—

united nations

the

abdus salam
orpiston international centre for theoretical physics
¢ Ay . 1964
AN annlversary
internacional atomic 2004
g
SMR 1585 - 3

WORKSHOP ON DESIGNING SUSTAINABLE ENERGY SYSTEMS
18 October - 5 November 2004

MODELLING OF COMBINED HEAT AND POWER PLANTS

Arvydas GALINIS
Lithuanian Energy Institute, Laboratory of Basic Energy Research
L T-44403 Kaunas 36
Lithuania

These are preliminary lecture notes, intended only for distribution to participants.

strada costiera, | | - 34014 trieste italy - tel. +39 040 22401 | | fax +39 040 224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it



Arvydas Galinis
(galinis@isag.lei.lt)




Topics covered

Single fuel back pressure units,

Multiple fuel back pressure units,

Single fuel extraction units,

Multiple fuel extraction units,

Ability to cover heat and electricity demand,
System with CHP and heat accumulator,
Data example for case studies.




Combined and separate heat and
electricity production

Separate heat and electricity

generation

Conventional

power plant (oil/gas)

453 MWh
n=0,38

—~

Y

Boiler-house
(oil/gas)

>

281
MWh

Losses

DEMAND

Electricity
172 MWh

Heat
302 MWh

Total primary energy requirement 788 MWh

Combined heat and power
production

< ~_._.c.
(oil/gas)
584 MWh
n=0,81

110
MWh

Losses \/

Total primary energy requirement 584 MWh

Saving of primary energy requirement 26%



Types of combined heat and power plants

— relation between heat
and electricity output Is fixed,

— heat and electricity output
IS not 1n a fixed relation.




Back pressure units




Technical parameters of CHP’s

Nominal electrical capacity (Pn),
Nominal thermal capacity (Qn),

Total fuel efficiency n,




Relation between heat and electricity output

Electricity
(P)

Back pressure line




Fuel input

Back pressure units

Steam

Boiler Turbine

N

Generator

Heat to consumers

Heat exchanger

Condensate

Heat
consumers

Heat from consumers




Representation of CHP in MESSAGE

: Electricity
Main output a

Main input

Related output a Heat

Pn | | On
Pn+Quim, " (Pn+Qn),

n,el =




Representation of CHP in MESSAGE

Pn=23.3 MW; Qn=102.3 MW, n, =0.825;

P'=Pn =" MW;

Pn 23.3

(Pn + Qn)/m, (23.3+102.3)/0.825

Qn 102.3

(Pn + Qn)/m, (23.3+102.3)/0.825




Representation of CHP in MESSAGE
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Representation of CHP in MESSAGE

. : Electricit
Main Input Main output a U

Fuel type 1 (oil)

) Related output a Heat
Related input

Fuel type 2 (gas)

For example: Share of oil consumed makes 80%, while share of
gas consumed corresponds to 20%.




Representation of CHP in MESSAGE
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Representation of CHP in MESSAGE

Main output a

Main input a

(gas) Electricity

Main output b

Main input b Related output b

(oil)




Representation of CHP in MESSAGE

IAEA - MESSAGE ¥ CHP_TAEA adb

General |Techn0|0gies

Load regions input: all | s @ al  Copes O ono Eopyl
output: all -
Energyforms

i i Loy -
1elations: El | OPerator and ar ot
name el | technologies: lbacka *|  Chain I —l

Paste

Demands

Constraints

Activity I Capacity |

Technologies

|activities

Storages

Fesources

SAEEEmEmEmEEE

altb

[sinale entries

Mame Urit VaIK
mair input |gas.-"primal§\l||MW’yr |‘I. loadcurves for oty ll I~ absdrel

main output |electricity.-’Sec:0ndary Ic: | ln153
Lrit Switch \
war costs IUS$'DEI.-"kWyr Ic: x| [89.7

- Gas foralta

hist. act. | | powy. rel. I ll

[multiple entries Oi I fOr alt b
-

abda alags conla conZa

Chain EEEE inp outp zoftlims

;astart”J M @ 5 © > Qom., | Funeil. . | B TEm. .. | icro...| @MESS...”%mm_“ Mlcro...I EIALKO...'




