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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 26382 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:{Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 192, Gas turbifies:
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INTERNATIONAL STANDARD ISO 26382:2010(E)

Cogeneration systems — Technical declarations for planning,

evaluation and procurement

1 cope

This [International Standard describes the technical declarations for a cogeneration ‘system

(CGS) that

simultaneously supplies electric power and heating and/or cooling, for planning, evaluation'and pfjocurement.

It applies to the identification of investigation items for project evaluation, CGS evaluation,
information works for CGS procurement.

It also specifies necessary check items in CGS planning, provides a procedure to obtain thg

configuration of the CGS for each project, and includes a detailed proéess diagram of the key
stepy.

2 ormative references
The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO 15663-2:2001, Petroleum and naturall-gas industries — Life-cycle costing — Part 2: (
appligation of methodology and calculationsmethods

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1

asset
resoyrce owned by-an organization, normally for the purpose of generating income or increasing

3.2
auxiljary-heating and/or cooling sources

and primary

satisfactory
development

t. For dated
b referenced

buidance on

alue

equigment installed in the CGS which supply additional heating and/or cooling, as required

EXAMPLE Steam and/or hot water boilers, direct-fired absorption chillers/heaters, and motor-driven machines.

3.3
availability

share of the total time that the CGS is available to produce electric power, heating and/or cooling as required

during a defined period, normally a calendar year

3.4

capital expenditure

money used to purchase, install and commission a capital asset

[ISO 15663-1:2000, definition 2.1.6]
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3.5
cogeneratio
CGS

n system

facility which simultaneously generates electric power and heating and/or cooling using exhaust gas or waste
heat from engines or prime movers

3.6

conventional system
system or equipment which supplies electric power (including imported electric power from an external grid)
and heating and/or cooling independently without using exhaust gas or waste heat from engines or prime

movers

3.7

fuel supply agreement

agreement e
of the facility

3.8
internal rate
IRR
discount rate

NOTE Fo

3.9

life cycle
all developn
including dis
[1ISO 15663-1

3.10

life-cycle cost

LCC
discounted ¢

[ISO 15663-1

NOTE Lif
A method for ¢

3.1
net present
NPV
sum of the to

htered into with a fuel supplier which provides the basis of ensuring the fuel supply requiren
over a defined period

of return

that gives a net present value equal to zero

- more information on this time-discounted measure of investment desirability, see ISO 15663-2:2001,

ent stages of an item of equipment or function, from when the study commences up td
posal

:2000, definition 2.1.14]

Limulative total of all costs incurred by a special function or item of equipment over its life cyq
:2000, definition 2.1.15]

e-cycle cost means the sum of all the expenditures associated with the project during its entire servig
alculating the life-cycle-cost is shown in Annex B.

value

tal disesounted costs and revenues

[ISO 15663-1

nents

4.1.4.

and

le

e life.

:2000, definition 2.1.18]

3.12

operating expenditure

money used

for operation and maintenance, including associated costs such as logistics and spares

[ISO 15663-1:2000, definition 2.1.19]
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3.13
payback period
period after which the initial capital invested has been paid back by the accumulated net revenue earned

[ISO 15663-1:2000, definition 2.1.20]

NOTE The payback-period method is not equivalent to the internal-rate-of-return method. The payback-period
method is recommended only as a secondary method of measuring investment worth. In particular, it is suggested that the
payback-period method be used in addition to a method based on the time value of money.

3.14

reliahility
sharg of the time outside of planned maintenance and other planned shut-downs that the CGS|can produce
electfic power and heat as required during a defined period, normally a calendar year

3.15
scheduled maintenance
mainjenance of the CGS at regularly scheduled times

NOTEH Scheduled maintenance includes planning times for the inspection, adjustment and exchange of equipment to
preveht the CGS from malfunctioning and to recover efficiency and performance.

