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 One of the leading & largest R&D company in 
Malaysia

 Subsidiary of TNB since 1993

 Non-profit driven centre for electricity and 
environmental research

 Specialize in energy & environmental sector

Awarded R&D Status 
by MIDA since 1997

Collaboration to obtain 
governmental incentives

OUR PEOPLE

Technical Expert : 8
Doctorate : 11
Researchers : 84
TNBR QATS: 80

OUR SERVICES

Applied Research Advanced Research

Power Delivery

Environmental Management

Power Generation

Strategic Research

Low Carbon Power Generation 
Technology

Smart Grid Technology

Emission & Waste 
Management Technology

Green Energy Technology

TNB Research 

TNBR is streamlining the aspiration, values and enablers to align with 
TNB Re-Imagining
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Scenario of power generation and CO2 emission in Malaysia

4

In COP 21, Paris 2015, Malaysia has committed to reduce greenhouse gas 
emissions intensity by 45% by 2030.Utility sector can become an easy target for 
any future directives on CO2

4

Source:
• 1Peninsular Malaysia 

Electricity Supply Industry 
Outlook, 2013. 

• 2 Khazanah Malaysia 
Analysis. 

% of total emission in Malaysia 200522
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Source: 
IEA, Energy Technology Policy , 2010.

Approaches in reducing CO2 emission

Lowest cost pathways in reducing CO2 emissionCCUS contributes 19% 
of total CO2 emission reductions required by 2050, against a business-
as-usual scenario
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C02 Capture*
Sub –program objective: 

To reduce CCUS energy penalty through Optimisation of Capture Process and to Develop 
Proprietary Solvent to Capture CO2 from Coal Fired Power Plant 

CO2 Utilisation & Storage*
Sub –program objective:

To reduce CCUS energy penalty by converting Captured CO2 into valuables

CO2 Utilisation & Storage*
Sub –program objective:

To reduce CCUS energy penalty by converting Captured CO2 into valuables

Auxiliary and others 
(energy & exergy analysis, energy efficiency, LCA, socio-economic, regulatory and 

policy etc.)** 

*    TNBR main focus on the CCUS will be on CO2 Capture and CO2 Utilisation. 
**  TNBR will be part of the team member in joint collaboration with other RI and Universities on research in    auxiliary and other 

technologies to support our main sub-program.
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TNBR program on CCU

Program Objective: To develop an Integrated  Carbon Capture , Utilization  and 
Storage pilot plant and to  position TNBR as referral on national CCUS Research 
and Development.
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Concept of TNBR CCU approach – CO2 from thermal power plant flue gas
is separated from other gases. The gas is concentrated  for further use.

TNBR program on CCU
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CO2 Capture Technology
The two most dominant technologies for CO2 capture/separation  for power industries 
are Absorption and Adsorption technologies. 

Technologies in 
CO2 Separation

ABsorption

Chemical 
(amine)

Physical (Selexol)

ADsorption

Activated carbon

Alumina/zeolite

Membrane

Gas separation 

Ceramic system

Biological

Algae

Forestation

Others

Cryogenic/ Ionic 
liquid/mineral 
carbonation
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Motivation
In a coal fired power plant, the levels of SOx and NOx from flue gas are not sufficient to 
allow the gas to be used immediately in the CO2 capture system. Therefore ,it is essential 
to have a pre-treatment system before the carbon capture and utilisation (CCU) system. 

*state of the art dry FGD at ultra supercritical (USC) coal fired power plants
**state of the art SCR technology

FLUE 
GAS

SCR CCUFGD Flue gas 
Pre-

treatment

SOX: 900-1400mg/Nm3

NOX:400-800mg/Nm3
SOX:900-1400mg/Nm3

NOX:40**-400mg/Nm3
SOX: 60*-500mg/Nm3

NOX:40**-400mg/Nm3
SOX:  <10mg/Nm3

NOX: 20-40 mg/Nm3

To stack
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Project Background
Adsorption process can be used to pretreat the flue gas remove SOx and NOx.

