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MESSAGE FROM CMD, NTPC LIMITED

Green Hydrogen plays a pivotal role in this energy revolution. Amongst all
applications of green hydrogen ‘blending green hydrogen with natural gas’ is a low
hanging fruit to achieve the national objective of energy security and
decarbonisation.

NTPC feels proud in commissioning India’s first green hydrogen blending project
which has completed over 1.5 years of operation. This project marks a significant
step towards our commitment to a cleaner, greener future, setting new
benchmarks for the industry

This initiative aligns with India's ambitious goals of achieving energy
independence and transitioning to a low-carbon economy.

This report provides adequate information on replicating NTPC’s success story on
hydrogen blending project.

Gurdeep Singh

CMD, NTPC Limited
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MESSAGE FROM DIRECTOR (PROJECTS), NTPC LIMITED

Green Hydrogen Blending Pilot Project is a testament to our commitment and
relentless pursuit of reducing carbon emissions. This project has been setup in
one of our NTPC project at Kawas, Surat with intention to supply the hydrogen
blended natural gas for 200 households in the township for upto 20% v/v. Green
Hydrogen is generated in-situ by using renewable power from the nearby NTPC
floating solar project and blended with natural gas.

We are immensely proud to collaborate with Gujarat Gas Limited (GGL) on the
groundbreaking Green Hydrogen Blending Project. This partnership exemplifies
our shared commitment to pioneering sustainable energy solutions and reducing
carbon emissions.

We are deeply grateful for the unwavering support and guidance provided by the
Petroleum and Natural Gas Regulatory Board (PNGRB) in the successful
implementation of our Green Hydrogen Blending Project. Their guidance and
approval have been pivotal in enabling us to embark on this innovative journey
towards a sustainable energy future.

This document is prepared with the experience gained from implementing the
project and continuous assessment of the blending system.

As we move forward, we remain committed to exploring new opportunities and
pushing the boundaries of what is possible in the realm of sustainable energy.

K. Shanmugha Sundaram

Director (Projects), NTPC Limited
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MESSAGE FROM EXECUTIVE DIRECTOR (RE), NTPC LIMITED

The Green Hydrogen Blending Project executed by NTPC has been one of the
success story in the Green Hydrogen Economy and has reinforced NTPC’s
commitment toward experimenting with the Green Economy to attain Clean
Energy Transition Goals of the Company.

At present, hydrogen blending ratio upto 8% v/v is carried out in this project
without any issues faced in the blending system and we are confident to
increase this ratio, further reducing the carbon footprint.

This project, a collaborative effort with Gujarat Gas Limited (GGL), marks a
significant milestone in our journey towards a greener future. GGL’s trust on
NTPC capabilities was instrumental in launching India’s first green hydrogen
blending project.

We would like to express our sincere gratitude to the Petroleum and Natural
Gas Regulatory Board (PNGRB) for their invaluable support in the successful
implementation of our green hydrogen blending project. The PNGRB's guidance
and regulatory framework have been instrumental in ensuring the smooth
progress of this initiative.

This report details project implementation, assessment process and results.
We are confident it shall help others to set up this type of facilities elsewhere in
the country in a seamless manner.

After showcasing our success story in this Green Hydrogen Blending project, |
am confident that green hydrogen is poised to be a game-changer, offering a
sustainable and scalable solution to reduce carbon emissions and support
a cleaner future.

Rajiv Gupta

Executive Director (RE-NTPC) and CEO (NGEL)
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OBJECTIVE OF THIS DOCUMENT

. This document provides information of NTPC Green Hydrogen Blending Pilot

Project at Kawas, Gujarat. It covers details of the project, inputs and scope of
work from NTPC and GGL, third party assessment outcomes and performance
of the blending system etc.,

2. This document provides information to following identified stakeholders.

% Owner:

Inputs required for establishing the green hydrogen blending project.

Gas composition and material assessment outcomes upto 8% v/v
hydrogen blending.

Project information, layout and PI&D
Customer concerns and perceptions.
Performance details of the blending system.

Provides guidance for developing similar projects.

% GA operator:

Statutory requirements and approval from the regulator

Details of the assessment to be carried out by the GA operator
perspective.

Support and co-ordination between the owner and GA operator.

Outcomes of Gas composition and material assessment of PNG gas
network components for upto 8% v/v hydrogen blending.

