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The research on eco-efficiency and canbon reduction of recycling coal mining

solid wastes: a case study of Huaibei City, China
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State Key Laboratory of Urban & Regional Ecology, Environmental Impact Assessment Department, Research Center for Eco-Environmental Sciences, Chinese

Academy of Sciences, Betjing 100085, China

Abstract: Resources conservation and mitigation of the pressure on the environment could be achieved by recycling of
industrial solid waste. As a very important economic sector, construction industry is one of the main sources of energy
consumption and carbon emissions in China. The production of building materials play an important part in energy
consumption and carbon emissions in construction industry. In addition, building materials production is an alterative way of
reusing the solid wastes from coal-driving electric-generating plants which can significantly reduce the energy consumption or
carbon emssions of building material industry. Coal fly ash and coal gangue are common industrial solid wastes from coal
mining or coal combustion processes. The quantity of coal fly ash and coal gangue is very large especially in coal-resources-
based region, for example Huaibei City in China. Novel wall materials can be produced from recycling coal fly ash and coal
gangue which is an effective way of energy saving, resources conservation and mitigation of environmental hazards. In this
study, we take the novel wall materials ( fly ash block, coal gangue brick) made from industrial solid wastes and

conventional wall materials ( clay brick, perforated clay bricks) made from clay in Huaibei City as examples to analyze the
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eco-efficiency and carbon emissions of them. Then we established a linear programming model to regulate the production of
four kinds of wall materials in order to achieve the highest eco-efficiency and reduce canbon emissions for wall material
industry in Huaibei. The results show that the eco-efficiency of novel wall materials are higher than that of conventional
ones. The carbon emissions of coal gangue brick is higher than that of conventional wall materials while the carbon
emissions of fly ash block is between the clay brick and the perforated clay brick. In order to achieve the highest eco-
efficiency and carbon reduction of wall material industry in Huaibei, the use of clay brick for building materials production
should be forbidden and the production of perforated clay brick should be decreased while the production of coal gangue
brick and the fly ash block should be increased. As a result, the ratio of recycling coal gangue solid wastes increased from
15.8% to 25.2% . These results can be useful in the identification of available techniques for building materials made from

recycling industrial solid wastes.
Key Words: industrial solid wastes; coal gangue; fly ash; eco-efficiency; carbon emissions

HBUE REIRIHAE MY FE BT TR 2 DT 2 — . AEBURERE & P ERB IR M FE B Y 25% oA,
di At SRR TR 2 S 1Y 40% Ao AT 5 R SER T XS W BRHE Y TR R AT 50% 5 AR o B RE e A R T AR
RiHERICY He B fe e, k3 179 1

AP I REFRE 15 P W HER 320k B T @SR A2 RS T @SB AT A SRR R S by
WAL FRAER BT BEAME RS S R 22— BB R E P BEAE 5 A T BEREMY 35% A AT, &
Belt T FE AR IERE LY 7280 T t, i AR =R 3. 4% A2 47 (2005 45) o v E A AL Gl A bRk v LUK 7%
b S SR G A 7 R R T AR R R B R URRIDRG b R L RB R SR AR IR ACR AR - T A
T BEUE, BURES (8 RS 0% 5 F A A P 1A B 0 26 P i B B A AL, L ARG 0 ST A1 DR JREIR
S 1 PR T A B AR AR 4 DL M 1 2 5 JRER T A F2 ok B TR FF R AR s ROk B TR ek A ik
RO R IR A B IR AL R B 2 B — 2 B, 2007 AT [ PYIREAT A G AR PR R B 3k 200 {2 ERT
HEFTARLE P2 BRI BRHE OS2 20, £ SRR 7= B B (B HE T 7 59028 o o BB A1) 1690 22451
B HE R 2 P ST R PR B R I B E 28R . A B C TR AR A BT S A 2 (H D S s Tl [
TR GEIRAL T TS BB 7= A R IR RCR R IR RCR FBRHETL

