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Introduction Preface

" The last five years - the -business unit ESC-Energy Studies of the Netherlands Energy - -

- - o= 'Research Foundation carried out. several studies for the Netherlands Ministry of Economic - -

“ . Affairs: .In- these ‘studies a range of models to calculate economic profitability of -eneray
“technologies ‘were developed. One of these models is~GEIN, an “economic-accounting
framework for large scale Combined Heat and Power (CHP) generation by the industry
and public utilities. The updated english version of this model is called COGIN (COGe-
neration in the INdustry).

This user manual describes the possibilities, restrictions, and methodological background
for making calculations with COGIN.

Industrial Heat & Power
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Introduction Methodology

Profitability

 A'number of criteria-for-estimating -the profitability of an-investment exists. The two most- ...

-+ important criteria delivered: by ‘COGIN are the Internal Rate.of Return (IRR) and the::.
* ~Payback Period (PbP). The PbP-is the period after which'the sum of the receipts is equal -~

to the sum of the expenditures (investment, fuel, and operating and maintenance-cost). -
The [KR is the maximal interest rate an investor can pay over a loan equal to the invest-

ment without making profit or loss. The investment is seen as a loan while the yearly

cash-flow (CF) is treated as the yearly repayment. More precise the yearly cash-flow is the

sum of yearly flows of receipts and expenditures caused by an investment in CHP, comp-

ared with an alternative situation (Reference situation). Depending on the needs of the

investor this Reference situation can be: *doing nothing’, investing in alternative electricity

production, or investing in alternative steam production. Then the IRR is calculated as

follows:

T  cash-flow in year t
: 2 = additional investment
t=1 (1 + [RR)

If the calculated IRR as a result of the additional investment costs and the cash-flow is
'high’, a high interest rate on an investment loan can be afforded.

An investor can judge the profitability of a project with the IRR. The higher the IRR of a
“project the more investors will carry out the project. Below a certain IRR the project is not -
acceptable for investors. Every investor will decide for himself which IRR threshold to use.

- For commercial companies the [RR-threshold is about 10% after taxes. This equals about ...

25% IRR before taxes. Furthermore an investor will use a higher IRR-threshold if he con-
siders a project to be of high risk.

Economic penetration studies in the Netherlands use in general a threshold of about
s et L 2B Public-utilities . do not work: for commercial reasons. For them a threshold of 10% is
generally acceptable.

Industrial Heat & Power
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Introduction Meth OdOlOgy

Industrial case

An industrial company is obliged to satisfy its steam demand in one way or another in-

*-order to maintain its production level. One option to fulfil steam production-is investing:in - =~

.. CHP.. As a.by-product. electricity is produced. In the industrial. case in. COGIN the alterna- -
tive is investing in a Low Pressure steamboiler, which produces. only stearn,*and -buying :
electricity from the public grid (Reference situation). Cost differences between CHP and
Reference situation can result in changes in four flows:

1 Expenditure on additional fuel

2 Expenditure for additional operating & maintenance (O&M)
3a  Avoided expenditure on electricity purchase

3b  Receipts from electricity delivered to the public grid

The yearly cash-flow is equal to the sum of 3a and 3b minus the sum of 1 and 2. Know-
ing the yearly cash-flow and the additional investment, the IRR.can be calculated ac-
cording the formula at page 7. In this case the IRR is a measure for the profitability of
-+ investing- in.-CHP, compared - with investing in a LP-boiler, both producing the same

~ “"amount of steam per year. Note that in both Reference and CHP situation steam is impli-

citly priced at LP-bailer cost.

Industrial Heat & Power
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Introduction MGthOdOlOgy

Public case

The ‘Industry- makes an investment choice between LP-boiler-and CHP, since in-every. -
" casesteam demand must be fulfilled. However, a public- utility chooses between making-+: -
“an investment in CHP, at-a company location for selling steam and electricity, and the - .. -
alternative ‘doing nothing’. Therefore, the total investment of CHP ‘has to be paid back by ... -
the sales of electricity and steam to a company.

In order to make calculations the yearly costs for generating steam are defined as:

LP-boiler fuel cost + LP-boiler O&M cost + LP-boiler capital cost
In this definition LP-boiler capital cost is:

Investment cost

% (1 + real interest rate / 100)
Loan period

Now the resulting yearly cost flows are:
Total fuel cost CHP
Total O&EM cost CHP

Receipts electricity sales
Receipts heat sales (valued at total yearly LP-bailer costs as described above)

W N =

The reéulﬁng cash-flow is equal to the sum of 3 and 4 minus the sum of 1 and 2. In gen-
eral-this way of calculating results in a lower IRR than industrial case calculations.

In the COGIN model one general electricity price independent of operating hours- is
received by the public utility from the company. Furthermore, to make the deal attractive
for the company, a heat discount, a certain price percentage, can be given to the com-
pany. Another difference with the industrial situation is that the low electricity use of an
LP-boller is neglected for calculations.

Industrial Heat £ Power
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Introduction

CHP-unit data

Price scenario data

COGIN-I COGIN-P
COGIN-IU COGIN-PU
Model COGIN
L
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Introduction Model

The model is available in Symphony workfile format or in a run-time version (Composa).

“++:In-this model description it is-assumed that the user ‘is familiar with the software ;package .

.Symphony (English version 1.2 or higher).

In the schedule on the left page it is shown how the database files and the model file
interact. Two database files for unit type data like investment cost are available, viz.
COGIN- that is already filled with standard CHP-unit data and COGIN-I that can be filled
with user specific unit data. Scenario data for the Netherlands forming several price pro-
Jections for natural gas and coal for industry are found in file COGIN-P. The same type of
database for user-data is called COGIN-PU. The two types of databases deliver the main
input data for the model calculations.

The input data and default values of other scenario parameters are available by the
COGIN-window (which appears in Symphony when COGIN is loaded) and the Figuration-
window {which is available by the Menu). In the COGIN-window the model results are also

- shown. Parts of the model which perform the calculations are not accessible for the user,

but in the Control-window several intermediate calculation results are shown. This window
is called by pressing key <F6>. After pressing again <F6> the COGIN-window will
return on the screen.

The options in the COGIN- and Figuration-window are changed by moving the cursor to
the appropriate position and typing the desired value. In addition to this direct cursor-
- corntrol mode a more user-friendly Menu Is available to mutate input variables.

 The Menu is available by pressing at the same time the Alt- and the <M>-key. In the
area of the Symphony-Menu will appear the COGIN-Menu, that offers the possibility to
-use all options of the model. Only appropriate values can be chosen by the Menu. This
way the Menu functions as an implicit 'Help™-function.

Industrial Heat & Power
QOctober 1991 13
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Introduction Model

“The different options in the-COGIN-Menu can be chosen, like in the-Symphony-Menu, by -

- high-lighting the area of the desired option with the cursor-keys ’<-* and ’->', or by-pres--.—. .

- sing the key of the first letter-of ‘an option. By pressing-’Carriage -Return’ a tranche of the. ... -

Menu-tree is selected. This tranche often contains a new Menu or set of options. By pres- .-

sing the <ESC=>-key one returns to the last Menu, by selecting 'Quit’ in the Menu one
can leave the Menu and work in the COGIN-window. In the COGIN-window it is not pos-
sible to import User-database files and mutate the Figuration-window parameters, unless
one calls again for the Menu by pressing 'Alt-<M>",

For the industrial case key results as Cash-flow, Payback Period and Net Present Value
are available in graphics by pressing respectively Alt-<K>, Alt-<T>, and Alt-<N>. This
illustration option is only available in the direct cursor-control mede. The COGIN-window
reappears on the screen by pressing any key.

It is possible to return to the base-scenario of COGIN (standard database) by resetting
- parameters. in default-value. By the Menu. two reset-options. are available, viz. Restricted-
reset (R-reset) and Total-reset (T-reset). By an R-reset only the variables in the COGIN-
'~ window are changed to default, by a T-reset also the variables in the Figuration-window
are changed to default according to the COGIN scenario.

If an error occurs during the use of a Menu-option, an Error-Message is shown and the
- Menu-indicator on top of the screen is flashing. The Error-Message and the Menu disap-
pear after pressing the <ESC>-key and one continues, starting from direct cursor-con-
trol mede.

To avoid Error-Messages with importing data files, the files and the program needs to be
on the same drive and directory in the Symphony Configuration.

Industrial Heat & Power
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COGIN

Input

Model

COGIN: :COGeneration

in . INdustry

Versich 2.2 (c) ECN/ES

Unit type STAG OK Unit DB = 10 bar steam
Unit size 4 OK Cap Therm= 106 ton/hr
------------------------------ Cap Elec = 49 MWe
Price scenario BASE-CASE SEESITSSSSS==sss======S=s======
Gas price cat : High OK Industry Public
©il price cat : Low CK Ref Gas  ========  ccccea
Coal price cat : High OK IRR 25.0% 15.5%
—————————— PbP 3.5 4.8
Operating hours : £000 CK at/ 1992 9.1 9.5
Elec-Return 1%1: 4} OK Ref ©il
Elec-R category : LOW CK IRR 8.8% 1.8%
---------- FbP 6.2 8.9
Discount CHP {%]: 0 ot/ 1992 11.0 11.1
Discount Ref {%]: 0 Ref Coal
Grant CHP f%]: ¢} IRR 35.5% =-8.2%
Grant Ref [%]: 0 PbP 2.5 >10
------------------------------ ct/ 1992 10.4 10.6
Alt M{enu) ============z=n=z==
COGIN —
Industrial Heat & Power
16 October 1991




Model

COGIN

Input

The COGIN-window contains the input variables that define a case. By selecting 'Case’
+(Unit type and Unit size) the .appropriate unit information from.the COGIN-L files will be -
- -Incorporated in the program. For data.about the used cases, see. Appendix I. Additionally
" the thermic and electric output-capacity of the selected CHP-unit’ appears in the COGIN-

window. The used database with CHP-unit data is also indicated.

Unit type The following types of CHP-technologies are distinguished:
: Gasturbine/Waste Heat boiler

aT

-  STAG : QT with Back Pressure turbine

- BG : Gas fired High Pressure steamboiler with BP
turbine

- BO : Cil fired High Pressure steamboiler with BP
turbine

- BC : Coal fired High Pressure steamboiler with BP
turbine

- LO : Gl fired Low Pressure steamboiler

- LC : Coal fired Low Pressure steamboiler

Unit size Concerning {nit size five levels of steam output are distinguis-

hed:

Code: 1 2 3 4 5

Unit size [ton/hr]: 17 30 55 106 212

The code and the unit size can be used both. In case of value

differences the nearest lower value will be used.

Unit types STAG, BG, BO en BC are not available in unit size 17

and 30 ton/hr.

