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Presentation OutlinePresentation Outline
�� BackgroundBackground

�� Digester gas fuel cellsDigester gas fuel cells

�� Why fuel cells for TulareWhy fuel cells for Tulare

�� Tulare Fuel Cell Cogeneration ProjectTulare Fuel Cell Cogeneration Project

�� Digester gas treatmentDigester gas treatment

�� Tulare fuel cell operating experienceTulare fuel cell operating experience

�� Questions/answersQuestions/answers
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City of Tulare WWTP DataCity of Tulare WWTP Data

�� Plant Flow Plant Flow –– 4.4 mgd domestic + 7.1 mgd 4.4 mgd domestic + 7.1 mgd 
industrial = 11.5 mgd totalindustrial = 11.5 mgd total

�� Digester Gas Production Digester Gas Production ~~ 500,000 500,000 scfdscfd

�� Most Digester Gas Produced in Bulk Most Digester Gas Produced in Bulk 
Volume Fermentor (BVF)Volume Fermentor (BVF)

�� Average Electrical Demand Average Electrical Demand –– 2,700 kW2,700 kW



Fuel CellsFuel Cells

�� Run on wastewater digester gas, previously Run on wastewater digester gas, previously 
burned in a flare.burned in a flare.

�� Air District permits are easy and fast.Air District permits are easy and fast.

�� Generate 1,200 kW.  Treatment plant uses Generate 1,200 kW.  Treatment plant uses 
2,700 kW.  Generate about $3,200 worth of 2,700 kW.  Generate about $3,200 worth of 
electricity per day.electricity per day.

�� Four fuel cells cost $9.39 million.Four fuel cells cost $9.39 million.

�� Received $4.95 million incentive payment Received $4.95 million incentive payment 
from Southern California Edison.from Southern California Edison.



Fuel Cells

BVF
300’ x 600’ x 

25’



Fuel Cells Fuel Cells –– Greenest Use of Greenest Use of 
Digester GasDigester Gas

�� Highest Efficiency available for power Highest Efficiency available for power 
generation equipment (47%)generation equipment (47%)

�� Exempt from air permit requirements* Exempt from air permit requirements* 

�� Reduction of greenhouse gasesReduction of greenhouse gases

�� CARB CARB ’’07 Certification pending for 07 Certification pending for 
digester gasdigester gas
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Fuel Cells Fuel Cells –– Other BenefitsOther Benefits
�� Qualifies for simplified interconnectionQualifies for simplified interconnection

–– California Rule 21 CompliantCalifornia Rule 21 Compliant

�� Self Generation Incentive Program Self Generation Incentive Program 
(SGIP) grant money currently available(SGIP) grant money currently available
–– SGIP currently only for Fuel Cell and Wind SGIP currently only for Fuel Cell and Wind 

ProjectsProjects

–– $4,500/kW for up to 1MW$4,500/kW for up to 1MW
�� $2,250/kW for 2nd MW$2,250/kW for 2nd MW

�� $1,125/kW for 3rd MW$1,125/kW for 3rd MW



Project Implementation MethodsProject Implementation Methods

�� Design/buildDesign/build

�� Conventional Conventional –– Design Design –– Bid Bid –– BuildBuild

�� Power Purchase Agreement (PPA) by Power Purchase Agreement (PPA) by 
third party Design third party Design –– Bid Bid –– Build Build –– Own Own 
–– Operate (DBOO)Operate (DBOO)

Design/build method was Design/build method was 
selected by City of Tulareselected by City of Tulare



Comparison of Design/Build Comparison of Design/Build 
ProposalsProposals

����������������������	��������	�	�����	�����������������������	������	����
���
����
���
����������������������
��������
�
�
�������
������ ����
����
��

	�����	�����
�������� �
���������� �
��

������

��
�
����
�
�����	��������	�����������������������������������������������	��������	��������������������������������������
!"�#�
 ��$���!"�#�
 ��$���
������#!%��
�������#!%��
�

�%�"
��
��%�"
��
�
������

������������������	��	�����	��	��	�����	��������������������	��	���	��	���������������������������������������������������
�
�������
������ ����
����
��

	�����	�����
�������� �
���������� �
��

������

������������������

��������������

������������������

����������

������������������

	��
�����	��
�����

����	��������	����

�����	
�����	

��
���
�

&����%����&����%����
"
���'�(&%�"
���'�(&%�
����)�&��������)�&����

%����%����

(���*�
�
�+�
�(���*�
�
�+�
�
,��
�-��
����%�,��
�-��
����%�

"
��
�"
��
�

&����%����&����%����
"
���'�(&%�"
���'�(&%�
����)�&��������)�&����

%����%����

�����
	�������
	��
������	��������	��

������

������

������

������
������������

��������������

�
������
�����

��������������

���	���	 ���	����	���
��
��������
������

����������

��������������

����
������
��

����	��������	����

���	���	 ���	����	���
�����	������	�
����������

������������������

������������������

������������������

�	���	��
���
��� �����
��� ��

��
���
�

�	��	���	��	��������	��������	����

�	��	���	��	������	���	����	���	������������

�	��	���	��	����������������������

�	�	���	���	�	���	��
��	��
��	��

!�"�	!�"�	

���	���	 ���	���	��
��
����
��

���

�������

����
#$$
	�
#$$
	�






Tulare Fuel Cell Project Tulare Fuel Cell Project 
SummarySummary

�� Three 300 kW FCE 300MA unitsThree 300 kW FCE 300MA units
–– 44thth unit is now in operationunit is now in operation

