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National Metal and Materials Technology Center

Applications Driven R&D

Fundamental R&D Application Oriented R&D Focus Unit

Polymers Research Unit Materials for Energy Technology

(PRU) Research Unit (MFERU) for Oil Palm

: 1 Processing
Ceramics Technology Environment | (TOPP)

Research Unit (CERRU) Research Unit (EnvRU) A

. - . . . Natural
Materials Reliability Design and Engineering Rubber
Research Unit (MRRU) Research Unit (DERU) (NRFU)

Biomedical Engineering
Research Unit (BMERU)
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MFERU R&D Focus |

Waste
Treatment

Battery

Ener Fuel Energy
PI‘OCg| Uy(/ItiOI’] hiofage Energy Usage

Super
cap

Energy
. Sources
Integration
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Capabilities of Research Unit

Renewable Energy Lab (REN)

Biodiesel

Standardization of fuel quality,
Engine testing, mechanical simulation
Product design and engineering
Energy and environmental-impact
modeling

Heterogeneous Catalysis

Bio-fuel Technology

Hydro-treating Process (HDS, HDO, HDN)

Biomass Gasification

MSW & Agricultural Waste

Wind

Self-starting Vertical Axis Small Wind
Turbines

© MTEC 2014
www.mtec.or.th

Electrochemical Materials and
System Laboratory (EMS)

Battery and Supercapacitor

» Materials and cell development

Cell and pack testing

Energy storage integration w/ other sources
Battery recycle

Catalyst and Adsorbent

« Powder and films fabrication via Flame
Assisted Vapor Deposition, Combustion
synthesis, Thermal synthesis

« Chemical reactor design

SOFC and PEMFC

« Cell components fabrication and testing
« Performance Evaluation


http://www.mtec.or.th/

Adsorbent

Solid Adsorbent for Acid Gas Cleaning
(H.S, CO,)

Fabrication

» Development of solid adsorbents for H,S and CO,
cleaning

> Development of fabrication techniques

» Adsorption and regeneration at mild conditions
( less than 90 °C and 1 atm)

e » Use more than 10 cycles without loss of capacity
C";’Eﬁ\_ > High crushing strength after fabrication
82

10

© MTEC 2014 s Y
www.mtec.or.th ,.....m:rl.:n%.C NSTDA


http://www.mtec.or.th/

Gas Treatment System

Renewable Energy Lab
Electrochemical Materials and System Lab

Materials for Energy Research Unit
National Metal and Materials Technology Center (MTEC)
- g §

;;;;;

1 ) |

&
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Outlines

Background

Biogas cleaning

Biogas upgrading

Biogas utilisation & CO, utilisation
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FaunA1salnavIuLseIne v
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wWhy Biagas ?

LIGHT

o
BIOGAS =
e i
ANAEROBIC DIGESTION ELECTRICITY AND HEAT

+ Clever way of Exploiting Nature, without Destroying
+ Optimizes Farm Economy
+ Self Reliance & Sustainable Development

© MTEC 2014 TEC ajnuﬁl
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Biogas Production |

= _.

AnTUsEnauiuiEdatTaie (Simpe Organic compounds]
Monosaccharice. Fatty acid, Amine acid

Wathanoganasis

'=I-I"I: Ereure, & 8. and &ndel, J.G., 1987, Bioenvironmental Systams, CRC Pregs, Cambridge  Ecientfic, Flodda, p.97 21
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Biogas Production & Utilisation

Biogas system

Slurry and solid blomass are suitable for bi ducti Aocwmqhmnsmiqmbomd!ouhim
«q. louyhldolmulmmtjcubbcmnwdw In eneegy tarms, this tw g one litre heating Gas treatment plant
oil. Regrowable raw materials supply between 6 000 cubic metre (meadow grass) and 12 000 cubio metre The methane content and the quaity
(silo mazefodder beet) biogas per hectare arable land anrually. of the blogas are increased to make
o ko oomml nalum! gu
Formented residunl materials A 7 -"->
are used as fertdiser or are Naturad gas network
: "m’ ‘:‘:" composted. This substantially Tha treated blogas can ba fed
"‘2‘* + 9 < reduces the use of mineral — - directly into existing natural gas
i i iv
fertiiser in agriculture "m e networks
| n the di Itis Biogas petrol station
| i‘”s "W o first placed in the digeation , m"‘ heat and power station s OF CAN DE ubed 4% fual,
L 1l It resiiue stor facility from
TN Lt wm"u,.‘g:,,mfw..w = " "l“"_“_"vw ' Intha CHP tha biogas is Incinarated to
i ard used &5 high-quality -y produce electricity and heat.
fertissar, = =