Representation of CHP in MESSAGE

_ 1 Electricity
Main output a

Main input
(gas)

Main input Main output a
Fuel type 1 (oil)

Related output a Heat

Electricity

) Related output a Heat
Related input

Fuel type 2 (gas)

Any linear combination of alternative modes of operation in respect
of fuel consumption is possible




Representation of CHP in MESSAGE
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Cost data of CHP’s

Investment costs and fixed O&M costs are related to
electrical capacity,

Variable O&M costs are related to electricity output.




Extraction units




Technical parameters of CHP’s

Nominal electrical capacity in CHP mode (Pn),
Nominal electrical capacity in condensing mode (Pk),
Nominal thermal capacity (Qn),

Fuel efficiency in condensing mode (nk),

Fuel efficiency in CHP mode (Total efficiency) (n).




Relation between heat and electricity output

Electricity
(P)

Pk Constant fuel input line

Pn

Condensing

line -
operation ~_Back pressure line




Extraction

Steam

Fuel input

Boiler

Tur-
bine

unit

Generator

4®

Heat exchanger

Heat to consumers

N

Condensate

Heat
consumers

Heat from
consumers

Condenser




Representation of CHP in MESSAGE

Main input

Main output a

Electri-

MNel

Main output b

city

Electri-

N el

Related output b

city

Heat

ﬂ’h




Representation of CHP in MESSAGE

Pn=171.8 MW, ;. Qn=302.3 MW,
Nk = 0.357; n; =0.81;

Pk 208

, (Power relation) pow.rel. = = = 1718

Pn 171.8

(Pn + Qn)/n, (171.8+302.3)/0.81

Qn 302.3

(Pn + Qn)/n, (171.8+302.3)/0.81




Representation of CHP in MESSAGE

Condensing operation
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Representation of CHP in MESSAGE

Main input

(Gas

Main input

Oil

Main output a

Main output b

N el
Related output b

Main output ¢

MNel

Main output d

N el
Related output d

Electri-
city




Representation of CHP in MESSAGE

Main input

Fuel type 1 (oil) Main output a

Electri-

: n
Related input °

Fuel type 2 (gas)

Main input altb Main output b

city

Electricity

Fuel type 1 (oil)

Related input Related output b

Fuel type 2 (gas)




Cost data of CHP’s

Investment costs and fixed O&M costs are related to
electrical capacity in condensing mode,

Variable O&M costs are related to electricity output
In condensing regime.




Cost calculation for extraction CHP

AFCEP + AFCHP
Pk

Cost-fix =

AVCEP:» + AVCHP

Cost-varc» =
WCHP

AVCEPconw
WCOND

Cost-varcon =

AFCEP - annual fixed O&M cost
for electricity production;

AFCHP - annual fixed O&M cost
for heat production;

Pk — installed capacity for
condensing operation mode;

AVCEPcHr, AVCEPconp- annual
variable O&M cost for electricity
production in CHP and COND
mode respectively;

AVCHP - annual variable O&M
cost for heat production;

Wcwe — annual electricity
production in combined heat and
electricity production mode;

Wcono — annual electricity
production in condensing mode;




Other CHP features

Diversity of heat output:

heat in form of steam of some parameters,
heat in form of stem of other parameters,
heat in form of hot water,

Proportion of heat output in form of steam and hot

water may wary or may be in fixed proportion;
Consumers for those products are different;
All this requires to use more complicated modelling

approach but always it is necessary to think is it worth to
Increase complexity of the model.




Ability of CHP to cower heat and power demand
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Joining of CHP’s with heat only boilers

Matural gas supply line

P —
—_—

-
- —

Consumer

Return line
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CHP with heat accumulator

| | 4

-
——

—
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Heat Consumer | &
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Modeling of CHP with heat storage

Resources Primary Intermediate Final Useful

Qil Oil Electricity Electricity

Heat
allocation

Electricity
distribution

- Dummy flow

accumulator

Heat
distribution

Heat from
accumulator

Heat accumulator




Principle equations for heat accumulator

it X1 =X1; X2 = X2:

Heat from Y1 = Yl,, Y2 = Y2,,

accumulator

X1 - Y1 <= active volume;

Heat accumulator X1+ X2 -Y1 -Y2 <= active volume;




Representation of heat storage in MESSAGE
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ltems that should be taken into account when
CHP are analyzed

Heat market is local while electricity market is common for the
country or region;

Heat markets are different in respect of:
density of heat load,
heat load curve,
availability and conditions of heat distribution network,
availability and conditions of other heat generation sources;

availability of gas distribution network for decentralized
heat generation sources;
other factors.




