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Inb-oduction Preface

¯ The last five years the .business unit ESC-Energy Studies of the Netherlands Energy
,=~- ~ 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 energy
~ 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 pub]ic 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 ca]culations with COGIN.
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MethodoIogy

Profitability

A number of criteria for estimating the profitability of an investment exists. The two most
important criteria delivered by COGIN are the Internal Rata of Return (IRR) and the:~ : .

.... . ~ Payback Period (PbP). The PbP is the p~riod after which th~ sumof the receipts is equal
to the sum of the expenditures (investment, fuel, and op~rating and maintenance"cost).
The IRR is the maximal interest rata an investor can pay over a loan equal to the invest-
ment without making profit or loss. The investment is s~en as a loan while the yearly
cash-flow (CF) is treated as the yearly repayment. More precise the y~arly cash-flow is the
sum of yearly flows of receipts and axpenditures causad by an investmant in CHP, comp-
ared with an alternative situation (Reference situation). Dep~nding on the needs of the
investor this Referenee situation can be: ’doing nothing’, investing in altemative electricity
production, or investing in altemative steam production. Then the IRR is calculated as
follows:

T cash-flow in year t
~ = additional inv~stment
t=l (~ + IRR)t

If the calculated IRR as a result of the additional investment costs and the eash-flow is
’high’, a high interest rata 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 hOt

acceptable for investors. Every investor will decide for himself which IRR threshold to use.
For commercial companies the IRR-threshold is about 10% after taxes. This ~quals about
25% IRR before taxes. Furthermore an investor will use a higher IRR-threshold if he con-
siders a project tobe of high risk.

Economie penetration studJes in the Netherlands use in general a threshold of about
~25%i:.Public utilities do not work for commercial reasons. For th~ma thrashold of 10% is
generaIly acceptable.

Industrial Heat & Power
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Methodology

lndustrial case

An industrial company is obliged to satisfy its steam demand in one way or another in.
order to maintain its production |evei; One opfion to fulfiI steam production is ~nvesting in ~. ....
CHP. As a by-product electrieity is produced. In the industrial case in COGIN the alterna- :
tive is investing in a Low Pressure steamboiler, which produces only steam,’and buying
electri¢ity from th~ public grid (Reference situafion). Cost differences between CHP and
Reference situation can result in changes ün fout flows:

1 Expenditure on additional fuel
2 Expenditure for additional operating & maintenance (O&M)
3a Avoided expenditure on electricity purehase
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 inwstment, the IRR can b~ caleulated ac-
cord~ng 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 produc~g the same
amount of steam per year. Note that in both Reference and CHP situation steam is impli-
citly priced at LP-boiler cost.

Indus~rial Heat & Power
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lntroduction Methodology

Public case

The industry makes an investment choice between LP-boiler and CHP, since in every ~
case steam demand must befulfilled; However, a public utility chooses between making:
an investment in CHP, at a company location for sel]ing steam and electricity, and the :
altemative ’doing nothing’. Therefore, the tot.al investment of CHP bas 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-boi]er fuel cost + LP-boiler O&M cost + LP-boiler capital cost

In this definition LP-boiler capital cost is:

x (1 + real interest rate / 100)
Loan pedod

Now the resulting yeariy cost flows are:

1
2
3
4

Total fuel eost CHP
Total O&M cost CHP
Receipts electricity sa]es
Receipts heat sales (valued at total yearly LP-boiler costs as described above)

The resulting 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 ]ower IRR than industrial case ca]culations .......

In the COGIN model one genera] e]ectricity price independent of operating hours is
received by the public uti]ity 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-boi]er is neglected for calculations.

Industrial Heat & Power
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Model Introduction

CHP-unit data Prlce scenario data

COGIN-P

COGIN-PU
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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 farrA~ar 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-I that is already filled with standard CHP-unit data and COGIN-IU that een be filled
with user specific unit data. Scenario data for the Nethedands forming several price pro-
jections for naturel gas and coal for industry are found in fde COGIN-P. The same type of
database for user-data is called COGIN-PU. The two types of databases deliver the m~n
input data for the model calculations.

The input data and default values of other scenario paremeters are available by the
COGIN-window (which appears in Symphony when COGIN is lo~ded) and the Figuration-
window (which is available by the Menu). In the COGIN-window the model results are also
sh~wn. Parts of the model which perform the calculations are hot 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 COG]N- and Figuration-wLndow are cbanged by moving the cursor to
the appropriate position and typing the desired value. In addition to this direct cursor-
control mode a more user-friendly Menu is available to mutate input variables.

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

Industrial Heat & Power
October 1991
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~odel

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 op~áon. By pressing ’Carriage Return’ a tranche of the
Mena-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
can leave the Menu and work in the COGIN-w~ndow. In the COGIN-window it is not
sibie to import User-database files and mutate the Figuration-window parameters, unless
one calls again íor the Menu by pressing ’AI~-<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>, AIt-<T>, and AIt-<N>. This
illustration option is only available in the direct cursor-control mode. The COGIN-w~ndow
reappears on the screen by pressing any key.

It is possible to return to the base-scenario of COGIN (standard database) by msetting
parameters in default-value. By the Menu two reset-options are avaiIable, 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.

Ifan error occurs during the use of a Menu-option, an Error-Message ~s shown and the
Menu-indicator on top of the screen is flashing. The Error-Message and the Menu disap-
pear after press~ng the <ESC>-key and one continues, starting from direct curser-con-
trol mode.

To avoid Error-Messages with impori.ing 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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Input

COGIN: COGeneration in INdustry Verslon 2.2 (c) ECN/ESC

Unit type : STAG OK Unit DB = i0 bar steam
Unit size : 4    OK Cap Therm= 106     ton/hr

Indus~al Heat & Power
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COGIN

Input

The COGIN-window contains the input variables that define a casa. By selecting ’Case’
(Unit type and Unit size) the appropriate unit information from the COGIN-I 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:
GT : Gasturbine!Waste Heat boiler
STAG : GT with Back Pressure turbine
BG : Gas fired High Pressure steamboflar with BP

turbine
BO : Oil fired High Pressure steamboiler with BP

turbine
BC : Coal fired High Pressure steamboiler with BP

turbine
LO : Oil fired Low Pressure steamboiler
LC : Coal fired Low Pressure steambotlar

Unit size Concerntng Unit s/ze five levels of steam output are distinguis-
had:

Code: 1      2      3      4      5

Unit slze [torghr]: 17 30 55    106 212

The coda and the unit slze 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 torghr.

lndustrial Heat E- Power
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Input

COGIN: COGeneration in INdu~try Verslon ~.2 (c) E~N/ESC

Unit type : STAG OK Unit DB = IO bar steam
Unit size : 4 OK Cap Therm= 106 ton/hr

cap Elec = 49 MWe
Price scenario = BASE-CASE ============================~=
Gas price cat : High OK Industry     P~bllc
Oil price cat : LOW OK Rel Gas

COGIN

Indus~al HeaL & Power

1 8 October 1991



COGIN

Input

Furthermore the COGIN-window contains possib’dlties to choose price scenarios, operat-
ing hours, and electricity return rare to the publie grid.

Príce scenario In 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
hot app]y for user databases.

Gas price cat Two gas purehase price categories can be chosen:
a ’High’ price,
or a ’Low’ price.

Oil price cat Two oil purchase price categories can be ehosen:
a ’High’ price,
or a ’Low" price.

Coal pHce cat Also two coal purchase price categories can be chosen:
’High" price,

or a ’Low’ price.

Operating hours The model calculates with 4000, 6000 en 8000 Operating hours
(according to the avai[able electrieity prices). The electricity pur-
chase price depends on the number of operating hours.

Elec-Retum The percentage of tbc 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 retumed
electricity are hot available tbJs is shown by the message
’#DATA!’.

