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- 2021 ¥ WY 53] &2l
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FAOQ] B A("Pathways towards lower emissions;, GLEAM 3, 2023)°f W=,
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&= 247FA0) 492 HH(CH,) 54%, OJATSIERA(CO2) 31%, OFATSHFE A(N.O)

15%%, Hgo] HjSo] 7 =AUt

1.2 428 HHS2 247128 01271
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SATLA vy

mEolE  WXE

Beef (beef herd) | 9.5
Lamb & Mutton | .72 ke
Beef (dairy herd) | o -
Prawns (farmed) [N 2657 kg
Cheese NEEEEG_— 2388 k2
Pig Meat NN 12.31 ke
Poultry Meat [N 957 kg
Eges NI 4.67 ke
Rice N 445 kg
Milk Il 3.15 kg
Tomatoes [l 2.09 kg
Maize [l 1.7 kg
Wheat &Rye [l 1.57 kg
Peas [ 098 kg
Bananas ] 0.86 kg
Potatoes | 046 kg
Nuts | 043 kg

(3&7) &X: Our World in Data (Poore & Nemecek, 2018)

Lamb & Mutton | 1955 ks
Tomatoes I 17 3

Prawns (farmed) | 5.1 ke
Beef (dairy herd) I 16.57 ke
Cheese I 052 ke
Bananas |GG 56 s
ik I o5 <
Pig Meat N 761 g
Rice I ¢27 <
Poultry Meat I 5.7 2
Eggs N 421 kg
Potatoes [N 2.71 ke
Maize I 1.79 ke
Wheat & Rye [l 1.29 ke
Peas ] 044 kg
Nuts | 0.26 ke

H0|Ef FA: Poore L N k(2018)- 0| CilO|E{0] CHe XiAls| HOPSNIR
OurWorldinData.org/A1% o #3 @8 | CCBY

i cieg=cs < 3|Ct 3 WA sfeioz W

(228) £%{: Our World in Data (Poore & Nemecek, 2018)
(CLF7) A AlA 2F 38,7007 5742 HlolHE 7IREe =, AF 1kgd A7 viETE
UEPAT 23 1kg A A] ST 2F 0.98 kgCO:ze, B2 °F 1.55 kgCO2eQl ¥HH
A317]E Hat 59.6 kgCOeZ UEISLTE.

(C198) i 100g 7oz AT A9 Aol B S, £317]= 49.89
kgCOeE &0z W, T 732 242t 1.37 kegCOxe, 0.44 kgCOze0 EF}5}TE.

Cha} 218H? 4 28?599



o, dm A dAN e 2 HeHE e T o glvk AEA tiAlS2 719 FARRE A5 v AME ddE,
A 9 W7] f1sl =71 IS A=t o] IHAolA ol A] ARgo] F71E of
Hj&Fo] Foju7| wjZoltt. weba] Yi dAo] ofd 2F AlE T9lolA el vl s 1.3 HiY]2 2HIAE E0|=717
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g - Y= kg CO:2-eq
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Az 24 %8 A4 227 WYF @A 484 23 HYSED
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Global warming potentizl (log scale kg of CO2e per kg of FBFMO)
s

Minimum Ml dt.\n Mndhln Maximum  HGM AAR GCR HGM-PF  AAR-PF  GCR-PF
bovine* bovine*
Cattle and Cultured Meat Scenarios

1

(T=11) HHYL T A0 2AITIA HIEZE H| W, £ : Risner et al., (2025)
Beef (BH): ¥u¥t&Q1 A117] AAF 304 Y= 2A7EA vi&Fo] F7HE. (60kg)
e ot wjokel -G A& SFOoR AT 4

o
A o] B A2 Qe SsEeR AT BE

Table 2. TRACI 2.1 LCIA Results for Each Unprocessed and Purified Growth Medium Scenarios

