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Membrane materials: visually

Micrometer-scale selective material coated on porous support fibre




Principle water capture

400 MW coal fired power
plant with FGD:

= Emits 150 m3 water per
hour to the atmosphere

= Needs 30 m3/h water =
20% capture

Membranes ||

Flue gas Desulphurization

No FGD in place:

* 90-120 m* water per hour Equiv. Gas Fired plant:

e Emits 90 - 120 m3 water per hour
e Needs about 1 m3/h water
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12 year preliminary research

Background:
- Power companies expected doubling of water tariff in the '90’s
- Surface water needed extensive water treatment steps

- Research by KEMA, University of Twente & Dutch Power industry

Overview of general technology development:

Field tests — flue gas Relative humidity ~ Duration Results @

Coal fired power plant 95-99% 32 weeks 0.2 L/m2.h 2003

after reheat max. 60 °C 500 — 1000 uS/cm

Coal fired power plant 100% >5000 hours 1.4 L/m2.h 2006

after FGD 46 -48 °C 20 puS/cm

Waste to Energy 100% Exposed: 6000 3-4 L/m2.h 2007

max. 65 °C Oper. 2000 hrs 40 uS/cm;

Gas burner at 40-50 °C 70% 20 hours ~1 L/m2.h 2009

Gas burner at 80-90 °C 10% 100 hours ~0.03 L/m2.h 2010

Cement Kiln 55 — 62°C 100% >1100 hours 3-6 L/m2.h 2012
15-20 uS/cm;

>40% water capture, results warrent a follow up!

o d (1) water flux in litre liquid water per m? membrane area per hour; water purity in specific
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Proof of principle at CF PP

Started with commercial available dehumidifiers modules
At KEMA facility, flue gas generator

Additional tests carried out at CFPP

Proof of principle successful

Results basis for project subsidized by Dutch government
(2001 — 2008) :
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Field test Waste to Energy plant
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Setup permeate recovery




Fouling after 10 months before CIP

Cleaning in place units

placed ‘
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Membrane improvement UT

= At high sulfonation degree dissolution possible
= Good distribution of sulfonic acid groups necessary
= No clusters

= UT produced a few hundred meter hollow fiber membrane

Delamination because of insufficient
N adhesion between coating and support
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Goal / ambition of EU project: Capture of
evaporated water - CapWa

SEVENTH FRAMEWORK
PROGRAMME

produce a commercially available membrane modular
system suitable for industrial applications within 3-4
years. The produced demin water from this system
should be competitive with existing demin water
technologies. The starting point will be the water
vapour selective composite membranes that are
developed in the proof of principle project.
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Work packages in 3 year project

lCapWa

YEAR 1

YEAR 2

YEAR 3

WP1 Membrane improvement

WP2 Alternative membrane

WP3 Lab scale to full scale

WP4 Performance testing

WP5 Module system integration

WP6 Support work package

WP7 End user testing

WP8 Dissemination & exploitation

WP9 Management
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7

WET Enduszer
testing

WP 6 Suppott work package

WP & Dizsemination and exploitation

N
\
-

WP 9 Management

N

HES

x
m
2
s
S

SEVENTH FRAMEWORK
PROGRAMME



Applicability

= Power generation — flue gases
- Coal-fired power plants
- Gas-fired power plants
- Waste to energy plants

* Industrial processes
- Paper mills; wood drying & similar drying processes
- Petrochemical plants; offshore
- Cement factories
- Glass production

= ... under investigation cooling towers
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Prototype membrane module installed at Sappi Nijmegen
end 2011
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CapWa — aim demonstrations
Aim EU funded international project (9 EU & 3 African partners):

= Automation of hollow fibre membrane production — milestone
reached!

= Construct a module system for flue gases (coal and gas fired plants)
- the system is capable of producing 0.1 m3/h water

- roughly the size of a 22 ft container — based on a curtain shaped 1
stage separation system

= A smaller system is envisaged for:
- (forced draft wet) cooling tower with Tunisian geothermal well
- under the hood of a paper/board factory

Recycling of
warm air

CapWa
technology

Evaporated

Ambient air
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Case summary, Energy modeling ,/ -

= Number of cases:
- 2 applications
- 2 cooling temperatures
- 2 vacuum methods
- 2 recoveries

= 2X2Xx2X2=16 cases

" Note: ‘worst case’ scenarios >
- Reference case: water coolingto 12°Q@ &= \

= Model: KEMA'’s proprietary SPENCE®

_process modelling software package \C

CapWa
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Example SPENCE CapWa model scheme

P = 16.49 kW
Cooling duty = 0.2 MWth Membrane ower e

Water flow = 1238 kg H20/h

6781 _ 1.004 6.539 08935 8539 _ 1014 Water flow = 738 kg H20/h
G &2 G2
72 85 216 Retentats g5 164.9 ﬁ 87.3 1673
. ' . s . 000
\d |