Elec-R category Tv~ se]]ing prices of electricity returned to the public grid are
distinguished. In the category ’Low’ electricity return is hOt
guaranteed. In the category ’High’ delivery is guaranteed by the
industry. Both electricity selling prices are hot depending on the
operating hours. This option does hot apply for the public case.

lndustrial Heat & Power
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Input

COGIN: COGeneration in INdustry Verslon 2.2(c) ECN/ESC

Unit type : STAG OK Unit DB = I0 bar ste~/u
Unit size : 4 OK Cap Therm= 106 ton/hr

Cap Elec = 49 MWe
Prlce scenario = BASE-CP~E ==============================
Gas price cat : High OK lndustry P~blic
Oil prlce cat : Low OK Rel Gas
Coal prlce cat : High OK 1RR 25.0~ 15.5~

PbP 5.5 4.8
Operating hours .    " 6000 OK ct/ 1992 9.1 9.5
Elec-Return [~]: 0 OK Rel Oil
Elec-R category : LOW OK 1RR 8.8~ 1.8~

PbP 6.2 8.9
Discount CHP [%]: 0 ct/ 1992 II.0 ii.i

Industrial Heat & Power
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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 investment discount ~nd!or
grant.

Discount CHP A d~scount on a CHP-unit r~s~Its in lower investment costs for
the CHP-unit.

Discount Ref A discount on th~ Reference-unit results in lower investment
costs for the Low Pressure st~amboiler.

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

lndushïal Heat & Power
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COGIN                                                         ~,,~el

Results

COGIN: COGeneration in INdustry Verslon 2.2 (c) ECN/ESC

unit type : STAG OK Unit DB = i0 bar steam
Unit size : 4 OK Cap Therm= 106 ton/hr

Cap Elec ~ 49 MWe
Price sc~narlo = BABE-CASE ==============================
Gas price cat : High OK Industry Public
Oil prlce cat : Low OK Rel Gas
Coal prlce cat : High OK ~RR 25.0% 15o5%

PbP 3.5 4.8
Opératlng hours .    " 6000 OK ct/ 1992 9.1 9.5
Elec-Return [%]: 0 OK Rel
Elec-R category : LOW OK IRR 8.8% 1.8%

PbP 6.2 8.9
Discount CHP [%]: 0 ct/ 1992 11.0 II.I
Discount Rel [%]: 0 R~l Coal
Grant CHP [%]: 0 ~RR 35.5%
Grant     Rel [%]: 0 PbP 2.5 >I0

ct/ 1992     10.4      10.6
Alt M(enu) ........ ======================

COGIN

Industrial Heat & Power
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COGIN

Results

The COGIN-window conta~ns model results between the ’=~ lines. Calculations are made
for a coal, oil, and gas fired Reference steamboiler.

IRR, PbP and ct/kWh- 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 eost 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, oil, or coal.

Industrial Heat & Power
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lllustrations

- 25

Cashflow Industrlal Case

Eye~r3
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COGIN

lllustrations

In the direct cursor-control mode it is possible to visualize the main types of results of the ....
industrial case over the calcu]ation period in a graph.

Alt-<K> By pressing Alt-<K> a graph of the industrial case ~zash-flow
over the calculation period 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 per’tod is called.

Alt-<N> By pressing Alt-<N> the graph of the industria] case net pre-
sent value over the calculation period is shown.

The COGIN-window returns on the scr~en by pressing any key.

Indu~trial Heat & Power
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Figuration

Figuratlon for COGIN

Gas [MJ/m3]: 31.65 31.65
Oil High [GJ/ton]: 40.0 42.0
Oil Low [GJ/ton]: 42.0 40.0
Coal [GJ/ton]: 26.3 26.3

Eff Rel gas [~]: 94 94
Elf Rel oil [~]: 94 94
Eff Rel coal [~]: 91 91

Interest [prc]: 4 4
Loan period [year]: i0 i0

Heat Discount [prc]: 10 i0
Backup [%]: 50 50
tap boundary [MWe]: i0 i0

Fuel calc method     : Forelgn NL: Netherlands
For~lgn: Other

FIG

Industrial Heat & Power
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COGIN

Figuration

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

Oil High,
Oil Low,
Coal

The calorific value of the four distinguished fuels in the model
can be changed. For oil two price categories are distinguished
(Oil High!Low) 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 calor~c value. The dimensions
of the figures are specified between braekets:

Gas [MJ/m~]
Oil [G J/ton]
Coal [G J/ton]

Elf Rel gas,
Eff Ref oil,Eff Ref coal

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

Industrial Heat & Power
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COGIN

Figuration

Figuratlon for COGÆN Variant Default

Gas [MJ/m3]: 31.65 31.65
O11 High [GJ/ton]: 40.0 42.0
Oil Low [GJ/tonl: 42.0 40.0
Coal [GJ/ton]: 26.3 26.3

Eff Ref gas [~]: 94 94
Eff Rel oil [%]: 94 94
Elf Rel coal [~]: 91 91

Interest [pre]: 4
Loan period [year]: i0

4

Heat Discount [prc]: i0
Backup [%]: 50
Cap bou~dary [MWe]: i0

50

Fuel calc method    :               Fo~ei~ NL: Netherlands
Foreign: Other

FIG

Indusb’ial Heat & Power
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COGIN

Figuration

The Figuration-window contains also a set of "economie" options. Ushag the T-reset
option restores these parameters to the default values.

Interest and
Loan period

Interest and loan period are used for the determination "of the
annu~ty that is used for calculating the yearly cash-flow.

Heat Discount

Baekup

The heat discount is the discount on the price of heat delivered
by the publ~c utilities. Thus, a heat discount does hot influence
industrial case calculations.

The costs paid by the industry to the public utilities, to Backup
for elec~ïcity 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 scenarìo database.

~ Cap boundary 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 categor’les
Iarge consumers and giants have respectively a high and a low
purchase price and are separated by the capacity bo~ndary. The
capacity boundary is only active if the Dutch fuel calculation
method is used (see below).

Fuel cale method Fuel costs can be calculated according the Dutch method (’NL’),
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 "fueI price
category High!Low’ in the COGIN-window is hOt working. This is
indlcated by the waming ’sys:NL’, on the sereen 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 coa] price category can be chosen inde-
pendent of demand capacity (indicated by ’OK’). Thus, the cape-
city boundary is inactive.

Industrial Heat & Power
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Control

Year 1992
Gas High ct/m3 37.6
Oil LOW f/ton 380
Coal High f/ton 167
EL purch ind ct/k~Fn 11.7
EL r~t LOW ct/kWh 7.1
EL purch pub ct/kWh 11.7

Case: STAG-4

Calculatlon Key-variable

Return: F6

gEF-gas REF-oll REF-coal

Investment 1000f 58000 11400 11400 44000
Grant lO00f 0 0 0 0
Discount lO00f 0 0 0 O
O&M cost lOOOf 2774 800 800 2150
Fuel/year TJ 3126 1690 1690 1746
Fuel/year lOOOf 38323 20719 15290 11749
EL production M~ 291720 -1380 -1380 -8820

Cash-flow 1992
Industrlal io00f 13378 7949 5758
Publlc IO00f 12261 7375 5OO1

CONTROL--

Indush-ial Heat & Pov~r
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COGIN

Control

In the Control-window several important intermed~ate 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 pricas of energy carriers from
the selected price scenario are used:

Gas, oil, and coaì purchase price category
E]ectri¢ity purchase pdce for the industry
Electricity selling price for industdal electricity retumed
to the grid
Electricity purchase price for public utilit~es.

The next items are shown for the different types of techno]ogy:
Currency of investments and fuel prices
Investments, grants anti discounts
Operating and Maintenance cost (O&M cost) per year
Fuel use per year
Electricity production per year.

