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Track Record: UK Plants

Eye

Commissioned: 1992

Design Output: 12.7MW

== Feedstock: poultry litter & biomass
| Fuel Usage: 170,000 t/yr

.

——— Thetford
Glanfor Commissioned: 1998
Commissioned: 1993 Design Output: 38.5MW
Design Output: 13.5MW Feedstock: poultry litter & biomass
Feedstock: Poultry litter and biomass Fuel Usage: 500,000 tons/yr

1999 converted to combust MBM



U.S. Operating Plants

Fibrominn Biomass Power Plant

Commissioned: October 2007
Design Output: 55MW
Feedstock: Poultry Litter & Woody Biomass

Fuel Usage: > 600,000 Ton/Yr



Project Development Experience

 Fibrowatt LLC

— a Pennsylvania-based developer, builder and operator of electrical power plants
fueled by poultry litter and other agricultural biomass

— First 3 units in the world were developed by Fibrowatt in the UK, with latest
being developed by Fibrowatt in Benson, MN

* Proven Technology

— Over 20 years of designing, building and operating poultry litter fueled power
plants, during which we have:

« combusted 8 million tons of agricultural biomass

 produced over 4 million megawatt-hours

« sold over 800,000 tons of ash fertilizer

« complied with both US and UK regulatory requirements
— including emissions, safety, biosecurity etc



FibroShore Project Description

« Design Rating: 55 MW

« Total Expected Capital:
$300 million

* Fuel Requirements:
465,000 tons litter per year
80,000 tons wood waste

per year

« Ash Fertilizer Generation
94,000 tons of ash generated

« Employment
Plant Operations: 32 personnel
Ash Fertilizer Operations: 5 personnel



Environmental Benefits Proposition

Development and construction of the FibroShore project and
combustion of 465,000 tons per year of poultry litter will directly
result in:
« Significant Nitrogen and Phosphorous reduction that contributes to poor
water quality in the Chesapeake Bay

Maryland's capacity to achieve its short term and long term Bay Compliance
Goals

 Significant reductions of GHG emissions and PM 2.5 emissions

 Sustainability of the poultry industry and preservation of Ag-sector jobs
* Improved nutrient management on the Eastern Shore

« Production of low cost renewable energy on the Eastern Shore



Bay Wide TMDL/MD WIP Goals

MD WIP N (million lbs/yr) P (million Ibs/yr)
MD 2009 Loading 49.4 3.3
MD TMDL Limits - final target 39.1 2.7
Reduction 10.3 0.6
% Reduction 21% 18%

MD WIP Goals 70% of final target load by 2017



Relative Drainage Areas to the Bay

Adjacent to tidal water;
no simulated reach

- Drains directly to the Bay;
simulated reach

Simulated reach:;
drains to downstream simulated reach

Eastern shore area is largely composed of
land adjacent to tidal water which drains Vot
directly to Bay R

NEEN

Bay TMDL: “Tributary basins that contribute
the most to the Bay water quality problems
must do the most to resolve those problems |

(on a pound-per-pound basis)” GRS

Chesapeake Bay Total Maximum Daily Load for
Nitrogen, Phosphorus and Sediment, Figure ES-4




Delivered Yield Estimates

Total N and P - Agricultural Sources Sparrow Model 3.0
Figure 25
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Nitrogen Effectiveness

Effectiveness

Effectiveness or Relative Nitrogen
Effectiveness accounts “for the = ?22
geographic and source loading 8-4.2

Influence of individual major
river basins on tidal water
quality” (Bay TMDL).*

High N effectiveness means
reductions of N in the Eastern
Shore area from Fibrowatt will
have the greatest beneficial
Impact to the Bay.

Chesapeake Bay Total Maximum Daily Load for
Nitrogen, Phosphorus and Sediment, Figure 6-5

*Units are a measure delivered pound of dissolved oxygen (DO) per delivered “edge of stream” pound 10



Phosphorous Effectiveness

Effectiveness
Phosphorus

B oo-16
B 17-31

2-48 W Al

High P effectiveness means
reductions of P in the Eastern
Shore area from Fibrowatt
will have the greatest
beneficial impact to the Bay.

Chesapeake Bay Total Maximum Daily Load for
Nitrogen, Phosphorus and Sediment, Figure 6-6

*Units are a measure delivered pound of dissolved oxygen (DO) per delivered “edge of stream” pound 11



Phosphorous Levels In Soil Samples

EWG (Bay out of Balance Dec 2010)

Optimum to

) : : Excessive P in soil
Excessive P in soil )

& Chesapeake Bay Watershed

Soil Samples with
Excessive or Optimum
Phosphorus

No Data
0-25%
25-50%
50-75%
75-100%

00000

Optimum to excessive P in
soil results in higher levels
of incremental P lost to
the watershed when
additional litter or other

EWG 2010; Figure 2 P-fertilizer is applied

i

EWG 2010; Figure 3
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Fibrowatt Nutrient Reduction Analysis
Summary of Assumptions

