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INTRODUCTION 

The goal of this study is to compare the greenhouse gas impact of two similar plates of food by 

completing a Life Cycle Assessment (LCA) for all of the individual items on each plate.  The 

two plates will have the same items of food on them, but the food will be sourced differently.  

One plate will consist of items that are produced in Washington State and then transported to 

Seattle, while the other plate will include items that are produced internationally or out of state 

and then shipped to Seattle.  To further consider the greenhouse gas impacts of specific farming 

techniques, we examined the potential benefits of organic farming methods over conventional 

farming methods.   

 

There will be four items on each plate: a 0.5 pound apple, 0.25 pounds of asparagus, 0.5 pounds 

of potato, and a 0.5 pound fillet of salmon.  We chose these items to represent a typical 

wholesome meal easily available in Seattle.  For the local plate of food, the apple and asparagus 

will come from Yakima, WA because Yakima County is the largest producing county for apples1 

and asparagus in the state.2 The potato will come from Prosser because it is the county seat of 

Benton County, which produces the most potatoes in the nation.3  The salmon for the local plate 

will be a wild-caught Copper River salmon from south-central Alaska.   

 

For the imported plate of food, the items will come from the highest producing region in the 

country that the US imports the most of the specific item from.  The apple will come from 

Hawkes Bay, New Zealand,4 the asparagus will come from Ica, Peru,5 and the potato will come 

from Blackfoot, Idaho because the US does not import many potatoes and Bingham County, ID 

is the largest potato producing county outside of Washington State.6  The imported salmon will 

be farm-raised Norwegian salmon.7  

 
                                                 
1 Anonymous, 2002. 
2 Laurie Wishkoski, Washington Asparagus Commission, Personal Communication. 
3 USDA, 2006c.  
4 Patterson, 2006. 
5 USDA, 2005.  
6 USDA, 2006c. 
7 Harvey, 2006. 
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The reason for carrying out this study is to quantify the greenhouse gas (GHG) impact of specific 

food items that are typical of the Northwest.  It is often asserted that buying locally produced 

food must create fewer GHG emissions, but few studies have been done in the United States to 

directly quantify this relationship.  Previous studies have been done comparing conventional and 

organic apples in Washington State, but they have focused on total energy requirements,8 or on 

economic factors.9   

 

The scope of this study has been defined by the members of the Seattle Food System 

Enhancement Project in conjunction with the IDT and members of OSE.  The LCA for all food 

items will follow the food from initial production and harvest, and up through delivery for 

purchase in Seattle.  We assume that there will be no differences in GHG emissions between the 

two plates of food after purchase as preparation and disposal will be similar for each.   

 

Results from this study should be considered as a benchmark for examining the greenhouse gas 

impact of cultivating and transporting specific items of food into the city of Seattle.  Every effort 

has been made to characterize “typical” or “average” farming practices, but there is a large 

variety in the way that crops are managed due to the range in soils, climates, and technology 

available.  Furthermore, the manner in which food is transported into the city is a complex web 

of options and in this study, direct shipping routes have been selected.  However, the 

assumptions made apply to both the locally grown plate and the imported plate equally, so the 

differences seen between these plates are real and significant. 

 

This report is intended for use by the City of Seattle, and specifically the Interdepartmental Team 

and the Office of Sustainability and Environment (OSE).  Another potential audience is the 

Seattle-King County Acting Food Policy Council.  It is hoped that the results in this report will 

be used as educational material for the general public to illustrate the link between the food 

system and greenhouse gas emissions. 

 

                                                 
8 e.g. Reganold, Glover, Andrews, & Hinman, 2001.  
9 e.g. Mon & Holland, 2006.  
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METHODS 

To quantify the greenhouse gas emissions related to producing and transporting food to Seattle, 

we will use a tool called a Life Cycle Assessment (LCA) which is an internationally standardized 

method of assessing environmental impacts.  The general ISO 14040 defines LCA as the 

“compilation and evaluation of the inputs, outputs and the environmental impacts of a product 

system throughout its life cycle.” 10  An LCA allows us to identify the environmental impacts of 

an item from the acquisition of raw materials, through production, and up through its use and 

disposal.  In this study we will use the LCA framework to cultivate the food items we selected 

and transport them to Seattle.  For specific details on the calculations behind the LCA 

methodology, please see the Appendix. 