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

Industrial Hea~ & Power
October 1991 3 1



COGIN

Database

Model

COG£N: COGeneration in INdustry Version 2.2 (c) ECN/ESC

Unit type : STAG OK Unit DB = i0 bar steam
Unit slze : 4    OK Cap Therm= 106     ton/hr

PrIce scenario = BASE-CASE
Gas price cat : High OK
oil price cat : Low OK
Coal price cat : High OK

Operating hours     : 6000 OK
Elec-Return     [%]: O OK
Elec-R category     : LOW OK

Cap Elec = 49     MW~
==============~===============

~ndustry     public
Rel Gas

PbP
ct/ 1992

Rel Oil
IRR
PbP

Discount CHP [%]: 0 ct/ 1992
Discount Ref [%]: 0 Rel Coal
Grant CHP [~]: 0 IRR 3~.~~ 1812~

25.0% 15.5%
3.5 4.8
9.1 9.5

6.2 8.9

Case: STAG-4 REF-gas REF-oil REF-coal

Investment 1000f 58000 11400 11400 44000
Grant 1000f 0 0 0 0
Discount 1000f 0 0 0 0
O~M cost 1000f 2774 800 800 2150
Fuel/year TJ 3126 1690 1690 1746

Fuel~year ~000f 38323 20719 15290 11749
EL praduction    M~h 291720 -1380 -1380 -8820

Cash-flow 1992
Industrial 1000f 13378 7949 5758
Public 10OOf 12261 7375 5001

CONTROL

Industrial HeaL & Power
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COGIN

Database

By choosing the menu option Import it is possible to introduce user developed invest-
ment cost and price’ scenario data into the model.

As explained in the model introduction COGIN calcuiates with data from two data files.
File COGIN-I contains data about investment cost and COGIN-P contains fuel and el~:-
tricity prices from different scenarios. Both data files are developed for the Dutch COGIN
study cailed 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 deveI-
oped scenarios, user investment eost or another eurrency. 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 wlth data (see the appendix for an example).

The price scenario and the investment cost file are indicated in the COGIN-window IeR of
’Price scenario’ and ’Unit DB’. The user must check whether the two used databases are
eompetitive. One can check whether both databases use similar currencies in the Con-
trol-window.

Indus[rial Heat & Power
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COGIN

Menu

Alt M(enu)

unit Sfze Quit

4 5 Quit

GT STAG BG BO BC LO LC Quit

SCENARIOS

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

Gas uil Coal Quit

,’ High Low Quit

High LOW Quit

High Low Qult

Elec-R ~ Elec-R cat Quit

I High Low Quit

4000 6000 8000 Quit

FIGURATION

Heat-value Efficiency Economlcs Fuel-calc Q~it

,’ ~ NL Foreign

ï Interest Loan-perlod Heat-disc Back-up

~ Gas Uil Coal

cap-bound

IMPORT

RESET

~ R-reset T-reset Quit

Industrial Heat & Power
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COGIN

Menu

Beside changing p~ameters in the windows in the direct cursor-control mode it is pos-
sible to work with a menu. This menu functions also as an imp]icit ’Help’-function or .
tutor. The Menu is called for by pressing ’AIt-<M>’.

Menu-optíons It is poss’~ble to select and change the fo]]owing options by the
menu:

Case: technieal parameters such as unit type and size
Price scenario: fuel prices
Vadant:
- Operating hours
- Electricity return rare and e]ectricity return category
- Fuel price category
- ]nvestment discount and grant for CHP- and Reference-

unit
Figuration: additional scenario parameters
Import: introduce ’User’-database files with price scenario
and!or CHP-unit data
Reset: return to COGIN-base-case.

Indus~ial Heat & Power
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Netherlands Energy Research Foundation ECN
ESC - Energy Studies

Appendices

INDUSTRIAL HEAT & POWER

An Economic Accounting Framework
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Files

lnvestment costs 10 bar

CHP-plant Database COGIN
Prlce level 1985

Named: .INST-10 AS..K34
INST-5 A38o.K64

=========================================================================================
Investments Database: IO bar steam

: lO00f
Code GT/WHB STAG BP-ga~ BP-oll BP-coal LP-gas LP-oll LP-coal

l-Inv 15500 x x x x 3200 3200 13500
l-Bed 130 x x x x 60 60 150
l-Brst 78.99 x x x x 46.15 46.15 48.80
I-EL 5.73 x x x x -0.04 -O.04 -0.28

Capaclty cat: 1
Investment     iO00f
O&M cost f/IOOOhr
Fuel/hout GJ/hr

2-1nv 24300 x x x x 4000 4000 18100
2-Bed 179 x x x x 63 63 183
2-Brst 137.14 x x x x 83.29 83.29 88.08
2-EL 10.87 x x x x -0.06 -0.06 -0.46

3-1nv 32600 4450 21800 21800 46100 7700 7700 30000
3-Bed 243 29 117 117 317 75 75 242
3-Brst 249.94 275.59 177.25 177.25 183.09 146.94 146.94 151.78
3-EL 19.39 25.61 6.76 6.76 5.88 -0.13 -0.13 -0.80

~nvestment     1000f 4-Inv 43000 58000 29000 29000 64800 11400 11400 44000
O&M cost f/1000hr ~-Bed 396 462 192 192 458 133 133 358
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
~nvestment     1000f 5-1nv 77700 102600 46600 46600 99500 19700 19700 72500
O&M cost    f/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 5-EL 73.36 97.24 25.94 25.94 22.92 -0.46 -0.46 -2.94
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lnvestment costs 5 bar

~nvestments Database: 5 bar steam
Currency : 1000f
capacity cat: 1 ~     Code ~GT/~B      8TAG BP-gas BP-oil~BP-coal LP-gas~ LP-oil LPncoa~

l-Brst x x x x x x x x

2-Bed x x x x x x x x

3-1nv x 45100 22400 22400 46700 7700 7700 30000
3-Bed x 293 117 117 317 75 75 242
3-Brst x 276.94 177.57 177.57 183.42 139.81 139.81 144.42
3-EL x 27.94 8.58 8.58 7.70 -0.13 -0.13 -0.80

4-Inv x 59200 30200 30200 66000 11400 11400 44000
4-8ed x 462 192 192 458 133 133 358
4-Brst x 523.17 340.45 340.45 351.67 268.00 268.00 276.84
4-EL x 53.08 16.45 16.45 14.94 -0.23 -0.23 -1.47

O&M cost f/lOOOhr
Fuel/hout GJ/hr
EL prod/use MW
Capacity cat: 2
Investment     1000f
O&M cost f/1000hr
Fuel/hout GJ/hr
EL prod/use MW
Capacity cat: 3

Investment     1000f 5-1nv x 104600 48600 48600 101500 19700 19700 72500
O&M cost    f/1000hr 5-Bed x 766 250 250 625 158 158 500
Fuel/hout GJ/hr 5-Brst x 1046.34 680.90 680.90 703.34 536.00 536.00 553.68
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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lnvestment costs User

CHP-plant Database USER
Prlce level 19..

Named: USER A7..K33

=========================================================================================
I0 bar steam
lO00f

GT/Wì~B STAG BP-gas BP-oll BP-coal LP-~as LP-oil LP-coal

78~;; ~ ~ ~ ~ 46.i; 46.i; 48.80
5.73 X X X X -0.04 -0.04 -0.28

Capaclty cat: 1        Code
~nvestment     lO00f l-Inv
O~M cost f/lOOOhr l-Bed
Fuel/hout GJ/hr 1-Brst
EL prod/use MW 1-EL
Capaclty cat: 2
Investment     lO00f 2-Inv ..... X x x x .............
O&M cost    f/lOOOhr 2-Bed ..- x x x

EL prod/use MW 2-EL 10.87 x x x x -0.06 -0o06 -0.46
Capacity cat: 3
~nvestment     1000f 3-1nv .....................................
O&M cast    f/1000hr 3-Bed
Fuel/hout      GJ/hr 3-Brst 249.94 275.59 177.25 177.25 183.09 146.94 146.94 151.78
EL prod/use MW 3-EL 19.39    25.61     6.76     6.76     5.88    -0.13    -0.13    -0.80

