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GE Energy’s Jenbacher gas engines
Back Ground Information

A leading manufacturer of gas
fuelled reciprocating engines for
power generation applications:

. Power range from 0.25 MW to 4 MW,
4 platforms / 11 products

 Fuel flexibility: Natural gas or a variety of
renewable or alternative gases
(e.qg., landfill gas, biogas, coal mine gas)

 Plant configurations: Generator sets,
cogeneration systems, container solutions

. Worldwide installed base: more than
9,000 units (10,000 MW)

« Distributed in Canada through DDACE
Power Systems (East) and Waterous
Power Systems (West)

Power Systems JenbOCher gas engines




Some Typical Application
Examples




Natural Gas Fuelled Emergency Power
System (with peak shaving capabilities)
Sobeys Distribution Centre in Vaughan - 2400 kW

Project Detalils:

* Natural gas fuelled generator that
provides emergency power as well
as peak shaving.

 Project was possible due to
change of CSA282 — the code that
governs Emergency Power

Primary Fuel: Natural Gas (No
diesel fuel on site!)

 Electrical Output: 2400 kW
« System Efficiency: 42%
 In Service Date: 2008

« Owner: Sobeys

 Location: Vaughan, Ontario
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Cogeneration (CHP) with Absorption Cooling
Ontario Police College - 848 kW Tri-Generation Proje  ct

Project Details:

CHP system provides power heating and cooling and
includes SCR system for ultra low emissions

ORC mandate to meet efficiency improvement
standards

Fuel: Natural Gas

Electrical Output: 848 kW

Thermal Output: 3.7 Mbtu

System Efficiency: 87%

In Service Date: 2007

Owner: Ontario Realty Corporation
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Greenhouse CHP with CO2 Fertilization
oave Hydroponics — 12 MW CHP Project

TR f

Project Detalils:

< = Uea tont — . grl%lPng%tem provides power, heating power

. Was offered in response to CHP RFP
. Electrical Output: 12 MW

Catalytic converter

> Heat exchanger 8 . =
A r@\x . Thermal Output: 49.2 Mbtu
@ Pt @) . System Efficiency: 93%
Heat cunsumer\ Lighting .
8 (Greenhouse) " L/ In SGI’VICG Date 2008
< el Owner: Soave Hydroponics
. Location: Kingsville
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Landfill Gas Utilization
Halton Region - 2.1 MW Landfill Gas Power Plant
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Project Details:
. Fuel: Landfill Gas

. Was made possible by the RESOP
program

. Power Output: 2,120 kW
. In Service Date: 2007

. Owner: Oakville Hydro Energy
Services Inc.

. Location: Milton
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Biomass Opportunities for Gas
Engines




Ontario opportunities are driven by Feed In
Tariff (FIT) program

Proposed Feed-In Tariff Prices for Renewable Energy Projects in Ontario
Base Date: July &, 2003

Power Systems

Renewable Fuel

Proposed size tranches

Proposed Contract Price

Escalation Percentage**

&ikWh
Biomass™®
=10 MW 13.8 0%
= 10 MW 13.0 20%
Biogas™®
On-Fam =100 KW 10.5 20%
On-Fam > 100 kW £ 250 kW 185 20%
= 500 KW 16.0 20%
=500 KW = 10 MW 14.7 20%
= 10 MW 10.4 20%
Waterpower™®
=10 MW 13.1 20%
= 10 MW 12.2 20%
Landfill gas™
< 10MW 111 20%
= 10 MW 10.2 20%
Solar PV
Any type =10 kW 80.2 0%
Rooftop = 10 S 250 KW 713 0%
Rooftop = 260 = 500 KW 63.5 0%
Rooftop = 500 kKW 53.0 e
Ground Mounted® =10 MW 443 0%
Wind®
Cnshors Any size 13.8 20%
Cffshors Any size 18.0 20%

Jenbacher gas engines



What I1s Biomass?

Biomass Is any organic material

Forest industry mill
residues

Forest harvesting residues
Agricultural residues
Food processing waste

Organic portion of
municipal solid waste

Energy crops
Jenbucher gas engines



Nature in Balance

Biomass Fuel: The Renewable Energy Source



Biogas from Anaerobic
Digestion




Biogas — renewable fuel able to substitute
fossil fuels

For a wide range of organic substances from
agriculture, foodstuff or feed industries, anaerobi C
fermentation is a superior alternative to

composting.

