Simultaneous CO2 treatment and blue energy generation from wasted
Industrial streams

Tasneem Elmakki, Fathima Sifani Zavahir, Mona Gulied, Reem Sameer Azzam,

Peter Kasak, Anton Popelka, Dong Suk Han
Center for Advanced Materials, Qatar University, Doha Qatar

tasneem.sayedahmed@qu.edu.qga

Faculty and PostDoc,
Energy and Environment

0 Introduction

Needs of the region

Main source of pure drinking
water is desalinated water

S
R\

tainable

= - ! h\

O\ "

60%

Seawater Reverse
Osmosis (SWRO)

Global

Desalination
Capacity

Limitations of technology Hu

Huge amount of
Rejected RO Brine

3"d Largest Natural »
gas and oil z
reserves

Global SGP potential is approximately
2.4 — 2.6 terawatts (TW)

is obtained by exploring the Gibbs
free energy available in the mixing
of two aqueous solutions with
different salt content.

From its high
pressure

From its high
salinity content

Effluent brine of SWRO
desalination plant has very

Effluent brine of SWRO

.. high salinity levels o pressurized
Salmlty Energy Nearly 75 bars
gradient energy Reaches about R
(Blue Energy) 35,000 ppm (25 bar ecovery Energy recovery devices
y osmotic pressure) from RO (ERD) are the most efficient
Low concentration Brine for harnessing this energy

Wastewater stream

RED Working Principle

Wastewater

desalination plant is highly

o Experimental S

corresponding author: dhan@qu.edu

QATAR UNIVERSITY

Ammonia production plants
in Qatar (Such as QAFCO)

Produce
Highly
concentrated
RO brine

45 Bl ol COZ emissions

Selected approach to

address the needs Highly

concentrated
RO brine

~

98% Energy Recovery

et

Electrochemical system

SWRO desalination

Plant
. == L =
Reverse
Electrodialysis
Seawater
---ﬂ
(
: Electrical
W energy
: flow
[
r ----- 0
( CO, emission
/g * L .‘
o =
"_’..-_“:
.

Ammonia production plant

up and methodology

(@)

Repeat unit

Z

Electrode

T

Gasket

Y
48

L

Dilute out

Al A0

'/
 mmsmdp Concentrate out

Y/

CEM

I

4mmmm Concentrate in

Dilute in
\ ' Spacer \
End plate Efective area P End plate
(b)
0 Cation
) Anion
h Cation flow
Anion flow
— 4 High salinity
e e
' Low salinity
Cathode Anode

Circulating electrolyte solution

RED Process Optimization

1.4 == 0.015 (NH,),SO,
0.03 (NH,),SO0,
1.2 ~ == 0.06 (NH,),S0, [ 20
— | =@®= 0.015 (NH,),SO, C\Il
Z 1.0 - ~®= 0.03 (NH.),50, [ =
| =@= 0.06 (NH,),SO, -
o 0.8{._ 15 =
(0 - ° _
= 06- 5 =
o _ P 0
< o o [
&) | N ) =
L Lk T ‘; .“ -
0p l ‘ -05 O
' A o
-0.2 - , Qe ol
041 ” -0.0
0 1 2 3 4 ) 6 7 8

Current Density A.m-2

Figure 1. RED performance with various Low Concentration (LC)

solution composition using High Concentration solution of 1T M NaCL
and 5Q external load.

o Conclusion & Significance

‘ Successful optimization of RED cell was achieved via exploring the
Influence of concentrate and dilute stream concentrations,
compositions and flowrates on acquired power density, giving a

maximum of 3.25 W.m-? with 20 membrane pairs a salinity gradient of
0.98M.

‘ 15 cell pairs were needed to provide -1.5 V of energy to drive CO,
conversion to formate.
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Figure 2. Effect of varying Number of cell membrane pairs in

RED with 1 M NaCl solution as HC solution and 0.015 M (NaCl +
(NH,),S0,) solution as LC solution.
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Figure 3. Electrocatalytic formate production from CO, using

Bi foam electrodes at -1.5 V vs SCE in CO,-purged aqueous
solutions of NaOH (0.1 M) and NaOH + K,S0O, (each 0.05 M).

Acknowledgment


mailto:tasneem.sayedahmed@qu.edu.qa

