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Abstract

Background: According to the Intergovernmental Panel on Climate Change, Greenhouse Gas emissions must
decline by around 45% by 2030 and reach net zero in 2050. Biofuels, solar, and wind energy are obvious
choices for reduction of the 75% of emissions from the energy sector (including transportation), but making
reductions in the remaining 25%, the food sector, is more of a challenge. One way is to change our diets to
increase low-carbon food alternatives.
Objective: We chose to examine the impact of powdered baby formula products. The aim of this study is to
compute a minimal estimate of green house gas (GHG) emissions for powdered baby formula products sold in
North America comprising Canada, Mexico, and the United States.
Results: We found that in 2016, the North America Greenhouse Gas emissions (in tons of CO2 eq.) attributable
to sales of powdered formula for Canada was 70,256, for Mexico, 435,820, and for the United States, 655,956.
The North American per capita emissions based on infants and toddlers from birth to 36 months of age in 2016
was, at a minimum, 59.06 kg of CO2 eq.
Conclusion: The environmental and Greenhouse Gas impact of powdered baby formula, and related hazards
arising from climate change, can be a relevant factor for health care providers in their advice to families on
infant feeding. This study makes an innovative and potentially useful addition to the emerging evidence on this
issue and should be considered when developing and funding infant and young child feeding policies and
supportive programs.
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Introduction

The Intergovernmental Panel on Climate Change

(IPCC) was established in 1988 to ‘‘provide policymakers
with regular scientific assessments on climate change, its im-
plications and potential future risks, as well as to put forth
adaptation and mitigation options.’’1 Their October 2018 re-
port2 warns that carbon dioxide (CO2) emissions need to de-
cline by around 45% by 2030 and reach net zero in 2050.
Energy (as electricity, heat, transportation, or for use in in-
dustry) accounts for about 75% of emissions.3 Improvements
in energy efficiencies, low-carbon energies (solar and wind,
e.g.), and renewable energies have been embraced as clean
energy solutions for decreasing the emissions in this 75%
portion. Food production and processing accounts for about
one quarter of carbon emissions, but finding solutions in this

sector are challenging, less clear, and will require a wide menu
of solutions, including food waste reduction, improvements in
agriculture technology, and changing diets to low-carbon food
alternatives.4

The aim of this study is to compute a minimal estimate of
green house gas (GHG) emissions for powdered baby for-
mula products sold in North America comprising Canada,
Mexico, and the United States.

Worldwide, the size of the market for baby formula, which
can be considered as both an agricultural and a manufactured
food, has been valued at more than 45 billion USD with a
projection that it will be more than 103 billion USD by 2026,
a growth rate higher than the expected increase in population.
The market for formula in the United States is expected to
grow from more than 2.5 billion USD in 2018 to more than
5 billion USD by 2026.5
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If an infant is not fed human milk, an approved commercial
infant formula is the acknowledged next best choice in North
America. In spite of efforts by the World Health Assembly
(WHA) since the mid-1980s to encourage governments to
level the playing field with regard to the marketing of formula
to consumers and health care providers, only a few countries
have put the WHA recommendations, known as the Inter-
national Code of Marketing of Breast-Milk Substitutes and
subsequent resolutions, into full effect.6 For example, the
United States’ formula sales were U.S. $4.8 billion in 2013
($1220.69 per baby) with 10–15% of sales turned toward
marketing (conservatively, $480 million), over six times the
$68 million spent on breastfeeding by the government of
the United States.7

