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EXECUTIVE SUMMARY
The Urgent Company, Inc. (TUC) is at the forefront of non-animal-based ice cream with a novel production pathway that is both
efficient and scalable. The company commissioned this study to determine the global warming potential (excluding biogenic carbon)
(GWP) also referred to as GHG emissions, primary energy demand (non-renewable) (PED), and blue water consumption (BWC) from
the life cycle of the company’s specific ice cream production system and to compare these environmental impacts to those of animal-
based ice cream. In this study, the total environmental impacts and the differences between Brave Robot animal-free unflavored ice
cream and premium vanilla ice cream made from bovine dairy were calculated using the method of life cycle assessment (LCA). The
environmental impacts of Perfect Day non-animal whey protein, the key ingredient used to make Brave Robot ice cream, were
sourced from a previously-completed critically-reviewed LCA report (WSP USA Inc., 2021). The results of this LCA will aid TUC in
understanding hotspots in and drivers of GHG emissions, PED and BWC from ice cream production and how it compares to that of
premium animal-based vanilla ice cream. The goals of this report are twofold:

1. Determine the GHG emissions, excluding biogenic carbon, PED non-renewable and BWC impacts of Brave Robot ice cream;
and

2. Calculate and compare the differences in GHG emissions, PED and BWC impacts between Brave Robot ice cream and
premium animal-based vanilla ice cream.

The environmental impacts selected for this study were evaluated for all products considered (Brave Robot ice cream and the
comparative ice cream) because information about these impacts will provide the most business value to TUC in its discussions with
existing and potential customers and stakeholders. Internal communication of the results of this study will aid in decision-making for
product process improvement and provide information to the company’s stakeholders who are interested in understanding the GHG
emissions, PED, and BWC associated with producing Brave Robot ice cream. Since the company intends to communicate these
results externally, the study was critically reviewed by a three-person panel of independent experts in conformance with ISO standards
14040 and 14044. The reviewers’ findings are summarized in the verification statement at the end of this report.

The function of the product is to be a provider of food to humans; therefore, the functional unit of the product, upon which results are
presented, is a measure of the amount of product consumed: kilogram of product and 14 oz containers of a plain ice cream base.1 The
Intergovernmental Panel on Climate Change’s (IPCC) Fifth Assessment Report (AR5) 100-year timescale excluding biogenic carbon
method was used for quantifying GHG emissions, and it is measured in units of carbon dioxide equivalents (kg CO2e). Biogenic
carbon emissions are those that originate from the natural carbon-cycle related biological sources such as plants, trees, and soil,
therefore, excluding biogenic quantifies GHG emissions from fossil sources. While biogenic carbon is part of the natural cycle, fossil-
derived carbon releases otherwise sequestered carbon to the atmosphere. The low heating value (LHV or net calorific value) was used
to determine the primary energy from non-renewable resources and is measured in megajoules (MJ) as a measurement of energy use
from fossil resources that cannot be replenished. The blue water consumption metric captures the amount of water consumed by the
system, which is the withdrawals less any water returned to the ecosystem in a usable form. This metric is measured in liters (l) of
water by determining the total amount of water withdrawn from fresh ground or surface water bodies minus any water returned to
surface and ground water sources in the same watershed.

TUC recognizes that the environmental impacts from different ice creams depend greatly on the specifics of the material inputs,
production method, location, and transportation of the inputs. Therefore, the system boundary of analysis is from cradle-to-gate to
include the upstream production of the materials used for the Brave Robot ice cream process, production of all other inputs to the
process (e.g., packaging), and transportation of materials to production facility. There are no co-products of Brave Robot ice cream
production to allocate. The Perfect Day whey protein yields a solid biomass co-product and a mass allocation was applied to apportion
the environmental impacts between the Perfect Day whey protein and co-product. No other allocation was applied to the Brave Robot
ice cream system.

The primary findings of this study are illustrated in Table ES-1. Brave Robot ice cream reduces GHG emissions, PED, and BWC
impacts by 72.5%, 60.8%, and 23.0% respectively, compared to premium vanilla animal-based ice cream as reported in a published
study (Konstantas, Stamford, & Azapagic, 2019). The primary contributor to Brave Robot GHG emissions and PED is packaging at
42.7% each, and the largest contributor to BWC is ice cream production at 89.3%. The paper products used for the ice cream cup drive
the packaging impacts, contributing 98.8% to the GHG emissions impacts and 99.8% to the PED impacts of packaging. Coconut oil
production is the largest contributor to BWC, accounting for 69.1% of the BWC of the ice cream production and followed by
sunflower oil production at 20.0%.

1 The total weight of one unit of 14 oz Brave Robot ice cream plain base is 368.5 g and the density of the Brave Robot ice cream plain base is 839.4 g/L.
In a 14 oz container of ice cream, there is 347.5g of ice cream. The density of animal-based ice cream is 0.5 kg/L. For purposes of comparison, the
results are presented per kg of product and per 14oz container of product. This is also the plain ice cream base because all flavors start with the same
base.
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Table ES-1: Environmental impacts of Brave Robot ice cream compared to premium vanilla ice cream per 14 oz cup and kg

Impact Category

Per 14 oz cup Per kg of product

Premium vanilla
ice cream

Brave Robot
ice cream

% change in
impact

Premium vanilla
ice cream

Brave Robot
ice cream

% change in
impact

Global warming
potential
(kg CO2e)

1.15 0.316 72.5% 3.11 0.858 72.5%

Primary energy
demand
(MJ)

11.6 4.55 60.8% 31.5 12.3 60.8%

Blue water
consumption
(L)

29.7 22.9 23.0% 80.5 62 22.9%

Sensitivity analyses were conducted to assess the impact of changes in transportation distances and modes for the Perfect Day non-
animal whey protein (results presented in Table ES-2). Transportation is a key consideration in this analysis because this study models
small scale production. As the process scales, transportation methods and distances may change. Therefore, two sensitivity analyses
with multiple sub-cases (totaling to five individual sensitivity analyses) were undertaken to examine the impacts of different
transportation assumptions. The first sensitivity analysis assessed the impact of shifting the transportation of Perfect Day whey protein
from outside of the US by cargo plane to within the US by truck (SA1). This shift reduces the GHG emissions of Brave Robot ice
cream by 15.5% and PED by 14.9%. The BWC, however, increases by a marginal amount (0.00396%). The marginal increase in
BWC is caused by the increased diesel consumption for truck transport. The GHG emissions, PED, and BWC impacts of SA1 case are
76.8%, 66.7%, and 23.0% less when compared to premium vanilla ice cream, respectively.

The second sensitivity analysis assessed changes in environmental impacts when ingredient (other than Perfect Day whey protein)
truck transportation distances were doubled and cut in half in both the baseline case (whey protein transported by cargo plane and
other ingredients transported by truck) and building upon the first sensitivity analysis (all ingredients including whey transported by
truck), creating four total comparative cases in this analysis. Hence this sensitivity analysis is broken down to four distinct sensitivity
cases that adjusts the distance of ingredients transported only via truck. Reducing transportation distances by half reduces the impact
of the ice cream under baseline and SA1 conditions. When truck transport distances are doubled under baseline conditions, the GHG
emissions, PED, and BWC impacts of Brave Robot ice cream increase by 9.28%, 9.67%, and 0.361%, respectively, when compared to
the baseline. When transport distances are doubled under the SA1 conditions, the GHG emissions and PED impacts of Brave Robot
ice cream reduces by 5.42%, 4.40% compared to the baseline. Only the BWC increases by 0.398% in this case. Shifting the sourcing
of Perfect Day whey from outside of the US to within the US appreciably reduces overall impact of the ice cream even if sourcing
distances for ingredients increase within the US.

The sensitivity analyses indicated that the environmental impact results for Brave Robot ice cream are sensitive to changes in
transportation, but these variations in transportation distances and modes do not change the fundamental conclusion that Brave Robot
ice cream reduces impacts compared to premium vanilla ice cream. The most pertinent finding is that the GHG emissions reduction
from shifting Perfect Day whey transport from cargo plane to truck (SA1) are significant enough that they reduce the GHG emissions
of Brave Robot ice cream more than cutting the transport distances of all ingredients trucked by half.

Table ES-2 Sensitivity analysis results per 14 oz of ice cream

Premium
vanilla

Baseline case
(Brave

Robot ice
cream)

Sensitivity
analysis
(SA1)

2 x truck
distance -
Baseline

½ x truck
distance -
Baseline

2 x truck
distance –

SA1

½ x truck
distance –

SA1

GHG emissions (kg CO2e) 1.15 0.316 0.267 0.346 0.302 0.299 0.251
Change from premium vanilla -72.5% -76.8% -69.9% -73.8% -74.0% -78.2%

Change from baseline -15.5% 9.28% -4.66% -5.42% -20.6%
Change from SA1 12.0% -5.99%

Primary energy demand (MJ) 11.6 4.55 3.87 4.99 4.33 4.35 3.63
Change from premium vanilla -60.8% -66.6% -57.0% -62.7% -62.5% -68.7%
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Premium
vanilla

Baseline case
(Brave

Robot ice
cream)

Sensitivity
analysis
(SA1)

2 x truck
distance -
Baseline

½ x truck
distance -
Baseline

2 x truck
distance –

SA1

½ x truck
distance –

SA1

Change from baseline -14.9% 9.67% -4.86% -4.40% -20.2%
Change from SA1 12.4% -6.20%

Blue water consumption (L) 29.7 22.9 22.9 22.9 22.8 23.0 22.8
Change from premium vanilla -23.0% -23.0% -22.7% -23.1% -22.7% -23.2%

Change from baseline 0.00396% 0.361% -0.181% 0.398% -0.193%
Change from SA1 0.394% -0.197%

According to the EPA GHG equivalence calculator, driving 2.5 miles in an average passenger vehicle emits 1 kg CO2e.2 The GHG
emissions generated by 14 oz of Brave Robot ice cream are equivalent to driving 0.8 miles in the average US passenger vehicle.
Shifting consumption from a 14 oz container of premium vanilla ice cream to a 14 oz container of Brave Robot ice cream saves the
GHG emissions equivalent to driving 2.1 miles.

