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[ Abstract] Environmental consequences from sanitary landfill as well as incineration with power generation were com-

pared in terms of life cycle analysis (LCA) for Laohukeng Waste disposal Plant that is under consideration in Shenzhen. A

variety of differences will be resulted from the two technologies, from which the primary issue that affects the conclusion

is if the compensatory phase in power generation can be properly considered in the boundary definition of LCA. Upon the

compensatory phase is taken into account in the landfill system, the negative environmental consequences from the landfill

will be more significant than those from the incineration with power generation, although the reversed results can be ob-

tained as the compensatory phase is neglected. In addition, mitigation of environmental impacts through the pollutant

treatment in the incineration process will be more effective than in the landfill process.
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1 INTRODUCTION

The rapid economic development and urbaniza-
tion in China in recent years has resulted in substan-
tial increase of solid waste. It was estimated that the
total production of municipal solid waste (MSW) in
2000 has been up to 120~ 140 million tons. Howev-
er, the treatment rate is very low, and thus the envi-
ronmental consequence of MSW becomes a serious
problem in more than 200 large cities' .

Considering the negative impacts to living envi-
ronments, landscapes and human health, more and
more attention has been paid to the treatment and
disposal of MSW. At the present stage, the MSW
treatment technologies primarily include sanitary
landfill, incineration, composting and recovery/ recy-
cling. By use of proper treatment and disposal tech-
nologies, the environmental impact of MSW could be
greatly mitigated, although some secondary pollution
could be still inevitable in the whole processes and the
impact mechanisms or extents could be different for
different technologies. Finnveden'” studied some is-
sues that must be considered in the life cycle assess
ment ( LCA) for solid waste management systems,
and five issues were indicated, i.e. the upstream and
dow nstream system boundaries, the open-loop alloca
tion problem, the multrinput allocation problem, the
time as a system boundary and the life cycle impact
31 compared the major options
for managing MSW prevailed in the studies in North

assessment. Denison

American on the basis of environmental considera
tions.

In order to evaluate the environmental conse
quences of MSW treatment/ disposal in the whole life-
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cycle, a case study is made for Laohukeng Waste-dis-
posal Plant under consideration in Shenzhen, where
MSW treatment/ disposal becomes one of the primary
concerns by the local government. Two technologies
are considered, i.e. the sanitary landfill or incinera-
tion with power generation. For comparison, the
LCA is applied for both technologies with full consid-
eration of the different processes and environmental
consequences.

2 LIFE CYCLE ASSESSMENT

(2451 55 4 tool to

Life cycle assessment ( LCA)
quantify environmental burdens associated with prod-
ucts or activities throughout their life cycle, or “from
cradle to grave”. Since its birth and first application
to industrial product in 1960s, many study cases have
been developed in the world. LCA developed rapidly
during the 1990s and has reached certain level of har
monization and standardization.

LCA'*" ¥ studied the overall environmental bur-
dens generated by products, processes or activities
during their entire life cycle, which includes the
stages from the extraction and processing of raw ma-
terials, manufacturing, through production, packag-
ing, transportation, distribution, use and reuse, and
maintenance, recycling, to the final disposal. The
general categories of environmental impacts needing
consideration include resource use, human health,
and ecological considerations. There are four phases
for LCA, which include: (1) goal definition and
scoping, (2) inventory analysis; (3) assessment of
potential environmental impacts; (4) interpretation
or improvement analysis.
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3 LCA OF LANDFILL AND INCINERATION

3.1 Goal definition and scoping

The “functional unit” is taken as 600t MSW for
both landfill and incineration technologies, which is
determined according to the daily disposal capacity of
the Laohukeng Waste Incineration Plant. For the
definition of system boundaries for landfill and incin-
eration of MSW!? | an equivalent amount of electrici-
ty generated from the incineration process is assumed
to add to the landfill system, and the alternative heat
source is assumed to be coal fuels. In general, the
disposal capacity of 600t MSW per day in the inciner
ation plant could meet the requirement of generating
1.918 x 10° kW *h electricity every day. For compen-
sation of the equivalent amount of electricity, 81.32t
of standard coal is needed according to the average
consumption rate of 0. 424 kg standard coal per kW *
h. The life cycle concerned herein includes the trans-
portation, treatment/ disposal and stabilization. Note
that the different waste composition and environmen-
tal factors. the degradation rate of Chinese MSW is
much higher. Therefore, a 10-year time period is

used herein!”'.