A SRRV BE IR AR IR RO AN T Fr 2 K e i A T B, SR AT R 2k % i TR H g5 23 (World
Business Council for Sustainable Development ) [ 32 SR - A2 AR ZAE LUEA WAk 5a 4 77 107 b FIR 5516 2 A
T SRR e A 3 Jox i 14 [) I 328 20 B ARG A i ] 39 1) B B3 52 Wie) R 5 50T FE 5 BE, LA sk ) K 2 ) A A
R ARG T ANRNZR 1) 7= 2 R AR SRR A 7 X B R B R 4 e R AR S
WIUSHE R R A G, X 5 B A P AR AR Sk e it o o R e R A v 2R S R Ay
B2 AR R B A SR T AT — AT FEAS ] % J2 B BE A 9 B4R AR B 7= i 15 e ) 7= 2
T, W S [ R K PR A Tl 4 A AR AT R [T B A Ml 2 25 R Ot B A BT ST 0 53) IX
BRZ R AR TN KSR R A EREE R R, U, AR R 3l 8 o 0 R 0 A RPN X X sk
A BRI

AR SCUIRE AR ¢ PR AR T VG T S SR 001 RIS AT A A ORI Tl T 25 0y P 3 B il A bk A 7 i AR 2
RORFRS AR T AR RIS, BEXF 23 2 L GEs R ARDRG L6% RG22 LIk A 2 Fiog B (R 44 k)
Ry BRI BERT A 6 X AR 77 b B 0 A AR I HE G A T 20 A R0 LA, VP AR SRR A EE LA
B A BRI HE RS AR HAR R LA RNE 0 E 4 P (A RE 0 2 7 BURE, S b T s 4 b k)
A7l AT RS e B A S A5 5 S R AR T 18 e T T A AR s AR 4 s AL
1 HHERBEMFARTE
11 Bk

AHIFFE R GO0 T b FE s e de T, SRR 2741 km® , AT 213.7 J7A(2007 4E) , HEdL TR — A
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T, B DR A AR RN SRR A A R TR A, 2009 AEHESG TR A 4172 T v, AT
APEH R R 786 JT t, MERF AT BT HERT 1100 J7 t, HHBAUT 200 7 m® o BERT A7 09 R HE ARG PR 1 ™ T R
M, G, o P At MBS A EY RS L AR T SR K

AT FE BT S B A8 T SRR R REAE A | b AR (3R 1,38 2) ok A LT 2 A ieE T wleG )
53 5 LI S IR W) B RN R A % SRy F2 7 AR R K, AR R 430 5000 5 H/a 9000 T H/a, Kt
fite R - LG AR SCE R AT T SR b R BT,

R EITHIEREMBIE R

Table 1 Energy consumption of wall materials in Huaibei City

i K2 fLik ARSI AT
) Clay brick Perforated clay brick Fly ash brick Coal gangue brick
Categories AEFEM ORM HEFEE R AEFEME RN REFE(H el
Value Sources Value Sources Value Sources Value Sources
AL HARRAE
Coal (kg FRIERE/10* He) 1274.1  BRRME  1083.0 AR 890.4 TR
consumption Direct coal input
[F1) PSR AE
(kg bRifERE/10* H) 1232.9 7K 1.0 SEH
Indirect coal input
A BN
Electricity (kg FRUEMRE/10% B) 62.8  AEFEER 5340 AR 7250 AEPEERE 381 AR
consumption Direct electricity input
[HE2RE LN
(kg bRifERE/10% He) 151.6 KU
Indirect electricity input
BlEe A v /104
REFER I (kg ARERL/10%50) 1336.9 1136.3 2347.4 39.1

Total energy consumption

F2  EIETIEE BB RREER R KRR i G A AngE
Table 2 Carbon emissions of wall materials and related material, energy input and land occupation in Huaibei City

Mt 2 1Lk

eSSl Yrkksa ok K L A% Perforated RSV RTIEES AT A1
Categories Materials name Clay brick . Fly ash brick Coal gangue brick
clay brick

AP I R AE (kg/ 104 BR) J5 Coal 1274.1 1083.0 890. 4
Energy consumption LEIH Diesel fuel 0.7

