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Research Objective

e Comprehensive guantification of a range of environmental
Impacts from producing California tomato paste and diced
tomato products

e Two time points: 2005 & 2015 to examine trends over time
 Also analyzed 2010 data from some processing facilities
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What did we include?

Greenhouse phase:
Transplant production
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‘ Cultivation phase ‘
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Processing phase: | | Processing phase:
Bulk diced tomato | | Bulk tomato paste




Inputs

Primary data

Pesticides, fertilizers,
water, energy (diesel,

gas, electricity)

Secondary data
Raw material
extraction,
processing, and
energy production

¥

What is Life Cycle Assessment?

Greenhouse phase:
Transplant production

!

‘ Cultivation phase ‘

I
y y

Processing phase: | | Processing phase:
Bulk diced tomato | | Bulk tomato paste
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the “compilation and
evaluation of the inputs
and outputs and the
potential environmental
Impacts of a product
system throughout its
life cycle” (ISO 14040)
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Presentation Notes
Slide courtesy of Martin Heller, U. of Michigan Center for Sustainable Systems


Environmental Impact Categories

Natural Resource Use Emissions-Related Impacts

* Primary Energy Use « Global Warming Potential (kg CO,

e Fresh Water Use equivalents)

Acidification Potential (kg SO, equiv)

Eutrophication Potential (kg PO, equiv)

Ozone Depletion Potential (kg CFC-11 eq.)

* Photochemical Ozone Creation Potential
(kg C,H, eq.)

 Ecotoxicity Potentials: land, fresh water,
marine water, human (kg DCB eq.)
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C2H4: ethane, volatile org compound that is very effective at ozone creation
DCB: dichlorobenzene


2005 grower response

2015 grower response
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e 46 completed surveys total (only 16 could provide 2005 data)
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Processing Facility Data

“Black box” Approach

Survey data of:

« Overall material and energy inputs for whole facility

» Overall quantity and types of outputs for the whole facility [ f
(including co-products, e.g. pomace) '

Pot: R...Paul ingh
Used economic allocation approach (based on relative factory gate
prices) to allocate resource use and impacts to paste versus diced
product

Survey data:
o Complete datasets for two facilities for 2005, 2010, and 2015
o Complete datasets for five facilities for 2010 and 2015




Overall Supply Chain Wide Impacts, per Kg Bulk Paste:
2005-2015

Tomato Paste

2005 2015 2005 2015 2005 2015

Global Warming Potential* 6.31E-01 5.93E-01
(kg CO, eq.)

255E-01  475g .01
*100-year timeframe 4.42E-02 4.42E-02 [ _

Total Primary Energy

1.02E+01 9. B55E+00

Consumption (MJ)
— I -
2.41E+00
115E+00  1.15E+00 — -

) &

Fresh Water Use (kg) 7.23E+02
3.97E+02
1.12E+01 1.12E+01 - 6.68E+01 6.34E+01
Ozone Depletion Potential 5.94E-10 4.86E-10

()

(kg CFC-11 eq.)
7.10E-11 7.10E-1 1.28E-10 1.20E-10
I

Photochemical Ozone

. ’ - 113E-04
%) Creation Potential 6.97E-05 8.21E-05 7.71E-05
(ko Cotleea) = Bl e

L @ Acidification Potential 1.23E-03

(kg SOz eq) 7.99E -04

. 3.48E-04 3.27E-04
4.06E-05 4.06E-05 B s

3.83E-04

Eutrophication Potential
(kg POa eq.)

2.70E-04

6.67E -05

7.37E-06 7.37E-06 6.27E -05
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Raw tomatoes: Paste = 6 
Raw tomatoes: diced = 1.3



Which phases of the supply chain contribute the
most to which impacts (on a life cycle basis)?

Impact category Main contributors across the Phase with the highest total
supply chain contributions
Global warming potential Natural gas production & Processing facility
consumption
Total primary energy Natural gas production & combustion Processing facility
Freshwater use Direct water use Cultivation
Acidification potential Diesel production & combustion Cultivation
Eutrophication potential Diesel production & combustion Cultivation
Photochemical ozone creation Diesel production & combustion Cultivation

potential
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Main message: In general we see the most improvement at the cultivation phase and for the areas where there are higher associated potential environmental impacts.

Note:
ODP results deleted for the moment: my feeling is there is not good reason to present this result in a 10-min presentation, given that we need to caveat it and that we should reproach the point prior to publishing the work. 
Gypsum production results need a clear caveat esp. for growers. In our models the rate of gypsum which would be applied for example every 5 years is accounted for in a 1 year time frame. We may want to take a fraction of the quantity of gypsum input estimated for the one year for an est. avg. number of years it is applied in field (e.g., gypsum may be applied every other year or every 5 years depending on soil tests etc.)). 



Decreases In life cycle impacts 2005 - 2015

Diced
_ %Reduction
Primary energy use 28%

Water use 46%

GWP 10 28%

Other environment impacts From 18% to 36%
Paste
9% Reduction
Primary energy use 14%

Water use 46%

GWP 44, 12%

Other environment impacts From 15% to 30%



Key On-Farm Improvements: 2005-2015

Irrigation systems
Direct on-farm water use decreased by 45% per ton of tomatoes.
According to our grower survey, 50% of the growers shifted to drip
irrigation, 13% continued to use furrow irrigation, and 13% used
drip Irrigation in both 2005 and 2015.