GCR GCR-PF AAR AAR-PF HGM HGM-PF
smog (kg O3 equiv) 45 §9.4 11 27 069 138
acidification (kg SO2 equiv) 06 129 02 33 0.10 19
respiratory effects (kg PM2.5 equiv) 01 16 00 04 001 03
non carcinogenic (CTU) 00 0.0 00 00 0.00 00
ecotoxicity (CTUe) 18489 36,9779 469.6 93917 22992 45984
global warming potential (kg CO2 equiv) 754 15083 192 383.1 1231 246.1
ozone depletion (kg CFC-11 equiv) 00 00 0.0 0.0 0.00 00
carcinogenics (CTU) 00 00 00 00 0.00 00
eutrophication (kg N eq) 05 9.0 0.1 23 0.07 14
fossil fuel depletion (M] surphus)* 853 1706.4 217 4334 1489 2978

“Energy usage by cultured meat production facility not accounted for in the table. GCR, glucose consumption rate scenario; AAR, amino acid
requirement scenario; HGM, enhanced Humbird growth medium scenario; PF, purification factor.

(aE12) Y20 SMAO| 2ATIA HIESZF H|W2. X : Risner et al., (2025), Table2

UC DAVIS +go] 15} 5] ‘ACS Food Science & Technology ©ll AlAgH S]]
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E E Allsystems
25 A" SyStemS 7 Cultured-d L "n 4
” /‘\\
/ \
20 & At
s 1
< v 0410 4\
X - 7 _ == Mid-West USA | hekmmm e m e Cultured-d
o e o )
c o = 35y N
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Cultured-a E',,‘.r' """"" N iASAnATee o Cultured-a
00%* .
800 800 1000 0 200 400 600 800 1000
Year Year

(OZ13) AlL2|R1: XX 2 104H|, 100082 K| (T714) AILI2(22: 100 Z1AH| & AH| 2 FH
£X: Lynch & Pierrehumbert (2019), Figure 1-3 £X: Lynch & Pierrehumbert (2019), Figure 1-3
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(a™15) AlL2|123: AH| £71 & X|&7Hs $&202 24 £ Lynch & Pierrehumbert (2019), Figure 1-3
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Y& 238t J=(K)
Cultured-d=t vioF8- AAF 71 Z o x| Zokd TAL 71435 714 v|3H2 Q] Aluhe] Q.
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EX| HEXN|3

2.1 7|E L9 EX| AIE §iE

FAO9| 2, X|+9] I-Zo] Q= H9| 26%+= 7H 5ol ARS-E| 1L, 73R 33%+=
71 Atm AR ARE-ETE Hannah Ritchie®t Max Roser8] e171of AA1E ofefje] =
ot & & Hojt

AT 7Fst 8o Aut 71HE 4,8007 km?)e sl AT U4 F 80%= 7H5
ARgol| ARGEAIRE 7hE2 A AlA 229 17%, SHE o] 38%THE SaRtth ol=
Aol HEgt BEXE AMSSHAITE AR 35 882 Wihe AMdS HojEth mEhA
EA] o] & SHOIA SAIS HmgZlo|H diets BAS a7} Qlth

Global land use for food production
Earth’s surface 29% Land 71% Ocean
141 Millon km 369 Million km'
Land surface 76% Habitable land 10% G
107 Million k'

Habitable land 45% Agriculture 38% Forests 13% Shrub
48 Million km? 40 Million km* A8 oy

15 Urban and built-up land 3% Water bodies
. s ncudes seclements and ers and cosstal bodies
Agricultural land

Global calorie supply”

OurWorldinData.org

(TE16) Al2F MAS QIS ™ MIA| EX| 0|23 £X: FAO, Livestock and Landscapes, Food and Agriculture
Organization of the United Nations, p.1, 2012,
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N
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7|1E S0 EX| QYT 55t

SAIE BEA 2ok 425t = mIRIn o= AR oA 8Tt oty THS AR
oAM= yehdth 715 Atmole A4, Qlo] gt o] glom 5552 o8 45 =
ARE UHAE B g 8ijE3c} Koninger et al. (2021)0] ©h2H EUQF Gl A=
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(3&17) HEE 100g A4k Al HRSH EX| 018 m/H EX: Santo et al., 2020, Figure 4.

