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Climate change in a nutshell

Temperatures rising with CO, and other gases
In atmosphere

* Causing more frequently drought, floods,

high temperatures with billions of damages

* Paris agreement: Hold global average temperature
well below 2°C above pre-industrial levels and pursue
efforts to limit the temperature increase to 1.5 °C

* Make finance flows consistent with pathway towards
low emissions and climate-resiliant development
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* Reduction to zero emissions o RS
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Key

Implemented policies
(median, with percentiles 25-75% and 5-95%)

== Limit warming to 2°C (>67%)

Limit warming to 1.5°C (>50%)
with no or limited overshoot

= Past emissions (2000-2015)
T Model range for 2015 emissions

. Past GHG emissions and uncertainty for
2015 and 2019 (dot indicates the median)
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The energy gap

Our World Global Primary Energy Consumption ENERGY/SECOND
in D ata Primary energy is calculated based on the 'substitution method' which takes account o -28000 GW
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The energy gap

Our World Global Primary Energy Consumption ENERGY/SECOND
e e e 00 ud il
energy inputs required if they had the same conversion losses as fossil fuels. 7 26000 GW
e o
Options: copzr e 24000 GW
ofuels, ete. et . -22000 GW
1) Expand CO.-free energies Eyeeg 1 ,,,,,,,,,,,,,,,,,,,,,,,,,, il
g ] uclear a7, -20000 GW
- factor ~12 in 7 years required; " Vi
. The EnergyGap """
2) Increase energy efficiency . -16000 GW
- factor ~2 in 7 years -14000 GW
e.g. Electrification of engines (factor ; CO2-free
3-5 vs. combustion engine) _ “_ Production 7"
e.g. LEDs for lighting (factor 10 vs. light bulb) 10000 GW

- 8000 GW
3) Save energy

- factor ~2 in 7 years

e.g. Less travel: online conferences, holidays nearby
e.g. Fewer consumer items, more repair options

e.g. Energy priority for essential things
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Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldinData.org/energy * CC by 4.0
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What does this mean for particle physics?

Reflection document following Sustainable HEP

workshops
https://indico.cern.ch/event/1004432/ (1 edition)
https://indico.cern.ch/event/1160140/ (2" edition)

Gives an overview over current status of
sustainability in HECAP+ (High Energy
Physics, Cosmology

and Astroparticle Physics + Hadron and
Nuclear Physics)

158 pages

Linked to UN sustainability goals

Accepted by JINST seTast GOALS

Environmental sustainability in
basic research
A perspective from HECAP+

https:/Isustainable-
hecap-plus.github.io/

Abstract

The climabe crisis and the degradation of the world's ecosystems regquire
humanity to take immediate action. The inernational scientific community has
a resparsibity b limil the negative ensdrenmental impacls of bazic ressanch,
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle
Physics, and Hadron and Muclear Physics) make vse of common and similar
experimental inlrastruciure, such as acceleralors and observatories, and rely
similarty on the processing ol big data. Our communities therefore FTace similar
challenges o impraving the sustainability of cur research. This document aims
Lo redlect an the envirarnmental imgacts of aur work praclices and resasreh
infrastructure, b Righlight best practice, 1o make recommendations for positive
changes, and 1o identify the apporiunities and chalenges that such changes
presenl lor wider aspecis of social resparsibility.

Version 1.8, 5§ June 2623
Pleaze read this docurment in electronic format where possible and refrain
from printing it wnless absolutely necessary. Thank youw.
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What does this mean for particle physics?

Reports in alphabetical order on:
Computing

- Individual actions: ,You and me*
- Energy (5
-~ Food
N M0b|l|ty @ Further group actions: »Collaborations and projects”
— Research Infrastructure and Technology
— Resources and Waste o
Further institutional actions: ,Universities, CERN, ...”
(including also Best practices, Case studies Pushandp““

nal \e\le\?
is \'eq\"“’ed'

and very general Recommendations)

Assessing, reporting on, defining targets for, and under-taking
coordinated efforts to limit our negative impacts on the world’s
climate and ecosystems must become an integral part of how we
plan and undertake all aspects of our research.




