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Comparizons of environmental performance of protein.rich products and their proteins from terrestrial and agquatic animals commonly consumed.
Categury Global warming (ke Eutrophication (ke Acidificetion (kg Land use (m?  Weter use  Cunuwlative energy  Reference
COz eq) POy e1) 50 eq) year] m" use (ML)
Per kg of products
Beef 47-65 (56) Macleod et al.
Park 67 20200*
Pouliry a6
7.2 7)
Aguaculture 5.6
Capture fisheries 3.6
Boef 9-129 (69) 74720 Nijdam et al
{213.5) {2012
Lamb & Mutton 10-150 (20} 20-33 (26.5)
Pork 4-11 {7.5) 8-15(11.5)
Pouliry 2-6 (4) 47 (5.5)
Capture fisheries 1-86 (43.5)
Aqueclture 3-15 (9) J 264
Beef (beed herd) 9948 0.30 326.21 143 Poore and
Beef [dairy hesd) 333 0.37 43.24 27N Nemecek (20015)
lamb and Mutton 2072 010 36081 1.80
Prowns (farmed) 26.87 0.23 297 352
Pk 1231 0.08 17.36 1.80
[ Fish tfarmed) 1363 0.24 841 369 |
Pouliry .87 ous 1222 .66

San e SV 2l el SIS e b amlie 53 0L 5T W5 s 3 3 e Y=Y Jpx

Comparisons of environmental performance of protein-rich products and their proteins from terrestrial and aquatic animals commonly consumed.
Category Global warming (kg Eutrophication (kg Acidification (kg Land use (m* Water use Cumulative energy Reference
CO; eg) PO, &q) SO, eq) year) (m%) use (MJ)

Per 100 g of protein
Beef 9.8-20.9 (14.36) 0.03-1.96 (0.45) 0.08-0.25 (0.17) 6.7-97.1 (38.93) Hilbom ¢
Pork 2.5-7.8 (4.40) 0-0.25 (0.08) 0.02-0.38 (0.11) 0-21.6 (19.67) 2018
Chicken 1.33-4.1 (2.45) 0.01-0.08 (0.04) 0.02-0.17 (0.06) 9.94-20.1 (13.60)
Aquaculture 091-2073(7.9) 0.02°0.15 (0.09) 0.03-0.14(0.06) 9.1-230 (8831)

|‘_Ca ure fisheries 0.65-17.05 (6.3) 0-0.08 (0.02) 0.01-0.14 (0.05) 1.5-91 (46.4)
Beef 4564 (34.3) 3.7-210 (106.8)
Lamb and Mutton 5.1-75 (40.5) 10-16.5 (13.3)
Pork 2.0-55(38) 4-75(58)
Poultry 1-3(2) 234(32)

"~ Capture hisheries 0.445725.2)

| Aquaculture 0.4-7.5 (4.0) 23-3(2.7)
Beef (beef herd) 50 0.15 164 0.73
Beef (dairy herd) 17 0.19 22 1.38 Nemecek (2018
Lamb and Mutton 20 0.05 185 0.90
Prawns (farmed) 18 0.15 2 238
Pork 7.6 0.05 11 1

(~ Fish (farmed] [ 010 37 162
Poultry 5.7 0.03 7.1 0.38
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6 Cyprinids
M Shrimps and prawns
I Tilapias

33

Bivalves
B Freshwater fishes
Marine fishes, general
I Catfishes (freshwater)

Indian major carps

9 18 Salmonids

(Macleod et al., 2019) :aie —dd 3 815 o 1 (5! S by HLanl Ol 45 pdo9 OL Rl sla &8 e £ Y5

