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Toward a Carbon Negative Bioeconomy :
Status and Prospects for Renewable Energy in US Agriculture

Tom Richard, Ph.D.

Professor of Agricultural and Biological Engineering
Director, Institutes of Energy and the Environment
Pennsylvania State University

The global drive to reduce carbon emissions is nearing a tipping point, with the costs of
wind energy already cost competitive with conventional energy resources in most of the
world, and solar photovoltaics close behind. In the United States this year about half of
new energy generation will be from renewable, and most of these new solar and wind energy
facilities are being built in rural agricultural regions. Wind farms, solar farms, and bioenergy
farms now dot the rural landscape across America.

The solar industry has experienced over a decade of exponential growth, beating projections
every year. But policies do matter: US had a 50% increase in total solar capacity in 2016,
but in 2017 the amount of new solar installations dropped by 30%. Solar is rebounding
this year and renewable energy growth will continue to accelerate, both because of
economics and because companies, communities, and people across America are choosing
renewables.

Wind, solar, and energy efficiency provide important emission reduction benefits, but at best
they can achieve zero emissions. With fossil fuel use continuing at excessive rates, the
world needs negative carbon strategies. This is where bioenergy and biomaterials from
agriculture and forestry are uniquely valuable, taking advantage of a three billion year old
biotechnology, photosynthesis, which used solar energy to collect dilute
CO;fromtheairandmakeitintohighcarbon,  energyrichmaterialsorstoreitsafelydeepintheearth.
By 2070 the world will need to “drawdown” as much carbon dioxide as residual fossil fuels
emit, and the most practical pathways to achieve that goal include long lived biomaterials
(including wood for structures and bioplastics) and negative carbon energy. There are many
pathways by which this can be achieved, including biofuels and bioelectricity.

One important option is anaerobic digestion. This was once a technology focused on waste
management, but can also serve as the keystone to integrated farming systems for enhanced
nutrient recovery and water quality, increased soil organic matter, increased crop and food
production, and also sustainable energy. In many anaerobic digestion systems half of the carbon
is given off as CO,, whichiseasilycapturedandeitherstoredingeologicformationsormadeintoproducts.
And the biomethane, CHa,isahighlyfunctionalmoleculethatcanbeusedtofueltransportation,
providecookingandheating, be upgraded into chemicals and materials, and dispatched for
electricity on demand. Anaerobic digestion could supply about 13% of US demand for natural
gas from existing wastestreams including manures, crop residues, and double crops.

Renewable energy offers great hope and opportunities for sustainable agriculture and

forestry. With supportive policy, technology development, and transfer, our agriculture, food
and forest systems will play a tremendous role in solving the climate challenge.
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Toward a Carbon Negative Bioeconomy:
Status and Prospects for Renewable Energy in
US Agriculture

Tom Richard
Professor of Agricultural and Biological Engineering
Director, Institutes of Energy and the Environment

Penn State University
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The Global Carbon Budget
Avoiding the ‘cliff edge’ - time to act is limited

_ GtCO,e Temperature ‘

(cumulative) [ anomaly Sources

1870 to 2015 2800 Den Elzen et al (1870 to 1990) +
EDGAR (1990 to 2012)
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2.6

Remaining budget 1990 FT — Climate Change Calculator
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USA Primary Energy Production
(Quadrillion Btu)

By Source, 1949-2016
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U.S. renewable energy supply Components of annual change

quadrillion British thermal units quadrillion British thermal units
1.00
12 forecast 0.85 forecast
®
10 0.58
078 net change
B wind
950 hydropower
6 liquid biofuels
geothermal
0.25 wood biomass
4 waste biomass
2 0.00
0 -0.25

2015 2016 2017 2018 2019 2016 2017 2018 2019

Note: Hydropower excludes pumped storage generation. Liquid biofuels include ethanol and

biodiesel. Other biomass includes municipal waste from biogenic sources, landfill gas. and

other non-wood waste. =
Source: Short-Term Energy Outlook, November 2018 ela

ydropower:|
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United States - Land-Based and Offshore Annual Average Wind Speed at 100 m

US wind
Resources are
greatest in the
middle of the
country and
offshore in the
ocean

Wind Speed
mis

Source’ \Wind rescurce sstimates developed by AWS Truepowsr,
LLC, Web: hitp /faw awsiruepower com. Map developed by
NREL Spatial resolution of wind resource data: 2.0 km
Projection: Albers Equal Area WGESEL

5 aws ruepower LANREL

wWYo

lonterrey Miami
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Wind Farming

Solar Photovoltaic:

A decade of
exponential growth —
beating projections
every year.

Policies do matter:
US had a 50%
increase in total
capacity in 2016, but
in 2017 the new
installation rate
dropped by 30%.
But even with the
drop, 2017>>2015

Annual PV additions: historic data vs IEA WEO predictions

In GW of added capacity per year - source International Energy Agency - World Energy Outlook
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Speaking of Farming...
Natural Climate Solutions

Griscombe et al. ‘Natural Climate Solutions.
PNAS, 2017

* The green area shows
cost-effective NCS
(aggregate of 20
pathways), offering:

* 37% of needed mitigation
through 2030,

* 29% at year 2030,
* 20% through 2050, and
* 9% through 2100.