Modeling of CHP with heat storage (1)
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Modeling of CHP with heat storage (2)

Electricity demand Heat demand

WD
Winter

I | I | I | I | 1 |
2001 2001.2 2001.4 2001 6 2001.5 2002 2001.2 2001.4 2001 & 20015 2002
creasted: 2004-03-22 1340 crested: 2004-05-22 19:42




Modeling of CHP with heat storage (3)
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Modeling of CHP with heat storage (6)
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Modeling of CHP with heat storage (/)

Winter
WD SSH

Technology

Storage bye-pass

Load storage WWD
Discharge storage WWD
Load storage WSSH
Discharge storage WSSH
Transfer from WWD to WSSH
Transfer from WSSH to WWD




Modeling of CHP with heat storage (8)

table gave |zave az...| export quit |

Region: CHF _IAEA, Scenarno: adb
LInit: hePiyer

= Sthyepassiheat

mes From_wed _to sshidumimy
From_ssh_to wdidumimy
From_stor_sshiheat

m— From_stor_wdiheat
To_stor_sshidumimy

me T0_Stor wedfd Uy

[ I | | | I
20 20012 20014 20016 20018 2002

created: 2004-05-26, 11:57




Modeling of CHP with heat storage (9)
__Graph

table gave |zave az..| export quit |

Region: CHF_|AEA, Scenario: adb
LInit: ke

= Cthyepassiheat

mes From_wed _to_sshidumimy
From_ssh_to_wdfdumimy
From_stor_sshihieat

[ rom_stor_wdiheat
To_stor_sshidumimy

me T'0_stor _wedfdurmmy

[ U I U | U | U | U I
2001 2002 2003 2004 2005 2006
created: 2004-05-26, 11:56




Modeling of CHP with heat storage (10)

Operation of heat storage WWD

[ 1From stWD
I From stSSH
1 To stWD
In stWD




Observations

Storage losses are not counted when load regions present
for storage;

It may by sufficient to have (time related) energy storage losses
between load regions in order to model correctly storage;

When load regions are added for storage in scenario DB
related information appears also in adb file;

Data given for construction time of the storage makes problems
related with information saving in storage screen;

*.ggi files still are missing in model backup file;

Load region specification problems for bda in multiple output
technologies.




Parameters of small back presure CHP
based on natural gas

Cento 42 Cento 65 Cento 75 Cento 100 Cento 140 Plus twin Plus twin 88 Premi22 Premi vari 22
AP AP AP SP SP 44 AP AP AP AP
Electrical capacity kW 42 65 75 100 150 44 88 22 22
Thermal capacity kW 64,5 97 125 161 226 91 182
Input (fuel) capacity kW 124 189 244 305 430 155 310
Efficiency (electrical) % 33,8 34,4 30,7 32,8 34,8 28,4 28,4
Efficiency (thermal) % 52,0 51,3 51,2 52,8 52,8 58,8 58,8
Efficiency (totall) % 85,8 85,7 81,9 85,6 87,4 87,2 87,2
Gas consumption at 100% capacity m3/h 13,2 20,0 25,8 32,3 45,5 16,4 32,8
Gas consumption at 75% capacity m3/h 10,8 16,3 20,6 26,8 39,8 13,2 26,4
Gas consumption at 50% capacity m3/h 8,3 12,5 16,4 20,3 31,5 10,4 20,8
Temperature of water e 70/90 70/90 70/90 70/90 70/90 70/90 70/90
input/output
Investment cost K$ 43.800 52.300 44.200 68.000 82.800 25.000 50.000




