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Abstract: The long-term dependence on coal for heating during winter in northern China has caused serious environmental pollution.
In addition, the limitations and non-renewability of fossil fuels have prompted the development of new energy sources for clean heat-
ing. Biomass energy resources are a good option because they are abundant, clean, and sustainable. Crop straw is an important agri-
cultural biomass energy resource in China because of its” high yield, wide distribution, and variety. Extruding straw into briquette fuel
can significantly improve its combustion performance. Referring to the Intergovernmental Panel on Climate Change (IPCC), the
United Nations Framework Convention on Climate Change (UNFCCC), and the Clean Development Mechanism (CDM) methodo-

logy, and through literature research and field surveys, this study constructed a calculation method for greenhouse gas emission reduc-
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tion in a straw briquette fuel central heating system, with the natural decomposition of straw as the baseline. The calculation method
involves four parts: the system boundary, baseline emissions, project emissions, and leakage. The system boundary includes the dis-
posal of waste straw in the absence of the system, the route of transporting waste straw to the straw molding processing plant, the bri-
quetting machine used in the molding process, the boiler used in the central heating process, the route to transport the straw briquette
to the heating point, and the place where the straw briquette is used for heating. Baseline emissions are the sum of greenhouse gas
emissions from the natural decomposition of straw, emissions from alternative coal heating, and energy consumption emissions from
chemical fertilizer production replaced by returning ash generated by straw to the field. Total emissions of the system are the sum of
fossil fuel consumption emissions from engineering transportation activities, power consumption emissions from straw molding, and
emissions from utilizing straw molding fuel combustion and heating. The system leakage rate is zero. Finally, the total calculation for-
mula is as follows: net greenhouse gas emission reduction of straw briquette fuel central heating system = baseline emission — energy
consumption emission in straw utilization process — project leakage. Using the above methods, a case study was conducted on a straw
briquette central heating project in Lintao County, Gansu Province, China. The results showed that in the heating season from 2019 to
2020, the baseline emission of the Lintao straw briquette central heating project was 1610.08 t CO,, the project emission was 104.67 t
CO,, and the net emission reduction was 1505.41 t CO,, which is equivalent to reducing the CO, emission of 529.45 t of standard
coal. For every 1 t of corn straw raw material consumed by the Lintao straw briquette central heating system, the CO, emissions are
reduced by 1.17 t. Therefore, it can be concluded that the straw briquette central heating system has an obvious emission reduction ef-
fect. This study established a quantitative calculation method for greenhouse gas emission reduction for a straw-briquette-based cent-
ral heating system based on the background of natural straw decomposition, which enriches the estimation methodology for green-
house gas emission reduction evaluations. This quantitative study demonstrated that large-scale straw briquette-based central heating
projects have a significant emission reduction effect.

Keywords: Straw briquette; Central heating; Greenhouse gas emission reduction; Baseline emission; Estimation method; Parameter
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Table 1 Major greenhouse gas emission sources within the straw briquette central heating project boundary
5 HERCR hEA A TAAHERR
Scene Source of emission Greenhouse gas Included / excluded
F 2R Baseline FEFF A SR f# Natural decomposition of straw CO, HEBR Excluded
CH, i1 A Included
N,O 11 A Included
B A BRBHILIE Replace fossil fuels for heating Co, i A Included
CH, i A Included
N,O i A Included
HIAE A 7= Potash fertilizer CO, i A Included
CH, 1A Included
N,0 A Included
I FHEK Project emission AR UL Fa 05 H 7 s AT R R CO, 1A Included
Fossil fuel consumption for transporting straw raw materials to the project site CH, it A Included
N,O it A Included
FEAF AL RN T A2 (F 7 T #E) co, A Included
Straw solidification molding process (electricity consuming) CH, i A Included
N,0 i A Included
FEAT R ER P ILIE Straw briquette combustion heating Co, HERR Excluded
CH, i A Included
N,O 1A Included