Workplace emissions in HECAP+

* Comparisons between institutes interesting, but also down

e Scope 1: gases
to local and specific circumstances P J

Scope 2: electricity

-~ CERN: no travel to experimental site Scope 3: the rest

- MPIA (Max-Planck Astronomy): Travel to Chile

- Nikhef: paying for electricity from renewables (from a large
provider who sells also a large amount of fossil fuel electricity)

- Fermilab: Extremely CO,-intensive energy sources

Reported annual workplace emissions, per researcher

Budget Global I Scope 1 (direct)
to 2050 average I Scope 2 (indirect, purchased)
I Travel (business)
ETHZ DPHYS EEE Travel (commuting
. E= Food Scope
Nikhef EEE Procurement 3
BN Waste treatment
MPIA B Upstream energ
CERN
(LHC shut down)

FNAL

) 25 5 7.5 18 12.5 15 175 20 35 40 45
GHG emissions (tCOse)

20819 data, save MPIA (2818), and ETHZ business travel (average 2816-2018).
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9 INDUSTRY, INNOVATION ]2 RESPONSIBLE 13 CLIMATE
AND INFRASTRUCTURE CONSUMPTION ACTION

AND PRODUCTION

Computing 5 & CO

 Hardware:
Manufacturing 50% - 80% of a devices CO2e footprint (server vs. laptop)
- Infrastructure to keep, reuse, recycle, repair! Extend use lifecycle

 Infrastructure:
Well managed, centralized systems optimized for specific (HEP) applications key to
address challenges
- Optimized PUE (=Power Usage effectiveness - Total Power/Energy used by IT)
— Current best centres: 1.05-1.2 mainly due to heat recovery from cooling system for heating
(HECAP+ best practice examples: GSI green cube 1.07, CERN data centre: 1.5 (1.1
planned), Swiss National supercomputing (1.2 at 25% full load)
— world average ~1.55, WLCG assumed 1.45
— well maintained data centres reacting to production and other grid loads, can help balance
grid

» Software:
HECAP+ Code relies on libraries and public codes, general frameworks and software
infrastructure provided by experts in the experiments.
- Likelihood Inference Neural Network Accelerator (LINNA) for efficiency saved $300,000 in
energy costs and around 2,200 tCO2 in first-year for Rubin Observatory’s Legacy Survey of
Space and Time (LSST) analyses (https://dx.doi.org/10.1088/1475-7516/2023/01/016)
- Dedicated efforts can have a huge impact and directly measurable!


https://dx.doi.org/10.1088/1475-7516/2023/01/016

Energy: Low Carbon Sources &

* Procuring energy from low carbon

ISEMTUTIOS

Mitigation potential of energy-related options to 2030

SOUTCES (Wind, SOIar, nUC|eaI’, biO, o F'ofentialcon;ribution tosnetemisslon reductif)on GtCOzeﬁfyr ,
h_ydropower) relies heawl_y on local wind enerey
circumstances and supplier  solrenrsy
. . g uclear energy
—renewable energy might hit ceiling

Hydropower

— sometimes unclear, if purchase eothermal aneray
Indeed promotes green energy Carbon capture and storage (CCS)

Bioelectricity with CCS

Reduce CH4 emission from coal mining

° Case Stu dy: So I ar@CE RN Reduce CH, emission from oil and gas

IPCC report

I Costs lower than reference
I 9-20 USD per tCOze

e 28-58 USD per tCOe
I 50-190 USD per tCOse
BN 180-288 USD per tCO.e

Costs lcla1dwnhrepett entiol lp

el
. - - save emissions reductiol 1he cost categn indicative, and estimates depend heavily o
> ‘ ERN haS 653 bulldlngs Wlth legionalclrcumsta ces. Relative potentials and costs will vary across coun

g neration; mitigation potential assessed with respect to ent policy reference scenarios. For all measures
d

ftrss h geog aphical loc: t esource availability an
and in the longer term.

a total roof area of 421,000 m? (red) factor ~12 in 7 years requwed

l.‘|'yl§r[”

P%\?[SSIN MO’ *

]
— approximately 80 GWh annual I“
electricity generation potential

— 18% of CERN'’s basic (nhon-LHC)

electricity demand could be produced

locally with solar power. Other projects

are conceivable - CERN
- site

-~ SESAME: fully solar powered

~
Yy

-~
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ISEMTUTIOS

Energy: Savings B RO ON B

* Energy savings necessarily need to be dealt with also under the other
topical headers
-~ €.g. computing, technology

* Needs “only” a factor of 2 in 7 years

- but significant development effort compared to scaling up from-the-shelf
renewable energies