Gas motor

Energy crops & b S
of biowastes e e 3 ,m'

" - i N ]/
A 3 \
—— 3 L Process heat
fe— = heats the Process heat

is 0.9 fed into
- the local heat

supply network

In thig tank, with Eght and Oxygen

excluded, the biomass is dsonlsd by

SNAaNObIC MIcro-arganisms, Th
pastion process produces Mhlm

and carbon dboxm - 1he biogas.

2:.-@

Caollection tank
for blomass

10% Sludge

90% Biogas

(i
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Biogas Composition

Other gas_ 5,
- elulasiou (N,), M

o -
lelasiau (H,), edu
- nAAnanrdueIma

fingldin (Hys)

~ Hufneie Lifid Lifindy 2%‘“"‘”‘”"
- ylAeannzdusinie

- sEAIABIEN M ILAL U S
- ATinvuinleuluEunn

Wfiundn 1,000 ppm (0.1% leusuns)

TosS3uns

N,, O, uazlaulaud?

- 50-5,000 ppm (0.5%)
'PJF\IJS:HOU - > fAainsa Hluiin
CO,\Mydonmuw /cH

4

\ e

. Taeu3u
ety 695%™

_allle sald
_ rliAnanmizdueinia
- syppifes muladnda

& - o >
50-80% --> wiatnavlviedusau
Feasibility Study — Biogas upgrading and grid injection in the Fraser Valley, final Report, June 2008

firwariveulasenley (Co,)
‘et Ve a 3 O I”E"-Eu"ﬂ’
_ Huiheie Lifd litinau %
- yrlifinan1izdueIne <
= ﬂé’um'1Uoias"\an'wﬁ'\'lﬁ%'u'luﬂ'iu'\mnum'\
5000 ppm (0.5% TasU3ans)

20-50% --> fafidag
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Gas Properties : Biogas vs Methane

METHANE BIOGAS

COMPOSITION, by volume Methane -100% Methane - 60%, CO_- 35% ,
H,5- 1.67%, NH,- 1.67% , lavih 1.67%
MOLECULAR WEIGHT, lbm/lb-mole 16.04 26.18

SPECIFIC GRAVITY, air = 1 0.904
DENSITY @ STP, lbm/ft’ 0.0447 % 0.073 %

HEAT VALUE, BTU/lbm 23,850. 8,037. K‘Safety when the operating \
ENERGY CONTENT @ STP, BTU/ft> 1,066. 652, | System leaks

GAS CONSTANT, ft-Ibf/lbm-°R 96.3 s00 | M_ethane -->100% (CH,)
CRITICAL TEMPERATURE, °R 343.6 - _ g:;?a?c_(_;) 62:20 (CHa),
CRITICAL PRESSURE, |bf/in? 673. - Note: gp.Gr.zolf air.= 1

CRITICAL SPECIFIC VOLUME, ft*/lbm  0.099 - \ (@1.013 bar, 15°C) /
OCTANE RATING 130. -

IGNITION TEMPERATURE, °F 1250. -

AIR-TO-METHANE RATIO FOR
10:1 -
COMPLETE COMBUSTION, by volume

EXPLOSION LIMITS IN AIR, by volume 5% - 15% -

© MTEC 2014 24
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Heating value : Biogas vs Other fuels

Methane 50.0 35.9
Purified Biogas (90%) PN 45.0 323
Mean Biogas (60%) j@ 30.0 21.5
Butane 45.7 118.5
Propane 46.4 90.9
Methanol 19.9 15,900
Ethanol 26.9 21,400
Gasoline 45.0 33,300
Diesel 421 34,500

© MTEC 2014
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Household

Biogas Use for Renewable _ ~ T~
Energy

ALRAY NITNALNUNANIUVDINYTININ 1 aU.L.