Flue gas cooler Permeale

Flue gas fan

) Cooling dut =0.1 MWth
2. FG cooler (gas PP) |om - iintois

Dewp = 98.9 °C Cooling duty = 0.0 MWth
L] Water flow = 123 kg H2O/h Water flow = 123 kg H20/h
13 M e m b ran e u n It 00374864 0.125 0.03748 1014 0.00362 1.014  water flow = 1 kg H20/h
[ ] 494 2359 a0 387.3 494 175.8

8 ﬁ 9 » 2001 >
4 |

4. |ID fan
6. Condensor (+ACC) [gokaee
9. Suction (+ACC)
10. Condensor
- Power :0[1)6911' k\%?‘l Water flow = 378 kg H2O/h
(for steam |et) Py

. e
8. Lig. water pump

Vacuum pump

0.03385 1.014
494 206.7

Power = 0.00 kWe
003385 1.014 water flow = 122 kg H2O/h

494 206.7

Pump

Slide is not for reading every
number, but for the big pictute’
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First results Coal cases — Trend Is important..

250 Power consumption - coal cases
(per m3/h water)

Referen

200 m fans / pumps

mACC

150 - ® Equiv. elec. power
100
50

Power consumption (kWe)

12CH20 50CJet 50CJet 50CRing 50CRing 20CJet 20CJet 20CRing 20CRing

Case
highrec Lowrec Highrec Lowrec Highrec Lowrec Highrec Lowrec Highrec
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Further improvements in modeling work

Coal cases: reference & ACC (50°C); Gas case: ACC (50°C)
- 3-step recompression of vacuum system

- determined Ap for fibres placed in row with 20% water recovery

Case |Velocity| Ap ID fan Energy consumption
Coal Natural gas

water cooling|air cooling| air cooling
- [m/s] | [mbar] [kWh/m?®] | [kWh/m?®]| [kWh/m?®]

Reference 10.00 14.01 44.18 37.22
1 1.0 0.31 5.31 35.48 20.96
2 3.5 2.13 6.94 37.10 24.06
3 4.5 3.35 8.03 38.20 26.10

pnvf



Proporionate energy consumption

Coal, water cooling

ID Fan
Wateror 8%
ACC
cooling
45%

Water or

Coal, air cooling
ID Fan

5%

Vacuum

pump
14%

Wateror
ACC
cooling
64%

Vacuum

pump
21%
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Energy savings achievable for Coal units

No reheating of flue gas

Additional water loss at

NO, hardly any cases like

if accessible by piping

3300 >70% | FGD due to high inlet | this, increase use of wet
by low pressure steam
temperatures stack
Energy recovery before High CapEx and OPEX | NO, new power plants are
FGD - 3rd condensate 6960 70%? | for plastic / ceramic not built this way due to
preheater heat exchanger poor payback time
Removal of reheaters in Efficiency increase of | SOMETIMES,
1200 >30% | ID Fan retrofitting needed and
flue gas stream .
appropriate stack needed
In wet cold areas — YES, if piping can be
: access to cooling water, | reached. Also savings
Condensate preheating 924 >12%

combined with the
savings described here

Consumption: 7 kWh per m3 = for a 600 MW unit = 240 kWh

ICapWa

For a 600 MWe coal plant with x amount of capture
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Capture technology versus traditional demin technologies — basis

400 MW CF PP in Wet Reqion

Seawater )
Freshwater |:> + Pre-treatment

+
Demin
process

Polishing

Discharge

+
; Overall pure

Tap water |:> Tap water

Evaporated |:>
water

25

0,5 A

Commercial CapWa

tender

water cost
Polishing C

2 aware:. low membrane price of
20-50 EUR/m? used comparible
with RO. However total cost does
not include benefits like:

o flexibility - transport
o corrosion mitigation

o energy




Benefits of this technology

= Technology aims to be competitive with current demin water
production

= At least five business cases identified for end users:
- Water: availability and raw water source quality
- Energy: at least 0.2% for CF PP with cooling water
- Corrosion mitigation: reduction of water condensation in stack
- Sustainability®: Large social impact in dry regions -
preservation and conservation of natural resources

- plant flexibility: ability to locate plant or enlarge existing asset in
dry area’s & save on transport without extra water consumption;
no shut-downs due to recurring environmental catastrophes like
algae bloom

= the membranes used to capture water also capture CO,
(www.NanoGLOWA.com)

: (1) Global media attention www.watercapture.eu or also
ICaPWa http://ec.europa.eu/research/industrial_technologies/success-stories_en.html
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http://www.nanoglowa.com/
http://www.watercapture.eu/
http://ec.europa.eu/research/industrial_technologies/success-stories_en.html
http://ec.europa.eu/research/industrial_technologies/success-stories_en.html
http://ec.europa.eu/research/industrial_technologies/success-stories_en.html

What does this technology enable? — Example China

1.There is an actual 600 MWe Coal fired power plant which can now operate

= additional profit EUR 14 MLN yearly)
=» Corresponds to demin waterd) value: 162 EUR/m3

