedule during the 
year can impact the total efficiency and the volume of cogeneration certificates 
gained for the whole year.
The basic rules relating to changing the load schedule are depicted in Figure 4.
The decision about changing the load schedule is difficult because it is based on the 

forecasted electricity and cogeneration certificates’ prices. The forecasted prices can 
justify the decision about dispatching of some cogeneration units in condensing mode 
in summer time but the market circumstances that will occur during the year can make 
this decision unprofitable. This will happen if the fall of electricity price or the rise 
of cogeneration certificates’ prices causes that the gross margin gained on electricity 
produced in condensing mode will be below the lost revenue from cogeneration 
certificates. To avoid such losses, risk management should be introduced in CHPs. 
The decision about changing the load schedule during the year puts the financial 
results of CHP at risk. One of the ways to hedge against this risk is to use derivatives 
(futures or options) that are traded on the electricity exchanges. 

3. Conclusions

Economic dispatch in CHPs is a complex issue that should be considered from 
different perspectives. The optimal dispatch of cogeneration units should maximize 
the gross margin yielded by the CHP during the whole year. The way of optimizing 
the cogeneration units’ dispatch depends mostly on the system supporting 
cogeneration. In Poland there are three kinds of cogeneration certificates that are 
traded on the market and that can yield a huge stream of additional revenue for 
CHPs. However, the quantity of cogeneration certificates granted to electricity 
production depends on many conditions, the most important of which is the total 
efficiency of the cogeneration units. The dispatcher of CHPs can influence the total 
efficiency by shaping the electric and heat load schedule. This is why the dispatchers 
in CHPs should be equipped with the tools to optimize the load schedule in real time 
and to manage the risk depending on the conditions on the electricity market. 
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EKONOMICZNA OPTYMALIZACJA PRACY 
ELEKTROCIEPŁOWNI

Streszczenie: Celem artykułu jest prezentacja zasad ekonomicznego rozdziału obciążeń 
w elektrociepłowni pracującej w polskich uwarunkowaniach regulacyjnych sektora energe-
tycznego. Ekonomiczny rozdział obciążeń jest podstawowym instrumentem przygotowania 
harmonogramu pracy poszczególnych jednostek wytwórczych w elektrociepłowni dla róż-
nych interwałów czasowych. Ekonomiczny rozdział obciążeń powinien być uzależniony 
od kosztów krańcowych produkcji ciepła i energii elektrycznej przez poszczególne jednostki 
wytwórcze. Koszty krańcowe produkcji ciepła i energii elektrycznej zależą od wielu czynni-
ków, z których najważniejsze to koszty zakupu paliw i sprawność jednostek wytwórczych. 
Niemniej jednak otoczenie regulacyjne sektora, w szczególności dotyczące wspierania roz-
woju kogeneracji i odnawialnych źródeł energii, zmienia do pewnego stopnia typowe zasady 
ekonomicznego rozdziału obciążeń, bazujące na kosztach krańcowych. W tych zmienionych 
warunkach ekonomiczny rozdział obciążeń nie zależy od kosztów krańcowych, ale raczej 
od marży brutto generowanej na wytwarzaniu ciepła i energii elektrycznej przez poszczególne 
jednostki wytwórcze. 

Słowa kluczowe: ekonomiczny rozdział obciążeń, elektrociepłownia. 




