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Project Background:

* NG contributes significantly to climate change
through greenhouse gas emissions

U.S. primary energy production by major sources, 1950-2022

quadrillion British thermal units

* Industry Relevance and project Impact
* NG to H2 blend benefits

« Job Creation and Economic Growth

* Energy Security

« Alignment with SoCalGas Goal

° Emission Red uction Ta rg ets @ renewables @ nuclear NGPL @ crudeocil @ naturalgas @ coal

* Operational Feasibility
US Emission by energy source



Objective:

« Conduct an assessment the transition from
natural gas to hydrogen for SoCalGas (via

Prototype Test), with a focus on identifying key

engineering challenges, opportunities, and

feasibility factors with the transition.

* Analyze NG-H2 flame characteristics, emissions :
(CO, NOx, CO2), equipment modifications, flow 722

rate changes, safety measures like leak A 0

LEAK DETECTION ~ LEAK DETECTION

detection. S e



System Level Requirements:

> Ensures the project meets goals and expectations.

» Guides design, testing and risk management.

System Level Requirements

Phase | Phase |l



System-Level
Requirements:

Phase I:

Establish understanding of NG-H2
combustion, process, materials and emissions.

|dentify materials, components, flow rates, and
procedures for testing.

Design test stand with schematics, CAD
models, simulations, and safety assessments.

Incorporate sensors for gas detection,
emission monitoring.

Conduct risk assessments and plan mitigation
strategies.



System-Level
Requirements:

P

hase

Fabricate burner test fixtures with safety
measures for high pressure operation.

Design fixtures to test a wide range of
hydrogen percentages in blends.

Measure blend percents, flow rates, and
emissions to compare with theoretical
projections.

Optimize burner design for performance and
safety with various NG-H2 blend:s.

Implement real-time data transmission and
combustible gas leak alerts for a safe working
environment.

Present results, test stand, and findings to the
client.




Key Design
Considerations:




Safety: Operational
& Emergency

SAFETY FIRST

Compressed

Gas

Hydrogen/Natural Gas Blending:

o Limit hydrogen blend to less than 20% to avoid any
operability issues

o Monitor hydrogen levels to stay within safe
flammability limits

 Flashback Prevention:
o Ensure flame arrestors are installed on all
equipment
» Emergency Procedures:

o Response Plan: Clear emergency response plan for
gas leaks or fires

» Close stove, stop blending on fusion flow, close
lines

o Incident Reporting: A report to keep track and
understand the reason of gas leaks or safety
incidents
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Safety: Precautions & Risk Reduction

* General Safety:

Training -
Ensure all personnel are trained on hydrogen's flammability and
emergency procedures.

Work Environment -

Maintain proper ventilation and install gas detectors for leak
detection

PPE: Safety goggles, flames-resistant clothing, and proper footwear.

(If long hair, tie it)

* Equipment Safety:

O

Burner & Ignitions Systems: Ensure compliance with ANSI Z21.1
standards

Hood height of 12.7 cm (5in)
Safety shut off valves for quick shutdown.

Inspect hydrogen and natural gas tanks and connections as routine
maintenance.

Team member pictured by emergency SOV,

Extinguisher, and Combustible Gas Detector
11



Overall Design Approach

 Safety Requirements

« Ensure the safety of equipment
» Design pressure relief mechanisms

 Flow Rate Calculations

 Calculate fluid velocities
» Optimized flow control mechanisms

« Flame Characteristics
* Analyze flame temperature and heat distribution

» Evaluate flame stability and propagation

 Material Selection

» Choose corrosion-resistant alloys for fuel lines
» Understand house fuel lines

12



Material Selection

» Leveraging insights from our trade
study and hydrogen research facility,

Material Properties (Density, Temgre;;a;l:rrz Cli - Eril?:gr:yn?ennial Com patibility With Total Score ; 7 R

Material Grainsfor Hydrogen Condition Consideration vi Other Componets Outof 80 we I I use Swag el @) k S Stra|g ht

Embrittlement)

MaxScore connection crush flange technology

Stainless Steel 316

Inconel 1 as the Opt|ma| SO|U’EIOI’1

Aluminum

Fttings (4" | * Stainless steel 316 is only utilized on
CompatiilyWith | Total Sore 100% hydrogen fuel lines and 100%