72 Mo L 4 i L
ﬁzftq.&m,%%(kwh/lo ) i Electricity 510.4 433.8 1232.9 310.0
Electricity consumption
JFURHEFE (kg/10% He) 7K JE Cement 8219.2
Raw materials consumption JERTAT Coal gangue 23600.0
53 Land occupation (hm?/10* 1) 0.00067 0. 00067 -0.00313 -0.00072

=7 AT BRI P 2 Y Lt SR e DR e 25 FL 7 B e o AR

1.2 BRIk
1.2.1 AEBCR

AR A S 7= I HO A, o= R ok AT b sk B AR 1) 7= S AR 55, B AR 3E ol AT
My B2 B AR B UR  BETRR BT AR BE R 1 5 BRI A SRR T LR R A

P
1
Etntal ( )

Horh EE FIRBGRM B A 5808 P 3R A EURE BB i DL m® RR 5 B, 78 SO B0 i K
MORHE = 1 B0 SREAE B LR 1,
AN R S RERE LA T AT

EE =

http ; //www. ecologica. cn



19 18] ST A SR 11 BT B9 A 2SR S Bl HE—— LA J L T D 1] 5641

E = ZD:', (2)

Kb, D, RN ER AR E P W B FIHFE Y26 © R B REAE Y i, DL ke ARifEIE” SRR, bR 55 P i e 4o
FRHCN—29. 271/ kg bRfERE . TR AR E P i BRI IAE BEFERIE LK 1,
1.2.2 mHEK

SR B HE L — B IE T LA R LA A7 i B R A2 SO | B ORI FE | H2 i T FE | R 2
WRRHEFE | )42 H 7 THAE B = A B A Rl e R 2 ARHIF S0 7= i 2B 7= 3k B R B IO 33 v A T 3 2
PAEE BERRRREA P BB HE AR 1A IR BRI RE AR BB HE L ASN B A P i B b i T A
PRI 2 (OBl P A0 A e HE R . BRI 2 s 4 < M b RO T A7 1 e | -3 I A2 1 e 2

SRR BRHE B LA A0

CE = i Pp: + L.of (3)
K, CE FoR B AM B 77 i B iR HE T 5 P38 S AR AR 77 sk R v X 55 ¢ Flob R T AR 1, 2508 D0 3%
2;p, BRI AR PR i B A5 @ D ROk AR IR A i HE R A B LR 3, L, RN R IR R A 7 R
o o FH b Y 2 A b TR B L3R 2 5, R SR T RR - B e A A BN LR 4 AR SR R F IR A
b DX BRI A P e 285 18 - b P e 25 B P B AR - M BRI RE T

x3 SRR OBHEN R

Table 3 coefficient of carbon emissions of materials and energies

PreL el RE IR A T HERCR £ B Kt e Y
Types of materials or energy Coefficient of carbon emissions Unit Data sources
7K e Cement 0.925 kgCO,/ kg [27]
JEHL Coal electricity 1.124 kgCO,/kWh [27]

I Coal 3.16 kgCO,/kg [28]
457 Diesel fuel 3.31 kgCO,/ kg [28]
JRAF AT Coal gangue 0.22 kgCO,/kg NITh

x4 TEABEHEE LHHHRERE/ (10°kg/hm?)
Table 4 Carbon density of lands with different vegetations

FEHE A Vegetation types FE4) Plants + 4 Soil 71T Total BEHR VR Data sources
1R HFFRMK Temperate forests 134 147 281 [26]
A R
1 112 2
Temperate grassland or shrublands 3 % [26]
-H4{H Mean 197

1.2.3  ZRPEHR

LM i 2 ) — N E O 3 SR R TR — A8 i X (j=1,2, - ,n) {2 BETH R MEZ
HRAT , XAEHA AR H R bR BB A 1 — S S UL A ) BRR A Ze PR ), Ze PR R R A e 37 75
BALUT 60— 25 BAw, AT 2A 2019 B brfe HZ e R EoR i, B gl I (R KidEm/N) ok
FR R IR B H AR B SR BRI AR, i SRR ) nT DR 3R AR 0 e 1 A sl e AN A5 0k
FOR; TREEEM A 2RO T DR, DU R R B R R ) — B A RN T

max (5 min) Z = Zc].xj (4)
j=1
Zaijxizbi; i=1,2,-,m
s. t. j=1 (5)
x; =03 j=1,2,--.n
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S KPR AR o EER R BRI b, AT R A, WA RS,

