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THE IMPACT OF COAL-ALTERNATIVE FUEL PRODUCED FROM MUNICIPAL SOLID
WASTES USING HYDROTHERMAL TECHNOLOGY ON CO:, NOx & SOx EMISSIONS
REDUCTION IN ZIMBABWE

Andile B. Ilaqhuzu, Kunio Yoshikawa, Fumitake Takahashi
D of T Sci and Engineering, School

" of Environment and Sm:mly. Tokyo Institute of Technology

(1. INTRODUCTION)

T HYDROTHERMAL
TREATMENT OF Mswill

Hydrothermal
treatment (HT) of MSW
can simultaneously
" solve both problems
by:

1) providing a cheap
clean fuel from MSW
for co-firing
2) making use of MSW
by turning it into a
valuable resource

US$931.20

Electricity supply |
is unreliable due |
to erratic coal |

supply / iy 1 s 911 739+ 158087
| : tons/year (wet basis)
produced. About
il iy 776978 £134721 tons
kglcapitaiday. Average can be collected
value is 0,53kg/capitaiday
! } because of reduced
collection efficiency.
This is about 553 508
tons/year (dry basis)
of MSW

Tons per year

|| Only 40 % of the
| total population has
access to electricity 4

A carbon content of
about 49% is

500 392 tonslycar IO
2. ESTIMATION METHOD . ! :;_Jiauam‘;??@":ts__: expected. Our model
it /e predicts that the

proportion of fossil

_ carbon (e.g. plastics)
ESTIMATION OF THE QUANTITY & COMPOSITION OF ZIMBABWE MSW 2 is 35% and the
: T proportion of

* Zimbabwe MSW Generation rate was estimated by using reported GDP il ; i ] biogenic carbon is

per capita & MSW generation data of low income nations ! 65%. Low S & N
* MSW Composition determined by statistically analyzing data from FIGURE 2 ELEMENTAL COMPOSITION OF FUEL content means

onZi MSW characteristics. reduced emissions.

LA

Carbon converted to

/ CO: is fossil carbon

ESTIMATION OF QUANTITY & ELEMENTAL COMPOSITION OF from plastics. This
ALTERNATE FUEL PRODUCED FROM HYDROTHERMAL PROCESS ‘ means about 17% of

£ ‘ the carbon content

= A model was developed on Microsoft Excel Y of the alternate fuel

» Data based on the work performed by Prawisudha, 2011, the Tokyo o g T is converted to CO2.
Tech Hydrothermal Process, ultimate and proximate analvsus data on

Scenario 1: Normal
coal-fired stations vs
Scenario 2: co-fired
power station. COz
emissions are expected
to be lower in scenario

2 compared to 1.
» Estimates of the coal-fired power plants’ COz, SOx and NOx emissions However NOx will be

were calculated bv smplo\ring emission factors on reported plant capacities ' relatively higher in
f -fue scenario 2. No
siznificant changes are
expected in SOx !
emissions

ESTIMATION OF CO2, NOX, SOX EMISSIONS FROM CO-FIRING OF
ALTERNATE FUEL IN COAL-FIRED POWER STATIONS

FIGURE 4 EMISSIONS FROM CO-FIRED PLANTS VS
NORMAL COAL-FIRED PLANT

(" 4.CONCLUSION ) TR

The co-firing of alternate fuel will lower CO:z emissions by 5%, increase NOx emissions by 28% & lower SOx emissions by 3.6%
Considering the relative quantities of these pollutants and global warming potential, the co-firing of alternate fuel will not have a net
negative impact on the environment '
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»Kinetic Study Analysis

Background

Currently, adsorption technique has being
interesting among researchers for eliminating

Pseudo first-order model In(q. — q) =Inq, — k4t
Adsorbed CN- t 1 t

cyanide  compounds  from  industrial Pseudo second-order model ; = —kz 7 + q_
wastewater since it has plenty of candidate q, = (Co — Ce)V ‘ 1 ¢ 1
materials that are possibly developed. Several ¢ m Elovich model q, = =In(ap) + =In(t)
adsorbent materials have been tested to B B

perform cyanide adsorption process, while
the information of using synthetic zeolite is