— e.g. Cornell-BNL ELR Test Accelerator Facility (efficient accelerator design)
- e.g. plasma wakefield acceleration

— overview on general R&D on energy recovery linacs:
doi.org/10.23731/CYRM-2022-001.185
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TERD GO0 HEALTH CLEAN WATER 1 RESPOKSIBLE 13 CLIMATE 14 LIFE -I LIFE
HUKELE ANDWELL BEIMG AND SANITATION CONSUMPTION AGTION BLLOW WATER UK LAKD

AKD PRODUCTIONN

Food w W U 00 @ je E

* Animal agriculture responsible for just over half of GHG emissions from the food
sector and accounts for % of global agricultural land use but provides 1/5 of world’s
calories, and <40% of protein supply

* Sensitive topic, but a number of soft measure could be taken

Greenhouse gas emissions per 100 grams of protein Our World

Emissions are measured in carbon dioxide equivalents (CO2eq). This means non-CO2 gases are weighted by the
amount of warming they cause over a 100-year timescale.

Bect (beet here) Y ¢ 5
Lamb & Mutton _ 19.85 kg
Prawns (farmed) _ 18.19 kg
Beef (dairy herd) _ 16.87 kg
Cheese 10.82 kg
Milk _ 9.5 ke
pig Meat [N 7 61 <
Fish (farmed) _ 5.98 kg
Poultry Meat _ 57 kg
Eges [ 21 =
Grains - 2.7 kg

Tofu (soybeans) . 1.98 kg
Groundnuts . 1.23 kg
Other Pulses I 0.84 kg
Peas I 0.44 kg
Nuts | 0.26 kg

in Data

0 kg 10 kg 20 kg 30 kg 40 kg
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GOOD HEALTH INDUSTRY, INNOVATION —]1 SUSTAIKABLE CITIES 12 RESPONSIELE 13 CLIMATE
AND WELL-BEING AND INFRASTRUCTURE AND COMMUSITIES CONSUMPTION ACTION

Mobility e K M O D

Mobility emissions per passenger km, linear scale
France

Rail (>288 km) |29
Subway, tram 39
Bicycle

Bicycle (electric)
Rail (<288 km)
Scooter (electric)
Coach

Car (electric)

Bus

Plane (long haul) 152g

Car (hybrid) 1839
Motorbike 191g
Car (diesel) 2129
Car (petrol) 2239
Plane (short haul) 2899
o] 50 180 158 200 250 300 358 4080 450

GHG emissions (gCO.e/km)

* Choice of transport is important
Choice to travel is important: Work from home / remote conferences

Global scientific endeavour such as HECAP+ will always mandate some amount of long-distance
travel

Downsides to hypermobility, aside sustainability concerns:
- Visa rules and high long-haul travel costs challenging, esp. for researchers from Global South.
— Travel difficult for people with disabilities, health impairments or caring responsibilities.

IR TR on o s




9 INDUSTRY, INKOYATION i] SUSTAIKABIE CITIES 12 RESPORSIBLE 13 CLIMATE 15 1]
AND INFRASTRUCTURE N0 GOMMUMITIES GONSUMFTION ALTION ONLAKD

6 Aosinon o ;
Research Infrastructure and Technology ¢ & . cO @ %

Accounting and Reporting

* Limited availability of data on emissions and resources consumption for basic
research infrastructure, existing data is not standardised

— Overall assessments of sustainability and comparisons of individual
technologies challenging.

* Implementation of effective life cycle assessment across the HECAP+
community could provide data for ongoing assessment of technologies and
research infrastructure projects

E l ?AL Pumrstnn‘ nIFu:nruu'v'Co!IIidu!m! - ‘ l
* A number of plannend and finalized = | it 1
assessments: 2 [ Eceemiieeim |
— European Southern Observatory (ESO) g 400 e B
— Giant Radio Array for Neutrino Detection < N
- Relativistic Ultrafast Electron Diffraction £ 200] - s  CERN tota|2022_
. e = BRI e ittt i |
and Imagln_g (RUED_I) facility (STFC) o | mﬁﬁgﬁ?f_
—~ Compact Linear Collider (CLIC) L

0 i I_1 i i R S A A |

10”

French lab initative: https://laboslpoint5.org Center-of-Mass Energy [TeV]