3.2 Inventory analysis

The content percentages of MSW components
such as C, H, N, S, Cl, F and H,O are 39. 43%,
6.24%, 1.41%, 0. 81%, 0.069%, 0.017% and
38.46% , respectively. Transportation distance is as-
sumed to be 40 km. Diesel consumption is about 0. 04
L/(t*km), so 960 L. diesel will be consumed by con-
veying 600 t MSW. With regard to the emissions,
two conditions could be considered: treatment or not.
In this paper, the gas from landfill is assumed to re-
lease into the air directly without gas recovery. The
pollutant content of landfill leachate depends on if it is
treated or not before discharged into surface water
bodies. The flue gas of incinerator could be released
into the air directly or be treated with semrdry pro-
cess. The average total leachate from landfill is about
163 m” for 600 t of MSW during the life cycle. The
total mass of bottom slag and fly ash is about 150 t.
The emission data during the life cycle are shown in

Table 1.

3.3 Impact assessment

According to the lifecycle characteristics of
waste treatment/ disposal, its environmental impacts
are classified into five kinds''™ ''!: energy depletion
potential (EDP), global warming potential (GWP),
acidification potential (AP), eutrophication potential
(EP), and photochemical oxidant potential (POCP) .
The equivalent relationship! '*! betw een environmental
factors and reference basis is shown in Table 2. The
overall potential impacts of different kinds, under two
situations, are listed in T able 3.

For the case without treatment before discharge,
the level for any specific potential environmental im-
pact from the landfill is assumed to be 1. O unit for
reference, then the relative levels of standardized po-
tential environmental impacts, including those of the
incineration process with power generation are evalu-
ated respectively. The results are shown in Table 4.
The relative weight coefficient for any impact could
be obtained according to the analytic hierarchy pro-
cess (AHP). The importance levell " of each factor
is shown in Table 5. The weight coefficients of EDP,
GWP, AP, EP and POCP are 0. 43, 0. 35, 0. 13,
0.03 and 0. 06, respectively. The integrated stan-
dardized factors of the environmental impacts from
the two treatment processes are obtained with the fol-
lowing index

0= ;qixw (1)

where () is an index that integrates various environ-
mental impacts, ¢; the value of a factor for any spe-
cific impact, T} the weight coefficient for a factor. It
should be indicated that any of the two processes dis-
cussed here could result in new pollutants. For refer-
ence, assume ()= 1.0 for the landfill process, then
(> would be 0. 78 for incineration in case of no treat-
ment at all. Similarly, if pollutant treatment were
considered, Q/l would be equal to 0. 98 for landfill,
and Q/z would be 0. 49 for incineration. T herefore,
it is clear that the landfill process would result in
more significant environmental consequences than
those from incineration with power generation in both
cases discussed above.

3.4 Improvement analysis

Table 1 Pollutant production during life cycle (1)
Process Treatment  CO» CcO CHy NO, S0, H,S HCI1 HF C.H, COD NHsN
No 230.01 0.078 17.19 0.30 4.89 0.0077 0.41 3.26 0. 082
Landfill
Yes 230.01 0.078 17.19 0.30 4.89 0.0077 0.41 0.033 0.0057
No 869.08 1.09 1.07 9.73 0.43 0.11 0.0040 0.0025 0.0016
Incineration

Yes 869.08 0.55 0.30

0.19 0.072 0.0036 0.0040 0.0025 0.0016
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Table 2 Relative significance of pollutants

Impact Pollutant Cfégfifﬁ?:; Significance
CO, 1
GWP Cco CO, 2
CHy4 25
NO, 1.35
EP NH+N NO3 3.64
COD 0.23
NO, 0.70
AP S0, 1.00
HCl S0, 0.88
HF 1.60
H,S 1.88
POCP C.H, CoH, 0.398

It is assumed that impact significance of reference conr
stituents be 1.

