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Abstract— Green garbage is a potentially renewable resourtéctv can be increased, following the greenery space
expansion plan. Accordingly, it could be the altgive energy source for the Bangkok Metropolitarmidstration
(BMA) consumption. The aims of this paper are tangify the renewable energy potentially producexdrfrtrimmings
(yard wastes, fallen leaves, and cut branches) taneivaluate the efficiency of energy transfer peit area from the
primary producer to the electricity generation. Ttwal potential renewable energy produced annuéibm green
garbage was determined to be 4.85XMY. The quantity could be used to generate ekdttrof about 5.73xT0kWh

per year, earning 1.34 billion Bahts annually. Teerall energy transfer efficiency was estimatéib®. Based on the
results of this study, The BMA’s trimmings, at pregs could contribute to energy for electricity geation, which is
equivalent to the amount of money spent on allcib&t of fuel used to operate BMA's solid wasteeatibn and
transportation plus 35% of other operating expenses

Keywords— Energy production, green garbage, municipal solidvaste, solar radiation.

qguantify (1) the renewable energy potentially proetl
1. INTRODUCTION from green residuals (wood, leave and yard wasted)
. . _ ) (2) efficiency of energy transfer from the primary
Bangkok Metropolis, the capital city of Thailand, ,5qucer to electricity generation. BMA solid waste
requires a lot of resources -particularly, food andrgy- management operation was taken as a case study to

to serve currently .3 m!llion registere@_ and 2.3 million - 4qress the above-mentioned objectives.
non-registered population. The activities of thpseple

consequently result in a variety of environmental 2> METHODOLOGY
problems such as air pollution, poor quality of b '

waters, and insufficient solid waste managemene @fn  Field survey and data collection
the popular policies to solve such the above meatio
problems is to establish more public parks, grog bi
trees along the streets, and convert unattendecespa
into recreational sites as well as to improve city
landscape and promote energy conservation.

Data collection includes quantification of greenargas,
total amounts of green residual waste, and resswsed
such as diesel consumption and the numbers of leshic
in waste collection and transportation. They were
: gathered, using questionnaires and interviews with
On the other hand, large amount of green res'dualsofﬁcers in-charge from 50 districts offices, the

which has been increasing with the expansion oamrb department of environment and the office of puptick
and green space areas, needs to be disposed eflgrop in BMA

otherwise, more environmental problems would be Additional data (i.e. calorific values of greenicesl
caused from it. Presently, management of thesengree

residuals in BMA emplovs composting process tottrea and diesel, the unit conversion and the conditidn o
ploy P gp -~ electric plant) were sought from the literature. this

Just otnlyl gcﬁf.ﬁf (1:ollected green waste and the rade paper, the monthly amounts of green garbage cellect
goes to landfill [1]. as yard waste from household and trimmings fronipub

The _contr|but|on of_wastes recycling to energy parks and street curbs were quantified and used to
production has been widely accepted, especiallaras determine whether they are sufficient to be po&knti

energy material like “wood and leave debris” comsai source of renewable energy supplied to BMA's

the calorific valve of 19-20 mega joules per Kkilagr g, :
(MJ/kg) [2]. Moreover, it has been suggested tht t electricity consumption and to what extent.

conversion of green waste into renewable energyts Conversion of energy production from green garbage
only environmentally beneficial but also financial
rewardlng [3]'. To link th.e greenery expansion .pplio reported in the functional units of “mega joules pan
improve the city aesthetics with the energy derifredh " N ,,
: of waste collected” and “mega watts per area”.
green waste, therefore, this study was conducted to . . I
The first functional unit is to express the amouoht

energy that can be produced per unit mass of waste
collected, while the latter is to signify the eneriux
Bussarakam Thitanuwand Chongchin Polprasert (corresponding transfer from solar radiation that touches the lEgirt
author) are with the Department of Sanitary Engimge Faculty of mantle until the waste discarded from human
Public Health, Mahidol University. Bangkok 1040(ailand. Phone: consumption in the city using Equations (l-A) a(ﬁd

+66-81-912-1991; Fax: + 66-2-354-8540; E-mail: .
chongchin.pol@mahidol.ac.th B). The carbon-balanced model was used to simthate

Data values on energy production were interpretedl a
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energy transfer which includes a major process to

convert light energy from the average of photosgtith
168 Wi/nf into chemically-stored energy compound in
the form of “organic matter” [4],[5]. The photosyetic
reaction coupled with thermodynamic computation is
shown as follows:

CO @ +
-393.5

HO () «»CHOE) + G

f;
AH, 285.8

-211.3 0 ;kJ/mol

AH° = (-211.3+0)-(-393.5-285.8)
AH° = +468 kJ/mol

As the reaction enthalpy value is found positive,

In this study, the amount of collected green waates
obtained from three sources- public parks, roadsael
households. Firstly, wastes collected from pubkckp
consisting of yard waste and fallen leaves araezhut
by two responsible groups; the office of publickpand
the BMA'’s district offices. The second source comes
from roadsides or street park taken care by the BMA
district offices. In this portion, waste componemt®
different from the first, mainly consisting of cut
branches, wood and some of fallen leaves. The last
source is from household’'s gardening, handledhey t
Solid Waste Management Division. The composition of
green residual from this source is similar to thevipus
one; however, they are combined with other houskehol

energy content is adsorbed within the organics at defuse without any preliminary segregation for the

thermodynamic proportion of 39 kJ/g C. Energy tfans
efficiency is computed, using Equation (2).

