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. . . The Hydrogen
MOtIVCItIOI'\ Accelerator

10 mio tonnes of domestic
O Growing attention to Hydrogen (H,) as an energy carrier hydrogen production

. . oy 10 mio tonnes of renewable
and low carbon solution in energy transition to net zero O e iats
O Projected H, aspirations for some major economies™:

f \gz:mml

EU: 10 million tonnes of production and imports by 2030
UK: SGW of prOdUCtion b)’ 2030 EU Hydrogen accelerator programme

China: 35 million tonnes b)’ 2025! https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en
India : 5 million tonnes by 202302

O Due to small size H, may be more prone to leak

O Motivation:

a)How does H, gas cloud disperse in the atmosphere?
b)What are the sensor technologies and what is their

suitability for H,? UK Hyd rogen Strategy

c)How to spatially place sensors given the limitations of growing domestic and global markets. The UK Hydrogen Strategy

fae? sets out how we will drive progress in the 2020s, to deliver our 5GW
current teChn°|°g'es : production ambition by 2030 and position hydrogen to help meet our
d)tht are the emerging R&D topics'? Sixth Carbon Budget and net zero commitments.
August 2021

* . . . . ) https://assets.publishing.service.gov.uk/governmen
Indicative aspirations in public domain

Copyright of Shell Research Ltd t/uploads/system/uploads/attachment_data/file/1 september 2023
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Gaussian plume dispersion

Gaussian Plume Dispersion —
»
O Advection diffusion equation: Z[ L
ume Lenterine

aC — #”—,-'a ---------------------

— = —V.(Cu) + V.(KVC) + S (Equation 1)

at Concentration
O Under steady state condition, concentration profile given by*: - x| B

0.0) x—&
(z—H)?
6 2\ |€XP (_ 2 ) + Image from
C(x,y,z) = = exp (_ y—) 20 (Equation 2) , . o
P 21 0y,0,pU3600 20—32, (z+H)? q https://www.researchgate.net/figure/Gaussian-plume-for-air-dispersion-
€XP\ = 502 model_figl_267209805?vm=r

C: Concentration, ppm,

Q: Leak rate, kg/h

x,v,z, : Distance in downwind, across wind and vertical direction, m

oy,0,: Horizontal and vertical standard deviations of emission distribution, m
u : Wind speed, m/s

p: Density, kg/m?3

h : Release height, m

Ah:Plume elevation from release height, m

H: Plume centre line distance from ground level
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oy, 0, and wind stability classes

Q oy, 0, linear function of downwind distance x and
random shift in wind direction*

O Random shift expressed as standard deviation of wind
angle 6, 6,

Q oy,0, specified as a function of x and 6,, 6,

o, (x) = x * tan(6,) + w (Equation 3)

. Wind
0,(x) = x * tan(6,) (Equation 4) speed
O Generally for European locations, stability classes D and m/s
E are prevalent. Realisticu and 6,, 6, : <2
u:3-9m/s 2:3
0y, 6, : 3-11° >
yr Yz « V7 5.6
>6

Pasquill Class”
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Hydrogen Leak Detection : Sensor Types

Spot Sensors (e.g. Smoke detector) Wide Area Sensors (e.g. Human eye, IR camera)
O H, has to come in contact with the sensor O H, does not come in contact with the sensor
O Commercially available O Not commercially available

0O Sensor will detect if
-Concentration of H, is above the lower measuring
range also called low detection limit (LDL)

-H, comes in contact with the sensor

1000000 A A M A
100000 .
= . — A 1 Measuring range of spot sensors®
= 7. X 3 ’ 7 .
g F" e L"‘ AR Most commercial spot sensors have LDL >=1000 ppm.
o A
g 000 o ﬂzﬁ w HTIR =
o W 4
PR = W Few have LDL = 10-100 ppm
% w
10 ¥ ¥
R No commercial sensor with LDL = 1ppm
g ettt gm EWEQEW 99900060055 % September 2023
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Combining sensor property with Gaussian Plume Dispersion in 1-D