3.16
sensjtivity analysis
analysis for determining the effects of the uncertainties in estimating parameter values, which| is tested by
indegendently varying one parameter at a time to determineshow sensitive each parameter is fo the project
analysis and, therefore, the project risk

NOTEH The testing process for any item under evaluation establishes whether or not the final conclusion is sensitive
to a fhange in assumption. The variables subjected ‘t0 sensitivity analysis will usually include capital|costs, overall
convgrsion efficiency, completion time, fuel costs and the escalation of costs.

3.17
system design
design of the CGS

4 Key project information and analysis for evaluation

4.1 | General

In or@ler to carry._odt the proper evaluation of the CGS, the following items shall be accurately analysed at
each| stage of~the investigation. The important investigation items are listed in 4.2 through 4.4, and
desciriptions<on‘detailed parameters are provided. ltems included in this category should basically be provided
by the purchaser.

4.2 “Site conditions and energy demands

4.21 Site conditions

The purchaser of a CGS shall identify the installation site and related conditions necessary for the planning of
the CGS. The following environmental conditions and various regulatory requirements which may affect the
planning of the CGS shall be considered:

— weather conditions, average and maximum (predominant wind direction, wind speed, precipitation of rain
and snow, etc.);

— general air quality (industrial emissions, sand, salt, soil, pollen, etc.);

© 1SO 2010 — All rights reserved 3
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— ambient conditions (temperature, pressure and humidity) including annual averages, maximum and
minimum conditions;

— water supply temperature, its quality and quantity (hot-water supply, cooling water, de-mineralised water,
water processing, etc.);

— land-use classification (business district, rural area, etc.);

— environmental air and effluent emission regulations (CO, CO,, NOy, SOy, particulate matters, unburned
hydrocarbon, visible smoke, cooling tower plume, etc.);

— regulatid

ns T1or vibration and noise (Influence on neighbournood);

— input fuel [type of fuel, specific energy, chemical composition, temperature (maximum and“\minin

pressurg
— installati

level, frd
safety, €

4.2.2 Ener

4221 In

Maximum ar
carefully by t

The following

(maximum and minimum), other properties];
bn site (indoor, outdoor, seismic zone, site history, load-bearing capacity of-soil, ground

st line, snow load, sandstorms, transportation conditions, grid voltage, regulations for healt
tc.).

gy demands

vestigation items for specifying energy demand

d minimum values, as well as data about variations in~energy demand, shall be investi
he purchaser, including the demands for electric powerand heating and/or cooling.

conditions related to energy demands shall als¢-be clarified:

— electric power demand and voltage, frequency and(power factor to be delivered;

— restrictid

— thermal

ns from the electrical grid, maximum.power output, frequency variations, etc.;

demand, flow rate, pressure, temperature and quality requirements for heating and/or cool

be delivgred and to be returned;

— electricq
or seasd

4222 In

When a CGS

nal demand variation:

vestigation ofienergy demand pattern

is installed at a given site, it is important to identify the site classification because requirer

for electric pgpwer and heating and/or cooling differ among various types of sites.

Typical types

num),

Wwater
n and

jated

ng to

| and/or thermal load prafile over a weekday and a weekend day (24 hours) allowing for process

nents

of facilities are as follows:

— office;

— hotel (resort, city, business, etc.);

— hospital

— store (re

(general, independent, etc.);

tail, restaurant, department, supermarket, etc.);

— public site (government, hall, library, museum, etc.);

— sport, health or leisure facilities (swimming pool, gym, aquarium, etc.);

— computer centre;
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— residence (apartment, detached house, etc.);
— welfare facility;
— educational institution (university, elementary or junior/senior high schools, etc.);

— compound facility (integrated building including different categories);

— district heating and/or cooling facility (facility which supplies heating and/or cooling to buildings located in

a district);

— industrial factory (food, chemical and pharmaceutical machinery, electrical equipment, iro

A defailed consideration of such policies is necessary. These policies‘may include:
— husiness assistance policies (tax reduction, financial loans,subsidy system, etc.);

— deregulations for power supply (liberalization, etc.).
4.4 [ CGS planning

441 General

When considering the planning of the~-CGS, the items included in this category shall be de
purchaser with reference to technical data proposed by the manufacturers.