80
70
60
50

30
20
10

Global carbon emissions (Pg CO, yr")

2000 2010 2020 2030 2040 2050

Fig. 2. Contribution of natural climate solutions (NCS) to stabilizing warming
to below 2 °C. Historical anthropogenic CO; emissions before 2016 (gray line)
prelude either business-as-usual (representative concentration pathway, sce-
nario 8.5, black line) or a net emissions trajectory needed for =66% likelihood of
holding global warming to below 2 °C (green line). The green area shows cost-
effective NCS (aggregate of 20 pathways), offering 37% of needed mitigation
through 2030, 29% at year 2030, 20% through 2050, and 9% through 2100. This
scenario assumes that NCS are ramped up linearly over the next decade to <2 °C
levels indicated in Fig. 1 and held at that level (=10.4 PgCO;, y~', not including
other greenhouse gases). It is assumed that fossil fuel emissions are held level
over the next decade then decline linearly to reach 7% of current levels by 2050,
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Global Greenhouse Gas Emissions Flow Chart

Sector End Usa/Activity Gas

Agriculture and
Land Use Change:
30% of Global
Greenhouse Gas
Emissions

WORLD RESOURCES INSTITUTE

Carbon Stocks in Global Biomes
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= Soil
M Aboveground
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Temporate Forests

Temperature grasslands and shrublands _

141 18
Boreal Forests | NEEAN 2

Tropical Forests

Wetlands | s

0 100 200 300 400 500 600 700
Average Mg C/ha Lal et al. 2012
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Change in Forest Carbon Stocks

.
*Negative values
indicate sequestration

Woodbury et al. 2007

80 — 100 million Mg/year in forest,
plus 30 — 70 million Mg/year encroachment

Natural CII mate SOI UtlonS Climate mitigation potential in 2030 (PgCO,e yr')

0 1 2 3 4 10
Forests : ; : . )

Reforestation [ | : N
Avoided Forest Conv. il _ E
Matural Forest Mgmt. |||
Improved Plantations I _E:—
Avoided Woodifuel |l T+
Fire Mgmt. “I_ED
Ag. & Grasslands :
Biochar | ] —rA—
Trees in Croptands [IJ| 00— climate mitigation
Nutrient Mgmt. “l; |
Grazing - Feed B
Conservation Ag. ||
Improved Rice ||
Grazing - Animal MgmL

[] maximum with safeguards
1 <2°C ambition

W low cost portion
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Grazing - Legumes | | other benefits
Avolded Grassland Conv. l" 3
= -air
Wetlands .
=== biod i
Coastal Restoration 11 e |oie!:'ersly

& — - wa
Peat R tion |1 I i - 50l

Avoided Peat Impacts [} )
Avoided Coastal Impacts [I]1 : Griscombe et al. 2017
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Biomass Energy Carbon Capture and Storage
[Bes | 2 @
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Below Ground "
Potential for negative
emissions with sequestration
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Atmosphere

o
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Near Term Biomass Energy Carbon Capture and Storage
(BECCS)

Saline Aquifers
* Biofuel Plants
* Candidate Injection Sites
—— Candidate Pipeline Network
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Sanchez et al. 2018
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A Biofuel and biofuel-CCS
scenarios

Atmosphere ~.
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B  Native ecosystem restoration and
retention scenarios
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Forests provide the best ecosystem storage, but < cellulosic biofuels, especially with CCS,
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200

| Bioelectricity with Carbon Capture
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Wood residuals vs coa[__ E
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Wall studs | Carbon Utilization Efficiencies
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@ PennState

Kg CO, reduced per Kg wood fiber used

Oliver et al. 2014
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US Biomass Potential > 1.3 billion tons

Corn stover

-3

Whecl‘ straw
6.2%

Crog residues
. 6%

_Grains
52%

‘Manure
41%
Ur‘banewasfe
Perennial crops 2.9%
35.2% Forest
12.8%

From: Billion ton Vision, DOE & USDA 2005 (projections to 2030)

Biofuels for Transportation — Trucks, Ships and Aviation

100.00 10

I Electricity

IS Hydrogen

80.00
s Biofuel

g E GTL/CTL
o 60.00 6 O
G  Kerosene
HFO
40.00 4 CNG/LPG

NN Diesel

20.00 + BN Gasoline

= <>= 2DS Emissions
0.00

Fulton et al. 2017

All modes
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Congressional Volume Target for Renewable Fuel

40 - =g 'Y | B 1 B
. .36 Billion Gallons of Renewable Fuel by 2022
35
K
30 *

B Cellulosic (D-3)
Advanced (D-5)

B Biodiesel (D-4)
! Renewable (D-6)

Billion gallons
— - N N
w o (%] o w

2008 2012 2017 27, 2022

Cellulosic biofuel production (2014-2016)
billion gallons, ethanol equivalent
0.20

| US price for fossil natural gas: $11/MWh ($3/GJ)
US price for biomethane: $100 - $200/MWh
0.16 (based on RF52 obligations & cellulosic RINs price)

liquefied
renewable
natural gas

0.12
0.08 compressed
renewable
natural gas
0.04
0.00 =
2014 2015 2016 cia

Source: U.S. Energy Information Administration, based on U.S. Environmental Protection Agency
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Thoeni facility (operated since 2009)

BiogasDoneRight™:
US Biomethane Potential (billion m3)

Agro-industrial by-products =
Livestock effluents m——
Agricultural residues I
Sequential crops I
Organic Fraction - MSW =
Landfill Biogas s
Wastewater Treatment Plants mmm

0 5 10 15 20 25 30 35 40

Current Fossil CH4 (Natural Gas): 756 billion m?3/year
= Bio-CH4 (Natural Natural Gas): 98 billion m*/year
: Fraction of current Natural Gas: 13%
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Easy to produce and transport
Half of carbon available for CCS or utilization

Burns clean at point of use
Natural gas (CH,) infrastructure and storage
Quickly dispatched for electric demand

* Rapid growth of wind, solar and biomass

* Many opportunities for agricultural development with
zero and negative carbon energy systems

* Synergies with food production in space and time
* |Integrated systems connect crops with livestock
 Sustainable energy supports sustainable agriculture
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Implementation of a radical new crop production paradigm is

conditional to development of green biorefineries
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