2. Expansion or New Build in WET or DRY region:

= Saving by placing plant in DRY region (on top of coal): EUR 3-5 MLN yearly
versus coal transport to WET regions

=>»True value demin water 18 EUR/m?3
=»congestion of rail infrastructure can result in higher value

Amount of plants with these issues are increasing worldwide due to
stringent regulations and water shortages

. _ ) .
(1) Assuming 4500 lost operation hours, a water need of 37 m3hr and a loss margin of EUR KEMAZ
’/ 10 per MWh (profit & effective use of CAPEX)
CapWa onv]




What does the technology enable? Ex. Algae bloom

* Red Tide — algae bloom causes desal plant shut down
- Temporarily no water available for power plant
- Growing risk in Australia, M.E. and elsewhere
- Occurrence Gulf of Oman about 1x a year
= YES power plant shut downs occurred here

Implications 380 MWe Gas fired power plant

= Loss of income + penalties £EUR 850.000 per day!
=>»True value demin water®: 82 EUR/m3

= Industry accepts worst case — water truck: 10 EUR/m?3
=>|s equivalent to a plant shut due to Red Tide, once every 10 years....

, (1) Assuming 8000 hours operation, E-price of EUR 50 per MWh and demin water
ICapWa need of 1 m3/hr
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Thank you for your attention

Ludwin.Daal@DNVKEMA.com
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13 Dutch Regional Newspapers

Provinciale Zeeuwse Courant

Drinkwater uit rook

BN DeStem.nl zaterdag 26 februari 2011

Kema kan drinkwater
maken uit rook

Kennisbedrijf Kema heeft cen ma-
nier bedacht om warer te winnen
uit de rookgassen van fabrieks-
schoorstenen. De fabrikant kan dit
4 water hrrgrhrulkcn maar het is
ook prima geschikt vm e drinken.
Kema gaat ce technologle op grote
schaal testen.

LEEL\MRDER COURANT

25 februari 2011 , pag. 2

ARNﬂsﬂe—,ﬁz:;:.zﬁ::@:: W at Yaa k‘t
=== Water uit rook
74 Noordhollands Dagblad

Drinkwater uit rook fabrieken

ARNHEM - Kennisbedrijf Ke-
ma heeft een manier bedacht
om water te winnen uit de
rookgassenvan fabrieksschoor-
stenen. De fabrikant kan dit
water hergebruiken, maar het

neninjectie vanuit Europa gaat
Kema de technologie op grote
schaal testen. Kema voerde het
onderzoek samen uit met on-
derzoekers van de Universiteit
Twente en enkele energiebe-

met membranen, een soort mi-
nuscule filters, uit de rook ge-
trokken. De hoeveelheid water
die bij een gemiddelde energie-
centrale opgevangen kan wor-
den, komt overeen met het ge-

£ d water is ook prima geschiktom  drijven. Het water dat normaal middelde waterverbruik van
Cap\l?la te drinken. Dankzij een miljoe- in de lucht verdwijnt, wordt ongeveer 3500 gezinnen.
I—




International websites

*Env'fronmental
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The Financial Markets Network: From Factory Ch

'Smoke' From Factory Chimneys Proves to be

cmmens V@luable Water Source
Source: PR Nevavirs
F=b. 28, 20
(0 votes)

‘h -ELL The hetherdaros F-:..'L,a ry 28. 2017 /FRNawswire -
s of certsin fsac Y chimnays, 85 8 rasult of strongly imorow:

&U;‘U it

'Smoke’ From Factory CFk
March 2, 2011

Membrane technoloegy [0 conv
tested on farge scale; 10 years

Amhem, The Netherlands — L

South Africa Latest News

S-Africa Focus

Updates

CONTACTUS

release)

HOME LOCALNEWS ECONOMY BUSINESS POLITIC
WOMEN CULTURE RELIGION GOSPEL S-AFRIGA |

‘Smoke’ From Pactor\ Chnnne\ s Proves to be
Valuable Water Source — PR Newswire UK ( (press

|

YAHOO!, FINANCE
'Smoke' From Factory Chimneys Proves to be Valuable

Water Source

r Products/Services | Companies | »J .
f FmRoad .

f';‘ Membrare Techrology to Convert Water Vapor Into Industrial and Drinking Water Now Tested on .
ICa,,Wa arge Scae: Ten Years' Preliminary Regearch Gains Follow-up




Populair technical publications

Juiver schoorsie

11 MAART 201 ]f DE INGENIEURe 4 e (44

(75 Vil 1Ny wicio Louiciw

2 tops op te laden. (i How the power mdustry

._re % C}?/ L/ a'/{(/DE oo |£w7 7, con contribute to reducing the

lobal water shortage
Meer water uit roo ——

MEMBRAANTECHNOLOGIE Uit  watex van een dergc O

een langlopend onderzoe latle 1S voldoende (= i R R
i WP e N e W a., (e : S; T :ii: ‘:, \ v &
Water uit schoorsteen
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Feedback in China — July/Aug 2011

= Over 50 websites
- Incl. top 8 media
- 4 published
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