The energy transfer efficiency from the basic opena
of steam electric plant is taken from the averafjd(s
45% [6]. The transfer efficiency of each stage t&n
calculated by dividing the energy flux of outpudee
with the input-stage as demonstrated in Equatidn (3

The overall efficiency of energy transfer from sola
radiation to electricity generation can be detesditby
dividing the energy flux produced from green wasit
the solar radiation flux as shown in Equation (4).

E. = [(Calorific value) x (Total amount of waste per
year)] / (Total areas of BMA) (1-A)

Ecec = (Gross Electrical Output per year) / (Total areé
BMA) (1-B)

where E, is energy flux from green wastes (M3/);
Eeec is energy flux from electricity production (MJ?m
y); the units of calorific value, total wastes, ggo
electrical output, and area are MJ/kg, ton/y, Mahig nf,
respectively.

Nsteam-boile= (Eou Ein) X 100% (2)

where n is the overall efficiency of electric plant
(unitless); E, is the amount of heat added to steam
(MJly); By is the gross electrical energy output (MJ/y).

ntransfer—stage (n) to (n+Ir (E(n+1)-stagéE(n)—staga x 100% (3)
WhEre Nyanster-stagen) 10 (n+1) 1S the efficiency of energy
transfer in each stage (%)nEtge is energy flux from
the beginning stage (MJfry); E(n+1)-stage IS €nergy flux
next from the beginning stage (M\f)Ay)

Niranster-overal™ (Ecled Esola) X 100% 4)

Where Nyanster-overanis the overall efficiency of energy
transfer (%); B is energy flux from solar radiation
(168 W/nf or 2,612.74 MJ/fy).

3. RESULTS AND DISCUSSION

BMA'’s green garbage generation and management.

From the BMA greenery area, large quantities okgre
residuals; for examples, wood, fallen leaves, ant c
branches; from the process of garden and tree irigim
operations are produced as shown in Table 1.
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purpose of reuse or recycling.

Prior to being landfilled outside BMA, the colledte
wastes are transported to the transfer centersati @,
Nongkhaem, or Sai Mai, depending on the closer
distance to the center. The overall processes etrgr
garbage sources and management are illustratedyin F
1.

Total amount of green waste produced annually in
BMA is found to average 248,886 ton of which 2%, 7%
and 91% come from public parks, roadsides and
households, respectively. These indicate that thg@m
portion of green residuals (226,554 tonly) is azibie
from domestic households, which is found to be qudy
6.6% of total SW generated in BMA [1].

Potential energy from renewable green garbage.

The energy potential of the BMA’s green garbagenfro
three sources- public parks, roadsides, and hoidseho
are estimated to be about 9.07%1®.45x18, and
4.42x1G  MJly, respectively. Result shows that
households can be the potential source of these
renewable energy derived from the quantity of green
garbage generated in BMA area. However, these gnerg
quantities, based on area of concern (see Tablaré),
computed to be 0.0065, 0.0036, and 0.00091 MW/ha,
indicating that biomass generated from public parks
could be the most potential source of renewablegsne
for electricity generation

From the average diesel consumption of 5.72 lipers
ton of collected wastes found in this study, thé&lto
diesel fuel used in the BMA'’s solid waste collentiand
transportation can be determined to be 1.81x18,
accounting to 544 million baht per year [10]. Mediies
the diesel consumption only for green wastes ciidlac
was found to be 1.42x%Q/y, accounting to 43 million
baht per year.

Therefore, to evaluate the capability of green wast
utilization in BMA, the energy transformation to
electricity generation was determined, based oanste
boiler generator with the transfer efficiency ire ttange
of 40-45% [6]. Using the average of 42.5%, the
electricity generated from green waste is comptaeloke
about 2.06x19MJ/y (or 5.73x18&whly).

Cost estimation from electricity sold to outsidedgr
which is an interconnected network for transmitting
electricity from suppliers to consumers, is foumwd e
1,432 million baht per year [11], of which 3% che
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spent on buying the diesel fuel to cover 100% theBMA'’s area of 1,569 kris found to be 3.09 MJfy.

collection of total green garbage and approximad&iyo
can cover all of the total diesel fuel used in BidA’s
solid waste collection; while the rest of money%&2r
888 million baht) can cover 33.5% of the cost ie th
BMA'’s solid waste collection which accounting td 85

million baht per year [12].

From the results above, the net annual value ofeyon
from using green garbage for electricity generatisn

summarized in Table 2.

Energy transfer efficiency.