* gy g, : adsorption capacity at t and equilibrium;
t : contact time; « :initial adsorption rate;

k : constant of adsorption speed
P : desorption constant

still unclear even it has some advantages.
Iron-modified synthetic zeolite is likely have
a great potential owing to its high adsorption
and various ion-exchange capacity as well as

Results and Discussion

» Check the removal efficiency and adsorption kinetics

high affinity of iron ion with cyanide. 100 s e _ _
» £,
Objective 3 Cyanide uptake 4
g @ reached equilibrium £
I) To study the performance of iron- A after 24 = i - . y
modified synthetic zeolite for cyanide & conceoteation: | | | 5
20 —— S mglL E 2 Initial CX- concentration @
removal process. e |1 e fimgL =100 mgL
2) To investigate the adsorption kinetics o . . . e % s @ »
of cyanide uptake by iron-modified , Contact Tinse (hy Contact Time (k)
s Azeli Fig.| SEM image of Fe-synthetic zeolite in 4000X magnification (left); Effect of

Methods

» Experimental Procedure

contact time on cyanide removal (center) and uptake onto zeolite (right)

[pH~10.5] CN could be eliminated by iron-cyanide bonding by forming Fe-CN complexes.

3 12
50 mg/L .
2 }0 s Elovich
oo ] > O stock:50, 100 mglL 3 sete, +100 mgL seczsned”“ " ’ R
reparation 2 : e ‘ ‘ 12 -order 8 .
i = : 94 &
ron-doping* i Pseudo first- ¢ N e e *
= pH: 10511 s order S o
0 20 40 60 30 0 1 2 3 4 5

Zeolite treatment | = zeolite dose : 10g/L ’ Time (b Time () o0

for cyanide uptake| = time:0—-72h

= Room Temp.

Filtration

Analysis | > TOC/TN machine

il

Stirring speed 200 rpm *lron-doping

J‘R\%K. 300 ml of aqueous
s containing 18 g of

Synthetic Zeolite'_ J FeCI2.4HZO

1] Agitated at 40°C, 24 h
2] Calcined at 500°C, 6 h

Acknowledgement
'TIndonesia Endowment Fund for Education (LPDP),

Fig.2 Plot of adsorption kinetics of cyanide onto iron-modified synthetic zeolite

Conclusion

Iron-modified synthetic zeolite has good performance in adsorbing cyanide.The pseudo
second-order model is better matched for representing adsorption kinetic of the process

21 JSPS Core-to-Core Program:Asia-Africa Science Platforms “Establishment of Asian Model for Research and Education on Urban Water Resource Management”.
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Organic Matters Might Explain Complex Dependency Of Water Holding
Capacity Of Natural Soil/Sand And Synthetic Sand With/Without Coal Fly

Ash Amendment On Particle Size And Temperature

Mengzhu Song, Shenglei Lin, Fumitake Takahashi
Tokyo Institute of Technology, JAPAN

_ WHC measured in this study means
Background E— Concept Of WHC water evaporation resistivity rather
] than available volumetric capacity for
. . . Water retention curve water in soil structure.
Fly ash (FA) is a major solid waste by-products from the o100 590
combustion processes of coal fired power generation. Huge 2 WHC was calculated as the £ N
N . e . g area of relative percentage < 580
amount of accumulated FA without utilisation is a severe s ¥ of water etention curve £
. . g 570
social and environmental problem. by g
. . . . . < 60 560_‘
Land deterioration and following desertification are severe g5 F
L L] £
problems in arid areas. 25 4 Z 550
. . . . ] =
If FA can be recycled as a soil amending material to improve £ 5 540
water holding capacity of the soil, it might give a promising — g 2 S £ 530
solution of both FA management problem and desertification - N 0
problem. 0123456789101112 pure sample 10wt%  20wt%  30wt%
Time (hr)

