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CARBON NEUTRALITY OBJ ECTIVES AND CARBON CAPTURE

Ne e d for inc re a s e d e ve lop m e nt of Ca rb on
re d uc t ion in it ia t ive s s uch as CCUS

CONFIDENTIAL

→ IPCC s ce na rio 1,5° : t oward Carb on Ne ut ra lit y
20 20  20 50

Em is s ion CO2 ~4 0 Gt / y  ~6 Gt / y
Ab s orp t ion CO2 ~0 Gt / y  ~6 Gt / y



Globa l CCS ins t it u t e da t a

CARBON NEUTRALITY OBJ ECTIVES AND CARBON CAPTURE

Gap t o 2050  Ne t  Ze ro



CCUS DEVELOPMENT CONSEQUENCES
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→ De ve lop p ing in fra s t ruc t u re  for Cap t u re , Trans p ort  and  St orage  in  wid e va rie t y of re gions in  NA 
t o conne c t la rge  e m it t e rs (Oil/  Ene rgy /  Agro /  Et hanol/  St e e l/  Ce m e n t ) t o  s t orage loca t ions

→ CO2 t rans p ort a t ion  will ce a s e t o re m a in lim it e d t o « re m ot e loca t ions » and  « s hort  d is t ance » 
d ire c t  in je c t ion  for EOR  t o  b e  c los e r t o  p op u la t ion .

→ Inc re as e of CO2 t rans p ort a t ion  a s s oc ia t e d ris ks (corros ion , le akage , a s p hyxia t ion )



5

INCREASED RISKS OF ACCIDENTS SUCH AS THIS ONE

Fe b 2020 : Ge oHaza rd  p ip e line rup t u re , 350 m 3 liq u id CO2 re le a s e d (385 m t ), vaporize d a nd p lum e he ad ing t o Sa t a rt ia t own :
49 p e op le in ju re d (in t oxica t ion) and 250 p e op le e vacua t e d

Ons hore  t ra ns port  CO2 odoriza t ion

Od orize d CO2 d ue t o p re s e nce of H2S and ot he r im p urit ie s (ge ologica l
s ource of CO2)  e nab le d d e t e c t ion b y p ub lic e ve n t hough t he c loud
had m ove d away from p ip e line



Odorizat ion 
technology
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INTRODUCTION TO ODORIZATION TECHNOLOGY AS APPLIED TO NATURAL GAS 

→ Why od oriza t ion : t o  d e t e c t le akage s for 
d ange rous od orle s s gas e s / liq u id s t o p rot e c t
t he  p op u la t ion  aga ins t le akage
cons e q ue nce s

→ Od ora n t  cha ra c t e r is t ic s (c f ISO 13734):
• St rong od or a t  low conce n t ra t ion
• Dis t inc t ive  « ga s s y » s m e ll
• Non  t oxic
• St ab le  d uring s t orage and  us e  wit h gas / liq u id t o b e  

od orize d

Ma in  od ora n t s  us e d for  na t u ra l ga s :
• Europ e / China / Maghre b / Singap ore : Pure  THT
• Am e rica s / Mid d le  Eas t / Aus t ra lia : TBM b as e d b le nd s
• EM not  us e d b u t  m ay b e  na t u ra lly p re s e n t in  na t gas

Ma in  od ora n t s  us e d for  LPG: EM
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SAFETY APPROACH

 Od oran t s  a re  m a in ly us e d for 
flam m ab le gas e s / liq u id s

SAFETY APPROACH
Ale rt a t  20 % of LEL

Which od oran t  conce n t ra t ion?
→ In t e ns it y curve s a re  e s t ab lis he d for e ach

od oran t  b le nd (b y t ra ine d pe op le ) accord ing t o a  
re fe re nce d m e t hod .

