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TopicsTopicsTopicsTopics
® ®• How CAP18® Works

– What is CAP18®

• CAP18® Advantages
– Lower cost

– Composition
– Hydrolysis

– Easier application
– Better hydrogen efficiency

– Beta oxidation
– Inhibition of methane 

– Very long lifetime

production • CAP18® Disadvantages
– Hard waterHard water



What is CAP18®What is CAP18®

• Food-grade, slightly viscous liquid

• Refined from natural vegetable oilRefined from natural vegetable oil

• Specifically designed for bioremediation
Chlorinated solventsChlorinated solvents
(PCE, TCE, TCA)
Nitrate, Explosives & Perchlorate, p

• Concentrates the C18 unsaturated fatty 
acidsacids



Vegetable Oils are Comprised of 
TriacylglycerolsTriacylglycerols

O H H

H H O
CH2 CO C

H

C

H

H

CH

H

C

H

C

O

O C
H n H

H HH H n
CH2 CO C

H

C

H
H

O H n HFatty Acid

Glycerol



CAP18® Fatty Acids are Primarily
CC--18 Unsaturated Acids18 Unsaturated Acids
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In Aquifers, the Triacyglycerols 
Hydrolyze to Release Free Fatty Acids

Fatty Acid Fatty Acid

Fatty Acid Glycerol Fatty Acid
Hydrolysis

Fatty Acid

Fatty Acidy



Fatty Acids are Metabolized by
Beta (Beta (β) Oxidation) Oxidation

Fatty Acid Oxidation
Hydrogen

Fatty Acid Oxidation

Hydrolysis

β--OxidationOxidation
CycleCycle

Shortened
Fatty Acid

Oxidation

ThiolysisThiolysis

HydrogenAcetate

Ultimate Production: 13-17 H2 (26-34 electrons)



β--OxidationOxidationβ OxidationOxidation
CH3(CH2)4CH=CH(CH2)CH=CH(CH2)7COOH

Linoleic Acid C18:2

CH (CH ) COOH + CH COOH + HCH3(CH2)14COOH + CH3COOH + H2
Palmitic Acid C16  +  Acetic Acid

CH3(CH2)12COOH + CH3COOH + 2H2
Myristic Acid C14  +  Acetic Acid

6 Additional Cycles

Ultimate Production: 9 molecules of Acetic Acid

y

15 molecules of H2



“Footrace for Hydrogen”“Footrace for Hydrogen”y gy g
HydrogenHydrogen
ReservoirReservoir

O2 + 2H2 → 2H2O

ReservoirReservoir

IdealIdeal
RR

2NO3
- + 2H+ + 5H2 → N2 + 6H2O

RangeRange

2Fe+3 + H2 → 2Fe+2 + 2H+

2SO 2 + 3H+ + 8H H S + HS + 8H O2SO4
-2 + 3H+ + 8H2 → H2S + HS- + 8H2O

CO2 + 4H2 → CH4 + 2H2OCO2  4H2 → CH4  2H2O

Dissolved H (nM)
0.01 0.1 1 10 100

Dissolved H2 (nM)



Perchloroethylene & 
Trichloroethene
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All Bacteria are Not the Same
Bacterial species PCE TCE DCE VC Ethene
DehalococcoidesDehalococcoides
Dehalospirillum
DesulfuromonasDesulfuromonas
Dehalobacter
Desulfitobacterium
Desulfomonile

D h l id h M ó G t ll l 1997 S i 276 1568 1571

PCE                       TCE                        cDCE                    VC                         ethene   

