
















DFC  DFC 300300DFCDFC 300300 

DimensionsDimensionsDimensionsDimensions 

Height: 10.5’Height: 10.5’ 

WidthWidth 99 0’0’WidthWidth: : 99..0’0’ 

Length: 28.0’Length: 28.0’ 



Partners Molten Carbonate Fuel CellPartners Molten Carbonate Fuel Cell 
ProgramProgram 

NYPANYPA ProjectNYPA   Project DDevelopereveloperNYPA ProjectProject DeveloperDeveloper
Design/Construction/FinancingDesign/Construction/Financing 

NYSERDANYSERDA 
0101
$1M grant for CHP through PON 699$1M grant for CHP through PON 699-
0101 

USDOEUSDOE $250K$250K 
Fuel  Cell  Fuel Cell EnergyEnergyFuelFuel CellCell EnergyEnergy

Supplier of Fuel CellSupplier of Fuel Cell 

Connie
Principal InvestigatorsPrincipal Investigators

Connie WebbWebb VPVP AdministrationAdministrationConnieConnie   WebbWebb, , VP  VP AdministrationAdministration 
Israel Cabasso, Ph.D. ResearchIsrael Cabasso, Ph.D. Research 



Projected System EfficiencyProjected System Efficiency 
Operating on Natural GasOperating on Natural Gas 

Annualized Conversion EfficiencyAnnualized Conversion Efficiency 

Fuel to ElectricityFuel to Electricity 47%47% 
Fuel  to  Recovered  Fuel to Recovered HHeateat 23%23%FuelFuel toto RecoveredRecovered HeatHeat 23%23% 
System EfficiencySystem Efficiency 70%70% 



Gasification of SalixGasification of Salix 
FERCO Vermont GasifieFERCO Vermont Gasifierr 

VolumeVolume   %%VolumeVolume %% 
HydrogenHydrogen 9.549.54 
Carbon MonoxideCarbon Monoxide 47.6347.63 
Carbon DioxideCarbon Dioxide 22.1322.13 
MethaneMethane 15.2115.21 
EthyleneEthylene 4 04 033EthyleneEthylene 44..0303 
EthaneEthane 1.461.46 



New YNew Yoork rk Power  Power AuthorityAuthority 
HighlightsHighlightsHighlightsHighlights
 

h A public benefit energy corporation founded 1931 

h Largest non-federal public electric utility in United States 

h Wholesale power supplier throughout New York State and  
neighboring states as required by law 

h 2003 energy sales: 47.48 million MW-hrs 

h Supplied approximately 25% of New York State electricity 
needs 

h 2003  Generation: 22.22 3 MW hrs (purchased 25 1 MW hrs) 2003 Generation: 3  MW -hrs  (purchased  25.1  MW -hrs)

82% hydro; 16% fossil 

h Transmission lines: more than 1,400 circuit miles 
115kV, 230kV  , 345kV and 765kV 





NYPNYPA  A DiDi stt tribib tt NYPNYPAA DiDistribibuutteedd G titi d  G Generation PPd Generation PProgramrogram 

Technologies Fuels 
Ph t l t i S d  wi dPhotovoltaics Sun and ind 
Fuel Cells Natural Gas 
Microturbines Anaerobic Digester 
IC Engines Gas 
CTs Landfill Gas 
Wind Natural  GasWind Natural Gas 



G 
NYPA

i P
 Distributed 

Generation Program 

Services offered to customers: 
h Site  evaluationSite evaluation 
h Detailed engineering & design 
h Equipment procurement 
h Installation 
h Financing 
h Operation  &  maintenanceOperation & maintenance 



FuelFuel   CCellsellsFuelFuel CellsCells 

Fuel Fuel cells cells are are eelectrochemicallectrochemical  power power  generators generators 
with the potential for attaining very high electrical 
energy energy  conversion efficiencies while operatingconversion  efficiencies   while  operating 
quietly with minimal polluting emissions. In 
addition by-product thermal energy generated in addition, by -product  thermal  energy  generated   in 
the fuel cell is available for use for cogeneration of 
hot  water  or steamhot water or steam. 



TTypesypes   of  of Fuel  Fuel CCellsellsTyTyppeess ofof FuelFuel CellsCells 

• Phosphoric Acid Fuel Cell (PAFC) 

• Molten Carbonate Fuel Cell (MCFC) 

• Solid SOFC)Solid   Oxide  Fuel CFuel  ell (Oxide Cell (SOFC) 

• Proton Exchange Membrane Fuel Cell (PEMFC) 
- Also Called Solid Polymer Electrolyte- Also  Called  Solid  Polymer  Electrolyte 

• Alkaline Fuel Cell (AFC) 



Molten Carbonate Fuel Cells (MCFC)Molten Carbonate Fuel Cells (MCFC) 
�� Molten Carbonate Electrolyte Retained In AMolten Carbonate Electrolyte Retained In A 

MatrixMatrix   (Lithium  (Lithium And  And PotassiumPotassium  Potassium Salts)Salts)MatrixMatrix (Lithium(Lithium AndAnd Potassium Salts)Salts) 
�� Operates Operates At A Temperature Of At A Temperature Of About About 650650°°CC 