FerheEBR IR R REFTRUEUORLIE TS AT R 7 xUR L, ™ A i COLMAN 225 B E Y22 fL . The reason of “Excluded” in table is that the CO,

produced by straw briquette will not cause the change of carbon pool, no matter how straw briquette is used.
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GEbc,straw = EFstraw X (1 - WR) X Nstraw (2)
EFstraw = GWPCH4 X EFstraW,CH4 + GWPNZO X EFsIraW,NZO (3)
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Table 2 Specific situation of five straw briquette fuel based central heating pilot projects in Lintao County, Gansu Province

oer | EORHRATURHER e R,
o L e L I L
Boiler capacity i Total distance of raw materials transported from . ., Heating area
Location MW) Fuel consumption of corn llection site to heating site (km) Heating period ()
straw briquette (t) coliection site fo healing site (month-day)
I\ HBUR N AE
Government building of Balipu Town 0.56 140 1 11-01—03-30 2600
RO I AR
Government building of Xintian Town 0.84 360 17 11-01—03-30 7000
U LT RO I A HE
Government building of Xiakou Town 0.7 260 40 10-15—04-10 4800
810 5 BRI ARE
Government building of Manwan Town 0.56 190 65 10-07—04-20 3700
R S BURTIMARE
Government building of Kangjiaji Town 0.6 180 40 10-20—04-10 3600
ait / 1130 / / 21700
Total
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Fig. 1 Process flow of Lintao straw briquette fuel central heating project
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Table 3 Parameters and description of greenhouse gas emission reduction of straw briquette fuel central heating project
W M S e SR AT ZHURL
No. Parameter Description Unit Data source Parameter
value
1 EFraw TR SRS A i 2 U 2R tt! [17] 4.25x107
Greenhouse gas emission factor of
natural decomposition of straw
2 Wr FFF &k % HAE BRI H 2 30%
Moisture content of straw Determined according to specific project
3 Nstraw T AP FR AR AT U t A BT H 2 1291
Straw raw materials consumed by the project Determined according to specific project
4 GWPcy, CH, I ARG IR T HAE tt” [14] 28
Global warming potential of CH,
5 GWPy,0 N,ORY BRI IR VA tt” [14] 265
Global warming potential of N,O
6  EFaw.cH, F&FF A SR8 fitt CHLHERH 7 tt” [17] 2.32x10°*
CH, emission factor of straw natural decomposition
7 EFgnwN,0 FEFF FL SR N OHE R A+ et [17 1.36x10™
N,O emission factor of straw natural decomposition
8 HG AR S I AR RS AT IR AR A (i GJ R BT 1.93x10*
Heat supply generated by straw briquette fuel consumed Determined according to specific project
due to project implementation
9 EFossil BRI A CO Y i HEIIN T tGJ"! [18] 0.0970
CO, equivalent emission factor of alternative coal
10 Nfossil SRR (1) -2 R % R4 FLAATT W 72%
Average net heating efficiency of coal-fired boilers Determined according to specific project
11 FBgtraw TR FE R AR B t R AT H 1 1130
Quantity of straw briquette fuel consumed by the project Determined according to specific project
12 NCViraw FERT LR A A GIt! R4 LA 13.746
Net calorific value of straw briquette fuel Determined according to specific project
13 Nstraw IRBERGFT AR R A ) - B AR % HAE BRI H 5 2 75%
Average net heating efficiency of boilers burning Determined according to specific project
straw briquette fuel
14 FBk Wi AL (K,0) S i i t R LA 4.57
Total mass of potash fertilizer (K,O) in ash Determined according to specific project
15 EFkco, FACA B A: P FERE R CO, Mt HEl H tt [19] 0.4094
CO, equivalent emission factor of energy consumption in
alternative potassium fertilizer production
16 AT, PEREFEIRUARL DA FH [ 328 i 28 B T Y t [20] 2
Pk 4P
Average load of agricultural vehicles transporting straw raw
materials from the field to the briquette processing site
17 EF,1 B FRRFF IR A 4 CO 2t HEUN 1 tkm'' [21-22] 0.2415
CO, equivalent emission factors of agricultural vehicles
transporting straw raw materials
18 AT, B R FRAL AN T 532 i ZE LB i 1Y) t [20] 5
PR B AR A
Average load of medium and heavy trucks transporting straw
briquette fuel from processing site to the heating site
19 EF» B f AR H AL B 42 1 CO, M L R T t-km’ [21] 0.6082
CO, equivalent emission factor of medium and heavy trucks
transporting formed fuel
20 Ne TAHSTTIHFGY LB MWh AR BRI H 72 67.8
Total electricity consuming for project operation Determined according to specific project
21 EF. co, T H 217 T X S8k L ) B CO ik R 7 tMWh' (201645 r [ X 8 R EL HE A T ) 0.9316
CO, emission factor of the power grid in the area where the { Baseline Emission Factors of China’s
project operates Regional Power Grid in 2016 )
22 EFgr SRBPERSAT AR CO, 2 BHHERLK tt [18] 0.027 87
CO, equivalent emission factor of burning straw briquette
23 EFgE,cH, WRIGEFEFT BRI CH R B 7 tt [18] 6.41x10™
CH, emission factor of straw briquette fuel combustion
24  EFBpN,0 JRBEREFT BB N, OHE R A+ tt [18] 3.74x107
N,O emission factor of straw briquette fuel combustion
31 TREESHNE HICAE P12 M6 S5t 04 3k 0, 8 M B 1) 5 K