Experiment Methods

i Four kinds of soils and sands named Decomposed Granite
i " Soil (DGS), Akatama Soil (AS), River Sand (RS) and |} .
is Silica Sand (SS)were used. g 3o
. ) . . . x aa -
i . All soils/sands were sieved into different size ranges. k /-:"h * Size
I : Ep ) s ;
ol Raw-FA mixed ratios: 10, 20 and 30 wt%. % o | 48 2 AN asmo | 5/ g Dependency
3o . . . apcsaunrn| By, 7 oW asoo | ) ¢
em w1+ » Drying experiments were conducted respectively at || : oss i sposansra H * The highest/lowest
Cumulative size distribution of 1 d 40 °C in the i b 3 i £+ DOSL0%FA| ¥ Foum L4 () WHC appeared in
tested soils and sand (Unit: we %) - NAtural temperature any 1n the incubator. - RS 015 036 050 071 100 2005200 s nﬁi‘r::ﬂﬂﬂ pﬂmﬂ-:;“l’m 2002200 Cortain range of soil/
TiltimiarTakge AfaoN phrtuss (i sand particle size
. . . . WHC differences are
In order to make WHC comparison easier, WHC of soil/sand sample with = 1300 R regarded as
. . . = = < 1150 ] sott
each size range was standardized based on the average WHC of whole size 1200 g ¥ statistically
. € . X . L0 | AL S B . F e significant by
range, which is showed as this curve in the figure on the right. ?mn i E!M oA o Welch’s t-test at 5%
P - Yl o ¥ £ 1000 o 5 7 significance level.
i Ny foas | EPTR N St S N
¥ 0500 = ASHIOREA i o :t: il o
Correlation of WHC and weight ratio of organic matter in each size fraction of soil/sand | %1 ¥ ey Fosse ||wasemsral v,
iumamnms 045 025 050 071 100 2005200 i"mﬂm',;:ﬂ;_:; TR T T

Diameter range of soil particle (mm)

DGS under natural condition AS at 40°C Dlameter runge of soll partiche (mm}
E‘f 140
2 ( o ) - -
2 m  wemons The weight ratios of z :ﬁ A o T 2 :ﬁ ry Tom :
- Fic e [ organic matter in the e susosia | § e susonsin |
) £z = a different size fractions & L8 | wmsezonpn | O = [ | wmse20%EA !
) g8 F yur i s , *RseMnrs | SR - e | *msaponpn |
R=07s iz o 2 of pure soils and sand ol NG NG| BER L Nl /"%, | [ Temperature
5 080 .‘L Ll T.\ f|‘]r e Hverd i * o ‘/ .! De endenc
E results showed that Eume i i P Yy
2 060 the weight ratios of E o700 E o700 o
070 120 170 220 270 086 ""’“ ""”" Lo ) 106 'f‘ organic matter varied £ 05600 Y £ 05600 Y WHC also depends
Standardized weight ratio of organic Stn"dard'zed;::fz':g"o of organic with the change of E"-""“m, 015 025 030 071 100 200 >200 En.m 075 0.5 025 05 071 te0 2 =zme | on soil type and
matter (-) particle size range of Téxmcter rangs of moa purticle (mm) Dlameter range of sand particle jmm) temperature.
AS under natural condition DGS at 40 °C soil/sand. . .
w 120 =140 . s Sy Optimum size range
£ % - Scattered spots: size ; o for the highest WHC
T - EPRE a effect canbe g z 1 shifts to larger size
§ o) 2 \_; o - c§lw‘|;11\10(1 partially by £ | sas # m 1100 . range when qlrying
2 Z10 2351 different E 1000 par- temperature increases
3E EE concentration of o e ; - el
TE 25 e nire : s - £ 0500 s
2 30_.,0 'E 0.80 - - organic matter in £ oS . l/ l::nu z
2 K] h °h size range. Other g o |assaeam g o
Z o 2 n.m“ 20 070 120 170 220 270 meters do have i | * BB g o0
20 0 : : ) X 5,
086091 096 1011061 Standardized weight ratio of organic ects as well. 2% ams 015 025 50 E 0800 o (X5 025 [E]
Standardized weight ratio of organic matter (-) Diameter range of sand particle (mm) Diameter range of sand particle (mm)
matter ()
RS under natural condition RS at 40°C
o140 " )
] The dependency of soil 1 1
3 Whpenseney Why there is a size dependency
" £ matter also depends on
. = LI ; Irying temperature, ” - N ~
=04 o 5 and wlll sulnd types. For ﬁ)smve or negative correlations were found between WHC and orgam
] cxample, the ege
3 e fions of soil and matter. For example, DGS and AS under natural condition, the
v P P :;‘ll?xdwz‘l|l”lllk|" wame correlations are positive, which means WHC is increased as the weight
Standardized weight ratio of organic Standardized weight ratio of organic 1‘ ”J‘_““‘ “’\‘ "l ‘L] he ratio of organic mater is higher. . In the cases of RS and SS under
‘matter (-) matter (-) ai U|m‘l“ na a‘\L;. the . . . . .
correlations varied
S under natural condition S5 atdC correlations varicd as natural condition, the correlations are negative. The increase of organic
P w 10 o emperatire matter decreased sand WHC
2 & changed. °
<] =] -
_E e g R1=091 High temperature
30} 55 =0 gh tes J¥: > o q . .
iz ° im / misht offoct some High correlation between WHC and organic matter concentration
275 10 T & 3 S . . . . . . .
k! o - s types of organic (weight ratio) suggest that the size effect on soil/sand WHC is derived
T 090 - 5 Sos0 matter contained in . g q q . .
H E soil/sand. ; partially from different concentration of organic matter in each size
a o o affinity to water range. Organic matter plays an important role for the size dependency
020 0.70 120 170 220 0.20 0.70 120 170 220 . !
Standardized weight ratio of organic Standardized weight ratio of organic \_ of WHC.
matter (-) matter (-) N\