Internationally about 60% of infants under the age of 5
months are not exclusively breastfed and so are fed breast milk
substitutes (BMS) usually infant formula.8 Canada9 and the
United States10 both report slightly more than half of babies
receiving any breast milk at 6 months, and Mexico reports a
rate of about 30%.11 The World Health Organization (WHO)
and the United Nations Children’s Fund (UNICEF),12 along
with other governmental and professional agencies and orga-
nizations, recommend that, with few exceptions, babies be
breastfed within the first hour of birth, be fed only human milk
for about the first 6 months, and continue breastfeeding to 2
years and beyond. Nutritious, culturally appropriate foods
should be added to the diet beginning at about 6 months. This
recommendation is for both high- and low-resource coun-
tries.13 According to the European Food Safety Authority
(EFSA), ‘‘the use of milk-based ‘growing-up’ formula does not
bring additional value to a balanced diet in meeting the nutri-
tional requirements of young children in the European Union
. EFSAs scientific experts could identify ‘no unique role’ for
young-child formula (commonly called ‘growing-up formula’)
in the diet of young children (those aged 1–3).’’14 The WHO
concurs that these formulas are unnecessary and unsuitable
when used as a breast milk replacement after 6 months of age.
Issues include that these formulas are too high in protein while
low in essential fatty acids, iron, zinc, and B vitamins when
compared with WHO recommendations for adequate growth
and development of infants and young children.15–17

The health reasons to support breastfeeding policies and
practices have been summarized in a meta-analysis included
in the 2016 Lancet Series on breastfeeding.18 A host of ad-
vantages for both mother and child, as well as the risks of not
breastfeeding, were elucidated. Optimal infant and young
child feeding (IYCF) could prevent 823,000 deaths per year
of children under the age of 5 (with 9 out of 10 of those deaths
worldwide being infants under 6 months of age).18 In addi-
tion, breastfeeding populations are more resilient in emer-
gencies according to Smith.19

Optimal IYCF could prevent 20,000 annual deaths of wo-
men from breast cancer.18 The 2016 Lancet Series also re-
ported that the current low rates of breastfeeding result in
cognitive loss, and thus reduced earning potential, especially in
high-income countries.20 An analysis targeting the cost of not
breastfeeding in the United States concluded that for every 597
women who optimally breastfeed, 1 maternal or child death is
prevented.21 Almost 80% of the excess costs and deaths due to
suboptimal breastfeeding in the United States are maternal.21

Although wet nursing was practiced through the ages,
animal milk feeding practices also have been reported. If an

infant is not fed human milk, a replacement food, a BMS is
offered. Four-thousand-year-old feeding implements and
vessels containing remnants of animal milks have been un-
earthed by archeologists in the graves of young children.22

The assayed foods from the found vessels were largely un-
altered animal milks, although historical records indicate that
honey and wine were also fed when human milk feeding was
not possible.23 As recently as the 1800s an estimated one-
third of BMS-fed children died in their first year.24

According to Stevens et al.,25 beginning in 1865 scientists
tried to humanize animal milks to create a synthetic formula
equal to human milk. This work continues today26 and al-
though nutritional standards have been set by the govern-
ment27,28 and the Codex Alimentarius,29 lead, cadmium,
arsenic, and other inclusions in BMS products continue to
raise concerns.30

Increased understanding of germ theory, implementation of
more hygienic food preparation practices, and home refrig-
eration as well as the increasing availability of feeding im-
plements, such as rubber nipples beginning in the late 1800s,
led not only to the emergence of home-prepared BMS, but a
flourishing commercial BMS industry. By the beginning of
the 20th century, physicians began to recommend commercial
formula in the form of both powder and ‘‘ready-to-drink’’31—
now, ‘‘ready to feed’’—preparations. By 1929 professional
organizations became involved. According to Stevens et al.,
‘‘In 1929, the American Medical Association formed the
Committee on Foods to approve formula safety, forcing many
baby food companies to seek AMA approval or the organi-
zation’s ‘Seal of Acceptance.’’’25 Today, powdered formula
is estimated to be at least 70% of the United States’32 and
Canada’s BMS market,33 and virtually 100% of the Mexican
market.34 Powdered formula, like any manufactured product,
produces GHG emissions and ultimately contributes to cli-
mate change by raising the planetary temperature as these
emissions trap solar energy in the atmosphere.