(2217)0] T A4 AL T 100g Akl Bt oF s vlgke] £)7h Ba
Sjei, ot HhA117] T oF 829, Sha1] TRl OF 77%, 4317] T oF 08% e Szolct,
Dt S50 B4 AGHE iR E AR S Ao ASEEE, AR A% £ W7
TSR Flo] 2Kt BIHE Sl8) Faser.

F=eE AT A= W=, £317] 1kg Aitolls 7~10kge] Ab=7t 2 a5
ALE2 10~14%0] 2L, HAIL7]= 4~5kg®] AHR7F R8I ARE2 20~25% &
ott. ¥, 1kg®| A=A tAlS AAtol= oF 1.3kg2] 734t A=0] BashH dea
oF 75% % ST FTHC] 9, 2023).
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Table 3 Feed conversion ratio (FCR) of the ambitious benchmarks, dm in:fresh meat out
Resource type Description Cultivated meat Chicken® Pork” Beef (dairy cattle)’ Beef (beef cattle)

Biotic Primary feed 0.8 1.5 3.1 37 4.6
By-product feed 0.2 18 15 21 11
Grass 7S 316

Mineral Salts and other 02

Total biotic+mineral (incl. grass) 13 2.8 4.6 13.4 37.3

Total biotic + mineral (excl. grass) 1.3 238 4.6 58 57

Total biotic (excl. grass) 1.0 2.8 4.6 5.8 5.7

(318) B 718 OHH| A& AIMS EX: CE Delft, 2021, Table 3
(O18)= w82 Al He G&(FCRIS BojZrt. 29l A, vidS: 1kgS A4
9130 OF 0.8kg?] F8 I8 AFi9} 0.2kgO)] HAEO] WA s}, AvFo] FEAL F7bE|o]
% FUYLL oF 1.3kg0 = Ut 2L Q1% 4 itk ol B117](2.8ke), HA T
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3719k AR 5L RIS Telut Abe: 3 fgo] ol A4 EX| M8 H7
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= HEXN3
3.1 7|E S| #XHH AR 2

FAIYS &F A Il A] Btet FY] RS AH|gY of7]olle 71 St
ofle}t Alm AHll, SAF B4, =571 Y ollA AREEl= Eo] Z9HET Mekonnendt
Hoekstra(2012)0] @2, 4317] 1& AJ4toll= 9F 15,400 m?, FA| 1171+ 6,000 m?,
H17]1= 4,300 m*e] Eo] € a5ttt T3 Lange?t Nakamura(2021)= 4317], HA]
7], §ar7] 1kg A4tell Rzt Fol 27} 22,000-43,000 L, 3,500 L, 2,300 Lefal
]

gatgict.

(A)
‘ Water usage by protein sources (L/kg)

Maximum

® Minimum

Pork Chicken Insect

Traditional Substitutes

(2219) £X: Da Young Lee et al. (2024)

of2Igt A AR-Z FAMI Q] & IAS(water footprint) O & ©]ofXth, B &/
AFe] & A2 54T 97 Ad A8 AEET €4 AH(Mekonnen &
Hoekstra, 2012). AAIZ A AlA] 54 29 & &S24+ 5 2 20%7F 5273 A& 4kt
TA=H, o] 7k oF 1/32 Aa17] AAtol| 4] WAgtHLange & Nakamura, 2021).
E35] At A4t dAAS] & 4H] H]Fo] At} Heinke 5(2020)0 w2, A7F oF
4,387 km?®9] &o] At AJAto]l AHGEH, o]= A 5A-82] oF 41%0l sttt
SARES] 553 4] DA AR Y- dE, 2B oA B3t oflvR|7F 1R
AMEE, A% 7152 d RS 7HSAIZITHE A 8], 2023).

obgE HAIL 4 Q9L A" 715 Ekst FA HE AMEO R QIS A4
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(Heinke -, 2020). o14% %411 A AAZOR o] & 7Hs B4 oF 1/42 418
s, Apel T} S otalol] F8.8 G vl

= ABYE E0[=71

A diAlsS] & A4 a3E FIsh] Asl 1A, Aed Sl deaA oM

Freshwater withdrawals per 100 grams of protein

Freshwater withdrawals are measured in liters per 100 grams of protein.