Capacity cat: 4
~nvestment 1000f 4-1nv ........................................
O~M cost    f/1000hr 4-Bed ........................
Fuel/hout      GJ/hr 4-Brst 473.90 520.97 340.13 340.13 351.34 281.66 281.66 290.95
EL prod/use ~4-EL 36.68    45.62    12.97    12.97    11.46    -0.23    -0.23    -I°47
Capaclty cat: 5
~nvestment      1000f 5-~nv .........................................
O~M cost    f/1000hr 5-Bed
Fuel/hout      GJ/hr 5-Brst 947.80 1041.94 680.26 680.26 702.68 563.32 563.32 581.90
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

[ COG~N-P. wrl ]

Named : BASE-CASE FI0..O43
9q%R-i    F47..O80
%q%R-2 F84..O117

==========================================================================================
Scenario:
EL-park :
Code : Base-case
Currency: f

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Gas High ct/m3
Low ct/m3

oil High f/ton
Low f/ton

Coal High f/ton
Low f/ton

EL High 4000 ct/kWh
High 6000 ct/kWh
High 8000 ct/kWh

EL Low 4000 ct/kWh
Low 6000 ct/kWh
Low 8000 ct/kWh

38.8 39.3 39.8 40.4 40.9 41.5 42.3 43.0 43.8 44.6
37.6 38.1 38.6 39.1 39.6 40.2 40.9 41.6 42.4 43.2

400 405 410 416 422 428 436 443 452 460
380 385 390 395 400 406 413 420 429 437

177 180 182 185 188 191 193 195 196 198
167 170 172 175 178 181 183 185 186 188

14.8 14.8 14.9 15.0 15.0 15.0 15.1 15.2 15.3 15.3
12.3 12.3 12.3 12.4 12.4 12.5 12.6 12.6 12.7 12.7
10.8 10.8 10.8 10.9 10.9 10.9 ii.0 11.1 11.1 11.2

14.1 14.1 14.1 14.2 14.2 14.3 14.4 14.4 14.5 14.6
11.7 11.7 11.8 11.9 11.9 11.9 12.0 12.1 12.1 12.2
10.3 10.3 10.4 10.5 10.5 10.5 10.6 10.6 10.7 10.7

R-EL hot guaranteed ct/kWh 7.1    7.1    7.1    7.2    7.2    7.3    7.4    7.4    7.5    7.5

High 4000 ct/kWh
High 6000 ct/kWh
High 8000 ct/kwh

9.6 9.6 9.6 9.7 9.7 9.8 9.9 9.9 I0.0 i0.0

R-G Low 4000 ct/kWh
Low 6000 ct/kwh
LOW 8000 ct/k~

9.3 9.3 9.4 9.5 9.5 9.5 9.6 9.7 9.7 9.7

Public 6000     ct/kWh        11.7 11.7 11.8 11.9 11.9 11.9 12.0 12.1 12.1 12.2

Backup f/kwe 55     55     55     55     55     55     55     55     55     55
==========================================================================================
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Prices

EL-park :
Code     : Var-I

1992 1993 1994 1995 1996 1997 1998 1999 2000 2OO1

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 41.6 42.4 43.2

Oil High f/ton 400 405 410 418 422 428 436 443 452 460
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 167 170 172 175 178 181 183 185 186 188

EL High 4000 ct/k~gh 15.0 15.2 15.2 15.3 15.3 15.4 15.6 15.6 15.7 15.8
High 6000 ct/k~ 13.0 13.2 13.2 13.3 13.3 13.4 13.6 13.6 13.7 13.8
High 8000 ct/k~/n 11.9 12.1 12.1 12.2 12.2 12.3 12.5 12.5 12.6 12.7

EL LOW 4000 ct/k~/n 14.9 15.1 15.1 15.2 15.2 15.3 15.5 15.5 15.6 15.7
Low 6000 ct/kWh 12.7 12.9 12.9 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 11.9 12.1 12.1 12.2 12.3

R-EL not 9uaranteed ct/kWh

R-G High 4000 c~/kWh
High 6000 ct/kWh
High 8000 ct/k~4h

R-G Low 4000 ct/kWh
Low 6000 ct/kWh
Low 8000 ct/kWh

Public 6000 ct/kWh        12.7 12.9 12.9 13.0 13.0 13.1 13.3 13.3 13.4 13.5

Bac~up f/kWe 55 55 55 55 55 55 55 55 55 55
==========================================================================================
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EL-park :
Code     : Var-2

1992 1998 1994 1995 1998 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 44.8
LOW ct/m3 37.6 38.1 38.6 39.1 39.6 40.2 40.9 41.6 42.4 43.2

O!l 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 167 170 172 175 178 181 183 185 186 188

EL High 4000 ct/kWh 16.2 16.8 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 13.5 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 14.5 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.g 14.1

R-EL hot 9~aranteed ct/kwh

R-G High 4000 ct/kWh
High 6000 ct/kwh
High 8000 ct/kWh

R-G Low 4000 ct/k~
Low 6000 ct/kWh
Low 8000 ct/kWh

Publlc 6000 ct/kWh       14.0 14.1 14.2 14.3 14.4 14.5 14.7 14.9 15.0 15.2

Backup f/kWe 55 55 55 55 55 55 55 55 55 55
==========================================================================================
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Prices

EL-park :
Code     : Var-8
Currency: f

1992 1998 1994 1995 lg96 1997 1998 1999 2000 2001

gas HiHh et/m8 39.5 40.4 41.8 42.2 48.2 44.2 45.7 47.1 48.7 50.8
Low ct/mg 38.2 89.1 40.0 40.9 41.8 42.8 44.1 45.5 47.0 48.5

oil HiHh f/ton 407 416 426 435 445 456 471 486 502 518
LOW f/ton 386 395 404 413 428 482 446 460 475 490

Coal High f/ton 222 225 228 231 234 237 240 243 246 249
Low f/ton 212 215 218 221 224 227 230 233 236 239

EL High 4000 ct/kWh 15.2 15.3 15.4 15.5 15.5 15.7 15.8 16.0 18.i 16.2
HiHh 6000 ct/kWh 12.7 12.8 12.8 12.9 13.0 13.1 13.2 13.4 13.4 13.6
High 8000 ct/kWh 11.2 11.3 11.3 11.4 11.4 11.6 11.7 11.8 11.8 12.0

EL Low 4000 ct/kWh 14.5 14.6 14.6 14.7 14.8 14.9 15.1 15.2 15.3 15.4
LOW 6000 ct/kWh 13.i 12.2 12.3 12.3 12.4 12.5 12.6 12.8 12.8 13.0
Low 8000 ct/kwh 10.7 10.8 10.9 ii.0 ii.0 II.i 11,2 11.3 11.4 11.5

R-EL hot ~/ara~teed ct/kWh

High 4000 ct/kWh
High 6000 ct/kWh
High 8000 ct/kWh

H-G Low 4000 ct/kWh
Low 6000 ct/kWh
LOW 8000 ct/kWh

Public 6000 c~/kWh 12.1 12.2 12.3 12.3 12.4 12.5 12.6 12.8 12.8 13.0

Backup f/kWe 55 55 55 55 55 55 55 55 55 55
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Prices

EL-park :

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Gas 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

oll Hlgh f/ton 385 385 385 385 385 385 385 385 385 385
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 159 160 161 163 164 165 167 168 170 171

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 ct/kWh 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.1 12.1 12.1
High 8000 ct/kWh 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.6 10.6 10.6

EL Low 4000 ct/kWh 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8
Low 6000 ct/kWh 11,5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5
Low 8000 ct/kWh I0.I I0.I I0.I I0.I i0.i i0.i I0.i I0.I I0.i I0.I

R-EL hot guaranteed ct/kWh

R-G High 4000 ct/kwh
High 6000 ct/k~h
High 8000 ct/kWh

R-G Low 4000 ct/kwh
Low 6000 ct/k~
Low 8000 ct/kWh

Public 6000 ct/kWh       11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

Back-up f/kWe 55 55 55 55 55 55 55 55 55 55
==========================================================================================

Indus~ial Heat & Power

October 1991 47



Prices User

[COGIN-PU.wrl] Scenario database USER

Named: USER F6..O41

==========================================================================================
Scenario: ..........
EL-park : ..........
Code      :
Currency: f

Gas High ct/m3 ........................................
Low ct/m3 ........................................