→ De fin it ion of a  conce n t ra t ion  a llowing non  
t ra ine d pe op le  t o  s m e ll a nd  t o  id e n t ify t he  od or
wit h a  s im p le  s n iff (Sa le s  s ca le le ve l 2)

Ons hore  t ra ns port  CO2 odoriza t ion

Gas odorant conc. in air

Ale rt  le ve l
2

1

3
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US REGULATORY REQUIREMENT: IN POPULATED AREAS

→ Nat ura l Gas  Pip e line  Sa fe t y Ac t   is s ue d  1968:

→ Enab le d  DOT- PHMSA t o e s t ab lis h  4 9  CFR Pa rt  192 in  1970 , inc lud ing t he  od oriza t ion  
re q u ire m e n t s  for d is t rib u t ion  and  t rans m is s ion  ne t works  in  §192.625

→ Am e rican  Gas  As s oc ia t ion  (AGA) Od oriza t ion  Ma nua l: d e s c rib e s t he  p ip e line  c la s s ifica t ion

→ Od oriza t ion b e ing on ly re q u ire d in   Dis t r ib u t ion and  
Tra ns m is s ion  c la s s  3 & 4  p ip e line s

Ons hore  t ra ns port  CO2 odoriza t ion
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ODORIZATION EFFICIENCY: CASE STUDY FOR FRANCE

→ Effic ie n t  od oriza t ion  p rogram  e nab le s  ab ou t  28  000  ca lls * 
for gas le akage s p e r anum , e nab ling q u ick re p a irs and  
p re ve n t ing as  m any gas accum ula t ion  s it ua t ions .

* 2020  figu re s

• ~ 38  0 0 0  km   (23 0 0 0  m ile s ) h igh  p re s s u re  na t u ra l ga s t ra ns m is s ion  p ip e line s
+
• > 20 0  0 0 0  km  (124 0 0 0  m ile s ) na t u ra l ga s d is t r ib u t ion  ne t w ork

> 150  000  m ile s  a ll od orize d us ing t he  s am e t e chnology: Te t raHydroThiophe ne

Ons hore  t ra ns port  CO2 odoriza t ion
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Trans fe rrability
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Na t u ra l 
gas

Ine rt gas e s
(N2, Ar)

Toxic
Ind us t ria l

ga s e s
St e e l 

ind us t ry

Re ne wab le
gas e s

LPG

ODORIZATION TECHNOLOGY TRANSFER : CASE STUDIES

Ga s  s ource O2 CO H2 CO2 N2

BFG 0,4% 20- 36% 1,5- 8% 3,5- 13% 55- 61%

LDG t race s 65- 80% - 5- 7% A lit t le

Ons hore  t ra ns port  CO2 odoriza t ion
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METHODOLOGY: EXEMPLE OF STEEL GASES

RISK BASED EVALUATION
De fin it ion of h ighe s t t ole ra t e d e xp os ure cons id e ring gas com p os it ion  and  a s s oc ia t e d ris ks .

- Toxicit y risk of CO a chie ve d be fore fla m m a bilit y a nd  a sphyxia t ion risks (fe w hundre ds ppm  CO) 
 ALERT dosa ge  de t e rm ine d  t o wa rn pe op le  be fore t oxic e xposure (STEL 30 0  ppm )

Looking for t ra ce s   ne e d for high int e ns it y odora nt

TECHNOLOGY PROPOSAL ACCORDING TO SCENARIO (e va lua t ion of fa d ing p ot e n t ia l)

→ Eva lua t ion  of Gas  p urit y:  p re s e nce of d e le t e rious im p urit ie s , cond e ns a t e s , wa t e r, d us t s .
Pre se nce of dus t s a nd  wa t e r s a t ura t e d

→ Eva lua t ion  of p ot e n t ia l t e chn ica l b a rrie rs : com p a t ib ilit y of e nd  us e  wit h s u lfu r t race s

No influe nce  on s t e e l surfa ce , lim it e d SOx e m iss ions

→ Eva lua t ion  of p roce s s  cond it ions : p re s s u re , t e m p e ra t u re , flowra t e , p ip e  ne t work m a t e ria l s e c t ion  and  le ngh t
Short  ca rbon s t e e l ne t works  a t  low pre s sure  a nd  high flowra t e s a t  a m bia nt  t e m pe ra t ure
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METHODOLOGY: EXEMPLE OF STEEL GASES