Materials and Methods

The steps in our data collection and analysis are described
in Table 1. This study used the approach pioneered in Dad-
hich et al.35 to compute a minimal estimate of GHG emis-
sions for powdered baby formula products. We used retail
sales data from the year 2016 in the North American coun-
tries of Canada, Mexico, and the United States provided by
Euromonitor. Dadhich et al.35 reported their calculations of
the GHG emissions of baby formula sold in six Asia and
Pacific Region countries, India, Philippines, China, Malaysia,
Australia, and South Korea. Two of these countries alone
(China and India) currently account for about 2.7 billion
(37%) of the entire global population of roughly 7.7 billion,
whereas North America accounts for about 5%.

Recipes for each powdered formula as well as the amount
sold at a retail level in North America in 2016, by country,
were obtained from Euromonitor International.36 The amount
of powdered formula sold at retail in North America, rather
than the amount produced in North America, was selected as
the basis for our calculations because the formula industry is
globalized and it is difficult to know precisely where every
product is distributed. Both Canadian and Mexican formulas
originate in the United States. It is estimated that there are
only 40–50 baby milk factories in the world.37
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Data collection

Data on the production emissions of major recipe ingre-
dients from ‘‘farm to gate’’ (meaning from the collection of
raw material through the factory processing of that ingredi-
ent, but not packaging or transportation), were taken from the
literature (Table 2). The industry data provided by Euro-
monitor International33 included the retail sales amount and

the percent composition of the major ingredients for each of
the classes of powdered formula sold at retail in North
America. The major components of both human milk and
manufactured formulas are proteins, fats, and carbohydrates.
When prepared, according to the manufacturer’s instructions,
the amount of these components for the major brands falls
within the standards set by the United States Food and Drug
Administration (FDA).

The three primary types of powdered formula sold in the
United States include Standard, Growing-Up, and Special
formula. In Canada and Mexico there are four primary types:
Standard, Follow-On, Growing-Up, and Special formula. All
are produced in the United States. Standard formulas are
designed to be fed to a child 0–12 months of age, Follow-On
formula is for a child older than 6 months and younger than
12 months, whereas Growing-Up formula is specified for
children over 12 months of age. Special formula is to be given
to children to address certain conditions such as food intol-
erance or allergies, especially to other formulas.

Formula is a blended product, and as such, each of the
types of formula has a different recipe. Standard powdered
formula is the only product to contain whey powder and only
the Follow-On recipe includes maltodextrin/starch. The
Growing-Up blend is the only recipe that contains full cream
milk powder. The unique ingredients in the Special powdered
formula blend are protein hydrolysates and/or soy protein
isolate as well as glucose/corn syrup. Each major ingredient
for each recipe is included in our partial life cycle calcula-
tions of GHG emissions.

GHG emissions are usually expressed in carbon dioxide
equivalents (CO2 e or CO2 eq.), which are thought to com-
prise about 80% of the total amount of GHG emitted.38 Be-
cause estimates of food production-associated emissions
include agricultural practices, CO2, methane (CH4), and ni-
trous oxide (NO2) are included in the calculations of CO2

equivalents of most foods. The CO2 eq. values for individual
ingredients are listed in Table 2 and enumerated below.

Milk powder is an ingredient in Standard, Follow-On, and
Growing-Up powdered formula. Milk powder begins with
raw milk. Gerber et al.39 have estimated the average

Table 1. Steps in the Computation of the Carbon

Footprint of Powder Formula Sold

in North America

Step no. Task

1. Retrieve industry data on powdered milk
formula sales in Canada, Mexico, and the
United States from Euromonitor
(Euromonitor International, 201733)

2. Retrieve the recipes for powdered formula
blends using the Euromonitor international
industry data, which include ingredients and
the percent of each ingredient in the finished
product

3. Use available published literature to calculate
the emission contribution of each ingredient
according to the percentage of its inclusion

4. Calculate the carbon emissions due to the
production of each of the powdered formula
blends

5. Compute the carbon footprint of each type of
powdered formula in North America by
country based on sales, including per capita
calculation of infants and young children
from birth to 36 months in each country and
the total for North America

6. Translate measurements of CO2 using the
Greenhouse Gas Equivalencies Calculator
(United States Environmental Protection
Agency EPA, 201538) into easily understood
comparisons

CO2, carbon dioxide.