1) 57T B R R R
IRAE LA T oh A PR A AU KA AT
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%30 %

& FT E R 8 i 77 25 19 CH, F1 NLO HEJCH 143 531
232x107* et Al 1.36x10°* ¢t " U7, AR HE ST MR BF, A<
SCAFGE I FeAE sk | VAR | B FORREFT S K
& (We) 75 30% ZE 47, PIILTHAE 1130 ¢ £ KFSFF i 7
BRRE (B35 7K 53 S HAB A= BT 5112 20%) A S TIHAE
THREAFECRE 1291 to MRIEEC (2) Al B, 5 A FE
FF R IR AR P (R B A [ AR B i SR R ) T R
RHER S 38.45 1 CO, (5 4).

2) TEFF R BB R HRE

R 48 S b 8 F 1T A5, SR Be 5 AT B 70 R 1 AL A
B IR () DN T5% 0 245 ) SCHRTT
15, B AR IR R e 1 A R 5 1 T 1 e A R o
(Mrosst) N 2% FPETR & A5 A0, KT J5 1 K F
FHIHAE N 17183 kI kg ', B 17.183GIt ', 4555z b0,
ZIH BT RS A ORI R 24 gk i 0Ky . 4
85 29 20%, AIARZI H KR FF AR R PAE S PR
20 13.746 GIt ', 454 FORFEAT AR E LA K
(LA BB N ) GB/T 2589—2020 HbR 4 i
H 29.3076 Gt ', iR4E L (4) AT 2, 5 N FEFE
JC TR AR AR A v (A B 3 KR T TR AR AR I
BB ER I Dy 552.08 t, A AR S i v /b 1 HE T B R
1569.76 t CO, (3 4).