ARKEMA TECHNOLOGY PROPOSAL: 
Proprie t a ry m e rca p t a n /  sulfide  form ula t ion wit h prope rt ie s e na b ling low re a ct ivit y, h igh int e ns it y, e a sy re ga s ifica t ion a ft e r
a dsorp t ion on surfa ce  or int o conde nsa t e s :

DETERMINATION OF ODOR INTENSITY CURVE

PILOTING

Fie ld  e va lua t ion: p ilot ing in s t e e l indus t ry on BFG (20 - 30 % CO) t o a s se s s odoriza t ion e fficie ncy

IMPLEMENTATION 
Fie ld  im ple m e nt a t ion in China  t o im prove sa fe t y a round LDG ne t works  (65- 80 % CO)



EVOLUTION OF CO2 TRANSPORTATION NETWORK

Tra ns p ort  cond it ions :
→ Gas  p has e  
→ De ns e  p has e  (s up e rc rit ica l or liq u id )

Supe rcrit ica l : p re s sure  a nd  t e m pe ra t ure  a bove  crit ica l point  

→ Trans p ort  p has e  d e t e rm ine d  b y op t im iza t ion  of t rans p ort  
cos t s  (p re s s u re  d rop )

Ons hore  t ra ns port  CO2 odoriza t ion

+30 ,98 °C
+8 7,76°F- 56,57 °C

- 69,8 3 °F

73,79 ba r
10 71 ps i

5,11 ba r
75 ps i

Max t h roughp u t :

De ns e  p has e : 

Pre s s u re  >74  b a r (1071 p s i)

Prac t ica lly > 85 b a r (1230  ps i)

Te m p  12- 44°C (53 - 111 F)

→ Exis t ing CO2 ons hore  t rans p ort  for Enhance d Oil
Re cove ry (EOR), b u t  m a in ly in  re m ot e a re a s  (e g Canad a  
Que s t ) /  ove r s hort  d is t a nce s

→ Wit h CCS m ore  CO2 will have  t o  b e  t rans p ort e d ons hore  
t h rough long d is t a nce s  in  popu la t e d re gions

CO2 le a ka ge ris k in  popu la t e d a re a s

 Toxic it y b y Oxyge n d is p lace m e nt
STEL = 30  000  p p m
Cons ide ring a  Sa fe ty fa ctor  20 t o 50% STEL
 We could a im 6 0 0 0  - 15 0 0 0  ppm  CO2
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ODORIZATION TECHNOLOGY TRANSFER FOR CO2 TRANSPORT

ht t p :/ / pd f.wri.org/ ccs _gu ide line s .pd f

Od ora n t s  w e re a lre a d y re com m e nde d t o 
be  cons id e re d in  ca s e  of popu la t e d a re a s  
in  20 0 8  
(e s t a b lishm e nt  of t his re port )

Pip e line  cond it ions  (Ma t e ria l, P, T) a re  acce p t ab le  wit h re s p e c t  
t o  od oran t  and  cu rre n t e q u ip m e nt us e d for in je c t ion  in  HP 
Trans m is s ion  ne t works .

- Od oran t  cu rre n t ly in je c t e d  in  up  t o  90  b a rs  (1300p s i) p ip e line s  in  
France . And  up  t o  250  b a rs  (3600p s i) for CNG s t a t ions .

- Od oran t  s hou ld  b e  fu lly in je c t a b le  d ow n t o  - 4 5°C (- 50°F) (NA Win t e r 
s e a s on) 

The y d is p lay m uch  low e r fre e zing p oin t  and  p p m  le ve l wa t e r con t e n t  
re s u lt ing in  e xt re m e ly low  “c loud  p oin t ” (t e m pe ra t ure  a t  which fre e  
wa t e r t ra ce s  s e pa ra t e  a nd  crys t a llize )

- Com p a t ib ilit y of t he  S- b as e d  od oran t  wit h  us ua l p ip e line  m a t e ria l is  
a lre ad y p rove n  (no corros ion  is s ue ).  

