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Abstract: Recent years have seen increasing global interest in the study of food loss and waste, and their related
environmental impacts. Wasted food creates carbon emissions throughout the duration of the food supply chain, from
agricultural production, food processing, and distribution, to consumption and waste disposal. While it is widely known that
the generation of food waste must be reduced, the lack of quantitative information on the production of household and

catering food waste has led to the underestimation of waste volumes and hampered the development of proper polic
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interventions designed to decrease food waste. This study investigated the volume of catering food waste generated in Beijing
and calculated its carbon footprint. In this study we focused on avoidable food waste, i.e., all wasted food and raw materials
that could have been consumed had they been prepared differently. Other bio-wastes, such as vegetable peelings, bean
dregs, or bones, were not measured. During first-hand surveys of the catering sector of urban Beijing in 2013, 136
restaurants were studied. These establishments can be divided into large, medium, small, canteen, and fast food restaurant
categories. A total of 2704 samples were collected, each consisting of two parts: a consumer questionnaire, and the weight
of each sample consumer’s food waste generated by the establishment. The greenhouse gas emissions produced during each
stage of the food supply chain were calculated, and then scaled up using the restaurant data to determine the total quantity
of carbon emissions produced by the production of catering food waste in Beijing. The main conclusions of this study are as
follows: (i) The total amount of food waste generated by the Beijing catering industry is 39.86 x 10* t/a, or about half of
the total weight of food consumed in Beijing. (ii) The food waste was comprised of many different food types, the most
prominent ( by weight) being vegetables (43.16% ) , followed by aquatic products (10.51%) , pork (8.79% ) , wheat flour
(7.35%) , beans and bean products (7.19%) , pouliry (6.93% ), rice (6.09% ), other grains (3.20% ), mutton (1.
94%) , eggs (1.84%) , beef (1.70%) , other meat (1.23%) , and dairy products (less than 1% ). (iii) The total carbon
footprint of the catering food waste produced in Beijing was 192.51 x10°—208.52 x 104 t CO, eq. By food category, the
largest proportion of the calculated total carbon emissions was generated by meat (61.76% ), vegetables (25.09% ), and
grains (11.30% ). By process, the food production stages producing the largest proportions of the emissions are agricultural
production (almost 50% ) , catering consumption (37.39% ), and waste management (13.68% ).These results reveal clear
differences between the distribution of waste and the carbon footprint of different wasted products. Although food waste can
be more accurately quantified in terms of mass or value, these metrics does not provide sufficient information about its
potential environmental impacts. Therefore, analyzing food waste in terms of both wasted mass and the carbon footprint of the

wastage is a better means of identifying priority targets for the development of efficient waste reduction measures.

Key Words:; food waste; carbon footprint; life cycle analysis; catering industry
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Fig.1 Carbon emission along the different stages of the food value chain
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Table 1 Raw food materials and the coefficient of agricultural products information

R i A" i

B Agrioultural TRZE (V) BYIEM Asticultural TR RE (V)

Raw food materials o Coefficient Raw food materials e Coefficient
products products

KK Rice a4 1.52 &[4 Mutton WA 2.25

¥ Wheat flour INFZE 1.49 BN Poultry AR 1.49

HAWARE Other grains HAb & 1.20 FHAh A2 Other meat HEEE 1.87

T 5 5] _

R B K= 0.75 JK7= i Aquatic products IR 1.18

Bean &bean products

BRI Vegetables i 1.50 HK Eges fef R 1.18

H- 855 A Pork AR 1.63 1425 Dairy products JE 3T 1.05

B2 Beef HAEEY R 2.11
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Table 2 Emissions coefficient of greenhouse gases