Other Componets

Max Score Natural gaS ||ne

Quick Release
Tapered
Straight

Connection (Push
Fit)

Temperature and Safety and
pressure ili Environmental
condition consideration

Material Properties (density,
material grains for hydrogen
embrittlement)

Compatibility with Total Score
another componets Out of 80

Max Score
PVC
Copper

Stainless Steel
316/316L




Material Selection

* Brass Components

* Application: Pressure regulators on methane and hydrogen tanks
* Key Property: Minimal susceptibility to hydrogen embrittlement
* Advantages: Corrosion resistance

* Durability under pressure

Teflon Tubing
* Application: Post-fusion flow sections and stove connection
* Characteristics: Gas-grade, chemically resistant

* Purpose: Safe containment and transport of mixed gases

Black Steel

* Application: After mixing the vessel, the overall main line
* In the everyday household fuel supply

* Decrease in component costs

k 14



Overall Design Approach:
Mechanical Schematic

Fume Hood

In: 3000PSIG
QOut: 30 PSI
CH4
;_H Mixer
In: 3000 PSIG In: 30 PSIG .
i In: 10 PSIG
Out: 30 PSIG Out: 10PSIG e
Q: 18.812 ft3/hr Out: 812 inwo
BILL OF MATERIALS
Item # Component Manufacturer Part Number Quantity Unit Cost Total Cost Description
1 Compressed Hydrogen Gas Tank Gilmore Gas N/A 1 $384.80 $384.80 CGA 350 outlet, size 200 cylinder.
2 Compressed Methane Gas Tank Gilmore Gas N/A 1 $384.80 $384.80 CGA 350 outlet, size 200 cylinder.
3 CGA 350 Pressure Regulators Harris KH1138 2, $881.25 $1762.50 CGA 350 fitting, Max Inlet P = 4350 PSIG, Max Outlet P = 125 PSIG
4 Fusion Flow: Flow Controller Alicat N/A 1 N/A N/A Max Operating Pressure = 30 PSIG, Inlet: 4 FNPT , Outlet: 4 FNPT
5 Buffer Mixing Vessel SwagelLok 316L-50DF4-150 1 $314.34 $314.34 Inlet: { in tube , Outlet: § in tube
6 (Low) Pressure Regulator ITRON B42R 1 N/A N/A Pressure Setpoint = 10 inwc (Supplied pressure to burner)
7 Bleed Valve Swagel ok SS-BBM4 1 $67.50 $67.50 Inlet:  MNPT , Outlet: Atmosphere
8 Manual Plug Valve Swagelok SS-43GS4-5C11 7 $143.88 $287.76 Inlet: § in tube , 4 in tube
9 Hydrogen Sensor (% H) H2Scan 799 1 0 0 Max Operating Pressure = 20 PSIG, Inlet: 4 in tube , Outlet: 3 in tube
10 Check Valve SwagelLok $5-4C-10 3 $69.50 $208.50 Inlet: { in tube , Outlet: § in tube
11 Stovetop Burner AUODGDNT AUODGDNTO003 1 4] [4] 5000 BTU, 8500 BTU burners with thermocouple Flame-Out Failure Device feature.
N
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Overall Design Approach:
Electrical Schematic

7=

INTELLILOGGER SOFTWARE EQUIPPED PC

CH4-H2 BLEND RATIO RAW DATA

© ©
LOGIC BEACH
_'? e} DATA ACQUISITION
TUV POWER > o) INTELLILOGGER
SUPPLY ! mTﬁﬁf{sSEj'g\?gRAND o _l USB FOR DATA TRANSFER.
50 WOUTPUT | % © }] } ® vie i ]
>0 © e
L N GND o aron  ou
+ - o+ - + - o+ -
e o6 © ©@gdoe 0000 @
3-Prong Plug to
120V Lab Receptacle \
GND
N
L
H2Scan
Model 799
3-Prong Plug to Blend Ratio Data Hydrogen Sensor
120V Wall Receptacle \ Downloaded from 4-20 mA Output Signal
Fusion Flow
HMI Memory ) ) |
4-20 mA Output signal collecting and sending
hydrogen sensor to DAQ then to PC.
- -e
LN e usBC ' O+ i S
b Fusion Flow forT]
Steady Mixing
Flow Controller
H2 GAS FLOWIN —> (
TOUCH SCREEN HUMAN MACHINE
— NG-H2 GAS NG-H2 GAS —— | —
INTERFACE (HMI) TO CONTROL FLOW OUT FLOW IN