Zhang et al., 2024: a0 - Slgr M5 52 ol o 3 sosn Vel ol gl 48 a0l V=Y Jgd

Share of
= . species in
Species or species group ) . ) spe-c;a* Eroup,
Finfish 54 564 56 354 57 681 59 602 61567 100
Carps 29015 259426 30 208 30501 31788 51.6
Catfishes 5782 6286 6092 6199 6628 10.8
Cichiids 6043 6407 6 066 6293 6 549 106
Salmonids 3517 iB12 3996 4 205 4243 6.9
Milkfish 1327 1297 1284 1278 1196 19
Largemaouth black bass 434 480 621 704 804 1.3
Snakeheads 554 583 649 BBT 630 1.1
Sea breams and porgies gl 436 485 533 564 0.9
Other finfish 7 500 7628 8280 8803 9 105 148
Crustacean 9501 10422 11 108 11548 12751 100
Penaeid shrimps 6056 6 504 6881 7405 7934 62.2
Red swamp crayfish 1714 2168 2 469 2710 2867 233
Chinese mitten crab 757 779 776 B08 815 6.4
River prawns 533 536 553 580 G600 4.7
Swimming crabs 419 a04 389 396 335 31
Other crustaceans 22 3l 30 39 40 0.3
Molluscs 17524 17407 17 869 18434 18911 100
Dysters 58898 6129 6270 6 685 7072 374
Clams, cochles and arkshells 4212 4 100 4 350 4 426 4514 239
Scallops 2141 2055 1570 2077 2022 10.7
Sea mussels 2093 2032 2 D46 2024 1927 10.2
Constricted tagelus 853 868 860 860 848 4.5
Other molluscs 2227 2222 2373 2 363 2 528 13.4
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Sperles TLocatlon System Global Eutrophication Acidificarion Land use Water use  Cumulative Reference
warming (kg (kg PO4 eq) (kg 50, eq) (m? (m*) energy use (GJ)
C0y ag) year)
Tilapia Egypt Intensive 961 14 10 53
Egypt Semi-intensive 6126 6 24 238
Rainbow Germany Intensive 3561 &0 11 1008 uel Fitwi
trout and 013)
Denmark
Germany Extensive 2239 60 11 1280 Samuel-Fitwi
and etal (2013
Denmark
Genmnany RAS 13.622 4 41 1474 Samuel-Fitwl
and etal (2013)
Denmark
Sea hass Tunisia Traditional 11,087 54 A260 190,000 176 lerhi et al
raceway (20121
Tunisia Cascade raceway 17,449 25 70 4940 396,000 280 Jerbi et al
(2012)
Salman Canada RAS (electricity 28,200 353 18 353 Ayer anc
and oil-fired Tyedmers (2009
heater)
Canada Net-pen (power 2073 20.1 a55 26 Ayer and
generator) mers {2009
Atlantic us Open net pen 3390
salmon us RAS {hydropower) 3730
us RAS (fossil fuel) 7010
Shrimp China Intensive 5280 63 44 62 Cao et al (2011]
China Semi-intensive 2750 32 19 34 Cap et al (2011
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Species-group GHG emissions (Mt CO,e)

LSS S s S

Al
¢
Species-group

g Al p bl 5 B e g ys ) GRS glajE Lasl Ol 0-Y S

S A Camdge il 550 Sl Al o3 ) GBS G5 Ll O e 08—
%gy@a;juzjjﬂW@;@L@:4;6)M6J-,,Tdu.x}t,);@awdujg,m‘muammguwum@u
53 Opdle s Sl S0 Gl SIS slaslE Ll SSle (e Ol 4 503 (Ko 5 edns Shosn 5siS L s bl
s 05 A Ul oS ST (63 Jslas dly o3 YRV 5 VY XY OV L5 LS 5 L QLS Sy 5 sl 528
Gl S ST 63 dalas dly 05 Y/AAY gl Jis n slasl Sl o K0le oS J- 5 (Pelletier et al., 2009) s 5
XU ) E/VAY o 53 WS i 5l 35U ol S g8 jLlasl - Kke pizeen (Gephart et al., 2021) Ll o s 5o o5
Sl ke s (Henriksson etal., 2019) s 5o o5 2 3l 4 oS AT (63 Uslas A1y o5 A/Y (55500 5 (et al., 2022