The average daily natural gas consumption by a US household is 213 MJ.3 The PED impact created by 14 oz cup of Brave Robot ice
cream is equivalent to natural gas consumed by a US household in 31 minutes. By shifting consumption from 14 oz of premium
vanilla ice cream to 14 oz of Brave Robot ice cream, the energy saved is equivalent to the natural gas consumed by an average US
household in 48 minutes. According to the US Geological Survey, the average daily water consumption per person in the US is 378.5
L.4 The water consumption from 14 oz of Brave Robot ice cream is equivalent to water consumed by a person for 87 minutes. Shifting
consumption from premium vanilla ice cream to Brave Robot ice cream saves the equivalent of water consumed by an American for
26 minutes. Lastly, according to The International Dairy Foods Association, the average American consumes approximately 22 lbs of
ice cream in a year.5 If 1,000 people shift their consumption of ice cream from premium vanilla ice cream to Brave Robot ice cream,
there would be a GHG emissions reduction equivalent to 2,100 passenger miles driven, energy savings equivalent to natural gas
consumed by 21 US households per day, and water savings equivalent to water consumed by 18 Americans per day.

Even though the reduction in impact is less than 10% when transportation distances are reduced by half, TUC could work with
suppliers to identify locations closest to them as a means of reducing environmental impacts from transportation. Coconut oil and
sunflower oil are the most water intense inputs among all the Brave Robot ice cream ingredients. TUC could consider working with
coconut oil and sunflower oil suppliers and support crop management practices that reduce the water footprint of coconut oil and
sunflower oil or sourcing alternative oils with lower environmental impacts. The application of the results, interpretation, and
conclusions of this study are limited to the ice cream considered in this study. Furthermore, the results presented in this report on
Brave Robot ice cream are limited to its unique technology and cannot be extrapolated or applied to the production of animal-free
dairy ice cream production or bovine dairy ice cream production by other means.

2 https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
3 http://northeastsupplyenhancement.com/wp-content/uploads/2016/11/Natural-Gas-Facts.pdf
4 https://www.usgs.gov/special-topic/water-science-school/science/water-qa-how-much-water-do-i-use-home-each-day?qt-
science_center_objects=0#qt-science_center_objects
5 https://www.idfa.org/ice-cream-sales-trends#:~:text=Consumption,related%20frozen%20desserts%20per%20year
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Assessment Summary
Cradle-To-Gate Comparative Life Cycle Assessment

Comparative Life Cycle Assessment of Brave Robot Animal-free Unflavored Ice Cream
to Premium Vanilla Animal-based Ice Cream

Parameter Description

Company Name and
Contact Information

Study Commissioner:

Contacts:
The Urgent Company
Paul Ayers
paul.ayers@theurgentcompany.com
Paul Kollesoff
paul.kollesoff@theurgentcompany.com
Vicky Lai
vicky.lai@theurgentcompany.com

Study Practitioners:
WSP USA
Julie Sinistore
julie.sinistore@wsp.com
Lauren Johnson
lauren.m.johnson@wsp.com
Mukunth Natarajan
mukunth.natarajan@wsp.com
Zoey Kriete
zoey.kriete@wsp.com

Standard Used ISO 14040 - Environmental management - Life cycle assessment - Principles and
framework, ISO 14044 - Environmental management - Life cycle assessment -
Requirements and guidelines

Product Names The products under study are The Urgent Company’s Brave Robot animal-free unflavored
ice cream, and premium animal-based vanilla ice cream.

Product Descriptions The Urgent Company’s Brave Robot ice cream base product is non-animal-based ice cream
product before the addition of flavors. The comparative produce is a premium vanilla ice
cream.

Functional Unit
(Study Basis)

The function of the product is to be a provider food to the human body; therefore, the
functional unit of the product is a measure of product amount: kilogram of product and 14
oz containers of the product.

Temporal Boundary Production yield and energy consumption data were collected from The Urgent Company’s
operations based on daily data from 2020. Secondary data from GaBi® databases have a
validity range between 2009 and 2021. The time period in which the results should be
considered valid is five years from publication date of this study.

Country/Region of
Product
Consumption

Primary data from The Urgent Company is based on a co-manufacturing site in the United
States; this product will primarily be sold in the United States but could be sold globally in
the future. Therefore, the geographic boundary is the United States.

Version and Date of
Issue

Version 1 12/17/2021

mailto:paul.ayers@theurgentcompany.com
mailto:paul.kollesoff@theurgentcompany.com
mailto:vicky.lai@theurgentcompany.com
mailto:julie.sinistore@wsp.com
mailto:mukunth.natarajan@wsp.com
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1 GOAL OF THE STUDY
The Urgent Company (TUC) commissioned WSP USA Inc. (“WSP”) to develop a Life Cycle Assessment (LCA) using GaBi®6

software to calculate the global warming potential, excluding biogenic carbon (GWP) also referred to as GHG emissions, primary
energy demand, non-renewable (PED) and blue water consumption (BWC) of TUC’s animal-free Brave Robot ice cream. This LCA
includes a comparison premium animal-based vanilla ice cream. The goals of this study are twofold:

1. Determine the GHG emissions, PED and BWC impacts of Brave Robot animal-free unflavored ice cream from cradle-to-gate;
and

2. Calculate and compare the differences in GHG emissions, PED and BWC impacts between Brave Robot animal-free
unflavored ice cream and premium animal-based vanilla dairy ice cream.

1.1 REASONS FOR CARRYING OUT THE STUDY
TUC is dedicated to understanding and improving the life cycle environmental impacts of its products. Therefore, the company sought
understanding of the relative environmental impacts of its animal-free ice cream product with the intention to communicate these
insights internally and externally.

This study was conducted to inform internal decision-making and to provide information to the company’s stakeholders who are
interested in the GHG emissions, PED and BWC impacts associated with producing Brave Robot ice cream base7 according to ISO
standards 14040 and 14044 on life cycle assessment. The GHG emissions, PED and BWC impacts were considered because they will
provide the most business value to TUC in its discussions with customers and clients. Additionally, in the food systems space, GWP,
PED and BWC impacts are the primary ecological issues by which TUC’s competitors are measured and with which clients are
concerned.

TUC recognizes that the environmental impacts from its ice cream depend greatly on the specifics of the inputs, production method,
location and transportation. TUC commissioned this study to determine the total GHG emissions, PED and BWC impacts from the life
cycle of the company’s specific production system and to compare such values to that of premium vanilla animal-based ice cream.
Therefore, the results of this study include both total and comparative values that are intended to be communicated externally.

1.2 INTENDED APPLICATIONS
1. To provide actionable environmental impact information about the GHG emissions, PED and BWC impacts from all cradle-

to-gate life cycle phases of the ice cream base production; and

2. To compare the GHG emissions, PED and BWC impacts of Brave Robot non-animal ice cream base to premium animal-
based vanilla ice cream by conducting an ISO-conformant life cycle assessment with critical review.

1.3 TARGET AUDIENCE
The study results are prepared for both TUC’s internal use and to be communicated externally in conformance with the ISO standards
14040 and 14044.

1.4 TYPE OF CRITICAL REVIEW
Since the results of this study are comparative and intended for external communication, a critical review by a panel of three
independent experts was conducted. Those experts are Corinne Scown, PhD; Pragnya Eranki, PhD; and Horacio Aguirre-Villegas,
PhD.

6 Modeling for all systems in this study was conducted in the LCA software GaBi, developed by thinkstep, now Sphera
(http://www.gabi-software.com/america/index/).
7 The Brave Robot ice cream base was examined because it is the starting point for all other flavors.

http://www.gabi-software.com/america/index/
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2 SCOPE OF THE STUDY

2.1 FUNCTION
The function of the product is to deliver food for human consumption. The primary function of food is to provide necessary energy
and nutrition to the human body. Note that, while ice cream is a food and, therefore, delivers nutrients to the human body, it is not
consumed with nutrition in mind. That is why other functional units that represent the nutrients in the food were not used.

2.2 FUNCTIONAL UNIT
Since the function of the product is to be a provider of food, the functional unit of the product is a measure of the amount of product
consumed: kilogram of ice cream plain base (without flavorings) and 14 oz containers of the ice cream base. The reason for presenting
the results by both metrics is that per kg of mass allows for direct comparison of product quantity, but consumers do not purchase the
product in bulk, but rather per container. This allows for increased transparency and the ability to calculate results for different amount
of ice cream in different sized containers. The plain base was considered as Brave Robot is offered in many different flavors, not all of
which contain vanilla.

2.3 SYSTEM BOUNDARY

2.3.1 BRAVE ROBOT ANIMAL-FREE UNFLAVORED ICE CREAM

The study’s system boundary is from cradle-to-gate for the life cycle inventory and impact assessment and includes raw material
extraction and processing, transportation, and ice cream base production and packaging. The analysis does not include resource needs
and environmental impacts embedded in infrastructure in either primary data or secondary data collection efforts.8

All product life cycle phases are included in the study’s boundary.

Figure 1: System Boundary illustrates all the phases of Brave Robot ice cream base production. The Brave Robot ice cream process

diagram from cradle to gate is illustrated in Figure 2: Brave Robot ice cream process diagram.

8 Infrastructure processes comprise the production of capital equipment and machinery that are used to extract and process materials and produce
products, and infrastructure for energy, water, waste, and transport processes.

Cradle-to-Gate

Material Manufacturing

•Raw material inputs
•Material manufacturing inputs
such as heat, power, ingredients
(e.g., Perfect Day whey, sugar,
flavoring), packaging, water, and
chemicals

Transportation

•Location of production at one
facility in Arizona

•Transportation methods and
distances

Product Production

•Material inputs to production
•Energy, heat, water inputs to
production

•Outputs of packaged product,
wastes, wastewater
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Figure 1: System Boundary

Figure 2: Brave Robot ice cream process diagram

2.4 ALLOCATION
There are no co-products associated with the Brave Robot production and hence there is no allocation. The impacts of the Perfect Day
whey protein that is used in Brave Robot ice cream is pre-allocated. The Perfect Day whey protein process produces a solid biomass
co-product stream from the fermentation ingredients as well as the final product stream. On a dry mass basis, the solid biomass co-
product accounts for 78.3% of total mass produced. Of the final product stream, 21.7% (dry mass) is the Perfect Day whey protein
product with its specific protein characteristics. A mass-based allocation was applied to the Perfect Day whey protein.