 

Identification of the initial system boundaries 

The system boundary defines the processes which will be modeled in this LCA.  For the apple, 

asparagus, and potato, farm activities that produce greenhouse gases will be included in this 

study.  The farm activities included in this model are the production, delivery, and application of 

fertilizers, herbicides, and insecticides, as well as the fuel used in farm equipment to carry out 

farm activities.   

 

Also included in this study are the emissions associated with extracting fossil fuels from the 

Earth, refining them, and transporting them to the gas station pump or to the point-of-use (POU).  

These are referred to as the “Well-to-Pump” or “Well-to-POU” emissions.  The difference 

between these two types of emissions is that the Well-to-Pump emissions have included within 

them the average distance to gas stations from oil refineries.  The Well-to-POU emissions have 

an additional distance included within them that is an average distance to deliver the fuel its 

point of use.  In general, the Well-to-POU fuel is used for engines that are either stationary (e.g. 

a wind turbine at an apple farm), or do not fill up at a gas station (e.g. trains, container ships, 

fishing boats). 

 

                                                 
10 ISO, 1997. 
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For the salmon, the fishing activities included in this study are the burning of diesel fuel in a 

fishing boat as well as the Well-to-Pump and Well-to-POU emissions.  The sources of emissions 

for the farmed salmon include the production, delivery, and use of fish feed. 

 

For the transportation of the food, the emissions for the Well-to-Pump and Well-to-POU of the 

needed fuels, as well as the emissions associated with burning these fuels in various modes of 

transport (light-truck, semi-truck, rail, and container ship) is included in this study. 

 

Not included in the scope of this study are the greenhouse gas emissions associated with the 

manufacturing of farm equipment, farm buildings, vehicles used for transportation, or the 

distribution and retail buildings.  Simply stated, we are not including the production of the 

vehicles, buildings, roads, or any infrastructure in this study.  Also, we are not examining 

emissions related to wholesaling, retailing, packaging materials, the consumer’s food 

preparation, or waste treatment.  Furthermore, greenhouse gases are the only environmental 

impact examined in this study.  We are not looking at other environmental impacts associated 

with farming, such as water use, energy use, runoff of farm effluent, land use, or the use of 

human labor.  

 

Identification of criteria for inclusion of inputs and outputs 

To determine which data categories are important to this study, we studied typical farm practices 

from various sources.  We examined the publications from the United States Department of 

Agriculture (USDA) such as the Fruit and Vegetable Agricultural Practices – 199911 and the 

Agricultural Chemical Usage: 2005 Fruit Summary12 to identify chemical application and 

machine use that will contribute to the emission of GHGs during apple cultivation.  Various 

publications from Washington State University were useful in determining the fuel use at farms.  

Contacts with state commissions for apples, asparagus, and potatoes were useful in verifying 

typical farm practices.  

 

 
                                                 
11 USDA, 2001. 
12 USDA, 2006b. 
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Identification of the data categories/impact assessment methodology 

Data will be collected from databases, published reports, and other sources.  Information was 

gathered from the United States Department of Agriculture, published journal articles, websites, 

the United States Environmental Protection Agency, and from the Greenhouse Gases, 

Regulated Emissions, and Energy use in Transportation (GREET).  Table 1 shows the data 

categories defined and collected to complete the study.  A detailed description of the sources 

used in this study can be found in the Appendix and the References. 

 

Data Categories Components Units 

Fertilizers (Nitrogen, Phosphate,

and Potash) 

Pounds/acre 

Herbicide Pounds/acre 

Raw Materials 

Insecticide Pounds/acre 

Farm equipment Annual hours/acre 

Farm equipment Fuel use/hour 

Equipment 

Fuel use British Thermal Units

Carbon Dioxide (CO2) Grams 

Methane (CH4) Grams 

Environmental  

(Greenhouse Gas 

Emissions) Nitrous Oxide (N20) Grams 

Distance Kilogram-Kilometer Transportation 

Fuel Use British Thermal Units

Table 1. Data categories used in this study. 

 

Impact Assessment – Global Warming Potential 

The three main greenhouse gases (carbon dioxide, CO2, methane, CH4, and nitrous oxide N2O) 

are quantified in this study.  However, these three gases possess different abilities to influence 

the climate, so we have converted them to a common scale so that they are comparable.  The 

scale in common use is to convert all of the gases into grams of carbon dioxide equivalent.   
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To convert each of these gases into grams of carbon dioxide equivalents, we used the Global 

Warming Potential (GWP) from the Intergovernmental Panel on Climate Change13 for the 100-

year time frame, which is the standard time frame to use.  The scaling factor for methane is 23, 

and the scaling factor for nitrous oxide is 296.  This means that one gram of methane is 

equivalent to 23 grams of carbon dioxide, and 1 gram of nitrous oxide is equivalent to 296 grams 

of carbon dioxide.  Table 2 shows the greenhouse gases followed in this study and the 

conversion to grams of CO2 equivalent. 