[ndustrial Heat & Power
QOctober 1991
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COGIN : Model

input

COGIN: COGeneration in INdustry Version. 2.2 (¢) ECN/ESC
Unit type s STAG OK Unit DB = 10 bar steam
Unit size : 4 OK Cap Therm= 106 ton/hr
------------------------------ Cap Elec = 49 Mive
Price scenario = BASE-CASE
Gas price cat : High OK Industry Public
0il price cat ! Low OK Ref Gas
Coal price cat : High OK IRR 25.0% 15.5%
—————————— PbP 3.5 4.8
Operating hours H 6000 OK ct/ 1992 2.1 9.5
Elec-Return [%]: o OK Ref 0Oil
Elec-R category : LOW OK IRR 8.8% 1.8%
---------- PbP 6.2 8.9
Discount CHP [%]: (4] ct/ 1992 11.0 11.1
Discount Ref [%]: ¢} Ref Coal
Grant CHP [%]: ] IRR 35.0% -8.2%
Grant Ref [%]: [} PbP 2.5 10
------------------------------ ot/ 1992 10.4 10.6
Alt M(enu} - =================m=z===========

- - COGIN —

Industrial Heat & Power
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Model

COGIN

Input

Furthermore the COGIN-window contains possibilities to choose price scenarios, operat-

ing hours, and electricity return rate to the public grid.

Price scenario

Gas price cat

Oil price cat

Coal price cat

Operating hours

© Elec-Retumn -

Elec-R categoryj -

Inn ‘the COGIN-project the following ‘Price ‘scenarios -are -distin-- -

guished:
Base-Case, Scen 1, Scen 2, Scen 3, and Scen 4.

These scenarios are only available by the menu option and do
not apply for user databases.

Two gas purchase price categories can be chosen:
a 'High' price,
or a 'Low’ price.

Two oll purchase price categories can be chosen:
a 'High' price,
or a 'Low’ price,

Also two coal purchase price categories can be chosen:
a 'High’ price,
or a 'Low’ price.

The model calculates with 4000, 6000 en 8000 Operating hours
{according to the available electricity prices). The electricity pur-
chase price depends on the number of operating hours.

- The percentage of ‘the electricity production that is not used by

the company but is returned to the public grid. This electricity is
valued at the electricity selling price.

It should be noted that if the COGIN-database prices of returned
clectricity are not available this is shown by the message
"#DATAL.

- Two selling prices of electricity returned to the public grid are

distinguished. In the category ‘Low’ electricity return is not

- guaranteed. Inthe category "High' delivery is guaranteed by the
industry. Both electricity selling prices are not depending on the .

operating hours. This option does not apply for the public case.

Industrial Heat & Power
October 1991
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COGIN

Input

Model

COGIN: -COGeneration in INdustry Version 2.2.{c) ECN/ESC
Unit type STAG QK Unit DB = 10 bar steam
Unit size 4 QK Cap Therm= 106 ton/hr
------------------------------ Cap Elee = 49 MWle
Price scenario = BASE-CASE EEsmssccssrTEFERESSESSTESS=====
Gas price cat t High OK Industry Public
0il price cat : Low OK Ref Gag  ========  ~meeo.
Coal price cat : High OK IRR 25.0% 15.5%
---------- PbP 3.5 4.8
Operating hours H 6000 OK ct/ 1992 9.1 2.5
Elec-Return [%]: 0 ©OK Ref 0il
Elec-R category : LOW OK IRR 8.8% 1.8%
---------- FbP 6.2 8.9
Discount CHP [%]}: 4] ot/ 1992 11.c 11.1
Discount Ref [%]: Q Ref Ccal
Grant CHP [%]: a IRR 35.5% -8.2%
Grant Ref [%]: Q0 FbP 2.5 »>10
------------------------------ ot/ 1992 1C.4 10.6
Alt M{enu) ====================z==========
COGIN —
[ndustrial Heat & Power
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Model COGIN

Input

- The COGIN-window contains also a set of investment options. Costs of the CHP-unit as

-well as the Reference-unit .can be changed by defining-an investrent  discount -and/or . -

grant.

Discount CHP A discount on a CHP-unit results in lower investment costs for
the CHP-unit.

Discount Ref A discount on the Reference-unit results in lower investment
costs for the Low Pressure steamboiler.

Grant CHP and Ref A grant on CHP and Reference units results in a lower cash-flow

in year 1.

Industrial Heat & Power
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COGIN Model

Results
COGIN: COGeneration ‘in INdustry - . Version 2.2 -(¢) ECN/ESC
unit type : STAG OK Unit DB = 10 bar steam
Unit size H 4 OK Cap Therm= 106 ton/hr
--------------------- e Cap Elec = 49 MWe
Price scenario = BASE-CASE SRS EESsSSSESSSSSSTS====s=======
Gas price cat 1 High OK Industry Public
01l price cat : Low OK Ref 8ag  ~=eeeceee  cceaaa
Coal price cat : High CK IRR 25.0% 15.5%
R Php 3.5 4.8
Operating hours : 8000 OK ct/ 1992 9.1 9.5
Elec-~Return [%]: Q OK Ref Qil
Elec-R category 1 Low QK IRR 8.8% 1.8%
—————————— PbP 6.2 8.9
Discount CHP [%]: Q ct/ 1992 11.0 11.1
Discount Ref [%]: Q Ref Coal
Grant CHP [%]: 0 IRR 35.5% -8.2%
Grant Ref [%]: Q PbP 2.5 »10
------------------------------ ct/ 1992 10.4 10.6
Alt M{enu)

Industrial Heat & Power
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Model COGIN

Resulis

-~ The COGIN-window contains model results between. the ‘="' llnes Calculations are made
for a coal oil, and gas fired Reference steambciler. .

© “IRR, PbP and ctfkWh- —~One of the main results of COGIN is the Internal Rate of Return

{IRR) that is calculated for CHP-units controlled by industry and
CHP-units controlled by public utility. Additionally, the Payback
Period (PbP) is calculated. The electricity generation cost of
produced electricity {ct/kWh) is shown for the first year of the
calculation period.

Results are shown for the reference Low Pressure steamboilers
fired by gas, oll, or coal.

Industrial Heat & Power .
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COGIN Model

Hlustrations

-'C:ashfl.ow Industrial Case
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Model COGIN

[llustrations

- In the direct cursor-control mode it is possible to visualize the main types of results of the
industrial case over the calculation peried in a graph. -

- Alt-<K> " By pressing- Alt-<K> a-graph of the .industrial ‘case -cash-flow .

over the calculation pericd appears, if the COGIN-window is
working in direct cursor-control mode.

Alt-<T> By pressing Alt-<T> the graph of the industrial case payback
over the calculation period is called.

Alt-<N> By pressing Alt-</N> the graph of the industrial case net pre-
sent value over the calculation pericd is shown.

The COGIN-window returns on the screen by pressing any key.

Industrial Heat & Power
October 1991 2b




COGIN Model

Figuration

Figuration for COGIN Variant Default

Gas [MI/m3]: 31.65 31.65

0il High [GJ/ton]: 40.0 42.0

©0il Low [GI/ton]: 42.0 40.9

Coal [GJ/ton]: 26.3 26.3

Eff Ref gas [%]: 24 94

Eff Ref oil [%]: 94 94

Eff Ref coal [%]: 91 91

Interest [prel: 4 4

Loan peried [year]: 10 10

Heat Discount [prel: 10 10

Backup [%3: 50 50

Cap boundary [MWej: 10 10

Fuel calc method : Foreign NL: Netherlands
Foreign: Other

- FIG —

Industrial Heat & Power
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Model

COGIN

Figuration

‘In the Figuration-window some -additional parameters, that are not changed frequently,
- ‘are ‘available for user input.-This-window is only available by the menu. Using the T-reset -
option restores these- parameters to the default values.

Gas,
Oil High,
Qil Low,
Coal

. - Eff Ref gas,
“Eff Ref oil,
Eff Ref coal

The calorific value of the four distinguished fuels in the model
can be changed. For oil two price categories are distinguished
(Oil High/fLow) of which the calorific value can be valued ac-
cording the users interpretation. For instance High priced oil has
a low sulphur content and a high calorific value. The dimensions
of the figures are specified between brackets:

Cas M/
Gil [GJ/fton]
Coal [Glton]

Efficiencies of the reference LP steamboilers can be changed
too. These efficiencies are used to calculate the reféerence fuel
consumption. Note that the efficiency depends on the unit size.

Industrial Heat & Power
October 1991
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COGIN

Figuration

Model

Figuration for COGIN Variant Default

Cas [MI/m3]: 31.65 31.65
0il High [GF/ton}: 40.0 42.0
0il Low [GJ/tonl: 42.0 40.0
Coal [GJ/ton]: 26.3 26.3
Eff Ref gas [%]: 94 94
Eff Ref oil [%]: 94 94
Eff Ref coal [%3: 91 91
Interest [prc]: 4 4
Loan peried [year]: 10 10
Heat Discount [prel: 10 10
Backup [%]: 50 50
Cap boundary [Mwe]: 10 10
Fuel calc method H Foreign NL: Netherlands

Foreign: Other

FIG —

28
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Model

COGIN

Figuration

-The -Figuration-window contains..also a set of. "economic”. optlons Usmg the T-reset -
'option restores these parameters to the default values.

Interest and -
Loan period

Heat Discount

Backup

"= Cap boundary

Fuel calc method

Interest and loan period are used for the determination-of-the
annuity that is used for calculating the yearly cash-flow.

The heat discount is the discount on the price of heat delivered
by the public utilities. Thus, a heat discount does not influence
industrial case calculations.

The costs paid by the industry to the public utilities, to Backup
for electricity supply during maintenance and forced outages of
the CHP-unit, are accounted on the chosen percentage of the
electricity output capacity. The backup price per kWe can be
found in the price scenario database.

Depending on' the electricity output capacity of a CHP-unit a
high or a low standard electricity price is paid for electricity
delivered by the public grid in the Netherlands. The categories
large consumers and giants have respectively a high and a low
purchase price and are separated by the capacity boundary, The
capacity boundary is only active if the Dutch fuel calculation
method is used (see below).

Fuel costs can be calculated according the Dutch method ('MNLY),
which means that the fuel prices are dependent of certain
demand capacities: high prices for low demands and low prices
for high demands. According to the Dutch method these fuel
price categories are fixed. In this mode the option ‘fuel price
category High/Low’ in the COGIN-window is not waorking. This is
indicated by the warning 'sys:NL’, on the screen left of the fuel
price categories. This fixation of fuel price category applies only
for gas and coal. According to the second methodology
(Foreign’) the gas- and coal price category can be chosen inde-
pendant of demand capacity (indicated by 'OK’). Thus, the capa-
city boundary is inactive.

