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HOW DO WE PROVIDE FOR 

A GROWING HUMAN 

WORLD… 



TRULY ASTOUNDING GAINS IN PRODUCTIVITY…



…WITH TREMENDOUS ENVIRONMENTAL BENEFIT 



WITH SOME COSTS
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WITH SOME COSTS
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WITH SOME COSTS



HOW DO WE PROVIDE FOR 

A GROWING HUMAN 

WORLD…

WHILE SUSTAINING 

RURAL LIVELIHOODS 

AND

A LIVABLE PLANET?



WE NEED

EVERYONE
AT THE TABLE





OUTLINE FOR TALK

INTRODUCTION

4 REASONS TO BE HOPEFUL

WHAT YOU CAN DO



1. CROSS-SECTOR CONVERSATIONS



POINTS OF DIVERGENCE:

STAKEHOLDERS ON REGENERATIVE AG DEFINITIONS

Source: Schulte Moore et al. 2023. Advancing opportunities in regenerative agriculture in Iowa: stakeholder report. Iowa State University, Ames, IA. 

A.  Emphasis on soil and 

productivity 

B.  Emphasis on reducing 

negative externalities within 

supply chains

C.  Emphasis on people and 

nature
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POINTS OF CONSENSUS:

THE CONVERSATION ITSELF IS IMPORTANT

Source: Schulte Moore et al. 2023. Advancing opportunities in regenerative agriculture in Iowa: stakeholder report. Iowa State University, Ames, IA. 



Source: Schulte et al. 2017. Prairie strips improve biodiversity and the delivery of multiple ecosystem services from corn-soybean croplands. 

PNAS 114 (42): 201620229.

POINTS OF CONSENSUS:

PRIORITIES FOR AG POLICIES AND PROGRAMS



VISION: 
Agricultural Products and Environmental Benefits

STRATEGY: 
Cross-Sector Partnerships and Landscape Planning 

TACTICS: 
Improved In-field Management and Targeted Landscape Change

Sources: Atwell et al. 2008 Ecol & Soc; Atwell et al. 2009 Landscape Ecology; Atwell et al. 2010 Land Use Policy; Atwell et al. 2011 Ecol & Soc; Larsen  

et al. 2015 Rootstalk; Schulte et al. 2017 PNAS; Larsen et al. 2019 Frontiers in Sustainable Food Systems; Zimmerman et al. 2019 Water Resources 

Research

POINTS OF CONCENSUS:

GENERAL AGREEMENT ON VISION, STRATEGY, & TACTICS



2. CROSS-SECTOR PARTNERSHIPS
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SCIENCE-BASED TRAILS OF ROWCROPS 

INTEGRATED WITH PRAIRIE STRIPS



Iowa
Natural Heritage 
Foundation 

STRIPS PARTNERSHIPS
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100% crops 90% crops: 
10% prairie

100% prairie

Images: Jasper Co., Iowa; ISU, Jose Gutierrez
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Source: Arbuckle. 2019. Iowa Farm and Rural Life Poll

2018 Iowa Farm and Rural Life Poll

DATA + FARMER TESTIMONIALS:

CHANGING FARMER ATTITUDES



2018 Farm Bill (Agricultural Improvement Act of 2018) 

47% of Iowa farmers indicate 
a willingness to establish 
prairie strips if they could 
receive a CRP rental 
payment on those acres. 
Another 22% indicate 
“maybe.”
Source: Iowa Farm and Rural Life Poll 
(Arbuckle 2020) 

DATA + CROSS-SECTOR SUPPORT:

CHANGING POLICIES



CHANGING POLICY → CHANGING ADOPTION: 

AREA OF PRAIRIE STRIPS

13
US states

106,000
ha of cropland

protected

Data Source: USDA 2025. Conservation Reserve Program statistics. https://www.fsa.usda.gov/programs-and-

services/conservation-programs/reports-and-statistics/conservation-reserve-program-statistics/index

10,692
ha of CP43 

Prairie Strips



3. BETTER KNOWLEDGE, PRACTICES, TOOLS



Sources: Upadhaya et al. 2021. Land Use Policy; Upadhaya et al. 2023. Journal of Soil and Water Conservation.