Packaging
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2.5 SENSITIVITY ANALYSIS
Transportation is a key consideration in this analysis because this study models small scale production. As the process scales,
transportation methods and distances may change. Therefore, two sensitivity analyses were undertaken to examine the impacts of
different transportation assumptions.

Currently, the Perfect Day whey protein is sourced from outside the US and flown to the US ice cream production facility, but future
plans are to shift that production to within the US. Therefore, a sensitivity analysis in which the transportation of Perfect Day whey
protein is produced and transported within the US was conducted. The ice cream production remains in the southwest of the US, but
the origin of the protein shifts from outside of the US to within the US and the transportation mode shifts from air to truck transport.

Variations in transportation distances of supply materials were also considered by doubling the truck transport distance and reducing
the truck transport distance by half. This distance related sensitivity analysis was carried out to analyze the extent transportation has
on the final impact of the ice cream and to account for changes in location of supply of ingredients as well as changes in suppliers.
TUC did not request a sensitivity analysis on other aspects of the analysis.
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3 LIFE CYCLE INVENTORY ANALYSIS

3.1 DATA COLLECTION PROCEDURES
The life cycle inventory analysis phase combines the collection of primary activity data with the application of secondary life cycle
inventory data for similar and comparable material inputs used to produce Brave Robot ice cream. Data not collected directly from
TUC were sourced from GaBi® and ecoinvent databases, and the model used to calculate impacts from the life cycle of Brave Robot
were built in GaBi®. The Life Cycle Impact Assessment (LCIA) was conducted within GaBi®. The datasets used to model inputs such
as water, electricity and natural gas and other ingredients are listed in confidential appendix. This section describes how various
sources of primary product activity data have been collected for each phase of the product life cycle described in Section 3. The
process for sourcing and evaluating literature sources for the comparative dairy ice creams is also described.

3.1.1 BRAVE ROBOT ICE CREAM PRODUCTION PROCESS

TRANSPORTATION OF RAW MATERIALS TO ICE CREAM PRODUCTION

Primary data on transportation from the ingredient suppliers to the TUC warehouse and from the warehouse to the Brave Robot ice
cream co-manufacturing facility were collected from TUC. Secondary data for modeling transport by truck and plane were sourced
from GaBi and other databases. Distances for production input transportation were provided by TUC. A summary table of
transportation distances and methods is provided in the confidential appendix. As noted in this table, the two modes of transit are
cargo plane and less than load (LTL) trucks. Perfect Day whey is currently flown in from the outside of the US via cargo plane while
all other ingredients are sourced within the US and transported via LTL trucks. These LTL trucks are EPA SmartWay program
certified. According to the EPA, the LTL truck is a dry van, which is a type of semi-trailer that is fully enclosed to protect shipments
from outside elements. This truck has an average capacity of 9.9 tons. The SmartWay program helps companies advance supply chain
sustainability by measuring, benchmarking and improving freight transportation. While a most freight requires shipment in a full
truckload, occasionally there are shipments that do not require an entire trailer to be filled with products or goods. This is where less
than truckload shipping or LTL is involved. EPA’s SmartWay program consolidates LTL into full truckload intermodal container
freights. As shown in the confidential appendix, all ingredients are brought to a warehouse on the west coast of the US before they are
trucked to a co-manufacturer location in the southwest, US. Empty truck backhauls were not included in this analysis for Brave Robot
ice cream to align with the system boundaries of the comparative product.

PRE-PRODUCTION

This study is based on production of Brave Robot ice cream at a co-manufacturing site in the south western United States; the exact
production location noted in the confidential appendix. A co-manufacturing facility creates batches of product for different customers,
brands, or labels. Therefore, more than one product is produced at this facility under multiple brand names of which Brave Robot is
one. The other products produced at this same facility are not known. The facility was able to provide input energy and material
consumption specific to the Brave Robot ice cream production. Primary data were collected from TUC on ingredient (type and
sourcing) as well as packaging material. Information on energy and water used at the co-manufacturing site were collected by TUC
from the facility. Secondary data for the environmental impacts of ingredients, heat, electricity and packaging were sourced from the
GaBi professional and other databases. Once the ingredients arrive at the co-manufacturing facility, ingredients are moved and stored
in ambient, refrigerated and frozen storage. A summary table of transportation distances and methods is provided in confidential
appendix. Empty truck backhauls were not included in this analysis for Perfect Day to align with the system boundaries of the other
ice creams. It was assumed that the datasets for the comparative ice creams had no empty return trips.

MIX MAKING

Primary data on final product production were collected from TUC. Secondary data for the impacts from the production of inputs to
the TUC process, such as glucose, were sourced from GaBi and ecoinvent databases. Prior to mix production, coconut oil is tempered
in a hot room or with heating blankets 24 hours in advance of production. The plain base mix is produced by first mixing water (at
110-degree F) and dried protein in a liquefier under high shear conditions. The ratio of protein to water on a weight to weight basis
should not exceed 5% and it is essential that the system is clean. The dry ingredients are then added while the blender is running. After
a visual check to ensure there are no impurities, the melted coconut oil and sunflower oil are added while blending and the mixture is
blended for an additional 30 seconds to a minute. The high temperature used in the mixing phase is to ensure that the coconut oil stays
liquid throughout the blending process for a subsequent frozen dairy dessert production. The batch is transferred from the liquefier to
batch tank and the protein slurry is screened. The mix is then transferred to get pasteurized and homogenized. Once pasteurized and
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homogenized, the mix is packed in 300-gallon totes. The totes are then stored in refrigeration units to get ready for ice cream
production.

The input and output amounts for the mix making process are provided in the confidential appendix.

ICE CREAM PRODUCTION

The mix is prepared for batching by removing the refrigerated ingredients from the refrigerator and tempering the frozen ingredients.
Ambient and refrigerated ingredients are prepared for production as a kit and batched according to the production requirement. The
packaging material is also prepared. The ingredients are added to a tank to liquify and mix well. This mixture is then transferred to the
flavor tank, where flavors are added. The product is then transferred from the flavor tank to the tetra freezer. After cooling in the tetra
freezer, the product is fed into a variegator along with a fruit flavor to create a swirl of ice cream and fruit flavor when needed. Note
that this study considers only the plain ice cream base without added flavors. The cups are filled automatically with automation
machines. Typically, the 14 oz cups are filled with 347.5 g of ice cream. Once the cups are filled, a heat seal is applied to the cup and
a lid is placed to seal the cup. The total weight of one unit of 14 oz Brave Robot ice cream is 368.5 g and the density of the Brave
Robot ice cream plain base is 839.4 g/L. In a 14 oz container of ice cream, there is 347.5g of ice cream and the weight of the primary
packaging is 21g. Additionally, there is shipper packaging and freezer tape as secondary packaging for the ice cream before it leaves
the facility. One shipper pack weighs 0.875 lbs (0.397 kg) and one shipper pack contains eight 14 oz cups of ice cream, therefore,
there is 0.0496 kg of shipper pack per 14 oz cup of ice cream.

The inputs and output amounts for the ice cream production process are provided in the confidential appendix.

3.1.2 COMPARATIVE ICE CREAM

Brave Robot ice cream base is compared to the premium vanilla ice cream based on a study on the environmental impacts of ice cream
from the University of Manchester (Konstantas, Stamford, & Azapagic, 2019). This study compared 4 ice creams – regular and
premium vanilla, and regular and premium chocolate. The premium variety has a higher milk fat content and sugar content and
contains eggs. TUC noted that Brave Robot ice cream base is more comparable to a premium bovine-dairy vanilla ice cream,
therefore, that product from this study is used for the comparison.

The functional unit used in the University of Manchester study is 1 kg of ice cream consumed at home. The scope of the study is
cradle-to-grave. The study considers the following life cycle stages: production of ingredients, ice cream manufacturing and
packaging, distribution to retailer, storage at retailer, consumption at home and end of life waste management. All intermediate
transport and waste management activities are also considered in this study. Economic allocation is used for the co-products of milk
and egg production. The ReCiPe midpoint method is used to calculate GWP (excluding biogenic carbon), ozone depletion, fossil fuel
depletion, freshwater, eutrophication, marine eutrophication, human toxicity, terrestrial ecotoxicity, freshwater ecotoxicity, marine
ecotoxicity, terrestrial acidification, agricultural land occupation, urban land occupation, natural land transformation, photochemical
oxidant formation and mineral depletion. In addition, PED, volumetric water consumption, and water footprint are also calculated. The
volumetric water consumption is the sum of blue water consumption and green water consumption, only the blue water consumption
is used for this report.

Ice cream ingredients include milk, cream, sugar, vanilla extract (premium vanilla ice cream), vanillin (the regular version), cocoa
powder (chocolate flavor), eggs (premium products) and water. Raw milk is produced in the UK and contains 4% fat. It is processed
to produce cream (10% w/w) and skimmed milk (90% w/w). All the cream and some of the produced skimmed milk are used in the
production of ice cream, with the rest of the latter used elsewhere like infant formula. The cream contains 40% fat and the skimmed
milk 0.5%. To be used for ice cream production, they each must contain 9.5% non-fat milk solids. While the cream already meets this
requirement, skimmed milk must be processed further to concentrate it to the needed fat content. Sugar is assumed to be the only
sweetener used in all the ice cream products. Around 40% of sugar is from sugar beet produced in the UK and the rest from sugar cane
imported from Brazil and refined in the UK. Vanilla beans are cultivated in Madagascar before being transported to the UK for
processing into vanilla extract. Egg yolk (pasteurized) is used for vanilla ice cream. Stabilizers and emulsifiers are also used in the
production of ice cream. They are not considered in the study due to a lack of data, but they account for less than 0.5% of the mass of
the products (Konstantas, Stamford, & Azapagic, 2019).