ClCl HH HH HHHCl

Dehalococcoides ethenogenes Maymó-Gatell et al. 1997 Science 276:1568-1571

ClCl ClCl Cl H H HClCl

H2   HCl H2   HClH2   HClH2   HCl



MethanogenesisMethanogenesis
Two Pathways

CO2 + 4H2 → CH4 + 2H2O
Hydrogenotrophic Methanogenesis

2 2 4 2

Aceticlastic Methanogenesis
CH3COOH → CH4 + CO2CH3COOH → CH4 + CO2

Responsible for 65-80% of Methane Production
INHIBITED BY C18:1 AND C18:2 FATTY ACIDSINHIBITED BY C18:1 AND C18:2 FATTY ACIDSINHIBITED BY C18:1 AND C18:2 FATTY ACIDSINHIBITED BY C18:1 AND C18:2 FATTY ACIDS



TopicsTopicsTopicsTopics
® ®• How CAP18® Works

– Composition
• CAP18® Advantages

– Easier application
– Hydrolysis
– Beta oxidation

– Lower cost
– Better hydrogen 

– Inhibition of methane 
production

efficiency
– Very long lifetime

• CAP18®

Disadvantages
– Hard water



CAP18CAP18®® is Easier to Applyis Easier to ApplyCAP18CAP18 is Easier to Applyis Easier to Apply
Ease of MolassesCAP18™ Lactate HRC HRC-XEase of

Application
No Heating
No Recirculation

High Pressure
Viscous

Recirculation
Multiple InjectionsNo Recirculation

No Emulsification
Viscous
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CAP18CAP18®® is More Cost Effectiveis More Cost EffectiveCAP18CAP18®® is More Cost Effectiveis More Cost Effective
M l

CAP18®

Product Cost
Molasses Lactate HRC HRC-X

1-3 €/kg 12-15 €/kgg g

CAP18® Lactate HRC HRC-X Molasses
Application Cost
(Equipment, Time) Direct push 

No capital costs
Capital costs

(Recirculation)
No capital costs
Heating, high pressurep ( )

Reapplication HRC-X HRC
CAP18®

Lactate Molasses

g, g p

Reapplication
Frequency

Lasts >1 Year Lasts <1-2 Months



TopicsTopicsTopicsTopics
® ®• How CAP18® Works

– Composition
• CAP18® Advantages

– Lower cost
– Hydrolysis
– Beta oxidation

– Easier application
– Better hydrogen 

– Inhibition of methane 
production

efficiency
– Very long lifetime

• CAP18®

Disadvantages
– Hard water



Calcium PrecipitationCalcium PrecipitationCalcium PrecipitationCalcium Precipitation
Same effect that hard water has on soap & detergentSame effect that hard water has on soap & detergent

soap scum formationsoap scum formation insoluble precipitateinsoluble precipitatesoap scum formation soap scum formation –– insoluble precipitateinsoluble precipitate
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What is CAP18-ME®?

Fatty Acid Fatty Acid

Fatty Acid Glycerol Fatty Acid
Hydrolysis
(SLOW)

Fatty Acid

Fatty Acid

( )

- Limitation of CAP18® is slow initial release

y

- Addition of methyl esters of fatty acids

Provides fatty acids immediately to microbes- Provides fatty acids immediately to microbes

- Preserves long lifetime of CAP18®



Completed SitesCompleted SitesCompleted SitesCompleted Sites

2
2

Europe :
Netherlands (5)2

2
3

Netherlands (5)
UK (2)
Germany (2)
Belgium (10)

5
223 Belgium (10)

France (1)
Portugal (1)

2
8

2 2
3

U.S.:
34 completed

CAP18®

CAP18-ME®

Planned



TOPICSTOPICS

• What are CAP18® and CAP18-ME®?

