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Motivation

The CO2 emissionallocationmethods arevery
important energy-policy tools and they aredeveloped
to support energy-systemsplanning as well as 
decision-making and policy developmentat both
governmental, regionaland industriallevels.

Cogeneration systems produces electric energy and 
heat butheat can be produce from fossil fuels or 
electricity with efficiency more than 

95%
electric energy is produced from fossil fuels/heat with 
efficiency up to 

45%
How much of emissionshouldwe allocateto energyand 
heat production? Figure 1: Emissions from the largest lignite-fired power plant in Belchatów(PL)

Source: M. Dzierzgowski, IMP PAN



Cogeneration- advantage

Source: UNESCAP, 2000



'čÏÂÁÌWarming Potential

The combustionof fossil fuels results in emissionsof the greenhouse
gases,including mainly carbon dioxide, methane, nitrous oxide and
other. The emissions of these gases are converted to CO2e by
multiplying the amount of GHG by their Global Warming Potential
(GWP).

GWP is calculated to reflect how long gas remains, on average,
in the atmosphere and how strongly it absorbsenergy i.e. it refersto
the total contribution to global warmingthat resultsfrom the emission
of oneunit of that gasrelativeto oneunit of the referencegasɀCO2.

Examples:
GWPCO2 equals(by definition) 1
Methane(CH4) : 28ɀ36
NitrousOxide(N2O) : 265ɀ298.

Sources of emission and their GWP
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There are two principal methods for assessing GHG 
emissions from stationary combustion sources:

¶ Direct measurement

¶ Analysis of fuel input 

Direct measurementof CO2 emissionscanbe performedusing
aContinuousEmissionsMonitoring System.

The calculation of CO2 emissions using the fuel analysis
method involvesdetermining a carboncontent in combusted
fuel;

Anemissionfactor is definedasthe averageemissionrate of a
given GHG for a given source, relative to units of activity
(typically the amounts of fuels combusted, or kWh of
electricityused,etc.).

Methods for assessing GHG emissions 
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There are 3standard equations that describe CO2 emissions for each type of combusted fuel:

GHG emissions = Fuel * EF1 (1)
GHG emissions= Amount of CO2, CH4 or N2O emitted,Fuel= mass or volume of fuel combusted, 
EF1= CO2, CH4 or N2O emission factorper mass or volume unit,

GHG Emissions = Fuel * HHV* EF2 (2)
EPA Greenhouse Gas Inventory Guidance, Direct Emissions from Stationary Combustion Sources, 2016; 
HHV= Fuel heat content (higher heating value), in units of energy per mass or volume of fuel ; 
EF2= CO2, CH4, or N2O emission factor per energy unit

GHG Emissions = Fuel * CC * 44/12 (3)
CC= Fuel carbon content in units of mass of carbon per mass or volume of fuel, 
44/12 = ratio of molecular weights of CO2 and carbon.

GHG emission of various fuels



Primary energy(PE)
means energy from renewable and non-renewable sources which 
has not undergoneany conversion or transformation.

PE may be fossil or renewable or a combination of both. It can be 
converted and delivered to end users as finalenergy, e.g. 
electricity or heat. PEinputs generally include the upstream 
activities and processes in supply chain (i.e. extraction, transport 
and preparation of input fuels). 

Primary Energy Factor(PEF) 
connects primary and final energy- shows how muchPE is used 
to generate a unit of electricity or a unit of useable thermal 
energy

Primary energy * System efficiency = final energy

Primary energy factor = Primary energy/final energy

Primary energyand primary energy factor

Figure 3: Conventional district heating. Source: Original 
LowTEMPillustrationby Peter Abrahamsson, 
AliasDesign, for SustainableBusiness Hub



QF,iɀfuel (final energy) input to the heating plants and to the 
cogeneration plants within the considered system within the 
considered period (usually one year) - measured at the point of 
delivery; 
WCHPɀelectricity production of the cogeneration plants of the 
considered system;
QC,jɀheat energy consumption measured at the primary side of 
ÃÕÓÔÏÍÅÒȭÓ ÓÕÂÓÔÁÔÉÏÎÓ ×ÉÔÈÉÎ ÔÈÅconsidered time (usually one 
year); 
QCHP,extɀheat delivery to the considered system from external 
cogeneration power plants
fP,F,i ɀprimary energy/resource factor of fuel (final energy inputs); 
fP,eltɀprimary energy/resource factor of electrical power.

Primary energy factor fP,DHof the district heating system

Figure 4. Scheme of district heating grid. Source:A. Wallisch, [1] 



Kdhɀcarbon dioxide emission-factor for heat delivered to the building in kgCO2/MWh,
QF(i)ɀÎÅÔ ÅÎÅÒÇÙ ÃÏÎÔÅÎÔ ÏÆ ÆÕÅÌ Ȭiȭ delivered to the gate where it is finally converted to heat {MWh] 
(using lower heating value),
KF,tot(i)ɀÃÁÒÂÏÎ ÄÉÏØÉÄÅ ÅÍÉÓÓÉÏÎ ÆÁÃÔÏÒ ÆÏÒ ÆÕÅÌ Ȭiȭin kg CO2/MWhfuel,
Wchp(i)ɀnetproduced electricity in co-generation plant from fuel Ȭiȭ (produced electricity minus 
auxiliary electricity use), 
KF, chp(i)ɀtotal greenhouse gas emission factor for electricity produced in CHP plant in kg CO2/MWh,
ʂel,(i) ɀdefault electrical efficiency condensing for a conventional thermal power plant set to 40%,
QC(j)ɀÄÅÌÉÖÅÒÅÄ ÈÅÁÔ ÔÏ ÔÈÅ ÂÕÉÌÄÉÎÇ Ȭj ȭ ÁÔ ÓÙÓÔÅÍ ÂÏÕÎÄÁÒÙȢ

CO2 emissionsfrom a district heating system



The allocation of CO2 emission to the CHP energy outputs 
is required especially in the case when produced heat and 
electricity are consumed by different customers and when 
a comparison needs to be made with other means of 
supplying heat. 

