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Low

The arevery
Important energy-policy tools andthey are developed
to support energy-systemsplanning aswell as
decision-making and policy development at both
governmental regionalandindustriallevels

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 ofemissionshouldwe allocateto energyand

PR Figure 1: Emissions from the largest ligfiméel power plant iBelchatow(PL)
heat productlon ) Source: MDzierzgowskiMP PAN
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36 Units
Conventional Generation ;. Combin ':c‘::";;"d s':':'" .
v . __ OSSe produces e city an erma
(58%0 Owerall Efficiency) energy from a single fuel

Combined Heat & Power

(85% Owerall Efficiency)
60 s % .
=T Elachielly - Elactricity CHP
-
100 s 68
40 BOILER Heat = Heat
1 = 85% —
-
|
6 Units 10 Units
(T.osses) (Losses)

Energy efficiency advantage of a cogeneration system (UNESCAP. 2000)
Source: UNESCAP, 2000
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Sources of emission and their GWP

&

LowTEMP

' ¢ 1 Warhing Potential

The combustionof fossil fuels resultsin emissionsof the greenhouse
gases,including mainly carbon dioxide, methane, nitrous oxide and
other. The emissions of these gases are converted to CQO2e by

multiplying the amount of GHG by their Global Warming Potential
(GWP)

GWP is calculatedto 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 referencegasz CO..

Examples

GWPCO, equalg(by definition) 1
Methane(CH,) : 28236
NitrousOxide(N,0) : 2657298,

CO?Z
CO
CH4
N20O
NoOX
SO?2
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O
Methods for assessing GHG emissions (BD
LowTEMP

There arewo principal methods for assessing GHG
emissionsfrom stationary combustion sources: COZ

M1 Direct measurement CO
1 Analysis of fuel input

Direct measurementof CO, emissionscan be performedusing CH4
a Continuous EmissionsMonitoring System.

The calculation of CO, emissions using the fuel analysis N20
method involvesdetermining a carboncontent in combusted N OX
fuel;

Anemissionfactor is definedasthe averageemissionrate of a SOZ
given GHG for a given source, relative to units of activity

(typically the amounts of fuels combusted, or kWh of Em|SS|On FaCtor

electricityused,etc.).
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GHG emission of various fuels (BD
LowTEMP

There are 3tandard equations that describe G@missions for each type of combusted fuel:

GHGemissions = Fuel * EF1 (1)
GHG emissions Amount of CQ, CH,or N,O emitted, Fuel= mass or volume of fuel combusted,
EF1= CQ, CH,or N,O emission factorper mass or volume unit,

GHG Emissions = Fuel * HHV* EF2 (2)
EPA Greenhouse Gas Inventory Guidarigeect Emissions from Stationary Combustion Squzoés

HHV= Fuel heat content (higher heating value), in units of energy per mass or volume pf fuel
EF2=CQ, CH, or NO emission factor per energynit

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 G@nd carbon.
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Primary energyand primary energy factor @3

LowTEMP

Primary energy(PE)
meansenergy from renewable and nerenewable sources which
has not undergoneny conversion or transformation {A}

PEmay be fossil or renewable or a combination of both. It can be

converted and delivered to end usersfaslenergy, e.g. ‘;‘
electricity or heat.PEinputs generally include the upstream o
activities and processes in supply chain (i.e. extraction, transpor =& C—

and preparation of input fuels). / '
Primary Energy Factor(PEF) P

connectsprimary and finaenergy - shows howmuchPEisused lﬁ
- L] - L] N
to generate a unit of electricity or a unit of useable thermal -

Coal

energy Figure 3: Conventional district heating. Source: Original

i * i~ — fi LowTEMPIillustration by Peter Abrahamsson,
Pr!mary energy SyStem e_ffICIenCy flne_ﬂnergy AliasDesign, for Sustainable Business Hub
Primary energy factor = Primary energy/final energy
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O
Primary energyfactor fp pof the district heatingsystem (BD

LowTEMP

S)fste:m borc!e r: Power supply
District heating system network
1 I
Cogener-
| | 5
1 | ation ™ W = @
: Plant, > : cHe
2. Q¢ | internal 1
—! |
: Heating : 2.Q¢;
i | Plant [
] 7
| I
| I
| | Heat
____________ -
Cogener- Consumers
ation > Qcre o
Plant, > @
external

Figure4. Scheme of district heating gridource A.Wallisch [1]

fP,DH =

ZQF,I‘ ) f.F,F,f - IF:‘.'."EP 'f.F,d;r

ZQE,:’

QriZ fuel (final energy) input to the heating plants and to the
cogeneration plants within the considered system within the
considered period (usually ongar)- measuredat the point of
delivery;

WcnpZ €electricity production of the cogeneration plants of the
considered system,;

Qc,;< heat energy consumptlon measured at the pnmary side
A OOOI | AO6 O 0OO0A coosikd@és itirmeQusually Gnie E
year);

QchpextZ heat delivery to the considered system from external
cogeneration poweplants

fpri Zprimary energy/resource factor déiel (final energy inputs);
fpeir Z Primary energy/resource factor of electrical power.
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O
CGO, emissionsfrom adistrict heating system (BD
LowTEMP

Wenp (i) * Kr cnp(iy
i=1 Qr (@) * Krtor) = Zi=1 Nel (i)

21 Qci

Ky Z carbon dioxide emissioffactor for heat delivered to the building in kgG®MWh,

Qpzl AO AT AOGU i&delivered fo the gateEwha@®ifid finady converted to hgsitwh]
(using lower heating value),

KeotpZAAOAT T AET GEAA  AlGkkgO@NWh  EAAOT O A1 O A£OAI
W,npiy Z N€t produced electricity in c@eneration plant from fuet@produced electricity minus
auxiliary electricity use),

K onpiy 2 total greenhouse gas emission factor for electricity produced in CHP plant in ki@,

Sei, )< default electrical efficiency condensing for a conventional thermal power plant set to 40%,
QzAAl EOAOAA EAAD DO OBEGOAIOEAITAEGI LA OUS

Kan =

...I“ln.
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The 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 when heat and electricity are generated
simultaneously

the primary energy input, emissions or operating
costs to either of these energy outputs.

