& mondra




RESEARCH

Erratum 22 February 2018. See Emratum.

SUSTAINABILITY

Reducing food’s environmental
impacts through producers

and consumers

J. Poore™** and T. Nemecek®

Food's environmental Impacts are created by millons of diverse producers. To identify solutions.
that are effective under this heterogeneity, we consolidated data covering five environmental
Indicators; 38700 farms; and 1600 processors, packaging types, and retaders. impact can vary
50-fold among producers of the same product, creating substantial mitigation opportunities.

Howover, mitigation is complicated by trade-offs,

impacts, and i i the supply

multiple ways for producers to achieve low

chain. its on how far they can

reduce impacts. Most strilangty. Impacts of the lowest-impact animal products typically exceed
those of vegetable substitutes, providing new evidence for the importance of dietary change.
Cumulatively, our findings support an approach where producers monitor their own impacts,
flexibly meet emvironmental targets by choosing from mudtiple practices, and communicate their

impacts to consumers.

ith current dicts and production prac-
tices, feesting 7.6 hillion peaple is degrad-
ing al and aquatic

and predominantly Western European producers
(22-36) e huve ot corrected! for important meth-

depleting water resources, and driving

envirunmental impacts at each stage of the sup-
ply chain. For GHG emisstons, we further disag-
gregated the farm stage into 20 emission sources,
We then used the inventory to recalculate all
missing emissions. For nitrate leaching and
aquaculture, we developed new models for this
study (17

Studies inchuded provided ~1050 estimates
of postfarm processes. To fill gaps in process-
ing, packaging, or retail, we used additional
meta-analyses of 153 studies providing 550 ob-
servations. Transport and losses were incuded
from global data sets. Each observation was
weighted by the share of national production it
represents, and each country by its share of
giobal production. We then used randomiza-
tion to capture variance at all stages of the
supply chain (27).

We validated the global representativeness of
our sample by comparing average and S0th-
percentile yields to Food and Agriculture O
ganization (FAO) data (), which reconcile to
within +10% for most crops. Using FAO food
balance sheets (4), we scaled up our sample data.
Total arable land and freshwater withdrawals
reconcile to FAO estimates. Emissions from de-
farestation and agricultural methane &l within

climate change (7, 2). It is p
challenging to find solutions that are effective
across the large and diverss range of producers
that characterize the agricultural sector. Mare
than 570 million farms produce in almost all the
world's climates and soils (3), each using vistly
different agronomic methods; averige farm sizes
vary from 0.5 ha in Bangladesh to 3000 ha in
; average mineral fertilizer use ranges
fram 1 kg of nitragen per ha in Uganda to 300 kg
in China (£x and although fowr rops peovile hall
af the workd's food cadockss (#), more than 2 million
distinet varieties are recorded in seed vaults (5)
Further, products mnge from mimimalhy to heavily
rocessed and packaged, with 17 of every 100 kg of
Sood produced transported miemationally, incress
ing to 50 kg for nuts and 56 kg for olls (£).
Previous studies have assessed aspects of this
hetervgencity by using geospatial data sets (6-5),
but gobal assessments using the nputs, ouputs,
and practices of actual prodacers have been fim-
ited by data. The recent rapid expansion of the
life cycle assessment (LCA) literasure is providing
this information by sarveying producers sround
the warld. LCA then uses maodels to transiate pro-
ducer data into eavironmental (mpects with suf-

odological Detwren LCAs (12-16). Here, | ranges of independent models (£7).

we present a glol recoocied and methodalog-

St et e impcs o the s
food supply chain

multiple impacts, Our resuts show the need foe
far-reachiing changes in baw food's environmental
fmpacts are managed and communicated.

