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: MEMORANDUM OF UNDERSTANDING
i

This Memorandum of Understanding (hersinafter referred to as “Moll") entered into
!nn this First day of Dacember 2005 by and batwean:

NTPC Limited, a company incorporated under the Companies Act, 1958, having its
registered office al NTPC Bhawan, SCOPE Compiex, 7 Institutional Area, Lodhi Road,
Mew Dedhi — 110003, india (hereinafier refermed to as ‘NTPC' which axpression shall,
unless repugnant to the context or meaning thereof be deemed to mean and Include its
Fam and permitted assigns), of the First party;

AMND
lIrnl:lllﬂn Institute of Technology Kharagpur, through Director, IIT Kharagpur, having fts
H office and laboratory at Kharagpur, West Bengal, India (hersinafier called as "1ITKGF"

which the expression shall unless repugnand 1o the context or maaning thersof be deamed
to mean and include its successors and permitted assigne) of the Second Party,

!HTFEH\»I:II'I'I{EPH hereinafter individually refermed to as the ‘party’ and collactively as
'Parfies

E'HI*I!HEAI!.

: i) NTPC is a premier power Utlity Company In India having experiise and
strangth in areas such as setting up of thermal power stafions, operation and
maintenance of powsar siations and sale of power. NTPC has developed

l comprehansive in-house expertise in varous facets of power generation from
concapt lo commissioning, effiden! operation to nurure acology and

l environment in accordance with MNational Power Policy of Govermment of India,
p
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NTPC is also setting up Hydro-Electric Power stations and has its foray in other
gnergy systems.

i} NTPC. in its new initiative for meeting the future destinations, has setup Energy
Technologies to take up the development of technology through fundamental
RE&D route. #

iii) Indian Institute of Technology Kharagpur (IITKGP) is a premier instiute of
national and international importance engaged in educalion, fraining and
research, passed by Act of Pariament.

iv) Both ITKGP and NTPC are leading premier national organizations i their
respective fields and are desirous of working together to work as a team io
achieve national objectives, undertaken with their best abllitties and maximum
mutual cooperation with intent of heiping each other in the power secior - a vital
camponent in India’s march towards becoming & developed nation.

NOW, THEREFORE, IT IS HEREBY AGREED BY THE PARTIES AS FOLLOWS:

1.0 INTENT :

NTPC intends to conduct research, camy out experimenis, build software and
knowiedge base leading to development of the following technology in collaboration
with |ITKGP in the foliowing area hereafter known as “Research Work™
Development of Urea to Ammonia Conversion Reactor and associated component
for UREA -FGC

20 SCOPE OF THE Mol

The scope of Mol shall be to camy out the Research Waork for the technalogy comprising
of:

Development of Urea to Ammonia Conversion Reactor and associated component

for UREA -FGC

a) Production of 50 kg/hr ammonia from Urea

b} Devslopment, design and characlerization of a reacior system for in-situ
production of ammonia.

c) Performance analysis of the designed reaclor for Flue Gas Conditianing

d) Detall analysis of synthetic gas midure after reactor and ESP

e) Mathamatical modeling of the sysiem for performance prediction

f) Implementing technology in any unit of NTPC.

Details of the project proposal are placed as Annexure |

3.0 Roles and Responsibilities:

The Research Work shall be camed out in collasborative mode batween NTPC and
IITKGP. The Roles & Responsibilities of NTPC and [ITKGP in conducting Research
Waork shall be as follows:
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4.0

31. NIPC
a) NTPC in consultation with ITKGE will identity Principal Collaborator for
the project, who shail be responsible for all the work lo be exacutad by
NTPC.
b) NTPC will provide rslevant data frem the station required with specific
raference to the Research Work

£} NTPC will depute their research scientists as Co-Investigaton(s) for
associating with Research Work, at HTKGP.

d} NTPC will fully participate in joint publications in international joumals
and seminars on the subject matier pertaining to the topic.