Industrial Heat & Power
October 1991
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COGIN

Model
Control
Year 1992 Calculation Key-variable
Gas High ct/m3 2 - T
0il Low f/ton 380 Energy price currency: f
Coal High £/ten 167 Investment currency @ 10001
EL purch ind ct/kWh 11.7
EL ret LOW ot /kWh 7.1 mzz=s======
EL purch pub ct/kWh 11.7 Return: F§
Case STAG-4 REF-gas REF-0il REF-coal
Investment 1000f 58000 11400 11400 44000
Grant 1000 o o] [} o}
Discount 1000CfF ¢} 0 0 2]
O&M cost 1000f 2774 800 800 2150
Fuel/year T3 3126 1690 1690 1746
Fuel/year 1000f 38323 20719 15290 11749
EL production Mwh 291720 =-1380 =-1380 -8820
Cash-flow 1992
Industrial 1000L 13378 7949 5758
Public 1c00f 12261 7375 5001
CONTROL -~
Industrial Heat & Power
30 October 1991




Model COGIN

Control

-In the Control-window several-important intermediate calculation results are shown. This .

window .is called for by pressing <F6=>. After pressing <F6> again the COGIN-window -

will return on the screen. :

Input For the base-year the following prices of energy carriers from
the selected price scenario are used:
- Gas, oll, and coal purchase price category
- Eleciricity purchase price for the industry
- Electricity selling price for industrial electricity returned
to the grid
- Electricity purchase price for public utilities.

The next items are shown for the different types of technology:
- Currency of investrments and fuel prices

- Investments, grants and discounts

- Operating and Maintenance cost (O&M cost) per year
- Fuel use per year

- Electricity production per year.

Cutput The following intermediate calculation results are shown:
: - The fuel cost per year of the different types of tech-
nology
- The resulting cash-flow in the first year for the indus-
trial and public cases.

Industrial Heat & Power
October 1991 31




COGIN Model
Database

| COGIN: ‘COGeneration in. INdustry Version .2.2 (¢} -ECN/ESC
Unit type : STRG CK Unit DB = 10 bar steam
Unit size H 4 CK Cap Therm= 106 ton/hr
------------------------------ Cap Elec 49 Mue
Price scenario = BASE-CASE CrzcoC========sssosmssosssso====
Gas price cat : High OK Industry Public
0il price cat 1 Low OK Ref Gag = ------e- —-eee-
Coal price cat :+ High OK IRR 25.0% 15.5%
---------- PbP 3.5 4.8
Operating hours : 6000 OK ct/ 1992 9.1 9.5
Elec=-Return [%]: . < OK Ref 0il
Elec-R category : LOW OK IRR B.B% 1.8%
---------- FbP 6.2 8.9
Discount CHP [%]: o ct/ 1992 11.0 1..1
Discount Ref [%]: 4] Ref Coal
Grant CHP [%]: ° IRR 35.5% -8.2%
Grant Ref [%]: o FPbLP 2.5 »10
------------------------------ ct/ 1992 10.4 10.56
Alt M(enu) EEEECECEEsSrERSERSERSRRTESTSSE
= — COGIN —
Year 1952 Calculation Key-variable
Gas High ct/m3 -
0il Low f/ton 380 Energy price currency: £
Coal High f/ton 167 Investment currency : 1000f
EL purch ind ct/kwh 11.7
EL ret LOW ct/kWh 7.1
EL purch pub ct/kvwh 11.7
Case: STAG-4 REF-gas REF-0il REF-coal
Investment 1000f 58000 11400 11400 44000
Grant 10001% 0 0 0 0
Digcount 1000f 0 0 0 Q
C&M cost 1000f 2774 800 800 2150
Fuel/year TJ 3126 1690 1690 1746
| Fuel/gear - :1000f - 38323 20719 . 15290 - 11749
EL production MWh 291720 -1380 -1380 - -8820
Cash=-flow 1592
Industrial 1000f 13378 7949 5758
Public 1000f 12261 7375 5001
CONTROL —

[ndustrial Heat & Power
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Model COGIN

Database

By choosing ‘the menu opticn import it is possible to introduce user developed invest-
- ment cost and prlc:e "scenario-data into the model. -

" As explained in the model introduction COGIN- calculates with data from two data files. * -
File COGIN-I contains data about investment cost and COGIN-P contains fuel and elec-
tricity prices from different scenarios. Both data files are developed for the Dutch COGIN
study called GEIN [ESC-35]. These databases are the default input files of the model.

A 'User’ file import option is available in order to perform COGIN studies with user devel-
oped scenarios, user investment cost or another currency. If the menu option Import is
chosen, user investment costs can be introduced in the model by choosing CHP-USER.
User scenario data can be introduced in the model by choosing Scenario. Of course,
these files must have been filled with data (see the appendix for an example).

The price scenario and the investment cost fille are indicated in the COGIN-window left of
"Price scenario’ and 'Unit DB'. The user must check whether the two used databases are
* competitive, One can check whether both databases use similar currencies in the Con-
trol-window.
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COGIN

Model
Menu
Alt M{enu)
CASE
¥
]
v Unit Size ©Quit
1 [
1 1
: b1 2 3 4 5 Quit
1
)
! GT STAG BG BO BC LO LC Quit
SCENARICS

Base-Case Scen 1 Scen 2 Scen 3 Scen 4 Quit

Gperating lec-R Fuel-price Investments Quit

Disc-CHP Disc-Ref Grant-CHP Grant-Ref

-
(-

Coal Quit

High Low CQuit

High Low Quit

R r =)

Gas
[}
H
:
:
:
i
]
1

High Low Quit

E
T
'
1
'
1
1
I
'
'
'
1
1
1
1
1
1
'
'
1
1
'
'
'
'

Elec-R ¥ Elec-R cat oQuit

! High Low @Quit

T
1
]
'
1
I
]
1
]
I
]
I
]
1
]
1
]
L
]
I
'
i
L
3
[
b
]
E
]
]
[
]

4000 6000 8000 opuit

FIGURATION
[]
L]
i Heat=value fficiency Economics Fuel-calec Quit

+
L}
! NL Feoreign

T
i
L
L
L
r
'
.

Interest Lean-period Heat-disc Backup Cap-bound

E
o
'
'
)
'
-t
'
1
'
'
1

Gas 0il Coal

Gas O0il-High 0il-Low Coal

: IMPORT

! CHP-5-bar CHP-USER Scenaric Quit

R-reset T=-reset Quit
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Model COGIN

Menu

Beside changing parameters in the windows in the direct cursor-control mode it is pos-
- . sible to work with a- menu..This menu. functions also as an 1mphc:1t "Help’-function or
tutor. The Menu is called for by pressing "Alt-<M>". —

Menu-oplions It is possible to select and change the following options by the
menu:
- Case: technical parameters such as unit type and size
- Price scenario: fuel prices
- Variant:
- Operating hours
- Electricity return rate and electricity return category
- Fuel price category
- Investment discount and grant for CHP- and Reference-
unit
- Figuration: additional scenario parameters
- Import: introduce 'User’-database files with price scenario
andfor CHP-unit data
- Reset: return to COGIN-base-case.
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Appendices Files

Investment costs 10 bar

[COGIN-I.wrl] CHP-plant Database COGIN
Price level 1985

Named: INST-10 AB..K34
INST-5 A3B..K64

Investments Datakase: 10 bar steam

Currency : 10001f

Capacity cat: 1 Code GT/WHB STAG BP-gas BP-oil BP-coal LP-gas LP-cil LP-coal
Investment 1000f 1=-Inv 15500 x x x x 3200 3200 13500
Q&M cost £/1000hr 1-Bed 130 x® x X X 69 &0 150
Fuel/hour GJ/hr 1-Brst 78.99 x X X X 46.15 46.15 48.80
EL prod/use MW 1-EL 5.73 x X x x -0.04 -0.04 ~0.28
Capacity cat: 2 2 - = = = = = = = = = & = & & = & m = = = = == m == == - - m .-~
Investment 1000f 2-Inv 24300 X x X x 4000 4000 18100
O&M cost £/1000hr 2-Bed 17¢ x x x = 63 &3 183
Fuel/hour G3/hr 2-Brat 137.14 x X X x 83.29 B3.29 88.08
EL prod/use MW 2-EL 10.87 X X x % -0.06 -0.06 ~0.46

Capacity cat: 3 @ =~ = = = = = = = = = = = & & & . s . m o m e mE e = m ... .-
Investment 1G00f 3-Inv 32600 4450 21800 21800 46100 7700 7700 30000

O&M cost £/1000hr 3-Bed 243 29 117 117 317 75 75 242
Fuel /hour GJ/hr 3-Brst 249.94 275.59 177.25 177.2% 183.09 146.94 146.94 151.78
EL prod/use MW 3-EL 19.39 25.61 §5.75 6.76 5.88 -0.13 -0.13 ~-0.80
Capacity cat: 4 B R i T B L T T
Investment 100CE 4-Inv 43000 58000 29000 29000 - 64800 11400 11400 44000
D&M cost £/1000Chr 4-Bed 3956 462 192 192 458 133 133 358
Fuel /hour GJ/hr 4-Brst 473.90 520.97 340.13 340.13  351.34 281.66 281.66 290.95
EL prod/use MW 4-EL 36.68 48.62 12.97 12.97 11.46 -0.23 -0.23 -1.47
Capacity cat: 5 = = = = = « = o o4« - - - = - = R R R R T
Investment 1000f 5-Inv TT700 102600 46600 46600 99500 19700 19700 72500
0&M cost £/1000hr S5-Bed 666 766 250 250 625 158 158 500
Fuel /hour GJ/hr 5~Brst 947.80 1041.94 £80.26 680.26 702.68 563.32 563.32 581.90
EL prod/use MW S-EL 73.36 97.24 25.94 25.94 22.92 -0.46 -0.46 -2.94
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Files

Investment costs 5 bar

Appendices

Investments Database:. 5 bar steam
Currency H 1000f

-. Capacity cat: 1 - Code - -GT/WHB STAG - BP-gas -BP-oil.BP=-coal 'LP=-gas'. LP-oil LP=-coal
Investment 1000f 1=-Inv X x x x x x x x
0&M cost £/1000hr 1-Bed X x X X X x x X
Fuel /hour GJ/hr 1-Brst. = x x = x x x x
EL prod/use MW 1-EL x x x x x x x X
Capacity cat: 2 = = = = =« = o = = = = = ¢ = = - & = e e m e = e - - mem - o= o= o= o= o= -
Investment 1000f 2-Inv = x x x x x x x
O4M cost £/1000hr 2-Bed x x x x x x X x
Fuel/hour GJ/hr Z=-Brst X x x x x x X X
EL prod/use MW Z-EL x x x x x x X x
Capacity cat: 3 2 = = = = = = o ;m m ;& 2 2 s e mmmEE s . e s e mmem .o ow e
Investiment 1000f 3-Inv x 45100 22400 22400 46700 7700 7700 30000
O&M cost £/1000hr 3-Bed x 293 117 117 317 75 75 242
Fuel/hour GJ/hr 3=-Brst x 276.94 177.57 177.57 183.42 139.81 139.81 144.42
EL prod/use MW 3-EL x 27.94 8.58 8.58 7.70 -0.13 -0.13 -0.80
Capacity cat: 4 32 = - = = = = + = 0 - r " m e m e e e e M= e e m e e~ .-
Investment 1000f 4-Inv x 59200 30200 30200 66000 11400 11400 44000
0&M cost £/1000hr 4-Bed x 462 192 192 458 133 133 358
Fuel/hour GJ/hr 4-Brst x 523.17 340.45 340.45 351.67 268.00 268.00 276.B4
EL prod/use MW 4-EL x 53.08 16.45 16.45 14.94 ~-0.23 -0.23 ~1.47

TCapacity ¢ats 50000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - = =
Investment 1000f 5-Inv x 1048600 48600 48600 101500 19700 19700 72500
Q&M cost £/1000hr 5-Bed x 766 250 250 625 158 158 500
Fuel /hour GJ/hr 5-Brst x 1046.34 6BO.9C 6&BC.90 703.34 536.00 §36.00 553.68
EL prod/use MW 5=EL x 106.16 32.90 32.90 29.88 -0.46 =0.46 =-2.94
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Appendices Files

Investment costs User

[COGIN-IU.wrl] . CHP-plant Database USER
Price level 19..

