
Understanding Environmental 
Performance in California Prune 
through Life Cycle Assessment

Elias Marvinney, UC Davis Dept. of Civil and Environmental Engineering



LCA: input/ output analysis for industrial (agro-eco)systems
Methodological toolset for calculation of environmental impacts and benefits

Impacts are inevitable and ubiquitous – the right question is, 
what does society receive in exchange?



What can LCA do for you?

Industry
• Sustainability marketing

• Consumer demand
• Product labels
• Demonstration of 

commitment

• Regulatory compliance
• Environmental Product 

Declaration (EPD)
• International markets

• Relevant and current datasets
• Policy-makers
• Regulators



What can LCA do for you?

Growers
• Hotspot analysis

• Impacts assessed for generalized 
category and specific inputs/ 
operations

• Tradeoff assessment
• Assessment of practices/ systems 

in multiple impact categories

• Industry benchmarking
• Current versus historical: 

efficiency gains and improvements
• Case-study comparison with 

regional average

• Carbon credit potential
• SOC and avoided emissions
• Quantification and verification
• Additionality and “leakage”



Orchard LCA System Diagram



Modeling approach and general structure

Allocation
- Economic
- Mass, Energy

System Inventory

- Inputs (chemical, fuel, 
water, material)

- Outputs (yield, co-
product, by-product)

Survey

Literature

Public Datasets

Geospatial Data

- Land use
- Soil
- Climate
- Water

Life Cycle Inventory

- Process-specific resource 
consumption and 
environmental flows

System Description
- Inputs (chemical, fuel, water, 

material)

- Outputs (yield, co-product, 
by-product)

- System Boundary

- Analytic Scope

Characterization 
Factors

- Convert flows to 
reference values (Global 
Warming Potential, etc)

Lookup Tables
- Soil organic carbon
- Soil emissions
- Biomass accumulation
- Yield response
- Co-product, by-product
- Market value

Sub-models

- Biogeochemical
- Agronomic
- Economic

Aggregation
- Crop, Variety
- Region

Output
- Environmental Footprints
- Tradeoff Assessment
- Uncertainty Assessment

- Scenario
- Sensitivity
- Simulation

- Functional Unit Comparison
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Greenhouse
Gas Footprint

kg CO2eq as TAWP100
*

*Time-Adjusted Warming Potential
over a 100 year time horizon

CA Prune LCA Results (per kg yield)
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Phellinus pomaceus: 

“Heart Rot”

Symptoms:

- Decayed heartwood
- Broken limbs
- Loss of major scaffolds
- Shortened productive lifespan

34% of trees surveyed 

showed visible infection

Laurel Hoffman, Dept of Plant Pathology 

University of Davis, CA, Hoffman@ucdavis.edu

ROI = 5-7 yrs after planting

Average productive lifespan

- 1998: 30 years

- 2018: 25 years

- 2022: 20 years

23 years down to 13 = 43% 

yield reduction
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Assumptions:
- Phellinus decay in scaffolds is 

widespread if not ubiquitous

- Therefore, carbon storage reduction is 
has been ‘baked into’ prior estimates 

of prune orchard biomass 
accumulation

- Quantification of this pre-existing C 
loss allows quantification of the 

climate benefit of addressing Phellinus
in the orchard
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Ongoing work: 
Density loss and affected volume over time

Density
(g cm-3)

0.894

0.065



Hypothetical wood decay mitigation effect on biomass



Hypothetical wood decay mitigation effect on biomass

1000 to 3000 kg 
additional per 
tree CO2 storage 
potential



Missing tree and broken limb biomass loss

Data courtesy of Dave Rizzo 
lab collaborators (2021)

Variation in 
infection patterns 
and severity from 
orchard to orchard 
determine sample 
size needed for 
biomass and wood 
decay modeling
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Standing biomass at orchard end-of-life:

“Orchard Recycling”

Returning biomass 
directly to orchard soil
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Enhanced Rock Weathering

Quarry byproducts for agricultural 
amendment and potential carbon credit
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Soil pore space



Woodchip incorporation
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Confirmed silicate 
mineral sources

Suitability Mapping
C benefit potential calculated as 
weatherable mineral content
of amendment material
× mass ratio mineralized CO2

to weatherable mineral
- freight transport CO2 emissions

Ongoing work: 
• Pedoclimatic conditions
• Applied water
• Crop specific mineralization 

benefits from biomass CO2

• Cost vs credit value-based cutoff

(%SiO2 × (4 × MWCO2)/MWSiO2) – (km transport × CO2eq EF)

Benefit Range: 
0.18 – 1.6 t CO2 /t 
amendment



Thank 
you!

Contact: emarvinney@ucdavis.edu


	Diapositive 1 Understanding Environmental Performance in California Prune through Life Cycle Assessment
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44