Processed by

LPG 0.46 nn.
dnsfuuudy 0.67 ans
dsfudiva 0.60 ans
nsfuen 0.55 ans
Wuldl 1.50 nn.
vl 1.2-1.4 2./

* INTINTTNALNUNEIIUBEN LADEN1 TS

N : NITZNTNWANIU 2557
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Biogas Use Without Cleaning

I:> [ Electric generator

© MTEC 2014
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Biogas Use Without Cleaning

I:> Combustion Engine

28
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Biogas specification = ( ), T

Proces: odby
anaercbic digestion
at sewage works

e Biogas composition e H,S level in Blogas use
Tvbe Gas Maximum
yP concentration Application H,S
CH, 50-80% concentration
CO2 20-50%
0-300 ppm
H,S 50-5000 ppm
1-4%
02 < 10/0
o #Electricity
Water vapour Sat. 2-5% CH, (~ 70-75%), CO, (~ 25-30%) and
(H,0) (mass) H,S (~<200 ppm)
NH; -- > NO, NGV standard (nsugsAawadvvru Il 2556)
-- > Easily treated by water scrubber and CH, (>65°/0), CO, (< 18%) and H,S (~<23 ppm)

condensor (<1 ppm) #i81: [1] IEA Bioenergy (1999) [2] Westcoast Energy inc. (1992%)
© MTEC 2014 TEC\[ ajn,:,il
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Al peessure 30000 kKPal,
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WAy «eeo Blathann LA AL TE
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Biogas Treatment and Utilisation

Hy~ 70 -7 CH4~>97°/ ﬁ ﬁ
~ 25-30 CO, <2 %

H,S ~ < 200 ppm HS~<23ppm | CO,

iogas.
CH4 ~ 60-70%

CO, ~ 28-38 %
H,S ~ >3,000 ppm / \

e ™ (Technical Challenge of Upgrading Biogas N
= A
1= |
40-60% CH4 >97% CH4
30-50% CO2 <2% CO2
0-10% N2 ) <4 ppm H2S
0-2% 02 Free of VOC's, Siloxanes
Casnet =5[] 0-2000+ ppm H2S —/ 65 mg/m3 H20
A ppm VOC's
Ligie Ot Chemical ppm Siloxanes
. . . . H20 Saturated
Water ScrUbblng AdSOI‘ptIOn Chemical Adsorptlon 3-10 barg (Distribution)
10-50mbar 30-50 barg (Transmission)
L Technology Technology PAS Technology AN 200-200barg (CNG)
© MTEC 2014 31
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o Wet scrubber Technique

Gas outlet
-—

/_R Oemister pad
] ' CLiquid Inlet

E——— Liquid distributor

[ B B S ]

L S B B e L ]

L A Packed bed
L I

[N R R R SI_IFIFIIZIITQI'II:'

iiiiiii _EI.". .
Liquid collector

Liquid redistributor

P+ttt
F+ 4+ + %+ + + + 1

SRS S S =S FEQkEdbEd

F+ 4+ + %+ + + + 1
F+ 4+ + + + + + 4

LIRS

Support grid
iFas Inlet

Liguid Outlet
-
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Biogas Treatment

Water

e Dry scrubber Technique

Process
stream

containing
CO,

b

£

(

‘\

\W
S

Adsorb CO, q
I 2

>\

Y

b4

& N
1( J\X Carbon dioxide (CO ‘\Qo ) Other gases

other gases

)

Remove ‘

Decrease pressure
or increase
temperature

to desorb CO, q
e

g

Remove [ « :\‘
CO,-richgas\ & /

>

W

Ref: hitp..www.co2crc.com.auaboutccs.cap_adsorptionhtml

¥ 32
TEC' TR0

amemberof NSTDA


http://www.mtec.or.th/
http://en.citizendium.org/images/f/f1/Packed_Bed_Absorption_Column.png

Biogas Treatment

Alternatives to remove CO, and H,S from Biogas

Energy consumption

(kWh/m?3 biogas) Uo7
CH, recovery 98.5% 99% 83-99%
H,S co-removal Yes  Contaminant Possible

Liquid H,O co-removal  Yes  Contaminant Contaminant
H,O vapour co-removal  No Yes Yes

N, and O, co-removal No No Possible
Beil/ISET 2008

© MTEC 2014 e L
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Advantage vs Disadvantage

m Advantages Disadvantages

« Low flexibility

Wet scrubbin High efficiency (>97% CH,) toward variation of
(water) g Changing P. or Temp -- > Capacity input gas
« Low costs; Elemental S is formed « Disposal of
saturated solution
Wet scrubbing « High efficiency (>99% CH,)