Oil High f/ton
Low f/ton

Coal High f/ton
LOW f/ton

EL High 4000 ct/kWh
High 6000 ct/kWh
High 8000 ct/kWh

EL Low 4000 ct/kWh
LOW 6000 ct/kWh
Low 8000 ct/kWh

R-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/kWh
Low 8000 ct/kWh

Public 6000 ct/kWh ........................................

Bac}o/p f/kWe
==========================================================================================
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Model

Typ~ code input    : STAG GT/WHB 8TAG BP-gas BP-oll BP-coal LP-gas LP-Oll LP-coal
Code: ST GT ST BG BO BC LG LO LC

Nr: 2 1 2 3 4 5 6 7 8
Fuel: g g g g o k g o k

Capacity cat input: 4 1 2 3 4 5
Code: 4 17 30 55 106 212

Capacity: 106 1 2 3 4 5

STAG BP-gas BP-oll BP-coal LP-gas LP-oll LP-coal
x x x x 3200 3200 13500
x x x x 60 60 150
x x x x 46.15 46.15 48.80
x x x x -0.04 -0.04 -0.28

Currency : 10OOf
Capacity cat: 1 Code GT/WHB
Inv~stm~nt lO00f l-Inv 15500
O&M cost f/iOO0hr l-Bed 130
Fuel/hout GJ/hr l-Brst 78.99
EL prod/use MW I-EL 5.73
Capacity cat: 2
Investment     1000f 2-Inv 24300 x x x x 4000 4000 18100
O&M cost f/lOOOhr 2-Bed 179 x x x x 63 63 183
Fuel/hout GJ/hr 2-Brst 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
Capaclty cat: 3
Investment 1000f 3-1nv 32600 4450 21800 21800 46100 7700 7700 30000
O&M cost f/lOO0hr 3-Bed 243 29 117 117 317 75 75 242
Fuel/hout      GJ/hr 3-Brst 249.94 275.59 177.25 177.25 183.09 146.94 146.94 151.78
EL prod/use MW 3-EL 19.39 25.61 6.76 6.76 5.88 -O.13 -0.13 -0.80
Capaclty cat: 4
Investment     1000f 4-Inv 43000 58000 29000 29000 64800 11400 11400 44000
O&M cost f/1000hr 4-Bed 396 462 192 192 458 133 133 358
Fuel/hout      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
Investment lOOOf 5-1nv 77700 102600 46600 46600 99500 19700 19700 72500
O&M cost    f/lOOOhr 5-Bed 666 766 250 250 625 158 158 500
Fuel/hout      GJ/hr 5-Brst 947.80 1041.94 680.26 680~26 702.68 563.32 563.32 581.90
EL prod/use MW 5-EL 73.36 97.24 25.94 25.94 22.92 -0.46 -0.46 -2.94

Case: ST~G 4 R-gas R-Oll R-coal

~nvest 1000f 4-~nv 58000 11400 11400 44000
O&M cost f/IOOOhr 4-Bed 462 133 133 358
Operatlng hours hr 6000
O&M cost        lO00f 2774 800 800 2150
Fuel/hout    GJ/hour 4-Brst 520.97 281.66 281.66 290.95
Efficiency cor - 1.00 1.00 1.00
Fuel/hour GJ/hour 520.97 281.66 281.66 290.95
EL prod/use MW 4-EL 48.62 -0.23 -0.23 -1.47
=================================================================
Investment 1000f 58000 11400 11400 44000
Inv discount prc 0 0 0 0
Investment lO00f 58000 11400 11400 44000
fnv grant prc 0 0 0 O
Grant lO00f 0 0 0 O

Interest prc 4
Loan term year i0
capital iOOOf 7151     1406 1406 5425
=================================================================
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Model

Code Fuel Category Netherlands STAG-4 Rel-gas Ref-oll Ref-coal

Fuel GJ/year 3125820 1689960 1689960 1745700
Fuel type g g o k

Gas consumption mln m3/yr 99 53 ......
Oil Low consump ton/year O .........
Oil High consump ton/year 0 .........
coal consumption ton/y~ar O ...... 66

Gas boundary mln m3/yr 61 54 ---
Coal boundary kton/¥ear 21

Cat gas g-I g-h

Cat ceal k-h k-i
cat fuel NL g-I g-h o-i k-i

Code Fuel Category Foreign STAG-4 Ref-gas Ref-oil Ref-coal
Cat gas g-h g-h ---

Cat coal k-h k-h
Cat fuel Foreign g-h g-h o-i k-h

Cat fuel Input                             g-h         g-h         o-i         k-h
===============================================~======================

STAG-4 Rel-gas Ref-oil Ref-coal
EL p/u MWh 291720 -1380 -1380 -8820
TL MWh 0
EL netto MWh 291720 293100 293100 300540

Code EL -prices
Cat bound: I0 EL TL

EL/TL : EL TL
TL cat LOW . L
Capacity: i0 LOW L L
Hours : 6000 6 6
Code EL.L6 TLL
======================================================================
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Model

Horizon 1 2 3 4 5 6 7 8 9 i0

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 48.8 44.6
sas-low g-i 37.6 38.1 38.6 39.1 89.6 40.2 40.9 41.6 42.4 43.2

Oil-high o-h 400 407 411 418 425 432 436 440 448 448
Oil-low o-I 380 386 391 897 404 410 414 418 421 425

Coal-hlgh k-h 177 180 182 185 188 191 193 195 196 198
coal-low k-1 167 170 172 175 178 181 183 185 186 188

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 12.6 12.6 12.7 12.7
High 8 EL.H8 10.8 10.8 10.8 10.9 10.9 10.9 ii.0 II.I ii.i 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 6 EL.L6 11.7 11.7 11.8 11.9 11.9 11.9 12.O 12.1 18.1 12.2
Low 8 EL.L8 10.3 10.3 10.4 10.5 10.5 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 TLFL~4
High 6 TLH~6 9.6
High 8 TLHH8

9.6 9.6     9.7     9.7     9.8     9.9     9.9    10.0    10.0

Low 4 TLHL4
Low 6 TLHL6 9.3
LOW 8 TLHL8

9.3 9.4     9.5     9.5     9.5     9.6     9.7     9.7     9.7

publlc 11.7 11.7 11.8 11.9 11.9 11.9 12.O 12.1 12.1 12.2

Backup 55 55 55 55 55 55 55 55 55 55
====================================================================~================ .....
Fuel Inst g-h 38.8 39.3 89.8 40.4 40.9 41.5 42.3 43.0 48.8 44.6

R-g g-h 38.8 39.3 89.8 40.4 40.9 41.5 42.3 43°0 43.8 44.6
~-o o-1 380.0 386.2 390.7 396.9 408.7 409.9 414.4 418.4 420.7 425.2
R-k k-h 177.0 179.9 182.0 184.9 188.0 190.9 193.0 194.9 195.9 198.0

Heat oil h 40.0
Input Heat~oil-- 42.0

f/GJ Inst 12.26 12.42 12.58 12.76 12.92 13.11 13.36 13.59 13.84 14.09
Rel gas 12.26 12.42 12.58 12.76 12.92 13.11 13.36 13.59 13.84 14.09
Rel oil 9.05 9.20 9.30 9.45 9.61 9.76 9.87 9.96 10.O2 10.12
Rel 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 11.9 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 f/kW 55 55 55 55 55 55 55 55 55 55
prc 50

10OOf 1337    1337 1337 1337 1337 1337 1337 1387 1337 1887
===========~=========================================================================~====
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Model

Appendices

Sales EL

TOT

lOOOf 34293 34293 34586 34879 34879 34879 35172 35465 35465 35758
1000f 0 0 0 0 0 0 O 0 0 0
1000f 34293 34293 34586 34879 34879 34879 35172 35465 35465 35758

