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'*' Overview

2.1 Introduction

2.2  Primary Energy Consumption
2.3  Transportation Fuels

2.4 Heat and Power

2.5 Biobased Chemicals

2.6  Wood Pellets

2.7  Emerging Sources of Biomass
2.8  Summary

Disclaimer: The views and opinions as summarized in this document, do not necessarily reflect those of the United States
government or any agency thereof, nor does the government or its employees make any warranty, expressed or implied, or
assume any liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represent that its use would not infringe privately owned rights.
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3 6 5 Million Bioenergy

- 2004 estimate
Equivalent Dry Tons

184 Million Dry Tons
Consumed in the Current Bioeconomy

L 2011 estimate
2016 Billion Ton Report

214 Million Dry Tons

“Bioenergy equivalent dry tons” due to the use of conversion factors

The 2016 update includes additional crops and secondary feedstocks contributing to industrial
energy generation

Increases from 2004 and 2011 are largely due to growth in the biofuels industry
2014 values of biomass energy consumption are used as much as possible

Wood-derived energy, MSW, and landfill gas are 2013 values from EIA’s 2015 Electric Power Annual

“Currently used resources” in reporting the billion-ton potential is reported alongside potential
future supply to highlight the growth in biomass potential supply
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“12.1 Introduction

365 Million Dry Tons estimated based on 4 major product categories:

128 223 ¢

MM Dry Tons MM Dry Tons

Transportation Fuels Heat and Power
+ Ethanol * Naphtha * CNG/LNG * Electric * Industrial * Farm Use
+ Gasoline * Diesel + Jet Fuel

» Residential ¢ Commercial

O
o

MM Dry Tons MM Dry Tons yg%f

Biobased Chemicals Wood Pellets

Beaker by Ken Messenger from the Noun Project, Fuel by Yair Cohen from the Noun Project, cogeneration by Fabio from the Noun Project, Biofuel by Frances Bean from the Noun Project
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2.2 Primary Energy Consumption

Primary Renewable Energy Consumption by Source and Total Consumption (1985-2014)

2001

Biomass: 51%6
Wood: 76%
Biofuels: 10%
Waste: 14%

2005

Biomass: 5026
Wood: 69%
Biofuels: 18%
Waste: 13%

2011

Biomass: 49%6
Wood: 46%
Biofuels: 44%
Waste: 10%

2014

Biomass: 5026
Wood: 43%
Biofuels: 46%

Waste: 11%
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1991
1992

1993
1994
1995
1996

Total Renewable Energy Consumption

Geothermal
Hydroelectric
Solar/PV
Wind

1997

1998
1999
2000
2001
2002
2003

2004

2006
2007
2008
2009
2010

2011
2012
2013

2014

Total Biomass Energy Consumption

Source: Data from Monthly Energy Review. eia.qov/totalenergy/data/monthly/index.cfm

Wood (Portion of Biomass Energy)
Biofuels (Portion of Biomass Energy)

Waste (Portion of Biomass Energy)


http://www.eia.gov/totalenergy/data/monthly/index.cfm
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Quantity of Feedstock
Consumed (MMdT/Y)
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. S & : Biodiesel
- .« ® Ethanol
L

Home heating
[l Municipal solid biomass
@ 5‘ W Peliet
Wood waste, liquid

Wood waste, solid

Sources: Data from EIA (2015d); Forisk Consulting (2014); Biodiesel Magazine (2015; EIA (2015€); EPA (2015a); Renewable Fuels Association (2015).
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! 2.3 Transportation Fuels

Biomass Consumed for Fuel Production in the Current Bioeconomy

Renewable Gasoline/

Naphtha Feedstock 0.3 MM Dry Tons (12 MM Gallons Gasoline/Naphtha)

Bi 1.2 MM Dry Tons (53 MM Gallons LNG) 128 wmory Tons
iogas o
(9.1 billion cubic feet)

Other Fats, Oils,

d Groacoe § 1.9 MM Dry Tons (505 MM Gallons Diesel)

35% of

bioeconomy biomass

Vegetable Oils . 5.5 MM Dry Tons (1,470 MM Gallons Diesel)

Cor Grain N . o coions e

(14,100 MM Gallons Ethanol)

20 40 60 80 100 120 140
Million Bioenergy Equivalent Dry Tons

Key Sources:

1. RFS2 Reported Production Volumes 2014

2. USDA Feed Grains Database 2015

3. EIA Monthly Biodiesel Production Report 7



. 2.4 Heat and Power
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Biomass Resources Consumed for Heat and Power in the 2013 Bioeconomy