3.2, ITKGP

a) ITKGP will nominate Principal Investigator(s) for the ideniifed
technology development project who zhall be key person(s) responsibie
for all the work ta be executed by IITKGP. For this project, itis Dr. B. C.
Meikap and CoPrincipal Investigator Is Dr. A Patwardhan of Chamical
Engineering Depariment

b) IITKGP will ensure that the project |s executed as per the schadule
enclosed as Annexure-| of this Mol.

c) The Principal Investigator of the technology developmeni project
nominated ITKGP will submit monthly progress report on the identified
project.

PROJECT MANAGEMENT

a) Detalled Research Work fime schedule along with deliverables shall be
finalized in the kick-off meeting of the Research Work

b} Based on the above, research project will be reviewed by the Energy
Teehnology center of NTPGC within the collaborative framework model,

¢} Research Work shall be camied oul by using the infrastructure facilities
available with ITKGP from the project funds provided by NTPC.

d] A ‘Project Manitornng Committee’ consisting of & members, out of which 3
members shall be nominated by NTPC and 3 members shall be nominated by
ITKGP, will review the progress of the project every six months.

g) After the completion of the Ressarch Project IITKGP in association with
NTPC will be responsible for preparation of the project repart

FINANCIAL CONSIDERATION AND PAYMENT TERMS:

a) Total cost of Research Work will be funded (“Research Fund™) by NTPC within
the aliocation as indicated in Annesxure I.{ deleted as the allocation depends on
the deliverables)

b} All the procurement related to the Research Work shall be done by ITKGP as
per thair noms.
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7.0

b)

£}

d)

a

c) First instaliment of the Research Fund shall be released 1o ITKGP upon
signing of this MolJ

d) Subsequent installment of Research Fund shall be released upon completion of
deliverable as per the 'Payment Schedule’ {Annexure ) after approval by
‘Project Monitoring Commitiee’. .

g) IITKGP shall submit audited annual financial siatemant within one month from
31" March each year indicating commitments and expenditure on the Research

fi Projectto NTPC. If NTPC desires io see any relevant document, the same shall
be made available at ITKGP. Further if any relevant detail is required by NTPC,
[ITKGP will furnish the same as per Govt, of india rules.

EFFECTIVE DATE

This MOU shall come into efect for all its intents and purposes from the date of
signing by bath the parlies.

OWNERSHIP OF TECHNOLOGY DEVELOPED (“Technelogy Element”)

Upon development of a paricular Technolagy Element, NTPC shall evaluate its
usefulness and based on it shall decide lo oblain the Inteliectual Property Rights
(“IPR") over such Technology Evert in consideration therecf pay a “Fair
Compensation as may be mutually agreed as per guideline mentioned below at
Clause 7.0 (c).

in the event NTPC decidas to acquire the license of the technology peraining 1o
the patent in respect of any Technology Element oblained from the Research
Work, Principal and Co-lnvestigatars from both WNTPC and IITKGP will constitute
as “inventors'.

The maximum value of ihe ‘Fair Benefit' for any IPR Technology Element shall be
the lower of (1) 50% of the project cost or (i) two times the salary component of the
respective project

There shall be stage wise payment of the aforesaid “Fair Compensation™ * with
each stage being linked to following milestone:

i. Upon filing and subsequent grant of PCT-IPR patent: 75% of the
‘Fair Compensafion' amount, upon grant of patent in any country
which has been identified by both the parties at the time of filing

PCT application.
i, Within & months from the grant of PCT patent the batance 25% of

the 'Fair Compenaation’ amount

Technology License shall be available to MNTPC on an exclusive basis, non-
transferable basis for its use for twenty years or any ofher period mutually agreed
upon; and, as may be permitied under the Law on a royalty free basis in
consideration of the Fair Compensation to ITKGP as mentioned abave,

IITKGP shall assist NTPC in filling the patent application; however, NTPC shall
pursue the said application. IITKGP shall sign &l the documents required for
obtaining Patent /| Copy Right.