3) KB A P=FE R HE U &

A AT VR AF A () SCHR R0, T KA AT g 78 R
BRI B AE 96% 2o A7, MIHAMRBe 7= 1 REA K

KR BT 4%, AP BRI K0 &
1 10% Ze A KRAE R (6) AT AT, 5 AN AN At
0 25 7 1B 1 i R AR IR B 4.57 t K0, B R4
JE B A (AR R A = RE REHE I S 1.87 £ CO,. HLAA
Wk 4 iR,

4) EERHBETRSERILA

FRAE 2 (1) THAT AL I Pk B FORFEFE R AL
H bR TR A LA R 1610.08 t CO, (55 4).
Horr, FEFF SR e E LR HE i 38.45 £ CO,, 15
FEUME R HET Y 2.39%; A FF g AR R A0 HE ik 2 o
1569.76 t CO,, i FEELLHEL Y 97.50%; £ A0 B A HE
LA 1.87 t CO,, o5 BAMEL ALY 0.11%.
32 IiRREBITHRE

1) BRI REFEARENR E R E

F KRG FF IR B B R 9 2 A FH 8 i 4
SEXFR AT (AT) 2950 2 t, FEFF I TG B2 B
B, R E R A F S (AT,) 2020 5t AR
2 (8) T AT LA 3, iz i 2119 ) T 2 AR S HE i i
4 10.01 t CO,, B4 5 i .

2) TREBfTIERER TR ZESEHTE

I S M R AT R AL, AR 1 RS AT R BR AL R 2
TAAEHL 60 kWh, [H It T f5ia 17 FE B i FE L & (V)
h 67.8 MWh, 50 (9) THE AT LIS 25100 H iz 1778
FEHE 7 I = SR HE B 63.16 t CO,, H A&
5 FiR.

F4 HFlERE 5 MEFRERNEPHBS R ELEESHHRELR

Table 4 Summary of baseline greenhouse gas emissions of 5 straw briquette fuel central heating pilot projects in Lintao County,

Gansu Province

HEHCR

- Government building of Government building
Source of emission

Balipu Town of Xintian Town

NGB IR BRBEBUNIMARE  ROHBUN I AR
Government building
of Xiakou Town

WIS HORI A HGIRS BRI AR T
Government building ~ Government building N

Total

of Manwan Town of Kangjiaji Town

A AR i HE
Emission of natural
. 4.76 12.25
decomposition
[(CO,)]
B s
Quantity of replaced 68.40 175.88
coal (t)
BB R R
Emission of replaced 194.48
coal [t(CO,)]
B
Quantity of replacing
potash fertilizer
[t(K,0)]
B HE
Emission of replacing
potash fertilizer
[(CO)]
FEMEL AR
Emission of baseline 199.47
[(CO,)]

500.10

0.57 1.46

0.23 0.60

512.95

127.03 92.83 87.94

361.18

370.46

8.85 6.47 6.13 38.45

552.08

263.94 250.05 1569.76

1.05 0.77 0.73 4.57

0.43 0.31 0.30 1.87

270.72 256.48 1610.08
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PR A5 AT RO v (b e TR 2 AR A Az 709

3) F= A R R

25 SCHR B A R FKG R, R RE 4% 21 R B
TR PR G FF R L P A CH, B9 HE L IR T (BFgecn,)
1 N,O BIHET A 7 (EFgrn,o0), HCRH [PCC™ v [ 44
AW OB CH, HEE A1 N,O HE ik K45 &
PEEATAN S . B X EFeg cn,, A PRSFAR TH80CHE &, AR
i (CM-073-VO1 HEBRER b fiff FH 2B 9y o 2 53 9 B AR
A BREL ) ikt 78 LR SRt LR R DL CH, HE
R T B AR ST 2R B 1.37, [ 45 ) EFgr o, M 6.41%
107 ¢t 41 X EF g0, HHE 5 47 68 400 0 B D A<
HERGA AR, 222K F < Bim bR 22y AT AR 47,
PR AR SCHE TPCC 45 HY 10 8 1 JE Atk Bk 2 9 I
WO Ao PR B, TR R 3 R AR AU B T C
REARRAE ) T Bt NO, HE AR ™ 388 2o 552 4 18 BF- 5 SR
Sy MR, NO, ¥ I RR — e 40% 72472, il
B fFE g0 3.74x107° tt ', 454 CH, F1 N,O fih
TRV AR (1) TR T LIS, B lr R e A AT i Al

BERHEY CO, Y it HE I FEFg:l 0.027 87 tt '

#5450 (10) AT (D) THEAT LIRS, 5 AT H S
P i A FHHERC R K 31.50 t CO,, BRI 5 s .