Cost; Heat required
for regeneration
Corrosion in system

(amine solution) Regenerative; More CO, dissolved
per unit of volume (compared to

water)
High efficiency (83-99% CH,)
Low cost; high selectivity

Operational flexibility
(No) Regenerative

Adsorption on solid
reagent (e.g., Iron
oxides, Zn0O,
molecular sieves)

Sensitive to impurity

Ryckebosch et al, 2011 ZnO+H,S —ZnS+H,0O
2RNH, + H,S —(RNH, ), S FexO0s + H.S —2FeS+S+3H20
RNH, + H,S — RNH, HS FesOs+ H.S —3FeS+ S +4H>0

© MTEC 2014 Tec! gy
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Biogas Treatment System

( H,S \ CO,

|
Bic:T;as [L\ Bi;I;as
I

-'1‘ asS

CH, ~ 60— 70 %I Cleaning Upgrading _
C02 ~ 28-38 % In _. F
3,000 3 I
~>3,000pp scrubblngl Water.scrubblng | a_
I » Selective adsorption—————
\ - e —
© MTEC 2014 Tec ajnu.p
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Case study : Water scrubber (5/5)

Measured point

Before
1st column

2"d column

© MTEC 2014
www.mtec.or.th

CH,

74.00
77.20
75.70

Bed Height

Gas flow rate

Liquid flow rate

Cco,

21.30
14.80
11.00

1.5m ||| Bed Height 1.5m
20 Umin |t Gas flow rate 240 Vmin
10 Vmin . |Liquid flow rate 80 U/min

- » H,S removal
Biogas composition (%wt) ef1°2iciency (%)
0

O,

0.00
0.40
0.60

L |ev@ndumsnisuseiug il 913
ansieudui 18/09/57

BAL H,S 1st 2
(ppm) column  column

4.70 2760

7.60 687 75.11

12.70 240 91.30

3 40
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Biogas Treatment System

R N
H,S ( Co,

meuy @ A\Y

3iogas Biogas [:F> Biogas

cH,~60-70% | Cleaning Upgrading
CO, ~ 28-38 %

H,S ~ >3,000 2 ° I J
= PM\Water scrubbing Water scrubbing
+ Selective adsorpftion

© MTEC 2014 Tec S Y
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Selective Adsorption System
(1/7)

o Solid adsorbent concept i

. R . 'Ga_s Molecules

Adsorbed Gas
M Molecule
j L

Adsorbent

Gas Stream
Gas Stream Adsorbent without CO,

© MTEC 2014 42
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Selective Adsorption System (2/7)
e Adsorption/Desorption concept i

Remove A
other gases

Decrease pressure
or increase
temperature

to desorb CO,

Process K)'
z::?am ning | e \J
ini
| co, CO,-rich gas \'>

).-) Carbon dioxide (CO /@I Other « S
4t O ‘,J_ : " i \_ ther gases
Ref: http:xxwww.cozcrc.com.awaboutecsfcap adsorption.html
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Selective Adsorption System (3/7)

e Gas adsorption/desorption analysis

& S

Volume of reactor = 77 mL
Diameter of reactor = 1.4 cm
Bed height =9 cm

© MTEC 2014 44
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Selective Adsorption System (4/7)

e Gas adsorption/desorption analysis
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Selective Adsorption System (5/7)

e Fabrication

Process
system

contining

-

e } Chemical Adsorption Bulk Crushing

23 Strength Test
- (ASTM method 7084-4)
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Selective Adsorption System
(6/7)

NISNAHDUIZAULY

AIGAAULUUAG NAINANBUITAURDIN AR
Volume of reactor = 400 mL
Diameter of reactor = 2.8 cm
Bed height = 25 cm
© MTEC 2014 47

' 3
Tec! SRl

www.mtec.or.th smembersfNSTOA


http://www.mtec.or.th/

Selective Adsorbent Applied in industries (7/7)

Msorb-G1 Msorb-G2

e High H,S selectivity over gases e Solid adsorbents for H,S and
(e.g., CO,, N,, Ar, CH,) CO, cleaning

e High H,S removal efficiency (upto | [e High crushing strength after
98%) in biogas and mixed HC fabrication

e High crushing strength after e Adsorption and regeneration at
fabrication mild conditions (less than 90°C

e Operating condition at 30-450°C and 1 atm)
for H,S separation e Use more than 10 cycles

I without loss of capacity .~
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Biogas Utilisation

I:> Electricity
CH, (~ 70-75%), CO, (~ 25-30%) and
H,S (~<200 ppm)