If NTPC does not intend to file any application for obtaining the IPR, then IITKGP
may apply for the IPR as Applicant. and, NTPC shall sign all the requisite
documents for this purpose. Upon grant of IPR, if ITKGPF desires 1o grant license fo
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any of the third party for the use of IPR/Patant, then such offer should be made fo
NTPC on the first right of refusal basis. If NTPC decides to acquire the, license, it
shall be granied to NTPC on exclusive basis upen paymeant of fair compensation as
mentioned at 7.0 () plus filing fee and legal expenses incurred by IITKGP in
obtaining IPR/Patents by NTPC. However, in such an evant, NTPC shall not be
entitled to grant license to any third party to use the said patent. r

hy For purpose of the above, “[PR" shall mean the rights under the Patent Act, 1870,
Designs Act, 2000 or Copy Right Act, 1957 and any subsequent amendments
thareafier.

B. CONFIDENTIALITY:

The Parties. to the extent of their respective rights to do so, shall axchange such
tachnical nformation and data as is reasonably required of each Parly to parform
its responsibilities under this Moll. Each Party agrees 1o keep in confidence and lo
use the same degree of care as it uses with respect fo ils own proprietary data fo
prevent the disclosure 10 third Parties of all technical information, data and
confidential business information (hereinafter referred to as "Consolidated Data”).

Exchange, use and maintenance of Confidential Data shall be mutually discussed
and agreed to by the parlies.

The preceding provisions of confidentiality and restriction on use of Consolidated
Data shall not apply o

« |Information in the public domain or information, which sybsequently enters
info public domain withoul committing braach of this Article.

« Information in possession of the Party at the time of disciosure and was naot
acquired, directly or indirectly, from ihe other Party.

« Information which a Party requires o disclose under law, nuies of
regulafions or court orders.

IITKGP and NTPC shall obtain secrecy underiaking from their respactive parsonnel
involved in the Research Project.

Canfidantiality obligations contained herein shall be applicable for a period of three
yaars from the expirytermination of this Mal.

9. DISPOSAL OF STORES ITEMS!

At the end of the Research Work, &l eguipment and other Rems acquired out of
Research Funds provided by NTPC shall become the property of NTPCNTPC will
arrange to take back the equipment within ane year of the completion of the project

10. SETTLEMENT OF DISPUTES

in the event of any dispute / difference ansing between NTPC-IITKGF under these
presents, such disputes / differences shall be resolved amicably by mutual
consultation between Director, [ITKGP and Director (Operations), NTPC.

Sof@
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10. TERMINATION OF MOU

a) This Mol may be terminated by either party by giving 60 days notice in writing
to the other party of its infension to do so. .

t) In the event, when both the parties mutually agree to terminate this MOU, or the
MOU is termingted on account of Force Majeure or non-fuifiliment of the
otligations of the respeciive parfies viz. NTPC / IITKGP or otharwise for any
other reasons, the termination shall take effect from the date and lime to be

agreed upon mutually.

¢) Upon termination all the equipments and other ftems, along with the data
generated and any Confidential Data shall become the property of NTPC.

12. INDEMNITY

a) Either party shall indemnify and hold the other party harmless from any and all
claims, labiities, costs, damages and expenses of every kind and nature in
respact of the sickness, injury or death of any third pary and damage to or
destruction of any property of any third party, arising directly or indirectly during
the performance of Research \Work.

b} MTPC shall indemnify and hold ITKGP harmiess against any and all claims,
liabiities, costs, damages and expenses resulting from any third party clalms
made or suits against NTPC or suits against NTPC or IITKGP for IPR
infringement by third parties, in respect of IPR cbtained pursuant to this Mol

¢) ITKGP hereby authorizes and empowers NTPC 1o institute and prosecuie such
suits or proceedings as NTPC may deem expedient, to protect the rights and
for the recoveries of damages and penalties for infringement of such rights and
o secure to NTPC and IITKGP full benefits of the IPR and for any such
purposes to use the name of ITKGP with prior written permission afier
providing full details.

13. ANNOUNCEMENTS

No party to this MOU shall make any public announcement or communicate any
information ta third parties conceming the existence or subjact matier of this MolJ,
excapl by prior agreement between the parlies or as may be required by a legal
authority under applicable law.