4.4.2] System diagrams

Examples of the types of-systems to be considered are shown in the diagram and flowcharts
guidgnce purposes in Annex C.

4.4.3| Type of prime mover

The type of pritme mover shall be examined and selected by taking into consideration the specifi
electfic power and heat demands, heat-to-electric power ratio and other particular requirements o

n and metal,

ssification for
Liction.

hstallation of

cided by the

provided for

pd or desired
f the project.

The vnata bha exam

fypeto-be-exam
— gas turbine");
— reciprocating internal combustion engines (gas engine, diesel engine);
— steam turbine.

See the related flowcharts in Annex C.

1) A CGS using one or more gas turbine(s) is called a “gas turbine CGS”.
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4.4.4 Electric power output

Electric power output and generating efficiency vary with the type of prime mover, operating loads and
ambient conditions.

Considerations shall include:

— output at electric generator terminal,

— output at export delivery point;

4.4.5 Heatjrecovery

Exhaust heaf from the prime mover is recovered as heating and/or cooling outputs.

rated anf partial load efficiencies.

Quantities of heating and/or cooling outputs will vary depending upon the load conditions and the anjbient

conditions.

Consideratiops shall include:

4.4.6 Fuel

The
and

type of heat recovery medium (hot and/or chilled water, steam, hot*eil and/or direct use in dryihg or
thermally activated equipment);

thermal [process demand (mass flow rate, supply pressure;ssupply temperature, total rated thermal
demand| other specific requirement);

heat recpvery rate;

heating medium return flow and condition (e.g..condensate).

CGS ingut fuel may be gas, liquid ersolid and shall be selected after careful consideration of availability
econom|cs. Some prime movers may have strict limitations affecting the selection of gas and liquid|fuels

such as residual oil, heavy fuel oils7 blast furnace gas or gases with high hydrogen content. The types df fuel

shall

environmentdl factors and the ©ost at the time the prime mover is being selected.

Other considerations shall‘include:

be seglected by taking Cintdo consideration service conditions (supply temperature, pressure),

serviceaple fuels;*their properties and variability (composition, net specific energy, Wobbe index, pulfur
content,|etcy);

fuel handling, delivery sieam for pipe heating of heavy olil, fuel freaiment and storage (if applicable);
including the clarification of the storage capacity, supply pressure and supply temperature;

standby or alternative fuel, when the CGS is used for both continuous and intermittent uses, it is
advisable to consider the necessity of a standby (or alternative) fuel; there can be certain special
conditions attached to the fuel supply agreement that require a standby fuel;

fuel consumption rate;

net specific energy;

reliability of main fuel supply.

© 1SO 2010 — All rights reserved
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Planning of electric power use

Electric power systems shall be designed from economic and reliability viewpoints taking into account items
that will affect the electric power demand's pattern and factors, such as:

— factors concerning introduction of a CGS (peak shaving, base load, common use together with
emergency service, back-up for temporary electric power failure);

— whether it will be grid-connected or independently operated;

—

he possibility of exporting electric power back to the grid;

— alllowable minimum importing power to minimize operating costs;

—

q

4

peration of the CGS if there is a grid-failure accident (shutdown, shutdown and automatic re
hutdown);

— umber of cogeneration units;

—

ontracted electric power, including terms of agreement;

ossibility of importing electric power from the commercial grid-during the failure or mainte
GS;

pe of operation (electric power or heat-oriented);

— flype of control of electric power system (such as constant import/export control);

bad factor of electric generator (maximum, mifimum);

— mecessary auxiliary electric power.

4.4.8

Planning of recovered heat use

The ¢nergy flow of air-conditioning export steam, hot and/or chilled water supply shall be planr

into g

onsideration the pattern ¢f the heat-use equipment and the order of the recovered heat use.