Foriat (4) W HARBREG 2 (5) WARUR I,

ARBFFCEXEIL T 4 B I AR B R, 0 T 7 5 bR ML A 25 g 7
MU R ROR S AT T, 5 S AR A A

T 2000 4R EALTITBERT A7 7% bk 7 S4AEE O BDRLE PR 19% BMHEDEZS D BIBeRO 7=t 5 119 K
E R 60% | MEIL TS BERHT) LA S by S, 46 Bl BB 7 T o LB 2R 5 7
T WAL BERT 47 724 P LT T B R I 15.89%

x5 LT EMIBE IR 2R BT & 51 (2009 £F)
Table 5 The ratio and the production of wall materials in Huaibei City(in 2009 )

. "4t Producti B Volume %
REARATRIZET] Types of wall materials }"‘E/l(l;l; ;; o * /m(; e ﬁx*/z;jﬁz
Hi 6% Clay brick 4.04 590679 11
erforated clay bric 7.87

K+ Z£L7% Perforated clay brick 8 1955926 36
WK MIEL Fly ash brick 3.03 2077248 39
JHAT A% Coal gangue brick 5.25 767882 14
A1 Total 20.19 5391735 100

WA CLLBIAE S JRopn BUSR ARBA R R ) AL T BURTRLAE I 2008 4E 1 A 1 HER  ZEIR T AR DX LA 28 -
FHRG 52,0 38820458 1A T LIORS = SO S5 (A4 R ) RG  2% 1 7 i BT o7 HE DA 42 TR 509% LA 5 1H
1PN ER TR B SR AR R A 7 RS AR P R A R RG-S 7 BT FE IR TE 20% DL E L, AR DL E 2R
PFBE AL T B AR T B U0 A SRR Y B bR sR BRI 2 R 451

maxZ = clxl + c2x2 + 3x3 + cdxd (6)
Ay X+ apX,+ s+ a,x, =b, (FEEFFEAR)
Uy X+ X+ Ayys+ ay,x, < b, (FEBRHERUE L)
St 4@y, %0+ as,%, =0y O -SSR YAE 7 i 5 B B LU T FRZY ) (7)
Ay %+ ay,%, sb4(*ﬁié’éﬁ?ﬂ’ﬂfﬁfﬁiﬁlé\ﬁiﬂ’ﬁiﬁﬁwﬁﬂé’ﬂﬂi)
X, X 0 X, =0 (CIETRZTR)
A, Z FORUEAL TR A BT SRR SRR ¢, | oy voy ey ARG ik Kl - 2 AL1% OBy B e AT £
file BLL P i B AR B0 s v, vy oy o, IR e RG22 FLEE ORI ER SRR B B4 A 7 I (L
TIR) 50y, 4y, 0y, g, IRATREE b, by by b, 7050108 4 FEEERBTR AR G B 4 RSB 7 O AR Bk
HEchE EAC TTES A BHE B 1 1) 50% JEILTES R BTRHE S0 51 20% . 4B RECH A(6) (7)),
IEHs R R B AL AR RS, J Matlab7. 0 #RAFHATIHEE
2 Z#ER5WR
2.1 SRR 0 AR S R80R Bk B

FEIRA(1) (2) THAAS Y 4 FhERAPT R AR SRR 6 B, AESHORIY I i BURAR Y S
it S IE IR e > Kl - 22 LG SHG L% o BRI AT B AR SRR & TR Gehs A RE, BEBRERT A0 By B B¢
VAL P REAS A R i S PR Tl 10 A 253803 ) I Ry B e B R BRI Tl 9 A 28 203, 17 388 20 D /0 TR i
T L L w2 Y 02 Y L L S