Named: USER -AT7..K33

Investments Databasa: 10 bar steam
Currency H 1000f
Capacity cat: 1 Code GT/WHB STAG BPF-gas BP-cil BP-ccal LP-gas LP-oil LP-coal
Investment 1000f 1-Inv  ..... x x x x - crer maaas
o&M cost £/1000kr 1-Bed .. x x = x . . .
Fuel/hour GJ/hr 1-Brst 78.99 x x x x 46,15 46.15 48.80
EL prod/use MW 1-EL 5.73 x x x x =-0.04 =0.04 -.28
Capacity cat: 2 = = = = = % @4 0 0 0 0 o m - m e e m e e e e e e m e e a e ===
Investment 1000f 2-Inv  ..... x x x x R cere  mamus
O&M cost £/1000hr 2-Bed e x x x x . .
Fuel/hour GJ/hr 2-Bret 137.14 x x x x 83.29 83.29 88.08
EL prod/use MW 2-EL 10.87 x x x X =0.06 =-0.06 =-0.46
Capacity cat: 3 = - = = = = = = = = = = = = = = = = = = = = = = = = = = =« - @ & - - - =
Investment 10Q0f 3-Inv  ..... wres maaas asaeas aawan N “ere aseens
0&8M cost £/1000hr 3-Bed - .. . . - ‘e . N
Fuel/hour GJ/hr 3=-Brst 249.94 275.59 177.25 177.25 183.09 146.94 146.94 151.78
EL prod/fuse MW 3-EL 19.39 25.61 &.76 &6.76 5.88 -0.13 =-0.13 =-0.80
‘Capacity cat: 4 T m = = e e e e e e e e om e om e emmomo= oo omm == o= o= o= oa e o
Investment 1000F 4=INV  ceuee  svrss  sswrs wwmer  wmmws mmess  amswas asses
O&M cost f/1000hr 4-Bed - . - - v I . ..
Fuel/hour GI/hr 4-Brst 473.90 520.97 340.13 340.13 351.34 281.66 281.66 290.95
EL prod/use MW 4-EL 36.68 48.62 12.97 12.97 11.46 =-0.23 =0.23 =-1.47
Capacity cat; § 2 = = = = = = @ = = = = = = = = = = = = = = = = “ = . & . A A
Investment 1000f 5=INV  ..cv. suriin sanas sasss saaas aiese mwmme aeaes
O&M cost £/1000hr 5-Bed - .. . s - cen e eee
Fuel/hour GJ/hr 5-Brst 947.80 1041.%4 680.26 680.26 702.68 563.32 563.32 581.90
EL prod/use MW 5-EL 73.36 97.24 25.94 25.94 22.92 -0.46 -0.46 ~2.94
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Appendices Files

Prices
[COGIN=P.wrl] Price scenario database COGLIN
Named: BASE~CASE F10..043
VAR-1 F47..080
VAR-2 F84..0117
VAR-3 F121..0154
VAR-4 F158..0191
Scenario:
EL-park :
Code H Base-case
Currency: £
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Gas High ct/m3 38.8 39.3 39.8 40.4 40.9 41.5 42.3 43,0 43.8 44.6
Low ct/m3 37.6 38.1 38.6 39.1 39.6 40.2 40.9 4l1.6 42.4 43.2
cil High f/ton 400 405 410 416 422 428 436 443 452 460
Low f/ton 380 385 390 395 400 406 413 420 429 437
Coal High f/ton 177 180 182 185 188 191 193 195 196 198
Low f/ton 167 170 172 175 178 18t 183 185 186 188
EL High 4000 ct/kWn 14.8 14.8 14.9 15.0 15.0 15.0 15.1 15.2 15.3 15.3
High 6000 ot/kWh 12.3 12.3 12.3 12.4 1z.4 12.5 12.6 12.6 12.7 12.7
High 8000 ct/kWh 10.8 10.8 10.8 10.9 10.9 1¢.9 11.0 11.1 11.1 11.2
EL Low 4000 ct/kWh 14.1 14.1 14.1 14.2 14.2 4.3 14.4 14.4 14.% 14.6
Low 6000 ct/®Wh 11.7 11.7 11.8 11.9 11..9 1.9 12.0 12.1 12.1 12.2
Low 8000 ct/kWh 10.3 10.3 10.4 10.5 10.5 10.5 10.6 10.6 10.7 10.7
R-EL net guaranteed ct/kWh - 7.1 7.1 7.1 7.2 7.2 7.3 7.4 7.4 7.5 7.5

R-G High 4000 ct/kwh
High 6000 ct/kwh 9.6 9.6 9.6 9.7 9.7 9.8 9.9 9.9 10.0 10.0
High 8000 ct/kWh

R-G Low 4000 ct/kwh
Low 6000 ct/kWwh 9.3 9.3 9.4 9,5 9,5 9.5 9.6 9.7 9.7 9.7
Low 8000 ct/kiWh
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Files Appendices

Prices
Scenario:
EL-park :
Code H Var-1
Currency: £
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Gas High ct/m3 38.8 139.3 39.8 40.4 40.9 41.5 42.3 43.0C 43.8 44.&
Low ct/m3 37.6 38.1 38.6 39.1 39.6 40.2 40.9 41.6 42.4 43.2
0il High £/ton 400 405 410 416 422 428 436 443 452 450
Low £/ton 380 385 390 395 400 4086 413 420 429 437
Coal High f/tan 177 180 182 185 188 191 193 195 1986 198
Low f/ton 187 170 172 175 178 181 183 185 186 188
EL High 4000 ct/kWwh 1.0 15.2 16.2 15.3 15.3 15.4 15.6 1%5.6 15.7 15.8
High 6000 et/kwh 13.0 13.2 13.2 13.3 13.3 13.4 13.6 13.6 13.7 13.8
High 2000 ct/kWh 1i.9 12.1 12.1 12.2 12,2 12.3 12.5 12.% 12.6 12.7
EL Low 4000 ct/kWh 1l4.9 15.1 15.1 15.2 15.2 15.3 15.5 1%.% 15.8 15.7
Low . 6000 ct/kWwh . 12.7 12.9 12.% 13.0 13.0 13.1 .13.3 13.3 13.4 13.5
Low 8000 ct/kWh 11.5 11.7 11.7 11.8 11.8 1:t.9 12.1. 12.1 12.2 12.3
R-EL not guaranteed ct/kwh
R-G High 4000 ct/kWh
High 6000 ct/kwh
High 8000 ct/kWh
R-G Low 4000 ct/kWh
Low 6000 ct/kih
Low 8000 ct/kwh
Public 6000 ct/kwh 12.7 12.9 12.9 13.¢ 13.0 13.1 13.3 13.3 13.4 13.5
Backup £/ kWe 55 55 55 55 55 55 55 55 55 55
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Appendices Files
Prices
Scenario:
EL-park :
Cade
Currency:
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Gas High ct/m3 38.8 39.3 39.8 40.4 40.9 41.5 42.3 43.0 43.8B 44.8
Low ct/m3 37.6 38.1 38B.6 39.1 39.6 40.2 40.9 41.6 42.4 43.2
0il High £/ton 400 405 410 416 422 428 436 443 452 460
Low £/ten 380 385 390 395 400 406 413 420 429 437
Ccal High £/ton 177 180 182 185 188 191 193 195 196 198
Low f/ton 167 170 172 175 178 181 183 185 186 188
EL High 4000 ct/kWh 16.2 16.3 16.4 16.5 16.6 16.7 16.9 17.1 17.2 17.4
High 6000 ct/kwh 14.4 14.5 14.6 14.7 14.8 14.9 15.1 15.3 15.4 15.6
High 8000 ct/kwh 13.4 13.5 13.6 13.7 13.8 13.9 14.1 14.3 14.4 14.6
EL Low 4000 ct/kWh 16.0 16.1 16.2 16.3 16.4 16.5 16.7 16.9 17.0 17.2
Low 6000 ct/kWh 14.0 14.1 14.2 14.3 14.4 14.% 14.7 14.9 15.0 15.2
Low 8000 ct/kwh 12,9 13.0 13.1 13.2 13.3. 13.4 13.6 13.8 13.9 14.1
R=-EL not guaranteed ct/kwh
R-G High 40090 ct/kwh
High 6000 ct/kwh
High  800C ct/kwh
R-G Low 4900 ct/kiwh
Low 6000 ct/kwh
Low 8000 ct/kWh
Public 6000 et /kuh 14.0 14,1 14,2 14.3 14.4 14.5 14.7 14.9 15.0 15.2
Backup f/kWe
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Appendices
Prices
Scenario:
EL-park :
Code Var-3
currency: 4
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Gas High ct/m3 39.5 40.4 41.3 42.2 43.2 44.2 45.7 47.1 48.7 50.3
Low ct/m3 38.2 39.1 40.0 40.9 41.8 42.8 44.1 45.5 47.0 48.5
0il High £f/ton 407 416 426 435 445 456 471 486 502 518
Low f/ton 386 395 404 413 423 432 444 460 475 490
Coal High f/ten 222 225 228 231 234 237 240 243 246 249
Low £/ton 212 215 218 221 224 227 230 233 236 239
EL High 4000 et /kwh 15.2 15.3 15.4 15.5 15.5 15,7 15.8 16.0 16.1 16.2
High /000 ct/kwh 12.7 1z2.8 1l2.8 12.9 13.0 13.1 13.2 13.4 13.4 13.8
High 8000 ct/kwh 11.2 11.3 11.3 11.4 11.4 11i.6 11.7 11.8 11.8 12.0
EL Low 4000 et /kith 14.5 14.6 14.6 14.7 14.8 14.9 15.1 15.2 15.3 15.4
Low 6000 ct/kwh 1z2.1 12.2 12.3 1z.3 12.4 12.5 12.6 12.8 12.8 13.0
Low 8000 ct/kwh 0.7 10.8 10.9 11.0 11.0 11.1 11.2 .11.3 11.4 11.5
R-EL not guaranteed ct/kwh
"R=6 High 4000 ct/kwh
High 6000 ct/kwh
High 8000 ct/kwh
R=G Low 4000 ct/kwh
Low 6000 ct/kwh
Low 5000 ct/kwh
Public 6000 ct/kwh ‘r12.1° 12,2 12.3 12.3 12.4 12.5% 12.6 12.8 12.8 13.0
Backup £ /kife BE 85 55 55 55 55 55 55 55 85
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Appendices Files
Prices
Scenario:
EL-park :
Code H Var-4
Currency: £
1992 1993 1994 1995 19956 1997 1998 1999 2000 2001
CGas High ct/m3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3
Low ct/m3 36.2 36.2 36.2 36.2 36.2 36.2 36.2 36.2 36.2 36.2
o1l High f/ton 3as5 385 385 355 385 385 385 385 385 385
Low f/ton 366 366 366 366 366 366 366 366 366 366
Coal High f/ton 169 170 171 173 174 175 177 178 180 181
Low f/ton 159 150 161 163 164 165 187 168 170 171
EL High 4000 ct/kwh 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.6 14.6 14.6
High 6000 at/kwh 12.¢ 12.0 12.0 12.0 12.0 1z2.0 12.0 12.1 12.r 12.1
High 8000 ct/kwh 16.5 106.5 10.5 10.5 10.5 10.5 10.5 10.6 10.6 10.6
EL Low 4000 ct/kWh i3.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8
Low 6000 ct/kwh 1.5 11.% 11.5 11.% 11.% 11.% 11i.5 11.5 11.5 11.5
Low 8000 ct/kWwh ic.1 1.1 1e.1 10.1 1.1 10.1 10,1 . 10.1 19.1 10.1
R-EL not guaranteed at/kWh
R-G High 4000 ct/kvh
High &000 ct/kWh
High 8000 ct/kWh
R=G Low 4000 ct/kWh
Low 6000 ct/kWh
Low 8000 ct/kWh
Puklic 6000 ct/kih 1.5 .11.% 11.5 11.5 11.5- 11.5 11.% 11.% 11.5 11.%
Backup £/ ke 55 55 55 55 55 55 55 55 55 55
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Files