Idealised sensor selection function
T T T T T

QO Sensor selection function intrinsic property of di
Can detect
the sensor and depends on its the lower _osf
[=]
T g
detection limit (LDL) |
0 Pollutant concentration profile (C or 2
P (x,0,0) 2 al
1]
simply C,) in downwind direction given by 5
02r
Equation 2 (Gaussian Plume dispersion) Capot datect
0
O Combining the two provides useful A S S S S S S T S T
0 20 40 60 80 100 120 140 160 180 200
information on sensor placement to detect a Cancenirstion, [perd
. Typical concentration profile along downwind direction
potenthl quk 1of Coupled with sensor LDL
. . . . |—Ccncentration proﬁle|
O Distance at which the concentration is equal
to LDL is the Maximum Distance from source 10'F
at which the sensor can be placed £
2 I A I S
O Sensor place beyond Maximum Distance will 5
lead to false negative alarm ol o N Bofacion
Ideal Max. Dist. =30 m
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Impact of Q, u and § on Maximum

Distance in 1-D

QO Realistic ) and u and 6 for most prevalent wind stability

class assumed in simulation

O H=4m, open space. Potential leak sources are known

Q C, can be derived analytically but not the Max Distance

0O Adverse wind conditions (high v and 6,, 6,) reduce Max

Distance

108

Cx [ppm]

Coovriah 10
opyright of Shell Researc
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Sensor placement in 1-D: Threshold leak rate

QO All possible cases of Q considered for most adverse
wind conditions (u =10 m/s, 6, 6, = 11° ) to determine
conservative Maximum Distance

O Not all leaks can be detected by current technology

O A “threshold” leak rate can be used to understand
sensor placement in downwind direction

QO Sensor placement at Maximum Distance in downwind
direction is a function of sensor’s LDL, threshold leak

rate and wind properties

Copyright of Shell Research Ltd
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Dispersion in 2-D plane

Q Dispersion in 2-D plane for threshold rate coupled with
sensor LDL determine co-ordinates in a plane

O Wind direction also changes over time

QO A single sensor can lead to false negative (no alarm
when there is a leak) with unfavourable wind direction

O Multiple sensors required to cover change in wind

direction

Typical wind direction profile Manchester®
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Sensor placement in 2-D (x-y) plane

Historic wind direction data and sensor LDL useful for sensor
placement in x-y plane and maximize probability of leak
detection

With three sensors limit, for prevalent wind directions,
maximum distance is 30 m (1 ppm LDL) or 1.5 m (100 ppm)
Sensor with 1000 ppm LDL not suitable to cover variation in
wind direction

Other factors such as permissible time between
commencement of leak and detection play a role in number

of sensors required

Typical wind direction profile Manchester®
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Ah and approximate adjustment for 3-D sensor placement

a

H = h+ Ah (H = Centre line, h = release height, Ah
= rise in centre line from release height )

Buoyancy (F) and Advection (governed by u)
counter each other to determine A#h, rise of plume
from release height to h. Other factors* play a role
Derivation of Ah ? useful in determining lift in centre
line and height , H at which sensors should be placed
to maximise leak detection probability

F = Qg (Equation 5)

1.6F0'33x0'66

Ah = ” (Equation 6)

Units of measurement:
F: m4/s3, Q:m3/s, g: m/s2
Effective 3-D placement thus covered using

dispersion properties and sensor LDL
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* Other factors that determine Ah are
release pressure & temperature, ambient
temperature gradient in vertical

direction, size of leak etc
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Conclusions and future research areas

_ O Development of appropriate wide area sensin
Q ltis possible to understand spot sensor placement in 3- P PPTOP 9

technol lead to significant reduction fal
D using Gaussian Plume dispersion and Sensor’s Low &c nc.> gy can feqad to signiricant recuction rakse
. . . S . negatives
Detection Limit (LDL) for open space application with

potential leak sources known

QO For wind conditions prevalent in Europe, sensors with
lower LDL provide flexibility and additional degree of

freedom in placement strategy
QO Buoyancy is complex, needs to be fully understood

O R&D efforts to develop spot sensors with LDL ~1ppm
will help to develop sustainable pathway for green

hydrogen economy
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