The heat balance betweenthe demands for heat and the capacity of the water equipment shall &

Heat
ensu

e compatibility between production and off-take, taking into account factors such as:

— flype of re€overed heat use (space heating and/or cooling, hot water and/or steam supply);

-start without

nance of the

ed by taking

e confirmed.

balances shall _bejprepared for a number of defined operational modes and plant configurations to

— Tuxiliary heat source (for supplemental use and/or usage in case of CGS outage);

— storage tank;

— order of recovered heat use (space heating and/or cooling and hot water and/or steam supply);

— efficiency of heat-use equipment;

— return of condensate;

— existing process equipment such as steam turbines, boilers and heat exchangers.

©I1SO

2010 — All rights reserved
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4.4.9 Planning of operation and maintenance

The operational stage of the CGS is planned by taking into account annual, monthly and daily maintenance
schedules through a one-year period. Consideration shall be given to the planning of maintenance between
major overhauls, which may occur over a number of years. Typical considerations include:

and days required considering operational and process restrictions of customer site);

number

daytime
4.5 Syste

4.51

After determ
performed to

This operatig

power and h
relevant time

4.5.2 Oper

Operational
include:

operatio

of generators possible to operate under normal circumstances;

operational planning (continuous, intermittent, seasonal usage, days on standby, maintenance months

nignt-time, weekday anad weekend consilaerdations.

m's operational simulation

Gengdral

ning the factors or parameters in 4.2 through 4.4, the system's operational simulation sh
obtain detailed figures for the evaluation of the CGS.

nal simulation shall take into account monthly, hourly, weekly,and holiday patterns of el

bating and/or cooling. In addition, the long-term energy-demands'profile shall be considered
period used in the evaluation of the CGS shall be decided after’considering all these terms.

ptional patterns

patterns shall be compiled for performing the system's operational simulations. Typical pa

hal pattern of electric power through moré than one year (electric generator, auxiliary

electric power from and to the grid);

operatio
steam);

operatio
operatio
operatin
4.5.3 Ener

Calculated ¢
the CGS.

These costs

hal pattern of recovered heat through more than one year (hot and/or chilled water, 3

hal pattern of auxiliary heatthrough more than one year;

hal pattern of fuel consumption through more than one year (gas, oil);
hj days through.more than one year.

Jy costs.and incomes

Dsts and incomes are based on the result of an operational simulation for economic evaluat

il be

ectric

. The

terns

Lnits,

nd/or

on of

and incomes are calculated with parameters, such as:

electric power from and to the grid);

for the a

uxiliary heat source during maintenance;

contracted electric power;

charge rate (electric power from and to the grid, gas, oil);

electric power and heating and/or cooling through more than one year (electric generator, auxiliary units,

necessary fuel consumption through one year (gas, oil) for the prime mover during normal operation, and

© 1SO 2010 — All rights reserved
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— maintenance cost;

— standby charge rate (electric power).

4.6 Planning of comparison with a target comparable to the CGS

To evaluate the effectiveness of the CGS, economic and technical data for a conventional system are required
for comparison. It is necessary to calculate the energy costs and incomes for the conventional system in the

same way that the CGS is evaluated.

In addition to this comparison, other factors necessary for planning targets shall be investigated according to
the pprchaser's Tequest. T ypicat factors inctude:

— nequirements by national or regional standards and/or regulations (if applicable for the-installation site);
— rgets for comparison requested by the purchaser, such as carbon credit, tax ‘reduction, and other

nancial incentives, etc.

5 CGS evaluation
5.1 | Economic evaluation

5.1.1] General

A CQS is most effective when supplies for both electric power and heating and/or cooling are Well balanced
with demands.

In th¢ first instance, projects may be evaluated “using the payback-period method (see 5.1.2.1) and/or the
procgdure in Annex D.

After|that, it will be necessary to carry out'a-more detailed evaluation such as LCC, IRR, and NPV.
5.1.2| Preliminary economic evaluation steps

5.1.21 Payback period

The payback period isa'simple method for determining the desirability of the CGS, based on tlie number of
yearq required to <ecover the initial investment outlay (/;) from the CGS's future cash flow (see
ISO 15663-2:2001,4:1.6). The payback period, fpp, is calculated as follows:

lPP:IO/RAC (1)

wherg

Io  is the initial investment outlay;
Rpc is the annual cash receipts.