Animal Manure - 10.5 MM Dry Tons (3 B-kWh and 11 TBtu)
Other Waste Biomass [l 11.5 MM Dry Tons (2 B-kwh and 28 TBu)

Biogenic Portion of MSW - 18.9 MM Dry Tons (10 B-kWh and 7 TBtu)

223 MM Dry Tons

)
o

61% of

bioeconomy biomass

Landfill Gas _ 36.4 MM Dry Tons (12 B-kWh and 0.4 TBtu)

(9.1 billion cubic feet)

200

146.2 MM Dry Tons
Wood/Wood Waste (29 B-kWh and 901 TBtu)
- 25 50 75 100 125 150 175
Million Bioenergy Equivalent Dry Tons
Key Sources:

= . u ) - )
1. 2015 EIA Electric Power Annual Tables 5.5-5.8 ElectrICIty Industrial Commercial

2. 2015 EIA Annual Energy Outlook Table A17
3. AgSTAR Anaerobic Digester Projects Database

Residential = Farm use




Biobased Chemicals

Million Dry Tons
- 50 100 150 200 250 300

Corn

0.3 MM Dry Tons

Soy beans (0.6% of 54 MM Dry Tons Total)

Il Corn or Soybeans consumed for Biobased Products

B Remaining U.S. Corn and Soybean Crop Production

5.6 MM Dry Tons
(2% of 281 MM
Dry Tons Total)

==
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6 MM Dry Tons

O
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a

1.6% of

bioeconomy biomass

Key Sources:

1. Golden, J. et. Al. 2015. USDA BioPreferred Report
2. 2015 USDA Oilseed Yearbook

Wood Pellets

« 7.6 Million Dry Tons of wood pellets (2014).

» Majority of pellets exported to the UK and Europe
due to regulatory and political factors.

Key Sources:

1. United Nations Forest and Agricultural Organization
2. Abtetal 2004. U.S. Forest Service

3. Goetzl 2015. US International Trade Commission

8 MM Dry Tons

o
2.2% of

bioeconomy biomass
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. | 2.7 Emerging Sources

Biosolids and Biomass Crop NY &
. I 4
Wastewater Production NN
LI 4
« 1,241 U.S. Operate AD Systems  Herbaceous and woody crops grown
~ 48% of all wastewater flow solely for energy end uses, including:
- 10% of that biogas used beneficially Herbaceous Woody
. - Switchgrass - Hybrid Poplar
282 operational CHP systems - Miscanthus - Southern Pine
- 69 water recovery facilities exporting electric - Energy Cane — Eucalyptus
power to the grid (Argonne 2015) ~ Sorghum _ Willow
c g . . - Perennial Grasses
o Slgmflcant potentlal to Increase
biogas utilization and AD capacity « 11,300 dry tons on 2,900 acres in 2012
- Wastewater treatment systems have not yet - Data reporting incomplete
been fully quantified and included in the Billion - 211 acres in August 2014 to
Ton Report 2,554 acres in November 2014
Key Sources: Key Sources:
1. Shen et al. 2015. Argonne National Laboratory 1. Regional statistics from the 2012 USDA census
2. WEF 2014. Phase 1 US WWTP Database 2. WEF 2014. Phase 1 US WWTP Database

10 outfall by Luis Prado and Agricultural by OCHA Visual Information unit from the Noun Project



Current (2014) Biomass Allocation:
365 million dry tons

Corn grain: 125.2

Vegetable oils: 5.8

Other fats, oils, and greases: 1.9

Gas blends/ naphtha: 0.2 —

Agricultural residues: 0.0 ~
Manure: 10.5
Landfill gas: 37.6

Biogenic MSW: 18.9

Other waste biomass: 11.5 |

Woaod/wood waste: 153.8

11

Chemicals: 6.0
(5.4 million Ibs)

Fuel: 128 4
(11.4 billion GGE)

Farm heat & power: 10.5
(3 B-kWh, 11 TBtu)

Electric sector: 65.8
(34 B-kWh, 17 TBtu)

Commercial sector: 8.4
(3 B-kWh, 6 TBtu)

Industrial sector: 94.0
(16 B-kWh, 564 TBtu)

Residential: 44.8
(349 TBtu)

Wood pellets: 7.6



12

' Acknowledgements

Laurence Eaton — ORNL
Matthew Langholtz — ORNL
Tim Theiss — ORNL

Bryce Stokes — AST

Alison Goss Eng — BETO
Mark Elless — BETO

Tl
[ b



13

/l

\

[

iy

@ i,
L

Questions?

Jonathan Rogers
Energy Engineer
JRogers@energetics.com
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