Prices User

Appendices

‘[COGIN-PU.wrl] Scenario database USER

Named: . USER Fb6..041

Scenario: PN
EL-park : e
Code H

currency: £

EL Low 4000 ct/kWh cire eea

R-not guaranteed ct/kWh rerr  eese

R-G High 4000 ct/kih Ceee e
High &000 ct/KWh cere eeae
High 8000 ct/kih e e

R-G Low - 4000 ct/RWh cere e
Low 6000 ct/kWwh chre e
Low a000 et /kWh cere e

crre rage cuan PR casa angs s PO
s Lags P PR - PR reaa rere
- rrare rrae e Y ser awsw P
rrre rrre eern P PR e RPN P
Lean Far- - - e e e -
LIRS - e e e .. s P
e err. am PR .. P RPN ~er-
e ey ey PR - e PRFaa- PaFa—
PR “vre L P [T s = PEERP s
- Y v s IR e - v
PO s EATIPY LIRSS “epe “ers [— e
ser LY LIRS ‘. IS LR "eae cere
.. EIIPa ceare ey v, s, aaga P
LIRS .- “.r Y care ey P P
rrge e “ure “epn .. e PRPR PR,
PO, POy P PR . cer- - - +rae
PO rere P P “upe -k - FEER rrar
LI s RIS cera cese T e P .
LRI LI LIS crae ey e PIRFIEY P
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Capacity cat: 3 --

Appendices Flles
Model
Type code input : STAG GT/WEB .- STAG BP-gas EP-oil BP-coal -LP-gas LP-oil LP-coal
Code: GT ST - BG BO BC LG LO LC
Nr ) 1 2 3 4 5 6 7 8
Fuel g g g g ] k g [} e
Capacity cat input: 4 1 2 3 4 5
Code: 4 17 30 55 106 212
Capacity: 106 1 2 3 4 5
Investments Database: 10 bar steam
Currency H 1000f
Capacity cat: 1 Code GT/WHB STAG BP-gas BP-oil BP~coal LP-gas LP-oil LP-coal
Investment I000f 1-Inv 15500 x % = x 3200 3200 13500
0&M cost £/1600hr 1-Bed 130 x x * X 60 60 150
Fuel /hour gJ/hr 1-Brst 78.99 x X X x  46.15 46.15 48.80
EL prod/use MW 1-EL 5.73 x x x X -0.04 -0.04 ~0,28
Capacity cat: 2= = = &4 o - 4 - - - - m - - - o - - -t - -t - skt m e e e ===
Investment 1000f 2-Inv 24300 x X X x 4000 4000 18100
0&M cost £/100Chr 2-Bed 179 X x -3 x 63 63 183
Fuel/hour GJ/hr Z=-Brst 137.14 X X X x 83.29 83.29 88.08
EL prod/use MW 2-EL 10.87 X X 2 = -0.06 -0.06 ~0.46

-Investment - - 1000f 3-Inv - 325600 4450 21800 21800 46100 7700 .. . 7700 30000
0&M cost £/1000hr 3-Bed 243 29 117 117 317 75 75 242

Fuel /hour Gl/hr 3

EL prod/use MW 3-EL 19.39 25.81 6.76 6.76 5.88 -0.13 -0.13 -0.80
Capacity cat: 4 R R R T L R
Investment 1000f 4-Inv 43000 58000 29000 29000 64800 11400 11400 44000
0&aM cost £/1000kr 4-Bed 3986 462 192 192 458 133 133 358
Fuel/hour GJ/hr 4-Brst 473.90 520.97 340.13 340.13 351.34 28l1.66 281.66 290.95
EL prod/use MW 4-EL 36.68 48.62 12.97 12.97 11.486 -0.23 -0.23 -1.47

Capacity cat: © - -

Investment 1000f S-Inv F7T00 102600 46600 46600 99500 19700 19700 72500

C&M cost £/1000hr 5-Bed 666 766 250 250 625 158 158 500
Fuel/hour GJ/hr 5-Brst 947.80 1041.94- 680.26 680.26  702.68 563.32 563,32 581.90
EL prod/use MW S-EL 73.36 97.24 25.94 25.94 22.92 -0.46 -0.46 =-2.94
Case STAG 4 R-gas R-0il R-coal

Invest 1000f 4-Inv 58000 11400 11400 44000

O&M cost £/1000hr 4-Bed 462 133 133 358

Operating hours hr 6000

O8M cost 1000f 2774 800 BOO 2150

Fuel /hour GJ/hour
Efficiency cor -
Fuel/hour GJ/hour

EL prod/use Mu
Investment 1000f
Inv discount prc
Investment 1000f
Inv grant pre
Grant 1000f
Interest pre
Loan term year
Capital 1000f

4~-EL 48.62 =-0.23 =0.23 =1.47
58000 11400 11400 44000
o] o [¢] o}
58000 11400 11400 44000
0 ¢} ¢} o]
o] 8] 8] o
4
10

7151 1406 1408 5425
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Code Fuel Category Netherlands STAG-4 Ref-gas Ref-oil Ref-coal

Fuel © . GJ/year 3125820 - 1689960 15689960 1745700

Fuel type - g g o k

Gas consumption mln m3/yr 99 53 ——— -—

0il Low consump ton/year o] ——— —-— -—

Oil High consump ton/year [+] - ——— —_——

Coal consumption ton/year [a] —— -— 66

Gas boundary mln m3/yr 61 54 ——

Coal boundary kton/year 21

Cat gas g-1 g-h

Cat oil o-1 ol

Cat coal k-h k-1

Cat fuel NL g=-1 g=h o-1 k-1

Code Fuel Category Foreign STAG-4 Ref-gas Ref-oil Ref-coal

Cat gas g-h g=h ——

Cat oil o=1 o-1

Cat coal k~h k-h

Cat fuel  Foreign g-h g-h o~1 k-h

Cat fuel Input g~h g-h o-1 k-h
STAG=4 Ref=-gas Ref-0il Ref-coal -

EL p/u Mwh 291720 =1380 ~1380 ~8820

TL Mwh [}

EL netto Mwh 291720 293100 293100 300540

Code EL =prices .

Cat bound: 10 EL TL

EL/TL H EL TL

TL cat @ LOW . L

Capacity: 10 Low L L

Hours H &000 [} &

Code EL.L6 TLL

250
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Appendices Files
Model
Horizon 1 2 3 4 5 5 7 a8 9 10
Price path:
EL-parc b
Code H Base-case
Currency : £
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Gas~high g-h 38.8 39.3 39.8 40,4 40.9 41.5 42.3 43.0 43.8 44.6
Gas~-low g=-1 37.6 38.1 38.6 3.1 39.6 40.2 40.9 41.6 42.4 43.2
©0il-high o-h 400 407 411 418 425 432 4356 440 443 448
Oil-low a=1 380 386 391 397 404 410 414 418 421 425
Coal-high k-h 177 180 182 185 1a8 191 193 195 196 198
Coal-low k-1 167 17C 172 175 178 181 183 185 186 188
EL High 4 EL.H4 14.8 14.8 14.9 15.0 15.0 15.0 15.1 15.2 15.3 15.3
High 6 EL.H6 12.3 12.3 12.3 12.4 12.4 12.5 12.86 12.6 12.7 12.7
High & EL.HSB 10.8 10.8 10.8 10.9 10.9 10.9 11.0 11.1 11.1 11.2
* EL Low 4 . EL.L4 : .- 14.1 14.1- 14.1 14.2 14.2 14.3 14.4 14.4 ... 14.5 14.6
Low & EL.L6 11.7 11.7 11.8 11.9 11.9 11.9 12.0 12.1 1z2.1 12.2
Low 8 EL.L8 10.3 10.3 10.4 10.5 10.8 10.5 10.6 10.6 10.7 10.7
EL-R n.g TLL 7.1 7.1 7.1 7.2 7.2 7.3 7.4 7.4 7.5 7.5
High 4 TLHH4
High & TLHHE 2.6 9.6 9.6 9.7 9.7 9.8 Q9.9 9.9 10.0 10.0
High 8 TLHHS
Low 4 TLHL4
Low & TLHLG 9.3 9.3 9.4 5.5 9.5 9.5 9.6 9.7 9.7 9.7
Low 8 TLHLS
Public 11.7 11.7 11.8 11.9 11.9 11.9 12.0 12.1 12.1 12.2
Backup 55 55 55 B5 55 55 55 55 55 55
Fuel Inst g-h 3g.8 39.3 32.8 40.4 40.9 41.5 42.3 43.0 43.8 44.6
R-g g-=h 38.8 39.3 39.8 40.4 40.9 41.5 4z.3 43.0 43.8 44.6
R-o o-1 380.0 386.2 3%0.7 396.9 403.7 409.9 414.4 418.4 420.7 425.2
R-k k-h 177.0 179.% 182.0 184.9 188.0 190.% 1%3.0 194.9 195.9 198.0
Heat_oil 1 42.0
Heat oil h 40.0
Input Heat oil 42.0
£/GJ Inst 12.26 12.42 12.%8 12.76 12.92 13.11 13.356 13.59 13.84 14.0%
Ref gas 12.26 12.42 12.58 12.76 12.92 13.11 13.36 13.59 13.84 14.09
Ref oil 9.05 9.20 .30 G.45 g.61 g.76 9.87 9.96 10.02 10.12
Ref coal 6.73 6.84 6.92 7.03 7.15 7.26 7.34 7.41 7.45 7.53
EL input EL.L6 11.7 11.7 11.8 11.9 11.9 11.¢ 12.0 12.1 12.1 12.2
TL input TLL 7.1 7.1 7.1 7.2 7.2 7.3 7.4 7.4 7.5 7.5
GLT input 11.7 11.7 11.8 11.9 11.9 11.9 12.0 12.1 12.1 12.2
Backup £/kw 55 55 55 55 55 55 55 55 55 55
pPrc 50
1000t 1337 1337 1337 1337 1337 1337 1337 1337 1337 1337
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Exploltation CHP-plant