AN TR 00 00 (I
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6 Sosuion
Research Infrastructure and Technology o & .i« cOo @ &

n

* Gases L
@ LHC Experiments
* Greenhouse Gas (GHG) emissions o ::2'::.3::1:
from gases other than CO.are a REIL ]
major driver of emissions at CERN il
@ Heating (gas + fuel)
* Main cause are RPC chambers in ATLAS .o
and CMS as they contain HFC-134a e ®. Becical posrer conmmetion
(due to large areas, but also Ship @ Eiecirical power consmplion
and Dune plan RPC muon chambers) i
50000
* HFC emissions are 6% of the Swiss
emissions, about twice the size of I
Luxembourg’s and a bit less than half of { P e = =
Latvia’s emissions (2017-2018) Rommt) | Ghoneni | |l ompmd 1| U ieopel
Name Chemical Lifetime Global warming potential (GWP)
* Future LHC detectors (Phase-1l Upgrades) Formula  [years] [198-yr time horizon]
will switch to CO2 cooling Carbon dioxide €Oy - 1
Dimethylether CH30CH; 0.015 1
Methane CHy 12 25
* Gas replacements less obvious, but active  suphur nexafiuorice sFs 3,260 22,808
research on replacement gases ongoing Hydrofluorocarbons (HFCs)

HFC-23 CHF3 276 14,800
HFC-134a CoHoFy 14 1,430
L B REilN | 1 -




Resources —M/v !.‘l A’|

Procurement accounts for almost two-thirds of annual emissions at CERN and
probably a similar size for other institutions

Mined materials have largest impacts, materials used in HECAP+ experiments
are produced with high environmental and societal costs (e.g., cobalt for magnets,
rare earths for permanent magnets, niobium)

Formal discussions of use and impact at recent workshop on Rare Earth Elements:
IFAST - https://indico.desy.de/event/35655

Best practise:
CERN is in the process of defining a new environmentally responsible
procurement policy

Sustainability certification from suppliers, with highest impacts

RN TRRIEmEn on o s
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Waste O AT

* ~3% of global GHG emissions is due to solid waste disposal despite 60%

decrease in the amount of waste land-filled in the EU

12 e 135w

.00 @ je %

14 IB?UI‘ WATER 15 _:' AN
-

* The fastest-growing portion of EU waste output is E-waste — Improving life time

here is key (EU legislation incoming)

- GG f . $10 billion USD
amount of mercury from unaccounte :
potential value that
flows of e-waste @.as\e Gen & I.Q could be recovered
¢ Tkt < ’GQ, S oamt
amount of Brominated Flame Retardants . " estimated amount of raw materials
(BFR) from unaccounted flows of e-waste & $ that could be available for recycling

%' +98 Mt of CO, equivalents
potentially released from the
tz inferior recycling of undocumented
= fridges and air-conditioners

Mt CO, equivalents

% €%  -15 Mt of CO, equivalents
- their reuse as secondary products

has helped save up to 15 Mt of CO,

equivalents emissions

copper

i} o



Some conclusions

* We (as a community) have made big progress and substantial improvements
(considering the constraints potentially as much as e.g. google/amazon)

* Butis it enough to achieve 50% overall reduction of CO2e?

* 3 handles:
Green energy - factor of 12
Energy efficiency - factor of 2
Energy saving - factor of 2

* Will need a hard look and many, many sacrifices
* Will require a concerted effort and dedicated funding

- but as a community we are certainly better placed than other fields of
science (which arel/will also come under scrutiny)

Need framework with benchmarks and goals and
Ability to shape (institutional/funding) constraints to allow achieving goals

Climate benchmarks that need to be met
(- restricted physics exploitation scenarios, what can we sacrifice?)

RN 'Ry oy n o s




Reminder

Paris agreement is in principle legally binding
— pressure on us / our savings might need to be increased
- gives us negotiating power if we have a clear plan and strategy with

demonstrable impacts and realistically achievable objectives in line with 1.5°C
- There will be no (fundamental) science if climate breaks down*

Assessing, reporting on, defining targets for, and under-taking
coordinated efforts to limit our negative impacts on the world’s
climate and ecosystems must become an integral part of how we
plan and undertake all aspects of our research.