14. FORCE MAJEURE

Force majeure is herein defined as any cause which s bayond the reasonable
conirol of NTRC or [ITKGP ag the case may be, which with a reasonable amaunt of
diligence could not have been foreseen and which substantially affects the
performance of the respective obligations of the parties, such as but not limited to:

a) Act of nature such as flood, drought cyclone, lighting, sarthquake, etc.

b} Rebelfion, civil mutiny, commetion, ol accident by fire, explosion,
epidemic, or any other cause beyond the control of parties.

c) Acts of any Govemment including but not limited fo war, declared or
undeclared priorties, quarantines.
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d) Any direction, order of any court or Authority adversely affecting the
enforcament of the Mall in any manmer.

&) Strikes and Lockouts for @ continuous period of 30 days.

Pravided that either party shall within T days from the occumrence or cessallon of
sucha cause notify the ather in writing of the same. !

in the avent Force Majeure event confinue for more than 30 days, the parties
shall mutually discuss and decide the fulure course of action. If not mutually
agreed, the parties shall have the right to terminate the MO,

NTPC or ITKGP shall not be lisble for non-performance of their respective
ohbligations or delays in respect thereof as a resull of force majeure as referred to
and ! or defined above.

15. MISCELLANEOUS:

a} Mothing In this MOU shall be deemed to constitute a partnership or agency
relationship between the Parties to this Mol and neither Party 1o this MalJ
shall have any authority 1o bind or obligate the other party in any manner
whatsoaver in relation to third partes.

b) Meither NTPC nor ITKGP shall be llable to sach other for any financial
liability or any eonsequential loss incumed by any Party individually in respect
of any other activities arising out of compliance with the provisions of this
Moll after the date of sigring.

¢} Any Amendment to this Mol in order to be valid and binding shall be made
by an instrument In writing and signed | exacubted by the Partias hareto.

15. PERIOD OF MoU

a) This MOU shall remain valid for a peried of 36 menths from the date of
signing of these prasents uniless terminated earier by mutual consent.

b} Howewver, if during the course of Research Work, some new resaarch area
craps up which has a significant bearing upon the completion of the existing
project and should NTEC & ITKGP decide to take up, the same Mol will hold
good for various aspects such as legal & financial procedura, confidentiality,
notice etc axcept the actual financial amourts and IPR. For olher issues,
matter may be decided mutually by the Director (IITKGF) & Director
{Operations-NTPC) or by their nominated reprasentatives to make whatever
changes as may be required.

€] Mol may be converted to agreament if both parties agree in future for mutual
benefit,

17. NOTICE

All Notices, permitted or required lo be made under this Moll shall be in writing
and signed by the authorized representatives of the party giving such notices and
shall be delivered personally against acknowledgement or by fax or Registersc-
AD mall to the other party at its address set forth herein below or at such
addresses, as the other party may subsequently nolify.
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Addmresses:

ATTN: Executive Director (Energy Technologies),
MNTPC Limifed
Engineering Office Complex (EQC)
5" Floor Enginearing office Complex, Piot A- 8A, Sector 24, Naida
201301, Telephone: 91 120 2410267

ATTM Dean (Sponsored Research & industrial Consultancy)
Indian Institute of Technology Kharagpur
Kharagpur-721302 West Bengal, India,

Telephone: 91-3222.282002

In witness whereof the parties through their authorized representatives have signed
these prasents on the Day Month and Year mentioned above.

For Indian Institute of Technology Kharagpur For NTPC Limited

B Fenfle
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Development of Urea to Ammonia Reasclor and associated components for
Flue Gas Gundnbnhg_iAMT'.I‘ExURE I TO MOy

Development of Urea to Ammonia Reactor and
associated components for Flue Gas Conditioning

-
¥

1. Client: NTPC Limited. Energy Technologies, Engineering Office Complex, Plot A-
8A, Sector-24, NOIDA 201301

2. Project Title: Development of Ammonia to Urea reactor and associated
companents for Flue gas condifioning

3. Objectives: Thisis an R&D projact propasal with the following aim:

= Production of 50 kg/ hr ammania from urea for flue gas conditioning

» Development, design and characterization of a reactor system for in-situ
production of ammaonia.