 

Greenhouse Gas Global Warming Potential

Scaling Factor 

1 gram of this gas equals how 

many grams of CO2 equivalent?

Carbon Dioxide (CO2) 1 1 

Methane (CH4) 23 23 

Nitrous Oxide (N2O) 296 296 

Table 2. The Global Warming Potential (GWP) for the three greenhouse gases examined. 

 

                                                 
13 http://www.ipcc.ch/ 
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RESULTS  

 

GUIDE TO RESULTS 

The results of the LCA for each plate of food are shown in the following pages.  First we present 

the findings for the local and imported plates, and then we present the results for each individual 

food item.  The general format for the results is to show the findings for the local plate or food 

item, then the imported plate or item, then present the findings for organic farming techniques 

(when possible), and then compare all of the emissions scenarios.  An attempt was made to make 

these sections as independent readings, so some information contained within this section is 

repeated in other sections of this paper. 

 

In order to assess which processes emit the most greenhouse gases, the contributions from each 

process was calculated.  These are shown in the following pages under the “Cultivation” section.  

For simplification, the sources of emissions were categorized into three sources: Chemical 

Production, Fuel Used at Farm/Boat, and Fuel Used in Transportation. 

 

“Chemical Production” includes the production and delivery of fertilizers (nitrogen, phosphate, 

and potash), herbicides, and insecticides, as well as the emissions from the fields that are emitted 

after these chemicals are applied.  “Fuel Used at Farm/Boat” includes the burning of diesel, 

gasoline, and/or propane at the farm to perform farm activities, or on the fishing boat for fishing 

activities.  The specific activities modeled for each farm can be found in the Appendix.  Included 

in this category are the emissions associated with extracting the fossil fuels, refining them, 

delivering them to the gas station pump or to the point-of-use at the farm/boat.  “Fuel Used in 

Transportation” includes the burning of gasoline, diesel, non-road diesel (for rail transport), 

and/or bunker fuel (for container ship transport) to deliver the food to Seattle. Included in this 

category are the emissions attributable to extracting the fossil fuels, refining them, delivering 

them to the gas station pump or to the point-of-use for the transportation vehicles.   
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LOCAL PLATE – WASHINGTON STATE 
How did we choose where the food on the local plate came from?  All of the food on the local 
plate was sourced from the county in Washington State that grows the most of each item.  To 
represent the general area of each county, the exact point of origin was simply selected as the 
county seat.  The apple1 and asparagus2 came from Yakima, and the potato came from Prosser.3  
The salmon is wild-caught salmon from the Copper River in south-central Alaska. 
 
LOCAL PLATE EMISSIONS 
What are the emissions for each 
item on the local plate?  The 
salmon dominates the emissions 
scenario for this plate and emits 2, 
013 grams of CO2 equivalent 
(96%).  The apple emits 33 grams 
of CO2 equivalent, the asparagus 
emits 40 grams of CO2 equivalent, 
and the potato emits 16 grams of 
CO2 equivalent.  
 
 
 
 
 
EMISSIONS CATEGORIES 
What is the biggest source of 
greenhouse gases from the local 
plate of food?  The burning of fuel 
at the farm and on the fishing boat 
is the biggest source of greenhouse 
gases.  However, this is due to 
salmon dominating the emissions 
scenario and the main source of 
greenhouse gases is different for 
every food item. 
 
How many greenhouse gases are 
emitted to transport the food to 
Seattle?    Transportation adds an 
additional 35 grams of CO2 
equivalent. 
 
TOTAL EMISSIONS 
What are the total emissions for the local plate?  2,102 grams of CO2 equivalent. 

