
Food and Agriculture 
Emissions

Food production and waste



Assignments

Brightspace discussion question:

“Would you consider making changes to your diet based on its impact on climate? 
Why or why not?”

Due this Friday by 5pm. 

Second programming assignment on predicting building energy use

Due Friday the 17th by midnight. 



Climate change in the news



Climate change in the news



Recap



The majority of food emissions come from agriculture



However, sources of 
emissions vary by food type.

Soymilk, for example, 
produces emissions from 
different sources in roughly 
equal proportions. 



Impacts of food packaging

https://foodprint.org/issues/the-environmental-impact-of-food-packaging/

Each form of packaging uses a lot of resources 
like energy, water, chemicals, petroleum, 
minerals, wood and fibers to produce. Its 
manufacture often generates air emissions 
including greenhouse gases, heavy metals and 
particulates, as well as wastewater and/or sludge 
containing toxic contaminants.

In the US, the major source of feedstocks for plastics 
production is natural gas, derived either from natural gas 
processing or from crude oil refining. 

Plastics manufacturing is responsible for as much as one 
percent of US GHG emissions. Other air emissions from 
plastics production include nitrous oxides, 
hydrofluorocarbons, perfluorocarbons and sulfur 
hexafluoride. 

https://foodprint.org/issues/the-environmental-impact-of-food-packaging/#easy-footnote-bottom-18-1295
https://foodprint.org/issues/the-environmental-impact-of-food-packaging/#easy-footnote-bottom-19-1295
https://foodprint.org/issues/the-environmental-impact-of-food-packaging/#easy-footnote-bottom-21-1295


Food transportation

Only a small fraction of food is 
transported by the most 
emissions-heavy routes.

Foods most likely to travel by air 
are those that have a short shelf 
life and most be grown far away, 
such as berries.  

https://ourworldindata.org/food-transport-by-mode



Cold chain

The majority of the gases used 
in refrigerants are 
hydrofluorocarbons, or HFCs 
which are hundreds to 
thousands of times more potent 
a greenhouse gas than carbon 
dioxide.

https://ozone.unep.org/coldchainexhibition/index.html



http://www.youtube.com/watch?v=CLFOK4U34wI


Food waste also contributes to emissions

74kg (163 lbs) of food waste per person, per year.



What goes to waste

world bank

Composition of waste

https://www.sciencedirect.com/science/article/pii/S0306919217309168

Example grocery store



Where waste goes



Landfill emissions

When organic waste decomposes, 
carbon dioxide (aerobic) and 
methane (anaerobic) gas is created. 

Landfill gas is typically 50 percent methane, 
50 percent carbon dioxide (CO2) and a small 
amount of non-methane organic compounds.

http://gazasia.com



Compost

Food waste can be composted 
instead of sent to a landfill. 



Compost

Food waste can be composted 
instead of sent to a landfill.

It is still not a complete 
replacement for artificial fertilizer 
due to cost and space:

“A single 40-pound bag of fertilizer 
costs about $20. The equivalent is 
about 280 pounds of compost 
($35) or 800 pounds of cow 
manure ($96) to provide the same 
nutrients.”

https://newswire.caes.uga.edu/story/8896/compost-and-fertilizer.html



Waste in New York City

2:09-6:35

http://www.youtube.com/watch?v=Y6LzB6rMDtA


What needs to be done

IPCC: “Reducing food loss and waste globally has the technical potential to cut 
emissions globally by 2.1GtCO2e, with a range of 0.1-5.8GtCO2e, the report 
estimates with medium confidence.

There is high agreement that mitigating food-sector emissions to their full potential 
‘requires change at all stages, from producer to consumer and waste 
management’ via integrated packages of policy including supply- and 
demand-side measures.”