NG GAS FLOW IN — |

NG-H2 BLENDING RATIOS

NG-H2 GAS
FLOW QUT




Overall Design Approach: Emissions Data Collection

Fume Hood

156 FOR PCIWER SUPFLY, OCNTREL ARD DATA TRANEFFR,
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Overall Design Approach: Fluid Calculations

Solving for Volumetric Flowrates (Q) and Heat O:

BTU
IfPTotal,soNG—ZOHz = 15,000

- ,then Qgooy ng =7 Q20% H2 =7

Assumptions:

Heat Output of Burner with NG:
» Steady State Flow of an Ideal Gas

BTU
P = 15,000

* Energy and Mass is Conserved hr
» Temperature of Gases:T =72 °F * HV = Heating Values of Gases [T;g]
* Densityof Gases @T = 72 °F: e HV, ve = 950 BT;J
) ft
_ 0.04235 2 — 0005232
Png = V. 3 Pu2 = V. 13 e HV, 4y = 3ot BTU

ft3
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Overall Design Approach: Fluid Calculations

Relevant Equations:

P[BTU]:Q fe3 HV[

hr s

BTU ft BTU ft3 BTU
PTotal,8ONG—20H2[ hr ] = Qgo% NG hr Vone Q20% H2 hr HVy 1o 3

T ] {Equation 2}

3 BTU
Q = Volumetric Flow Rate [— = {Equation 3}

hr B BTU
HY [m]
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Overall Design Approach: Fluid Calculations

Relevant Equations:

b, lb
m = Mass Flow Rate |—

ft3 Equation 4
v ft3 o {Equation 4}
ft lb,, ft3 _
MTotal,80NG—-20H2 = PNG ftg (s0% NG T + PH2 ftg Q20% NG |5 hr {Equation 5}

(Us0% NG W] = 0.8Q070ta1 [W] {Equation 6}

ft
Q20% NG[_

ft3 |
| = 0.2 Qrotal = {Equation 7}
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Overall Design Approach: Fluid Calculations

Solution:
f BTU 31 P BTU]
t t 100% NG | hy
Q hr] BTU {Equation 3} = Q1909 NG [hr] BTU
HV ftg HVNG F
31 15000 [27] 3
— Q100% NG [W] BTU = 15. 790W
950 3

- ft? [by, b,
= My00% Ne= Q100% NePNe = | 15 490W 0.04235fT = 0. 669W
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Overall Design Approach: Fluid Calculations

Solution:

BTU ft BTU
PTotal,80NG—20H2 [ ] QNG vNG f

ft3 BTU _
+ Qpy- 7 HV, 4 F {Equation 2}

ft3 ft3
(s0% NG T = 0.8Q70ta1,80NG—20H2 hr {Equation 6}

ft3 ft>
on%Hz W — O-ZQTotal,SONG—ZOHZ W

{Equation 7}

BTU

ft BTU
~ Protatsong-2om2 || = 08Qratatsonc-zom | 7| HVowe | 7o

ft3
+ 0.2Q70ta1,80NG-20H2 [ V2 ft3

P )

I—I

BTU ft3 BTU
o PTotal,SONG—ZOHZ[ hr ] = QTotal,80NG—20H2 T 0.8HV, NG F
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Overall Design Approach: Fluid Calculations

Solution:
o) , 'B}Z;U
~ Qrotal,8ONG—20H2 W‘ - (0.8HV,,,NG lj];’ + 0.2HV, 45 ljft"g’ )
BTU
= QTotal,80NG—20H2 fh—t?)] ;:UOOO [ i ] BTUT — 18.182f—t3
] 08 (950[ D +0.2 (325[71) i

ft’ ft®
= (g0 ng= 0.8Q7otar = 0.8 18182W _14546W

ft’ ft?
= Q209 12 = 0.2070tq = 0.2 18. 182F = 3. 636W
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Overall Design Approach: Fluid Calculations