Annual tons poultry litter generated in Delmarva Peninsula estimated by Fibrowatt 800,000

Annual tons poultry litter generated in Eastern Shore area estimated by Fibrowatt 550,000

USDA Census birds sold and weight, excretion rate, bedding, feed and floor
N and P in litter upon barn removal (lbs/ton): 70.44, 25.97

Lichtenberg, E. et. al., 2002

Tons litter are spread per acre (average across geographic area) 2.4
http://www.mda.state.md.us/resource_conservation/nutrient_management
Estimated loss of N as ammonia after litter is removed from barns and put on fields 10%

Messinger, et. al., Ammonia Emissions from Agriculture in the Mid-Atlantic

Estimated loss of N as nitrous oxide after litter is removed from barns and put on

(0)
fields 2%o
National Agricultural Library Digital Repository, USDA
Ibs/acre N - weighted crop nutrient uptake for study area 87
Ibs/acre P - weighted crop nutrient uptake for study area 13

% Crop according to USDA Census with USDA nutrient tool amount of uptake
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Fibrowatt Nutrient Reduction

Litter/Nutrients Produced vs. Watershed
Litter/Nutrients Utilized by Fibrowatt boundary

Litter/Nutrients Generated on Delmarva Peninsula
— Litter: 805,000 tons/yr

— Nitrogen: 56.6 million lbs/yr

— Phosphorous: 20.9 million lbs/yr

Litter/Nutrient Generated in E Shore of Bay
Watershed

— Litter: 550,000 tons/yr

E Shore of Bay

— Nitrogen: 38.5 million lbs/yr Watershed

— Phosphorous: 14.2 million lbs/yr

Litter/Nutrient Used By Fibrowatt
— Litter removed: 465,000 tons/yr
— Nitrogen removed: 32.7 million lbs/yr
— Phosphorous removed: 12.1 million lbs/yr

Delmarva Peninsula
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N Mitigation:

Annual Excess N Avoided in Watershed Due to Litter Utilization by FibroShore

Litter used to generate renewable energy 465,000 tons
N present in litter utilized by FibroShore 32.7 million Ibs
N present in litter after ammonia and nitrous oxide release 28.8 million lbs
Harvested crop uptake of N 16.9 million Ibs
N that would have remained on fields (excess N) after crop 11.8 million Ibs
uptake

Atmospheric N (from ammonia emitted from litter) that would 3.3 million Ibs

have been re-deposited in watershed

Total excess N 1n watershed 15.1 million lbs
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P Mitigation:

Annual Excess P Avoided in Watershed Due to Litter Utilization by FibroShore

Litter used to generate renewable energy 465,000 tons
P present in litter utilized by FibroShore 12.1 million Ibs
Harvested crop uptake of P 2.6 million lbs

P that would have remained on fields after crop uptake o
(Total Excess P in watershed) 9.5 million 1bs

Estimated Solution P loss - mobilized in watershed from leaching 0.6 million Ibs
and runoff

Estimated Particulate P loss (Fixed and Active) - mobilized in 0.8 million Ibs
watershed from runoff

Estimated Total P mobilized in watershed 1.4 million Ibs
16



FibroShore Nitrogen Cycle

Total Nitrogen
Total Litter » 32.7 million Ibs/yr Emissions
465,000 tons/yr (16,350 TPY) NOXx: 0.47 million lbs/yr
(235 TPY)
Ammonia: 0.025 million Ibs/yr
! /’ (12.5 TPY)
oMW FibroShore
Total NOx and Ammonia:
0.495 million lbs/yr
(247.5 TPY)
Net Nitrogen Reduction: N
Emissions

32.26 million lbs/yr
(16,100 TPY)

32.26 million lbs/yr
(16,100 TPY)
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FibroShore Phosphorous Cycle

Total Litter Total Phosphorous
465,000 tons/yr 12.1 million lbs/yr

v

Phosphorous contained
5E5MW " | inash for use as fertilizer
FibroShore 12.1 million Ibs/yr

A

Ash produced is 20% weight of total litter combusted

Ash fertilizer can be applied at correct agronomical rates as allowed by P-index
and/or shipped out of Bay watershed

Proper use of this P resource should lead to improved soil conditions and lower
Eastern Shore P- index



PM 2.5 Reduction Analysis - Assumptions AN 00 2 e
Application of Poultry Litter vs Combustion of Poultry Litter

465,000 tons poultry litter applied to 197,000 acres vs FibroShore poultry litter +
replacement fertilizer

PM 2.5 from litter as fertilizer assumes 10% Total N in litter emitted as ammonia and
does not include emissions of fine particulate from application

PM 2.5 from FibroShore assumes ammonia slip + emissions of fine particulate

PM 2.5 from synthetic fertilizer assumes ammonia emission rates resulting from 30%
N fertilizer

Ammonia to PM 2.5 Partitioning and Subsequent Watershed Deposition

Ammonia (NH3) Emitted : 40% Ammonia forms PM 2.5
3.9 million lbs and is deposited to watershed

(3.2 million Ibs N)