What needs to be done

UN Sustainable Development Goals 

The 2030 Agenda for Sustainable 
Development, adopted by all United Nations 
Member States in 2015, provides a shared 
blueprint for peace and prosperity for people 
and the planet, now and into the future. At its 
heart are the 17 Sustainable Development 
Goals (SDGs), which are an urgent call for 
action by all countries - developed and 
developing - in a global partnership. They 
recognize that ending poverty and other 
deprivations must go hand-in-hand with 
strategies that improve health and education, 
reduce inequality, and spur economic growth 
– all while tackling climate change and 
working to preserve our oceans and forests.



What needs to be done

UN Sustainable Development Goals aim for more productive and sustainable agriculture.



What needs to be done

UN Sustainable Development Goals aim for 50% less food waste by 2030.



Food Waste Solutions

https://www.sciencedirect.com/science/article/pii/S0306919217309168



Too Good to Go



Food Packaging Solutions

Because raw material extraction is responsible for the majority of plastic’s carbon 
emissions, recycling is far less emissions intensive than producing new plastic



Opportunities for ML in reducing food emissions



Opportunities for ML in reducing food emissions

Cold chain logistics 



Opportunities for ML in reducing food emissions

Increasing warehouse efficiency with robotics

At Ocado, machine learning determines the 
traffic flow of the robots through the 
warehouse to prevent collisions and to 
optimize efforts, calculates the precise 
placement of bins for maximum efficiency, and 
also monitors the health and maintenance 
needs of the robots to reduce any downtime. 

Artificial intelligence and machine 
learning also help reduce food waste by 
ensuring that products are stored or 
delivered in a way and at temperatures 
that reduce the likelihood of spoilage.

http://www.youtube.com/watch?v=480bAQc27gg


Opportunities for ML in reducing food emissions

Matching supply and demand



Opportunities for ML in reducing food emissions

Quality control in the supply chain



Paper Deep Dive



The Problem

Supply chains have a lot of 
variability. How can you route 
individual products to ensure 
the least waste possible?



The Problem

Remaining shelf life for berries 
is based on the product’s 
temperature & humidity history 
and how it will be stored in the 
future. Visual inspection of the 
product can not reliably tell 
you its remaining shelf life. 



The Problem

Products in the same shipping 
container can experience very 
different temperatures. 



The Problem

Therefore, products shipped 
together may have very 
variable shelf lives



The Problem

It is too difficult/expensive to 
put temperature sensors 
everywhere; can only sample 
the shipping container 
coarsely.



Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

If successful, how could this system be useful?



Data

Data from a precisely-sensed 
shipping pallet under 3 
external climate conditions 
representing different 
seasons.  

FSR = first strike rations



Models

“Capicator model” - Physical model based on temperature dynamics

“Kriging method” - general purpose spatial interpolation method

Artificial neural network - trained to capture any nonlinear dynamics of 
temperature flow through products



Models

Artificial neural network

 Input to the network consists of time–temperature data provided by the sensor(s) placed outside the pallet, 
whereas output is the estimated time–temperature data for products placed inside the pallet. ANNs need to be 
trained with part of the temperature data to learn how to estimate the nonlinear relationship between the input 
and target output.



Evaluation

Just Root Mean Square Error

“In order to compare the 
different estimation algorithms, 

we looked at the average 
root-mean-

squared error (RMSE) between 
actual and estimated 

temperatures for each box inside 
the pallet”



Results



Results

Error if you just 
assumed product 
temperature was 

equal to air 
temperature



Further resources

Reports on start-ups fighting food waste:

https://www.washingtonpost.com/climate-solutions/interactive/2021/food-waste-cli
mate-change-strella-biotechnology/ 

https://www.weforum.org/agenda/2021/06/wasteless-ai-retail-food-waste/ 

https://www.washingtonpost.com/climate-solutions/interactive/2021/food-waste-climate-change-strella-biotechnology/
https://www.washingtonpost.com/climate-solutions/interactive/2021/food-waste-climate-change-strella-biotechnology/
https://www.weforum.org/agenda/2021/06/wasteless-ai-retail-food-waste/


Summary


