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Nexterra Background Awards and Recognition
BC Bgsed Cpmpany
Ei:)i)tl)i"esrhoefdslgslgggale biomass gasification * Nexterra is generally regarded as one of the leading companies in the
solutions that generate heat & power North American CleanTech sector

Inside-the-fence applications at public institutions

& industrial facilities * In 2009 Nexterra was recognized with the Life Sciences “BC

Enables customers to reduce energy costs, Company of the Year” Award for Bioenergy

reliance on fossils & GHG emissions

Technology is cleaner, lower cost, more versatile « Also in 2009 Nexterra’s President and CEO was named “Person of
and more efficient than combustion the Year” by the British Columbia Technology Industries Association

« Over the 7 years of its existence, Nexterra has also received several
other awards, including:
u@‘ €0 « the GLOBE Foundation’s “Technology Innovation and Application

Advanced power systems

Strategic Relationships

= Award”

v){ Channel partner institutions . .

Someais P «  the 2008 Canadian Advanced Technology Alliance “Clean Tech Award”
Honeywell Channel partner institutions and

ANDRITL  stategicAliance for WWT market ¢ the Canadian Industry Program “Energy Conservation Award”

@C FINANCIAL CORPORATION ® nexterma 15 & nexterra 1
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Why Choose Nexterra?

Nexterra’s technology uses a fixed-bed updraft method of gasification
For industrial and institutional scale energy systems, this technology
offers the best fit in terms of:

— life cycle economics

— fuel versatility

— low emissions and
reliable performance

Utilizing Nexterra’s gasification technology provides significant
benefits for customers
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Lower Energy Costs and Greenhouse Gas
Emissions

Woody biomass is considered a carbon neutral fuel

The switch from fossil fuel (natural gas, fuel oil) to biomass enables
dramatic reductions in customer greenhouse gas emissions

Nexterra’'s biomass gasification facility at US DOE’s Oak Ridge
National Labs is helping that facility reduce its carbon footprint by
23,000 tonnes per year - the equivalent of removing more than 5,000
cars off the road

Another advantage of moving to biomass as a fuel is that biomass is
lower cost and has more predictable price levels than conventional
fossil fuels
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What is Biomass?

Plant or organic material - the product of photosynthesis
Carbon neutral, renewable and a resource that can be substituted for fossil fuels
Abundant in the form of:

— wood residue from logging, milling or manufacturing

— Municipal tree trimmings

— Construction and demolition waste + other clean wood materials currently sent to
landfills

and timber stands killed by the Mountain Pine Beetle
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Application Roadmap

2011+
. 5. Synthetic Fuels
Uniqueness and Chemicals
. P Output : Methane,
D|fferen§|_at|on 2010/11 Ethanol other gaseous
Competitiveness 4. dCo—Fire Ae(r;o— Apps : Medium Scale
P i : erivative Gas 100 - 150 MMMBtwhr
Fuel Diversification 2008710 Turbines dan, upgaded syngas
08/10 ouput: Bty via | PEETOrOler
3. DII'eCK—FITE Aero derivative GTs ?
IC Engines Apps : Medium scale 50
Output : Electricity and ~100 MWe co-fire 15—
2007/8 heat via IC engines 25% cleaned, upgraded
2. Direct-Fire Apps : Small scale CHp | SYNas with natural gas
Syngas Lime <10 MWwe direct fired
Kilns/Boilers with clean syngas
2005/6

) . Output : Hot syngas
1. Indirect-Fired delivers to kiln or boiler

Heating System to produce steam

Output: Process heat, hot | Apps : Direct-firing
air, steam, hot water, existing boilers and lime

Apps : Industrial, fins

commercial and
institutional heating
systems
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Biomass Fuel Development

2008/9

2007/8

2005/6

2010+

Biosolids

AgWaste & Residuals

[ C&D Wood/Eng. Wood

[ Wood — Mill Residue Wet & Dry Bark
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Tolko — Heffley Creek Kamloops BC
Plywood Heating Plant
Annual Savings: $1.5 MM
GHG Reduction: 12,000 tpy
Operational since May 2006 % nexterra u