= Performance analysis of the designed reactor for Flue Gas Conditioning

» [Detail analysis of the synthetic gas mixiure aftar reactor and ESP

» Characterization of the reactor system

= Mathematical Modeling of the system fo predict pefformance of the ammonia
based flue gas conditioning

« Performance analysis of the ESP for parficulale capluring and its implementation
in one of the NTPC unit

This assignment will be executed in three phases sequentialy as follows:

Phase-l: Development of Basic Engineering Document and design as described

under the scope of work for Phasa-|,

Phase-ll: Fabrication and erection of necessary hardware,

Phasedll: Commissioning, testing and analysis and implemeniation In one of the

NTPC uniL

3. Scope of Work:

a) Phase-| activity:
To develop the design details for reactor capable of producing 50Kghr of NH3 in
gaseous form along with diluents in the form of Basic Engineering Package (BEP)
document.

Pame 10f 7
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Development of Urea to Ammonia Reactor and associated components for
Flue Gas Conditioning {ANNEXURE | TO MOU)

Battery limit:

= Develop design document for reactor capable of producing mh:grru- of NH2 in
gaseous form along with diuents from Urea.

* Todesign the distributor for NH3 gas along with its diluants in the flue gas.

CONTENTS OF BASIC ENGINEERING PACKAGE

PART I: DESIGN BASIS & PROCESS DESCRIPTION
1. Intreduction
11 Documentation Organization
2, Design Basis
21 General
22  Section wise capacity
2.3  On Stream Numbsering
3. Process description
3.1 Procass description
3.2  Process conirol steps & analytical methods
33  Raw material specifications
34  Process flow diagram
3.5  Material & energy balanca
36 Raw material consumption figures
37 Liifity specification & consumption with peak demand data.
3.8  Suggested Efffuent treatment method if any.
4. Operating procedures
4.1 Start-up & Mormal operation
4.2 Mormal shut-down procaeduras
4.3 Emergency shut down procedures.
44 Requiremant of emergency power supply if any.
5. Safety & health considerations
5.1 Materials safety data sheets
5.2 Detectors & location of detectors if any.
Annexure-l of basic engineering package: Wil contain Process flow sheet,
Material & Energy balance.

Payme 2 of 7
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Development of Urea to Ammonia Reactor and associated components for
Flue Gas Conditioning (ANNEXURE | TG MOL)

Annexure-ll of basic engineering packaga: Wil contain Material safety datasheet
of chemical/material used

PART Il: EQUIPMENT LIST & SPECIFICATION SHEETS =

1, Equipment st
2. Tentative equipment layvout
21 General layout plans
22  Elevations
3. Equipment specification sheats | data sheets

PART lll: INSTRUMENTATION & ELECTRICAL ASPECTS

1. Instrumentation phiosophy

2. Interiocks & alarm descriplion
Annexure-ll of basic engineering package: Wil confain Intedocks &, alam
diagrams

PART IV: PIPING & INSTRUMENTATION
1. Piping & instrumentation diagram
2. Pipe size, schedule and matenal of construction.

b} Phase-ll activity:

The appeintment of vendor for fabrication of the hardware as per the BEP
document,

Get varous itams fabricated from the fabrication vendor or vendor of packaged
tem supplier. Stage inspection of the varous equipments / packaged items as
per the requirements given in the BEP document.

Supply of the necessary hardware lo IIT-Kgp sife.

Monitoring of the installation ! erection of the equipments and varicus package
ftems at the site by the vendor as per the general layout given in the BEP
document.

Final or pre-commissioning inspection of the entire plant

Testing of the antire hardware jointly by vendor, IiT Kgp and NTPC.
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Development of Urea to Ammonia Reactor and assoclated components for
Flua Gas Conditioning (ANNEXURE | TO MOLU)

¢} Phase-lll activity:

The testing of entire hardware, control loops and confroling equipments eic.

Actual trigls of the Urea reactors will be camed out so as to generale the Urea at
the desired quantity, Similarly the generated NH2 will be injected in the flue gas.

Training of NTPC power station perscnnel for generation, handling and testing of
the system. The safety information will be also shared with NTPC technlcal staff.