Building the multi-indicator

global database

We derived data from a compreheasive meta-
analysis, identifving 1530 studes for potential
inclusion, which were supplemented with addi-
tional data received from 139 authors. Studies
were assessed against 11 criteria designed to
standardize methodology, resuiting in 570 suit-
able studies with a median reference year of
2010 (27). The data set covers ~38,700 commer-
cially viable farms in 119 countries (fig. S2) and
40 products representing - 90% of global pro-
tein and calorke consumption. [t covers five tm-
portant environmental impact indicators (75)
Eend use; freshwater withdrawals weighted by
Jocal water scarvity; and GHG, aci
eutrophying emissions. For crops, vield repre-
sents output for a single barvest, Land use in
cludes multicropping (up to four harvests per
year), fallow phases (uncultivated periods be-
tween crops), and economic allocation to crop

ficient accuracy for most decision-making (9-21).

To date, efforts to consobdate these data oe build
new lange-scale data sets have covered groenbouse
s (GHG) emissions only (8, 12, 1¥), agriculture
only (13-16), small nunbers of products (8, 14-16),
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such as straw. This makes [t a stron-
ger indicator of both farm productivity and
food security than yield.

The system we assess begins with inputs (the
initial effect of producer chojoe) and ends at re-
il (the point of consumer choioe) (fig. ST). Far
each study, we recorded the inventory of out-
puts and inputs (including fertilizer quantity
and type, irrigation use, soll, and climatie con-
ditions). Where dats were not reported, for ex-
wmple, on climate, we used study coordinates
and spatial data sets to Gl gaps, We recorded

Today's food supply chain creates ~13.7 billion
metric toas of carbon dioxide equivalents (COweq),
26% of anthropogenic GHG emissions. A further
2.8 billion metric tons of CO,eq (5%) are caused
by nonfood agricalture and other drivers of de-
forestation (27 Food production creates ~32%
of global terrestrial acldification and ~76% of
eutrophication, These emissions can fundamen-
tally alter the species composition: of natural
ecosystens, reducing biodversity and ecokigicd
restfience (29). The farm stage dominates, rep-
resenting 61% of foods GHG emissions (81%
including deforestation), 79% of acidification,
and 95% of eutrophication (tahle S17).

‘Today's agricultural system is also incredibly
resoures intensive, covering ~43% of the workd's
ice- and desert-free land. Of this land, ~87% is
for food and 13% (s for biofuels and textile crops
or is allocated to nonfood uses such as wool and
leather. We estimate that two-thirds of freshwater
withdrawals are for irrigation. However, irriga
thon returms less water to rivers and groundwater
than industria] and municipsl uses and pre-
dominates in water-searce areas and times of
the vear, driving 90 w 95% of global scareity-
weighted water use (77)

Highly variable and skewed
environmental impacts

We now group products by their primary dictary
role and express impacts per unit of primary
nutritional benefit (Fig. 1 and fig. S3). Immeds.
ately apparent in our results is the high variation
In Impact smong both products and producers.
Nineticth-pereentile GHG emissions of beef
are 106 kg of COyeq per 100 g of protein, and
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islons, land use, terrestrial acidification,
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Look, taste & cost the same,

wildly different impacts
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land wse (area multiptied by years occupled) is
370 m”year. These values are 12 and 50 times
greater than 10th-percentile dairy beef impacts
(which we report separately given that its peo-
duction § ted to milk demind). Teom-percentie
GHG emissions and land use of dalry beef are
then 36 and 6 times greator than those of pess.
High varistion within and between protein-rich
products i also mantfest in scxdifieation, outro-
phication, and water use.

Within the mujor crops wheat, maize, and rice,
0t percentile impacts are Mot than three tires
{ovater than 10t petoentile impacts 0o all ve
Indicators. Within majoe growing areas for these
crops (the Australian wheat belt, the US. com
belt, and the Yangze river basin), land uso be-
comes less varlable, bat we ohserve the same
high Jovels of varfation (n all ather indicators
This vartability, even among produeees i stmilar
geographic regions, imphes sahstantinl potential
to reduee environmental impacts and enhance
preductivity in the f0d system,

For many products, impacts are skewed by
producers with particularly high impacts. This
creates opportunitios for targeted mitigation
making an immense prodlem more manageable
For exampix, for boef argnating from beef hords
the highest-impact 25% of producers represent
56% of the boef herd's GHQ emissions and 61% of
the land use (2n estimated 13 billion metric tons
of 00, eq and 950 million ha of land, primarily
pasture). Across all products, 25% of producers
comtribiate or svermge 53% of each product’s envi-
ronmnta) inpadt (1, 53). For scarcity-weighted

sy di the skew ticuk
Iy pronounced: Producing Just 5% of the watlds
food caories creates ~40% of the eavironmental
buusden. We will now explare haw o ancess these
mitigation oppartumities through beterogenous
producers.