There are two major stages to the manufacture of premium vanilla ice cream: production of skimmed milk and cream, and production
of ice cream. Raw milk processing involves clarification and storage, homogenization and pasteurization, followed by separation into
milk cream and skimmed milk. The latter is concentrated in an evaporator and mixed with the rest of the ingredients (listed above),
followed by their pasteurization. The mix is then cooled to room temperature and poured into plastic boxes while being
simultaneously frozen. At this stage, air is also injected into the mix to gain volume and take on the texture of ice cream. There is
approximately 1 kg of ice cream in a 2 L tub (the density of ice cream is 0.5 kg/L). The ice cream is then hardened, packed into
secondary packaging and stored in a deep freezer. The assumed refrigerant is liquid ammonia, of which 17.6 mg/kg-day is used for
freezing, 174 mg/kg-day is used for hardening and deep freezing. Hardening is carried out for 2 days and deep freezing for 30 days.
Electricity life cycle inventory (LCI) data correspond to the UK electricity mix; steam is produced using natural gas. It is important to
note the difference between the sources of electricity between the UK grid and the US grid. The UK grid mix is 40.41% natural gas,
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20.79% nuclear, 14.78% wind, 6.88% coal and coal gas,6.14% biomass, 3.41% photovoltaics, 2.6% hydro, 2.28% biogas, 2.23%
waste and 0.48% fuel oil. On the other hand the US grid mix is 31.24% natural gas, 30.87% coal and coal gas, 19.6% nuclear, 7.59%
hydro, 6.01% wind, 1.57% photovoltaics, 1.09% biomass, 0.76% fuel oil, 0.44% geothermal, 0.42% waste, 0.33% biogas, and 0.08%
solar thermal. Both these datasets are valid till 2023, according to GaBi dataset documentation. It is assumed that 2% of ingredients
are lost during the manufacturing process and are discharged with wastewater from cleaning activities (Konstantas, Stamford, &
Azapagic, 2019).

The study included primary, secondary and tertiary packaging used for the ice cream and has been considered as well as shopping
bags used by consumers. A polypropylene tub is considered for the primary packaging as the most-widely used material for
manufactured ice cream in the UK. It is assumed that raw milk and sugar are transported in bulk to the manufacturer and thus no
packaging is considered for these two ingredients. The packaging for the rest of ingredients is also excluded as their quantities per
functional unit are small and hence unlikely to have much bearing on the impacts (Konstantas, Stamford, & Azapagic, 2019). It is
assumed that the impacts of shopping bag are not included since the scope of this study is from cradle-to-gate.

The results below only highlight the cradle-to-gate GHG emissions, PED, and BWC for premium vanilla ice cream, the product being
compared with Brave Robot ice cream. The gate-to-grave section of the assessment in the study have been removed from the results
presented below in order to align with the system boundary of the analysis presented in this report for Brave Robot ice cream.
Table 1: UK Premium vanilla ice cream environmental impacts

Environmental Impact Value Unit

GHG emissions 3.11 kg CO2e per kg ice cream
Primary energy demand 31.5 MJ per kg ice cream
Blue water consumption 80.5 L per kg ice cream

3.2 CALCULATION PROCEDURES
Life cycle activity inventory data were collected from primary (TUC) and secondary (GaBi, ecoinvent 3.6) sources. The specific
datasets from GaBi and ecoinvent 3.6 are mentioned in the confidential appendix. A model was built in GaBi to calculate the impacts
of the Brave Robot ice cream production process and compare these impacts to that of literature data on GHG emissions, PED, and
BWC for premium vanilla ice cream. Results were exported from GaBi to Microsoft Excel for results presentation.

3.3 DATA VALIDATION
All primary activity data including inputs to the Brave Robot ice cream production process (e.g., coconut oil, materials for mixing,
water, electricity and outputs to wastewater treatment) were internally validated by TUC and WSP. Secondary data from the GaBi®

databases undergo internal validation by Sphera, as well as external review by DEKRA.9

3.4 SENSITIVITY ANALYSIS
Transportation is a key consideration in this analysis because this study models small scale production. As the process scales,
transportation methods and distances may change. Therefore, two sensitivity analyses with multiple sub-cases (totaling to five
individual sensitivity analyses) were undertaken to examine the impacts of different transportation assumptions.

The baseline assumption in this ice cream LCA is that Perfect Day whey protein is produced outside of the US. The sensitivity
analysis is carried out for the scenario where the production of Perfect Day whey shifts to a new origin location in the southern US.
This change is reflected not only in the shortened distance traveled, but also in the shift from cargo plane transport to truck transport
because Perfect Day whey production may occur in the US in the future. Therefore, a sensitivity analysis was performed to evaluate
the transportation implications from this change. The effects of the reduction in transport distance by almost a third and the impact of
change in transportation mode which are both evaluated through this sensitivity analysis. Specifics about the distance traveled and
location of potential US Perfect Day whey production are confidential and, therefore, stated in the confidential appendix which has
been redacted from publication.

9 http://www.gabi-software.com/uploads/media/131211_GaBi_Review_Report_Verification_Statement_signed_DEKRA.pdf

http://www.gabi-software.com/uploads/media/131211_GaBi_Review_Report_Verification_Statement_signed_DEKRA.pdf
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The variations in transportation distances of supply material were also considered by doubling the truck transport distance and
reducing the truck transport distance by half. The distance for every ingredient delivered by truck is doubled and halved for the two
sensitivity cases under the baseline scenario where the Perfect Day whey is imported from outside of the US and the sensitivity case
where the whey is transported from within the US.

TUC did not request additional sensitivity analysis on other aspects of the system such as packaging, as they do not anticipate
significant packaging changes in the near future, and they have already made careful considerations about packaging choices. Further,
the impacts of packaging are driven more by the background data availability than the mass or type of packaging as is discussed later
in this report.

3.5 ALLOCATION PROCEDURES
Brave Robot ice cream does not produce co-products, therefore, there is no allocation in the analysis. However, the Perfect Day non-
animal whey impacts used in this study are pre-allocated. Secondary LCI data used in this study also include allocation procedures to
model the production of coconut oil. Allocation of burdens to co-products is embedded in the GaBi datasets and are described in the
GaBi documentation of these datasets and in the literature sources.10

10 http://www.gabi-software.com/support/gabi/gabi-6-lci-documentation/

http://www.gabi-software.com/support/gabi/gabi-6-lci-documentation/
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4 LIFE CYCLE IMPACT ASSESSMENT (LCIA)

4.1 LCIA PROCEDURES AND CALCULATIONS
The LCIA was carried out using characterization factors programmed into GaBi®. Global warming potential, primary energy demand
(non-renewable) and blue water consumption were the impact categories considered in this report. The Intergovernmental Panel on
Climate Change’s (IPCC) Fifth Assessment Report (AR5) 100-year timescale excluding biogenic carbon (IPCC AR5 GWP 100 excl.
biogen) method was used for quantifying GHG emissions, and it is measured in carbon dioxide equivalents (kg CO2e). This metric is a
midpoint assessment method. Biogenic carbon emissions are those that originate from natural carbon-cycle related biological sources
such as plants, trees, and soil. Excluding biogenic carbon was chosen to quantify the GHG emissions from fossil sources. Whereas
biogenic carbon is part of the natural cycle, fossil-derived carbon releases otherwise sequestered carbon to the atmosphere. The low
heating value (LHV or net calorific value) approach was used to determine the primary energy from nonrenewable resources and was
measured in megajoules [MJ]. Blue water consumption is measured in kilograms of water (kg of water) by determining the total
amount of water withdrawn from surface and ground water sources. The blue water consumption results are presented in kilograms
(kg), but since in the metric system one kilogram of water is equal to one liter of water and hence the results are presented in terms of
liters (L) of water. This metric is a midpoint assessment method.

4.2 LCIA RESULTS
The GaBi® software calculates LCIA results in its balance function and computes the environmental impact results according to
predefined characterization methods in the selected LCIA methodology.

4.2.1 GLOBAL WARMING POTENTIAL (EXCLUDING BIOGENIC CARBON)

The GHG emissions (excluding biogenic carbon) results of the product life cycle, as characterized by the IPCC AR5 characterization
factors for GWP 100, per functional unit for GHG emissions are summarized below.

As shown in Figure 3, the total GHG emissions of 14 oz of Brave Robot ice cream is 0.316 kgCO2e or 0.858 kg CO2e per kg of ice
cream base. The top two contributors to GHG emissions are packaging and ice cream production at 42.7% and 31.6% respectively.
Paper product production for packaging contributes to 98.8% of the GHG emissions within the packaging phase and 70% of the mass
of the paper in packaging is shipper pack.11 A global paper production process from ecoinvent 3.6 is used to model paper; based on the
dataset documentation, electricity and heat from natural gas and other sources are the primary contributors to paper production GHG
emissions. The remaining GHG emissions from packaging arise from the paper coating.

Within ice cream production, coconut oil production drives 42.5% of the GHG emissions. A global coconut oil production dataset
from ecoinvent 3.6 was used in the model. This ecoinvent 3.6 dataset documents electricity as a key input to coconut oil production as
well as the processing needed to extract coconut oil. Global electricity production still depends on heavily on coal (36.7%) and natural
gas (23.5%) (Ritchie & Roser, 2020). The second largest contributor to GHG emissions within ice cream production is Perfect Day
whey at 22.1%. Electricity from the US electric grid is the largest contributor to Perfect Day whey GHG emissions. The US electricity
grid mix consists primarily of fossil fuels coal (31%) and natural gas (33%) and less so non-fossil sources such as nuclear (20%),
hydro (7%), wind (5%), and biomass and photovoltaic (1% each). A breakdown of the absolute values and the percent contributions to
total GHG emissions from ice cream production inputs is provided in Table 2. Transportation contributes 25.7% to the total GHG
emissions from Brave Robot ice cream. Transport of Perfect Day whey by cargo plane (63.7%) and transport of packaging material
via LTL truck (12.2%) are the top two contributors to transportation GHG emissions. The transportation impact of Perfect Day whey
by cargo plane includes the GHG emissions from the production and combustion of jet fuel. Of the remaining 24.1%, 8.97% is from
the combustion of fuel during transport of sucralose, followed by the GHG emissions from the production of diesel consumed for all
truck transportation at 6.08%. Combustion during the transport of coconut oil, maltodextrin, sunflower oil, and the local truck
transport of Perfect Day whey contribute 3.59%, 2.33%, 1.55%, and 1.02% respectively. Combustion from the transport of all other
ingredients contributes to the remaining 4.21% but are less than 1% each.