* We predict with high confidence the [ Atlantic Meridional Overturning Circulation
(AMOC)] tipping to happen 2025 — 2095 (95% confidence range, 15 Feb 2024)
https://www.nature.com/articles/s41467-023-39810-w

RN TR on o rea






Climate Change: We are outside the “normal” range

CO2 and Temperature over the last 450,000 years
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What are the current impacts

* We see impacts of rising temperatures:
Drought, floods, high temperatures, severe
weather events with billions of damages

* Storm Daniel - deadliest Mediterranean
tropical-like cyclone:

- more than two billion euros in damage,
- devastation in Greece’s most fertile plain
(20% of harvest destroyed with also long-term
damage to fields due to silt)
- more than 4000 death in Lybia
- up to 10-50 time more likely due to climate
change

* Whilst not all of these extreme weather events
are caused by climate change, their occurrence
will get more and more frequent




Weather or Climate?

* Whilst extreme weather events have a finite probability and therefore “just” can
happen, this finite probability is strongly influenced by climate conditions

— "extreme event attribution / attribution science” - new field of study in meteorology and climate
science using statistical methods and concepts not completely foreign to particle physicists.

* Using the framework of attribution science, the current level of climate change is
fully attributed attributed to human activity

Global surface temperature

— °F
= * Climate sets the probability (like a
= — Observed temperature - 3.0 cross-section)
% 1.5F :
3 — Human and natural drivers B
2 4 o halEdNNe S Tl i 2.0  Weather is a single event (like a
g ' collision) drawn from that cross-
= section
o 0.5
o * Can attribute probabilities of (signal
s 0 ¢ or background -- or rather human-
5 made versus natural climate) to a
-0.51 4-1.0 single weather event
| | |
1850 1900 1950 2000 2020

https:llen.wikipedialiorg/wikilAttribution_of recent_climate_cha



Political consequences

* The 2015 Paris Agreement
— Drafted 30 November — 12 December 2015 in Le Bourget, France
- Effective 4 November 2016 after more than 55 UNFCCC parties, accounting
for 55% of global greenhouse gas emissions had ratified and acceded
— 195 signatories

* Hold global average temperature well below 2°C above pre-industrial levels
and to pursue efforts to limit the temperature increase to 1.5 °C

- Push ability to adapt to adverse impacts  }
and foster climate resilience

* Make finance flows consistent with pathway
towards low emissions and climate-resiliant
developement

Yellow: signed, not ratified




Who are the emitters?

share of global Share of cumulative emissions 1990-2015 share of global carbon
population budget for 1.5C

e e s b i i . e S

RICHEST 1% ; I
wcvest §RERRRRRE oy
% : carban
i‘iiiiiiii R i budgetwill |

! bedeplated
by 2030
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“ SR9REPE494
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§aieeeenis
preiieeee
Sl TTTTTTIT ]
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1930 2015

| without
: urgent action

Per capita income threshold [SPPR201LI of richest 1%: SL09k; richest 10%: 538k; middle 40%: 56k; and bottom 50%: less than 56k,
Global carbon budget from 1990 for 33% risk of exceeding 1.5C; 1, 2056GE,

Figure 1.2: Share of cumulative emissions from 1990 to 2015 and use of the global
carbon budget for 1.5°C linked to consumption by different global income groups. Figure

reproduced from Ref. [9] with the permission of Oxfam.? n
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What does this mean for particle physics?

Options:

1) Expand CO2-free energies (factor 12)

Renewable power for computing: processors and cooling;
Consider district heating and site selection;

Job scheduling according to energy availability; ...

2) Increase energy efficiency (factor 2)
Optimised processors (clocks, GPUSs),
architecture, cooling system,

software, ...

3) Save energy (factor 2)

Prioritise research questions

Optimise debugging, statistics and precision;
Modular and reusable software;

Modular and repairable hardware, reduce purchases;

Beed fiicd okl o oo L LN BN




Can’t we just use green energy and not do anything?

