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Installation of HEEP




Steps to install HEEP

(1/3)

Request IAEA for
HEEP

Download file from
|AEA website

Unzip the file

Run “setup.exe” from
unzipped file.

Setup will prompt to
close all running
programmes.

HEEP(Beta) Setup

Click OK
after closing all
programmes

e Press Alt+Tab to switch to running programmes.
e Switch to running programmes and close them all.




Steps to install HEEP
(2/3)

m Programme will be
Installed In a default #eerseta) setup
folder
“C:\Programme
FilesS\HEEP(BetaO)\”

m User may choose to

install in the folder Click “Change Directory” and

enter required destination path if
other than the user wish to install HEEP in

default folder. folder other than default folder.

e Set-up will prompt to accept or deny creation of
folder. Click “yes” to create folder.




Steps to install HEEP
(3/3)

m All files required for
running HEEP and  #eerceta) setup
manuals will be
copied to respective
destinations.

m Manuals are
copied to the

subfolder Click the Big button of
rectangular shape to

Mar_1ual_s In the install HEEP & copy files
destination folder in the specified folder.

entered earlier.




m Installation creates HEEP(BetaO) at the location
specified during installation and also creates following
folders within HEEP(BetaO)

m CaseFlle

m DataBase

s EXEMODULE
m POST

m All permissions (read, write, modify etc.) for all folders
created in HEEP needs to be set for OS users

m For Windows-7- needs to set the programme attribute
as “run as administrator” or “run in compatibility
mode”




Manuals




List of manuals

m Preprocessor manual B2

m Formats for data
to be collected for
HEEP

m Manual for execution Ha
engine

Link to
manuals

s Manual for post
processing Manuals are in pdf form.




Contents of the pre-processing manual

First two chapters:
m Procedures to start using the programme
m Options of estimating cost of hydrogen
m Building new case
m Read existing case
m Information on important steps to be followed

Third chapter:
m Important general procedures
m Entering the data and viewing and/or editing already entered details
m Storing the data
m Updating the database
m Some important tips

Fourth chapter:
m Procedure for building new case

Fifth chapter:
m Details of information required for cost estimation using HEEP.

10




Important fonts used in the pre-processing
manual

m Text with ‘bold-rtalic’ font indicates actions to be
taken by the user.

m Text in the 7talic’font gives important information to
the user




Starting the programme




k “Start”

Recyde B June 2009

i

“"HEEP”

All Programs B | HEEP(Beta)

11 I I | | | , I ; E E 79 Log Off TumOFfCumDutv =il
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Building the new case

Hydrogen Economic Evaluation Programme

International Atomic Energy Agency

Developed by: Bhabha Atomic Research Centre, Trombay, Mumbai-400085, India

For any query ding this soft please tact: Dr. . Khamis, Nucl Power Technol D t Section, Division of Nuclear Power, |AEA_
Email: |.Khamis{@iaea.org

. Build new case Read existing
. for evaluation case

Quit

Help {?)




Proceed

Go Back ‘

dwency sem}:gs
SELECT Curre

Conversion Update

Currency

L ibrary of Nuclear Power Plant

Lial ariiciear powss Enl \anas i e fbran:

PBRZ200

Deacrintan afthe saitiad HER

2 [Tuso=i

Library of Hydrogen Generation Plant

Database
L ibrary of Hydrogen Transportation
Liat ar A Ganarating gilsat fanas i the fbran:

ct H ation Plant T
SI_PBR200

Liat ar S Fransgain Caoine laeas i e dbean.
-
b

Lascnitan ol e seled 1748 Generating Fant Dascnitan ol e seled 1348 Transeon Facii

Parameter Description

Urit

Walug

Feactor Type

Reactor Class

Themal Power
Thermal efficiency
Capacity factor
Availability factor
Other utilities

Start of Construction
Start of Operation

End of Operation

Start of Decommissioning
End of life
Refurhishment time:
Cooling time for Sp fuel
Coaling time for Waste
Returhishment nos.

“ears
ears
Years
“ears

Parameter Description Unit | Yalue Parameter Description Unit

-
Walug

Location of HZGP oot ation bype

Use the Following steps ko build a new case using the available database:
(1) Select the tvpe of Nucdear Power Flant

(&) Select the type of Hydrogen Generation Process Flant

({3} Select the tvpe of Hydrogen Transportation

({4 Click the 'Proceed' button

Ta build a database for each of these Facilities, use the following steps:
(1) Select 'Add New Type ....'
(2)- Click the 'Procesd' button

End of life
Refurbizhment time
Refurhizhment nos.