11 Both the shipper pack and the ice cream cup paper are modeled with the same paper unit process.



19 | P a g e

Figure 3: Contribution to GHG emissions from the life cycle phases of Brave Robot ice cream per 14 oz cup

Table 2: GHG emissions distribution of production inputs to Brave Robot ice cream per 14 oz cup

Inputs to Brave Robot ice cream Absolute value
(kg CO2e per 14 oz

of ice cream)

% contribution
to production

GHG emissions

% contribution
to product GHG

emissions
Additive, Calci-K 0.000874 0.874% 0.276%
Stabilizer Locust Bean Gum 0.000371 0.371% 0.117%
Perfect Day whey protein 0.0221 22.1% 7.00%
NaOH 0.0000270 0.0270% 0.00854%
Carbohydrate, STAR DRI 15 Maltodextrin 0.00387 3.86% 1.22%
Peracetic Acid (PAA) 0.00000443 0.00443% 0.00140%
Additive, DSP 0.00110 1.10% 0.347%
Fat, Neutresca 51-25 Coconut oil 76 Melt 0.0425 42.5% 13.4%
Emulsifier Mono and Di 0.000343 0.343% 0.108%
Additive, Salt 0.000112 0.112% 0.0355%
Liquid Sucrose 0.00140 1.40% 0.443%
Fat, Akosun 46-53 Sunflower Oil 0.00822 8.21% 2.60%
Electricity 0.0128 12.8% 4.03%
Solid Waste 0.000202 0.202% 0.0639%
Wastewater to Treatment 0.0000454 0.0454% 0.0143%
Water 0.000476 0.476% 0.150%
Natural Gas 0.00562 5.62% 1.78%

As shown in Table 3, the Brave Robot ice cream has GHG emissions that are 72.5% less than that of premium vanilla ice cream. The
production of raw materials (bovine dairy milk, vanilla, sugar, and eggs) contributes to 65% of the premium vanilla ice cream GHG
emissions (Konstantas, Stamford, & Azapagic, 2019). In 2019, agriculture contributed 9.6% to the total GHG emissions from the US
which amounted to 626.8 million metric tons of CO2e, out of which 43.2 million metric tons of CO2e (6.9%) were from dairy cattle
(U.S. EPA, 2021). Dairy milk and egg production causes GHG emissions from the animals themselves, fertilizer production and
application for feed production, manure production and management and irrigation energy. Methane emissions from ruminant
livestock are a major source of methane in the agriculture sector.12 Ruminant production accounts for approximately 81% of GHG
from the livestock sector (Tapio, Snellings, Strozzi, & Wallace, 2017). Production of fertilizer is energy intense; on average
production of 1 kg of nitrogen, phosphorus, and potassium (NPK) (15-15-15) requires 9.81 MJ of energy (Skowroñska & Filipek,
2013). There are nitrous oxide emissions from agricultural soils due to fertilizer application which contribute to GHG emissions from
agriculture (Tian, H., Xu, R., Canadell, J.G. et al., 2020). Some of these GHG emissions arise from the consumption of electricity and
fossil energy for these activities. Between 3% and 3.5% of the total US electricity consumption is used to move water for irrigation of

12 https://www.ucdavis.edu/food/news/making-cattle-more-sustainable
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crops and feed (U.S. DOE, 2014). Since most of the US grid is still dependent on fossil fuels (as noted above), there are GHG
emissions associated with irrigation water from the energy to move water. There are also GHG emissions associated with farm
equipment through fuel combustion. Of the remaining 35% of the GHG emissions from premium vanilla ice cream, 22% of the impact
is from manufacturing and 14% arises from packaging.

Table 3: Brave Robot ice cream GHG emissions comparison with premium vanilla ice cream per 14 oz cup and per kg

Impact Category Brave Robot Ice Cream
(kg CO2e)

Premium vanilla ice Cream
(kg CO2e)

% reduction from premium
vanilla ice cream to Brave Robot

ice cream
Global warming potential
per 14 oz of ice cream

0.316 1.15 72.5%

Global warming potential
per kg of ice cream

0.858 3.11 72.5%

4.2.2 PRIMARY ENERGY DEMAND (NON-RENEWABLE RESOURCES)

Embodied primary energy includes all energy, direct and indirect, used to transform or transport raw materials into products, including
inherent energy contained in raw or feedstock materials that are also used as common energy sources. The primary energy demand
from non-renewable sources impact category represents the amount of fossil energy demanded from the ecosystem.

As shown in Figure 4, the PED of 14 oz of Brave Robot ice cream is 4.55 MJ and 12.3 MJ per kg of ice cream. The top two
contributors to PED are packaging and ice cream production at 42.7% and 31.8%, respectively. Paper production accounts for 99.8%
of the PED impacts within packaging. A global paper production process from ecoinvent 3.6 is used in the model. Based on the
dataset documentation, electricity and heat from natural gas and other sources contribute to the PED of paper production. Within ice
cream production, the production and processing of coconuts to make coconut oil is the largest contributor at 34.4% to PED while the
production of the Perfect Day whey protein is the second largest contributor at 31.8%. A global coconut oil production dataset from
ecoinvent 3.6 was used and the documentation of this dataset shows electricity as a key input to agricultural practices around coconut
oil production as well as the processing needed to extract coconut oil; however, the exact percentage contribution is not stated.
Electricity from the US electric grid is the largest contributor to Perfect Day whey PED. A breakdown of the absolute values and the
percent contributions to the total PED from ice cream production inputs is provided in Table 4. The transportation phase contributes
25.5% to the total PED. Transport of Perfect Day whey by cargo plane (61.9%) and diesel production for all ingredient transport via
LTL truck (38.1%) comprise PED from transportation.

Figure 4: Contribution to primary energy demand from the life cycle phases Brave Robot ice cream per 14 oz cup

Table 4: Brave Robot ice cream PED comparison with premium vanilla ice cream per 14 oz cup

Inputs to Brave Robot ice cream Absolute value
(MJ per 14 oz or ice cream)

% contribution to
production PED

% contribution to
product PED

Additive, Calci-K 0.0140 0.968% 0.307%

25.5%

24.8%

6.9%

42.7%

4.55

0.0

1.0

2.0

3.0

4.0

5.0

M
J

Energy demand per 14 oz cup of ice cream

Transportation Ice cream production (ingredients)

Ice cream production (processing) Packaging

Total



21 | P a g e

Inputs to Brave Robot ice cream Absolute value
(MJ per 14 oz or ice cream)

% contribution to
production PED

% contribution to
product PED

Stabilizer Locust Bean Gum 0.0 0.000% 0%
Perfect Day whey protein 0.460 31.8% 10.1%
NaOH 0.000358 0.0248% 0.00787%
Carbohydrate, STAR DRI 15
Maltodextrin

0.0474 3.27%
1.04%

Peracetic Acid (PAA) 0.000228 0.0158% 0.00501%
Additive, DSP 0.0179 1.24% 0.393%
Fat, Neutresca 51-25 Coconut oil 76
Melt

0.497 34.4%
10.91%

Emulsifier Mono and Di 0.00304 0.210% 0.0668%
Additive, Salt 0.00156 0.108% 0.0344%
Liquid Sucrose 0.0111 0.770% 0.245%
Fat, Akosun 46-53 Sunflower Oil 0.0771 5.33% 1.69%
Electricity 0.210 14.5% 4.61%
Solid Waste 0.000322 0.0223% 0.00707%
Wastewater to Treatment 0.000366 0.0253% 0.00803%
Water 0.00795 0.550% 0.175%
Natural Gas 0.0974 6.73% 2.14%

As shown in Table 5, the PED of Brave Robot ice cream is 60.8% lower than that of premium vanilla ice cream. The manufacturing
phase of premium vanilla ice cream is the largest driver of PED at 36%. Of the remaining 64% PED impact of premium vanilla ice
cream, 35% is from packaging and 29% is from the raw materials. Within the manufacturing phase, PED impacts are primarily from
energy which is used to produce and process the raw ingredients. The electricity consumption of premium vanilla ice cream amounts
to 3.64 kWh of electricity per kg ice cream (Konstantas, Stamford, & Azapagic, 2019), while the electricity consumption of Brave
Robot ice cream is only 0.226 kWh of electricity per kg ice cream. The energy intensity of ingredients also contributes to the
difference. An example of this is the source of protein; dairy milk is the source of protein in premium vanilla ice cream and Perfect
Day whey is the source of protein in the Brave Robot ice cream. A review of energy consumption in dairy farms concluded that the
energy intensity of 1 kg of energy corrected milk (ECM) is 4.2 MJ for conventional dairy systems. ECM determines the amount of
milk produced adjusted to 3.5% butterfat and 3.2% protein (Shine, Upton, Sefeedpari, & Murphy, 2020). The energy impact of Perfect
Day whey per kg of protein is 56.3 MJ (WSP USA Inc., 2021) but in comparison the energy impact of ECM per kg of protein is 131.3
MJ (estimated). The energy impact of Perfect Day whey is 57.1% lower than that of milk. According to two European studies, the
energy of 1kg of Fat and protein corrected milk (FPCM) is between 2.8 to 5 MJ (Thomassen, van Calker, Smits, Iepema, & de Boer,
2008; van der Werf, Kanyaushoki, & Corson, 2009). According to the International Dairy Federation, FPCM have 4% fat and 3.3%
protein for consistency across LCAs. With this protein content it is possible to estimate that the energy impact of FPCM per kg protein
is between 84.8 MJ and 151.5MJ. This still makes the PD whey energy content less than that of milk.

Table 5: Brave Robot ice cream primary energy impacts comparison with premium vanilla ice cream per 14oz and per kg

Impact Category Brave Robot ice cream
(MJ)

Premium vanilla ice cream
(MJ)

% increase from premium vanilla
ice cream to Brave Robot ice cream

Primary energy demand
per 14 oz of ice cream

4.55 11.6 60.8%

Primary energy demand
per kg of ice cream

12.3 31.5 60.8%
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4.2.3 BLUE WATER CONSUMPTION

Blue water consumption is the volume of surface and groundwater consumed (or otherwise made unavailable by evaporation or
fouling) as a result of the production of a good or service.13 The blue water consumption metric captures the amount of water
consumed by the system, which is the withdrawals less any water returned to the ecosystem in a usable form.

