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Hop Variety Cultivation Carbon Footprint Comparison

« Hops are a cultivated agricultural crop

« Inputs and yields can vary greatly by variety

« Cultivation results in Greenhouse Gas Emissions (GHG)




Background

« Agriculture emits 11% of US Greenhouse Gases Annually (epa)

— Cultivating hop varieties with lower carbon footprints can help reduce this

Manmade Greenhouse Gases are currently the most

significant climate change contributor rcc)

Climate change is a growing challenge for hop producers

Effects brewers’ hop availability and Scope 3 emissions




Purpose
« Quantify hop cultivation emissions from chemical inputs by variety

— Values intended for variety comparison, not absolute

— Not third party reviewed or ISO Certified

« Determine agronomic traits that impact cultivation emissions

« Equip brewers and farmers with data for sustainability minded decisions




How Do We Measure a Carbon Footprint?

- Total Carbon Dioxide Equivalent Emissions (CO,e)

« Standardized Greenhouse Gas Metric

* 1 |Ib of Methane Emissions = 25 |b CO,e ¢

* 1 |b of Nitrous Oxide (N5O) = 298 |b COe
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Hop Cultivation Emission Sources

Other

e Kilning

Energy . Fuel

)

e Pesticides

Chemicals | Fertilizer Chemicals

N

e \Waste Management
Other e Packaging and
Supply

(Hop Growers of America)




Chemical Emission Factors
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Data Collection

* Four Crop Years

« Mature Crop Only

» Golden Gate Hop Ranch
« Public and Proprietary Varieties

* Yields, Fertilizer and Pesticide Records

CO,e Ibs/ Hop Ib = Total Ibs a.i. applied X Emission Factor
Hop Ib Yield




Chemical Emission Factors
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Average CO, Equivalent Ibs. per Hop |Ib by Category
- 2.39 Ibs CO,e per Harvested Hop |Ib across all varieties

Pesticide,
1.66




Pesticide Emissions Breakdown
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Hop Variety Chemical Carbon Footprint Comparison
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Hop Variety Chemical Carbon Footprint Comparison
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Not just Yield... What else?
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CO, Equivalents by Powdery Mildew Disease Trait
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*Means followed by the same letter are not significant at P value = 0.05.




Hop Variety CO, Equivalent Summary

Nearly 400% Range

— Room for improvement

Multitude of Factors

We must measure more than just yield

Disease resistance plays a role

Investigate more traits




Brewing Application- Battle of the Beers
« Hop Chemical Emissions from 4 |bs/BBL Dry Hop

Powdery Mildew Resistant Variety Powdery Mildew Susceptible Variety
6.52 Ibs CO,e per BBL 9.06 Ibs CO,e per BBL




100 Barrel Batch DH Emissions

2022
9 0 6 Rhode Island Convention Center | Providence, Rhode Island
ASBC and Master Brewers
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Conclusions

« Hop cultivation emissions vary by variety

» Pesticide emissions currently outweigh
fertilizer emissions

* Hop cultivation emission can have
significant impact at the brewery level

ASBC




Future Objectives
« Full Life Cycle Analyses Hop Variety Comparison

- Water Use Efficiency

« Carbon Sequestration Research
« Target Breeding Efforts at Reducing Environmental Impact




Thank You!
 Hopsteiner Team

— Growers

— Darren Stankey

— Doug Wilson

— Rachel Bussey

— Dr. Katherine Easterling

— Lauren Lopes
— Nicholi Pitra
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