Interest rate an borawing %

Opkian:




Adding new database

1. Select the currency

2. Select “Add New EC=BEEENCSE
Reactor Type to

_ibrary”, “Add New

Plant Type to

_ibrary” and “Add

New Transportation

Type to Library” for

the three faclilities.

3. Click “Proceed”




Entering names of database

m Enter name of new
database for nuclear
power plant and click
HOKH

Enter name of new
database for hydrogen
generation plant and
click “OK”

Enter name of new
database for hydrogen
transportation and
click “OK”




Start entering data

w. Flowsheet of nuclear hydrogen generation

HZ2 Gen Plant H2 Transport
Consumables  MPP Construction, Consumnables for — Construction, V Construction,
for NPP O&M and H2 Gen Plant O&M and Consurnables for - o&m and
{fuel etc.) De-commissioning {Chemicals etc)  De-commissioning HZ Transport De-cormmissioning

v

Energy Hydrogen
—

Other useful energy - Otherusefu*w-products Hydrogen sale
bry-products Elpgriiy from H2 Gen Plant y g

Click Technical details of:
respective N“C'EP?;E:DWW
buttons to
Add or
View or
Edit
details

maocH—0O=2moU>xm

Vs Start -05-21 Tutorials, ... " - =t of nuclear ...




Read Existing Case

Hydrogen Economic Evaluation Programme

International Atomic Energy Agency

Developed by: Bhabha Atomic Research Centre, Trombay, Mumbai-400085, India

For any query ding this soft please tact: Dr. . Khamis, Nucl Power Technol D t Section, Division of Nuclear Power, |AEA_
Email: |.Khamis{@iaea.org

. Build new case Read existing
. for evaluation case

Quit

Help {?)




" Options for facilities available in the library

wfrencysef??ngs Conversion Update

Proceed Go Back ‘ Help (?) ‘ SELECT Cunency 4
=1 Currency
s v [ USP USD | petapee

L5t of extsiing c3ses

HTRPMRB00-31216-TRUCK dbf
PBR200-SI_PBR200-Pipe dbf

istart [z

i Options For Fac




*_ prions for, facilihie. ~vailable in the library

Proceed Go Back

Hetp (2)

N——

L5t of extsiing c3ses

Lurrency sefling

SELECT Currenii ~

Conversion

[l usp=1 usD

Sasombiian of thae seioied AEE

Desaition ol e saicled HEF Ganarsting ~iamt

Update
Currency
Database

Parameter Deses Urit | alue

HTR_K
PMA

it

Thermal efficiency

Capacity factar

Availability Factor

Other wtilities

Start of Construction

Start of Operation

End of Operation

Start of Decommissioning

Years
Years
‘lears
Refurbishment nos. “ears

Parameter Dezcription

Uit

Walue

§

Parameter D ezcription

Location of H2GF

Electricity for HZ Gen.
Capacity factor of H2GP
Efficiency of process
Avvailability Factor
Capacity of H2 generation
H2 storage methad

HZ storage period

Start of Construction
Start of Operation

End of Operation

Start of Decommizgioning
End of life

Fefurbishment time
Refurbishment nos.

Themal power for H2 Gen.

hiadthy
'wie

Corlocated with

1945
1]

50
45
100

134400000

1]
1]

H2 Transportation tpe
H2 Transportation distance
Start of Construction
Start of Operation

End of Operatian

Start of Decommissioning
End of life

Returhishment time
Fefurbishment nos.
Curency type

Inflation rate

Dizcount rate

Bage cost equity fration
Ease cost Deht fration
Fietumn on equity

Irterest rate on borowing

Wehicle
km

Above tablefs isfare given for information about important parameters of the selected library file. Editing or

modifications of these parameters is possible in subsequent data-entry steps.