As shown in Figure 5, the BWC of 14 oz of Brave Robot ice cream is 22.9 L and 62 L per kg of ice cream. Brave Robot ice cream
BWC impact is 89.3%, 10.3% and 0.390% from the production phase, packaging phase, and transportation phase, respectively.
Coconut oil production is the largest contributor to BWC within ice cream production (69.1%) and sunflower oil (20.0%) is the second
largest contributor. The distribution of BWC impacts among all the inputs to Brave Robot ice cream is shown in Table 6. Irrigation
water for agriculture consumes 85% of human water consumption (Falkenmark & Rockström, 2004). The global average water
footprint of coconut oil is 4,490 m3 per to with about 3 m3 of blue water being consumed per ton of coconut oil. Similarly, the global
average water footprint of sunflower oil is 6,792 m3 per ton with 299 m3 of blue water being consumed per ton of sunflower oil
(Mekonnen & Hoekstra, 2010). The wastewater to treatment impact has a negative value (benefit) for BWC because wastewater is
treated and returned to the watershed thus restoring some of the water available for consumption. Paper production contributes 97.1%
to the BWC of packaging while the cup production comprises the remaining 2.9%. The transportation phase also contributes to BWC
because diesel production consumes water for its production. A gallon of diesel can require between 0.2 and 0.4 gallons of water to
produce (Sun, Elgowainy, Wang, Han, & Henderson, 2018).

Figure 5: Contribution to blue water consumption from the life cycle phases of Brave Robot ice cream per 14 oz cup

Table 6: BWC Impact distribution of production inputs to Brave Robot ice cream per 14 oz cup

Inputs to Brave
Robot ice cream

Absolute value
(L per 14 oz of ice cream)

% contribution to production
BWC

% contribution to product
BWC

Additive, Calci-K 0.00982 0.048% 0.0430%
Stabilizer Locust
Bean Gum

0.0 0.000%
0.000%

Perfect Day whey
protein

0.604 2.96%
2.64%

NaOH 0.000119 0.000581% 0.000519%
Carbohydrate, STAR
DRI 15 Maltodextrin

0.0431 0.211%
0.188%

Peracetic Acid (PAA) 0.0000314 0.000154% 0.000137%
Additive, DSP 0.0644 0.315% 0.282%

13 https://waterfootprint.org/en/water-footprint/glossary/#:~:text=year%20to%20year.-
,Blue%20water%20footprint,or%20incorporated%20into%20a%20product.
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Inputs to Brave
Robot ice cream

Absolute value
(L per 14 oz of ice cream)

% contribution to production
BWC

% contribution to product
BWC

Fat, Neutresca 51-25
Coconut oil 76 Melt

14.1 69.1%
61.7%

Emulsifier Mono and
Di

0.00479 0.0235%
0.0209%

Additive, Salt 0.00180 0.00884% 0.00789%
Liquid Sucrose 1.17 5.71% 5.10%
Fat, Akosun 46-53
Sunflower Oil

4.07 20.0%
17.8%

Electricity 0.0767 0.376% 0.336%
Solid Waste 0.0000692 0.000339% 0.000303%
Wastewater to
Treatment

-0.06 -0.299%
-0.266%

Water 0.33 1.61% 1.44%
Natural Gas 0.00 0.00% 0.00349%

As shown in Table 7, the BWC impact of Brave Robot ice cream is 23.0% less than that of premium vanilla ice cream. Raw material
production drives 62% of the BWC for premium vanilla ice cream. Of the remaining 38%, 28% of the BWC impact is from
manufacturing and 10% is from packaging. The raw material BWC relates to the production of vanilla, milk, sugar, and eggs
(Konstantas, Stamford, & Azapagic, 2019). The primary differences in impact are due to the differences in ingredients that provide the
necessary fat and protein content in the Brave Robot ice cream and the premium vanilla ice cream, as well as the water content in both
ice creams. Brave Robot ice cream uses Perfect Day whey for the protein content, and coconut and sunflower oil for the fat content,
while premium vanilla ice cream uses dairy milk. The BWC of coconut oil, sunflower oil, and Perfect Day whey are 55.4 L, 11.1 L
and 1.64 L per kg of Brave Robot ice cream. Only 1.61% of the 1 kg of Brave Robot ice cream is water. According to the UK study,
56.7% of premium vanilla ice cream formulation is water, 24.5% of premium vanilla ice cream formulation is milk and 1.4% is egg
yolk per kg of premium vanilla ice cream. Milk and eggs are the sources of fat and protein in dairy ice cream. BWC of milk is 86 L
per kg (78 m3 per ton) of milk and that of eggs is 244 L per kg (221 m3 per ton) of eggs (Hoekstra, 2012). Thus, the BWC of milk and
eggs are 21.2 L and 3.42 L per kg of premium vanilla ice cream. The embedded blue water in Brave Robot ice cream just from the
water content and source of fat and protein is 69.7 L per kg of Brave Robot ice cream. In comparison, the embedded blue water in
premium vanilla ice cream from the water content and sources of fat and protein are 81.3 L per kg ice cream, which is higher than that
of Brave Robot ice cream.

Table 7: Brave Robot ice cream blue water consumption impacts comparison with premium vanilla ice cream per 14 oz and
per kg

Impact Category Brave Robot ice cream
(L)

Premium vanilla ice cream
(L)

% reduction from premium vanilla
ice cream to Brave Robot ice cream

Blue water consumption
per 14 oz of ice cream

22.9 29.7 23.0%

Blue water consumption
per kg of ice cream

62.0 80.5 23.0%

4.3 SENSITIVITY ANALYSIS RESULTS
Transportation is the most variable component across the cradle to gate analysis. Therefore, to test the sensitivity of the environmental
impact results to changes in transportation, two sensitivity analyses were conducted. In the first sensitivity analysis (SA1), the
production location of Perfect Day whey protein is shifted from outside of the US to the southern US. The baseline scenario of Perfect
Day whey protein transportation is first by cargo plane from outside of the US to within the US, and then an EPA SmartWay LTL
truck to the ice cream production facility. In SA1, the transport mode is only via EPA SmartWay LTL truck and the results are
compared to the baseline Brave Robot ice cream as well as the premium vanilla ice cream.

In the second sensitivity analysis (SA2), variations in transportation distances of supply materials were tested in four cases:

· SA2.1: doubling the truck transport distance under baseline conditions

· SA2.2: reducing the truck transport distance by half under baseline conditions

· SA2.3: doubling the truck transport distance under SA1 conditions

· SA2.4: reducing the truck transport distance by half under SA1 conditions
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This analysis is pertinent because changes in location of supply ingredients as well as changes in suppliers are common within a
supply chain and Perfect Day whey may be sourced within the US in the future. The distance for every ingredient delivered by truck is
doubled and halved for the two sensitivity cases under the baseline scenario where the Perfect Day whey is imported from outside of
the US and the sensitivity case (SA1) where the Perfect Day whey is transported from southern US to the ice cream production
facility. Results from all scenarios are shown in Table 8.

Table 8: Sensitivity analysis results for Brave Robot ice cream compared to premium vanilla ice cream per 14 oz of product

Premium vanilla Baseline case SA1 SA2.1 SA2.2 SA2.3 SA2.4

GHG emissions (kg CO2e) 1.15 0.316 0.267 0.346 0.302 0.299 0.251
Change from premium vanilla -72.5% -76.8% -69.9% -73.8% -74.0% -78.2%

Change from baseline -15.5% 9.28% -4.66% -5.42% -20.6%
Change from SA1 12.0% -5.99%

Primary energy demand (MJ) 11.6 4.55 3.87 4.99 4.33 4.35 3.63
Change from premium vanilla -60.8% -66.6% -57.0% -62.7% -62.5% -68.7%

Change from baseline -14.9% 9.67% -4.86% -4.40% -20.2%
Change from SA1 12.4% -6.20%

Blue water consumption (L) 29.7 22.9 22.9 22.9 22.8 23.0 22.8
Change from premium vanilla -23.0% -23.0% -22.7% -23.1% -22.7% -23.2%

Change from baseline 0.00396% 0.361% -0.181% 0.398% -0.193%
Change from SA1 0.394% -0.197%

The GHG emissions and PED of Brave Robot ice cream under SA1 are reduced by 15.5% and 14.9%, respectively, when compared to
the baseline scenario. However, the BWC increases by 0.00396%. Shifting the sourcing of Perfect Day whey from outside of the US
to southern US drives the reduction in GHG emissions and PED impacts. This reduces the amount of fuel and the type of fuel for
transport thus reducing GHG emissions and PED even though the GHG emissions per MJ (or carbon intensity) of kerosene-based jet
fuel are lower than that of diesel (U.S. Energy Information Administration, 2021). The marginal increase in BWC is due to the
increase in diesel consumption for Perfect Day LTL truck transport. Diesel production has additional water consumption that drives
this marginal increase. The increase in BWC is not significant to change the findings of the analysis.

As expected, reducing transportation distances by half reduces the impact of the ice cream under baseline and sensitivity analysis
conditions. When truck transport distances are doubled under baseline conditions (SA2.1), the GHG emissions, PED, and BWC
impacts of Brave Robot ice cream increase by 9.28%, 9.67%, and 0.361%, respectively, when compared to the baseline conditions.
When transport distances are doubled under the sensitivity conditions (SA2.3), the GHG emissions and PED impacts of Brave Robot
ice cream reduce by 5.42% and 4.40% when compared to the baseline conditions. Only BWC increases in this case by 0.398%. The
GHG emissions reduction from shifting Perfect Day whey transport from cargo plan to truck (SA1) are significant enough that they
reduce the GHG emissions and PED impacts of Brave Robot ice cream more than cutting the transport distances of all ingredients
trucked by half. This shows that shifting the sourcing of Perfect Day whey from outside the US to within the US will appreciably
reduce overall impact of the ice cream even if sourcing distances for ingredients within the US increase.

4.4 LCIA RESULTS LIMITATIONS COMPARATIVE TO DEFINED GOALS
Other impact categories were not quantified in the results of this study because they do not serve to answer the questions defined in
the goal and scope of the study for the intended audience stated in Section 1. As such, the application of the results of this study are
limited to interpretations based on the environmental impact category metrics for quantifying global warming potential, primary
energy demand (non-renewable) and blue water consumption impacts and cannot be generalized or applied to other environmental
impacts.