Table 2. Assumed CO2 eq./kg Values for Individual Major Ingredients

Used in Powdered Formula Sold in North America

Ingredients CO2/kg Reference

Skimmed milk powder 12.64 Gerber et al.39

Whole milk powder 12.7 Gerber et al.39

Whey powder (dry whey) 13.35 Innovation Center for U.S. Dairy
Protein hydrolysates 30 Boland43

Lactose 0.78 Flysjö45

Soy protein isolate 20.2 Berardy et al.42

Glucose 0.949 An et al.46

Corn syrup 2.51 Kendall et al.47

Starch/Maltodextrin 0.877 An et al.46

Vegetable oil 1.62 Munoz et al.51

United States Environmental Protection
Agency EPA38Ingredient Fraction, % Calculation

Palm oil 46 2.02
Soybean oil 23 2.02
Coconut oil 23 0.76
Sunflower oil 8 0.76

CO2, carbon dioxide.
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greenhouse emissions at the farm gate to be 1.23 kg CO2 eq./
kg milk. The production of milk powder starts with raw
whole milk being cooled and stored. Next, raw milk is sep-
arated into components. The skimmed or whole milk portion
is then homogenized, pasteurized, and subjected to the
process of evaporation. It is then mixed, dried, cooled, and
packaged as milk powder. The emissions estimate39 for the
production of skimmed milk powder are 0.157 kg of CO2

eq./kg. Adding the raw milk emissions to the powdered
milk production emissions (1.23 + 0.157 = 1.39 kg CO2 eq.)
yields the emissions of skimmed milk powder and
(1.23 + 0.171 = 1.40 kg CO2 eq.) for whole milk powder.
According to a FAO report,39 20 kg of milk are needed to
produce 2.2 kg of milk powder, therefore, the final estimate
we are using is 12.64 kg of CO2 eq./kg for skimmed milk
powder and 12.7 kg of CO2 eq./kg for whole milk powder
(Table 2).

Whey powder is a by-product of the extraction of the
protein casein from milk. The published estimate of emis-
sions for dry whey range from 12.4 kg CO2 eq./kg40 to 14.3.41

We have averaged the two estimates and are using the value
of 13.35 (Table 2).

There are three major proteins in powdered formula that
are fully or partially hydrolyzed: soy, casein, and whey.
The published emissions calculation for soy protein isolate
is 20.2 kg CO2 eq./kg.42 Protein hydrolysates are produced
by combining the protein (in the case of Special formula,
whey, and soy), with proteolytic enzymes at a temperature
that is usually between 37�C and 40�C. According to Bo-
land, writing in the Handbook of Food Proteins, ‘‘the
mixture of enzymes used and the exact processing condi-
tions will vary from one manufacturer to another and this is
usually proprietary information.’’43 Probably because of
the very proprietary nature of this process, we were not able
to find research studies to give us specific guidance on the
environmental impact of the ingredient protein hydroly-
sate. However, we know it is greater than the production of
the ingredient whey powder, and at least in one industry
publication, twice the emissions of soy isolate.44 For the
purpose of our calculations, we have chosen the conser-
vative value of 30 CO2 eq./kg.

Lactose is a carbohydrate found in the milk of mammals
and is processed similarly to whey. Human milk has one of
the highest percentages of lactose when compared with other
mammals, and cow’s milk has about half of that amount.
Therefore, additional lactose from cow’s milk is added to the
formula blends to make the formulation more like human
milk. According to Flysjö,45 lactose production emissions are
0.78 kg of CO2 eq./kg lactose.