Conservationist
28.2% OF POP.

Deliberative
26.8% OF POP.

Productivist
17.6% POP.

Traditionalist
27.4% OF POP.

POINTS OF DIVERGENCE:

FARMERS VIEWPOINTS ARE VARIED



SUPPORT A MENU OF OPTIONS

POINTS OF CONSENSUS:

THERE’S NO “ONE SIZE FITS ALL” SOLUTION



Source: https://4rplus.org/

4R PLUS OF NUTRIENT STEWARDSHIP



Source: Upadhaya et al. 2023. Journal of Soil and Water Conservation 78: 412-429.

• 6,006 farmer responses

• Most farmers use 1 or more practices 

• Both individual and county-level 
barriers

• Lack of agronomic capacity

• ‘Plus’ practices on sloped land

• Crop insurance is a barrier to adopting 
no-till, cover crops, and perennial 
practices

FARMER ADOPTION OF 4R PLUS PRACTICES



4. NEXT GENERATION CREATIVITY, SKILL, & PASSION



POINTS OF CONSENSUS:

RURAL AREAS NEED NEW MARKETS



POINTS OF DIVERGENCE:

THE TYPE OF ENERGY TO PURSUE



C-CHANGE Grass2Gas is advancing an agricultural value chain 
based on the production of renewable natural gas (RNG) and 
associated products through the anaerobic digestion of 
herbaceous feedstocks combined with manure

Grant ID: 2020-68012-31824

Partner 
Institutions:

Funded by:

Schulte et al. 2020. C-Change (Consortium for Cultivating Human And Naturally reGenerative Enterprises) proposal to USDA-NIFA. 

https://cchange.research.iastate.edu/files/inline-files/CCHANGE_Proposal-Narrative_2020-1.pdf

GRASS2GAS PROJECT



POINTS OF CONSENSUS:

NEXT GEN AG WORKFORCE

HUMAN DIMENSIONS

Understand stakeholder 
perspectives on feasibility of 

Grass2Gas scenarios

AGROECOSYSTEMS

Advance productive, profitable, 
and sustainable sources of 

herbaceous feedstocks

Jesús De Leon
Iowa State

Lucas 
de Lima Casseresdos Santos

Penn State

Sailesh Sigdel
 Penn State

JessicaStephenson
Iowa State   

Atoosa Davarpanah
Iowa State

Madeleine McMahon
Iowa State

BIOPROCESSING

Advance anaerobic digestion 
of herbaceous feedstocks

Sebastian Villarino
Iowa State

Marissa Osterloh
Iowa State

Richard Magala  
Iowa State

Megan Blauwet        

    Iowa State

Brady Clausen
Iowa State

Hyeonji Song
Iowa State

Mary Tutuola Akingbasote
Penn State

Margaret Anderson
Iowa State

ChrisMorris
Iowa State

Forrest Stagner
Penn State

Mary Johnson
Penn State

Johannes Ali     
Penn State

Divya Pant
Penn State

Camila Valderramma 
Penn State
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HOW DO WE PROVIDE FOR 

A GROWING HUMAN 

WORLD…

WHILE SUSTAINING 

RURAL LIVELIHOODS 

AND

A LIVABLE PLANET?



YOUR ASSIGNMENT: CROSS-SECTOR CONVERSATIONS



YOUR ASSIGNMENT:

WHAT’S GIVING YOU 
HOPE?



Image: Linn Co., Iowa; ISU, Tim Youngquist



NEVER DOUBT WHAT

A SMALL GROUP

OF HOPEFUL,

COMMITTED 

INDIVIDUALS

CAN DO…



THANK YOU!
FOR MORE INFO:

www.prairiestrips.org

www.agcchange.org

www.biorenew.iastate.edu



WE STILL NEED LIQUID FUELS

Source: Shaw et al. 2024. Closing the carbon cycle: net-zero carbon emissions for difficult to electrify segments of our economy. Nature Reviews.