4.5 DESCRIPTION OF PRACTICIONER VALUE CHOICES
The practitioner value choices have been limited to the selected LCIA and the allocations procedures described in the relevant sections
of this report. All results are presented on a midpoint basis, using the methods noted in Section 4.1; normalization and weighting are
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not used. Other impact categories have been excluded from the results because they do not answer the questions defined as the goal
and scope for the intended audience in Section 1 of this report.

4.6 STATEMENT OF RELATIVITY
LCIA results are relative expressions and do not predict impacts on category endpoints, the exceeding of thresholds, safety margins, or
risks. No grouping of impact categories has been performed; all impacts are presented at the midpoint level. LCIA impacts presented
in this report are based on midpoint characterization factors (e.g., kg CO2 equivalent for GWP), and this study does not refer to the
ultimate damage to human health and the environment. For example, GWP and water consumption may be a negative or a positive
environmental impact depending on the conditions in locations where emissions or resource consumption occur. Since this study does
not present end-point results, it does not draw any conclusions about the relative impact (positive or negative) for the categories
considered by the study.
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5 LIFE CYCLE INTERPRETATION

5.1 IDENTIFICATION OF RELEVANT FINDINGS
The GHG emissions, PED, and BWC impacts of 14 oz of Brave Robot ice cream are 0.316 kgCO2e, 4.55 MJ, and 22.9 L respectively
(the per kg impacts are 0.858 kg CO2e, 12.3 MJ, and 62 L respectively). Based on the results presented in Section 4.2 for the base case
scenario, the GHG emissions, PED, and BWC for Brave Robot ice cream are 72.7%, 64.8%, and 23.2% lower than that of premium
vanilla ice cream, respectively. The top two contributors to GHG emissions are packaging and ice cream production at 42.7% and
31.6%, respectively. Packaging and ice cream production drive 42.7% and 31.8% of the PED impact, respectively. Ice cream
production and packaging account for 89.3% and 10.3% of total BWC impact.

Two sensitivity analyses were conducted to evaluate the influence of transportation on the Brave Robot ice cream results. The first
sensitivity analysis assessed the impact of shifting the cargo plane transport of Perfect Day whey protein from outside of the US to the
west coast of the US to transport by truck from the southern US to the west coast of the US. The next sensitivity analysis assessed
changes in environmental impacts if ingredient truck transportation distances were doubled or cut in half in both the baseline case and
building upon the first sensitivity analysis. Shifting Perfect Day whey transportation from outside of the US via cargo plane to within
the US via truck reduces GHG emissions and PED impacts by 15.5% and 14.9%, respectively, while increasing the BWC impact by
0.00396%. The second sensitivity analysis showed that Brave Robot ice cream’s environmental impacts are still lower than that of
premium vanilla even when the truck transportation of all ingredients is doubled. It also showed that shifting the sourcing of Perfect
Day whey from outside the US to the southern US and changing the mode from cargo plane to LTL truck results in lower
environmental impacts than cutting the transportation distances of all other ingredients in half.

5.2 DATA QUALITY ASSESSMENT
The life cycle data used in the analysis relies upon the secondary data sources from GaBi® to produce GHG emissions, PED, and
BWC. TUC provided primary activity data for the production of the Brave Robot ice cream product. Secondary sources and estimates
were required for the life cycle inventory data on raw material extraction, preprocessing, packaging, and for the comparative products
since TUC does not directly control or influence these life cycle phases. The data quality evaluation in accordance with ISO Standards
14040 and 14044 is given in Table 9.

Table 9: Data Quality Evaluation

Data Quality Requirement Explanation

Temporal coverage Process data are from one campaign of ice cream production run at a co-manufacturing
facility in 2020 and reflect the most up-to-date results (within the past 12 months). Input
data (e.g., electricity grid mix) are current within the past 12 months. Secondary data are
representative of materials and processes in production over the 2010-2020 timeframe and
the secondary data sources are temporally appropriate for characterizing the inputs to
Brave Robot ice cream production activities. Temporal coverage is considered to be
adequate for all inventory data.

Geographical coverage The TUC facility on which this study is focused is located at a co-manufacturing site in
the southwest of the US and would primarily produce the ice cream for consumption in
the United States. The primary data collected from TUC on Brave Robot ice cream
production and packaging is representative of the United States. Secondary data sources
represent US averages in many cases, and some global or regional data sources were used;
approximately 30% of datasets are from non-US sources. Note that the current location of
Perfect Day whey modeled in this study is outside of the US and that the Perfect Day
whey protein LCA used for input data into this study models production in the US. The
sensitivity analysis around US transportation evaluates aspects related to this geographical
difference. The grid mix used in the Perfect Day whey LCA was the US grid which is not
the same as the EU grid that was assumed in this study. Secondary data sources for the
comparative premium vanilla ice cream represent the geographies in which the ice cream
is produced (United Kingdom) as no LCAs on US bovine dairy ice cream were available
that included GHG emissions, PED and BWC. Geographic coverage is considered
adequate for all inventory data.



27 | P a g e

Data Quality Requirement Explanation

Technology coverage The production methods employed by TUC represent current and modern technology.
Production technologies for the inputs to the TUC process (e.g., electricity, natural gas,
and materials used for cleaning) as well as for the comparative products evolve over time.
These changes over time are captured in the annual update of the GaBi® databases used to
source secondary data. There is a lack of technology coverage for the type of packaging
used in coated paper for frozen food applications. This is a known limitation of this study.
Therefore, technology coverage is considered to be adequate for the inventory data used
in this study.

Precision Since primary data for modeling are based on primary information from TUC, no better
precision is available within this study. Variability in primary activity data has not been
assessed as no direct measurement data are available. In all cases where primary data have
been collected, only theoretical commercial-scale annual totals have been obtained and
assessing process-level variability is not possible with theoretical commercial-scale data.
All background data are from GaBi® and are well documented for precision. Therefore,
precision is considered to be adequate for this study.

Completeness All flows were modeled with either primary or secondary data and checked for mass and
energy balance. No process steps or data were knowingly omitted; therefore,
completeness is considered high for this study.

Representativeness All process inputs were modeled using secondary data sources except the Perfect Day
whey. In this way, the data largely reflects North American averages for the materials and
processes modeled. The data source for Perfect Day whey protein was from a published
LCA on this specific product. For some inputs, exact matches to secondary datasets were
not available, therefore, suitable proxy datasets were identified in the GaBi® databases.
Approximately 30% (by count) of the materials required for Brave Robot ice cream
production were modeled with proxy data and this represented 5% of the total mass of
inputs. The confidential appendix shows the proxy information. Note that a US-based ice
cream study was not available for comparison. Note that the Brave Robot plain base ice
cream does not contain flavoring, while the comparative ice cream was vanilla. Vanilla
comprises 0.365% of the mass of the premium ice cream and less than 1% of the total
GHG emissions (0.037% calculated) of the product, therefore, the inclusion of vanilla
flavoring in the comparative ice cream product does not change the conclusions of the
comparison to Brave Robot Ice cream. Therefore, representativeness is considered
adequate for this study.

Consistency All secondary data are considered to be internally consistent as they have been modeled
according to the GaBi® modeling principles and guidelines. According to these principles,
cut-off rules for each unit process require coverage of at least 95% of mass and energy of
the input and output flows, and 98% of their environmental relevance (according to expert
judgment). Therefore, consistency is considered adequate for this study.

Reproducibility Since TUC primary data are confidential, an independent practitioner would not be able to
reproduce the results reported in this study. However, if a hypothetical study team was
granted access to the Brave Robot ice cream production data, production volumes, and
transportation information, the methodology description in this report would be a
sufficient guideline to reproduce the results presented herein. Therefore, reproducibility is
considered adequate for this study.

Sources Primary data, including material inputs, production data, production volumes, and
transportation information, were provided by TUC. Secondary data for all material and
energy inputs as well as comparative proteins were sourced from GaBi® databases.

Uncertainty Input uncertainty and data variability were assessed to be low for non-agricultural system
inputs and model precision assessed to be high. Further, the impact categories assessed in
this study are not associated with high degrees of uncertainty, as is the case with primary
energy demand and blue water consumption metrics. Therefore, uncertainty analysis was
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Data Quality Requirement Explanation

not performed on the inventory data or impact assessments. It is acknowledged that spatial
and temporal variability in input data and results introduces uncertainty into any LCA, but
they can only be assessed if some measure of this uncertainty is available for testing. The
premium vanilla ice cream study reported an uncertainty of 5.2%. Given the inherent
uncertainty and variability associated with agricultural systems, the uncertainty in this
study related to underlying agricultural data is considered high. A sensitivity analysis was
done by adjusting the production location of Perfect Day whey protein from outside of the
US to within the United States and changing the transportation mode from an air-truck
multi-mode to a truck only mode.

5.3 CONCLUSIONS AND RECOMMENDATIONS
Brave Robot ice cream reduces GHG emissions, PED, and BWC impacts by 72.5%, 60.8%, and 23.0% respectively, when compared
to the premium vanilla ice cream study. The drivers of Brave Robot’s GHG emissions is packaging at 42.7%, PED is packaging at
42.7% and BWC is ice cream production at 89.3%. The production of the paper products needed for the cup in which the product is
sold drives the packaging impacts, contributing 98.8% of the GHG emissions impacts and 100% of the PED impacts within the
packaging phase. Given the large footprint of packaging in the project, TUC could consider alternative packaging material options to
reduce impacts such as those that have higher recycled content. Coconut oil and sunflower oil are the most water intense inputs among
all the Brave Robot ice cream ingredients. Given the considerable BWC of Brave Robot ice cream, TUC could consider working with
coconut oil and sunflower oil suppliers and support crop management practices that reduce the water footprint of coconut oil and
sunflower oil or consider the trade-offs of alternative oil ingredients to reduce impacts.

To test the sensitivity of results to changes in transportation distances, the modes and distances of transportation of ingredients and
Perfect Day whey were varied in two sensitivity analyses. The first sensitivity analysis demonstrated that sourcing Perfect Day whey
within the US reduces the GHG emissions and PED impacts even though there is a marginal increase in BWC. The second sensitivity
analysis showed that Brave Robot ice cream’s environmental impacts are still lower than that of premium vanilla even when the truck
transportation of all ingredients is doubled. It also demonstrated that shifting the sourcing of Perfect Day whey from outside of the US
to the southern US and changing the mode from cargo plane to LTL truck could be considered as a strategy in the effort to reducing
environmental impact of the Brave Robot ice cream. Even though the reduction in impact is less than 10% when transportation
distances are reduced by half, TUC could work with suppliers to identify locations closest to production to reduce transportation
impacts.