4) W H BHRE

gi b, RS (7) TP AT AR R, IR 5 AR
FE R AR A v (R B 3 00 H 2 R BB AE 1) B HE B i
2974 104.67 t CO,, 5 AW T H w4 2 A &L 7] Dl
5. Horp, W H iz fy R AR L AR HECR A
10.01 t CO,, (3 HHEH 1) 9.56%; il Hiz 1 TiHAEH
FIHERCR N 63.16 t CO,, f735 HHERUR 1) 60.34%; 7=
s A FHHERCE A 31.50 £ CO,, (5101 HHERCR Y 30.10%.
33 IEBESESERHEE

MRE L (12), 745 2019 4E 10 A 3 2020 4 4
— AR 2 IRk B 5 AN FEFE AR RHEE o BB
SR HE S R 1505.41 t CO,, Hor i S BLBUM 71
ISR HE B B i, N 481.23 t CO,, /\ L EE BRI
ISR HE AR, S 187.36 1 CO, (3 6)-

*5 HREERE s MEFREAREFHEBRARIIBEESHHRELR

Table 5 Summary of project greenhouse gas emissions of five straw briquette central heating pilot projects in Lintao County, Gansu

Province t(CO,)
o NN I AR RSB I AR BTN AR BB SEUNI A RERE S BN AR N
HERCIR S . o o L At
Source of emission Government building of Government building ~ Government building ~ Government building ~ Government building Total
Balipu Town of Xintian Town of Xiakou Town of Manwan Town of Kangjiaji Town
T F iz s R R
Emission of 0.38 1.57 2.79 3.34 1.93 10.01
transportation
THFEL I HER
Emission of electricity 7.83 20.12 14.53 10.62 10.06 63.16
consuming
7 i R R
Emission of straw 3.90 10.03 7.25 5.30 5.02 31.50
briquette fuel utilization
24 HET
BB 12.11 31.72 24.57 19.26 17.01 104.67

Total emission

F6 HFRERIEE S MEFRERHEFHEBELUFRESEREE

Table 6 Net greenhouse gas emissions reduction of five straw briquette central heating pilot projects in Lintao County, Gansu

Province t(CO,)
HECR JNEEFHEUR VA R EBUR I A Ul FEIBURF I B 185 5 BUF I A BEREE S BURIMARE pan

Government building of Government building of Government building of Government building of ~Government building of

£ emissi Total
Source of emission Balipu Town Xintian Town Xiakou Town Manwan Town Kangjiaji Town ol
Hrg R
Net emissions 187.36 481.23 345.89 251.46 239.47 1505.41
reduction

135 6 FI3R 7 AT, G Pk EL A AF R AR A 4t
% T A% ik vfiE 2R HE ik B 1610.08 t CO,, T H HE il
41 104.67 t CO,, i F HEHE A 1505.41 t CO,, 144 F
529.45 t iRAfEME RS CO, HEE, 250 H s 17 HE ik &= 1Y
144 f5 . THRE R, BIHFE 1 RS FFIER, 2D
1.17 t CO, HEHk, BEA = FIHT 1 ¢ T4 AT LAY RARL, 25
Wb 1.33 1 CO, HElk .