Proportional 
GHGs from US

Economic 
Sectors

Able to be electrified

Difficult to electrify



Image: Lancaster Co., Pennsylvania; ISU, Dana Schweitzer

BIOPROCESSING
Advance anaerobic digestion 

of herbaceous feedstocks

AGROECOSYSTEMS
Advance productive, profitable, 

and sustainable sources of 
herbaceous feedstocks HUMAN DIMENSIONS

Understand stakeholder 
perspectives on feasibility of 

G2G scenarios

Grass2Gas



Image:  Scott Co., Iowa; ISU, Omar de Kok-Mercado



57
Image: Omar de Kok-Mercado, ISU

Schulte et al. 2022. Meeting global challenges with regenerative agriculture producing food and energy. Nature 
Sustainability. https://rdcu.be/cDlXD 
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• On-farm feedstock production costs vary significantly by type and management approacha

• The biomethane potential of winter rye > prairie grasses > prairie forbs > corn stoverb

• RNG from grassy biomass emits 15.1 g CO2-eq/MJ, >75% emissions reduction compared to fossil 
natural gasc

• Field data combined with simulations indicate harvested fertilized rye crops before soybean 
planting ↓ N loads to the Gulf of Mexico by 27%; 3.5x 2022 US cellulosic biofuel productiond

• Digestate ↑ soil organic carbon by 47% on commercial farm fields within 10 yrs in field studye 

• Immediate ↑ water quality and ↓ GHG emissions under prairie systems in field studies, but 
markets to support environmental outcomes not steady or lucrativef,g,h

• Stakeholder support exists, but the details matter: concerns from those against concentrated 
animal agriculture and those seeking more opportunity for smaller farmsi

• Substantial policy and financial barriers to grass-to-gas, whereas the pathway and financial 
proposition are clearer for manure-to-gasj

Sources: aJordahl et al. 2025; bRahic et al. Unpublished data; cOlafasakin et al. 2024; dMalone et al. 2023; eVillarino et al. 2025; fLiebman & Helmers 
2024; gSong et al. Unpublished data; hAudia et al. 2022; iMorris et al. 2025, jKorkut et al. 2023

Key Findings: Pilot ScaleKEY FINDINGS: GRASS2GAS



Conventional Natural Gas

Renewable Natural Gas
Source: Olafasakin and Mba Wright, Unpublished data

RESULTS | TECHNOECONOMIC & LIFE CYCLE ANALYSIS



RESULTS | WINTER CROP BIOMASS & WATER QUALITY

Source: Malone et al., 2023. Harvested winter rye energy cover crop: multiple benefits for North Central US. Environmental Research Letters 
18:074009.



RATIONALE FOR GRASS2GAS

ENERGY INDEPENDENCE AND RURAL ECONOMIES
Biofuels have long been a national goal for these reasons

DISPATCHABLE RENEWABLE ENERGY TO BUTTRESS WIND AND SOLAR 
Plants store sunlight for use when sun not shining and wind not blowing

WE STILL NEED LIQUID FUEL
Reliable energy for cold climates, remote locations, heavy-duty and long-haul 
trucking, aviation, marine transport, high-heat manufacturing processes

CHEAPER THAN HYDROGEN
Can use existing electrical and natural gas grid infrastructure

MARKET-BASED WAY TO PROVIDE ENVIRONMENTAL BENEFITS
Links with farmer identity to restore perennial grasslands on the landscape

Source: Schulte et al. 2023 Nature Sustainability, Shaw et al. 2024. Nature Reviews



New research indicates positive impacts from harvesting fertilized winter rye grown in a 
corn-rye-soybean rotation

• Long-term winter rye biomass yield across drained North Central US corn-soybean belt before 
soybean planting was over 5 Mg/ha (2.2 t/ac) on average without a soybean yield reduction 
(Malone et al. 2023)

• Central Iowa field study showed rye biomass yield before soybean planting of about 6 Mg/ha 
(2.7 t/ac) and potentially positive producer revenue (cost and revenue of ~$100 and $400 per 
Mg), but perhaps a small soybean yield reduction (Herbstritt et al., 2022; Malone et al., 2022)

• Most studies find increased net returns and greater overall crop production per unit area with 
relay or double cropping (e.g., corn-rye-soybean) than prevailing systems (Tanveer et al., 2017)