Flue gas 
CO2, SOx, 
NOx, N2, 
Others

Adsorb CO2, 
SOX, NOX

(depending on 
adsorbent)

Release clean 
gas 

Remove CO2 in 
concentrated from 

to utilisation
system

Adsorption Desorption

Decrease P to 
desorb the 

adsorbed gases

Retain SOx and 
NOX in the 
adsorbent



11

Copyright © 2017  TNB Research

Ca
rb

on
 b

as
e 

m
at

er
ia

l p
re

pa
ra

tio
n

Im
pr

eg
na

tio
n 

w
ith

 m
et

al
 o

xi
de

s

Ad
so

rp
tio

n 
te

st
in

g 
an

d 
an

al
ys

is
  f

or
 s

el
ec

tiv
e 

re
m

ov
al

 o
f N

O
x 

an
d 

SO
x 

ov
er

 C
O

2 
in

 a
 fl

ue
 g

as
 

st
re

am

BaO

CuO

MgO

CeO2

TiO2Palm kernel shell Coconut shell

Ground to a 
desired size

Activation process

Impregnated 
activated carbon

Impregnation of activated 
carbon with metal oxide

Metal oxides selection

Research gap
Research gap  To determine the suitable carbon material  to capture both SOx and NOx 
simultaneously  and selectively over CO2 from the flue gas stream to enhance the CCU 
system
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Results and discussions
Criteria for preferred adsorbent: High yield High BET surface area  Large pore 
volume

12

Carbon 
source

Activation 
method

Process Yield 
(%)

BET 
surface 

area 
(m2/g)

Pore 
volume
(cm3)

Palm kernel 
shell (PKS)

Physical 22 584 0.26

Chemical 44 1,223 0.70

Coconut shell
(CS)

Physical 24 1,011 0.45

Chemical 45 953 0.43

CONCLUSION Chemical activated PKS was selected as activated carbon base to be impregnated with metal 
oxides (BaO, TiO2, CeO2, CuO, MgO) due to its high yield, high surface area and large pore volume

• Chemical activated AC are better since it produces higher yield due to the lower temperature process.
• PKS is better adsorbent since it possess a higher surface area and larger pore volume.
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 The impregnated activated carbon with
metal oxide is capable to
simultaneously removes SOx and NOx
and selectively over CO2.

 The impregnated activated carbon can
recover 95% of captured CO2 and
retained SOX and NOX in the adsorbent
during the desorption process.

 This impregnated activated carbon can 
be regenerated which can prolong the 
adsorbent lifetime.

The impregnated AC was used in the in 
the VPSA system to evaluate for the 
breakthrough curve and effect of 
pressure and the CO2 recovery and 
purity.

Research findings
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Way Forward
Our end in mind : Carbon Capture and Utilisation Pilot Plant
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Our capability
25 m3 vacumm/temperature swing adsorption system. 
Patented adsorbent ( PI 2017700352)
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THANK YOU
Prepared by : 

NORAZIAH MUDA

Office address:
TNB Research Sdn. Bhd.

No. 1, Lorong Air Hitam
Kawasan Institusi Penyelidikan

43000 Kajang, Selangor Darul Ehsan
MALAYSIA

Tel: +603-8922 5000 / Fax: +603-8926 8828/9
Email:noraziah.omar@tnb.com.my / Website: www.tnbr.com.my 

16



DISCLAIMER. ALL INFORMATION CONTAINED HEREIN ARE
SOLELY FOR THE PURPOSE OF THIS PRESENTATION ONLY
AND CANNOT BE USED OR REFERRED TO BY ANY PARTY
FOR OTHER PURPOSES WITHOUT PRIOR WRITTEN
CONSENT FROM TNB. INFORMATION CONTAINED HEREIN IS
THE PROPERTY OF TNB AND IT IS PROTECTED AND
CONFIDENTIAL INFORMATION. TNB HAS EXCLUSIVE
COPYRIGHT OVER THE INFORMATION AND YOU ARE 17

DISCLAIMER