~7
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University of South Carolina— Columbia
60,000 pph steam/1.4 MWe (BP turbine)
Annual Savings: $2 - 3 MM/yr
GHG Reduction: 20,000 tpy
Operational 2008




DOCKSIDE

Dockside Green — Victoria BC
District Heating & Hot Water — 8 MMBtu/hr
Fueled with Urban Wood Waste
LEED platinum development
Started up May 2009

D oLedEng s

N
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Oak Ridge National Labs
60,000 Ibs/hr steam plant
Annual Savings: $4.0 MM
GHG Reduction: 22,000 tpy
Operational Q2/2011

& nexterra 1.
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Oak Ridge National Laboratory

ORNL is the DOE's largest science and energy laboratory
Staff of more than 4,200 plus 3,000 guest researchers
Host site of Office of Science: Bioenergy Science Center

Large old central heating plant, large fossil fuel consumer, large greenhouse gas
generator

& nexterra 115
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ORNL Project Drivers

President issued Executive Order (EO)
13423, “Strengthening Federal Environmental, Energy and Transportation
Management.”

Transformational Energy Action Management (TEAM) Initiative announced as
the DOE'’s plan of action to meet the goals of Executive Order 13423.

& nexterra 11
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ORNL Project Drivers

The TEAM Initiative requires all of
DOE's national facilities to:

1.Reduce their energy intensity by 30% and water intensity by 16% by the end of

fiscal year 2015.

2.Maximize the installation of on-site renewable energy generation and acquire at
least 7.5% of all energy from renewable sources by the end of fiscal year 2010.

3.Develop best practice models for the use of third party financing for energy

saving projects.
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ORNL: Biomass Gasification Benefits

Shut down 4 fossil fuel fired boilers (WW!Ilvintage marine steam boilers)

Stabilize fuel costs and reduce by $3-4 MM/year

Lowers GHG emissions by 23,000 tons per year

Reduces reliance on fossil fuel — uses locally procured biomass
Adding a valuable research tool for ORNL Bioenergy Science Center
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Kruger Products Tissue Mill — Vancouver BC
40,000 Ibs/hr gasification system
Displaces 400,000 GJ/yr of NG
Lowers GHGs by 20,000 tonnes/yr
Operational December 2009
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University of Northern British Columbia

UNBC

UNBC - Prince George British Columbia
Hub of UNBC's Bioenergy Innovation Center
15 MMBtu/hr central heating plant
$600 K in annual natural gas savings
$190,000/yr avoided carbon taxes/offsets
Equipment Installation: Q2/2010 o
Commissioning Date: Q4/2010 A
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2 MWe Gasifier to IC Engine CHP

Nexterra Technology

* Nexterra Overview
 Projects

Gasification Technology
*Q&A
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2 MWe Biomass CHP
Fuel Req'd: 12,000 BDMT/year (2/3 trucks/day)
Gross Power: 1.95 MWe
Net Thermal: 10 MMBTU/hr (80,000 MMBTU/yr)
CO, Red: 4,000 tpy (thermal only)
Footprint: 180" X 90’
& nexterra 121
Technology Overview
Syngas exits at |$
500 to 700F Advantages:

Partial oxidation
at 1500 — 1800F

and fuel is |:>
converted into

“syngas”

Ash removed by |:>
automatic ash
grate

Simple, proven, reliable

Low PM/NOx emissions
Versatile — feedstock & syngas
User friendly, fully automated
Low lifecycle cost

r
Wood fuel
3-inch minus
6 — 60% o
moisture o

Nexterra Thermal Biomass Gasification System

& nexterra 1z
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1st and 2 "d Generation Thermal Heating System

A. Indirect Fired (Greenfield)

B. Direct Fired Boiler (Retrofits)

& nexterra 12
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Summary of Nexterra Gasification Systems
Advantages vs. Wood-Fired Combustion

Attribute Comparison Benefit

Air Emissi Easier permitting, more rapid public acceptance
Ir EMISsions Lower and cleaner air. Lower PM into the heat
Lower PM, NO, €O, VOC, TOC emissions exchanger means less fouling, lower M costs