Cheese | -7
] ——————
i |, 04 L
Bect dairy hero Y : /5
i ot I ' 110
Lamb & Mutton _ 901L
Beef (beef herd) | NNEEGEGEGEGEGEE 725 |
Groundnuts _ 708 L
=l
Poultry Meat _ 381L
Other Pulses - 204 L
peas [ 1781

Data source: Joseph Poore and Thomas Nemecek (2018). Additional calculations by Our World in Data.
OurWorldinData.org/environmental-impacts-of-food | CC BY

(2220) E4: Our World in Data (Poore & Nemecek, 2018)

(1920} &Hd 100gT B4 AFFS Holedh. &4 100g Fike 91 &=
AEFE TE4 Dol A Tl vg| w2 Jor UEyH. FAZeR
A 227] 1,110L, £317]728L, 7ha+ 38119 @7F 85 += §HH, Al&/4 o4
ARl HFTE 178LE F& &5 TR E Fth ole & DAlIA A4 dudo
B] SO 910 e2 HojErt SRR 7k BAOIA 714 ]l = ARgol T
St &4 AFOIM AA, 7k, 18 e, ] A S TRt 82 =0 ARG,
ol d= YA & ARl H3fA F Xﬂ%—J & = EA=0 7] ofgtt ol 7k

SAZIA] et el 100g73 A (KI8ke, 4, &) AR T 2.
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FIGURE 5 | Blue water footprints per 100 protein. For cell-based meat,
plant-based substitutes, and insects, the mean and median were calculated = o] % 5
using the mean value from each individual study () to avoid over-representing ﬁxﬂ ‘1]'1'41 HU']TZI }—‘li_ﬁtﬂ%}:

results from studies that included more products than other studies. The
minimum and maximum values of the range were derived from individual

product footprints. For data sources and individual product k}alunma see ]ﬁ _?,] Lo} X]'XH i’H% ol == .7:“ =) H
Supplementary Data, Data for all other foods came from K 2018); LCA - = =
for these n represents the number of data points included.

(T2i21) T 1009 Mg AF22F £X: Santo et al. (2020) Figure 5

sig Iz mad, A diAlse] Mg AR TS AN TR 23]

SR 1718 22 76%, 77%, 89% S A0 Uit ol g e mge AlE
AN B4 Lol FBA &5t B4 AEeko] @45 28 oulaich

e A PSR 7120 R B Hlo| B, AL (1) LI ARE SR
SHels) R ke

Table 3. Comparison of total cradle-to-distribution impacts of quarter pound Ib. USS, beef, Beyond Burger, and Impossible Burger.

Impact Category Unit Beef Patty (i) Beyond Burger (ii) Impossible Burger (iii)
035 (0.33,0.37) 0.40 (0.35, 0.45)
GHG Emissions. kgCOseq.  37(29,43)  —905% (~90.0%, —91.1%)*  —89% (~87.8%, —90.5%) *
(~87.2%, —88.6%) ** (—84.5%, —87.9%) **
57(5.38, 6.08)
Energy use M 114 (95,136)  —50% (~46.7%, —52.8%) *
(—36%, —434%) **
045(042,047) 028 (0.18,0.42)
Land use m?aeq. 70(42,116)  —935% 94%)*  —96% (—94%, —97.4%) *
(85.8%, —90%)* (—90%, —95.7%) **
327 (3.09,3.48) 1211 (6.45,23.05)
Absolute Water use Leg. 964 (70.1,1404)  —96.6% (~96.4%, —96.8%)*  —87.4% (~76.1%, —93.3%) *
(~95%, —95.6%) ** (~67.1%, —90.8%) **
0.15 (0.26-1.10)
Aquatic Eutrophication Potential ~ gPOjeq. 171 (162, 6.87) - —91% (—35.7%, —84.8%) *
(~321%, —84%) **

* Denotes reduction relative to best estimate of beef patty’s impact; * Dbk et relative to the lower bound of the 95% confidence
interval of beef patty’s impact; (i) Environmental impact feed, cow-calf, feedlot, harvesting, case
neaiy) Pareniicies nclcsie 95 confilonce inteeval () as reported in (53] (raw material supply,

i on sensi| anal 3

(i) Environmental impact ——— reported in [36].

ls. Is not clear why
the interval for eutrophication does not include an estimate.