Tomato yields
Increased from 41 to 55 tons/acre
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The majority (93-99%) of the water use upstream is attributed to grid electricity use 

Questions: 
What is this decrease attributed to? 
This decrease is attributed to increased production from 2005 to 2015 (47 to 55 US tons/ac). The actual percent of diesel used increased by 4% (11.99 to 12.44 gal diesel/ac). 

Where in our analysis does it account for the higher energy use needed for drip versus furrow. 
According to the calculations we used for the irrigation pump req. for both diesel and elec., the pressurization process is included. There is no distinction between drip vs. furrow irrigation water, elec. requirements. (I suggest we put this in FUTURE RESEARCH for the MS!)

Maybe irrig system pressurization is done with electricity, not diesel? Similar comment as above.



Key Processing Facility Improvements:
2005-2015

Resource use reduction per kg of final product

Natural gas 27% 5%
Grid electricity 27% 5%
Water 22% 5%

* Life cycle impact reductions in paste due mostly to increased efficiencies in the
cultivation phase.
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The majority (93-99%) of the water use upstream is attributed to grid electricity use 

Questions: 
What is this decrease attributed to? 
This decrease is attributed to increased production from 2005 to 2015 (47 to 55 US tons/ac). The actual percent of diesel used increased by 4% (11.99 to 12.44 gal diesel/ac). 

Where in our analysis does it account for the higher energy use needed for drip versus furrow. 
According to the calculations we used for the irrigation pump req. for both diesel and elec., the pressurization process is included. There is no distinction between drip vs. furrow irrigation water, elec. requirements. (I suggest we put this in FUTURE RESEARCH for the MS!)

Maybe irrig system pressurization is done with electricity, not diesel? Similar comment as above.
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Upstream Vs Onsite Sources of Impacts
per US Ton of Harvested Tomato at Farm Gate

Fertilizer — N emissions hinery

hinery

100-yr Global Warming Total Primary Energy Freshwater Use
Potential
W Upstream M Diesel combustion - machinery

M Diesel combustion - irrig pump B Water use

Fertilizer N emissions
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Acidification and Eutrophication Potentials
Per US Ton of Harvested Tomato at Farm Gate

Fertilizer N emissions

Fertilizer N emissions

Acidification Potential (g SO2 equiv) Eutrophication Potential (g PO4 equiv)

B Upstream M Diesel combustion - machinery

M Diesel combustion - irrig pump ® Fertilizer N emissions


Presenter
Presentation Notes
Order of magnitude of SO2 is similar to 1 heavy duty truck engine idling for 1 hour. At current per acre yields, it would be equiv to 1 truck idling for 55 hours.


Fertilizer production comparison — GWP100 impacts
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m CAN17 = 4-10-10 = UN32

m 8-24-6 = 10-34-0 Aqua ammonia
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Caveat – have to balance this with actual field emissions of these different products. CAN17 results in somewhat lower N2O emissions than some 


Processing Facility Variability

Natural Gas Use Per Ton of Paste, 2015 (millions of therms)

Facility 1 Facility 2 Facility 3 Facility 4

20
18
16
14
12
10

o N B OO 00

Also substantial variability from year to year within the same facilities — perhaps relating
to differences in total throughput and the need to keep the facility running continuously
throughout the season?




Key Sources of Impacts Across the Supply Chain

Largest Sources of
Environmental Impacts
(across supply chain)

 Diesel
» Natural gas
e Irrigation water

Secondary Sources of
Environmental Impacts

e Electricity use (irrigation and
processing)

 Fertilizers (espec.N)



Key Sources of Impacts Across the Supply Chain

Largest Sources of Secondary Sources of

Environmental |m_paCtS Environmental |mpact5
(across supply chain) " L
e Electricity use (irrigation and

* Diesel processing)

. Na-turafl gas * Fertilizers (espec.N)
* Irrigation water

Opportunities for Additional Improvements
* Renewable energy investments — electric or solar tractors? Solar for processors?

* Energy efficient irrigation pumping (SWEEP)

e Choose lower-GWP nitrogen fertilizers (UN32 vs CAN17)

* Monitoring, decision tools, and precision application of fertilizers and pesticides
e Conduct process-specific energy audits in processing facilities




To keep In mind.....
Efficiency Is a necessary but not sufficient condition for overall sustainability.

For overall environmental sustainability, we also need to
consider total magnitude of impact in a given geographic area.

DNDC: nitrate leaching potential CalEnviroscreen: population vulnerability
Nitrate Leaching Potential kg NO;-N ha-lyr? Pop Chara Sco , N
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Contact iInformation

Dr. Sonja Brodt

UC Sustainable Agriculture Research and Education
Program

Agricultural Sustainability Institute at UC Davis
(530) 754-8547

sbbrodt@ucdavis.edu

Dr. Alissa Kendall
Department of Civil and Environmental Engineering
amkendall@ucdavis.edu

Dr. Kiara Winans
Department of Civil and Environmental Engineering
kswinans@ucdavis.edu
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