Sources: Herbstritt et al. 2022. Rye as an energy cover crop: management, forage quality, and revenue opportunities for feed and bioenergy. Agriculture; Malone et al., 
2023. Harvested winter rye energy cover crop: multiple benefits for North Central US. Environmental Research Letters; Malone et al. 2022 Rye-soybean double-crop: 
planting method and N fertilization effects in the North Central US. Renewable Agriculture and Food Systems; Rogovska et al, 2023, Long-term conservation practices 
reduce nitrate leaching while maintaining yields in tile-drained Midwestern soils, Agricultural Water Management; Tanveer et al., 2017. Relay cropping as a 
sustainable approach: problems and opportunities for sustainable crop production. Environmental Science and Pollution Research.
Funding: This research was a contribution from the Long-Term Agroecosystem Research network and was supported by the USDA-ARS. Further support was provided 
by USDA-NIFA (2020-68012-31824) and USDOE-BETO (EE0007088).

Allowing Cover Crop Termination Through Harvest 
Could Encourage more Wide-spread Adoption



• Fertilized and harvested winter rye can provide similar water quality benefits to conventional 
unfertilized and unharvested cover crop management, especially if nitrogen fertilizer is applied 
early in the spring rather than the fall (Ramcharan and Richard, 2017; Malone et al. 2018; 2023) 

• Winter crops can reduce pest and weed pressure on summer crops (Tanveer et al., 2017). 
Fertilized winter rye yields exceed the 5 Mg/ha recommended for effective weed suppression 
much faster (Malone et al. 2023; Nichols et al. 2020), reducing planting delays for summer crops.

• Fertilized and harvested winter rye increases soil carbon accumulation relative to a 
conventionally managed winter rye cover crop (Ramcharan and Richard, 2017), while use of the 
harvested biomass for energy can generate large additional carbon benefits (Herbstritt et al., 2022; 

Malone et al., 2023)

Sources: Ramcharan and Richard, 2017. Carbon and nitrogen environmental trade-offs of winter rye cellulosic biomass in the Chesapeake Watershed. Agricultural 
Systems; Malone et al. 2018. Harvesting fertilized rye cover crop: simulated revenue, net energy, and drainage nitrogen loss. Agricultural & Environmental Letters; 
Malone et al., 2023. Harvested Winter Rye Energy Cover Crop: Multiple Benefits for North Central US. Environmental Research Letters; Tanveer et al., 2017. Relay 
cropping as a sustainable approach: problems and opportunities for sustainable crop production. Environmental Science and Pollution Research; Nichols et al., 2020. 
Cover crops and weed suppression in the U.S. Midwest: A meta-analysis and modeling study. Agricultural & Environmental Letters; Herbstritt et al. 2022. Rye as an 
Energy Cover Crop: Management, Forage Quality, and Revenue Opportunities for Feed and Bioenergy. Agriculture.

Fertilized and Harvested Winter Rye can also 
Enhance Agro-Environmental Benefits



Harvested Winter Rye Could be Used 
for Biogas Production 

Sources: Herbstritt et al. 2022. Rye as an energy cover crop: management, forage quality, and revenue opportunities for feed and bioenergy. Agriculture; Malone et 
al., 2023. Harvested winter rye energy cover crop: multiple benefits for North Central US. Environmental Research Letters; Malone et al. 2022 Rye-soybean double-
crop: planting method and N fertilization effects in the North Central US. Renewable Agriculture and Food Systems. 

• Since 2014, renewable natural gas (RNG) from biogas has grown from 0% to 95% of US 
cellulosic biofuel

• Converting rye biomass to RNG can provide 11.3 GJ RNG per 1 Mg dry rye
• Potential on-farm revenue can average ~ $400 per Mg dry rye
• The minimum rye prices needed for fertilized and harvested rye to be profitable averaged  

~$100/Mg
• Simple conversions show 1 Mg rye as biogas feedstock produces ~480 Liters of ethanol 

equivalent energy 
• 1 Mg corn produces ~420 Liters ethanol; price of ethanol ~$2.30 per gallon or $0.6/Liter
• 1 Mg rye = $288 = 480 L x $0.6/L, as ethanol equivalent energy and not including coproducts 

or incentives
• So, cost and revenue of harvesting rye is ~$100 and ~$300-400/Mg-1, with ~$200-300 income
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