(2E22) D=4t 1/4 THREF 113g) 2707 | A= RIS HAO| TR MRy 2k gt H|w EX: Myers etal. (2023) Table3

et 21227 U =267 611



(22 ABY HAS WAL 7IE £77] e B AL HolET BFHoE (1723)2 A% 1KgF RISt hETFL HolEeh 2171k FFF o] o 4v]
A2 AL HANA 96.6%, 87.4% OVY B GRS BAA7IE 202 Fls gk J¥sk AR (POeq/kg)o] HERd 24 & 4 9ict.

AT A8 BAe 3 BRoIA F71H08 9GS 4D 4 e, 713 BAt
57 OQES 371502 Bl mkt

|- 19
1
1o
(Y]
N
K
S

et olefet 17 ATkEo] A1B4 TS FriHel 912 Tl ofFrhe X
= EAget ol 4317] A4 WAlo] B ARGl vl FFo| tjS 7] wolck
S U QT B AL 1ROR AE, W8 AR B A P

Impact category Pea DL FeaWHiiSoyWH Beef Pork | Chicken
o @ o gol SJESEE W §R(IS) Ahgol Ftk. Ridoutt et al. (2014)7 ST
kg PM2.5 g

Fresan et al. (20192)2] Aol = 5 ARS 201719 424 tiAl2] M AR

Fossil resource scarcity

kgoil ea
Pt = (o] =
o] HISBIALY, B4 A WE AR AT7|7HE HA U Sk Qlrka x| 2gt, ——
kg 3,4-0C8
Freshwater eutrophication
kgFoq
= oo A 27 S
33 AEY HISS 2T QHS AATIETR e
kgoaseg
JAR=WE| qL-o o7 MALT} 7 ZJ o] A 1:10:]0 =2 oulsl A~ O
—]E o q]ﬂ]‘“ﬁ:‘ - ol J’]’ I J’]’ oﬂ 1 c}:~9*] = Tr=22 T Alq- zuxn:a;ec;arcinogenicmxidtv
H ojoFsle} B ol olokHo| THEslAl Ak T A= ABo| A5 Halsty o]z :
T o 0-9*]‘ ul ﬁ’%“oﬂ o J:‘i_r: ] J’]’ ]'7" 04 ©° To 4= ] =k ] = ]' s ] Huriviny o caFcinaganio toxicity
kg 1,4-0C8
ol&f] AFA 7} 117t = MEo] A7 2| AL gFsF
R H QA ]- EE]O:I q-x__ = ] ] O—]E:]'l:] ]L pud J_E EL_T:I— Tonizing radiation
kg Co- 60 eq
Land use
miaerap ¢q
Eutrophying emissions per kilogram of food product Chraa” Marine ecotoxicity
. s ki . 3 kg 1,4-0C8
Eutrophying emissions represent runoff of excess nutrients into the surrounding environment and waterways,
which affect and pollute ecosystems. They are measured in grams of phosphate equivalents (PO.eq). Marine eutrophication
Beef (dairy herd) 365298 g ey
Beef (beef herd) S0141g Mineral resources scarcity
Fish (farmed) 23512¢g kg cueg
Prawns (farmed) 227.22g
Bhiassn Ozone formation, Human health
Lamb & Mutton ol
Pig Meat Ozone fi ion, Terrestrial ecosystems
Poultry Meat kg NO, 6
Rice
Esis Stratospheric ozone depletion
ki CFC-11 g
Nuts
Groundnuts [l 14.14 g Terrestrial acidification
Milk 10.65¢g KESOs e
Peas [ll 7.52¢ =
Tomatoes [ll 7.51 g ::;l:ﬁot;alal ecotoxicity
Wheat &Rye il 7.16 g A
Maize [ 4.03¢g Water consumption
Bananas | 3.29 g o)
Citrus Fruit | 2.24 g
Apples | 1.45g Figure 3. Heat map ing the envi 't i m of beet, pork. chicken, pea (DL and WH), and
Data source: Joseph Poore and Thomas Nemecek (2018). OurWorldinData.org/environmental-impacts-of-food | CC BY mm:;;&umnum fnreuh cm“d m.,m- - m i e
(322123) &X: Our World in Data (Poore & Nemecek, 2018) (O224) 1kg TR Aol 5+ Hgk H|W S|1EY =X : Myers et al., 2023, Figure 3
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Ao BAR ARE F PR Tt ok, 39A): B S, 494 g4
sgoyet, 1084 1k e, 119 Sl Sdoret