Fuel 1000% 38323 38823 39323 39885 40386 40980 41761 424B0 43261 44043
C8M cost 1000% 2774 2774 2774 2774 2774 2774 2774 2774 2774 2774
Backup 1000f 1337 1337 1337 1337 1337 1337 1337 1337 1337 1337
Purch TOT 1000f 42434 42934 43434 43997 44497 45091 45872 46591 47372 48154
Sales EL 1000f 34293 34293 34586 34879 34879 34879 35172 35465 35465 35758

EL-R 10008 0 0 0 0 0 o] ] o} [} 0

TOT 10001 34293 34293 34086 34879 34879 34879 35172 35465 35465 35758
TOT Inst 10001 8141 8641 8848 9118 9618 10212 10700 11126 11907 12396

Gas io00f 20719 20989 21260 21564 21834 22155 22578 22967 23389 23812

0&M cost 1000f 800 800 800 800 800 800 800 800 800 800

TOT Ref 10001 21515 21789 22060 22364 22634 22955 23378 23767 24189 24612

KS INST 10001 8141 B641 8848 9118 9618 10212 10700 11126 11907 12396 .

KS REF 1000f 21519 321789 22060 22364 22634 22955 23378 23767 24189 24612

KS grant 1000f o}

K3 case -46600 13378 13148 13212 13246 13017 12744 12678 12641 12282 12216

IRR = 25.0%

PBT -46600 -33222 -20074 -6862 6384 19401 32144 44822 57463 69745 81961
whole years 1 1 1 0 Q o ¢} Q ¢} o
Fractich years 0.0 Q.0 0.0 0.5 0.0 0.0 .0 0.0 0.0 0.0

year 3.5

NCW =-45600 10699 8410 6758 5419 4259 3335 2653 2116 1644 1308

Inst Var 10001 42434 42934 43434 43997 44497 45091 45872 46591 47372 48154

Inst Capit 1000f 7151 7151 7151 7151 7151 7151 7151 7151 7151 7151

Inst TOT 1000f 49584 50085 50585 51147 51648 52241 53023 53742 54523 55305

Ref var 1000f 21519 21789 22060 22364 22634 22955 23378 23767 24189 24612

Ref Capit 1000f 1406 14086 1406 1406 1406 1406 1406 1406 1406 1406

Ref TOT 1000f 22924 23195 23465 23769 24040 24361 24783 25172 25595 26017

EL saldo 1000f 26660 26890 27120 27378 27608 27BBl 28239 28570 28929 292BB

EL prod ct/kWh 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.0
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Model
_ Exploitation reference [OIL]

o0il 10040f 15290 15540 15722 15972 16244 16494 16676 16835 16926 17108

O&M cost 1000f 8O0 oo oo 800 - 800 800 800 800 BOC 800

TOT Ref 1000f 1609C 156340 16522 16772 17044 17294 17476 17635 17726 17908

KS INST 10G0f 8141 8641 ga48 9118 @518 10212 10700 11126 11907 12395

HS REF 1000f 16090 16340 16522 18772 17044 17294 17476 17635 17726 17908

KS grant 1000f o}

KS case ~4 6600 7949 7699 7574 7554 7427 7083 6776 6509 5819 5512

IRR = 8.8%

PBT -46600 38651 -30952 -23278 -154624 -8197 -1115 5661 12170 17989 23501
Whole years 1 1 1 1 1 1 0 0 ¢} o]
Fraction years c.0 0.0 0.0 0.0 0.0 0.0 0.2 a.0 c.0 0.0

year 6.2

NCwW =46600 7308 6508 5964 5469 4879 4278 3763 3323 2731 2379

Inst TOT 1LO0C0E 49584 50085 50585 51147 51648 52241 53023 53742 54523 55305

rRef Var 1800f 16090 16340 16522 16772 17044 17294 17476 17635 17726 17908

Ref Capit 1oCef 1406 1406 1406 1406 1406 1406 1406 14406 1406 1406

Ref TOT 10001 17496 17746 17927 18177 18450 18700 18882 19041 19131 19313

EL saldo 1000f 32089 32339 32667 32970 33198 33542 34141 34701 35392 35992

EL prod ct/kwh 11.0 11.1 11.2 11.3 11.4 11.5 11.7 11.9 12.1 12.3

Exploitation reference {CORL]

Coal 1000L 11749 11941 12080 12272 12482 12674 12813 12936 13005 13145

0&M cost 1000£ 2150 2150 2150 2150 2150 2180 2150 2150 2150 2150

TOT Ref 1000f 13899 . 14091 14230 - 14422 14632 14824 14963 150B6 15155 15295

K3 INST 1000f 8141 8641 8848 9118 9618 10212 10700 11126 11907 12396

KS REF 1000f 13859 14091 14230 14422 14632 14824 14963 15086 15155 15295

KS grant 1000% [s]

K3 case =14000 5758 5450 5382 5305 5014 4612 4263 3960 3248 2899

IRR = 35.5%

PBT =14000 ~-8242 2793 2589 7894 12908 17520 21784 25743 28992 31891
Whole years 1 1 Q Q o ) j¢] [¢] 0 Q
Fraction years 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

year 2.5

NCW ~14000 4249 2968 2163 1573 1097 745 508 348 211 139

Inst TOT 1000f 49584 50085 50585 51147 51648 52241 53023 53742 54523 55305

Ref Var 1000f 13899 14091 14230 14422 14632 14824 14963 15086 15155 15295

Ref Capit 1000f 54256 5425 5425 5425 5425 5425 5425 5425 5425 5425

Ref TOT 1000f 19323 19515 19655 19847 20057 20249 20388 20510 20580 20720

EL salde 1000f 30261 30569 30930 31300 31591 31993 32635 33231 33943 34585

EL prod ot /lkWh 10.4 10.5 10.6 10.7 1¢0.8 11.0¢ 11.2 11.4 11.6 1.9
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Public Public Public Public Public Public Public' Public Public Public Public
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Exploitation CHP-plant

Fuel 10005 38323 - 38823 39323 39885 40386 -40980 41761 ~424B0° 43261 44043
0sM cost 1000 2774 2774 2774 2774 2774 2774 2774 2774 2774 2774
Capital 1000f£ 7151 7151 7151 7151 7151 7151 7151 7151 7181 7151
Plant TOT iopof 48247 48748 49248 49810 50310 50904 51686 52405 53185 53968

Expl 1000F 21519 21789 22060 22364 22634 22955 23378 23767 241B9 24612

Capital 1000E 1406 1406 1406 1406 1406 1406 1406 1496 1408 1406

Subtotal iceet 22924 23195 23465 23769 24040 24381 24783 25172 25595 26017

Heat disc 1000f 2292 2319 2347 2377 2404 2436 2478 2517 2559 2602

REF TGT 1ocof 20632 20875 21119 21392 21636 21925 22305 22655 23035 23415

KS INST 1000f 41097 41597 42097 42659 43160 43754 44535 45254 46035 46817

KS therm 1000f 19226 19470 19713 19987 20230 20519 20900 21249 21630 22010

KS eleac I000f 34131 34131 34423 34715 34715 34715 35006 35298 35298 35590

K8 grant 1000f 0

KS case -58cce 12261 12004 12039 12042 11785 11480 11371 11294 10B92 10783

IRR = 15.5%

PBT -5800 -45739 -33734 -21895 -9653 2132 13613 24984 36277 47170 B7953
Whole years 1 1 1 1 o] [+] 4] [s) 0 ]
Fraction years 0.0 0.0 0.0 0.0 0.8 0.0 0.0 8.0 0.0 0.0

year 4.8
Saldo EL 1G00E 2761% 27872 28129 28418 28675 28980 29381 29750 30151 30552
Prod EL ct/kwh 9.5 9.6 9.6 2.7 9.8 9.9 10.1 1.2 10.3 10.5
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Expl . 1000f 16090 16340 16522 16772 17044 17294 17476 17635 . 17726 17908

Capital- 1000f 1406 1406 - 1406 - 14906 1406 1406 1406 1406. - 1406 1406

Subtotal 1000f 17496 17746 17927 18177 18450 18700 18882 19041 19131 19313

Heat disc 1000f 1780 1775 1793 1818 1845 1870 1888 1904 1913 1931

REF TOT 1000f 15746 15971 16135 16359 16605 16830 16993 17136 17218 17382

KS INST 1000f 41097 41597 42097 42659 43160 43754 44535 45254 46035 46817

KS therm 1000f 14341 14565 14729 14954 15199 15424 15588 15731 15813 15976

K3 elec 1000f 34131 34131 34423 34715 34715 34715 35606 35298 35298 35590

KS grant 1000f 4]

KS case -58000 7375 7100 7055 7009 6754 6385 6059 5775 5076 4749

IRR = 1.8%

PBT -58000 -506325 -43525 -36470 -29460 -22706 -16320 =-10261 -448B6 590 5339
Whole years 1 1 1 1 1 1 1 1 0 0
Fraction years 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.9 0.0

vear B.9

Saldo EL 1000f 32501 32777 33113 33451 33706 34075 34692 35268 35968 36586

Prod EL ct/lkh 11.1 11.2 11.4 11.5 11.6 11.7 11.9 12.1 12.3 12.5

Expléitation reference [CORL]

Expl 1000f 13899 14091 14230 14422 14632 14824 14963 15086 15155 15295

Capital 1000f 5425 5425 5425 5425 5425 5425 5425 5425 5425 5425

Subtotal 1000f 19323 19515 19655 19847 20057 20249 20388 20510 20580 20720

Heat disc 1000f 1932 1952 1966 1985 2006 2025 2039 2051 2058 2072

Ref TOT 1000f 17391 17564 17690 17862 1B051 18224 18349 184593 18522 1B648

KS INST 1000f 41097 41597 42097 42659 43160 43754 44535 45254 46035 46817

K3 therm 1000f 11966 12139 12265 12438 12626 12799 12925 13035 13097 13223

K3 elec 1000f 34131 34131 34423 34715 34715 34715 35006 35298 35298 35590

KS grant 1000t 4]

KS case -58000 5001 4674 4591 4493 4181 3760 3396 3079 2360 1996
IRR = ~-B.2%

PBT ~58000 ~53999 -48325 -43735 -39242 -35061 -31301 -2790G4 -248256 -22465 -20469
wWhele years 1 3 i 1 i 1 1 1 1 1
Fraction years 0.0 ¢.0 0.0 0.0 o.0 c.0 0.0 0.0 0.0 0.0

year »10
Salde EL 1000f 30856 31184 31558 31948 32260 326B1 33336 33945 34664 35320
Prod EL ct/kWh 10.6 10.7 1¢.8 11.0 1i.1 11.2 11.4 - 11.6 11.9 12.1

AERRRREEEERLEERRRREERREREREEEREERERRE AR EREREERERRRRRRRRRREERRARNEAAAAD AR ERRRE AR R LRd
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Appendices Explanation of input

Energy

Energy consumption and production

For -the -"GEIN'-project- several :steam -production - options -were .. investigated on energy .
related technical aspects. To make “a verification possible the starting points-will be
explained in this appendix.