�� Cathode Must Be Supplied Cathode Must Be Supplied With CarbonWith Carbon 

And And Electrons
Dioxide, Which Reacts With The Oxygen

 Electrons Electrons  ToTo  To FormForm  CarbonateForm Carbonate   IonsIons
Dioxide, Which Reacts With The Oxygen 
AndAnd Electrons To Form CarbonateCarbonate Ions  Ions 
(Charge Carriers)(Charge Carriers) 
�� Carbonate�� Carbonate  IonsCarbonate IonsIons   Are  Consumed  Carbonate Ions Are Consumed (Anode)  (Anode) TTooAreAre ConsumedConsumed (Anode)(Anode) ToTo   

Oxidize Oxidize Hydrogen And Carbon MonoxideHydrogen And Carbon Monoxide 
�� nnI tI t  ernaerna   ll  RR  ff  ii  PP  iibbl  lII tt ll RReefformormiing ng PPossossibliblee 
�� Inherently More Fuel FlexibleInherently More Fuel Flexible 



Molten Carbonate Fuel Cells Molten Carbonate Fuel Cells ((((MCFCMCFC)))) 

���� TolerantTolerantTolerant Tolerant   TTToo  To o CCContaminantsontaminantsContaminants   ontaminants (e(e(e..(e gggg .,., CCCOCOO,O , CCCOCOOO 22)))) 
�� High Operating TemperaturesHigh Operating Temperatures 

–– InternalInternalInternal Internal   ReformingReformingReformingReforming 
–– CoCo--generationgeneration
–– HybridizationHybridization 

�� InexpensiveInexpensive CCCCatalystsatalysts 
�� Inherently More Efficient (Most Efficient)Inherently More Efficient (Most Efficient) 
�� Large Balance OfLarge Balance Of Plant (BOP)Plant (BOP) 
�� LarLargggge Scale Power Generatione Scale Power Generation 
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Low Nox  Cell

N t l G F l 

MCFC Emissions on Natural Gas 

NOx 
(ppm) 

NOx** 
(lbs/MW-Yr) 

4,000550,000 

543,500
lb/MW-Yr

3,750 ppm 

15,000 

20,000 

100 

12517, 200 lb/MW-Yr
78 ppm 

10,000 
50 

75 

4, 100 lb/MW-Yr
9 ppm 

Microturbine State of the Art Conventional Direct Fuel 
Low Nox Recip Engine Cell 

0 

5,000 

0 

25 
9 ppm 

17 lb/MW-Yr
< 0.1 ppm 

Recip Engine 
Recip Engine 

** At 95% Capacity Factor, ISO Conditions, 
NOx (ppm) NOx (lb/MW-Yr) 

Natural Gas Fuel 



NYPANYPA   Fuel  Fuel Cell  Cell ProgramProgramNYPANYPA FuelFuel CellCell ProgramProgram 

hh FuelFuel cellscells poweredpowered byby naturalnatural gasgashh FuelFuel   cells  cells powered  powered byby   naturalnatural   gasgas 

hh Fuel cells powered Fuel cells powered by opportunityby opportunity 
fuelsfuels fuelsfuels  (anaerobic(anaerobic   digesterdigester   gas)gas)(anaerobic(anaerobic digesterdigester gas)gas) 



          
 

N t l G id  

   

N t l 

GenerationGeneration ofof NYPNYPAA FuelFuel CellsCells
 First GenerationFirst Generation ofof NNYPYPAA FuelFuel CCellsellsFirstFirst 

Location Vendor 
Output

kW Fuel 

N

ormal 
Operation Start Date 

Yonkers WWTP IFC 200 ADG Grid-parallel Apr-97 

NYPD Central Park IFC 200 
Natural 

Gas 
Grid 

Independent Apr-99 

N. Central Bonx 
Hospital IFC 200 

Natural 
Gas 

Grid-parallel / 
independent Oct-00 

NYC Aquarium IFC 200 
Natural 

Gas Grid-parallel Nov-01 

Over 15 million kW-hrs generated 



LocationLocation LocationLocation NoNo     of Fuelof Fuel No. of FuelNo. of Fuel 
CellsCells 

  ProjectProject SizeSize ProjectProject SizeSize   CompletionCompletionCompletionCompletion 
DateDate 

Red HookRed Hook 
(Brooklyn)(Brooklyn) 

22 400 kW400 kW June, 2003June, 2003 

th WaWarrdd 26th26   22 400 kW400 kW June 2003June 2003 
(Brooklyn)(Brooklyn) (Brooklyn)(Brooklyn) 

Hunts PointHunts Point 
(( ))(Bronx)(Bronx) 

33 600 kW600 kW July 2003July 2003 

Oakwood BeachOakwood Beach 
(Staten Is.)(Staten Is.) 