Glucose and high fructose corn syrup can be produced
through wet milling or dry milling processes. The reported
emissions for glucose are 0.949 kg of CO2 eq./kg46 and for
corn syrup, 2.51 kg of CO2 eq./kg.47

Follow-On formula contains maltodextrin/starch. Data from
An et al.46 report a value of 0.877 kg of CO2 eq./kg of starch.
We could find no specific data for the production of mal-
todextrin, but since it is produced from starch it can be assumed
that the emissions amount is at least 0.877 kg of CO2 eq./kg.

There are four major vegetable oils combined together in
North American formulas: palm, soybean, coconut, and
sunflower seed. We based our proportions on the order in
which the oils were listed on product labels at retail and on
the listed proportions for three formulas available on formula
company websites,48–50 so we assumed proportions of 46%
for palm oil, 23% each for soybean and coconut oils, and 8%
for sunflower seed oil. Palm and soybean oil both have an

emissions impact of 2.02 kg of CO2 eq./kg with the value for
coconut and sunflower seed oil at 0.76 kg of CO2 eq./kg.51

Using the assumed proportions, the value we used for vege-
table oil is 1.62 kg of CO2 eq./kg.

Results

The calculations for the GHG emissions for each type of
powdered formula in each of the three countries of North
America are included in Table 3. Our partial lifecycle calcula-
tion found that standard powdered formula (according to the
Euromonitor recipe and using the published ingredient estimates
described in Table 2) was 8.49 CO2 eq./kg. Karlsson et al.,52

who reported their results of a life cycle assessment of BMS
from production to consumption, used as their baseline, a
composition in compliance with the Codex Alimentarius stan-
dards with a Monte Carlo simulation to generate recipes. Their
estimate of the carbon footprint of United States packaged BMS
at the factory gate is somewhat lower at 7.1 – 1 CO2 eq./kg
compared with our estimate of 8.49. The Karlsson et al.52 report
did not include Special, Follow-On, or Growing-Up formulas in
the calculations. Dadhich et al.,35 on the other hand, did include
all categories of baby formula products but found little differ-
ence in the GHG emissions of around 4 kg CO2 eq./kg.

We found that Special powdered formula was calculated to
have the lowest amount of GHG emissions at 5.38 CO2 eq./kg
due to the composition of this formulation and the percentage
of soy protein isolate. In Special formula, soy protein isolate
and protein hydrolysates together are only 17.1% of the total
recipe at an ingredient cost of 20.2 CO2 eq./kg and 30 CO2

eq./kg and with an ingredient environmental cost of 3.28 CO2

eq./kg of the total 5.38 CO2 eq./kg.

1:40 kg of CO2 eq:

1 kg of milk at the farm gate
·

20 kg of milk at the farm gate

2:2 kg of milk powder
¼ 12:7 kg of CO2 eq:=kg of whole milk powder

1:39 kg of CO2 eq:

1 kg of milk at the farm gate
·

20 kg of milk at the farm gate

2:2 kg of milk powder
¼ 12:64 kg of CO2 eq:=kg of skim milk powder

674 CADWELL ET AL.



The formulations that have milk powder as a high per-
centage of the recipe constituents, in comparison, have a
much higher environmental cost. In the Follow-On formula
recipe, for example, skimmed milk powder is 73.4% of the
composition at an ingredient cost of 12.64 CO2eq./kg re-
sulting in that ingredient alone contributing 9.28 CO2 eq./kg
to the 9.56 total. Growing-Up powdered formula is similar,
with skimmed milk powder of 74% as the total ingredient
composition. The calculated cost to the environment of this
one ingredient, 9.35 CO2 eq./kg, is most of the 10.12 CO2 eq./
kg recipe total.

The amount of 2016 sales in tons according to Euro-
monitor and estimated carbon emissions are listed in
Table 4 with a North American total of 1,161,932 tons. The
emissions of carbon dioxide equivalents for each type of
formula is a product of the amount of formula and the
emissions are displayed. Standard powder sold in the
United States is responsible for the highest amount of
emissions with 412,614 tons of CO2 eq. from 48,600 tons
of formula sold. The next highest North American amount
is 239,844 tons of CO2 eq. from the only 23,700 tons of
Growing-Up powder sold in Mexico. The discrepancy is
due to the difference in ingredients. Standard formula in-
gredients combine to a CO2 eq. of 8.49, where Growing-Up
powder is mainly skimmed milk powder (74%) with a Co2

eq. of 10.12. Follow-On formula also has almost 75% of
skimmed milk powder but much less in sold; none in the
United States and less than half of the amount of Growing–
Up formula sold in Mexico.