Gasturbine

The figures for the gasturbine generator units were prompted by the supplier of the gas-
turbines, For the GT/WHB and STAG the next gasturbines for the distinguished steam
productions are used:

17 ton/hour Tornado Ruston

30 ton/hour Allison (2x) Detroit

55 ton/hour T10 Sulzer

106 ton/hour Frame 6 General Electric
212 torvhour Frame 6 (2x) General Electric

The losses by bearings, oil cocling, auxiliaries like il pumps, fans, cooling and radiation
of the turbine housing are included in the net generator power. So the gasturbine gener-
ator unit produces a net electric power and an amount of waste heat gas with a given
temperature, which will be {ead into the waste heat boiler.

Fuels

For natural gas a heat value is used of 31.65 MJMNm® and a sufficient gas pressure is
assumed to be available. The heat value of the coal in the tables is 26.3 MJ/kg and based
on a type of coal sultable for firing in an atmospheric fluidized bed combustion boiler
(AFBQ).

Waste heat boiler
The waste heat boiler receives the flue gases out the gasturbine unit. There is a possibility

" of co-firing with natural gas. The waste heat boiler is fed with boiler feedwater of 105 °C

from a feedwater degasification equipment, which needs an amount of steam (with pro-
cess-steam conditions). This steam is necessary to increase the condensate (return-tem-
perature of 90 °C) to a temperature of 105 °C. The boiler feedwaier consists of 75%
return-condensate from the processes. The supplement will be fed by a water desalina-
tion equipment. To determine the net steam production of the waste heat boller this
amount of steam for degasification has to be taken into account, as well as the blow-off
and radiation losses (both about 1%). The waste heat boiler is designed for the produc-
tion of low pressure process-steam of 10 bar 220 °C with a pinchpoint temperature dif-
ference of 10 °C. In the case of a STAG high pressure (HP)-steam is produced with a
condition of 80 bar, 485 °C. From the dutlet of the waste heat boliler there is a loss in

~pressure and temperature in the connection pipe.system (about 3 bar, 10 °C). Thus, the

steam delivered to the back pressure turbine is 77 bar, 475 °C. Alfter the expansion in the
back pressure turbine the desired process-steam conditions will exactly be reached.
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Energy

- High pressure steamboiler : .
In contrast with the steam condition of the HP.waste heat-boiler for the STAG:the HP .
-~ steamboiler is- designed for production of steam of a pressure.of 100.bar at 500 °C,

There is also a loss in pressure and temperature in-the connection pipes to the back

pressure turbine. The thermal efficiency of the gas fired HP steamboiler is 94 percent.
The coal fired AFBC used for the steam amounts of 55 and 106 ton/hour has an effi-
ciency of 91 percent.

Low pressure steamnboiler

In the study two low pressure (LP) steamboilers are considered for separate LP-steam
production. The gas fired LP boilers of 17 and 30 torvhour have an efficiency of 92 per-
cent; the 55 and 106 ton/hour boiler have a higher efficiency of 94 percent. The coal
fired AFBC has for the steam amounts 17 and 30 torvhour an efficiency of 87 percent.
The larger AFBC boilers (55 and 106 ton/hour) have an efficiency of 91 percent.

Internal energy use of units
The next table gives the internal -energy uses of eleciricity that has been taken into
account for the several CHP- and boiler-units.

Unit Pressure kw/ton steam
Waste heat boiler 10 bar 1.2

80 bar 5.4
HP-gas boiler 100 bar 6.7
HPF-AFBC boiler 80 bar 21.8
LP-gas boiler 5/10 bar 2.3
LP-AFBC boiler 5/10 bar i5.0

Average internal energy use

The internal energy use encloses the combustion air fan, feedwater pump, degasification,
the possible coal transport facilities and other auxiliaries.

Back pressure turbine

The back pressure steamturbine is placed as well as in the STAG as with the HP steam-
boiler unit. The steam conditions have been mentioned already for the waste heat boiler.
The isentropic turbine efficiency is 83%.

Energetic input data

The used data of the energy production and the energy consumption are shown in the
next tables. They are based on an operating time of 6000 hours and a process-steam
condition of 10 bar and 220 °C. The second table gives the results for 5 bar, 155 °C. The
results for the steam amount of 212 torvhour can be obtained from the figures of the
unit of 106 torvhour {x2). Trying to find a propartionality between the energy figures is
not possible due to fact that the steam. production figures are slightly rounded. -
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Steam [ton/hour] 17 30 55 106
10 bar, 220 %c 6000 hours
GT/WHE
kW gross GT 5750 10500 19460 36800
kW internal use 20 30 70 120
MW net 5,73 10,87 19,39 36,68
mslhour nominal 2268 3919 7139 13552
n>/hour co-firing 228 414 758 1421
m~/hour gas total 2496 4333 7897 14973
GJ/hour 78,99 137,14 249,94 473,90
mwln m°/year 15 26 47 90
STAG
kW gross GT 19450 36800
kW gross BP 5450 12380
kW gross total 25910 49180
kW internal use 300 560
MW net 25,61 48,62
mS/hour nowinal 7139 13522
m> /hour co-firing 1568 2938
m~/hour gas total 8707 16460
aJ fhour 275,59 520,97
mln m¥/year 52 99
HP/BP-gas
kW gross BP 7130 13680
kW internal use 370 710
MW net 6,76 12,97
GJ/hour 177,25 340,13
m¥/hour gas 5600 10750
mln m°/year 34 64
HP/BP=-coal
kW gross BP 7130 13680
kW internal use 1250 2220
MW net 5,88 I1.46
GJ/hour 183,09 351,34
ton/hour coal 7.0 13.4
kt/year 42 80
LP~cocal
GJ/hour 48,80 88,08 151,78 293,95
ton/hour coal 1,9 3,3 5.7 11,0
kt/year 11 20 35 66
kW internal use 280 460 a00 1470
LP-gas
GJ/hour 46,15 83,29 146,54 281,66
m~ /hour gas 1458 2632 4643 8899
mln m°/year 9 1€ 28 83
kw internal use 40 60 130 230

Electric power production and energy consumption
Process-steam conditionn 10 bar, 220 °C
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- Changed process-steam condition ‘ .
~Due to-the fact that the electric power produced with the back pressure turbine depends - -
on-the desired steam condition.(the pressure), the energetic figures for the STAG and the .

HP/BP CHP-units are also defined for a process pressure of 5 bar, 155 °C.-

Steam [ton/hour] 55 106
5 bar, 155 % 6000 hours
STAG
kW gross GT 19460 36800
kW grass BP 8780 16840
kW gross total 28240 53640
kW internal use 300 560
MW net 27,94 53,08
ms/hour nominal 7139 13522
»3/hour co-firing 1568 2938
m~ /hour gas total 8750 16850
GJ/hour 276,94 523,17
mln m3/year 53 99
HP/BP-gas
kW gross BP 8950 17160
kW internal use 370 710
MW net 8,58 16,45
aJ/hour 177,357 340,45
m®/hour gas 5610 10758
mln m3/year 34 65
HP/BP=-coal
kW gross BP 8950 17160
kW internal use 1250 2220
MW net 7,70 14,94
GJ/hour 183,42 351,67
ton/hour ceoal 7.0 13,4
kt/year 42 80
LP~coal
GJ/hour 144,42 276,84
ton/hour .coal - 5,5 .19,5
kt/year 33 63
kW intermnal use 130 230
LP=-gas
GJ/hour 139,81 268,00
m~ /hour gas 4417 B4ER
mnln n”/year 27 51
kW internal use 800 i470

Electric power production and energy consumption
Process-steam condition 5 bar, 155 °C
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- Some specific data can be obtained from the energetic results:

106

Steam [ton/hour] 17 30 55
10 bar, 220 “c
Gasturbine efficiency 28.8 31.4 31,0 31,0
Waste heat temperature °c 480 540 520 540
GT/WHB
nominal kWwh/t steam 420 440 440 430
kJth/kJe 1,9 1.8 1.8 1,9
co=firing kwh/t steam 340 355 350 350
kJth/kJe 2.4 2,3 2,3 2,3
efficiency [%] 81 85 B84 85
STAG
nominal kwh,/t HP-stean 650 610
kith/kle 1,2 1.3
co-fired kih/t HP-steam 345 350
kIth/kle 2.3 2,3
with BP kWwh/t LP-steam 465 460
kath/kJe 1,7 1.8
efficiency [%] 84 85
EP/BP=-gas kwh/t steam 120 120
kJith/kJe 6,7 6.7
efficiency [%] 91 91
HP/BP=-coal kwh/t steam 110 110
kJith/kJe 7.3 7.3
efficiency [%] 87 87

Characteristic parameter values of CHP-units
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Investments and other costs

Budget prices, based .on the energetic and ‘technical parameters that were the result of-
the calculations for the main components, were asked from the supplier. So a lay-out was
produced. This lay-out was designed as a "green meadow’ situation, which indicates no
existing facilities can be used. The design boundaries are the connections to the steam
and electricity grid. For the determination of the total investments for the energy produc-
tion unit the investments of several other parts has to be distinguished:

. Civil works

. Fuel supply

. Boiler

. Feedwater systems

Instrumentation and electrical systems
. Gasturbine generator unit

Piping

. BP-steamturbine .

. Rernaining

10. Engineering and unforeseen,

OO U A WN =

The investments are based on Dutch Guilders from 1985. An accuracy of -10 to +20%
was tried to be obtained.