Conclusions

1. WHC of soil and sand with/without FA amendment had size dependency. The effect of soil/sand size on WHC was much larger than FA amendment effect

and it could be explained partially by organic matter concentration in soil/sand fractions. The effect of organic matter on WHC depends on soil/sand type
and drying temperature.

2. WHC has complicated dependency on the type of organic matter, its concentration, and temperature. It might have caused manifold and sometimes
contradictory reports on WHC. Although FA modification is recommended to increase soil WHC by FA amendment, FA amendment effect should be
tested at different temperatures.




PSYCHOLOGICAL PREFERENCES OF COLOR AND SLOT SHAPE FOR TRASH
CONTAINERS BASED ON TRIPLICATED WEB QUESTIONNAIRE SURVEYS

Qiuhui Jiang?, Shinya Suzuki? and Fumitake Takahashi!
1. Tokyo Institute of Technology
2. Fukuoka University

BACKGROUND

In Japan, waste separation has been implemented over 40 years. There are 5 main types of wastes: combustible waste, incombustible waste
PET bottles, cans (metals) and glasses. We always use trash bins (trash containers) to collect our wastes in private/public place.

T f h bi ign i . . . .
wo types of trash bin design in Japan Trash bins (trash containers) can be regarded as an important social

infrastructure to keep public places sanitary and beautiful.
We assume the trash bin design will influence the waste segregation

Blue color is used for

all trash bins.
efficiency (functionality) of trash bin .
Slot shape Which
" (PET bottl Ic
=[] revbortie) desion STUDY OBJECTIVE

is Find the preference degree of different colors of four types
Blue color only used better trash bins (combustible, incombustible, can and pet bottle)
for can container. 5 design for people.

Slot shape

N n Find the preference degree of different slot shapes of PET
8 (PET bottle)

bottles container design for people.

METHODOLOGY RESULTS&DISCUSSION

Binary pairwise comparison method *Higher Z value means higher preference degree
If we want to know the preference degree of n samples(A1,A;...Ay)... Results based on 3 times web questionnaires and total 730 questionnaires
o . . data. Questionees (only Japanese) were adjusted to set equal male/female
Web questionnaires balance and equal age distribution from 20’s to 60’s at 10-year age interval.
Two samples were shown to the questionees. They were requested
to only answer which color they feel better depending on their image. High Preference Degree Low
dl | .
A Ao An Combustible h o
Selection ratio 12 Ar/(Ar+A2) Ar/(Aa+An)
from web
S S Aof(Au+Aa) 1/2 Aof(Ao+An)

Ao/(Ar+An) Ao/(Ao+An) | | 1/2 0.4 5 0.2 A b b L -0.4

Incombustible
27 Step Calculate by Thurston’s law

Gaussian normal distribution

Thurston’s law of comparative
judgment assumes cumulative

2 ) Gaussian normal distribution to
E | describe the relation between
% 1' selection ratio and the difference
3 Z ; of preference .
iR A 4 _ 7 ¥
o F4)=— fz exp(—w iz ,
32101 2 3 N2rwo 20
Difference of preference(-)
A A An Average (Z value)
0 Zp1-Zn2 Zp1-Zan Zp-1/10% 7 A
n : .
ZoZn 0 282 Zan Zna"1/10%7 Al Red and orange color is preferred for combustible wastes trds bin, such color might
remind “fire”
Zan-Za1 | Zan-Zaz | | 0 Zan-1/103" Ai K :iraz af.nd”black are preferred for incombustible waste . Such preferred colors might remin
anti-tire