3. This document also provides standard technical specification for developing a
hydrogen blending project.
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API RP
ASME
ASTM
cc/cv
CGD
CNG
CO2
DC
DCP
DM Water
EMERA
EN

GA
GCR
GCV
GGL

LEL and UEL

LPG

LPT
MDPE
MMSCMD
NCV
NFPA
NG
NM3/Hr.
NTU
Oo&M
OISsD
PBG

PE

Abbreviations

American Petroleum Institute Recommended Practice
American Society of Mechanical Engineers
American Society for Testing and Materials
Constant Current/ Constant Voltage

City Gas Distribution

Compressed Natural Gas

Carbon dioxide

Direct Current

Dry Chemical Powder

Demineralised Water

Escape Muster Evacuation and Rescue Analysis
European Norms

Geographical Area

Gas Cylinder Rules

Gross Calorific Value

Gujarat Gas Limited

Galvanized Iron

Gas-Liquid mixture

Hydrogen

Hazardous Area Classification

Hazard and Operability Analysis

Ingress Protection

Individual Risks Per Annum

Indian Standard

Indian Standards Institution

International Organization for Standardization
Leak Detection Testing

Lower Explosive Limit and Upper Explosive Limit
Liquefied Petroleum Gas

Lock Pressure Test

Medium Density Polyethylene

Million Metric Standard Cubic Meter per Day
Net Calorific Value

National Fire Protection Association

Natural Gas

Normal cubic meter per hour
Nephelometric Turbidity Unit

Operation and Maintenance

Oil Industry Safety Directorate

Performance Bank Guarantee

Polyethylene
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PEM
PESO
PID
PLC
PNG
PNGRB
PPM
QRA
RE
SCMD
SCMH
SMPV

T4S

TPA
UPS
v/v
WL

Proton Exchange Membrane

Petroleum and Explosive Safety Organization
Proportional-Integral-Derivative
Programmable Logic Controller

Piped Natural Gas

Petroleum and Natural Gas Regulatory Board
Parts per million

Quantitative Risk Assessment

Renewable Energy

Standard cubic meter per day

Standard cubic meter per hour

Static and Mobile Pressure Vessel

Technical Standards and Specifications including Safety
Standards

Tonne perannum

Un-interrupted Power Source

volume by volume

Water Litres
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1.

Executive Summary

With the objective to reduce usage of natural gas and minimize climate change
effects. Green hydrogen blending is being investigated as a potential solution
across the globe. Green hydrogen is an energy that could play an importantrole in
reducing emissions associated with difficult-to decarbonize sectors particularly
from households cooking applications.

NTPC has commissioned India’s first Green Hydrogen Blending Project at its
power station in the state of Gujarat on 02 Jan 2023 with blending ratio of 5% v/v.
This project includes an electrolyser unit and blending skid for mixing of green
hydrogen with piped natural gas (PNG). Green hydrogen is produced using
electricity from adjacent floating solar project of NTPC. The blending skid ensures
blending of hydrogen gas from 5-20% by vol./vol. with PNG supplied from Gujarat
Gas Limited (GGL).

Safety studies like HAZOP, QRA, EMERA, HAC were carried out in design phase to
ensure project to safer and reliable in operation.

Petroleum and Natural Gas Regulatory Board (PNGRB) has given approval for 5%
blending in the first phase of the project which would be progressively increased
to 20% v/v.

Due to domestic usage, there is huge variations and spikes in the Natural Gas
usage during the day. To ensure safe and reliable blending of hydrogen into the
PNG network, the following innovative approaches and best practices from gas
industries were incorporated into the system.

1. Active and Monitor Pressure Regulators.

2. High accurate flow control valve with PID Controller.
3. Static inline mixer.

4. H2 Analysers and Gas leak detectors.

The third-party testing firm was assigned to carry out the gas composition
assessment at different location of the network, deterioration of metal and non-
metal components used, if any. NTPC has provided in-depth training to all
stakeholders to educate them in safety aspects before commencing of the
blending operation and continues to provide the same at periodic intervals. Also,
periodic customer survey has conducted through third party to ascertain easiness
of use and degree of assurance for their wellbeing from gas suppliers.

PNGRB is being appraised continuously on the performance of the hydrogen
blending system and they have enhanced the blending level to 8% v/v.

Various measurements taken diligently demonstrates the reduction of natural gas
consumption of over 3% with 8% v/v of blending ratio, in comparison to un-
blended natural gas usage. This figure will reach upto 8% with 20% v/v of hydrogen
blending. The reduction in CO2 emission in cooking application with 20% v/v
blending is 6 TPA in comparison to present saving of 2 TPA of 8% blending.

-9-
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2. Objectives

1. Impact assessment on hydrogen blending

a. Gas homogeneity at highest and farthest point.

b. Adverse effect on materials (metallic and non-metallic).
2. Validation

a. Layout design of various system.

b. Response time of components and instruments.

c. Tuning of control valve operation.

d. Analysis of blending ratio at various flow levels.

e. Risk assessment & mitigation measures.

N o o koo

Knowledge on specific safety requirements and their compliances.
Understanding O&M issues.

Competency building in engineering, execution, and O&M.
Understanding user’s concerns and perception.

Costimplications.

-10 -
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3. Overview

1.

2.