The mobilization of energy starts with approximad@
percent of the total incoming solar radiation (3&&m?)
directly absorbed by the earth’s surface. Convarsib
CO, and HO by plants into “green organic matter” then

In the meantime, the energy flux calculated frore th
process of electricity generation is estimated 1.31
MJ/nf-y which are about 50% of the energy flux from
un-processed green wastes.
The transfer efficiency can be divided into twogsts
Firstly, from solar radiation (stagel) to the coléxd
green wastes, the transfer efficiency is found ® b
0.12%. Secondly, from the previous one (stage2) to

electricity generation, it is taken from [6] to #2.5%.

Overall,

in Fig. 2.

occurs from the energy flux of 2,612.74 M3/n
The energy fluxes of collected green wastes in the

energy transfer

efficiency, from solar
radiation through electricity generation, is foutal be
0.05%. The mobilization of energy flux from the

beginning (solar radiation) in this case studyeépidted

Table 1. Average amount of green garbage and its fmntial energy in Bangkok Metropolis.

Sources

Green garbage

Potential of energy produce&’

(Ton/month) (MJly) (MW/hdy
(1) Public park (31 public parks)® 387.76 + 178.28
Subtotal (1) 387.76 9.07x10 0.0065
Central BKK 326.50 + 59.52
Southern BKK 231.66 + 66.70
(2) Roadsides  Northern BKK 358.59 + 127.69
and public Eastern BKK 130.22 + 50.86
green spaces Northern Thonburi 240.84 + 97.48
Southern Thonburi 18544 + 38.69
Subtotal (2) 1,473.25 3.45x40 0.0036
Central BKK 3,180.09 + 106.02
Southern BKK 4,355.73 + 189.54
(3) Households Northern BKK 2,936.30 * 125.75
Eastern BKK 3,482.08 + 189.01
Northern Thonburi 2,269.07 + 87.34
Southern Thonburi 2,656.23 + 124.73
Subtotal (3) 18,879.50 4.42x10 0.0009
Total 20,740.51 4.85x10 0.001%

(1) The data of green waste quantities are derfieth 31 public parks [7] where the office of Pubkark is directly

responsible for waste handling. Meanwhile the distoffices are taking care of other public parkkere waste are
collected and mixed with trimmings from street corlroadsides.

(2) Calculated from the average calorific valud®f5 MJ/kg.

(3) Calculated from the total area in each sourmduding publicpark [8], roadsides with other gregpaces [9], and
household area are estimated at 446, 3,094, an87G6Gectare, respectively.

(4) Calculated based on the total amounts of ggaebage and total area of BMA (Not the summatiowatdies calculated

above).
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Fig. 1 Material flow of green garbage management in BMA.

Table 2. Net annual value of money from using greegarbage to electricity generation.

(A) Expenses (B) Income
BMA’s SW collection cost: 3,195 million baht. 1. Ixted green garbage: 248,886.12 tons
1.Operation cost: 2,651 million baht. 2. Potentiadlenewable energy:
4.85x16MJ

2.Fuel consumption and cost: 1.81%k1Q accounting to 544 million 3. Electricity generation: 5.73x1@wh
baht.
2.1 For MSW (except green garbage): 1.67{10accounting to 4. Electricity sold: 1,432 million baht
501 million baht.

2.2 For green garbage: 1.42%10 accounting to 43 million baht.

3% of earned money covered 100% of fuel cost feegrgarbage collection.
35% of earned money covered 100% of fuel cost floeroMSW collection.
The rest 62% of earned money (888 million baht)ecest 33.5% of the BMA’'s SW collection cost.

Net
value:

- 168 W/nf
Stage 1 Solar radiation Or 2,612.74 M/ifey —
Tree growing and trimming E |
process in BMA ' /’:‘ ﬂtransfer—stage (1) to (2) Overall
v : 0.12% efficiency
- : N 1.59 tons/ha* 5 — transfer
j 0.05%
Stage 2 Collectable green Or 0.001MW/ha* ,
N garbage ) 0or3.09 Mamt-y 4
A ; d é
( ) Eelel kWh/y f:” ﬂtransfer—stage (2) to (3)
Stage 3 Electricity Or 0.00042MW/ha | 42.5%
L generation ) Or 1.31 MJ/f-y ]

* Calculated based on the total amounts of greebagge and total area of BMA

Fig. 2 Energy mobilization for green garbage in BMA.
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4. CONCLUSION

The potential energy produced from green waste assm
in BMA was found to be 4.85x1MJJy. Using 42.5%
energy transfer efficiency for a steam-boiler poplant,
the total electricity generated was found to be3%17°
kWhly, earning about 1,432 million baht annuallihis
amount of money can be used to cover all of greastev
collection cost and also all of total fuel used fat
BMA's solid waste collection. Thus, contribution of
green garbage to energy production should be ceresid
seriously to implement in BMA solid waste managemen
as it is not only environmental friendly, but also
decreasing the greenhouse gas emissions and efinit
saving the cost of operation and maintenance. M@0
the results obtained from this study suggest theatgr
green area in urban be implemented with more tsees
as to increase more aesthetical green environnsemeb
as the amount of energy harvested from green garbag

(8]

9]
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