Fuel Cells and Recycled Water:
Sewage-to-Hydrogen Fuel Cell Technology

National Fuel Cell Research Center
University of California, Irvine
February 24, 2009
State Water Resources Control Board




ELECTRIC POWER

CENTRAL GENERATION

COMBUSTION
.

DISIRIBUTN\ON

It

™ lEI‘l

e
]| e
= =LAl

_

ﬂ”

© Advanced Power and Energy Program, 2009



¢ COMBUSTION

FOSSIL FUEL

ERATION

© Advanced Power and Energy Program, 2009

ELECTRICITY

3/18



ELECTRIC POWER

_

CENTRAL GENERATION

COMBUSTION

- ::a'n-u'

a——

vAY
< >
/%QA

RENEWABLE

Fi?l /% NUCLEAR/
=2 n | N
S | !

© Advanced Power and Energy Program, 2009

4/18

D



* COMBUSTION

FOSSIL FUEL

* CUEL CELL

° FUEHDSELLLFE.@.RGY

ELECTRO

EMISTRY

ELECTRICITY

© Advanced Power and Energy Program, 2009

ELECTRICITY

5/18



FUEL CELL STACK ] l |
e — /=
\&/

Fuel —» <+—QOxidant
H. H*— V7
H,O
Progiuct Gases — — Progluct Gas_es
Residual Fuel Residual Oxidant
Anode Cathode
Electrolyte

(ION CONDUCTOR)

6/18
© Advanced Power and Energy Program, 2009



Electrical Load

Solid Oxide H
i it 4= Oxidant
1000°C
700°C

Phosphoric Acid
(PAFC)
200°C

(PEM)
150°C

| Proton Exchange Membrane
50°C

Product Gases
Residual Oxidant

Product Gases
Residual Fuel

Anode Electrolyte Cathode
(ion conductor) ,

© National Fuel Cell Research Center E
7/18 _

© Advanced Power and Energy Program, 2009



FUEL CELL POWER PLANT

| SPADBINERY

National Fuel Cell Research Center

University of California, Irvine /

.";

© Advanced Power and Energy Program, 2009



Electrical Load

Solid Oxide

i O 4= Oxidant

1000°C
D Phosphoric Acid l
(PAFC)
200°C
Proton Exchange Membrane
(PEM)
150°C
50°C

Anode Electrolyte Cathode
(ion conductor) ,

Product Gases
Residual Oxidant

Product Gases
Residual Fuel

© National Fuel Cell Research Center E
9/18 _

© Advanced Power and Energy Program, 2009



ELECTRIC POWER

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTION

R
Q -
D

E! \“"“ ‘ .
Y #

£

my S
3 W

=}

|u I3
Bl

© Advanced Power and Energy Program, 2009

10/18



DISTRIBUTED GENERATION

FLUID IN

« RELIABILITY
« POWER QUALITY

« RECOVERY OF WASTE HEAT

FLUID OUT&——

FUEL >

FUEL
PROCESSOR

e

stay O

n

S
Lo Voltage S8

Lo

1

[

<4

DC
R

POWER

CONDITIONER AC

FUEL CELL

STACK

© Advanced Power and Energy Program, 2009

ﬂ”
11/18 E



5OI\/IIW

DISYRIBUTED GENERATION CENTRAL POWER

80

~
o
|

CCHP

+
+

_ WASTE WATER PLANT

1 1HO HOTEL UNIVERSITY  ENTRAL PLANT
I I T
@y

(o)}
o
I

o1
<
REDUCED CO,

EFFICIENCY (LHV), %

IS
o
I

@ 10-MW 1000-MW
© Advanced Power and E}eZg!/ Program, 2009

POWER PLANT CAPACITY ﬁ"

12/18 E



ELECTRIC POWER

DISTRIBUTED GENERATION CENTRAL GENERATION
: COMBUSTION
= |

vAY
<l©l>
ﬁb .

RENEWABLE

=}

|u I3
Bl

13/18

© Advanced Power and Energy Program, 2009



CALIFORNIA STATIONARY FUEL CELL COLLABORATIVE

California ARB

Dr. Scott Samuelsen, Director
National Fuel Cell Research Center

Executive Director

Mike Tollstrup

Co-Chairs
Mary Nichols, Chair
Industry Advisory Panel J

Chris Forbes, Siemens Power

www.stationaryfuelcells.org H South Coast Air Quality Mgt District

CA Air Resources Board

CA Department of General Services

CA Energy Commission

CA Environmental Protection Agency
CA Public Utilities Commission

CA Resources Agency

CA Trade and Commerce Agency

CA Transportation and Housing Agency
CA Governor’s Office

U.S. Department of Energy

U.S. Department of Defense

U.S. General Service Administration
U.S. Environmental Protection Agency

National Fuel Cell Research Center
LA Department of Water and Power

© Advanced Power and Energy Program, 2009




Sierra Nevada Brewery

Chico e TREATMENT
City of Tulare
_Anaerobic Digester Gas -

- - e

Solar PV

d R
sacrame
Ty

gan FranglgcQ @\ eDut
San Raman®

Pasg thléﬁ.

Lempec Kﬁigahéas e
ganta Eﬁrbﬁnl“’*%g‘ S

= @
08 AngeNy

Terrang

SOURCE: CASFCC.O

15/18 w

© Advanced Power and Energy Program, 2009



ENERGY STATION
» Electric Power Generation
 Thermal Power Generation
 Hydrogen Generation
“GREEN ENERGY STATION”

*Green Electricity

*Green Hydrogen

= s s

National Fuel Cell Research Center'
University of California, Irvine i

MNFCRC |

\
16/18 \ E I
© Advanced Power and Energy Program, 2009




SEPTEMBER 2009

DIGESTER
STORAGE  HEAT
TANK EXCHANGER ANAEROBIC
DIGESTION
AA GAS HOLDER
SLUDGE A\ ADG
HOT
WATE
HIGH-T FUEL T
je= S 28 B
FUEL CELL |” | TREATMENT
AC

L POWER

“GREEN ENERGY STATION”

*Green Electricity

HYDROGEN @ *Green Thermal Power
DISPENSER HYDROGEN | «Green Hydrogen

HYDROGEN
STORAGE

AIR 1.
PRODUCTS £=>

>
FuelCell Energy

National Fuel Cell Research Cente
University of California, Irvine

© Advanced Power and Energy Program, 2009

17/18



http://www.airproducts.com/

Fuel Cells and Recycled Water:
Sewage-to-Hydrogen Fuel Cell Technology

National Fuel Cell Research Center
University of California, Irvine
February 24, 2009
State Water Resources Control Board







	Fuel Cells and Recycled Water:  �Sewage-to-Hydrogen Fuel Cell Technology
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Fuel Cells and Recycled Water:  �Sewage-to-Hydrogen Fuel Cell Technology
	Slide Number 19