CAP18® bi b i f j t• CAP18® biobarrier reference projects



R f j tReference projects

- CAP18® biobarrier project in Haute-Garonne(F)CAP18 biobarrier project in Haute Garonne(F)

CAP18® bi b i j t i K (USA)- CAP18® biobarrier project in Kansas(USA)

- CAP18® biobarrier project in Santa Clara(USA)

- CAP18®-biobarrier project in East-Flanders(B)



CAP18® biobarrier project Haute Garonne(F)

• Pollution : VOCs maximum concentrations :

Site specific conditions :
Pollution : VOCs, maximum concentrations :

– PCE = 250 µg/L
– TCE = 3.600 µg/L

Cis = 520 /L– Cis = 520 /L
– VC = 10 µg/L

• Geology : sand with big bouldersgy g
• Aquitard : rock layer at ca.5,5 m-bg
• Groundwater : ca.3,5 m-bg, g
• Groundwater velocity  : 10 m/day!!!
• Grondwater direction : W to NE and SE



CAP18® biobarrier project Haute Garonne(F)

CAP18® approach :
CAP18®injections via FIXED injectors :

February 2008  : 8.280 kg CAP18® divided into 
9 injectors9 injectors.
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Average ethene and ethane concentrations
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Oxidation reduction potential
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Average TOC NO en SO concentrations
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Average fatty acid concentrations
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R f j tReference projects

- CAP18® biobarrier project in Haute-Garonne(F)CAP18 biobarrier project in Haute Garonne(F)

CAP18® bi b i j t i K (USA)- CAP18® biobarrier project in Kansas(USA)

- CAP18® biobarrier project in Santa Clara(USA)

- CAP18®-biobarrier project in East-Flanders(B)



CAP18® biobarrier project Kansas(USA)

• Pollution : VOCs max concentration TCE = 300 µg/L

Site specific conditions :
Pollution : VOCs, max concentration TCE  300 µg/L.

• CAP18® pilot (August 2005) :
– 14 injectors;14 injectors;
– Injection of 2.300 kg CAP18®

• CAP18® full scale :
– May 2007 : 8.500 kg CAP18®(pink dots)
– July 2007 : 58.000 kg CAP18®(blue dots)





R f j tReference projects

- CAP18® biobarrier project in Haute-Garonne(F)CAP18 biobarrier project in Haute Garonne(F)

CAP18® bi b i j t i K (USA)- CAP18® biobarrier project in Kansas(USA)

- CAP18® biobarrier project in Santa Clara(USA)

- CAP18®-biobarrier project in East-Flanders(B)



CAP18® biobarrier project Santa Clara(USA)

• Pollution : VOCs max concentration TCE = 900 µg/L

Site specific conditions :
Pollution : VOCs, max concentration TCE  900 µg/L.

• CAP18® pilot (January 2007) :
– Length pilot barrier : 140 m;
– Depth to be treated : 4,5 and 7,5 m-bg

f 1 000 C 18®– Injection of 14.000 kg CAP18®

CAP18® f ll l• CAP18® full scale :
– Multiple barrier system  : 450.000 kg CAP18®



R f j tReference projects

- CAP18® biobarrier project in Haute-Garonne(F)CAP18 biobarrier project in Haute Garonne(F)

CAP18® bi b i j t i K (USA)- CAP18® biobarrier project in Kansas(USA)

- CAP18® biobarrier project in Santa Clara(USA)

- CAP18®-biobarrier project in East-Flanders(B)



CAP18®-biobarrier project E-FL(B)

• Pollution(plume) : VOCs max concentration Cis = 21 000

Site specific conditions(CAPISCO™) :
Pollution(plume) : VOCs, max concentration Cis  21.000 
µg/L en VC = 540 µg/L.

• Source approach:pp
– Fenton’s pilot(April 2009) and Fenton’s full scale(fall 2009)
– After treatment with CAP18-ME®(spring 2010) : 85.000 kg

• Plume approach (fall 2009) :
– Multiple CAP18®-barrier system : in total 5

D th t b t t d 9 f 4 till 13 b– Depth to be treated : 9 m, from 4 till 13 m-bg
– Circa 250 injectors;
– Injection of 90 000 kg CAP18®Injection of 90.000 kg CAP18





Questions?Questions?

Stijn HaghebaertStijn Haghebaert