Mitigation through producers
Enable producers to monitor
muttiple impacts
The first step in mitigation &s estimating peo-
ducer ingacts. Prioe research [eg, (7, 8, 14)) has
suggested that readily meassrable proxies pre
dict farm-stage Impacts, 2voiding the need
detafled assessment. From our larger data set,
which includes more practives and grographics
than prfor studies, we esess the predictive power
of comman praxies, indading crop yield, nitro-
£en use efficiency, milk yield per cow, liveweight
i, pasture ares, and foed conversion ratios
ARhough most prosies significantly covesy with
Impact, they make poor predicions when used
alooe, explaining Mttle of the variation among
farms (coefficient of determination & « 0 %0 27%
i 47 of 48 proxy-impact combinations assessed)
(fie 540

Prior research has also suggestad using one
Imgact indicator to giredict others (30). We fiod
weakly positive 40 sometinues negative relation-
ships between indicaioes. Foe stmilar products
gobally, correlations hetwoen Indicstnns are low
(R = 0 % 30% In 25 of 32 impact-impact com-
binations assessad) (0 $4). Pork, poultry mest
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cause most damage
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Foods

Small consumer behaviour change
big difference to environment
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Dynamic improvement chain

Food system graph, the solution to scale.

NODES

@ Produced food

o Food processor

56 | Farmed produce

RELATIONSHIPS

Supply chain dependency

T Dependency automatic

re-calculation of impact
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Case stuayv:
Mighty Pea M.

We worked with a leading plant-based milk brand who
wanted to understand, improve and communicate the
environmental performance of their milk range.
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Supply chain engaged

1 Processor

3 Suppliers
3 Intermediate Processors
Many Farmers
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Seeking primary
Gap filling with secondary

Life Cycle Assessment

Platform Load
Improvements advised



Mondra Platform

BUILD YOUR
PRODUCT

PRODUCT PORTFOLIO

& md-platform-app-dev.azurewebsites.net

Mondra Platform

Cempany |
Tom H
@ mondra Kili wholesale @ omni -
B Products ADD FRODUCT
Product name Impact score Last edited Certified until
] Compary
about 13 hours ago - « Draft
£ Products
Baked Caxe 1212 c about 21 hours ago 3 Sep 2021 « Approval Requested
iadbgivaghc 3 days ago - » Dran
Test ¥2 A 3 days ago 27 Aug 2021 * Approval Requested
Tesl #¢ A+ O 3 days ago 1 Sep 2021 » Certilied (UG5C)
De s Pepperoni Pizza +1 EX) 7 days ago 28 Aug 2021 « Certified (L2BT)
Test 9 A0 7 days ago 27 Aug 2021 « Certified (7X2K)
Test #8 EX) 7 days ago 28 Aug 2021 + Certified (36WL)
Se 7 days ago 27 Aug 2021 « Certified (LBOL)
Test 8 ) 7 days ago 28 Aug 2021 « Certitind (HPSH)

& mondra

~ amdplatorm-app-dev.azurewebsitesnet ~~ C

Mondra Platform

Company N -
Kili wholesalers | @ Lzt REAL TI M E

o Current impacts
N\ F Nutrition information v st shouar 45 3609
< ECO IMPACI
Product Builder ® Today (Live)

Last edited 7 days ago

Build your product from available components. Request Approval for certification when you're ready.
Company Carbon (CO; eq.) 22.8g
Measures & Serving size A

Water Usage (Leq.) 46,442.5]