Figureb. The 50 kW cogeneration ungyurce A.Cenian IMP PAN
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The following(most popular in EU) methods were assessetawTempproject

Energy method,

Alternative generation method,
Power bonus method,

Exergy method,

200% method,

Pas 2050,

Dresden method

There are other methods

Work method

Finnishmethod

All savings allocated to electricity

All savings allocated to heat

50%-50% sharing of savings between heat an electricity
Primaryenergy content of heat and electricity.

-
120 kW ORC CHarbine ™" Interreg
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The Energy Method @S

LowTEMP

The EnergyMethod - fuel input or CQ emissions are
allocated to the produced heat and electricity based on the
energy content of the produced products. The advantage of
this method s 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+B

CQO, emissions
allocatedto Q

CQO, emissions
allocatedto Q

Producedheatnad power

lll.
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(o)
TheAlternative Generationmethod @3

LowTEMP

TheAlternative Generation method also known as

the Efficiency Method othe Benefit Sharing Method
(BSM) has been developed by The Finnish District
Heating Association. The method allocates £O
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;,.;; and sqecrespectively

fQ: Qb aIt_heat) [ (QF alt_heat * Es aIt_eIec)

CQO, emissions
allocatedto Q
fQ: (Q’Salt_heat)/

(Q/ S alt_heat + E$ alt_elec)
CQO, emissions
allocatedto Q
fE: 1' fQ

Producedheatnad power
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(o)
The Power Bonus Method @3

LowTEMP

The Power Bonus Methods often used foallocationof

CO,emissions between heat and power production in the CO, emissions
European Union.

| _ _ | Allocatedto Q
Inthis method the heat is the main product, while power
produced during the process is considered as a bonus. Bon US Bonus Wcypfp ert

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

CQO, emissions
Allocatedto Q

fo=(BEpin ZWeppfper ) / (Qger t Egel)

Producedheatnad power
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The Exergy Method (Bg

LowTEMP

The ExergyMethod (physicallycorrect method) - fuel use or C@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.

Fromthe thermodynamic point of view, electricity generated during cogeneration is rated witBxangy
factor of 1, sahe exergy of electricity is defined &= 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

Exy= (12 To/T) Q
where T, z is theaverage ambient temperature during the heating period ahdis DHthermodynamic
mean temperature

T=02TqInEST)
fo=ExXo/ (EXo + EXg)

o
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(o)
The 200% method (BD

LowTEMP

The 200% methodz assumes 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 condensé&his
means that half of emissions related to heat production
can be associated with power generation.

This method, introduced by the Danish Eneygency,

can be used when allocating the fuel costs of the CHP to
the heat production in the energy and emission
statistics.

CO, emissions
Allocatedto Q

Q/2

CQO, emissions
Allocatedto Q

Producedheatnad power

fo=Q / 2Fuel,
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PAS 205method &

LowTEMP

PAS 2050 method is the British standard, which explains

the calculationof GHGemissionsfor production of goods
andservicesAllocatingthe emissiondrom CHPsystemto

the heat and power produced, the special OET OAT O
coefficient & &s used, which specifies the emissions
releasedduring fuel combustion

fo=Q/(Q+nE)

Theallocationof emissiongo heatandelectricity relieson
the processspecificratio of heat to electricity from each
CHPsystem For boiler-based CHP systems(coal, wood,
solid fuel), the coefficient n is 2.5, while for turbine-based
CHPsystems(naturalgas,landfill gas)n =2.0.

CQO, emissions
Allocatedto Q
fo=Q/(Q+nhH
CQO, emissions
Allocatedto Q
fE: 1' fQ

Producedheatnad power
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The Dresden method @S

LowTEMP

The Dresden method is basedon exergy assessment
In powerplantsall primary energyis relatedto electricity
production At the sametime inthe 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 (water steamcondensation)in the CHPplant

3% Hyl
where s Is Carnotefficiency and 4, is degreeof process
quality.

fo b #E6

CQO, emissions

Allocatedto Q
foh #B0

CQO, emissions

Allocatedto Q
fE: 1- fQ

Producedheatnad power
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Method Allocation factor of heat production, fo | E.g. fa value
Energy method Q/(Q+E) 0,2162
Alternative generation meth. | (Q/Nak_nest) / (Q/Nalt_hest + E/Matt_elec) 0,3830
Power bonus method (Epin = Wenp frett ) / (Qael + Edet) 0,2226
Exergy method Exa [ (Exa + ExE) 0,1507
200% method Q/ 2 Fuel;, 0,0608
PAS 2050 Q/(Q+nkE) 0,1212
Dresden method AE/E 0,0834
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Sensitivity of CO, allocation methods @3

LowTEMP

A Sensitivitydepends ona system

Figure7. Sensitivity of CO2 allocation methodsjurce T.Tereshenket al.[2]
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