Solution:

BTU

BTU f ft3 BTU |
[ (80% NG Vone | == + Q20% H2 ™ HVy b2 | 7= | {Equation 2}

PTotal 80NG—20H2

ft3 ft

BTU fit3 BTU i3 BTU BTU
> PToml,SONG_ZOHzl hr] 14.546—— 950f? 3.6367— 325f? = 15,000 ——

| b, b, ft3
MTotal,80NG-20H2 [~ | = PNG 3 (80% NG + PH2 ftg on%NG {Equatlon 5}

, lb,, lb,, ft3 lb,, ft3 Ib,,
— mTotal,SONG—ZOHZ W - 004235ﬁ 14 546W OOOSZBﬁ 3636? - 0635W
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Overall Design Approach: Fluid Calculations

Solution:

BTU BTU

— PTotal,BONG—ZOHZ = 15,000 T — 15:0(’0? = P1o0% NG

ft? ft? ft?
— QTotal,SONG—ZOHZ —| =18.182=— > 15.790—— = Q100% NG

hr hr hr

. m by, |
= MTotal SONG—20H2 ™ 0.635 W < 0.669 W = M100% NG
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Gas & Flame Characteristics:

Natural
Gas:

Adiabatic Flame Temperature: 1973 °C ~ 3583  Hydrogen
°F Gas:

Flame Color: Blue

Flame Speed: 1.312 ft/s

Stoichiometric Ratio by mass: 9.5 air: 1 CH4

Stoichiometric Ratio by mols: 2 mol air : 1 mol CH4

Autoignition Temperature: 999-1103 °F

Odorants: Yes - Mercaptan

Toxicity: Some

Buoyancy relative to air: ~2x lighter

Adiabatic Flame Temperature: 2182 °C ~ 3960 °F

Flame Color: Almost invisible, faint blue

Flame Speed: 5.577/s

Stoichiometric Ratio by mass: 34 parts air : 1 part H2

Stoichiometric Ratio by mols: 2 mol H2 : 1 mol air

Autoignition Temperature: 1040-1085 ° F

Odorants: No

Toxicity: None

Buoyancy relative to air: ~14x lighter
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American Gas
Association (AGA)
Flame Indices:

20% H2
559F
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Emissions Test Stand

e QOverview

« Designed to isolate emissions from a single burner
for accurate testing

« Equipped with a port for inserting the probe of an
emissions analyzer

* Key Features

* Lightweight frame for easy movement and
positioning

» Works with various burner sizes and configurations

e Ensures no interference from environmental factors

28



Combustion Results




1 [% O]
25

225

20

Results:
Emissions

Testing




Increase in NO

 NO formation is influenced NO Emissions
by flame temperature

* Hydrogen blending
increases flame temperature
slightly, promoting the
thermal NOx mechanism

=

©

—
L
i)
=

* Focusing on burner design
can mitigate Nox emissions

« NO: 0.00173->0.00176 mol
fraction
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Reduction in CO
and CO2

* Hydrogen blending reduces carbon
emissions

« CO reduction reflects more complete
combustion due to hydrogens improved
efficiency

e CO2 decreases dueto the reduces carbon
content in the fuel mixture

« CO:0.00732->0.00722
« CO2:0.08587->0.08122

=)
2z
=

CO Emissions

CO2 Emissions
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Flow Rate Control Results

Q 100%NG = = Q100% NG & QTotal 80ONG—20H2 = = QTotal 8ONG—20H?2
Theoretical Actual Theoretical Actual

[ Ady Setig Setup  Adv Setup

® wwm ¢
Mix Control Su o) Mix Control Summary
e T e
mwm:mmnw«mbmhm Flow will stop when mixing is stopped or pressure is greater than 30.0 PSI.
- mixing will stop. .




Conclusion

There was a reduction in CO, CO2, and NOx
proving use as an alternative form of energy.

Greater flow rates required to compensate for
greater flame speed as blend percent increases

Flow controllers required upstream of mixing
vessels for consistent mixing and flame stability

Mixing vessel or other mixers are required to blend
gases for burner use

Hydrogen gas specific materials and components
are required to prevent leaks and to optimize the
delivery of blended gas to burner outlet
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