* Electricity prices are volatile e i i -
500
* EU projections from 2016 predict o
about 25% rise of prices -
(consumer) 200
— Cut 25% of the physics? Prices still higher than pre-2022 00
%,/\»W .
* And it's not just electricity prices but DS cOle <O e A0S

also hardware

* Costs of computing infrastructure evaluation 2032 (with 2021 as index)

* Installed hardware based on computational requirements (15-20% increase/yr),
Unit costs (10-20% decreasel/yr), 5 years of lifetime
— Costs could rise between 0.5 - 5.5 (best vs. worst case scenario)

* Electricity costs (based on average) consider inflation, power efficiency (30%
decrease — no improvement), high prices+high inflation versus both dropping
- Costs could rise ranging by 1.6 — 3 - 7 (based on mid capacity)

Chris Brew (RAL)




Infrastructure

Usage of carbon-free energy paramount
-~ “Own” production (requires investment into solar + potentially storage)

- Regulation of load according to prices (“Follow the money” — R.W.), prices can
be negative, but requires special tariff that can be used - well maintained data
centres reacting to production and other grid loads, can help balance grid

140 GwW 800g/kWh

206w

G00g/kWh
100 GW

Production above consumption

IsSILg ZOD

e Ui

od Jo 1oy

ocw Og/kWh
23:00

23.00 11:00 23:00 11:00 23:00 11:00 23:00 11:00 23:00 11:00 23.00 11:00 23:00 11:00 23.00 11:00

@ conventional power plants Solar @ Wind Onshore @ Wind Offshore @ Hydro
@ Biomass — Electricity Consumption

Lancium Computing centre e et e : .0
https://indico.desy.de/event/37480/contributions/138296/attachments/82407/108618/2023-05-30%20Concrete%20Action. pdf
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INDUSTRY, INNOVATION ‘l RESPONSIBLE 1 CLIMATE
AND INFRASTRUCTURE CONSUMPTION ACTION
AND PRODUCTION

Computing &L 00 &

_ Run 3 (1=55) B EESVEe20 _ Run 3 (1=55) Run 4 (1=88-140) Run 5 (1=165-200)
e [+ T T T T T T T Il T T T T T T T T T T T T T T T T _I m 'l_ T T T T .| T I T T T I T 1 T | T T T T T T I T T T I_I
o 50 ATLASPreilmmary ] W 35 ATL ASPrehmlnary R
53 - 2022 Computing Model - CPU o o} - 2022 Computing Model - Disk .
2 - % £ 3F =
= 40~ « Conservative R&D el ~ - C e Conservative R&D -
s v Aggressive R&D '__.,»"' 7 -g 2.5 v Aggressive R&D P 2 -
= - — Sustained budget model X 1 = — Sustained budget model &L .
E 30  (+10%+20% capacity/year) ; —_ E (+10% +20% capacitylyear) 2 .
3 C ’ 2 : .
o L o _ - 7
&) B 'g o : v ]
r 20 / - - E
O L A C 7
© - 4 L a1
2 2 5 - E
= 10— ] C ]
O_I L o b b v B v b v b b o by o | _' :I ] o o o OISR |, o, o | ST | SRR _|
2020 2022 2024 2026 2028 2030 2032 2034 2036 2020 2022 2024 2026 2028 2030 2032 2034 2036

Year Year

- Increase by a factor of 10

https://atlas.web.cern.ch/Atlas/lGROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/

Projected evolution of compute usage from 2020 until 2036, under the conservative (blue) and aggressive (red) R&D scenarios. The grey hatched
shading between the red and blue lines illustrates the range of resources consumption if the aggressive scenario is only partially achieved. The black lines
indicate the impact of sustained year-on-year budget increases, and improvements in new hardware, that together amount to a capacity increase of 10%
(lower line) and 20% (upper line). The vertical shaded bands indicate periods during which ATLAS will be taking data.




“Classical” Software sustainability

General sustainability => Re-useability and training

- Institution for Research and Innovation in Software for High Energy Physics
(IRIS-HEP) [44]

- HEP Software Foundation
* May provide an important platform for accelerating the inclusion of
environmental considerations in software development. (examples e.g. are

Sherpa speedup!)

* Underwriting of FAIR principles: software (and data) should be Findable,
Accessible, Interoperable and Reusable

* Sharing optimization workflows, consulting services for smaller experiments



Agriculture impact

Environmental impacts of food production
186% -

Livestock and fisheries
38%

Crops for animal feed: 6%

Agriculture

Agriculture Crops for human food

wilhdrawals

0% -
Mammal Eutrophication  Freshwater Land Use Greenhouse The food sector accounts for
bicdiversity Withdrawals Gases 26% of global GHG emissions

Figure 4.1: Environmental impact of food production, with fine-grained partitioning of GHG
emissions by food sector. Figure modified from Ref. [119] under the terms of the Creative
Commons Attribution 4.8 International (CC BY 4.8) license, based on data from Refs. [114]
and [128].
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