�� Digester gas treatment system by Applied Digester gas treatment system by Applied 
Filter Technology (AFT), Snohomish WAFilter Technology (AFT), Snohomish WA
–– HH22S, siloxanes, moisture, VOC, etc.S, siloxanes, moisture, VOC, etc.

�� Electrical interface with utilityElectrical interface with utility

�� Hot water heat recoveryHot water heat recovery

�� Alliance Chico Energy did design/buildAlliance Chico Energy did design/build



Digester Gas Treatment SystemDigester Gas Treatment System

�� Packed tower water scrubber for HPacked tower water scrubber for H22S S 
reductionreduction

�� Iron sponge for HIron sponge for H22S removalS removal

�� Particulate filter Particulate filter –– compressors compressors –– heat heat 
exchangerexchanger

�� Chiller Chiller –– removes water plus some Hremoves water plus some H22S S 
and siloxanesand siloxanes

�� Carbon adsorbers for siloxane and VOC Carbon adsorbers for siloxane and VOC 
removalremoval



Plan View Plan View –– Tulare Fuel Cell Tulare Fuel Cell 
FacilityFacility



Plan View Plan View –– Digester Gas Digester Gas 
Treatment AreaTreatment Area
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Fourth Fuel Cell Complete May 2011Fourth Fuel Cell Complete May 2011



San Joaquin Valley APCD San Joaquin Valley APCD 
PermitsPermits

�� Permit to construct and Permit to construct and 
permit to operate in lb/MWhpermit to operate in lb/MWh

NONOXX == 0.020.02

SOSOXX == 0.0010.001

PMPM1010 == 0.010.01

COCO == 0.050.05

VOCVOC == 0.020.02



Operating DataOperating Data

�� Actual kW producedActual kW produced

DC = 335DC = 335 AC = 300AC = 300

�� Actual fuel cell availability factor in Actual fuel cell availability factor in 
20102010 94.5%94.5%





Suggested Maintenance IntervalsSuggested Maintenance Intervals



Lessons LearnedLessons Learned

�� Design/build Design/build –– Get your attorney Get your attorney 
involved earlyinvolved early

�� Include a load bank (4Include a load bank (4thth fuel cell) or fuel cell) or 
Advanced Energy Storage (coming) Advanced Energy Storage (coming) 
in the designin the design

�� Gas treatment system availability is Gas treatment system availability is 
critical.  Run on natural gas if gas critical.  Run on natural gas if gas 
treatment fails, to keep fuel cells treatment fails, to keep fuel cells 
generating.generating.



Three Year ReportThree Year Report

(2) Two fuel cell stacks replaced in 2009 due to frequent unscheduled cool downs caused by gas scrubber, third fuel cell 
availability was 98.7%. 

(1) No digester gas available for seven weeks while BVF was cleaned in 2009, two fuel cell stacks replaced.

$344,433$344,433$897,463$897,463$0.068$0.068$290,849$290,849$262,181$262,1818,158,80094.594.5
1/1/10-
12/31/10

-$28,139$519,750$0.116$290,849$257,0404,725,00089.476.4
1/1/09-
12/31/09

$138,016$694,381$0.088$304,365$252,0006,312,55098.586.3
1/1/08-
12/31/08
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SummarySummary

�� Fuel cell is the cleanest, most efficient Fuel cell is the cleanest, most efficient 
cogeneration technology for digester gascogeneration technology for digester gas

�� Financially, fuel cell technology Financially, fuel cell technology 
competes well with engines and turbines competes well with engines and turbines 
based on the incentive money available based on the incentive money available 
in California.  Project cost $9.39 million, in California.  Project cost $9.39 million, 
SGIP grants of $4.95 million.SGIP grants of $4.95 million.

�� You wonYou won’’t have to worry about the future t have to worry about the future 
changes in emissions regulationschanges in emissions regulations



Summary Summary (continued)(continued)

�� Permitting is relatively easyPermitting is relatively easy

�� Utility coordination for interconnection is Utility coordination for interconnection is 
relatively simple and quickrelatively simple and quick

�� Low operator attention for maintenanceLow operator attention for maintenance

�� Run on natural gas if biogas system Run on natural gas if biogas system 
fails!fails!

GO GREEN!GO GREEN!





Questions?Questions?

Lewis R. Nelson, P.E.Lewis R. Nelson, P.E.
Public Works DirectorPublic Works Director

lnelson@ci.tulare.ca.uslnelson@ci.tulare.ca.us
(559) 684(559) 684--43184318