re fe r  t o  : ISO 13734  re q u ire m e n t s

Sa t a r t ia acc id e n t  le s s ons :

Sulfur- ba s e d  im purit ie s  in  CO2 s t re a m  ca n  
e ffe c t ive ly odorize

Ta rge t ing  spe cific  odora nt  would  b ring  be ne fit s :

St a nda rd ize d  p ra c t ice  (St a b ilit y & Effic ie ncy of odora nt )

Im prove d  Sa fe t y for popula t ion

http://pdf.wri.org/ccs_guidelines.pdf
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R&D TO MEET CCS DEVELOPMENT NEEDS FOR IMPROVED SAFETY

Te chnica l fe a s ib ilit y e va lua t e d  und e r va rious  
cond it ions  wit h  p ure  CO2

Lab  e va lua t ion  p e rform e d  
Arke m a  odora nt  R&D – La cq – Fra nce

Gas e ous CO2 od oriza t ion  (Pure ), liq ue fac t ion , and  
le ak s im ula t ion  from :

- Gas
- Liq u id
- Sup e rc rit ica l s t a t e

Ons hore  t ra ns port  CO2 Odoriza t ion

Im p a c t  of CO2 im p urit y p rofile  on  t e chnology s e le c t ion

In t e ns it y /  od or cha rac t e r /  s t ab ilit y

Exa m ple  of som e Europe a n proje ct s spe c

Purit y from > 91 % to > 96 %

Som e im purit ie s t ra cke d down to ppm ,
othe r to % le ve ls .

Se ve ra l fa m ilie s of che m ica ls :

- Hydroca rbons

- Oxyge na te s (ROH; RC(O)H; RC(O)OH)

- Am ine s

- S- de riva t ive s

Eva lua t ions  t o pe rform a t  R&D le ve l
or t hrough Pilot ing .
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ODORIZATION STANDARDS AND 
REFERENCE MANUALS

- AGA Od oriza t ion  Manua l

- ISO 13734

- ISO 16922

LITERATURE:

20 13 QUEST Proje ct  docum e nta t ion: odora nt  inje ct ion s tudy

20 14 re vie w on CO2 t ra nsport a t ion
GHGT- 12

CO2 Pip e line  in fra s t ruc t u re  – le s s ons le a rn t
10 .1016/ j.e gyp ro.2014 .11.271

20 15: Odourisa t ion of CO2 p ipe line s  in  t he  UK: His torica l a nd  curre nt  
im pa ct s  of sm e ll during  ga s  t ra nsport

10 .1016/ j.ijggc .2015.04 .010  

20 22: Fa ilure  Inve s t iga t ion Re port  – De nbury Gulf Coa s t  Pipe line s  LLC

CCS Guide line s (2008):
h t t p :/ / pd f.wri.org/ ccs _gu ide line s .pd f

Te chn ica l and  Econom ic  Charac t e ris t ic s  of a  CO2 Trans m is s ion  Pipe line  
In fra s t ruc t u re  (Europe an  com m is s ion - 2011) 

20 23: Pipe line  Sa fe ty Trus t  
CO2 Pipe line  Sa fe ty : sum m a ry for policy m a ke rs  (Ma y 20 23)

ARKEMA GAS ODORANT

PRODUCT & SERVICE OFFER

Ons hore  t ra ns port  CO2 odoriza t ion

QUESTIONS ?  REFERENCES
PLEASE CONTACT US

http://pdf.wri.org/ccs_guidelines.pdf
http://pdf.wri.org/ccs_guidelines.pdf
http://publications.europa.eu/resource/cellar/4ab1c4e2-398e-426c-b06f-1175d3c5a403.0001.02/DOC_1
https://pstrust.org/wp-content/uploads/2023/06/carbon_dioxide_pipeline_safety_summary_6_21_23.pdf
https://www.arkema.com/global/en/products/product-families/gas-odorants/
https://www.arkema.com/global/en/products/product-families/gas-odorants/
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