~ The' costs for operating and maintenance (O&M) were determined as follows. Dependant
on the size of the unit the cost for the operating personal {in a shift) was defined. The
maintenance costs were based on a percentage of the investment. The previous assump-
tions resulted in a percentage O&M that does not show a regular pattern. For the cases
with a gasturbine unit (GT/WHB and STAG) additional costs were accounted for protec-
tion of the environment. In this study has been assumed that the NCx in the flue gases
are decreased with 75 g/GJ by steam and/or water Injection. The costs are about Dfl

- 4000 -per ton reduced NOx. The costs are shown in the table on the next page.
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2x106

Steam [ton/hourl 17 3o 55 106
10 bar, 220 % 1000 DFl (1985)
GT/WHB
Investment 15000 23500 31500 41500 75000
Incl. erect. rate 15500 24300 32600 43000 77700
O&M 650 850 1050 1600 2450
Perc. O & M 4,2 3,5 3,2 3,7 3.2
Envirenment 132 222 408 774 1548
STAG
Investment 43000 56000 99000
Incl. erection rate 44500 58000 102600
O&M 1350 2000 3050
Perc. O & M 3,0 3,5 3,0
Envirconment 408 774 1548
HP/BP=-gas
Investment 21000 28000 45000
Inci. erection rate 21800 29000 46600
o &M 700 1150 1500
Perc..0 & M 3.2 4,1 3,2
HP/BP-ceoal
Investment 44500 62500 96000
Incl. erection rate 46100 654800 99500
o& M 1900 2750 3750
Perc. O & M 4,1 4,2 3.8
LP=-coal
Investment 13000 - 17500 29000 42500 70000 -
Incl. eregt., rate 13500 181900 30000 44000 72500
o &M 900 1100 1450 2150 3000
Perc. O & M 6,7 6,1 4.8 4,9 4.1
LP-gas
Investment 3100 3900 7400 11000 19000
Incl. erect. rate 3200 4000 7700 114900 19700
o&M 360 380 450 800 950
Perc. O & M 11,3 9.5 5,8 7.0 4.8

Investments, O&M costs, and costs for environmental protection

. for 6000 hours

The costs were increased with the interest costs for the time of erection of the unit. For
an average erection time of about 2 years it has been assumed that after a half year
interest is calculated over 40% of the investment during 1.5 year. The remaining 60% is
calculated during a half year before the start of the operating of the unit. This results in
an average additional interest cost of 3.6% (based on an interest rate of 4% without

inflation).
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Appendices Explanation of input

Investment

- If the units are designed with a-back pressure turbine and a process-steam condition of 5
‘bar, 155 °C.the investmenis have to be increased as shown in the next table:

Steam [ton/hourl 55 106 2x106

1000 pfl (1985)

STAG 600 12¢0 2000
HP/BP-gas 600 1200 2000
HP/BP=-coal 600 1200 2000

Additional investment, 5 bar process-steam condition

An explanation of the distinguished parts 1 t/m 10 follows:

1.

H

Civil works
The necessary surface (m? of the terrain is estimated on the basis of the lay-out. This

results in costs for sewerage system and pavement. Civil works include the building

for the control room, the BP-steamturbine hall, the places for the feedwater pumps
and the demineralization equipment, and the rooms for the electric high- and low-
voltage equipment. For large units an office, storage, and repair-shop are included.
Also the fundament for the steamboiler and waste heat boiler, BP-steamturbine and
gasturbine generator unit are taken into account.

Fuel supply

For the natural gas fired units the connection plpes and a pressure reducing facility
have been included. No reserve reducing capacity has been assumed. Coal-firing
necessitates the following equipment: unloading station, storage for 10 days, coal
transport system, <oal supply storage for 2 days, limestone storage, and the ash-silos
for 4 days. The civil works for the unloading and transport system are also included.
The coal unload and transport system must be closed in order to be free of dust. For
17 ton/hour units the supply of coal is by road, above by rail. The distance between

~coal-storage and coal supply systems is.about 50 m.

Boilers

The gas fired boilers and waste heat bollers are not placed inside a boiler house but
in open air. The coal fired boilers have one closed wall and roof. The maximum and
minimum production rate of the fossil fuel fired boilers is 1:3. The waste heat boilers
are sujtable for 100% co-firing from the nominal capacity of the heat out the GT-unit.
For the environment the next rules are taken into account: normal noise-rules, NOx
200 mg/m> flue gases for the gas fired boilers. For the coal fired boilers: NOx 500
mg/m?, SO, 700 mg/m’ and dust 50 mg/m’. The investments also contain the stack
and the circulation pumps.

Feedwater supply _

The following equipment is necessary to condition the feedwater for the boiler; a
desalination device, condensate pumps, degasification and feedwater pumps, and
necessary piping.
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Explanation of input Appendices

Investment

-Beside the isolated piping for feedwater, condensate, steam, and cooling water has

- Instrumentation and electric systems , . _ _
- The instrumentation is used for the fuel supply system, the feedwater system, -and the - .

‘control-of the boilers. The high voltage electric system includes a:10 kV double rail . . -
“device with a generator field and connections to an existing 10 kV systern,-the inter-

nal transformer for the device, synchronization devices, and a cut-off device. The
connection to the electricity-grid includes an expansion of the supposed present
electricity supply system.

Gasturbine generator unit
A complete gasturbine generator unit includes the next boundaries for delivery: inlet
flange, gas supply appendage for the gas inlet, the air inlet before the filter, and the
waste gas outlet until the flange. The electrical device will be delivered until the con-
nections of the generator.

Piping

" been taken into account a pressure reduction and/or steam cocling water injection

10.

pump for the conditioning of the steam to desired process-steam pressure and
temperature. About 50 m of piping has been taken into account, excluding the piping .
for distribution.

BP-steamturbine
A complete unit with generator.

Remaining
This concerns the temporary facilities, costs for legislations, insurance, training, and

start-up of the unit.

Engineering and unforeseen (about 15%)
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Appendices

Explanation of input

Investment

+.-'~ The next tables gives detailed data.of the. mentioned parts of the investment: .

Steam [ton/hour] 17 30 55 106 2x106
LP: 10 bar, 220 °¢ 1000 Df1l (1985)
1. Civil 800 1100 1695 2125 3385
2. Fuel supply 160 180 180 200 3256
3. WHB 1350 1500 3000 5300 9000
Co-firing 750 1500 1560 2500 5000
4. Feedwater system 260 360 530 910 1650
5. Instrumentation/ 1900 2540 3080 39c0 6200
electric systems
6. Gasturbine 6600 12000 15600 19000 36000
7. Piping 680 770 1620 1450 2520
8. BP-steamturbine
9. Remaining 530 &40 780 BBG 1160
10. Engineering and 1970 2910 4115 5235 9760
unforeseen
Total 15000 23500 31500 41500 75000
Specification investment GT/WHB
Steam [ton/hour] 55 106 2x106
HP: 80 bar, 485 %¢; LP: 10 bar, 220 % 1000 Df1 (1985)
1. Civil 2920 3755 5575
2. Fuel supply 180 200 325
3. Boiler 3200 7500 14000
Co~firing 3000 3000 6000
4. Feedwater system 1200 1900 3580
5. Instrumentation and 4160 5100 B300
electric systens
6. Gasturbine 15600 19000 36000
7. Fiping 2260 2790 5000
8. BP=-steamturbine 3800 4400 5900
9. Remaining 1040 1230 1400
.19, Engineering and unforeseen 5640 T125 12920
Total 43000 56000 99000
Additional & bar process-steam 600 1200 2000

Speéiﬁcation investment STAG
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Explanation of input Appendices

Investment

Steam [ton/hour] 55 106 2x106

"HP: 100 bar, 500 “c: LP: 10 bar, 220 “c - 1000 DL {1985) -
1. civil 2270 3015 4255
2. Fuel supply 70 85 130
3. Boiler 4600 £800 13000
4. Feedwater-supply 1200 1900 3580
5. Instrumentation and 3250 4030 5650

electrical system
6. Gasturbine

7. Piping 2040 2740 4700
8. BP-steamturbine 4000 4900 6200
9. Remaining 940 10%0 1430
10. Engineering and unforeseen 2630 3440 6055
Total 21000 28000 45000
Additional § bhar process steam 600 1200 2000

Specification investment HP/BP-gas!

sSteam [ton/hour] 55 106 2x10&6
HP: 100 bar, 500 °9C: LP: 10 bar, 220 °¢ 1000 Dfl (1985)
1. Civil 3700 5200 7610
2. Fuel supply 5780 icz1c 12230
3. Boiler 15500 21400 39000
4. Feedwater system 1200 1900 3580
5. Instrumentation and 4900 6390 7800
electrical system
&. Gasturbine
7. Piping 2040 2740 4700
B. BP-steamturbine 4000 4900 6200
9, Remaining 1470 1670 2250
10. Engineering and unforeseen 5910 BO9C 12630
Total 44500 62500 96000
fdditional 5 bar process=-steam [=le]e] clzo0 . 2000

Specification investrnent HP/BP-coal

! It has been assumed that the investment cost of HP/BP-oil are similar to the invest-

ment cost of HP/BP-gas.
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Appendices Explanation of input

Investment

Steam [ton/hour] 17 30 55 106 2x106
LP: 5 and 10 bar 1000 DE1 (1985)
1. civil 440 500 660 930 1455
2. Fuel supply 40 50 65 80 120
3. Boiler 510 660 2400 3800 7200
4. Feedwater system 260 360 530 910 1650
5. Instrumentation/ 510 735 1170 1700 2655

electric system
6. Gasturbine .
7. Piping 680 770 1020 1450 2520

8. BP-steamturbine
9. Remaining 270 300 500 580 680
10. Engineering and 390 525 105% 1550 2720
unforeseen
Total 3100 3900 T400 11000 19000

Specification investment LP-gas!

Steam [ton/hour] 17 30 55 106 2x106
LP: 5 and 10 bar 1000 DEf1 {1985}
1. civil 920 1265 1830 2770 4620
2. Fuel supply 2840 3750 4825 9280 11120
3. Boiler 4000 6000 13400 17300 33000
4. Feedwater system 260 360 530 910 1650
5. Instrumentation/ 1700 2100 2650 4100 6900
electric system
6. Gasturbine
7. Piping 680 770 1920 1450 2520
8. BP-steamturbine
9. Remaining 890 1000 1150 1270 1760
10. Engineering and 1710 2255 3595 5420 B490
unforeseen
Total 13000 17500 29000 42500 70000

Specification investment LP-coal (AFBC)

! It has been assumed that the investment cost of LP-oil are similar to the ‘investment

- cost of LP-gas.
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Explanation of input Appendices

Investment

Several characteristic investment:costs-(exclusive the rate during erection) are given in the - -
-next.table:

Steam [ton/hour] 17 30 55 106 2x106

10 bar, 220 “¢ 1000 Dfl (1985)

Gasturbine J 1150C 1100 800 520 490
LP WHE /t steam 120 100 80 75 65
GT/WHB total MW 2620 2160 15620 1130 1020
HP WHB /t steam 1io 100 95
STAG total SM 1680 1150 1020
HF gas boiler /t steam BS 65 60
HP AFBC boiler /t steam 280 200 185
BF turbine /MW 560 360 230
HP/BP=-gas tot. /MW 311c 2160 1730
HE/BP-toal tot. /MW 7570 5450 4190
LP-coal-boiler /t steam 760 580 530 400 330
‘LP-gas-boiler  /t steam 180 130 13C 1ce 90

Specific investment units

Steam [ton/hour] 55 106 2x106

1000 DE1/MW (19B5)

S5TAC 10 bar 1620 1130 1020
5 bar 1560 1080 950
HF/BP-gas 10 bar 3110 2160 1730
5 bar 2520 1780 1430
HF/BP-coal 10 bar 7570 5450 £1%0
5 bar 5860 4260 3280

- Specific investrnent CHP units
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