TOT Inst lO00~     8141    8641 8848 9118 9618 10212 10700 11126 11907 12396

Exploitation reference [GAS]

Gas 1000f 20719 20989 21260 21564 21834 22155 22578 22967 23389 23812
O&M cost 1000f 800 800 800 800 800 800 800 800 800 800

TOT Rel 1000f 21519 21789 22060 22364 22634 22955 23378 23767 24189 24612

ES INST 1008f 8141 8641 8848 9118 9618 10212 10700 11126 11907 12396
KS REF lOOOf 21519 21789 22060 22364 22634 22955 23378 23767 24189 24612
KS grant 1000f 0
KS case -46600 13378 13148 13212 13246 13017 12744 12678 12641 12282 12216
IRR = 25.O~

PBT -46600 -33222 -20074 -6862 6384 19401 32144 44822 57463 69745 81961
Whole years 1 1 1 0 0 0 0 0 0 0
Fraction years 0.0 0.0 0.0 0.5 0.8 0.0 O.0 0.O 0.0 0.0

year 3,5

NCW -46600 10699 8410 6758 5419 4259 3335 2653 2116 1644 1308

Inst Var 1000f 42434 42934 43434 43997 44497 45091 45872 46591 47372 48154
Inst Capit IOOOf 7151 7151 7151 7151 7151 7151 7151 7151 7151 7151
Inst TOT IO00f 49584 50085 50585 51147 51648 52241 53023 53742 54523 55305
Rel Var iO00f 21519 21789 22060 22364 22634 22955 23378 23767 24189 24612
Rel Caplt lOOOf 1406 1406 1406 1406 1406 1406 1406 1406 1406 1406
Rel TOT 1000f 22924 23195 23465 23769 24040 24361 24783 25172 25595 26017
EL saldo lO00f 26660 26890 27120 27378 27608 27881 28239 28570 28929 29288
EL prod ct/kWh 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 iO.0
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Model

Exploltatlon reference [OIL]

O11             1000f 15290 15540 15722 15972 16244 16494 16676 16835 16926 17108
O&Mcost 1000f 800 800 800 800 800 800 800 800    800 800

TOT Rel lO00f 16090 16340 16522 16772 17044 17294 17476 17635 17726 17908

KS INST 1000f 8141 8541 8848 9118 9618 10212 10700 11125 11907 12396
KS REF lO00f 16090 16340 16522 16772 17044 17294 17478 17635 17726 17908
KS gran~ 1000f 0
KS case -46600 7949 7699 7674 7654 7427 7083 6776 6509 5819 5512

PBT -46600 -38651 -30952 -23278 -15624 -8197 -1115 5661 12170 17989 23501

Fraction years 0.0 0.0 0.0 0.g 0.0 0.0 0.2 0.0 0.0 0.0
year 6.2

NCW -46600 7308 6508 5964 5469 4879 4278 3763 3323 2731 2379

Inst TOT i000f 49584 50085 50585 51147 51648 52241 53023 53742 54523 55305
Rel Var lO00f 16090 16340 16522 16772 17044 17294 17476 17635 17726 17908
Rel Capit lO00f 1406 1406 1406 1406 1406 1406 1406 1406 1406 1406
Rel TOT lO00f 17496 17746 17927 18177 18450 18700 18882 19041 19131 19313
EL saldo lO00f 32089 32339 32657 32970 33198 33542 34141 34701 35392 35992

Exploitatlon reference [COAL]

Coal 1000f 11749 11941 12080 12272 12482 12674 12813 12936 13005 13145
O&M Cost 1000f 2150 2150 2150 2150 2150 2150 2150 2150 2150 2150

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

KS I~ST 1000f 8141 8641 8848 9118 9618 10212 10700 11126 11907 12396
KS REF 1000f 13899 14091 14230 14422 14632 14824 14963 15086 15155 15295
KS ~rant 1000f 0
KS case -14000 5758 5450 5382 5305 5014 4612 4263 3960 3248 2899

PBT -14000 -8242 -2793 2589 7894 12908 17520 21784 25743 28992 31891
Whole years 1 1 0 0 0 0 0 0 0 0
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

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
Rel Capit 1000f 5425 5425 5425 5425 5425 5425 5425 5425 5425 5425
Rel TOT 1000f 19323 19515 19655 19847 20057 20249 20386 20510 20580 20720
EL saldo 1000f 30261 30569 30930 31300 31591 31993 32635 33231 33943 34585
EL prod ct/kWh 10.4 10.5 10.6 10.7 10.8 II.0 11.2 11.4 11.6 11.9
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Model

PBT -58000 -45739 -33734 -21695 -9653 2132 13613 24984 36277 47170 57953
Whole years 1 1 1 1 0 0 0 0 0 0
Fraction years 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0

year 4.8

Saldo EL 1000f 27615 27872 28129 28418 28675 28980 29381 29750 30151 30552
Prod EL ct/kWh 9.5    9.6 9.6 9.7 9.8 9.9 i0.i 10.2 10.3 10.5
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Model

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

Exploitatlon reference [COAI]

Expl lO00f 13899 14091 14230 14422 14532 14824 14963 15086 15155 15295
Capital 1000f 5425 5425 5425 5425 5425 5425 5425 5425 5425 5425
Subtotal 1000f 19328 19515 19655 19847 20057 20249 20388 20510 20580 20720
Heat dlsc 1000f 1932 1952 1966 1985 2006 2025 2039 2051 2058 2072
Rel TOT 1000f 17391 17564 17690 17862 18051 18224 18349 18459 18522 18648

KS INST lO00f 41097 41597 42097 42659 43160 43754 44535 45254 46035 46817
KS therm lO00f 11966 12139 12265 12438 12626 12799 12925 13035 13097 13223
KS elec 1000f 34131 34131 34423 34715 34715 34715 35006 35298 35298 35590
KS grant 1000f 0
KS case -58000 5001    4674 4591 4493 4181 3760 3396 3079 2360 1996

PBT -58000 -52999 -48325 -43735 -39242 -35061 -31301 -27904 -24826 -22465 -20469

Fractlon years 0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0
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App¢ndices Explanation of input

Energy

Energy consumption and production ~

For the ’GEINLproject several steam production options were investigated on energy
related technica] aspects. To make a verification possible the starting pointswill be
explained in this appendix.

Gasturbine
The figures for the gasturbine generator units ware promptad by the supplier of the gas-
turb’tnes. Fat the GT/WHB and STAG the next gasturbines fat the distinguished steam
productions are used:

~. 7 ton/hout Tornado Ruston
30 ton/hour Ailison (2x) Detroit
55 ton/hout T10 SuIzer
106 ton/hour Frame 6 General Electric
212 ton/hour Frame 6 (2x) General Electric

The Iosses by bearings, oii cooling, auxfliaries like oil 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 wiil be lead into the weste heat boiler.

Fuels
For natural gas a heat value is used of 31.65 MJ/Nm~ and a sufficient gas pressure is
assumed tobe available. The heat value of the coal in the tables is 26.3 M.J/kg and based
on a type of coal suitable for firing in an atmospheric fluidized bad combustion boiler
(AFBC).

Waste heat bo’der
~. The waste heat boiler receives the flue gases out the gasturbini unit. Thire is a possibility

of co-firing with natural gas. The waste heat bo’~]er is fed with boiler feedweter 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 (retum-tem-
perature of 90 °C) to a temperature of 105 °C. The boiler feedwater consists of 75%
retum-condensate from the processes. The suppiement will be fed by a water desailna-
tion equipment. To determine the net steam production of the ,.vaste heat boiler this
amount of steam for degasification bas tobe taken into account, as well as the blow-aft
and radiation losses (both about 1%). The waste heat boiler is designed fat 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 oi 80 bar, 485 iC. From the outlet of the waste heat boiler 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. After the expansion in the
back pressure turbine the desired process-steam conditions will exact]y be reached.
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Explanation of input

Energy

I~gh pressure steamboiler
In contrast with the steam condition of the HP waste heat boiler for the STAG the HP ....

steamboiler is designed for producüon 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 coai fired AFBC used for the steam amounts of 55 and 106 ton!hout has an effi-
ciency of 91 percent.