Fuel Flexibility Bett Lower fuel cost, more fuel supply options and
5-60% MC and 3inch minus vs. combustion systems etter Jower fuel risk

that operate on either wet or dry fuel

Operational Performance More adaptable to a wider range of operating
Higher turndown ratio, faster response to changing load Better conditions

conditions, free-flowing ash and dormancy mode

Operating Costs Comparable although Nexterra has lower parasitic|
Lower fuel cost, simply easy automated operation, low Lower power load due to less equipment required for ash
parasitic load, ease of operation removal and soot blowing; lower fuel cost
Maintenance Costs Lower costs, fewer

Less HX fouling, simple design with less equipment to Lower

maintenance outages and lower lifecycle costs
maintain, longer refractory life due to clean flue gas

Syngas Versatility . Can resultin lower capital cost for some systems
Nexterra systems can direct fire syngas into existing Unique by retrofitting existing boiler equipment
boilers, which cannot be achieved by combustion.

& nexterra 12
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USC DHEC Emissions Test Data

EMISSION IN Ib/MMBTU
Average for Nexterra EPA
3tests E_O"_:facl AP-42 « Results from emissions test at
imits . . .
pe— 5 = P USC biomass gasification plant
pacily (%) « Emissions comparable to EPA
PM (Ib/MMBTU) 0.00221* 0.03 0.054 AP-42 for natural gas boilers
« System includes ESP for
PM10 (Ib/MMBTU) 0.00051 n/a 0.04 .
particulate
Condensables 0.01659** n/a 0.017 « No treatment for Nox (SNCR)
Ib/MMBTU, . . .
( o ) * SO, is a function of biomass
co MMBTU; 0.0191 0.104 0.6
( ) source

NO, (Ib/MMBTU) 0.168 0.2 0.22
VOC (Ib/MMBTU) 0.0015 0.104 0.017
SO, (Ib/MMBtu) 0.0577 0.2 0.025
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Nexterra Advanced Biomass CHP Schematic
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Modular CHP Systems — 2 to 10 MW

Nexterra Scope GE Scope
Fuel Handiing Gasifier Gas Clean-up Syngas Engines  Heat Exchanger
@ (1x16 ) &) Conditioning @ &)
2 MWe = ) £3s

Net Power: 1.7 MW

. P
Total vl Heat Energy: 10 MMBtuhr - i
Wood Fuel Req': 12,500 8dt / &

o (-

Fuel Handling Gasifiers  Gas Clean-up Syngas Engines  Heat Exchanger
(1x20f) Conditioning @ )
4 MWe g @
oo 3410 -y, ‘ e ||
Total Avall Heat Energy: 14 MMBIuhy & |(
Wood Fuel Req't: 25,000 Bt o ) w
5 ’
Ppovd ‘
Fuel Handling Gasifiers  Gas Clean-up Syngas Engies I—EelExchange(
@) (2x20 ) ) Conditioning

8 MWe
Net Power: 6.8 Mwe
Total Aval Heal Energy : 28 MMBLulhr
Wood Fuel Req: 50,000 Bt

o
-

ﬁﬁ:
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Comparison Biomass Combustion vs BG - ICE

Biomass Nexterra
Combustion BG - ICE
System Efficiency o
Power Only 20% 30%
Combined Heat and
Power (CHP)* na 60%+
Typical Scale 30 - 100 MWe 2-10 MWe

Fuel Required

240,000 — 800,000 tpy

12,500 — 50,000 tpy

Operator
Requirements

Steam Engineers

No Steam

Application

Stand-alone & Large
Industrial

Inside-the-fence for small
industrial/institutional

*does not include backpressure turbines which have limited market application
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Nexterra Summary

Strong track record of delivering robust, reliable and fully commercial
gasification systems

Nexterra’s first and second generation thermal systems set a new
standard for emissions, reliability and ease of operation

Nexterra-GE CHP application will provide a high efficiency small scale
renewable solution for baseload energy requirements

Blue chip relationships:
— Johnson Controls — channel partner for first generation thermal applications
— Andritz Separation - renewable solutions for biosolids drying facilities

— GE Energy - small-scale, distributed heat and power solutions for communities and
institutions
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