Biogas ...

» results from anaerobic fermentation of organic materials
* IS a mixture of methane and carbon dioxide

 serves as a high-energy, CO,-neutral fuel



Biogas from Anaerobic Digestion



Biogas Fuelled CHP System
Highmark Renewables - 1000 kW CHP Project

Manure Project Details:

. CHP system provides power and
heating (hot water).

. Made possible by Provincial funding
. Primary Fuel: Biogas

. Feedstock: Cow Manure

. Electrical Output: 1000 kW

. Thermal Output: 4.3 Mbtu

. System Efficiency: 85%

. In Service Date: 2005

. Owner: Highmark Renewables

. Location: Vegreville



Biogas plant Fepro Farms, Cobden, Ontario

Engine: 1 x JMS312C81
Fuel: Biogas
Electrical output: 500 kW
Commissioned: 2009

Feedstock: Cow manure and FOG (Fat, Oil, Grease)



Biogas yields of suitable organic materials

waste wheat

waste bread

grease trap contents
corn-cob-mix

corn silage

grass silage

food waste
municipal biowaste s minimum

brewery I variation
beet

grass cuttings
potato peelings
pig manure

cattle manure

0 100 200 300 400 500 600 700
Standard m3 biogas / ton



Biogas plant BAVA Passau, Germany

No. of units and engine type: 2 x JMC 316 GS.B.P.LC

Fuel: Biogas from SSO (Source Separated
Organics

Electrical output: 1,672 kW

Thermal output: 1,846 kW

Commissioned: March 2005



Biomass Gasification




Current Biomass Technologies

Combustion
> Blomass boiller

> Steam boiler & turbine - mainly solid
biomass

>  Widely adopted for district energy
production
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Why Gasification?

1. Cleaner — lower PM and NOx emissions
2. Fuel Flexibility — wet/dry fuels, low ash melting temp.

3. Syngas Versatility - direct firing boilers, kilns, IC engines, syngas
upgrading to liquid fuels & chemicals

4. Higher Efficiency — CHP with IC engines



Biomass Gasification Harboore/Dk

Harboore/Denmark
2xXxJMS 320GS S.L

electrical output
2 X 765 kW

wood gas:

H, 15 - 18%
CH, 3-5%

CO 25 - 28%
CO, 7 -10%

N, 50 - 55%
LHV 6.84 MJ/Nm3



Gasification — Wood Gas Gussing

plant design of fluidized bed
steam gasification plant -

gasifier

wood: 8 MW

woodgas: O, 0%
N, 3%
CH, 10%
CO, 23%
H, 40%
CO 24%

LHV 10.95 MJ/sm3

methane no. 61.6

commissioned 9/01

operating hours >9000

(6/04)



Critical issues Issues at Wood Gas CHP s

ex. gas heat exchanger:
acid condensates

_ _ inter cooler: air conditioning:
fuel gas pipe conj[rol line: oxi catalyst: condensates condensates
Condensates/sublimate gas cleaning tar deposits in the air/fuel

resistant diaphrames
resistant sealing
elements

system

turbo charger:
tar deposits

a/f ratio control:

NOXx emissions
backfiring

Saftety issues:
CO as gas
component

< engine oil:
acid components




Promising Technology
Developments




—” Syngas exits at 500 — 700F

Advantages
1. Commercially Proven
2. Design Simplicity
3. Fuel Flexibility
4. Low PM/NOx Emissions
5. Low Capital/O&M Cost
6. High Turndown (5:1)

\ 7. Fully Automated

Wood fuel 3-inch minus
5—- 60% moisture

& nexterra /2o

Confidential — Not for distribution
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Modular biomass cogeneration

Efficiency: 45% vs. 20% for steam

Economically viable at 2 — 10 MW

Targeted at institutional/industrial on-site cogen market
Nexterra proprietary syngas conditioning technology

& nexterra /=

Confidential — Not for distribution



Wood Gasification
Nexterra — 239 kW Pilot Plant

Project Detalls:

Fuel: Syngas wood
gasification

Pilot Project to
Demonstrate Technology
Concept

Power Output: 239 kW
In Service Date: 2010
Owner: Nexterra
Location: Kamloops



Nexterra — 2 MW Demonstration Project
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Thank You!

Jan Buijk

VP & GM

DDACE Power Systems
builkjan@ddace.com
416-804-2203