NTPC has developed a Green Hydrogen Blending Pilot Project at its Kawas
Gas and Solar station, in Surat district, Gujarat. The projectis located at 20
km distance from Surat Airport and the nearest railway station is Surat at a
distance of 18 km.

The project involves supplying blended PNG to 200 households in NTPC
Kawas Township. This system is designed for upto 20 percent vol/vol
hydrogen blending to 100 SCMD of PNG.

. A gas supply agreement was signed with M/s Gujarat Gas Limited (GGL) for

laying of new PNG network and supply of Piped Natural Gas to NTPC Kawas
Township. Earlier residents of NTPC Kawas are using Liquified Petroleum
Gas (LPG) for the domestic cooking appliances.

Major components of the project are Hydrogen generation system, storage
system and blending skid.
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NTPC Kawas Township—s

Figure-1: Location of pilot project at NTPC Kawas Township

NTPC Township
200 households

Green Grid H, storage
Electrolyser 13 scm
1scm/hr N
& ' Purifier a

"4 1 H,Purity: 99.99% H,
Sl oy H,: 20scm/day max

._’ i i 4 kil . BLENDING SKID

Rectifier ,

Natural Gas from CGD Network

Figure-2: Scheme of the pilot project
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4. Scope of NTPC and GGL

NTPC

N o o koo

GGL

A T o

Develop the Green Hydrogen Blending Project.

Obtain applicable approval from statutory regulator and local
authorities.

RE power and water.

Land to establish of natural gas network inside the township.
O&M of complete hydrogen generation and blending system.
Safety studies for hydrogen generation and blending system.

Assessment of effect of blending on gas properties and degradation on
components.

Obtain an approval from the regulator (PNGRB).
Establish the natural gas infrastructure.

Supply of piped natural gas.

O&M of natural gas network.

Safety studies for natural gas pipeline network.

Emission studies from cooking gas appliances as required by the
regulator.

-12 -
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5. Project Details

5.1 Power and Water Inputs

1. Round the clock renewable power.

2. Water at a pressure of 1 bar for both hydrogen generation and cooling

purposes.

3. Quantity and quality of the water as:

Flow: 1.0 kg/hr Turbidity (NTU)-1.8
pH-6.75 Total Hardness (ppm as CaCOQOg) - 140

Conductivity (us/cm)-630

5.2 Natural Gas Specifications

1. Natural Gas Parameters
a. Consumption: 100 scmd
b. Temperature - Max 65 °C, Min 0°C;
c. Flow:0to 15scmh.
d. Pressure: 4 bar.

2. Natural Gas (NG) Composition

Typical Parameters Typical Parameters
Composition % viv Composition % viv
Methane 95.4 N, 0.2
Ethane 3.657 CO, 0.000025
Propane 0.534 Total 99.999425
n-Butane 0.105 GCV kcal/scm 9351
I-Butane 0.091 NCV kcal/scm 8340
n-Pentane 0.0028 Avg. Molecular 16.78
Weight
i-Pentane 0.0077 Wobbe Index 48.95
(MJ/scm)
Cce+ 0.0019

Table 1: Natural Gas Composition

-13-
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5.3Sub System

A. Electrolyser

1.

2
3.
4

PEM 6.6 kW, 0.1 kg/hr conforming to ISO 22734:2019.
Purity 99.99% (impurity not more than 100 ppm).

30 bar pressure.

. Auto operation of dryers and de-oxy units.

B. Hydrogen Storage

1.
2.

Pressure Vessel (Type-1, 4*160 WL)

Storage capacity of 13 scm of hydrogen stored at 30 bar pressure (equivalent
to 16 hours of consumption).

Pressure Vessel conforming to meet GCR and SMPV Rules 2016.

C. Hydrogen Blending Skid

1.

Hydrogen at 4.5 bar is blended with natural gas at a pressure of 4 bar.

2. Feedback on hydrogen content (% by vol) in blended gas is to be calculated
from volume flow of hydrogen and inlet natural gas. In case the system
exceeds the set % of blending, automatic safe shutdown of the blending
equipment takes place.

3. Operational definition of different blending levels:

% Blending Level Acceptable operating range
5 3-5
10 8-10
15 13-15
20 17-19 (mixing level shall never exceed 20 %)

Table 2: Blending operation definition

4. Emergency Shut Down valve(s) are installed upstream of the pressure

regulator to isolate the hydrogen and natural gas, in-case of emergency and
leak detection.

Control logics for the isolation of hydrogen supply system in case of deviation
from set purity of hydrogen.

Pressure control is achieved through the provision of Active and Monitor
Pressure Regulator (i.e., monitor will be upstream of active regulator).

-14 -
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10.

11.

12.

v

Upstream

Downstream
Regulator

Regulator

Active and Monitor Pressure Regulator
Mechanical shutoff valves are provided in the system to operate in-case of
high pressure in the downstream.