When the receipts fluctuate over time, the payback period is calculated by summing the receipts until the initial
investment outlay (/;) is covered.

To compare the CGS with the conventional system, two calculation methods are used: one for the
compensation period (see Annex D), and the other for the total profit during the plant life (see Annex E).

© 1SO 2010 — All rights reserved 9
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5.1.2.2 Assumption

The economic assumption shall be based on selected decision criteria and should be used in different
partnerships with suppliers.

Economic evaluation methods and assumptions should be decided early in the iterative procedures for the
evaluation (see ISO 15663-2:2001, 3.2.3.3).

Table 1 — Assumption

— Timing

— Investmegnt year

—  Start of gperation
— Lifetime pf plant How qosts are welgh'ed agalns.t the

initial investment during operation
—  Fuel cost
. Which is the best system
— Discounf rate . . .
solution/equipment alternative?

— Pre-tax/after-tax calculations

—  Output requirement over time
The impact of improving efficiency
— Cost of power

—  Productipn profile
The potential cost of failures
—  Criticalit

5.1.3 Secohdary economic evaluation steps

The detailed|economic evaluation is usually carried out-with long-term economic indicators for both the|CGS
and the conventional system. The indicators to be evaluated may include:

a) life-cyclg cost (LCC);

b) internal fate of return (IRR);
c) netpresent value (NPV);

d) sensitivify analysis.

The life-cyclg cost methad-is a very important economic evaluation; a typical life-cycle cost analysis of a CGS,
including related elements, is shown in Annex B (see ISO 15663-2:2001, 4.1.3).

In addition, IRR/and NPV are shown in 4.1.4 and 4.1.2 of ISO 15663-2:2001.

5.2 Energy saving evaluation

The amount of energy used is to be determined in the operational simulation of the CGS and of the
conventional system.

The amount of fuel needed by different systems shall be determined, and the equivalent energy content of the
fuels shall be computed for comparison of the total energy input.

The energy savings can then be calculated and compared with possible targets for the investment in the CGS.

10 © 1SO 2010 — All rights reserved
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5.3 Environmental evaluation

Based on the result of the system's operational simulation, impacts on the environment shall be evaluated by
comparing the CGS with the conventional system and/or with factors necessary for targets of planning.

The emission levels shall be evaluated for costs, impact on health, and safety for workers and the
environment. The emission levels shall at least meet the requirements from applicable regulations and codes
for the project site, such as:

— emission into the atmosphere and the environment (CO, CO,, NOy, SOy, particulate matter, unburned
hydrocarbon, dioxin, etc.);

— rlnoise;
— Vibration;
— lpnd use;

— Waste (chemicals, oil, effluent, etc.).

5.4 | Availability and reliability evaluation

For both the CGS and the conventional system, the following parameters for availability gnd reliability
evaldation shall be taken into account:

— planning of proper maintenance (standard procedurefor maintenance, education for personngl, etc.);

— hanufacturer's experiences and demonstrated’ level of support (manufacturer's maghine-specific
ference list, operating hours and starts on lead machine, statistic data of availability and reljability, etc.);

— gcheduled maintenance (inspection outage type, inspection interval, inspection duration, etc.);
— gupervisory control (remote control,"manufacturer's condition monitoring services, etc.);

— proven technical solutions_and'reliable proven component design (technical support and manufacturer's
genior service team at project location, etc.);

— plant redundancy and-back-up systems (e.g. auxiliary firing and auxiliary boilers).

Internationally recegnized definitions for availability and reliability should be used to allow direct comparisons.

5.5 | Total.evaluation

The most desirable CGS is obtained by investigation with the procedure in 5.6.

For the total evaluation, all the identifiable cost impacts of the evaluation items in 5.2, 5.3 and 5.4, which
change depending on the scope of each project, should be included in the economic evaluation in 5.1.

The final decision for approval or rejection of the CGS project should be based on the following results:
— comparison with the conventional system;

— judgment of the impact of the legal, technical and environmental issues identified in 4.1 through 4.5 on
the viability of CGS projects.