X3

oo

White and gray are specifically preferred for PET bottles

In this study,
10 common colors were used for combustible, incombustible, PET bottle Gray sorange S0 10 [ Ge LG e, Ty | Eams CObrS'm'la”ty
gray is relatively preferred for all types of wastes. In contrast, purple is not preferred

and can containers to find the color preference degree. regardless of waste type

Three- primary colors M|xed colors Whlte/black gradation Slot sha pe preference High Preference Degree Low
T 1 : :
' ' ' ' . . ' PETi@‘ybOttle i@
| |

Blue red vyellow brown purple green orange white gray black

6 types slot shapes were used for pet bottle container to find the slot shape s ot 03 0 " ) " 03 ¥
preference degree. % The most preferred slot shape is two circles which also the most common type in

@ @ % Q - % public place in Japan.
" I'I |l| " I'I v < Bottle, ellipse and rectangle shape has similar preference degrees.
- - - = < eople prefer round shape rather than angular shape for PET bottle disposal slot
two circles one circle bottle shape ellipse rectangle square * peoplep p &u P P :

CONCLUSIONS

According to web-based questionnaires, preferred trash bin colors for 4 types of wastes (combustible waste, incombustible waste, can, and
PET bottles). They are red for combustible waste, gray for incombustible waste, white for PET bottles, and gray for can ,respectively. The most
preferred slot shape for PET bottle container is two circles which also the most common type in public place in Japan.
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2o
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Intraparticle heterogeneity comparison analysis of municipal solid
waste incineration fly ash from various incinerators

Astryd Viandila Dahlan 1, Hiroki Kitamura 1.2, Hirofumi Sakanakura 3, Fumitake Takahashi 1

" Global Engineering course for Development, Environment, Society, School of Environment and Society, Tokyo Institute of Technology
AES 2 Research Fellow of Japan Society for the Promotion of Science (JSPS)
NIES 2o 3 National Institute for Environmental Studies, Japan

BACKGROUND

Japan is one of countries that are leading incineration facilities in the  Fly ash is the secondary pollutant generated from those types incinerator.
world. About 80% of MSW was treated by incineration. Two types of Fly ash categorized as hazardous waste and should be treated before its
thermal treatment widely used in Japan are stoker type and fluidized final disposal in landfil. MSWI fly ash has been regarded as
bed type. homogeneous fine particles without sufficient micro-analysis. Whether

T the difference in the two types of incinerator will affect heterogeneity of fly
ash particles formed.

SN NN NN EEN BN SN BN NN EEN SN BN BN BEN SEN BN BN SN SN BN BN BN S B BN BN B S

[ OBJECTIVE )
1
1

I
1| et I * Toinvestigate the elemental heterogeneity intra fly ash particles
(o) stoker type, (o) flidized bod typo | * To compare heterogeneity of MSWI fly ash from various incinerators

source : European Commission, 2006 N N B BN N N BN BN SN N B BN S N B B B N B B .

METHODOLOGY

[N ®
DR

. Elemental Line analysis to
\?:r\il\t/)uzyiniisnherfar?orp ffE;\::e O::;T;atlon mapping of fly ash analyze  relative
P particle intensity

RESULT AND DISCUSSION

Using line analysis from elemental mapping data, we can analyze correlation and distribution of elements in each particle. To get dispersion of
element distribution in a particle, we calculate coefficient of variation of each element. It enables to evaluate the heterogeneity of each particle.
Major elements in fly ash particles shows different dispersion in fly ash particles. Stoker type and fluidized bed type have different dispersion of
element distribution in their fly ash. According to the graphs, all major elements have large frequency distribution of coefficient of variation. It
shows that elemental distribution in particle fly ash surface are heterogeneous.
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CONCLUSION

1. Fly ash particles from stoker type and fluidized bed combustor have different distribution coefficient of variation
2. Fly ash particles from stoker type and fluidized bed are heterogeneous although it has been regarded as homogeneous
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