& Products
Water Pollution (PO *) 39¢g
Product Measure u m
Biodiversity
14 52
S ONLINE REVIEW
Serving size g/ml
REQUEST APPROVAL
Serving size description Per & AP P ROVAL
Certificate history
Impact shown per 100g
Ingredients < ADD INGREDIENTS > A
® Revoked ~
Revoked 27 Sep 2020
Wheat flour 5kgbag | Lea 3000 g m
- ® Approved v
Water LCA 50 | iﬁ Approved 16 days ago
suter g blck : : CERTIFICATION
FHErINg e g m ® Cancelled v
Cancelled 19 days ago
Processing A e Cancelled b4
Cancelled about T month ago
Add processing Main menu item - processing Certification Expired v
Expired about 1 month ago
A Processed weight
Raw weight 3055 g 97 g
(net)
Packaging A
Add packaging Main menu - Tray & Sleeve
Retail A
Add retail Retail for main menu item
< CANCEL > < SAVE >




roduct optimisation & estimated reductions

LAND USE BIO GHG EUTROPH. WATER USE SCT. WTD.

DIVERSITY WATER USE Cf-\_)
o CO, e
(m?*year) 10M4) (kgCO2eq) (gPO4>eq) (L) (L) = 0 o/ R E D U CT I 0 N
0.66 4.7 0.78 3.6 125 5,588 CARBON

100% l S

90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0%

Land Use  Biodiversity GHG Eutrophication Water Use Scarcity WATER
Emissions Weighted
Water Use USAGE
m Pea Protein - Farm Pea Protein - Post-Farm m Sunflower oil
m Grape juice concentrate Plant milk processing m Plant milk packaging

21% REDUCTION

m Transport to Retail and Retail
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Communicate

HIGH IN VITAMIN
D812

5% 40zttt

FARMING PROCESSING TRANSPORT PACKAGING \/ | NUTRITIONINFORMATION

TYPICAL VALUES PER10OML ~ PER250ML  7%RI"PER 250ML
|

s T

(000000)

Energy 164kJ 410kJ
| / kel 975keal 2%
Fat 19 475g 7%
of Whick: Saturates 0% 0759 4%
R
:Sugars £ o
Fibre o 0259 1%
CARBON  BIODIVERSITY  afER L L e L
USAGE POLLUTION Va0 07%pg 195p0 %
Vitamin B12 094pg 2259 2%
Calcium 186.3mg 465.8mg 2257
lodine 31.2p9 78pg 20%

*Reference Intake of an average adult (3400kJ/2000keal)

ECOLOGICAL IMPACT

TYPICAL UALUES PERI0OML ~ PER250ML  RATING™*
Greenhouse Gases (00,£q) 789 1959 A
Water Scarcity (eq) 560L 1400L ¢
Eutrophication (P043-) 0.269 099 A
Biodiversity (sp.yr 10'*) 047 12 A

** Mondra rating U2020.pilot [=] X [w]

Online record: mondra.com/MP1l Cean to learn more
3 or visit mondra.com

Q@ mondra  mEnE

. vitamins and calcium. BALANCED DIET FROM 6 MONTHS OF AGE ND
. |angdign‘s; Water, Pea Protein (l.% ), G[ape SUITABLE AS A MAIN MILK ALTERNATIVE FROM
® Juice Concentrate, Sunflower Oil, Calcium 2 YEARS.
o ® Carbonate, Tapioca Starch, Natural Flavourings,
o ° Emulsifier (Sunflower Lecithin), Acidity
[ ] Requlator (Potassium Carbonate), Sea Salt,
[
() ( ] Stabiliser (Gellan Gum), lodine, Vitamins (B12, D)
o o
[ ) ® o o o © ) gr?:uer(\;:d e’r)lchg r:Jgednaed keep refrigerated and
ithi yS.
BEST BEFORE: See top of the pack. 51060674 960005




Learnings

PRIMARY TOP DOWN
DATA BOTTOM UP

FARMER
INCENTIVES

Hard, but worth it Joining the chain The why to engage
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Farmer
Net Zero

& mondra



Supply Chain
Net Zero