Not only do different formula blends have different costs
to the environment but each of the three countries in North
America also has a unique buying pattern, Mexico bought far
more formula for older babies. Growing-Up plus Follow-On
formula amounts to 34,100 tons (71% of the total Mexican
tonnage) compared with 7,000 tons (14.5%) of standard
formula and 6,900 tons (14.5%) of Special formula. The
United States bought 48,600 tons of Standard (54% of the
total tonnage) and 37,500 tons (42%) of Special formula with
only 4,100 tons (4%) of Growing-Up and no Follow-On
formula. Canada bought 3,800 tons of standard formula (45%
of the total tonnage), 2,700 tons of Follow-On (32%), and
1,700 tons of Special formula (20%), but only 300 tons of
Growing-Up formula (3%). These differences are reflected in
the per capita emissions calculation found in Table 5.

Discussion

A total of 164,700 metric tons of powdered formula were
sold in North America in 201633 with a partial life cycle
emissions calculation of 1,161,932 tons of CO2 eq. We cal-
culated the emissions per capita for each country and for the
North American total with a finding that the total was
59.06 kg of CO2 eq. for each person, 0–3 years of age. Each
country varied from the total, United States, 56.81 kg of CO2

eq., Mexico 62.29 kg of CO2 eq., and Canada 62.04 kg of CO2

eq. The lower emissions per capita in the United States

Table 4. Estimated 2016 CO2 eq. Emissions

for Powdered Formula Sold in Three

Countries of North America

kg CO2

eq./kg

Volume
of sales 2016

in tons
according to
Euromonitor
International

Estimated
GHG

emissions
in 2016
(in tons

of CO2 eq.)

United States
Standard powder 8.49 48,600 412,614
Follow-on powder 0 0
Growing-up powder 10.12 4,100 41,492
Special powder 5.38 37,500 201,750
Total United States 90,200 655,956

Mexico
Standard powder 8.49 7,000 59,430
Follow-on powder 9.56 10,400 99,424
Growing-up powder 10.12 23,700 239,844
Special powder 5.38 6,900 37,122
Total Mexico 48,000 435,820

Canada
Standard powder 8.49 3,800 32,262
Follow-on powder 9.56 2,700 25,812
Growing-up powder 10.12 300 3,036
Special powder 5.38 1,700 9,146
Total Canada 8,500 70,256
Total North America 146,700 1,161,932

CO2, carbon dioxide; GHG, green house gas.

Table 3. Percent Composition of Each Major

Nutrient Ingredient in North American Powder

Formula Blends in Order of Percent Composition,

Proportional CO2 eq./kg and Total

Ingredients

Percent
composition

from
Euromonitor
International

data

CO2

eq./kg for
ingredient

(from
Table 2)

CO2

eq./kg

North American Standard Powdered Formula
Whey powder 41.1 13.35 5.49
Vegetable oil 25.3 1.62 0.41
Skimmed milk powder 19.6 12.64 2.48
Lactose 14 0.78 0.11
Total 8.49

North American Growing-Up Powdered Formula
Skimmed milk powder 74 12.64 9.35
Lactose 14 0.78 0.11
Vegetable oil 8.2 1.62 0.13
Full cream milk powder 4.2 12.64 0.53
Total 10.12

North American Follow-On Formula
Skimmed milk powder 73.4 12.64 9.28
Lactose 14.3 0.78 0.11
Vegetable oil 8.2 1.62 0.13
Starch/Maltodextrin 4.1 0.88 0.04
Total 9.56

North American Special Powdered Formula
Corn syrup 55 2.51 1.38
Vegetable oil 27 1.62 0.44
Soy protein isolate 16.1 20.2 3.25
Protein hydrolysates 1 30 0.3
Lactose 0.9 0.78 0.007
Total 5.38

CO2, carbon dioxide.
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reflects the high percentage of Special formula and the low
percent of Follow-On (0%) and Growing-Up (4%). On the
other hand, Mexico’s 62.29 kg of CO2 eq. reflects the 71%
Follow-On and Growing-Up powders sold.