Low pressure steambo~ler
In the study two low pressure (LP) steamboilers are considered for separate LP-steam
production. The gas fired LP boilers of 17 and 30 toWhour have an efficiency of 92 per-
cent; the 55 and 106 ton!hour boiler have a higher efficiency of 94 percent. The coa]
fired AFBC has for the steam amounts 17 and 30 toWhour an efficiency of 87 percent.
The ]arger AFBC boilers (55 and 106 toWhour) have an efficiency of 91 percent.

The next table gives the internal energy uses of e[ectricity that has heen raken into
account for the several CHP- and boiler-units.

Unit Pressure kW/ton steam

Waste heat boli~r I0 bar 1.2
80 bar 5.4

HP-gas boiler I00 bar 6.7
HP-AFBC boiler 80 har 21.8
LP-sas hoiler 5/10 bar 2.3
LP-AFBC boiler 5/10 bar 15.0

Average internal energy use

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

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 bave heen mentioned already for the waste heat boiler.
The isentropic turbine efficiency is 83%.

EnergeIic 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 I0 bar and 220 °C. The second table gives the results for 5 bar, 155 °C. The
results for the steam amount of 212 toWhour can be obtained from the figures of the
unit of 106 toWhour (x2). Trying to find a proportionality between the energy figures is
hot possible due to fact that the steam production figures are slightly rounded.
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Energy

Steam [ton/hou~] 17 30 55 106

i0 bar, 220 °c 6000 hours

GT/%~dB
kw gross GT 5750 10900 19460 36800
kw internal use 20 30 70 120

m3/hour nominal 2268 3919 7139 13552
m3/hour co-flrlng 228 414 758 1421
m3/hour gas total 2496 4333 7897 14973
GJ/hour 78,99 137,14 249,94 473,90
mln m3/year 15 26 47 90

STAG
kW gross GT 19460 36800
kW gross BP 6450 12380
kW 9ross total 25910 49180
kw internal use 300 560
MW net 25,61 48,62

m3/hour nominal 7139 13522
m3/hour co-firing 1568 2938
m3/hour gas total 8707 16460
GJ/hour 275,59 520.97

HP/BP-gas
kW gross BP 7130 13680
kw fnternal use 370 710
MW net 6,76 12.97

GJ/hour 177.25 340,13
m3/hour gas 5600 10750
mln m3/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/hout coal 7,0 13,4
kt/y~ar 42 80

LP-coal
GJ/hour 48,80 88,08 151,78 290,95
ton/hout coal 1,9 3,3 5,7 ii,0
kt/year ii 20 35 66
kW internal use 280 460 800 1470

LP-gas
GJ/hour 46,15 83,29 146,94 281,66
m3/hour gas 1458 2632 4643 8899
mln m3/year 9 16 28 53
kw internal use 40 60 130 230

Electric power production and energy consumption
Process-steam condition 10 bar, 220 °C
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Energy

Changed proces~stearn condilJon
Due to the f~ct that the electric power produced with the back pressure turbine depends ~
on the desired steam condition (the pressure), the energetic figures for theSTAG and the
HP/BP CHP-units are also defined for a process pressure of 5 bar, 155 °C.

Steam [ton/hout] 55 I06

5 bar, 155 °C 6000 hours

STAG
kw gross GT 19460 36800
kW gross BP 8780 16840
kw gross total 28240 53640
kW lnternal use 300 560
MW net 27,94 53.08

m3/hour nominal 7139 13522
m3/hour co-firing 1568 2938
m3/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
GJ/hour 177,57 340,45

m3/hour gas 5610 10758
mln m3/year 34 65

HP/BP-coal
kW gross BP 8950 17160
kw internal use 1250 2220
~ net 7,70 14.94

GJ/hour 183,42 351,67
ton/hout coal 7,0 13,4
kt/year 42 80

LP-coal
GJ/hour 144,42 276,84
ton/hourcoal 5,5 10,5
kt/year 33 63
kw internal use 130 230

LP-gas
GJ/hour 139,81 268,00
m3/hour gas 4417 8468
mln m3/year 27 51
kw internal us~ 800 1470

~ectfic power producdon and ener0y consumption
Process-steam condition 5 bar, 155 °C
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: Some specific data can be obtained ffom the energetic results:

8team [ton/hout]                    17 30 55 106
i0 bar, 220 °C

Gasturblne efficiency 28,8 31,4 31,O 31,0
Waste heat temperature °C 480 540 520 540

GT/WHB
nomlnal

co-firlng

kWh/t steam 420 440 440 430
kJth/kJe 1,9 1,8 1.8 1.9
k~h/t steam 340 355 350 350
kJth/kJe 2.4 2,3 2,3 2,3
efficiency [~] 81 8S 84 85

STAG
nominal k~/n/t HP-steam 650 610

kJth/kJe 1,2 1,3
co-fired     k~~h/t HP-stea~ 345 350

kJth/kJe 2,3 2,3
with BP k~Zn/t LP-stea~ 465 460

kJth/kJe 1,7 1.8
efficiency [~] 84 85

HP/BP-gas kWh/t steam 120 120
kJth/kJe 6,7 6.7
efficiency [%] 91 91

HP/BP-coal kWh/t ste~m 110 ii0
kJt~/kJe 7,3 7,3
efficiency [%] 87 87

Characteristic parameter values of CHP-units
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Explanation of input

lnvestment

]nvestments and other costs

Budget prices, based on the energetic and technical l:~rameters that were the result of
the calculations for the main components, were asked from the supp]ier. So a lay-out was
produced. This lay-out was designed as a ’green meadow’ situafion, which ind~cates 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 severeg other paris has to be d~stinguished:

1.Civil works
2,Fuel supply
3.Boiler
4.Feedwater systems
5. Instrumentation and electrica] systems
6.Gasturbine generator unit
7.Piping
8.BP-steamturbine
9,Remaining
10. Engineering and unforeseen.

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

The costs for operating and maintenance (O&M) w~re determined as foiIows. Dependant
on the s~ze of the unit the cost for the oparating persona} (in a shift) was defined. The
maintenance costs ware based on a percentage of the investment. The previous assump-
tions resulted in a percentage O&M that does not show a regular pattarn. For the cases
with a gasturbine unit (GT/WHB and STAG) additional costs ware aecounted for protec-
tion of the environment. In this study has heen assumed that the NOx 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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Appendices

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

I0 bar, 220 °C I000 Dfl (1985)

GT/Wì4B
lnvastment 15000 23500 31500 41500 75000
Incl. erect, rata 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
Environment 132 222 408 774 1548

STAG
lnvestment 43000 56000 99000
£ncl. erection rare 44500 58000 102600
O & M 1350 2000 3050
Perc. O & M 3,0 3,5 3,0
Environment 408 774 1548

HP/BP-gas
lnvestment 21000 28000 45000
Incl. erection rare 21800 29000 46600
O & M 700 1150 1500
Perc. O & M 3,2 4,1 3,2

HP/BP-coal
Investment 44500 62500 96000
Incl. erection rare 46100 64800 99500
o & M 1900 2750 3750
Perc. O & M 4,1 4.2 3,8

LP-coal
Investment 13000 17500 29000 42500 70000
Incl. erect, rate 13500 18100 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 ii000 19000
Incl. ~rect, rare 3200 4000 7700 11400 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
for 6000 hours

protec~on

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 heen 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 rare of 4% without
inflation).
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[nvestment

If the units are designed with a back pressure turbine and a process-steam eondition of 5 ......
bar, 155 °C the investments have to 1~ increased as shown in the next table:

Steam [ton/hout] 55 106 2x106

i000 Dfl (1985)

STAG 600 1200 2000
HP/BP-gas 600 1200 2000
HP/BP-coal 600 1200 2000

AddiUonal investment, 5 bar process-stearn condition

An explanation of the distinguished parts 1 tim 10 follows:

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. CMI works include the building
for the control room, the BP-steamturbine hall, the places for the feedwater purnps
and the deminerallzation equipment, and the rooms for the electric high- and low-
voltage equipment. For large units an office, storage, and repair-shop are included.
AIso the fundament for the steambofler and waste heat boiler, BP-steamturbine and
gasturbine generator unit are taken into account.

