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INNOVATIVE CONCEPTS FOR WTE AND
NATURAL GAS TURBINE POWER PLANTS — AN |
ECONOMICALLY FEASIBLE SOLUTION FOR
RIO DE JANEIRO.

Dr. Sergio Guerreiro
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FINAL DESTINATION OF WASTE IN RIO
GRAMACHO LANDFILL 8,000 TON/D

WILL CLOSE SOON

PROBLEM->NEW PACIENCIA LANDFILL
WAS CANCELLED DUE TO DIFFICULTIES
WITH ENVIRONMENTAL LICENSE
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USUAL WTE DIFFICULTIES

1. HIGH INVESTMENT

2. BOILER CORROSION <-> LOW EFFICIENCY
3.HIGH O&M COSTS

3.LOW ENERGY / TON OF MSW

4. LOW TIP FEE IN MANY PLACES (BRAZIL)

5. CARBON CREDITS CAN HELP
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ADVANTAGES OF WTE

1.ONLY VIABLE ALTERNATIVE TO LANDFILLS

2. ENVIRONMENTALLY SUSTAINABLE

3. MATERIALS AND ENERGY RECOVERY

4. CAN BE COMPLETELY CONTROLLED

5. WE CAN AND SHOULD MONITOR EMISSIONS
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STEAM CYCLE EFFICIENCY

W(net) = Q(in) - Q(out) = (A™- B-C-D-E-E-A") - (A-A-G-F-F " -A) = ([l + [] )- (D + 1 ) =[]-

dQ=Tds

T If turbine expansion is reversible
(ideal), then yellow area is the net
work of the cycle.
T T
/ HP
/\ E Isentropic Efficiency of ST
c / Ei=(hE - hF)/ (hE - hF’)
B LP (condenser)

irreversibility

A E F" s

Efficiency =W(net)/Qin)= ( (]~ ) /(H+ )

Boiler

E | T F
i TO INCREASE EFFICIENCY
Turbine

i

W Qin = constant = ( . -+ |:| ) = Fuel

Condenser

] x B ¥ constant [

O—

Pump

< A
by

superheater
e f T
LP )
condenser



STEAM CYCLE EFFICIENCY (IDEAL)

W(net) = Q(in) - Q(out) = (A"~ B-C-D-EF"-A)- (A-A-GFF -A) = ([l 4+ [] )-(l)=0

If turbine expansion is reversible

dQ=Tds (ideal), then yellow area is the net
work of the cycle.
A T
P HP Efficiency = W(net) / Q(in) = ( I:l ). / '( .'|' I:l )
c D E
TO INCREASE EFFICIENCY
B LP (condenser)
1) Qin = constant = ( B+ )= Fuel
LP
5 my )
condenser
Boiler ‘_“-E ‘k\‘*—-l . 2) constant . I:l f
||| || l Turbine
v wef T
heat
B Condenser Fuperheater
O <
AI

fv\/\l




h— MART'N GmbH fir Umwelt- und Energietechnik

WLE Facility Bilbao, Spai
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EXEMPLOS - INCINERACAO Phas
ZABALGARBI, ESPANHA )

— MARTIN GmbH fiir Umwelt- und Energietechnik

Combined WELE | Natural Gas Turbine
- CNIM Bilbao Concept -m

GAZ: 112 MWth

l 46 MWe
[y (D Hidnt
‘ 100 b, 540°C " ammmd - »
.'{,.‘A‘}:'a.
= ~30b, 540°C kil
RESURCH
ECO
VAPQ so°c

LM 6000 PD
A : i
chaudiére de récupération

71 MWth | :i — 'NOMINAL MODE
[ [ . Net Power : 83.2 MWt
= ‘ Gross Heat Rate : 1283 th/kWh (42%)
Real Decreto : 1377 thikWh (45%)
33 th Net Heat Rate  : 1387 th/kWh
a0 KEakhy, Availability : 7230 hiy
-

Net Outup Ratio : 42% (with Waste)

" | verticale 1 ligne semi-humide

TR0 y Recette électrique (kWe vendu - kWth gaz acheté) : 72%

Recette sur ordures . 28%

Waste-to-Energy Research and Technology Council

Fall Meeting Columbia University, Oct.7-8, 2004
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EEVAMPING OF THE WASTE TO ENERGY PLANT OF
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GAZ: 112 MWith

100 b, 330°C

100 b, 540°C

1 MWih

i'SEA "i_r
LV LY AL

33 th
1850 kealikg

II-I“ Wil I, '1’

| 160°C i [ o “

" verticale 1 ligne semi-humide

y Recettfa alectrigue {(kWe vendu - kWth gaz achete) : 72%

Racefte sur ordures : 28%

= £

FUMF

MODE A
"NOMINAL MODE"

Nat Power : 93.2 WWth
Gross Heat Rate ! 1293 thikWh (42%)
Real Decreto : 1377 tvkWh (45%)
Met Heat Rate ;1387 thikWh
Availability : TE30 hy
Net Outup Ratio - 42% (willr Waste)



HAT GAS

Wgt

v

B(100 bar)

mw

STACK

STEAM CYCLE EFFICIENCY = 36.1%

ST POWER = 144.2 * 0.361 = 52.06 MWe
TOTAL POWER = 46 + 52.06 = 98.06 MWe
OVERALL EFF. = 98.06 [ (152+71) =43.97%
PAID FUEL EFF. = 98.06 / 152 = 64.51%
NG EFF. =76.76 / 152 = 50.50%