According to the EPA GHG equivalence calculator, driving 2.5 miles in an average passenger vehicle emits 1 kg CO2e.14 The GHG
emissions created by 14 oz of Brave Robot ice cream is equivalent to 0.8 miles driven in the average US passenger vehicle. Shifting
from 14 oz of premium vanilla ice cream to 14 oz of Brave Robot ice cream saves the GHG emissions equivalent to driving 2.1 miles
in the average US passenger vehicle. The average daily natural gas consumption of an average US household is 213 MJ in 2019.15

The PED associated with 14 oz of Brave Robot ice cream is equivalent to natural gas consumed by a US household for 31 minutes.
The PED savings from shifting consumption from 14 oz of premium vanilla ice cream to 14 oz of Brave Robot ice cream is equivalent
to the natural gas consumed by a US household for 48 minutes. According to the US Geological Survey, the average daily water
consumption per person in the US is 378.5 L.16 The BWC impact created by 14 oz of Brave Robot ice cream is equivalent to water
consumed by the average American in 87 minutes. Shifting from premium vanilla to Brave Robot ice cream saves the amount of water
equivalent 26 minutes of average US consumer use. According to the International Dairy Foods Association, the average American
consumes approximately 22 lbs of ice cream in a year.17 If 1,000 Americans shifted their ice cream consumption from premium
vanilla animal-based to Brave Robot ice cream, this would result in a GHG emissions reduction equivalent of 2,100 miles driven, a
PED savings equivalent to the natural gas consumed by 21 US households per day, and a BWC savings equivalent to the water
consumed by 18 Americans per day.

14 https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
15 http://northeastsupplyenhancement.com/wp-content/uploads/2016/11/Natural-Gas-Facts.pdf
16 https://www.usgs.gov/special-topic/water-science-school/science/water-qa-how-much-water-do-i-use-home-each-day?qt-
science_center_objects=0#qt-science_center_objects
17 https://www.idfa.org/ice-cream-sales-trends#:~:text=Consumption,related%20frozen%20desserts%20per%20year
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5.4 LIMITATIONS AND ASSUMPTIONS
The application of the results, interpretation, and conclusions of this study are limited to the ice cream considered in this study.
Furthermore, the results calculated for TUC’s Brave Robot ice cream cannot be extrapolated or applied to the production of ice cream
by other means. This study was based on calculations for a co-manufacturing facility; therefore, the results may change if operational
conditions for a stand-alone TUC production facility differ from the primary data collected for this study. The selection of the
comparative study in itself presents a limitation since there was not a study available on bovine dairy ice cream production in the
United States that included all of the environmental impacts compared in this study. The UK study had to be used as, currently, there
are no LCAs on the production of US premium ice cream. Note that the UK study included vanilla flavoring while the Brave Robot
ice cream is on the plain base because Brave Robot makes a number of different ice cream flavors, not all of which contain vanilla. It
was calculated that the contribution of vanilla to the premium vanilla ice cream GHG emissions is 0.037% based on the ecoinvent v3.6
value for vanilla which is not what was used in the UK study. It was difficult to determine the exact factor used in the UK study as the
cited references did not specifically state the GHG emissions, energy or water consumption per mass of vanilla extract, but the study
did note that it used ecoinvent data from 2010. Based on this GHG emissions factor for vanilla and the mass of vanilla in the premium
ice cream, vanilla extract contributes to less than 1% (0.037%) of the GHG emissions from premium vanilla ice cream. Therefore,
including vanilla extract in the animal-based ice cream and not the Brave Robot ice cream does not change the conclusions of this
study. It was not removed from the final comparative results due to the lack of ability to determine the exact vanilla GHG emissions,
energy and water factors used in the UK study. This is a known limitation of this LCA. In the future, TUC could consider doing LCAs
on all Brave Robot flavors to get precise environmental impact results on all variations of its ice cream.

Life cycle inventory data on the specific type of paper used in ice cream packaging was limited, therefore, the most suitable available
proxy data were identified from the ecoinvent database. This dataset may have higher environmental impacts per mass of paper used
in making packaging than the actual packaging. There is a lack of available data on the type of coated paper packaging used in the
frozen food sector. For example, the comparative UK study used a high-level dataset for packaging based only on paper that did not
include the paper coating that must be used for this type of application. The study did not comment on why this was modeled in this
way. Furthermore, many other data sources on paper production for packaging provide only the GHG emissions value and not the
water and energy impacts of such packaging, and therefore, could not be used in this study. This is a known limitation of this study.

Assumptions in this study were made to proxy certain inputs for which secondary datasets were not available, but, as previously
mentioned, these inputs represented only 5% of the total mass of inputs. The application of results of this study is also limited to only
the consideration of the global warming potential, primary energy demand (non-renewable) and blue water consumption impacts
environmental impact as no other impacts were considered. In the future, TUC could consider an analysis on the full product life cycle
(cradle-to-grave) as compared to that of an animal-based dairy ice cream. Further, future study could include the other flavorings
added to the base ice cream and compare the impacts of the full ice cream product to that of similarly flavored animal-based dairy ice
cream products if LCAs on the comparative products become available. The sensitivity analysis evaluated the impacts of changing
transportation modes and distances on the final Brave Robot ice cream product. If Perfect Day is produced in another location, this
could affect the upstream impacts of its production and, thus, change the results of this analysis. Note that the Perfect Day whey
protein LCA did model production in the US. Future study could include Perfect Day whey production in other locations to account
for the local grid mixes in those locations.



30 | P a g e

6 BIBLIOGRAPHY
Falkenmark, M., & Rockström, J. (2004). Balancing Water for Humans and Nature: The New Approach in Ecohydrology. Routledge.
Hoekstra, A. (2012). The hidden water resource use behind meat and dairy.
Konstantas, A., Stamford, L., & Azapagic, A. (2019). Environmental impacts of ice cream. Journal of Cleaner Production, 259-272.
Mekonnen, M., & Hoekstra, A. (2010). The Green, Blue, and Grey water footprint of crops and derived crop products. Volume 1:

Main Report. UNESCO-IHE Institute for Water Education.
Ritchie, H., & Roser, M. (2020). Electricity Mix. Retrieved from Our World in Data: https://ourworldindata.org/electricity-mix
Shine, P., Upton, J., Sefeedpari, P., & Murphy, M. (2020). Energy Consumption on Dairy Farms: A Review of Monitoring, Prediction

Modelling, and Analyses. Energies.
Skowroñska, M., & Filipek, T. (2013). Life cycle assessment of fertilizers: a review. International Agrophysics.
Sphera. (n.d.). GaBi life cycle inventory data documentation. Retrieved from Gabi Solutions: http://www.gabi-

software.com/support/gabi/gabi-6-lci-documentation/
Sphera. (n.d.). Gabi Solutions. Retrieved from http://www.gabi-software.com/america/index/
Sun, P., Elgowainy, A., Wang, M., Han, J., & Henderson, R. (2018). Estimation of U.S. refinery water consumption and allocation to

refinery products. Fuel.
Tapio, I., Snellings, T. J., Strozzi, F., & Wallace, R. J. (2017). The ruminal microbiome associated with methane emissions from

ruminant livestock. Journal of Animal Science and Biotechnology.
Thomassen, M., van Calker, K., Smits, M., Iepema, G., & de Boer, I. (2008). Life cycle assessment of conventional and organic milk

production in the Netherlands. Agricultural Systems, 95-107.
Tian, H., Xu, R., Canadell, J.G. et al. (2020). A comprehensive quantification of global nitrous oxide sources and sinks. Nature.
U.S. DOE. (2014). The Water-Energy Nexus: Challenges and Opportunities .
U.S. Energy Information Administration. (2021, September 16). Carbon Dioxide Emissions Coefficients. Retrieved from U.S. Energy

Information Administration: https://www.eia.gov/environment/emissions/co2_vol_mass.php
U.S. EPA. (2021). Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2019. Retrieved from Sources of Greenhouse Gas

Emissions: https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
van der Werf, H., Kanyaushoki, C., & Corson, M. (2009). An operational method for the evaluation of resource use and environmental

impacts of dairy farms by life cycle assessment. Journal of Environmental Management, 3643-3652.
WSP USA Inc. (2021). ISO Conformant Report: Comparative Life Cycle Assessment of Perfect Day Whey Protein Production to

Dairy Protein. Perfect Day Inc. Retrieved from
https://f.hubspotusercontent00.net/hubfs/7692102/Comparative%20Perfect%20Day%20Whey%20LCA%20report%20prepar
ed%20by%20WSP_20AUG2021_Non%20Confidential-1.pdf?hsCtaTracking=2df1505b-f8f6-4242-9192-
495d0f428c0f%7C1301fe86-ab41-4f1a-9d5f-b61e8bbf3658



31 | P a g e

APPENDIX A: CRITICAL REVIEW
STATEMENT

Review of the Report “ISO-Conformant Report: Comparative Life Cycle Assessment of Brave Robot Animal-Free Ice
Cream to Premium Vanilla Animal-Based Ice Cream” (Dated December 17, 2021), Conducted for The Urgent Company,

Inc. by WSP USA Inc.

Review Statement Prepared by the Critical Review Panel:
Corinne Scown (Chair), Pragnya Eranki, Horacio Aguirre-Villegas

December 17, 2021

The review of this report has found that:

· the approach used to carry out the LCA is consistent with the ISO 14040:2006 principles and framework and the
ISO 14044:2006 requirements and guidelines,

· the methods used in the LCA appear to be scientifically and technically valid,

· the interpretations of the results reflect the limitations identified in the goals and methods of the study,

· the report is transparent concerning the study steps and consistent for the purposes of the stated goals of the
study.

This review statement only applies to the report named in the title, made available to the Critical Review Panel on
December 17, 2021, but not to any other report versions, excerpts, press releases, and similar derivative texts.

Corinne D. Scown
Emeryville, California

Horacio Aguirre-Villegas
Madison, Wisconsin

Pragnya Eranki
Houston, Texas


