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LCA for the Sludge Disposal and Beneficial Use of Biogas in Nagaoka City

LI EH M T S BT KR RRTTORE B
Hidenari YASUL Kazuya KOMATSU, Ryuji MATSUHASHL, Akiyoshi OHASHI, Hideki HARADA

ABSTRACT; Process schemes of municipal sludge treatment to reduce greenhouse gas emission in Nagaoka city were
evaluated by conducting pilot-scale experiments and review of annual operational reports. (1) High-concentrated
anaerobic digestion process with partial ozonation on digested sludge to improve biological degradability, (2)
high-concentrated anaerobic digestion process without ozonation, and (3) conventional anaerobic digestion process, were
compared its energy consumption and the amount of dewatered sludge cake to incorporate CO, emission equivalent in
the subsequent incineration processes. For beneficial use of biogas, an application of power generation and recovery as
alternative natural gas for local sectors were assessed using Input-Output Model with dynamic LCA procedure. It
appeared that the scheme of the partial ozonation process with power production gave minimal CO, emission equivalent
because the produced energy was expected to cover all of the energy demand for the plant operation and the production
of dewatered sludge cake from the process was only 40% of that from the conventional, which minimizes the hauling and
the needs of fuel at the incineration process. The scheme of the partial ozonation process with alternative natural gas was
ranked second to contribute the reduction of CO; emission equivalent,

KEYWORDS; Anaerobic digestion; Greenhouse gas; Incineration; Kyoto protocol; LCA
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Figure 1  The current flow-scheme of sludge treatments at Nagaoka city
(Dot line indicates major wastewater & sludge treatment facilities in Nagaoka central wwtp and hauled sludge disposal)
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Figure 2 The algorithm to seck the optimum process scheme
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Table 1 Scenarios for biogas utilization and operation hours of sludge treatment plant

Biogas utilization Operation hours of sludge treatment
plant
Alternative natural gas &  Power generation by gas engine& ~ Ozone treatment ~ Power generation
heat source for the tank heat source for the tank
Case 1 Yes - 24 hr -
_ Night time _
Case2 Yes (22:00-7:00)
Case 3 — Yes 24 hr 24 hr
. Night time Day time
Caso4 Yes (22:00-7:00) (7:00-22:00)
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Figure4 The energy & material-flow matrix of Nagaoka city for municipal sludge treatments and disposal processes

Table 2 List of LCCO, unit

Item LCCO; unit

Electricity by Tohoku electric company Annual average: 0.425 kgCOZkW

*Data in FY2002 Day time (8:00-22:00): 0.441 kgCO/KW
Night time(22:00-8:00): 0395 kgCO/kW

Chemicals for thickening and dewatering 2.32 kgCOy/kg-polymer

Diesel oil for lorry 2.64 kgCO,/L-diesel oil

Heavy oil (class A) 2.77 kgCO4/1-heavy oil

Rubber of waste tire for incineration 2.71 kgCOy/Lrubber

Methane gas as alternative natural gas -2.20 kgCO»/Nm’-methane

CaO for cement material -0.786 kgCO/kgCaO

WX B IEBOBN 7 07 A THE A XN 5T RV —MN B 2 R OFREFR RS Table3 IZF &
Wiz, BEPRE T —OERLERE TH I ~G) L (ODFRENIT, FEHMED 2002 EEEIREY
b LIZENBNRDIZ Y, PR —F ORASHETT B (6)~(8)DE 7 1 ATk, ZTNFHORiFR?D 2002
EREEERY b LI A RO, TBIROERNHRAT 2 NLO IHIE I TRz, BERIFEORE
B 850°CERE LT, AT L B1FE & NyO DRAFE A VEBE-S31 - #8800 5 N,O D%
ABERDID, (100OHARETIL, BEHRITER 13 EEOTAEREH &5 21 HekOEETEE, 2
[N T R R B R R DRRE R F NV F R LT, (1 DO 72 AT 5 AL,
Rt v & —0 1710 BAETHRER L7 H b 7 —0 2003 EESEERE) RO S, (12)04Y
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Table 3 List of fundamental units of energy, material consumption for the sludge treatment and disposal

Facility Fundamental unit of energy, material consumption
(1) Collection of primary sludge 0.0060 kWh/kg-thickened sludge (dry weight basis)
Thickening, storage, pumping
(2) Collection of excess sludge 0.24 kWh/kg- thickened stadge (dry weight basis)
Thickening, storage, pumping 0.32 g-polymer/kg- thickened sludge (dry weight basis)
(3) Anaerobic digestion tank 0.0022 kwh/hr/m’~tank (mixing)
Mixing and heating 0.27 kWh/m*-input sludge (heating) (dry weight basis)

(4) Sludge dewatering facilities

Withdrawing, dewatering by centrifuge, pumping
(5 Biogas purification facilities:

Gas scrubbing

Compressing and pumping to the gas company
(6) Hauling of dewatered shudge cake

Hauling by 4-ton lorry
(7) Siudge disposal by private sector

Incineration and treatment for landfilling leachate

(8) Sludge disposal by public sector
Incineration and treatment for landfilling leachate

(9) Beneficial use of ash
Recycle for cement material
(10) Power production facilities
Gas engine
Heat exchanger
(11) Facilities for the high-concentrated digestion
process
Solid/liquid separation by centrifuge
(12) Ozonation facilities
Ozone production, ozone treatment

0.23 kWh/kg-digested sludge (dry weight basis)
14 g-polymer/kg-digested sludge (dry weight basis)

0.097 kWh/Nm>-metahne
0.29 kWh/Nm’-methane
4 km/L-diese] oil (mileage)

-469 mL-fuelkg-VSS, 172 mL-fuelkg-H,0, 35 mL-fuel/kg-Ash
94.3 kWh/ton-cake, 0.0374 kgN-N,O/kgN-VSS  (assumed
incineration temperature: 850°C)

No supplement fuel used

94.3 kWhiton-cake, 0.0374 kgN-N,O/kgN-VSS (assumed
incineration temperature: 850°C)

75 gCaO/kg-ash

Electricity generation efficiency: 34%*

Heat recovery efficincy: 42%*

*On the basis of calorific value

0.056 kWh/kg-digested sludge (dry weight basis)
6.0 g-polymer/kg-digested sludge (dry weight basis)

0.026-0.038 kWh/kg-digested sludge (dry weight basis)**
**Depending on facility scale
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Methane conversion from sludge organics (%, COD/COD)
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High-concentrated AD process with partial ozonation

Figure 5a Expected methane conversion from sludge
organics

Moisture content of dewatered studge cake (%)
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High-concentrated AD process with partial ozonation

Figure 5b  Expected moisture content of dewatered
sludge cake

Production of dewatered sludge cake (ton-wet/year)
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High-concentrated AD process with partial ozonation
Figure Sc¢  Expected dewatered shudge cake production
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Figure 6 Expected excess electricity
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Figure 9 Impact of power source on GHG emission of sludge treatment, disposal and biogas utilization
Case 1: External recycle: alternative natural gas with continuous operation for ozonation, Case 4: Internal recycle:
electricity and heat with nighttime operation for ozonation and daytime operation for gas engine,
KEPCO: Kansai electric power company, OPEC: Okinawa electric power company
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