GHG Emissions for each 
Item on the Local Plate
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IMPORTED PLATE – NEW ZEALAND, PERU, IDAHO, NORWAY  
How did we choose where the food on the local plate came from?  Most of the food on the 
imported plate was sourced from the country that the US imports the most from.  The apple  
came from Hawkes Bay, New Zealand,4 the asparagus will come from Ica, Peru,5 and the potato 
will come from Blackfoot, Idaho because the US does not import many potatoes and Bingham 
County, ID is the largest potato producing county outside of Washington State.6  The imported 
salmon will be farm-raised Norwegian salmon.7  
 
LOCAL PLATE EMISSIONS 
What are the emissions for each 
item on the local plate?  The 
salmon also dominates the 
emissions scenario for this plate 
and emits 2, 927 grams of CO2 
equivalent (95%).  The apple emits 
70 grams of CO2 equivalent, the 
asparagus emits 49 grams of CO2 
equivalent, and the potato emits 40 
grams of CO2 equivalent. 
 
 
 
 
 
EMISSIONS CATEGORIES 
What is the biggest source of 
greenhouse gases from the 
imported plate of food?  The 
burning of fuel at the farm and on 
the fishing boat is the biggest 
source of greenhouse gases.  
However, this is due to salmon 
dominating the emissions scenario 
and the main source of greenhouse 
gases is different for every food 
item. 
 
How many greenhouse gases are 
emitted to transport the food to 
Seattle?    Transportation adds an 
additional 213 grams of CO2 equivalent. 
 
TOTAL EMISSIONS 
What are the total emissions for the imported plate?  3,083 grams of CO2 equivalent. 
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 COMPARISON OF GLOBAL WARMING POTENTIAL     
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ANALYSIS     
The total greenhouse gas emissions 
for the local plate are about 33% 
less than the total emissions for the 
imported plate.  The majority of 
the total savings comes from the 
wild-caught salmon.  However, 
every item shows a slightly 
different story when comparing the 
local and imported items.  For 
example, the local apple and potato 
emits less than half of the 
emissions that the imported apple 
and potato do, while the local 
asparagus shows only a 20% 
benefit over the imported 
asparagus.   
 
The salmon also dominate the source of the emissions in this analysis.  Fuel used on the fishing 
boats to catch the wild salmon and the emissions from producing, delivering, and administering 
the fish feed at the fish farm in Norway are between 80-90% of the total emissions for the 
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salmon, and the salmon are over 
95% of the emissions for each 
plate.  Thus, the results for “Fuel 
Used at the Farm/Boat” are heavily 
influenced by the salmon.  If we 
examine the greenhouse gas 
emissions for just the fruits and 
vegetables alone (apple, asparagus, 
and potato), then we see that fuel 
used in transporting the imported 
food is the highest source of 
emissions.  The next figure shows 
the breakdown of sources of 
greenhouse gases for the fruits and 
vegetables only. 
 
It is important to note that every item of food tells a slightly different story, so it is important to 
analyze them each individually.  The next sections will show the results for each of the food 
items individually. 
 
                                                 
1 Anonymous, 2002. 
2 Laurie Wishkoski, Washington Asparagus Commission, Personal Communication. 
3 USDA, 2006c. 
4 Patterson, 2006. 
5 USDA, 2005. 
6 USDA, 2006c. 
7 Harvey, 2006.  
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CONVENTIONAL APPLE – YAKIMA, WA 
What is a conventional apple?  A conventional apple is cultivated by using farming techniques 
which apply synthetic fertilizers, herbicides, and insecticides.   
 
Where do most conventional apples in Washington State come from?  We selected Yakima 
as the origin of the conventional apple because it is the largest apple producing region in 
Washington.1  
 
CULTIVATION 
How many greenhouse gases are 
emitted during the cultivation of 
a 0.5 pound conventional apple?    
25 grams of CO2 equivalent. 
 
What are the main sources of 
greenhouse gas emissions in 
cultivating a conventional apple?  
The diesel fuel burned in a farming 
tractor contributes to the largest 
share of global warming potential 
during the phase of our LCA 
(32%).   
 
 
TRANSPORTATION 
Once the conventional apple is 
harvested, how does it get to 
Seattle?  In our study, the 
conventional apple is transported 
from Yakima to Stemilt Growers, 
Inc.2 in Wenatchee (106 miles) and 
then to Seattle in a semi-truck (148 
miles). 
 
How many greenhouse gases are 
emitted to transport the apple to 
Seattle?    Transportation adds an 
additional 8 grams of CO2 
equivalent. 
 
TOTAL EMISSIONS 
What are the total emissions for cultivating a 0.5 pound conventional apple in Yakima, WA 
and transporting it to Seattle?  33 grams of CO2 equivalent. 
 

Sources of GHG Emissions from Cultivating a 
Conventional Washington Apple 
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