E3 HEM R B BRI
Sources Emissions coefficient References
VISACLIN ALAE Chemical fertilizers/ (kg CO,eq /kg) 3.28 [31-32]
Agricultural production materials 424 Pesticides/ (kg CO,eq /kg) 18.09 [31-32]
A Plastic film/ (kg CO,eq /kg) 18.99 IREEA[ 30]
57 Diesel oil/ (kg CO,eq /kg) 2.17 [33]
FEWE Trrigation/ (kg CO, eq / hm?) 75.08 [34-35]
f]aHElj e(r:nl—il:j:firom paddies 7RIt =48 Northeastern provinces/ (kg CH,/hm?) 80.13 [29, 36]
A H 3 N, 0 BYHER H A In-season rice/ (kg N,O /hm?) 4.59 [37]
N, O emission from cropland soil F/NF Spring wheat/ (kg N,O /hm?) 0.40 [38]
K Soybean/ (kg N,O /hm? ) 2.29 [38-39]
B3 Vegetables/ (kg N,O /hm?) 4.94 [40]
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KR He 5L R AR
Sources Emissions coefficient References
HABKLE Others staples/ (kg N,O /hm?) 2.53 [41]
BE R Y K CH,HEX % Pig/ (kg CH,/head - a) 1.00 [33]
CH, emission from enteric fermentation 4 Cattle/ (kg CH,/head - a) 59.70 [33]
by livestock and poultry ¥ Sheep/ (kg CHy/head - ) 5.00 [33]
F & Poultry/ (kg CH,/head - a) - [33]
HABHER Others livestock/ (kg CH,/head -« a) 5.13 [33]
BB IR K B CH, HERL 5% Pig/ (kg CH,/head - a) 3.50 [33]
CH, emission from manure fermentation 4 Cattle/ (kg CH,/head + a) 8.75 [33]
by livestock and poultry 2 Sheep/ (kg CH,/head - a) 0.16 [33]
Z & Poultry/ (kg CH,/head - a) 0.02 [33]
HABER Others livestock/ (kg CH,/head -« a) 0.49 [33]
BB FGHAMEHERL N, O HE ¥ Pig/ (kg N,O /head - a) 0.53 [42]
N, O emission from fecal by f Cattle/ (kg N,O /head + a) 1.18 [42]
livestock and poultry - Sheep/ (kg N,0 /head - a) 0.33 [42]
F & Poultry/ (kgN,0 /head - a) 0.02 [42]
HABHER Others livestock/ (kg N,O /head - a) 0.71 [42]
IK7= i/ (kg CO,/kg) Aquatic products 0.97 [28, 43-44]
32/ (kg CO,/kg) Dairy products 1.19 [45]
EH/ (kg CO,/kg) Eges 2.24 [45]

IREEA $8 B 50RO R ARl B U5 AR AR PR BRI, e i 51 1A SCRR 300 5 JRAIE v, AR i e R LA 6 oK e e R A 5 2
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4
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CF it = 2 7’ X W, x EF, + Y. 7 x W, x 169.89 x 2.17 + Y 7 x W, x 75.08

L
i=1 1 i=1 1 i=1 X

Arice
CFagricuhum]Z = Z Y X Wnce X EF(;H X 25
Ai
CFagricu]lum]B = z 7 X WL' X EFLN20 X 298
i=1 i
S, S, S,
CF gicuturas = z ?k X W, X EF,y,, X 298 + Z YTC X W, X EF,cy, X 25+ 2 Z X W, X EF, ey, X25
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Table 3 Main food supply in Beijing

TiH Ttem T HE Main supply T H Ttem T LR HL Main supply
FLE Grains I/ E ¥ Meat TR/ NS

B Vegetable IR/ AL iL ey B2 Poultry T/ N

EK Eges R/ ST JK77 il Aquatic products KH

152 Dairy products NEa S5 Bean products Bpir

BRI 51 H S5 30k 46 ]

(2) InTAbBEF Bk 2 78
T A BRI B T A B AR DG T RN T R AR S R AT BT T
B T BRI BN T e — 25 R T B SR LN T, RS HOR 4.50/h, IR 41 kW,
I N AL £S5 210kg /h, TN 7.5kW 110 2 it 32 B0 T4 SRR THT 30 kg /b, TI%A S,
SkW o PN T AR F B B A7 ot fet R DRAE A Stk A2 il -
CF =Y W, X Ele,, x 0.85

T, CF g PN TANERBY B AL & Hy %05 " TP ECI BT RHIR B 5 Ble,,, AN T M R i
FIE Y IR RL A ARE L 50,85 kg COLeq /kW - h W HL ST HOBRHERL R L

(3) 3z fii o Bk A2 328

B R AL S Y AR (35 3) Sk 46 ], BRI 1 /3 Sl AN L2 /3 Rl
3o e, DR R e e % 8 P e 4015 ML AL 5 10 2, R LA LSRG 3 PR S A, T
i Betg L3k

processing

CF =Y W,/ xD, x Ene,, xEF

HH | CFyion IS S BB T s W, N5 i FhEYEABHRIR St D, A & FhEY R RLZ B AL R H
PEES s Ene, ., A5 ¢ Pz )y X005 REAE , UK S LR 45 EF .., W55 « FIRE IR A BRHEC R 5, bl iy
WHER 2%k 3.15 kg CO,eq /kg ¥,

distribution

R4 AHRUEBEZLERER

Table 4 Main technical and economic indicators of highway and railway

AL ZE B 7 i 2 LR
J U F 9 T A
DA 2 AR PRI A ARSI S . .
. . . . . . Electricity  consumption  of
iH ltem Petroleum consumption of Diesel  consumption of  Diesel consumption of lectri . . i
trucks per 100t - km/L trucks per 100t + km/L internal-combustion glectne. power  engime - per