Categorisation of input information for HEEP

Facilties Categories of input parameters

Nuclear power plant Technical parameters

Chronological data

Cost elements

Hydrogen generation and Technical parameters
storage plant

Chronological data

Cost elements

Hydrogen transportation facility | Technical parameters

Chronological data

Cost elements




Technical details of Nuclear power plant

Number of units

Rated installed capacity per unit

Capacity factor of unit

Avallability factor of unit

Thermal power available for hydrogen generation

Thermal efficiency of unit (if electricity is generated)




Technical details of hydrogen generation plant

Location of plant (Co-located with NPP or isolated)
Number of units

Rated annual hydrogen generation rate

Process efficiency

Capacity factor of unit

Availability factor of unit

Maximum thermal power required for process by each
unit

Maximum electricity required for process by each unit
Non-process electricity required by each unit




Technical details of hydrogen storage facility

m Type of hydrogen storage
m Gaseous
= Liquid
m Metal hydride

m Storage equipment capacities
m Storage time

m Power requirements of storage devices

m Auxiliary requirements of storage devices
m Rate of cooling water for storage compressor




Technical details of hydrogen transportation
facility

m Type of hydrogen transportation
m Pipeline
m Vehicle

m For pipeline transportation
m Transportation distance

m Technical parameters affecting power required to
overcome losses Iin pipeline transportation

m For vehicular transportation
m Transportation distance
m Mileage of vehicle
m Vehicle capacity
m Speed of vehicle
m Preparation time for each trip of the vehicle




Capital cost inputs

Quick Inputs

Detailed inputs (Two levels)

m Nuclear power plant
m Specific cost

m Hydrogen generation and

storage plant
m Capital cost of hydrogen
generation plant
m Parameters for quick
estimates of capital cost for
hydrogen storage

m Hydrogen transportation

m Pipeline transport
mCompressor cost

mPipe cost

m Vehicle transport
mCost of one vehicle

Cost of activities sub-divided In
to two levels of code of
account.

Example:

m Civil structures and buildings
m Reactor building cost
m Fuel building cost
m efc.

m Bunsen rector cost
m Reactor vessel
m Piping
m etc.




O&M cost inputs

Quick inputs Detailed inputs (Two levels)

m Nuclear power plant Cost of activities sub-divided In
= O&M cost as % of capital to two levels of code of account

cost _ for each year
m Hydrogen generation and

storage plant

Maintenance cost as % of Example:
u I st as %
capital cost mLabor cost

= Operating cost mOperating cost
mElectricity = Electricity charges
mCooling water charges m Salaries

= Hydrogen transportation
m Pipeline transport
mElectricity
mCompressor cooling
m Vehicle transport
mDriver’s wages, Fuel charges




General guidelines for entering/editing data




Features for entering/editing information

# HEEP - [Technical Details of facilities for nuclear hydrogen generation]

B Goko Execute Help Exic

HZ Gernerafion and Slorage FPlant Defais
7 Generalron Flant delais Thime ol H2 Fransgorlalticon

Reactor MNumber of k L
Type FHE1 nuclear £ ooation af FHE Gereration Frant
power &+ Co-docated = Away from MNPF  Transport by “Wehicle

HizEeins IW generating i its i -1
Class Gnits in Dl MNumber of hydrogen generating units in plant: & Pipe line Transportation

Annlications af Nuclear powes [Parameter Description YValue
> T t B ted annual hwdrogen generation [kg/unit) 233300000 Delaifs of pipaling ransporialicn
eX OX Use in-built farmulation to calculate

fici fH2 ti % 45 fo . .
'_C'encyc_‘ generation pracess [%] pipe line fransporation parameters
nit capacity factar [3) 30 ~ Userto provide pipe line

Uit availability Factor [ transporttation parameters /-\

b aximum process themmal energy required [k thunit] ..
e Parameter Description
= o A I aximurn proceszs electricity required [k eunit] u}

Transport distance [km)

b aximum non-process electnicity required  [kWwe unit] 9E0
E quivalent diameter of Pipe [m]

Check box :
ption Yalue
b aximum annual hedrogen generaration [kgsunit] 215910000

Fiated Thermal Power [k thAunit] BO0 Frictian factor
- -, 7 slars, e
C. tw Factar [& 90
T e ) Crage Method
Axailability factar (3] ~+ Compressed Gas ¢ Liquefactior? ketal Hydrides Delivery Pressure [MPa] 5
: i rirulation for | ser i
Slorage parameters Inlet prezsure [MPa) 33.18
Par value Compressor Power [Kwe] 592757

Hz 5t ion n
2o Option butto >~<

HZ Storage capacity [kag) Tab I e Ce I I

H2 compressar power [khw'e)

Temperature af H2 [K]

Thermal Power for HZ gen. [k th/unit]

Coolifg water for compressor [Lit/hr]

Update H2T Database
(Technical Details)

Store Technical pdate MFF Database Store Technical CUpEEEE HEIGE DaEhEs e Store Technical
Dietails of NEPE [Technical Details) Dietails of H2GF Lo CTechnical Details). Details of HZT

Froceed to next step ’
(Add /i f Edit time schedules)

Cells of table or text boxes with gray background are not editable.