2. Fuel supply
For the natural gas fired units the connection pipes and a pressure reducing faeility
have heen included. No reserve reducing capacity has heen assumed. Coal-firing
necessitates the follow[ng equipment: unloading station, storage for 10 days, coal
transport system, coaI 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 batween

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

Boilers
The gas fired boilers and waste heat boilers 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 rare of the fossll fuel fired boilers is 1:3. The waste heat boilers
are suitable 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/m3 flue gases for the gas fired boilers. For the coal fired boilers: NOx 500
mg/m~, SO2 700 mg/m3 and dust .50 mg/m3. The investments also contain the stack
and the cireulation pumps.

Feedwater supply
The following equipment is necessary to condition the feedwater for the boiler: a
desalinafion device, condensate pumps, degasification and feedwater pumps, and
necessary piping.
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Instmmentation and electric systems
The instrumentation is used for the fuel supply sy~tem, the f~dwater system, and the
control of the boilers. The high voltage electric system in¢ludes a 10 kV double rail .
devlce with a generator field and conn~tions to an existing 10 kV system,’the inter-
hal transformer for the device, synchronization d~-~áces, and a cut-off device. The
conn~ction to the electricity-grid includes an expansion of the suppos~l present
electricity supply system.

6. Gasturbine generator unit
A compIete gasturbine generator unit includes the next boundaries for delivery: inlet
flange, gas supply appendage for the gas inlet, the air inlet b~fore the filter, and the
waste gas outlet until the flange. The electrical device will be deliver~~:t until the con-
nections of the generator.

7. Piping
l~aside the isolated piping for feedwater, condensate, steam, and cooling water has ......
been raken into account a pressuie reduction and/or steam cooling water injection
pump for the conditioning of the steam to desir~l process-steam pressure and
temperature. About 50 m of piping has heen taken into account, excluding the piping ....
for distribution.

8, BP-steamturbine
A comp[ete unit with generator.

9. Remaining
This concerns the temporary facilities, ¢osts for legislations, insurance, training, and
start-up of the unit.

10. Engineering and unforeseen (about 15%)
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[nvestment

The next tables gNes:detailed data of the mentioned parts of the investment:

Steam [ton/hout] 17 30 55 106 2xlO6

LP: iO bar, 220 °C i000 Dfl (1985)

I. Civil 800 Ii00 1695 2125 3385
2. Fuel supply 160 180 180 200 325
3. WHB 1350 1500 3000 5300 9000

co-firin9 750 1500 1500 2500 5000
4. Feedwater system 260 360 530 910 1650
5. xnstrumentation/ 1900 2540 3080 3900 6200

electric 8ystems
6. Gasturbl~e             6600 12000 15600 Ig000 36000
7. Plplng 680 770 1020 1450 2520
8. BP-steamturbine
9. Remaining 530 640 780 880 1160

i0. Engineerins and       1970 2910 4115 5235 9760
unforeseen

Total 15000 23500 31500 41500 75000

Specification investment GT/WHB

Steam [ton/hour] 55 iO6 2xi06

HP: 80 bar, 485 °c; LP: i0 bar, 220 °C IOOO Dfl (1985)

i. Civil 2920 3755 5575
2. Fuel supply 180 200 325
3. Boiler 3200 7500 14000

Co-firing 3000 3000 6000
4. Feedwater system 1200 19OO 3580
5. lnstrumentation and 4160 51OO 8300

electric systems
6. Gasturbine 15600 19000 36000
7. Piplng 2260 2790 5000
8. BP-ste~turbine 3800 4400 5900
9. Remaining 1040 1230 1400

i0. Engineering and unfor~seen 5640 7125 12920

Total 43000 56000 99000

Additional 5 bar process-steem 600 1200 2000

Specification inwstment STAG
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Steam [ton/hout] 55 106 2xi06

HP: IOO bar, 500 °c: LP: I0 bar, 220 °C IOO0 Dfl (1985)

i. Civil 2270 3015 4255
2. Fuel supply 70 85 130
3. Boiler 4600 6800 13000
4. Feedwater-supply 1200 1900 3580
5. Instru~entation and 3250 4030 5650

electrical system
6. Gasturblne
7. Piplng 2040 2740 4700
8. BP-steamturbln~ 4000 4900 6200
9. Remalning 940 1090 1430

iO. Engineering a~d unforeseen 2630 3440 6055

Total 21000 28000 45000

Additional 5 bar process steam 600 1200 2000

Specification investment HP/BP-gas~

Steam [ton/hout] 55 106 2xi06

HP: I00 bar, 500 °c: LP: IO bar, 220 °C I000 Dfl (1985)

I. Civil 3700 5200 7610
2. Fuel supply 5780 10210 12230
3. Boiler 15500 21400 39000
4. Feedwater system 1200 1900 3580
5. Instrumentatlon a~d 4900 6390 7800

electrical system
6. Gasturbine
7. Piping 2040 2740 4700
8. BP-steamturbine 4000 4900 6200
9. Remaining 1470 1670 2250

I0. Engineering and unforeseen 5910 8090 12630

Total 44500 62500 96000

Specification investment HP/BP-coal

600 1200 2000

It has heen assumed Lhat the investment ~ost of HP!~P-oil are similar to the invest-
ment cost of HP/BP-gas.
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[nvestment

Steam [ton/hout] 17 30 55 105 2x106

LP: 5 and i0 bar I000 Dfl (1985)

i. Clvll 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. £nstrumentation/ 510 735 1170 1700 2655

electric system
6. Gasturbine
7. Piping 680 770 1020 1450 2520
8. BP-steamturblne
9. Remaining 270 300 500 580 680

IO. Engineering and        390 525 1055 1550 2720

Total 3100 3900 7400 IIOOO 19000

Specifica~on investment LP-gasI

Steam [ton/hout] 17 30 55 106 2xi06

LP: 5 a~d I0 bar I000 Dfl (1985)

I. 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. ~nstrumentatlon/ 1700 2100 2650 4100 6900

6. Gasturblne
7. Piplng 680 770 1020 1450 2520

9. Remaining 890 i000 1150 1270 1700
I0. Engineering ~d 1710 2255 3595 5420 8490

Total 13000 17500 29000

Specification investment LP-coa] (AFBC)

42500 70000

It has been assumed that the investment cost of LP-oil are similar to the investment
cost of LP-gas.
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Several characterisl:ic investment: costs (exclusive the rate during erection) are given in the
next table:

Steam [ton/hout] 17 30 55 106 2xiO6

10 bar, 220 °C 1000 Dfl (1985)

Gasturbine /MW 1150 Ii00 800 520 490
LP WHB /t steam 120 i00 80 75 65
GT/WHB total !MW 2620 2160 1620 1130 1020

HP WHB /t stea~ ii0 i00 95
STAG total /MW 1680 1150 1020

HP gas boiler /t steam 85 65 60
HP AFBC boiler /t steam 280 200 185
BP turbine /MW 560 360 230
HP/BP-gas tot. /MW 3110 2160 1730
HP/BP-coal tot. /MW 7570 5450 4190

LP-coal-boile~ /t steam 760 580 530 400 330
’LP-gas-boiler    /t steam 180 130 130 I00 90

Specific investment units

Steam [ton/hout] 55 106 2x106

I000 Dfl/MW (1985)

STAG IO bar 1620 1130 1020
5 bar 1560 1080 950

HP/BP-gas I0 bar 3110 2160 1730
5 bar 2520 1780 1430

HP/BP-coal I0 bar 7570 5450 4190
5 bar 5860 4260 3280

Specü’ì¢ investment CHP units
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