! - km/kWh
engine per 10000t - km/kg 0000t - km/kW

RERE Energy consumption 7.76 4.72 34.5 95.4
Btk . 51 B 2% 3CHR[20]

(4) BHH SR B Be 12 38
AR P BB 2 i AR IR BRI 9% LU S B AT A I B . i TR BRI, AR SCR % B K
FREVRFERE , Btk A M & A,

2 vvfuod waste

CF X
Z (W ishes Wplale)

= Ene x EF

consumption total natural gas
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HA CF,pion WK SR BERR LI, Ene,,, WERAN TSR BT 5 EF 0 o IRIRZHIBH TR
#,2.09kg CO,eq /m**)

(5) % ot b 3 A BRFY Bk f b

AR BT IR A HR Y B A AL 8 A A8 B R A AR SB35 T 5 R . b i 3k SR P 4R BT s 35
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RN St S ihIlAE N 0.15L/km i85 lE B0 15km, REIL 5T A8 B b AR B %l 48 BT B Sl Ab #
AbFE AR A SCHR ) Jb s S B A BT P A R BRHECR 161.1—337.7 kg CO,eq/t, HIIH AT 342 1 4 Jof
3 AL B BERR JE 5

Z anod waste

management -
Wlnad - capacity

i, CF, L SRR A B I, Y W, IR R, W, R
SERE R, D WAL B3 BB (BT | Ene, Sy R IEH LSS IZE 1 IR, EF,, H%e
EOBHER R, EF,, . SRR b B R He i R

(6) LT i L3RR B Er M I He S0 « 25 W B OB S A A ), 1

CF X 2 X D x Eneper X EFdiesel + z Wfood waste X EF
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PR R4 S AL 5 b 3R 2 B SR AR AR SR L SR SR 2
— R R SR S Y SR R R ST S A A R SR AR, RS RS R IR R,
UCHE A, EE AL A0 2RI 25110 42.68% 33.65% 17.71% ., AIZEHYIR 24 5 30 [ Ja B I 2K 0 2%
SERE PR OG, 2011 47, TR R AT 9% 7 A JRTH TR 1Y 62.4% , & TRTH 9% b7 AR ETH 2 B 27.1% , i
AR 10.5% " EEIR SRR IO, b7 E TR 44.15% ; FUORKRIE, 5 FEEIR PR 36.
62% ; HM iy T &3 5 19.24% , B 1705 8 2315 et 22 10 64/, THI 63 A TR 2 o 1) 2 2 D DR T 12 ANk
WAL R,
3.2 JEETTRIKEWIR AR 2

JE TR B YIRS 38— D7 TR B T B TR 2 PR IR AR 52 b ST AR TR IR 2 i
A R R R 192.51x10*— 208.52x10*t CO,eq( £ 5) .

BRI HE G R AE . Rl A 7= W90 T iz frad T S R DL R A b B, b Rl AR R
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FrHERC G CH, , DL S A VE DR I - ST HERC A N, O, #I4in T. B AR R = S I gom T, FE L JERE
AR SL A At N 5 9 2l A T SR S IR R R IR 2 5 2% i A P o G A5 AT o o S S I 1% o e e AR
P R LA R Ak B St 45 ST T 7= A R RS . AN S R v, Al A 7= i B A B HE T B R 99.34 %
104CO, eq, i EWITR TR B LT 1Y 47.64% , FHUIETE T B BE AR L3 77.96X10°1CO, eq, 5 B PITR 3% Sk 2
T 37.39% , TRV JiF S BRI B Bk JE 6 28.54 % 10*CO, eq, i B IR B 2k JE 96 1 13.68% , FH A #B
SRR HERAR /N, L FT A ZBEATE (B 3) o Ak A = Bedb, 3 & =0 I HECR e KR 81.74%10%1CO, eq,
A AR A 7 B Bl HERI ) 82.29% 5 FLUR A AR G5 A BB HE T 8.56 % 10*tCO, eq, o 4 b A= 7™ B Be e HE T 8.
62% ., HAR RIS | & 2T 4.24x10%CO, eq, 1 5 Az 7= B BEHE R 4.27% , By senl WL, Jb i s
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Table 5 Carbon footprint of catering food waste in Beijing