To this end, we calculated the CO2 eq. emissions of the
amount of powdered formula sold at retail in North America
for 1 year and found it to be a substantial contributor to GHG
emissions. It would take more than 1.3 million acres (over
550,000 hectares) of forests 1 year to sequester the pro-
duction of the quantity of carbon dioxide emitted by the
powdered formula sold at retail in North America in 2016.38

Our findings show that, at a minimum, the CO2 emissions
attributable to the powdered formula sold calculated in passen-
ger vehicle miles equivalency for Canada was 171,775,061, in
Mexico 1,065,574,572, and in the United States 1,603,581,907.
The total for North America was 2,840,909,535 passenger
vehicle miles or more than 114,000 times around the equator of
the earth.

We used the approach and methodologies described by
Dadhich et al.35 who reported their findings of the carbon
footprint of formula sold in six Asian and Pacific Region
countries: two high-income, two upper-middle-income, and two
lower-middle-income nations. This study found GHG emissions
of 2.89 million tons CO2 annually due to milk formula in the six
countries. Using the U.S. Environmental Protection Agency
Greenhouse Gas equivalencies calculator, it was estimated that
this was equivalent to annual GHG emissions from 6.9 billion
miles driven in a car. They concluded that formula is ‘‘emerging
as an important source’’ of emissions and ‘‘relevant to on-going
global efforts to address climate change and reduce carbon
emissions.’’35 A recent U.K. report, which used the Karlsson
et al.52 data for the U.K. estimated that ‘‘breastfeeding for 6
months saves an estimated 95–153 kg CO2 equivalent per ba-
by..equating to taking 50,000 to 77,500 cars off the road each
year.’’37 For North America, powdered baby formula Co2eq.
GHG equates to taking 212,812 cars off the road each year.38

The average per capita sales in the six Asian and Pacific
Region countries for children 0–3 years of age reported by
Dadhich et al.35 was 5.39 kg. The average of the three
countries of North America was higher, at 7.47 perhaps due
to the lower per capita lower breastfeeding initiation and
continuation rates. So it follows that the per capita emissions
are also higher, averaging 59.06 kg CO2 compared with
21.66 kg CO2 average in the Asian and Pacific Region
countries’ calculations. Each of the Asian and Pacific Region
countries has a unique buying pattern with Australia buying
41.7% as toddler and Follow-On formula, which is similar in
composition to North American Growing-Up or Follow-On
formula, China 73.9%, India 58.5%, Malaysia 83.1%, the

Philippines 71%, and South Korea 47.4% of its formula as
toddler milk. In North America, only Mexico buys a larger
amount of toddler formula, 71% is Growing-Up or Follow-
On. It follows then that the national per capita emissions
would vary widely according to the percentage of toddler
formulas since they have the highest percentage of milk
product with Malaysia calculated to have 130 CO2 eq./kg and
Mexico the highest in North America with 62.29 CO2 eq./kg.

Although this work has examined the major components in
powdered formula, it is not comparable by ingredient to hu-
man milk, which is species specific and contains, in addition
to proteins, fats, and carbohydrates, bioactive ingredients
such as antibodies, immunoglobulins, enzymes, mucins, and
stem cells. In addition, the composition of human milk
changes over time. For example, the milk of those who give
birth prematurely is different in composition compared with
those mothers who give birth at term. At 2 days after the
baby’s birth, human milk does not have the same composition
as the same mother’s milk at 2 weeks or a year later. The
amount of fat in a feeding is determined by the speed of milk
removal, milk volume, and the time of day or night in a
diurnal fashion.53–55 In addition, human milk assumes the
flavors of the mother’s diet, readying the baby for family
foods,56 with less conflict at mealtime.57

Limitations

This study was limited in that only the common types of
powdered formula, namely, Standard infant formula, Follow-
On, Growing-Up formula, and Special formula were con-
sidered. The emissions data used for formula ingredients
were limited to that which was publicly available and some of
the data we used may be dependent on local production and
manufacturing techniques such as the size of the operation
and efficiency of the process.

