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i Introduction &4

= Biogas from STW: A renewable energy
resource

= Biogas utilization: Synergy of energy
and environment
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Current Biogas utilization ways
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= Hot water generation =« &2HUKH V54
for sludge digestion H

= Power generation s HJAEFE

= Combined heating = FEEEEF=: [RIRHIEX
and power 3 K

= Purification to o HIBRTTEEES
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pipeline quality gas T LS,




Problems of biogas utilization
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= Low utilization efficiency

= Unbalance in thermal energy utilization
~ In summer: surplus of thermal energy

> In winter: shortage of thermal energy
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CCHP: An innovative way
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= Combined cooling, heating and power
(CCHP): simultaneous provision of
chilled water, hot water and electricity
from same energy source
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Principle diagram of energy
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Schematic diagram of CCHP
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GE’s Jenbacher gas engine

Peak boiler
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+ @
Fuel gas n Cooling tower
® ®
A «/ Absorption chiller , ,
v - Refrigeration
Heat exchanger (§ \ consumer
® Buffer @
v ©
O Heat
consumer

P
N,
> Electrical

GE’s Jenbacher gas engine used for trigeneration of heat, cooling, and power Enersy

GE’s Jenbacher gas engines range in power from 0.25 to 4 MW and run on
either natural gas or a variety of other gases (e.g., biogas, landfill gas, coal
mine gas, sewage gas, combustible industrial waste gases).



Advantages of CCHP
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= High energy utilization efficiency

= Cascaded utilization of energy resource
~ High temperature: power generation

~ Middle temperature: refrigeration

~ Low temperature: hot water production
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Absorption chiller
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= Thermally activated refrigeration
= Space air conditioning using waste heat

= Environmentally friendly: no CFC or
HCFC

» PUEEIKEH ¥
o F)HHERRGEHATE
s IR AN AHCFCEHCFC




Principle of absorption chiller
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Principle of absorption chiller
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Proposed CCHP with Solar
‘L Collectors for biogas utilization




Main measures for increasing

i efficiency I—EMER X ERHGH

= In summer (surplus):

» Exhaust gas and jacket hot water will be
used by absorption chiller for chilled water

~ Hot water after chiller will be used for
heating sludge digestion tank

n B () -

< FH &R HES M ELE K IR B W= e
BLAEIER A K

v SRR P S FI#OK

I

TR




Main measures for increasing

i efficiency I—EMER X ERHGH

= In winter (shortage): = Rz"‘ﬁ (FAR) :

» Jacket hot water v HLERGKEZER
directly for heating :3@{}[‘271[]45“
sludge o R HLA

» Exhaust gas for I RE A HIE
producing hot water for #ok, BTV
heating sludge by Jijif=d

absorption chiller



Main measures for increasing

i efficiency I—EMER X ERHGH

= In winter: n X2

» Solar collectors v j(BEIﬁ‘é#mk%%fz
generating hot water F=#OK, TS
for heating sludge Je

» Biogas for producing %ﬁt&; HI A HLA
hot water for heating A S 4 BB
sludge by absorption j{ SR ELYI
chiller (only when (S BB R

needed) 1)




Advantages of proposed scenario

i WiE 200

= Improve the energy utilization efficiency

= Provide multi-services simultaneously

= Avoid the requirement for operating boiler

= More accurate control of sludge temperature
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Disadvantages of proposed scenario
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= More equipment
= More complicated system control

= Heat rejection for cooling water is
needed
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A case study for Shek Wu Hui Sewage

* Treatment Work

Biogas:

11000-13000 m3/day;
Generator:

500GF-NK1

500kW*2;
LiBr chiller:

850kW
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Specifications of the chiller

+

Refrigeration capacity:

Chilled water:

Chilled water flow rate:

Cooling water:

Cooling water flow rate:

Dimensions:

Weight:

850kW

12/ 7°7C

146 m3/h

32 /371 C

288 m?/h
4. 5mX 3. 2m X 3. bm

15 tons



Solar added tri-generation system
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The weather data of Hong Kong (1981-2010)
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Simulation results

Energy efficiency of heat recovery
In biogas-chiller system (total
Biogas=100% input of thermal energy: 540kW)
Mechanical Thermal energy=64% Heat Energy Rate
energy=36%

\ exchanger recovery
Cylinder /

lubrication 170.1 31.5%
ol

Cylinder/oil
energy recovery

|
EXha:gggvag;“efgyJ Total 2916  54.0%
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Exhaustgas 1215 22.5%




‘L Annual performance

> The designed power generation rate Is
1000kW and annual power generation Is
8760 MWh.