Al A= 7 B T Ak BT LAk Bl

N o BB 2 A ' o L
Bl R SO EBEE e e ‘ RAAR
X . . § ~ CF of distribution . . /N Tk 2 370
BiH Item CF of agricultural CF of processing 4 CF of catering CF of
. 4 10°CO, eq . Subtotal Per kg CF
productlon 10 CO2 eq consumption management KeCO /k
5 €
10°C0, eq 10*C0, eq 104CO, eq -2 €U 58
K Rice 2.92 0.02 0.11/0.24 475 0.84/1.74 8.64/9.68 3.56/3.98
TS Wheat flour 1.52 0.02 0.13/0.29 5.73 1.01/2.1 8.42/9.67 2.87/3.30
HABKLA Other grains 0.67 0.01 0.06/0.13 2.50 0.44/0.91 3.67/4.22 2.88/3.30
BT N 5
2.05 0.45 0.13/0.28 5.61 0.99/2.05 9.22/10.44 3.22/3.64
Bean &bean products
B3R ESE Vegetables 5.64 - 0.33/0.72 33.65 5.92/12.32  45.54/52.33 2.65/3.04
L RS A Pork 17.43 - 0.08/0.19 6.85 1.21/2.51 25.57/26.97 7.30/7.70
2E Y Beef 16.20 - 0.02/0.04 1.33 0.23/0.49 17.78/18.05  26.22/26.62
fif 2£ P Mutton 23.10 - 0.02/0.04 1.52 0.27/0.56 24.90/25.21  32.12/32.52
& Poultry 11.66 - 0.07/0.15 5.40 0.95/1.98 18.08/19.18 6.55/6.95
HABZE Other meat 11.39 - 0.01/0.03 0.96 0.17/0.35 12.53/12.73  25.62/26.03
K= Eh Aquatic products 4.79 - 0.02/0.05 8.19 1.44/3.00 14.45/16.03 3.45/3.83
2 Eggs 1.94 - 0.02/0.05 1.43 0.25/0.52 3.64/3.94 4.97/5.38
524 Dairy products 0.03 - 0.00/0.00 0.04 0.01/0.02 0.08/0.09 3.57/3.97
/It Subtotal 99.34 0.50 0.99/2.20 77.96 13.72/28.54  192.51/208.52

TR IR VIR e B L 3 W] A AR 2R B R RIS R 6 R (K 4) . Hirh,
TR Dk 5 e T B AGER Aok 1 TR B 1A F) 102.14%10% CO,eq, i TR 2% BB L5051 48.98% , A
IR TRt 2 I iR HE R R P Rk A AR AR PRk B i HE T R IR £ 79.78x10% CO,eq, fi RIS TR T Ak
JETR 78.11% . BEISHIIRTT , 5 B WIR el 9k 1Y 5 A, ik F] 52.33x10* t CO,eq, di B WIIR 2% EL ik 2 il
[ 25.09% , B3 IR S /2 300 s HE R e R I A R R T B ad B o0 33.65%10° t CO,eq, o sk TR i &2 1)
64.31% , FLE TR 20k 75 0 B W) a2 i 058 =47, 23.56x 10" t CO,eq, 5 & ¥R 7% B8R 2 35 1)
11.30% ., AR ETR M A2 37 e HI BB i K s Rtk F FIH 2R B BL, 4 13.98x10% t CO,eq, (MR ETR ik &
W) 59.34%

BN IR S Y R KT (2 5) , F R AR R I i K, 2R 32.52 kgCO, eq/kg, i i il /& 78 e /)N, A
7 3.04 kgCO, eq/kg, AT S5 # B 10.70 £5, BITRFE 1kg LAY TIR 2% 10.7kg MUBRSE, 4 PR BB 2 X
WF I, 26.62 kgCO, eq/kg, FRR N HADAZE 26.03 kgCO, eq/kg, J A 7.70 kgCO, eq/kg, B A 6.95 kgCO,
eq/kg, 95 5.38 kgCO, eq/kg, HANETR BB YR 278 5 /NI = A5 R 430l R TRy S AR & 3.30 kgCO, eq/
kg, 7K 77 i 3.83 kgCO, eq/kg, #i3% 3.04 kgCO, eq/kg,
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