= Flowsheet of nuclear hydrogen generation

H2 5en Plant
Construction,
Q&M and
De-commissioning

v
Hydrogen
= —_—

H2 Transport
Canstruction,
Q&M and
Die-commissioning

Consumables MNPP Construction,
far WPF D&M and
{fuel etc) Dre-commissioning

Consumables for
H2 Zen Plant
{Chemicals etc )

Consumables for
HZ Transport

) 4 \ 4 v

Energy

v

Hydrogen sale

Other usefu*@y-products
fram H2 Gen Plant

Other useful energy
by-products

MOoC-HTO=Z2mMmox>xm

Electricity

Click
respective
buttons to
Add or
View or
Edit
details

Muclear Power
Plant

ical details of

Time Schedule for
MNuclear Power Plant

Cost details of

Muclear Power Flant

Technical details of
H2 Generation &
Storage Flant

Time Schecule for

Hz Generation &
Storage Plant

Cost details of
Hz Generation &
Storage Plant

Technical details of
H2 Transportation &
Distribution

Time Schecule far
H2 Transpaortation &
Distribution

Costdetails of  H2
Transpoartation &
Distribution




Editing entering data 1/2

m Option button: allows user to select only one choice
among the available list of options

m Click required option

m Check Box: multiple choices can be selected
m Click desired choices

m Text Box: to enter numbers or text strings

m Click the text box and enter required input or edit
contents of the text box




Editing entering data 2/2

m Cell of the table: to enter numbers or text strings
m Click the cell to be edited

m A text box will appear at cell location along with two
buttons “U” and “X”.

m Only active text boxes can be edited. (a cursor “|”
appears in the text box when it is active). If the test
box Is not active then click once In the text box.

m Insert/Edit contents of the text box and click “0”
button to effect the changes made

m To discard without effecting any changes, click “X”
button




Storing the data

m Storing data

. D ata Sto re d i n t h e m e m O ry & HEEP - [Technical Details of facilities for, nuclear, hydrogen generation]
O n Iy = I t Wi I I b e Sto re d ti I I . 2 Ganeration and Storage Fant Delails

Number of Generaiion Flant delails Type of H2 Transporiation

execution of programme is o e

generating
units in plant

n Ot te r m i n ate d ; Applications of Nuclesr pawer

Once programme is
terminated, user will loose |EEEEEEIE ,
all editing/ modifications s
made.
m Click command button

starting with the word “Store”

Example: If user wants to
store technical details of
Nuclear Power Plant then the
command button “Store
Technical Details of NPP”

I Electricity

Le rrrrr = —
tart l"-;i Daocument on Preprac.. r-ﬁ Praject! - Microsaft ¥... W HEEP - [Technical Det... v ; JUI'F 10:26 AM




Updating database

m Updating database:

m Implies storing data in T
Iibra ry fi IeS. T o 2 Generalon and Sforage Plant Detads

Number of ? Generation Flant details
nuclear tian af HE Geparat

If user terminates the il -
prog ramme and user Wants Applicatians af Nuclear pawer
to use modified/edited data = :
once again, it can be e s B
retrieved the next time
programme is used.

m Click command button

starting with the word

“Update”

Example. If user wants to

update technical details of ~ ™ PR —
Nuclear Power Plant then the

command button “Upaate

NPP ”




Demonstration of building new case, modifying

data, running the case and viewing results




Case description

m Preliminary benchmarking CASE-I being used as basis

m Four units of nuclear reactor generates 600 MWth (only heat
and no electricity)

m Electricity for non-process needs of hydrogen generation plant
costs 0.06 USD/kWh

m New case:
m Nuclear reactor equipped to generate electricity
m Number of units increased to 10
m Thermal efficiency- 30%
m Thermal energy to hydrogen generation from each unit- 216 MWth
m Electricity generation from remaining 384 MWth @30% thermal efficiency

m Equipment required for electricity generation assumed to increase the capital
cost by 10%

m O&M cost of 1% considered for electricity generating euipments
m Both plants are co-located




On-line demonstration of HEEP