> The designed capacity of the LiBr chiller is
850kW and annual cooling capacity Is 7446
MWh,

> Power generation efficiency Is 34%, heat
recovery efficiency Is 54% and the total
energy efficiency Is 88%.



A case study for a landfill gas project
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Typical composition of LFG

Average
Constituent Gas concentration (v/v)
Methane (CH,) 50%
Carbon Dioxide (CO,) 45%
Nitrogen (N,) 5%
Oxygen (O,) <1%
Hydrogen Sulfide (H,S) 21 ppmv
Halides 132 ppmv

Nonmethane Organic Compounds
(NMOCs) 2700 ppmv



LFG tri-generation scheme
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Simulation for five cases:

Case 1:
Case 2:
Case 3:

Case 4:

Case 5:

LFG is directly released into atmosphere;
LFG is collected and flared;

Part of collected LFG is used for electricity
generation and the remainder is flared,;

All the collected LFG is fed into a power engine
for electricity generation but no waste heat is
recovered,

All the collected LFG Is fed into a power engine-
based tri-generation system for generating
electricity, chilled water and hot water.



Simulation results
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The net present values of Cases 4 and 5
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A case study for an existing sewage
i treatment plant in Spain

= A sewage treatment plant in Spain has integrated an
absorption cooling system with micro gas turbine (MGT)
tri-generation systems driven by biogas which s
produced by itself.

= The MGT is fuelled with biogas and its waste heat is
used to drive an absorption chiller. The chilled water is
used to condense water in the biogas pre-treatment
process before its combustion in the MGT and to cool
the combustion air used in the MGT.

Source: Bruno, Ortega-Lépez, Coronas. Integration of absorption cooling systems into micro gas turbine
trigeneration systems using biogas: Case study of a sewage treatment plant. Applied Energy 86 (2009) 837-847.



Case study for an existing sewage
treatment plant

= It is @ medium-sized plant that treats about 6
million m3 of water every year, with 3200
tons/year of solids in suspension.

= The plant’s nominal capacity is 25,000 m3/day,
with an average treated water flow rate of
17,000 m3/day. The plant produces 220 t/day
of sludge with a dryness of 25%.

Source: Bruno, Ortega-Lépez, Coronas. Integration of absorption cooling systems into micro gas turbine
trigeneration systems using biogas: Case study of a sewage treatment plant. Applied Energy 86 (2009) 837-847.



Economic performance analysis and
payback period(PBP)

Table 10
Economic performance analysis using an electricity /natural gas ratio cost of 5.0

Natural Electricity Operation and Investment PBP

gas cost cost maintenance cost

cost

€[year €/year €/year £ years
Case 0 11834 229602 3818 9600
Case 1-A 39730 147175 10622 291000 5.9
Case 1-B 42665 144910 10622 297100 6.1
Case 1-Ca 53608 144910 10622 298000 8.0
Case 1-Cb 47091 144910 10622 298800 6.8
Case 1-Da 52363 144910 10622 312600 8.1
Case 1-Db 43984 144910 10622 312600 6.6
Case 1-Dc 43095 144910 10622 312600 6.5
Case 2-A 69891 51302 20148 484100 46
Case 2-B 78823 45055 20148 492100 48
Case 2-C 77183 48163 20148 490600 48
Case 2-D 78745 45348 20148 506800 49

> Because of the high price of electricity, cases 2, which include between
three and five MGTs running with natural gas, are the best options in terms
of payback period.

Source: Bruno, Ortega-Lopez, Coronas. Integration of absorption cooling systems into micro gas turbine
trigeneration systems using biogas: Case study of a sewage treatment plant. Applied Energy 86 (2009) 837-847.



i Conclusions

The tri-generation technology can recover much
more energy compared with electrical power
generation scheme only system for using biogas from
wastewater treatment and LFG;

Chilled water can be supplied to the nearby
commercial buildings;

Surplus hot water can be used in the plant and
supplied to nearby hotels;

The system is more economical and reasonable if
solar thermal energy is used;
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