In case of failure of mains power supply, safe shutdown of the blending
system.

Entire gas from the main PE (polyethylene) pipeline (90 mm) is diverted into
the blending setup through isolation valves.

After blending of hydrogen into natural gas at the required blending level,
blended mixture is returned to the PE pipeline highlighted in yellow (figure 6).

Cumulative Flow meter is installed in incoming natural gas, incoming
hydrogen to blending unit and the blended gas.

Entire blending setup is configured with bypass valve to ensure continuous
supply of natural gas to consumers while undertaking maintenance on
blending skid.

Blending Skid

!
| ? Pressure Regulator (Active and Monitor)
: % Flow Control

+ =+~ Flow Meter
| < Isolation Valve (Manual and ESD) |

Figure-6: Schematic showing different functions.

D. Electrical

1.

2.

Electrical equipment is conforming to IS 5571:2009, “Guide for selection of
Electrical Equipment for Hazardous Area”.

Two separate and distinct connections to earthing grid are provided for all
electrical equipment operating on above 230V AC. Separate earthing grid is
provided for instrument and electrical power.

Safe Zone and Hazardous Area is provided with appropriate lighting (flame
proof).

E. Instrumentation and Control Systems

1.

Gas (Hydrogen and Natural Gas) detectors are installed at strategic locations
to detect any gas leakage.

-15-
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2. Instrumentation and control system conforms to API- RP-551, 552, 554, 555
or EN 334, EN 14382.

3. System is configured to monitor (no control) remotely from any place using
web interface.

4. Control system is provided with minimum 30 mins UPS backup.

5. Necessary Audio Alarm are envisaged to alert the surrounding public
regarding leakage of hydrogen.

6. Data Historian are provided to store, retrieve, and analyse at least 1 year data.

F. Mechanical

1. N2 Purging provided to flush the H2, in-case of emergency operation.

2. Containerized solution for electrolyser, blending skid and control system is
provided.

3. Al butt-welding joints are radiographed for defect free erection.

4. All seamless piping is conforming to ASME B31.12, ASME B31.3 and PNGRB
T4S guidelines, OISD 118, NFPA.

5. All the Safety Valves are ASME UV code stamped are sourced which require
one time certification.

6. Non-return valves and isolation valves is placed appropriately to ensure
natural gas doesn’t leak into hydrogen supply section.

7. Appropriately placed isolation valves to ensure isolation of critical equipment
in the event of malfunction or required maintenance.

8. Allvents arerouted to a safe area and in a manner that gas vented outis blown
away from the nearest building. Height of vent is of minimum five (5) meters
above ground level. Flame arrestor is installed in all venting points.

9. Welded joints and fittings are used and flanged joints are minimized and used
only where absolutely necessary.

10. Appropriate pressure tests and flushing procedures is carried out at site after
integration of all equipment before commissioning.

11.Emergency pushbuttons and Safety banner, emergency operation
instructions are provided at all locations for the safe operation of the plant.

12. Fire extinguishers (4x10 kg of DCP and 2x9 kg of CO2) are provided at suitable
locations as suggested by gas operator.

G. Civil

1. Crash Guards are installed at the suitable locations in the project.

2. Gravel base is provided to avoid weed growth.

3. Facility is provided with proper security fencing and access gate(s).

-16 -
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6. Process Description

Power from nearby 1MW floating solar is rectified to DC power and DM Water is fed into
electrolyser for the generation of hydrogen. Generated hydrogen is stored into the
cylinders and also fed directly into the blending skid. Based on the natural gas flow and
preset blending level, the hydrogen gas is blended into the piped natural gas.

MAX. FLOW - 15 SCMH
OPERATING PRESSURE -4BAR’ l—‘
=1

I r\
T T
HYDROGEN GENERATION UNIT [ C +
(ELECTROLYSER) B HHH = BLENDINGSKID K
CAPACITY-INM3/HR H2 STORAGE CYLINDER
OPERATING PRESSURE-30BAR CAPACITY - 3x160=480WL
OPERATING PRESSURE - 30BAR K

1
MAX, FLOW - 18 SCMH =
OPERATING PRESSURE - 2TO3BAR

y 1
{ ’ )
N L
.
o b | )
|
] vt |
1 )
- | . e

H; Generation System H, Storage System H, Blending Skid Gas Appliances (H, + PNG)

Figure-7: Block Diagram of the Hydrogen Blending System

6.1 H2 Generation Unit - PEM Electrolyser

1. DC power provided to the Electrolyser Stack through the Rectifier (CC/CV
mode).

2. DM water of 0.5 us/cm is produced from the incoming raw water and stored it
in the DM water tank.

3. DM water and DC power is fed into electrolyser stack to produce hydrogen and
oxygen. The produce hydrogen is fully saturated and contains some PPM
oxygen.