60% Ammonia Directly
Deposited to Watershed
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PM 2.5 Reduction Analysis - Results

Parameters Ammonia Emitted PM 2.5 Formed
(ton/yr) (ton/yr)
Poultry Litter 1,991 2,926 (1)
FibroShore 13 18 (2)
Synthetic Fertilizer 349 512 (1)
Total Reduction 1,630 2,396
Percent Reduction 82% 82%

(1) Includes reaction to form PM 2.5 but does not include emissions of fine particulate dust

(2) Includes reaction to form PM 2.5 + emissions of fine particulate dust
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GHG Reduction Analysis

Assessment of GHG Emissions from Application of Poultry Litter versus
Combustion of Poultry Litter

FibroShore Analysis Assumptions

« Combustion of poultry litter releases CO2 but nearly eliminates the release of CH4
and N20O from decomposition.

« Both CH4 and N20O are highly reactive GHG sources.

« Generation of power from combustion of poultry litter displaces fossil power
generation. Analysis assumes displacement of a new, efficient gas fired
combined cycle unit.

« The FibroShore analysis includes transportation of litter, production/transport of
replacement fertilizer and natural gas

« Utilizes data from USEPA, USDA, IPCC
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GHG Reduction Analysis Results

Assessment of GHG Emissions from Application of Poultry Litter versus
Combustion of Poultry Litter

FibroShore Total GHG 527,085 tons CO2E
(55MW FibroShore + Synthetic Fertilizer Replacement)

Alternative Total GHG: 944,036 tons CO2E
(Poultry Litter as Fertilizer + 55MW Natural Gas)

Total GHG Reduction From FibroShore: 416,951 tons CO2E

Total Percent Reduction: 4490
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GHG Reduction Alternatives Comparison

Analysis/Comparison of FibroShore vs. Alternative Energy Technologies

Comparison of FibroShore at Solar at 14% Offshore Wind
Environmental 90% Capacity | Capacity Factor at 34%
Benefits Factor Capacity Factor
Capacity 55 MW 690 MW 284 MW
GHG offsets 416,951 tons/yr | 416,951 tons/yr | 416,951 tons/yr
Total N offsets* 16,100 tons/yr 0 0
Total P offsets 5,150 tons/yr 0 0
PM 2.5 potential
reduction* 2,396 tons/yr 0 0

*Does not include N and PM2.5 offsets resulting from displacement of generation resource
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o

Compliance Cost Assessment

Strategy Cost

Point Sources $3,384,000,000
Urban Stormwater $4,040,200,000
Septics $539,551,000
Agriculture - Managing the Land to Improve Water

Quality $209,685,102
Agriculture - Managing Animal Wastes and Phosphorus $19,163,000
Agriculture - Managing Fertilizer and Manure

Applications $42,812,000
Natural Filters on Public Land $24,663,422
Air $2,600,800

TOTAL (2017) $10,860,874,524
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Fibrowatt — The Alternative Compliance
Strategy

FibroShore Facility has a total projected cost to construct of
$300 million

FibroShore Facility provides for removal of 15.1 million Ibs N
and 1.4 million lbs P vs MD WIP goals of 10.3 million Ibs N
and 0.6 million lbs P

55 MW of power will be sold to MD Based Utilities at a lower
cost than solar and offshore wind

FibroShore Facility provides significant incremental benefits:
— Superior GHG emissions reductions vs solar or wind
— Significant reductions of PM 2.5
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Summary of Environmental Benefits

* Provides large scale commercially proven method to manage N and P on
the Eastern Shore and improve water quality of the Chesapeake Bay

— Nitrogen reduced by 32.7 million Ibs annually - Current application practices
produce an estimated 15.1 million Ibs annually as potential loss to watershed

— Phosphorus reduced by 12.1 million Ibs annually though containment in ash —
Current practices produce an estimated 1.4 million Ibs as mobilized P in watershed
per yearly application of litter and 9.5 million lbs introduced to soil as an increase
to Soil P-index

« Provides mechanism to balance nutrients in raw litter (N and P) while
lessening the environmental impact of utilizing the resource (P)

— Nitrogen is combusted and catalyzed into N2 — atmospheric nitrogen; a compound
that is harmless to the environment

— Phosphorous is preserved in the ash as a valuable resource
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Summary of Environmental Benefits

« Results in significant reductions in GHG and PM 2.5
emissions/formation

* Provides long term sustainability for poultry farming

— Provides a long term solution for management of poultry litter generated on the
Delmarva Peninsula

— Alleviates regulatory burden on the poultry industry in an area where proper
management of litter is crucial to the environment and related regulatory
objectives
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Contact Information

James Potter, Exec VP Business
Development FIBROWATT LLC

oo - One Summit Square, Suite 200
Jim. potter@fibrowattusa.com 1717 Langhorne-Newtown Road
Langhorne, PA 19047
Ph: 267.352.6588

Fax: 267.352.0035
Laura Kellogg, Environmental Manager www.fibrowattusa.com

laura.kellogg@fibrowattusa.com
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