PRI (3) THEAS ) 4 FhEE AR RL AR 7 R R R BRI R BN R 6 Fizs o BkHRBCR BN & B
PRERT AL SR 1% S By ORI TS K + 2 AL0% o B BUEE A BHREA A e AT 035 AR D HE SR, L HE i 22 8K
1o TAEGERE AL 5 500 % LU, Ry S I e AT — 7 AR e DR HE v 0, AL HC B HlE il 22 00w v TG L 2 L%
TEREREARPAEE R (i HURBHRT, A ROBFFEAEAE H 2 bR REFETE A 5 1) Z M 2 SRRk 1) LA PR 45 52
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Mg -3 ACHIFE G 4t R 2 I RERT £ e AT 4 1 1) A SRR A ARG 1) A 77 BB ARG, (EL BN 7 i A B HE i B 4 s
VLA REREM B — B SR AR HE O B, PR A % O HE T R R SR ™ S A A2 7= REARE FAE B I0%
WZEE A ) A PRI S

BRI B T AR P R R AR BEE AR T EA 5 I A SRR (H A 7= i R A HE
AN AR AESET (0 A R v N AT A B AT AR R, 4 B AR BB b i HE S A RTEE T, 2 kg
MR T AL A BRCR

R AR TR A S5 R R B T 32 S B AR AT B Tk i AR SRR IAN iR [ a0 T A 4 Tl
PEHERL = A A DI BE fE  MEAEA HERR = A A AR BE P FE AT 1) R e AR A R 3, 0, T
WA KE;2)AEYRBR, AT A &A1& MR EE S E TR LK XL A 7T BEXT =K | Hb
oK EIEERERG G, 3) ST FAXT R R A B R = A G E T A H AR A E AR
#5 7 €O, .CO CH, \NO, H,S SO, HF #RMAHIG Y>3

R6 CGEILTIHEM BN ESHENBHNRY

Table 6 Eco-efficiency and coefficient of carbon emissions of wall materials in Huaibei City

eIzt Hi 5% Wi+ Z ALk T BRI P A%
Indicators Clay brick Perforated clay brick Fly ash brick Coal gangue brick
JLHEAE Total energy consumption/ ( MJ/10*Ht) 39130.5 33260.9 68707.9 1145.9

JLHEFE Total energy consumption/ ( MJ/m’ %) 2675.0 1339.0 1001.7 78.3

H: 2554 Eco-efficiency/ (m® 1%/ MJ) 0.00037 0.00075 0.00100 0.01277

BRAEIL Coefficient of carbon emissions/ (kgCO,/m> %)  323.4 162.7 163. 1 369.2

2.2 TR AR AROR AR A AR AL
WAE A (6) (7) MR 5 K 6 Budln, 5T AL BRI MEIL T ks (A = B L LRI R R R I T
maxZ = 0.00037x, + 0.00075x, + 0.00100x, + 0. 01277x,
Xy +%, +2,+x, =5391735
323. 4x,+162. 7x,+163. 1x,+369. 2x, <1131555997
s. t. 32, +x, =1078347
X, +x, 2695868

Xy Xy X5 X, =0

AR B BT 85 RN 7 s o WAL TSR ARM B Tl Az 25808 S 0 IR HETBOAS G I 2648 T B E 36 43
B R ik B A Tl i e A AR SRR A 7= BRARAR LU (3R 5) , HEIL T K 1R 11 Y
Az SETINERT ARG R BRI B 3 YRS - AR B, X — 2518 S AT A RS R R K
JRBCR A — 3, He M2 4510, HEAL T BERT A A4 = iR 21 8. 39 A28k AR AT A %k 198 7 ¢, o
ST A7 AE P2 1Y 25. 2% (2009 AEBEAT A 754 o

®7 EBETRMAESHENEILTEES BT LA IER

Table 7 The indicators for planning of wall materials production in Huaibei City on the premise of highest eco-efficiency

£ K 155 Hit ALk TR TP SRR £
Indicators Clay brick Perforated clay brick Fly ash brick Coal gangue brick
AEF=HE Production/ (m®/a) 0 1945500 2219000 1227200
4EF= i Production/ (JTHt/a) 0 78321 32352 83894
TREUM L % 0 36 41 23
BEBHCR Total eco-efficiency/ (m?/MJ) 19349

BHERL Total amount of carbon emissions/ (tCO,/a) 1131534
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