4. Hydrogen is passed through the separator where the free liquid is be removed.

5. Hydrogen is then passed through the palladium catalyst for removal of oxygen
and then passed through the air-cooled radiator to maintain the temperature.

6. Next, hydrogen is passed through regenerative dryer unit to remove the
moisture content.

7. Hydrogen dew point and purity is measured continuously. In-case purity or
moisture is beyond the limit, then hydrogen is be vented into atmosphere
safely.

-17 -
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8. H2 Gas detector is placed at appropriate location to detect any leakage and
generate alarm/shutdown the system. Alarm at 20% LEL of H2 and shutdown of
complete system at 40% LEL of H2.

Figure-8: Process Flow Diagram of the Hydrogen Blending System

6.2 H2 Blending Skid

. Blending skid receives natural gas from the piped natural gas network and

hydrogen from the storage cylinder. Then hydrogen is blended with natural gas of
pre-set blending level and blended gas line is connected back to PNG network.

Inthe NG and H2 line flow meter, pressure transmitter & temperature transmitter
is placed, and inputs are provided to the PLC system.

. Based ontheinputs from NG Flow meter and preset blending ratio, output of the

PID controller decides opening position of the control valve.
Active & Monitor pressure regulator is placed in the H2 line for pressure control.
For enhanced blending the blended gas is passed through the static mixture.

After the blending a hydrogen analyser will check the correctness of the blending
ratio. In case of any variation in H2 % from the set higher and lower limits, alarm
is be generated and further if the variations exceed the set higher threshold value
system will shut down.

H2 and hydrocarbon gas detectoris placed at appropriate location to detect any
leakage and generate alarm/shutdown the system. Alarm at 20% LEL of
H2/hydrocarbon and shutdown of the system at 40% LEL of H2/hydrocarbon

In case of any abnormalities in the process parameters like pressure,
temperature, blending ratio etc, alarm is generated, and system will be shut
down if the value increases beyond the set threshold value.

-18 -
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Active and Monitor Pressure regulator

PID Control
Valve

H2 Analyser

Static Mixer

Figure-9 View of Hydrogen Blending Skid (2m x 2m)
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7. Safety Provisions:

7.1 Safety System

1.

R T

Active and Monitor Pressure regulator.

Analyser for continuous detection of H2 purity.

Control system provided with minimum 30 mins. power backup.
Accuracy of measuring instruments and control elements is 1% of better.
Emergency Shutdown for overpressure, leakages and power failure.

Online analyser (H2, NG, and blended gas) for feedback control & protection.

7.2 Leakage Mitigation

1.
2.
3.

Audio alarm incorporated for alerting public (in-case of H2 leakage).
Gas detectors for H2 and NG at strategic locations to detect any gas leakages.

Flame arrester in all venting points.

7.3Standard Compliance

1.
2.

3
4.
5
6

Pressure Vessel: SMPV Rules, 2016 and GCR, 2016.
Piping:

a. Layout-0OISD 118.

b. H2-ASME B31.12, NFPA2 and NG-ASME B31.3, PNGRB T4S Guidelines.
Electrical Equip. for Hazardous Area: IS 5571:2009, Earthing: IS 3043:2018.
Instruments & Control System: API RP-551, 552, 554, 555 and EN 334, EN 14382.

. Safety Valves: ASME UV stamped.
PESO (Exempted due to low volume of storage as per Gas Cylinder Rules, 2016).

7.4 Safety Studies

1.

2.

Hydrogen Generation and Blending System Facility

a. Hazard Operability (HAZOP) - M/s Nachiket Enterprise

b. Quantitative Risk Assessment (QRA) - M/s DNV

c. Hazardous Area Classification (HAC) - M/s DNV

d. Escape Muster Evacuation and Rescue Analysis (EMERA) - M/s DNV
Natural Gas Pipeline Network

a. QRA-M/s Bureau Veritas - (upto 10% H2 Blending) in Oct 2023

b. QRA - M/s Bureau Veritas - (upto 15% H2 Blending) in May 2024

-20-
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8. Performance of Blending System:

8.1 Hydrogen Blending Performance

1. 5% v/v Hydrogen pre-set blending level

Avg. blending
Year Month level (% v/v)
Jan 3.76'
Feb 4.19
Mar 4.31
Apr 4.34
May 4.34
2023 Jun 4.30
Jul 4.30
Aug 4.19
Sep 4.23
Oct 4.28
Nov 4.25

2. 8% v/v Hydrogen pre-set blending level

Year Month Avg. blending
level (% v/v)
2023 Dec 7.56
Jan 7.48
Feb 7.43
2024 Mar 7.34
Apr 6.96

3. Monthly Flow details

. Monthly Avg. till Monthly Avg.
Monthly Details Dec, 2023 after Dec, 2023
NG Flow (scm) 1000 1100
H2 blended NG flow (scm) 40 87
Avg. blending (% v/v) 4.4 7.6

! The customers on this blended network were very few in the starting month of commissioning leading to low
consumption of Natural Gas. As per blending system protection measures if Natural Gas flow is less than 1.5 scmh
in the network, hydrogen blending is stopped and only natural gas flow is established. This led to flow of Hydrogen

only when it crossed the threshold of 1.5 SCMH, hence low blending percentage.
-21-
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8.2Leak Detection Testing of PNG network

1. Leak Detection is carried out for Low pressure (110 mbar) PNG network at on
every month basis by using combination of Lock pressure Test (LPT) and Leak
Detection Testing (LDT) techniques.