Another limitation may be that our calculations were based
on the amount of powdered formula sold at retail, not
wholesale sales or free supplies to health facilities. In addition,
we did not include estimates of the emissions of liquid for-
mulas in this calculation, estimated to be less than a quarter of
the sales in the United States and Canada. Liquids are not sold
in Mexico according to Euromonitor, but future research for
the United States and Canada could include liquid formulas.

We did not compare the CO2 emissions of powdered for-
mula to breastfeeding as did Karlsson et al. who calculated
the environmental costs of BMS minus additional food (300–
500 Kcal/day) that the lactating woman should eat.52 Al-
though the addition of 300–500 Kcal/day to the diet during
lactation is often recommended in the United States and

Table 5. Per Capita Analysis of Carbon Emissions in 2016 from the Manufacture

of Powdered Formula Sold in North America and by Country

Number of children
age 0–36 months in 2016

Sales
(tons)

Sales per
capita (kg)

Emissions
(tons of CO2 eq.)

Emissions per capita
(kg of CO2 eq.)

United States 11,545,228 90,200 7.81 655,865 56.81
Mexico 6,996,586 48,000 6.86 435,820 62.29
Canada 1,132,492 8,500 7.51 70.256 62.04
North America total 19,674,306 146,700 7.47 1,161,932 59.06

Sales data from Euromonitor International.
CO2, carbon dioxide.
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Canada, the requirement of additional calories to make more
or better milk may be inaccurate; ‘‘both the quantitative and
caloric value of breast milk does not change with dieting and
exercise.’’58 It could be argued, however, that in the United
States, the only high resource country without guaranteed and
paid maternity leave, the cost of breastfeeding should include
breast pumps and the storage of breast milk.

Our estimates are of only a partial life cycle of the product.
Not included in the calculations were postproduction emis-
sions such as transport of the product to retail and onward to
the customer, container production, filling, and degradation,
etc. or home preparation (heating water and sterilizing equip-
ment) or disposal of associated waste. These calculations could
be included in future research about the North American
emissions. A 2009 article estimated that in the United States
550 million cans and 86,000 tons of metal along with 364,000
tons of paper related to formula was sent to landfills.59

Therefore, the estimates we have put forward represent a low
calculation of the total environmental costs of formula use in
North America.

Conclusions

As the risks of climate change become increasingly urgent,
calculating the emissions of greenhouse gases in every sector
of human life is essential so that pragmatic emission reduc-
tion targets can be set and progress measured. If we are to
meet IPCC goal of decreasing GHG emissions by around
45% by 2030 and reach net zero in 2050, changes must be
made in both the energy and the food sectors. We chose to
look to the impact of powdered baby formula products. We
applied the published cost to the environment of each major
recipe ingredient to compute a minimal estimate of the GHG
emissions for each of the countries of Canada, Mexico, and
the United States as well as a total for North America. We
found that in 2016, the GHG emissions (in tons of CO2 eq.)
attributable to sales of powdered formula in North America
for each infant and toddler from birth to 36 months of age in
2016 was, at a minimum, 59.06 kg of CO2 eq. with an annual
total of 1,161,932 tons of CO2 eq.

The environmental and GHG impact of powdered baby
formula products, and related hazards arising from climate
change, can be a relevant factor for health care providers
in their advice to families on IYCF. This study makes an in-
novative and potentially useful addition to the emerging evi-
dence on this issue and should be considered when developing
and funding IYCF policies and supportive programs.
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