© 1SO 2010 — All rights reserved 11
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5.6 Evaluation procedure

The flowchart in Figure 1 shows the evaluation procedure for introducing a CGS. It defines the evaluation
steps needed to optimize the CGS configuration, including the selection of the prime mover.

The investigation is performed based on the various conditions supplied by the purchaser through each
planning stage and the results obtained by operational simulation and calculation of evaluation parameters.
Finally, the total evaluation of introducing the CGS shall be judged by comparing the results with comparable

targets.

The evaluation loop shown in Figure 1 shall be iterated by changing parameters in planning stages and

operational g

H [ FE ) | 14 [ !
TUIatiornmt uritnr i1 STAPTULICU TCSUILS diT UDLAITIcU.

For guidance purposes, an example of a typical evaluation procedure is provided in Annex A. li{shows the

necessary ag

tions and division of works by the purchaser (or purchaser's consultant) and manufacturer.

Start

42S
4.2.1 Site conditions
4.2

ite conditions and energy demands

2 Energy demands
4.2.2.1 Investigation items for specifying-efergy demand

4.2.2.2 Investigation of energy demand pattern
4.3 Related policies and regulations

ADMADDNDNAND

|
CGS planning
4.2 System diagrams
4.3 Type of prime mover
4.4 Electric power output
4.5 Heat recovery
4.6 Fuel
4.7 Planning of electric power use
4.8 Planning of recovered heat use
4.9 Planning of operation and maintenance

|

System’s operational simulation
5.2 Operational patterns
5.3 Energy costs and-incomes

4.6 Planning of comparison with
target comparable to CGS

5.2

Economic evaluation

[1.2 Preliminary economic evaluation steps

b.1.2.1 Pagback period

b.1.2.2 Assimption

1.3 Secondary economic evaluation steps
Energy saving evaluation

5.3

Fnvironmental evaluation

5.4 Availability and reliability evaluation

12

5.5 Total evaluation

| .
| Preparation for procurement }

Figure 1 — Flowchart for the evaluation of a CGS
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6 Primary information and works for CGS procurement

6.1 Inquiry phase

The inquiry phase shall start early enough to obtain the pricing (budgetary) information needed to support the
evaluation phase.

A typical job classification of primary information and works for CGS procurement is shown in Annex F.

Appropriate standards should be used as the basis for an inquiry. Available standards for inquiry may include:

— 180 15663-1:2000 and 1SO 15663-2:2001 for life-cycle costs;
— IS0 3977-1 through 1SO 3977-9 for gas turbines;

— SO 8528-1 through ISO 8528-10 for reciprocating internal combustion enginefdriven alterrjating current
generating sets;

— SO 14661 and IEC 60953-1 for steam turbines.

6.2 | Formal procurement

The formal procurement phase involves the actual contracting<of hardware and services to| support the
consfruction of a CGS. This phase may start following the completion of the evaluation phase.

© 1SO 2010 — All rights reserved 13
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Annex A
(informative)

Typical evaluation procedure for CGS planning

A typical evaluation procedure for CGS planning at the execution stage is shown in Figure A.1. The sequence
shown on the following page should be followed.
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Purchaser Manufacturer

1. Defines site conditions, basic data and requirements

- site condition

- energy demand

- environmental requirements

- economic impact

- evaluation factors

- redundancy

- others

:

2. Defines/corrects mandatory requirements

- energy demands

(electric power output, heat output,
delivered temperature/pressure)

- economic evaluation method

- important assumptions to be defined
3. Establishes input and concept for procurement Preliminary study,

—=| (assigns purchaser's engineer for budgetary purposes, equipment selection,
if necessary) budgetary|proposal

4. Decides on a concept and defines requirements
5. Prepares system level inquiry

(for inquiry)

- inquiry specification

6. Evaluates supplier's proposal

End

Evaluation completed and procurement process continues

Figure A.1 — Typical evaluation procedure for CGS planning
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Annex B
(informative)

Typical life-cycle cost analysis

A typical detailed economic evaluation is shown in this annex.