2. Till date only one minor leakage was identified in one fitting on 04/02/2023 and
same was rectified.

8.3 Gas Composition and Burner testing network

1. Establishment of stagnant network and riser pipeline.

- AR 7

i

Figure-10: Stagnant PNG pipeline at nearby by building

2. Atapping was taken from low pressure PE line for around 70 meters to the
nearest building (with no customer)

3. Testingriser of Gl piping was installed on this 2-storey building with regulator
and two termination, top & bottom. Sample are collected from both points &
tested in lab to verify gas analyser reading & also to establish any change in
homogeneity for stagnant gas.

Figure-11: Stagnant riser pielines and tapping points
4. Blended gas was allowed to line pack the tapping line and dummy riser, then
samples taken.

a. 5% of H2 in the blended gas, same was verified from the sample taken
from testing riser: Results 4.82% and 4.96% at bottom & top respectively.

b. 8% of H2 in the blended gas, same is verified from the sample taken from
testing riser: Results 7.87% & 7.82% at bottom & top respectively.
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5. Burneris connected to both points of riser termination
a. 5% of H2 in the blended gas: Normal flame behaviour observed
b. 8% of H2 in the blended gas: Normal flame behaviour observed

6. Blended gas was packed into tapping line and dummy riser and was isolated for
48 hours to check change inhomogeneity

a. 5% of H2 in the blended gas, same was verified from the sample taken
from testing riser: Results 4.75% & 4.96% at bottom & top respectively.

b. 8% of H2 in the blended gas, stagnant sample taken from testing riser:
Results 7.79% & 7.72% at bottom & top respectively.

The above assessment has been carried out at each level of blending ration (5% and
8% v/v) separately before charging the blended gas into the PNG network.

8.4 Operational efficiency of Instruments and valves

In a day, there will be huge flow variation in the PNG network for domestic application
due to intermediate usage of cooking i.e., morning, afternoon and night.

Sometimes very minimum flow of natural gas take place in the gas network for which
flow measurement and control valve operation shall be very accurate and fast acting.

Operation of blending system with reference to natural gas flow and maintaining pre-
set blending level within limits for typical day is shown below.

Natural Gas and Hydrogen Flow
@ 5% H2 Blending

Natural Gas Flow

Hydrogen Gas Flow

e NG FLOW METER-02 TOTALIZER (Sm3 /HR)  smmmm Required H2 Flow in Sm3 /hr @5% blending e H2 Flow rate in sm3/hr when NG flow is> 1 Sm3/hr  emmmmmH2 Flow Rate in Sm3/Hr

Figure-12: Representative flow of natural gas and hydrogen
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9. Third Party engagement for assessment, training and outcomes

The objective of this assessments is to perform various testing on the PNG network, gas
composition, conducting surveys for designing and developing a safe, reliable, and
compatible hydrogen blending system for different blending pre-set ratio for PNG
Network and educating various stakeholders on hydrogen blending system.

This assessment is carried out for different blending pre-set ratio at various interval
(daily, weekly, fortnightly, monthly).

9.1 Gas Composition Assessment

1. Gas Analysis for its homogeneity with regards to Hydrogen and Natural Gas
i. Monthly periodicity.
ii. Three gas samples taken from
1. blending skid.
2. highest point (two floor).
3. farthest house of the PNG network.

2. Quantity of injection of odorous agent (mercaptan) at 5%, 10%, 15% and 20%
blending ratio to keep mercaptan concentration same.

i. Oncein aweek for 4 weeks for each level of blending.

ii. Assessment for the concentration of mercaptan carried out in each level
blending percentage, what is the concentration level of mercaptan.

9.2 Material Assessment

Every 3 months (samples of PE and Gl items for exposure of blended natural gas)
i Microscopic assessment of materials used in PNG network, both PE and Gl
ii.  Thickness survey and corrosion mapping of materials or pipeline

iii.  Adverse effect on sealing components, rubber used in PNG network.

iv.  Destructive testing on specimen of various pipelines, fittings etc., to
understand the Mechanical and chemical properties.

v. Adverse effect on burners in gas stoves.