4 Fig5iie

AWF5E S % UNFCCC J7 k¢ . IPCC i B vk Ml
CDM J5 32, ARAEYIFEFF A SR 6 i b 4R, 4
ST T FEFE SRR A v AR B TR L AR HE
W E . TR FIEEIET H LR L.
T HE L R RS T SR L HE A A AT
HARE AR . AR SRR R ™= A B HE T L Bk
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#
3
B

®7 IEkERTRARKETHETEEESERAE

Table 7 Greenhouse gas emission reduction of central heating project with straw briquette fuel in Lintao County

t(CO,)
THR HERCE Hef SHER A
Scene Source of emission Emission Net emissions reduction
FEUEL FEFTF 1 2R 6 it
Baseline Natural decomposition of straw 38.45 1610.08
FEAT AR A A R 1569.76
Straw briquette fuel replacing fossil fuel :
YRR |87
Ash replacing potash fertilizer :
it H Heik BRI AL A RN FE
. L . . . 10.01 104.67
Project emission Fossil fuel consumption for transporting
LI TR FE
Electricity consuming 63.16
7 AR (REAT LR MR 3150
Straw briquette fuel utilization (straw briquette combustion) :
Wk TR 0 0

Leakage emission Project leakage

TR R 1A FH AR A B IR A e RE e HE i T H i
4G ARG 3 . AN TR f 77 BEAE Ik 8
PRBMIL R 7= A= I HER . 207w T RS A AR
AR R TR R & SRR BT 2R R R, X
MRS FF25A R 7 S0 &= AR A —
S AN, W A W BT T B |« HE S A A B R
25 AL DA B 1oz [ 5815 e Dl HE BUR 51 45 1 X
HFR,

DA 7 28 i kS35 B OB A BR 2 w) RS A AR
RUR A v (L iz AR 22 451 SR %k 52, R A 2 1Y O 1k
FARFR, TR B HE L HE R Y 1610.08 t CO,,
RS AT B BB AL A BRBHHE T 97.50%; T H
HEC A 104.67 t CO,, Hrp RS FF i TR AL H2 ) BE
FeHRiUR 2, I H HEBOW 60.34% LA . TR
HE1 R 1505.41 t CO,, Z9AH Y T 529.45 t i CO,
HERCEE, 2 B SRS FF A AL AR b it TR LA
W HE R . XS B A R gT 4 SR S AR A
5, F843 U W T R R A FF B2 BR OB 45 A= ) 5T e R R
FRIRIEF T 5 IR . 9 IR = SRHEOW v 17

1 38 [ R FF 25 B 7 B AS B i () BR TS &= T
FiFF 88 KA G C W 0D, (HFS FF 4 bl 2 I 7
FIE B P L9 37 55 7 T 1% B0 G HVRE G R T
FHEE T A LARS FF JC 5 58 58 Ry FEHE LR I B 5%, AR S
AR FT 58 K HET 19 SR8 fiff oAy B 1 2 T R 8 X S P
B2 N R FF B AR 1) 6 el HE 2R 1 AT U R A
[] B, 4 v (R 1 2 3 R A b IX & ZR R DR 1 R 2y
2, DARGFF CRLR L AR 1 A W o R W 4 b it e
CL A AL Ty XE T R (W R SRR — . AT
BT AR SRS AT Ry ORI R T IR IR A v 1AL B
T ARBRHE S A BT R AR R, I R 5 )
Ji& T ITAL, S AREFF Sy 32 ORI AR W) ST U

P B B S LB i s ™l e A3t 1 B
U AN 1 3% o A, SE R & G TR RIAH OGS
MR AL B, AR SO H R 4 i b BL A AT 1 AR £ A1
I T 58 1) A4 3 23 2 B kAT 1l Y ORI I 2,
SRAG A R R AT e S WS PRI B o

AT AP S rp IR 2 A HE A
LZHNZ, A0 2 BB SO bR RO R IR . A
SCAE A A d A R 1 AR R IR, RO YR AR
IR PR 7 25 5 i 2 e o a6 Al Sk 8l 2% ik
AR TR ST B — 2D W S BT R IR AT AR
GEWEIE . MEAh, £ TR FE R Ve S BURR I 0 | i TP R
35 5T, AR R R A £ S AT 2545 M) Ak sl R
R BE AR 22 45 75 T R B
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