11 200 kW200 kW July 2003July 2003 

TotalsTotals 88 1,600 kW1,600 kW 

NYPA InNYPA In--City GenerationCity Generation 
Emissions  Emissions Offset  Offset ProjectProjectEmissionsEmissions OffsetOffset ProjectProject 



•

Natural Gas Fuel CellsNatural Gas Fuel Cells 

 Additi l F l C ll Proj t iAdditional Fuel Cell P jects in progress 

-  Grand C  entral TerminalGrand Central Terminal 

-  Bronx ZooBronx Zoo 

- SUNY Syyracuse – MC ((FCE)) 



t

  

ESF NEWS 
"A Superorganism's Fuzzy Boundaries" 

Clean, Efficient, Expensive—Fuel Cells 

ESF Scientists on Changing Adirondack 
FForest 

Beetle Killing Hardwoods 

Fuel Cell Project to ESF 

More News 
Calendar of EventsCalendar of Events 



SUNY ESF Fuel Cell ProjectSUNY ESF Fuel Cell Project 
�� Customer interestCustomer interest
 

SUNY ESF conducts paperSUNY ESF conducts paper and membraneand membrane 

production research, including the type ofproduction research, including the type of
membranes used in fuel cellsmembranes used in fuel cells 

���� CofundingCofundingCofundingCofunding
 
$1,000,000 awarded in June, 2002, through$1,000,000 awarded in June, 2002, through

NYSERDANYSERDANYSERDA   NYSERDA CombinedCombinedCombined   Combined HeatHeatHeat   Heat andandand   and PowerPowerPower
Power   
Solicitation;Solicitation; additional $250,000 is beingadditional $250,000 is being

presently sought from US DOEpresently sought from US DOE
 

�� Project StatusProject Status
 
DesiDesiggggn and enn and enggggineerinineeringggg isis comcomppppletelete,,,,  
 
procurement and installation contracts procurement and installation contracts areare 
being negotiatedbeing negotiated 



SUNY ESF Fuel Cell ProSUNY ESF Fuel Cell Projjjject Scoect Scopppp ee

�� Supply 250kWSupply 250kW 
–– Grid interconnect configurationGrid interconnect configuration 
–– 10% of campus peak demand10% of campus peak demand 

�� Supply 500,000 BTU/hr thermal energySupply 500,000 BTU/hr thermal energy 
–– BuildingBuilding heat and hot water supplyheat and hot water supply
 

���� DemonstrationDemonstrationDemonstrationDemonstration   andandand and   EducationEducationEducationEducation
 
–– First of its kind in NY StateFirst of its kind in NY State
 

–– ExecutiveExecutiveExecutive   Executive OOrderOrderrder Order   111111111
111 



Proposed 
fuel cell 
locationlocation 



Walters HallWalters Hall –– Paper Engineering LabsPaper Engineering Labs 



MoltenMolten   CarbonateCarbonate   FuelFuel   CCellellMoltenMolten CarbonateCarbonate FuelFuel CellCell 

Output: 250 kW 

Height: 10.5 feet 

Width:  9 feetWidth: 9 feet 

Length: 28 feet 

Weight: 40 tons 



NYPA Engineers on SiteNYPA Engineers on Site 

ReadingReadingReadingReadingReadingReadingReading     Reading tttthehehethethethehe the     finefinefinefinefinefinefine fine     printprintprintprintprintprintprint print InspectingInspectingInspecting    Inspecting 

electrical equipmentelectrical equipmentelectrical equipmentelectrical equipment 



MO2511 
73000 

Midterm Milestones - MANUFACTURING 

� Expand manufacturing capacity 
-To 50 MW/year - 2001 
-T  o 400  MW/year 2004To 400 MW/year - 2004 



Molten Carbonate Fuel Cell TechnologyMolten Carbonate Fuel Cell Technology 
�� High TemperatureHigh Temperature 
¾¾ Steam heat recoverySteam heat recovery 
¾¾ InternalInternal fuelfuel reformingreforming¾¾ InternalInternal   fuelfuel   reformingreforming 
¾¾ 49% Electrical 49% Electrical EfficiencyEfficiency 
¾¾ Turbine hybridsTurbine hybrids –– 70% Electrical Efficiency70% Electrical Efficiency 

•• Commercial Terms and ConditionsCommercial Terms and Conditions 
¾¾ ReReggggional Distribution throuional Distribution througgggh Caterh Caterppppillaillarr 
¾¾ Local Caterpillar Local Caterpillar rep in Syracuse to rep in Syracuse to deliver and maintaindeliver and maintain 
¾¾ 2 installed in US, 10+ in Europe and Japan2 installed in US, 10+ in Europe and Japan 
¾¾ One MeOne Megggg awatt ADG awatt ADG unit in Washinunit in Washingggg ton Stateton State

•• ModulaModularr 
¾¾ 250250 –– 3000+ kW3000+ kW 



Fuel Cell Fuel Cell Energy ProductsEnergy Products 

250 kW250 kW250 kW250 kW 
1,500 kW1,500 kW1,500 kW1,500 kW 

3,000 kW3,000 kW3,000 kW3,000 kW TTTTuuuurbine Hybridrbine Hybridrbine Hybridrbine Hybrid 



Thank youThank you 