9.3 Stakeholder Education and Training

1. Educating prospective user on blending covering different section of NTPC
employees, wards and dependents of employee, other occupants of township
on hydrogen gas, blending system, first aid etc.,

2. Development of various modules required for educating all stakeholders.
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9.4 Customer Perception Survey

Conducting customer perception studies for minimum same 25 households every
three months

1. Heating performance wrt cooking time.
Gas flow sound during cooking

Flame ignition ease

Flame visibility

Flame stability/flickering

Normal gas smell

N o o kDb

Emergency contact details

9.5 Assessment outcomes
A. Gas Composition

1. 5% v/v Hydrogen blending with PNG (in avg.)
i. Blending skid -4.82%; Highest Point -4.65%; Farthest Point-4.76%

2. 8% v/v Hydrogen blending with PNG
i. Blending skid -7.77%; Highest Point -7.6%; Farthest Point-7.71%
ii. Additional Samples
1. Domestic connections during peak hours of flow — 7.96% v/v.
2. Commercial connection during peak hours of flow - 7.71% v/v.

o

Figure-13: Gas Sample collection from the blending skid

B. Odourant Dilution?

1. 5% v/v Hydrogen blending with PNG at Blending skid -2.2, 2.3, 2.4 PPM

2 0dourant gas level variation can be due to change in the injection level at source.
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8% v/v Hydrogen blending with PNG at Blending skid - 3.0, 4.2, 3.2 PPM

Uniphos Pro

Figure-14: Odourant gas analysis

C. Materials Assessment

—

Assessment is carried out for every 3 months.
Samples Collected: PE pipe, Gl pipe, burner, rubber items etc.,
Exposure: 18 months of exposure to blended gas

i. 5%v/v.-11 months

ii. 8% v/v. - 6+ months

w N

At 200X At 200 At 200X

Gl Pipe Burner

oy o Polyethylene

Figure-15: Microscopic examination of different materials
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4. Results : No variations or adverse effects
Material Test / Analysis Inference
Composition No variation
Tensile test No variation
Galvanised pipe
PP Corrosion mapping No adverse effects
Macro structure No discontinuity
Rubber seal Compatibility test No adverse effects
Burner Macro structure No discontinuity
Corrosion mapping No adverse effects
Polyethylene pipe
Macrostructure No discontinuity

D. Customer Perception Survey

. Survey is conducted for every 3 months.
. Samples: 25 numbers of residential customers are surveyed.

The summarized results of survey along with corrective actions taken are:

Heating performance w.r.t cooking — almost all were found satisfied

. Any gas flow sound during cooking — almost all reported no sound

Flame ignition ease during starting — maximum found it normal
Flame visibility in gas appliance — all found it normal (blue)
Flame stability during cooking — almost all reported normal

Gas smell/ concentration adequacy - maximum reported normal, checked
at burnerin case of issue and found in order

. Actions in case of gas leakage — all of them responded by either turning off

the gas supply, open door/window, call emergency no. etc.

. Awareness of emergency contact details — majority were found aware,

checklist along with emergency contact details were shared
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Figure-16: Customer perception survey at residential connections

E. Awareness Training Sessions

Conducted for residents of NTPC township covering following key aspects:
1. Natural Gas - Properties and its advantages

2. Hydrogen Gas properties

3. Project about H2 blending in Natural Gas

4. Advantages of the blending project

5. Hazards related to Natural Gas & Hydrogen

6. Brief on Testing carried out for this project

7. Flame behavior of NG & H2 at different blending %
8. Do’s & Don’tfor PNG connections

9. Sharing of emergency contact details

10. Customer Service-related information

Figure-17: Awareness session and training program
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10. Project Management

v dididt

Project activities of hydrogen blending system and PNG connections
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11. Economics

Monthly spending on cooking gas cost comparison of individual household for different fuel
source like LPG, PNG and hydrogen blended PNG of this pilot project is provided below.

Benefit
Costof | ofusing
Spending Spending Spending | Blended | blended
Blending on LPG PNG flow on PNG H2 Flow on H2 PNG PNG
% (1) (2) (3) (4)=(2) over
+(3) LPG
(1)-(4)
I/month | scm/month | I/month | scm/month | I/month g g
0%H2 954 15 795 0 0 795 159
5%H2 954 14.7 779 0.9 111 890 64
10%H2 954 14.4 763 1.5 185 949 6
15% H2 954 14.1 747 2.4 296 1044 -90
20%H2 954 13.8 731 3.6 445 1176 -222

Table 6: Cost comparison of individual household for different fuel source

Assumptions

©®00 0o

Note:

LPG Calorific Value, kcal/kg —10960.
LPG cylinder cost (Kawas) - ¥ 1100/-
PNG Calorific Value, kcal/kg —9000.
PNG cylinder cost - X 53/scm.
Energy consumption — 60 kWhr/kg of hydrogen.