Blogas Treatment

Biogas. T N _
CH, ~ 60— 70 % Cleaning ~| Upgrading

CO, ~ 28-38 % |

HzS ~ >3 000 ppm a ] u | u I | ] | ] n L |} I | ] L

=) NGV standard (nsugsAansdsi1u @l 2556)
'| CH, (>65%), CO, (< 18%) and H,S (~<23 ppm)
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Biogas Utilisation
e Feed in Fuel Cell
Off gas
r | H2

WGS reaction

Air
H,S. NHa, CO + H,O0 »>H,;, +CO,
( . _I _I N YHQO ‘Hg, CcO
: Biogas Biogas " HC reforming Heat
Biogas s=p
I Cleaning Upgradlngr CH4 + H,0 >3H,+ CO consumer
H-0 |
Electricity
consumer
School of Environment Engineering SUT
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Biogas Utilisation
o Feed in Fuel Cell

PEM FUEL CELL
Electrical Current
Excess - 1  ‘Water and
Fuel Heat Out
- e
= H* ‘i‘
{ H50
2H2 —> 4H* + 4e- | H* :
O, + 4H* +4e¢ —> 2H,0 Ha H+
2H, + O, —> 2H,0 | o AL,
Fuel In F, . 3, Air In
& N,
Anodé Cathode
Elecirolyte
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Biogas Treatment and Utilisation'

Biogas
CH, ~ 60 — 70 %
COZ ~ 28'38 0/0 -
HyS ~ >3,000 ppri) == =

Electricity NGV standard
CH, ~70-75% o, < 18 %
CO, ~ 25-30 % H,S ~ < 23 ppm

H,S ~ < 200 ppm
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(i
Carbon Capture and Utilisation

() pipeline) r::> Storage

S 53
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Carbon Capture and Utilisation .|

. 4
\\‘J)
‘\' ‘\‘

CO, capture and CO, pumping
sequestration facility platform
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Carbon Capture and Utilisation

M-CO4
inorganic carbonates
O
&
RO~C

oA
R At \
OR
organic carbonates

1"l

poly(carbonate)
monomers

cyclic carbonates

formic acid
methanol
hydrocarbons, H.O 0
e.g. kerosene, diesel +H, H-C
Me-OH OH carboxylic acids
CH, 5
= \
OH
methane i .
+2H,0 AH ,9
CHg-H = 2 0=C=0 » NH,-C
NH,

\ 0

RINH-C’
substituted ureas NHR?

R10-C”
0 N-R

O/QNH "
RA\/ ) n
cyclic carbamates

organic carbamates
YT
H
n

poly(carbamate)
monomers

Dalton Trans., 2007, 2975-2992.
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Carbon Capture and Utilisation
 Renewable methanol synthesis

>k

‘ Hesde Vale

]

Water p

Hezde Valve
Rotameter
Par

KA f——

Ball Valve Neediz Valie Flowmater

Conventional reaction
« Condition: commercial Cu-based catalyst

at 250 °C 30-100 bar under H,/CO/CO,

CO + 2H,
CO + H,0

CO, + 3H,

© MTEC 2014
www.mtec.or.th

~— CH;0H
_— C02 + H2

<—= CH;0OH + H,0

f—

New route CO, hydrogenation reaction
CO, +H,=CO+H,0
CO, + H,+= HCOOH
HCOOH + ROH == HCOOR+ H,0O
HCOOR+ 2H, &= CH,OH + ROH

CO, +3H,¥=CH,OH + H,0

Methanol can be synthesized at below about 170 °C, 30 be
MCatl showed the better catalytic activity and high stability
the methanol synthesis, when compared to a commercial

. 3 56
methanol synthesis catalyst. Tec! gl
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Carbon Capture and Utilisation

« Cyclic carbonate synthesis: pre-cursors for
poly(carbonates)

O
TBAB
:
N Solvent: DCM

=N_ N= :
N ,Jﬂ}h T: 80 — 150 oC
O = O P: 1 bar
Cl
Catalyst System Ea I.'Id,\\‘r mol)
Al1Cat )

Al1Cat / TBAB 23
TBAB 32
Al-Zn mixed oxide 78

+ 70% Conversion to styrene carbonate by Al1Cat
+ 90% Conversion to Styrene carbonate by A1Cat/TBAB  supasitmongkol & Styrine,

Catal. Sci. Tech., 2014
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