Life-cycle cost (L) can be calculated using Equation (B.1).
n
Lec = QeFpe +Z;ij (Coj + Cpj + Cmy ) + SFps (B.1)
j=
where
Lo isfthe life-cycle cost;
C. is|the capital expenditure, including financing costs and interesturing construction for plarning,
designing and construction;
Cy islthe operating expenditure?)in period j;
o is|any contingency for repair and/or renewal in period';
ij is|the maintenance expenditure in period j;
Fpe is|the correction rate for capital expenditures to present value;
ij is|the correction rate for expenditures’in period j to present value;
Fps is|the correction rate for expenditures for disposition after closing the plant to present value;
N is|the duration of certain,periods or of one set period, usually a fiscal year;
n is[the lifetime;
S is|the expenditure for disposition after closing the plant.

2) Excluding expenditures for repair and/or renewal related to the facility and maintenance in period j, including
expenditures for using fuel energy and environmental costs.
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Annex C

(informative)

Typical CGS diagram and flowcharts

A typical CGS diagram and typical flowcharts are shown in this annex.

ISO 26382:2010(E)

The CGS may include conventional reciprocating internal combustion engine (gas engine and diesel engine),

gas turbine and steam turbine cycles.

COGENERATION

PUT

>

FUEL SOURCE

——>

WASTE ENERGY

S(

URCE

L 1

OTHER

SERVICES CQOYING IN
] N
Insert here

Typical flowcharts for

gas turbine - CGS
(See Figure C.2)

reciprocating internal combustion

engine - CGS (gas engine, diesel engine)

(See Figure C.3)

steam turbine - CGS
(See Figure C.4)

COGEN

ERATION

OuUTPYT

——>
L]

——>

——>

EFFLUENTS

EMISSIONS

|

|

|

COOLINGl ouT

L 1

Specify and provide quantities for each boxed item.

Figure C.1 — Typical CGS diagram
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A [

_____ IN ;

[

Key

gas turbine

electric generator

heat recqvery steam generator
feed watgr pump

air filter

Air.
b Fuel supply.
¢ To stack.

d Process $team export.

a b ON -

[}

€ Water supply.

Figure C.2 —Typical flowchart for gas turbine-CGS
(Gasturbine-CGS with process steam)
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packaged reciprocating internal combustion engine,(gas engine, diesel engine)
¢lectric generator

Ipw temperature heat exchanger (LTHX)

high temperature heat exchanger (HTHX)

hot water pump

¢ngine cooling water pump

Fuel supply.
Engine cooling water.

R

E

Exhaust gas.
To stack.

K

ot water supply:
Vater supply:

Figure C.3 — Typical flowchart for reciprocating internal combustion engine-CG
(Reciprocating internal combustion engine-CGS with hot water)
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Key
conventignal fired steam generator
steam tutbine

electric generator

condensgr
feed watgr heater
water puInp

feed watgr pump

Air.
b Fuel supply.
¢ To stack.

d  High-pregsure steam.

NOoO OOk WON -~

Q

e Process $team export.
f Cooling water.
9 Condenshpte return.

Figure C.4 — Typical flowchart for steam turbine-CGS
(Condensing extraction steam turbine with process steam)
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Annex D
(informative)

Calculation method for the period of time during which the CGS and the

D.1

convs
calcu

wher

N2 <X

conventional system have equal expenditures

Iated by summing up the expendltures until they are equal for both the CGS and the conven

=

= (Cas.ce — Cs.ceM(Cs.oe — Cas.oE)

Css.ce is the capital expenditure necessary for introducing the CGS;
s ce  is the capital expenditure for the conventional system;

is the operational expenditure for using the conventional'system during certain perio
set period, usually for a fiscal year;

s oE

[ss.0E IS the operational expenditure for using the CGSyduring certain periods or for on
usually for a fiscal year.

The calculatlon method for the perlod of tlme (i.e. compensatlon period) durlng which the CGS and the

Aperiod, 1, is
ional system.
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ds or for one

b set period,
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Figure D.1 — Map of compensation period
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