In this pilot project, investment on the electrolyser is alone half of the total cost of the
project. which is very high. Due to this, cost of green hydrogen is very high which increased
the cost of blended natural gas.

Typically blending project feeding to a regular GA, the cost of hydrogen would be less than
one third of the hydrogen cost of this pilot project.
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12.Conclusion

This pilot projectis operating successfully for more than 18 months with all precautions and
regulatory guideline compliances. Till date, it has been demonstrated that hydrogen
blending upto 8% v/v is possible without any changes in the gas network.

Conclusions from extensive testing during pilot project operations are the following.

1.

P w

present natural gas network is safe in all aspects whilst operating with a blended
gas of upto 8% v/v of hydrogen.

No material degradation or damages related issues has been observed wrt pipeline
network both for above the ground Gl pipes and underground MDPE pipeline.
Adverse effect on cooking stove burner material is absent.

No gas in-homogeneity and odourant dilution related issues have been reported.
Households are atease in using blended PNG for cooking applications as no change
in cooking time, paleness in flame, flame stability etc.,

Enhancing the knowledge base of the customer is important and their support is
immense in implementing this project.

For a present pilot project, the operational cost of blending hydrogen seems to be
in a higher side. For a regular GA, the cost of hydrogen would be 3400/kg which
reduces the cost blended hydrogen. So that, it remains economical at all range of
blending levels.

Based on data and experience from this pilot project, the following are recommended.

1.

Fora PNG connection, hydrogen blending upto 8% v/v can be implemented without
any additional modifications.

. Augmenting a blending skid to the existing PNG network requires minimum space

and investment.

High degree of automation in operation can be achieved requiring minimal manual
intervention.

Instead of retrofitting the existing LPG stove for piped natural gas usage, a specially
designed cooking stove for PNG connection be used. These offer more thermal
efficiency and helps to reduce natural gas consumption. This cooking stove are
recently introduced in the market with ISI mark.

Energy intensive industries like refineries, glass and steel industries can
incorporate the hydrogen blending system with least change in the existing system.

With the positive results obtained so far, NTPC is hopeful of completing the pilot project with
20% v/v blending.

At present, there is a restriction of 2% v/v hydrogen content in the natural gas in the CNG
network because of storage cylinder material restrictions. Considering the present natural
gas consumption of India in CGD? network of 35 MMSCMD, the reduction in natural gas

3 CGD refers to City Gas Distribution system which is combination of PNG and CNG. PNG is for domestic and
industrial heating uses while CNG is for transportation use. In India more than 42 % users are in the PNG category.
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consumptions with 2% v/v hydrogen blending is 0.25 MMSCMD and the carbon mitigation
potential is 0.2 MMTPA. Also, the cost increases marginally to the tune of merely 1.5% of
existing ones.

With the sound engineering configuration developed for this NTPC Kawas project, the same
can be readily adopted by other gas operators with minimal changes to have the quicker
adoption across the countries.

InIndia, when thisis adapted in mass scale significantimport substitution with minimal cost
implication to the consumers can be achieved.
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Annexure-l Overall Plant Layout
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Annexure-Il PI&D of Hydrogen Blending PNG Network
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Annexure-Illl PI&D of Hydrogen Blending Skid
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Hazard Radius-2.3m

NTPC
Annexure-1V Hazardous Area Classification (HAC) Study
/»/
) N N
o o
Hazard Radius-2.3m ® J— 7 stm/mg ///)
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Outcomes

1. Hazardous Area Classification for the complete setup based on the vent
hydrogen dispersion analysis.

2. Hatched area identified as hazardous zone, it shall use the hazardous area

compliant equipment and restricted personnel access.
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Annexure-V Quantitative Risk Assessment (QRA) study
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Outcomes
1.

Individual risks per annum (IRPA) for workers in the facility is inacceptable region
2. Location specific onsite and offsite risks due to jet fire and explosion is minimal.
3. Riskis at highestin the centre (dark red) and minimal at outer (yellow).
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NTPC Annexure-VI International Experiences in Hydrogen Blending
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Globally few countries like UK, Germany, US, Australia have tried blending at various level
of blending ratios. In Australia, HyPSA-Hydrogen project currently in operation with 5%
v/v of hydrogen blending. In UK, HyDeploy projects at Keele University and Winlaton has
carried out hydrogen blending at 20% v/v and found no impact in the gas networks. In
Germany, Erftstadt Hydrogen project has demonstrated hydrogen blending upto 20% v/v
and found no problems with residential gas appliances.
In India, GAIL has initiated blending at Indore city (MP) and few like OIL, Adani and
Torrent have announced their intentions to do so.

-39-




STANDARD SCOPE OF WORK
AND
TECHNICAL SPECIFICATIONS




ddist
NTPC

-40 -