(T™24)2 2317, HAL7], §a7], SFF(DL 2 WH), d+(WH) 57 1kg A1t
e T2 1871 HFoll 24 Hehd s|Eolt. AlAF JFo] Hars =40 717t
S, s w0 A 2AE Y. B AEis4Y] A, e diAS2

.033~0.037 kg =202 £317] tfu] oF 95~1074H, HA|327] thH] oF 76~86H, Til7]
o8] oF 2.8~38) Yt
2 2ojogsle] 4, A=A A2 2F 0.00036~0.00044 kg 0]t} o]= 4117
e oF 18~224H, =] 127] tfH] oF 6~88l, Ha7| thH] oF 4~5H)] Rt siF AYe5/d 9]
A, AEA dAS2 2F 0.031~0.036 kg S5t} o= &a17] tfH] eF 110~1314H,
=R 327] thu] 102~120 v, Sar7] ohu] F 3.4~4u) Wt
g Fggste] 49, A=A diAS-2 2F 0.00076~0.00081 kg $3=0|t}. o]& 4117
thu] oF 24~26HH, =HA|aL7] thH] oF 9~108H, HaL7] the] oF ouff Rt
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I} G R0 BEsks Zo] o FFsheh. webA A4 A% B S 2
Ak GAE AR BEET £1 09 Ag o] WAL Gaoior S
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SREG 4 09 A A 4L A BAT 5 ek olo] w43 09 A
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Figure 15 - Water use (blue water) of CM and conventional products {ambitious benchmark)

Water footprint
Cultivated meat (CM) compared to ambitious benchmark
for conventional products®

Beef (Deef Cattle) v o R A P AR SRR R S, 258
Beef (dairy cattle) Anewrsmssssnmsrrsmrsnsnnns 115
CM (sust.) ———— 50
Chicken coomoooos 46
CM {conv.) = 47
Pork wwwmwnen 40
Tofu Dooooe 27

Meatless *» 2
50 100 150 200 250 300
litre / kg product

Intensive, West-European, circular agriculture with LUC-free soy.

(32265) 2 LX=-7|E HIZ0il e Z|ci EIXH uakx|of Hw st ChAls £X CE Delft, 2021
(1‘“/125)— B g5 kg AlE At Al Hagt A ARRRE et €a17], Si#]aL7]
o} |3 2291 BHH, A017]0f] HsiAl= E AL 7/12 gl 4= Sl
oheh viF=-o] A% & AREE 24 & 7] M2 g @A 71E
O =7 4k=El Aol7|of AA] 3] Ago] Hral Hrl= e, Al A5t ol
7t & ARgol E7hsitt. mEkA] 27] - A3E RojFe & A ave Vs 3

‘gt el LR AAE 7hsdol e, uigse] A A4 aakE Aets] Bt
3P7] flsiM = 55 A7 A5ol WR_SItt (Risner et al, 2024)
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Treatment

Land Application
Wastewater Treatment

o o o
N o @
=} =] o

Waste Management Cost ($ kg'1 meat)

0.00

Beef Swine Broilers CM - CM - CM -

$10/kg  $25/kg  WWT

(Q226) 71E K5 WA 2 HIYKO| FUA 2| F2RE HI H|Z SX: Myers et al. (2023), Figure 4
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