The pollutant treatment would be helpful to fur-
ther improve environmental conditions in both pro-
cesses. From comparison of the reduction of negative

treatment in the incineration is more effective than in
the landfill process. With the treatment considera-
tion, the integrated index for overall environmental
impacts could be reduced 37% (from 0. 78 to 0. 49)
in the incineration process, whereas only 2% (from
1. 0 to 0.98) reduction could be obtained in the land-
fill process. Another aspect that is not considered
herein is the reuse of produced gases such as CHy,
which is beneficial to both environmental protection
and effective use of energy.

4 DISCUSSION

Just assume that the compensatory power gener-
ation in landfill system is not considered, then poten-
tial environmental impacts would be quite different,
the relevant results are shown in Table 6. With the
same references for various impacts as used in the
aforementioned, the calculated results for no-compen-
satory case are given in Table 7. For landfill system,
we have the integrated index Q1= 0.28, and Q,=

0. 78 for incineration system, if neglecting the

environmental consequences, it

found that the

Table 3 M ajor potential environmental consequences

pollutant treatment. However, GLF 0.26 and Q

Process T reatment EDP/GJ GWP/ kg AP/ kg EP/ kg POCP/ kg
. No 2412.59 660 022. 35 5118.06 1453.32 163. 42
andit Yes 2412.59 660 022. 35 5118.06 435.15 163. 42
No 34.27 871 253. 56 11028. 81 1 446. 83 1.58
Incineration
Yes 34.27 870 173. 56 470. 024 406.79 1.58

Table 4 Standardized results of environmental factors with compensatory phase

Process T reatment EDP GWP AP EP POCP
No 1.0 1.0 1.0 1.0 1.0
Landfill
Yes 1.0 1.0 1.0 0.299 4 1.0
No 0.0142 1.3200 2.1549 0.9955 0.009 7
Incineration
Yes 0.014 2 1.3184 0.09138 0.2799 0.009 7
Table 5 Important level of different environmental factors
Impact factor EDP GWP AP EP POCP
EDP 1 2 3 9 7
GWP 1/2 1 6 8 6
AP 1/3 1/6 1 5 3
EP 1/9 1/8 1/5 1 1/3
POCP 1/7 1/6 1/3 3 1
Amax= 5.31, RI= 1.12, CI= 0.077 5, CR= 0.069< 0.1
Table 6 Environmental consequences from landfill and incineration
Process T reatment EDP/GJ GWP/ kg AP/ kg EP/ kg POCP/ kg
No 34.27 480 098.97 33.74 1 058. 100 1.58
Landfill
Yes 34.27 480 098. 97 33.74 39.9194 1.58
No 34.27 871 253.56 11 028.810 1 446. 83 1.58
Incineration
Yes 34.27 870 173. 56 470. 024 406. 79 1.58
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Table 7 Standardized results of factors without compensatory phase
Process T reatment EDP AP EP POCP
Landfill No 0.014 2 0.727 4 0. 006 6 0.7280 0.009 7
andaill
Yes 0.014 2 0.727 4 0. 006 6 0.027 4 0.009 7
Tt ) No 0.0142 1.3200 2.1549 0.9955 0.009 7
ncineration
cmerane Yes 0.0142 1.318 4 0.0918 0.2799 0.009 7
0. 49 could be obtained once pollutant treatment is cess
considered. It is obvious that overall potential envi-
ronmental impact from the landfill is lower than that [ REFERENCES]
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