Jaint study by NTPC and IIT Kgp will be camied out to study the effect on fly ash
recavery aftar injection of NH3 in the flue gas in one of the NTPC unit,
Prepare a R&D report on the joint study,

4. Key deliverables & Schedule:

SMNo Deliverables Schedule |
1 | Development of Urea to Ammonia Flow shest 1 Month
2 | Design of Urea to ammonia Reacior 3 Month
q EEP document for generating ammaonia from 2 Month
rea
Fabrication of Uraa reactor and fabrication /
4 | procurement of balance components of Urea- 8 Month
FGC system
5§ | Characterization and detail reactor studies & Month
& | Mathematical modeiing 4 Month
7 Study the effect of NH3 treatment on Fly ash, & Maonth
ESP intemnals, duct and chimney.
f TE:ﬁrtg in situ for fly ash removal &t NTPC 8 Manth
g
g Final Report on Urea -FGC system 2 Maonth
development [Parallaly with activity no: 6]
Total expected time 36 Month
= Papedof 7
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Development of Urea to Ammonia Reactor and assoclated components for
Flue Gas Conditiening [ANNEXURE | TO MOL}
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5. Total Project Budget:

S.No | Budget Head “First Year Second Year Third Year
1 Equipment Rs, 10.5 Lac Rs. 18.0 Lac Rs. 1.0Lac
2 | Matenal Rs. 1.0Llac Rs. 1.5Lac Rs. 1.5 Lac
3 Cansumables Rs. 0.6 Lac Rs. 1.00 Lac Fs, 082 Lac
4 | Salary Rs. 3.36 Lac Rs. 3.36 Lac Rs. 3.36 Lac
5 | Owverheads': Rs.(D.80+2 5jLac | Re(l.4 +30)Lac | Rs. (1.30+30 JLac
B Traval Rz 1.0Lac Rs. 1.0Lac Rs 1.0Lac
7 | Contingency Rs. 1.0Lac | Rs. 1.0Lac Rs. 1.0 Lac

TOTAL | Rs. 21.760 Lac | Rs. 30.260 Lac Rs. 12.98 Lac
"Tiverhead componant contains Rs 8 5 Lac owaras 1acuity salary
= Pore 50 7



Development of Urea to Ammonia Reactor and associated compon

enis Tof

Flue Gas Conditioning (ANNEXURE | TO MOU)

6. Payment Schedule:

Adjustment
Linked of Amount
8.No Milestones Amount | Apportioned | Pajable
[Lac Rs] Amount [Lac Rs]
: [Lac Rs]
1 | Initial Amount: Upon signing of Mol 8.0 0 8.0
2 Completion of Milestone No-1: 0.856 o 0,855 *
Development of LtoA FGC Flow Sheet |
3 Completion of Hmna No-2: o BRE . | EGE *
Completion of Design of UtoA Reaclor
Completion of Milestone No-X:
Placement of Purchase Order for As Par As Par
4 Equipment, Material, Consumables and | Actual PO 0 Actual PO
| Computational tems{To be done in Amount Amaount
_phasad manner]
| Completion of Milestone No-3:
5 Development of Detailed Engineering 1.710 1 0.710*
and Drawings of U2A FGC system
Completion of Milestone Mo-4:
=] Erection & Commissioning of U2A-FGC 5,130 1 4,130 "
system .
| Completion of Milestone No-5:
Characterization and completion of §.380 1.5 3.880°
reactor studies. A ]
3 Enmpl@uﬂ of Milestone No-6: 5 B8O 1 —
Completion Mathematical Modeling
Completion of Milestone Na-T: Sludy
5 the effect of NH3 treatment on Fly ash, 5.310 1 | 4310"
ESP internals, duct and chimney.
Complation of Milestone No-8: >
1 | Testing in One of the NTPC site i s 4818
" cminn of Milestone No-9: | 747 5 A
- Submission of Final Report
NB: 1 | [*] Subject to the total releassd amount doss not exceed the total cost of project
| NB: 2 | Milestones completion sequence can be other than indicated above

Paye bk 7



Development of Urea to Ammonia Reactor and associated components for
Flua Gas Conditioning (ANNEXURE | TO MOLUY

7. Other Terms & Conditions
Other terms and conditions of the project shall be as per the mutually agreed Maol), 4

Fage Tof 7
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