(Gephartetal., 2021) Lib o §/++¢ O
Ol it S (S35 40 Bl e L5 Ol oS oS Ui (51 GlS sllS L281 lar (501 o5 G
QY U0 Al o g Showl 5 B3 slwl s a5 Ol 2t b Gblie 4 b gy je sL2

22
42

I East Asia

M South Asia
Latin America and Caribbean
Western Europe

I West Asia and North Africa

Rest of world
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Zhang et al., 2024:xs —deo o5 2 515 4 Gl e s 68 Sler b B il aglie 4-Y Jyu

Species/category Global warming (kg CO; eq) Reference
Cephalopods 4258 Gephart et al. (2021)
Cephalo 2800 Parker et al. (2018)
[ crustaceans 7900 Parker et al. (2018) |
ters HR]77 Genh
Shrimps 7147 Gephart et al. (2021) I
Bivalves 3394 Gephart et al. (2021)
Demersal molluscs 2400 Parker et al. (2018)
i 1408 Gephs i
Pelagic fish <30 m 200 Parker et al. (2018) l
Pelagic fish (large) 3853 Gephart et al. (2021)
Pelagic fish >30 m 1900 Parker et al. (2018)
Demersal fish 2400 Parker et al. (2018)
[Rlatfishes 10,998 Gephart et al. (2021) |
Gadiformes 2056 Gephart et al. (2021)
Jacks, mullets, sauries 5119 Gephart et al. (2021)
Redfishes, basses, congers 3862 Gephart et al. (2021)
Salmonids 2859 Gephart et al. (2021)
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Barange et al., 2018; IPCC, 2019, Palmer and Stevens, ) ol 'y S o 5 O3l 51 G Olge a0 b (K o 55 i (e
S St gs b s e Vb (Bl a3 L (GHGS) (¢l wlslS sla 3l cslil 4 45 (2019; Riphah, 2015
Sl 3 1 g 2 R (S AeST (3 S8 s 5 e e oy S 5 (N20) 055 2 S|« (CHA) ol (CO2)
Gk 45 sk w sl Gl LS s 1) femly op nie 05558 SladeST oS Il s (027 ISE) 54l gl SIS glasS
J3a) Al o S AT (63 51 ke 1 Y10 (055 20 sladenST Siler Sle S il (Y010 Jle )3 IPCC 55158 ey
.(Nhi and Giao, 2024) (\-v

IPCC b3l sl LisliS s alslS slaslS Sler iule S il V7 s

Chemical Formuia o
2r report ¥ ™ report = 4" report 5" report
Carbon dioxide Cco, 1 1 1 1
Methane CH, 21 23 25 28
Mitrous oxide N,O 310 298 298 265
Sulfur hexafluoride SF, 23.900 22200 22.800 23.500
Carbon tetrafluoride CF, 6.500 5.700 7.390 6.630
Hexafluoroethane C.F, 9.200 11.900 12.200 11.100
HFC-23 CHF, 11.700 12.000 14.800 12.400
HFC32 CHF, 650 550 675 677
HFC-41 CH,F 150 a7 a2 116
HFC-125 CHF, 2.800 3400 3.500 3.170
HFC-134 CHF, 1.000 1.100 1.100 1.120
HFC-134a CH.FCF, 1.300 1.300 14.300 1.300
HFC-143 C.HF, 300 330 353 328
HFC-143a CHF, 3.800 4300 4.470 4.800
HFC-152a C.HF. 140 120 124 138
HFC-227ea CHF, 2.900 3.500 3.220 3.350
HFC-236fa C.H.F, 5.300 9.400 9.810 8.060
HFC-245ca C.HF, 560 950 1.030 716
Nitrogen trifluoride NF, - - 17.200 16.100

Note: Sources: *a IPCC (1995). *b IPCC (2001). *c IPCC (2007), *d IPCC (2015).
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A specialized scientific meeting on the role of mangrove forests
in Protection and restoring of aquatic resources.
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