In CHP plants when heat and electricity are generated 
simultaneously it is difficult/debatable how to precisely 
allocatethe primary energy input, emissions or operating 
costs to either of these energy outputs. 

Allocation of CO2 emissions
to electricity and heat producedby CHP installations

Figure 5. The 50 kW cogeneration unit; source:A.Cenian, IMP PAN 



The following (most popular in EU) methods were assessed in LowTempproject
Energy method,
Alternative generation method,
Power bonus method,
Exergy method,
200% method,
Pas 2050,
Dresden method.

There are other methods 
Work method 
Finnish method 
All savings allocated to electricity
All savings allocated to heat 
50%-50% sharing of savings between heat an electricity 
Primary energy content of heat and electricity.

CO2 allocation methods

120 kW ORC CHP turbine

Figure 6. The 120 kW ORC CHO turbine; source:A. Cenian, IMP PAN 



The Energy Method - fuel input or CO2 emissions are 
allocated to the produced heat and electricity based on the 
energy content of the produced products. The advantage of 
this method is that it is very simple and transparent. The 
disadvantage is that the energy content of the products 
does not distinguish energy products, i.e. does not take into 
account their qualities (electricity can be easier transformed 
to heat than opposite). 

CO2 allocation  factor for heat production:

fQ= Q / (Q + E) 

The Energy Method
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Producedheatnad power



The Alternative Generation method also known as 
the Efficiency Method or the Benefit Sharing Method 
(BSM) has been developed by The Finnish District 
Heating Association. The method allocates CO2

emissions and resources to the heat and power 
production in proportion to the fuel needed to produce 
the same amount of heat or power in separate plants. 
Alternative production in two separate plants, will 
depend on their efficiencies ʂheat andʂelecrespectively.

fQ= (Q/ʂalt_heat) / (Q/ʂalt_heat + E/ʂalt_elec) 

The Alternative Generationmethod

Q

E

CO2 emissions 
allocatedto Q
fQ= (Q/ʂalt_heat) / 
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Producedheatnad power



The Power Bonus Methodis often used for allocation of 
CO2 emissions between heat and power production in the 
European Union. 

In this method the heat is the main product, while power 
produced during the process is considered as a bonus. 

The primary energy is allocated first to the electricity 
produced in the CHP plant, which is later subtracted from 
primary energy input.

fQ= (EP,in ɀWCHPfP,elt ) / (Qdel + Edel )

The Power Bonus Method
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Bonus



The Exergy Method (physicallycorrectmethod) - fuel use or CO2 emissions are allocated to the produced 
heat and electricity based on the exergy content of the products. The exergy content of a product is a 
measure for the maximum useful work that can be performed by the product. The ratio between the 
energy and exergy content is referred to as the quality factor. 

From the thermodynamic point of view, electricity generated during cogeneration is rated with an exergy
factor of 1, so the exergy of electricity is defined as ExE= E. This means that 100% of electricity can be 
converted to any form of energy. Heat can be converted to power or any other form of energy only to 
some extent, so the heat exergy can be calculated 

ExQ = (1 ɀT0/T) Q
where T0ɀis theaverage ambient temperature during the heating period and T ɀis DH thermodynamic 
mean temperature 

T = (TsɀTrɊ Ϸ ln (Ts/Tr)

fQ= ExQ / (ExQ + ExE)

The Exergy Method



The 200% method

The 200% methodɀassumes 200% efficiency for heat 
production. This means that, in order to produce 1 unit 
of heat, 0.5 unit of fuel has to be used and the other 0.5 
unit will be recovered from the turbine condenser.This 
means that half of emissions related to heat production 
can be associated with power generation. 

This method, introduced by the Danish Energy Agency, 
can be used when allocating the fuel costs of the CHP to 
the heat production in the energy and emission 
statistics. 

fQ= Q / 2 Fuelin
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Producedheatnad power



PAS 2050 method

PAS2050method is the British standard,which explains
the calculationof GHGemissionsfor productionof goods
andservices. Allocatingthe emissionsfrom CHPsystemto
the heat and power produced, the special ȬÉÎÔÅÎÓÉÔÙȭ
coefficient ȭÎȭis used, which specifies the emissions
releasedduring fuel combustion

fQ= Q /(Q+ n E)

Theallocationof emissionsto heatandelectricity relieson
the process-specificratio of heat to electricity from each
CHPsystem. For boiler-basedCHPsystems(coal, wood,
solid fuel), the coefficient n is 2.5, while for turbine-based
CHPsystems(naturalgas,landfill gas)n =2.0.
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Producedheatnad power



The Dresden method is basedon exergy assessment.
Inpowerplantsall primaryenergyis relatedto electricity
production. At the sametime in the CHPplants,onepart
of primary energy is consumed for thermal energy
production. The Dresden method describes how to
evaluate the electricity loss caused by the heat
extraction(watersteamcondensation)in the CHPplant

ɝ% Ђ 1 ʂcʉp ,
whereʂc is Carnotefficiencyandʉp is degreeof process
quality.

fQЂ ɝ%/ E

The Dresden method 
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Allocationfactor for CHP system with annual heat load 27 GWhand maximum heat requirement 14 MW

CO2 allocation factorsCO2 for heat production

Source: T. Tereshenko, [2]



ÅSensitivitydependson a system 

Sensitivity of CO2 allocation methods

Figure 7. Sensitivity of CO2 allocation methods; source:T.Tereshenkoet al.[2] 


