A Life Cycle Assessment of Greenhouse Gas Emissions for Almond
Production in California

Lead Investigator — Alissa Kendall, PhD'; Co-Investigator — Sonja Brodt, PhD?; Graduate Student Researcher — Elias Marvinney’

1. Dept. of Civil and Environmental Engineering, amkendall@ucdavis.edu; 2. Agricultural Sustainability Institute, sbbrodt@ucdavis.edu; 3. International Agricultural Development

mtivations for this Research: Research Objectives \
. Growing interest from consumers and governments for ‘carbon accounting’ in Europe and the U.S. . Track all inputs and outputs (see below for more detail) for a "typical” California almond orchard
. Quantify upstream inputs and impacts associated with each input to almond production (e.g. the inputs required
. Reducing greenhouse gas (GHG) emissions can save growers money and reduce dependence on for- to produce fertilizers and fuels)

. Quantify total energy use, emissions of greenhouse gases, and other pollutants per Ib or kg of almonds
. Create a modeling tool that will identify the "hot spots” for greenhouse gas emissions and energy use in a typical
California almond production system. This tool can help to answer questions such as these below:

eign oil because GHG emissions are linked to fuel and fertilizer use.

. We need to conduct a California-specific assessment instead of relying solely on global calculations of
climate footprints of food products, because GHG emissions vary according to climate, soil, transport dis-

. i . How much do off-farm inputs contribute to an orchard’'s GHG footprint, compared to on-farm operations?
tance, and other geographically sensitive variables.

To reduce the GHG footprint, is it more important to reduce tractor passes or to reduce prunings?

\ How will changing from flood to micro-sprinkler irrigation affect an orchard’s GHG footprint? J

1. Life cycle assessment Life Cycle Flows Associated with a Typical Product

Life Cycle Assessment tracks the energy and material inputs, and waste, pollu- . . . . .
tion, and product outputs over a system or product’s life cycle. T T T T

Raw
These input and output flows are then translated into environmental impacts. For Material —» — Manufacturing —> Use

example, greenhouse gases (CO,, N,O and CH,) are converted into global warm- Acquisition Processing
ing potential to reflect their potential impact as greenhouse gases.
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By tracking these flows, life cycle assessment systematically accounts for the re-
source flows and environmental impacts associated with a process or product.
This allows for a scientifically robust and quantitative approach to evaluating the
environmental sustainability of a product or process
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/2. Life cycle flows in almond production
In an energy or carbon footprint we apply life cycle assess- I I pUt e[ Srehaitomoraliiy O UtPUt

Year 0

ment principles to energy use and greenhouse gases e

- Grinder
- Dumptruck \
o 4
iese

Diesel
: Orchard Cleanup
Year 0
- Tractor 2WD Bulldozer
Grinder
aives N
elone (-5 - - )
Emissions to Air

Life Cycle Energy and Greenhouse Gases for Alimonds

~
-z General Use

Year 1
(] [ ] [ ] [ ] -ATV
Diesel fuel, fertilizer, equipment,
Year 2 | Year 1 |
11 ? -ATV
° - Pickup
esticides, nursery operations, etc ez |
Year 3 - clone : _ Year 3
-ATV Diesel Vaard
- Pickup
Year 4 Years l
-ATV | Year 6 |
: 21-0-0 (20 IbN) N i i
hieip Neutral Zir(wc (1.25 Ib) sz:lﬁf Emissions L Year 7-25 I’
Year 5 CO2 From Soil
1 & =B b =B &N & & B =B &8 B =B &8 & &8 &8 B =B &8 =B &8 &8 &8 B =B =B =B B B -ATV UN32 (80 IbN) mé())(
, \ - Pickup Neutral Zinc (1.25 Ib) UN32 (30 ToRT e
Potash (80 Ib) :
1 o manmn ez f o
 Pickup Solubor (10 Ib) __ s
I UN32 (120 IbN \ - alone r i ~
| Orchard Removal Orchard Maintenance Harvest I Year 7.25 o= o e <[ Primary Product
. . .. . . N I  Plekup Potash (240 Ib) :
1 & Establishment Pruning, irrigation, Equipment Q N Sokubor (10 ) EAImond Orchard s | | X |
ear
e : ] 1 acre
I Treeremoval, wap  fertilization, pest ~ wap  oOperation, wp |3 oy o ool - ( ) Yours
m I Neutral Zinc (1.25 Ib) Neutral Zinc (1.25 Ib) Abound 2EC (3.5 floz) | Yaar b |
I I h Q) Potash (320 Ib) Potash (400 Ib) Wilco (1.5 Ib) ASSRB SR hE)
a nd pre p’ ma nagement’ tree po St_ a rveSt —+ I Solubor (10 Ib) Solubor (10 Ib) Agrimek .15EC (3.75 floz) Wilco Gopher (1.5 Ib) L Year 7-25 y
I o D Wilco Squirrel (1.5 Ib)
planting, etc. replacement, etc. management " /) /
I . Ziram WDG76 (6 Ib)
‘ ' v%/:lrggq é’l’?ﬁiﬁ(g'f& VV\\//:iEEESOPhe: (1 g :E) \Hulls
Wilco Squirrel (1.5 Ib) feoaquite! (1 by
\ / Agrimek 0.15EC (11.25 floz) ggmerk 0.1%510 1(15 Iﬂ°Z)
N N I I I e e Supreme Oil (.75 gal) up};emeI 1| ( Iga)
(= W b Rovral (:75 pt) Intreoi\::lraZF( 198af¥o )
i eed Management Intrepid 2F (13.5 floz crp h 2(5 i =
- Tractor 2WD ? )
- Weed Sprayer 100G
= 0 O . Gramoxone M Gramoxone Max (0.85 pt)
Carbon Dioxide, Nitrous Oxide O (g Prow395C a5
V4 V4 -ATV — Roundup Ultra Max (2.5 pt)
Year 2
Methane, Co-products (hulls, woody ATy
V4 V4
Year 3 Roundup Ultra Max (2.5 pt) 4
. - Tractor 2WD Goal 2XL (2.8 pt)
b I O m a S S ) - Weed Sprayer Surflan 4AS (2.8 pt) Pruniig
Roundup Ultra Max (4.5 pt)
Year 4-25 Goal 2XL (2.8 pt)  Tree Shaker
-v;lr fa‘:g’ WD e == Surflan 4AS (2.8 pt)
) - Weed Sprayer J
= lrain " . o : a—
oar .z | Harvest -z Winter Sanitation
7 Year 3 Year 4-25 /
o - Tractor 2WD - Shaker
. - Weed Sprayer - Blower
Ecar o Tree Shaker
Year 4-25 -M / Ch
- Tractor 2WD A\ e PRt /

- Weed Sprayer J

\u

&

2. Preliminary Results: Life cycle energy and greenhouse gas emissions for grower fuel use

Preliminary results are presented ONLY for fuel use by growers. Any fuel use by custom operators is excluded. This means that custom operations’ agrochemical
production, irrigation, and field emissions are not presented in these results.
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