WASTE EFF. = 21.3 /71 = 30%

WASTE CONTRIBUTION
21.30 1 98.06 = 21.72% OF TOTAL ENERGY
MVWth / TON = 21.3 / 33 = 0.64 ( 1,850 Kcal/Kg)

MWth / TON = 21.3 / 33 = 0.84 (2,400 Kcal/Kg)

Total net heat to steam cycle = 144.2 MWth

i |I
/ I.fll i STACK
H sk |/ | sH2 | Jevaq] | ||ecoz
| | -
1 T'1|I T2 mvd T3 mwd
D Y
c l,.fr-‘ ""1\.[1' ~ @ C:-/g” B
c Irl' I'-.[\ v
Pl
] ,;'r r H:t'a {4 Ti = T2
{ N w INCINERATOR == b
. M evar
ECO1
: il GAS CLEANING
NG = 112 MWth
46 MWe 85.2 MWth H)ﬂ
GT _O net to steam cycle
64.2 MWth burner '
@45511(: SH1+5H2+
| 1042 MWih  |EVA2+ECO2
| @700°C
Qin = 40 MWth
lost 19 MWth

@ 150°C

F\\\ 59 MWth

net to steam cycle

EVA1 +
ECO1 %-
lost 12 MWith
@200°C
ZABALGARBI
MSW =71 MWth ORIGINAL




GAS TURBINE WITH
STANDARD COMBINED
CYCLE

Fuel

-~ ¥,

Feed water

\

w/um

Gas turbine

To stack

1
" HRSG _@

Load
A
?_@ Steam to
Load process

/

Exhaust



GAS TURBINE WITH
SPECIAL COMBINED
CYCLE INCLUDING

WASTE

Gas turbine

Ao g

Feed water

Fuel

R, e

To stack

1

b—3ECO

EVA &

HOT GASES
1000°C

2Ol
Load
Exhaust — SH ~

455°C
Q(NG)

Y

ST —@

Load

Steam to
process

WASTE
INCINERATOR




ENERGY FLOW FOR WASTE /NG SYSTEMS

\I/E1
Wagt
GAS TURBINE
E8=E4-E5
E9=E6 -E7

E5
STEAM CYCLE (eff=?)

E2 (LOW TEMP.)
! / STEAM CYCLE (eff=7?) =
_ SH \ EVA + ECO .
E31\E4 =E2+E3 \// - (LOSS TO STACK)
! E6 = Ei +E5

WASTE
INCINERATOR

Wst = eff * (E8 + E9)

\

1. WHEN WE "HANG" THE WTE PLANT BETWEEN THE SUPERHEATER AND THE EVAPORATOR WE AVOID

CORROSION IN SUPERHEATER SINCE THE GAS IS CLEAN.
2. EVAPORATOR SUBJECTED TO LOWER TEMPERATURE AND CLEANER GAS. METAL TEMPERATURE BELOW

400°C.
3. THE HIGHER THE STEAM CYCLE EFFICIENCY THE BETTER. CAN USE SPECIAL MATERIALS (INCONEL,
STAINLESS) TO USE ADVANCED STEAM CYCLES TO REACH EFFICIENCIES CLOSE TO 50%.

4. TO MINIMIZE THE ENERGY LO3S TO THE STACK (E7) WE MUST LOWER THE EXHAUST GAS TEMPERATURE.
USING A CONDENSER HEAT EXCHANGER (CHX) - TEFLON COATED TUBES IN COLDER SECTION OF ECONOMIZER WE

CAN INCREASE THE OVERALL EFFICIENCY LOWERING THE EXIT TEMPERATURE OF THE FLUE GAS.



46 MWe

NG
112 MWth

o

Tagt

0.138 bar

@A'{ A
30 bar
G \
NG

40 MWih

|

TH

TOTAL POWER
100.84 MWe

TOTAL NG = 152 MWth

ENERGY FLOWV LHG=1 12 MWih

GT

64.32 MWith
(@ 455°C

46 MWe

burner

I?I 104.32 MWth
@710°C

Qin =40 MWth

GAS WATER PROCESS
A & A .
7 Tat=455"C TA=TA =52°C mGT = 298 Ibm/s
10 bar TH=710°C TA =121°C
T1=609"C TB=122°C mR =431.5 lbm/s
55 MWe ‘ T2=407°C TC=300°C
] D TR=602°C TC'=311°C mi = 133.5 Ibmis
T3=346°C TD'=311°C
HP T4=187°C  TE=540°C
T5=129°C TF=368°C
Ti=1000°C TG =540°C
F E TH=52C
3
m| T | T T4 15| GAS
CLEANING
CHX STACK
SH1 SH2 EVA ECO
| A~ COMNSIDER THE STEAM CYCLE EFFICIENCY 36.164%
Ti B
Mi WASTE CONTRIBUTION
BOILER 2 —> ENERGY INPUT FROM MSW = 55.456%
Ew = 71 MWth i} i
INCINERATOR M SW CONTRIBUTION TO TOTAL POWER =
5 0.55456 * 104.36 * 0.36164 = 20.93 MWe or 20.75% OF TOTAL
ST POVER = 151,65 * 0.36164 - 54.84 MWWe |
Total net heat to steam cycle =151.65 MWith TOTAL POVIER OF PLANT = 46 + 54.84 =[100.84 MVie
OVERALL EFFIC. = 100.84 ] (112 + 40 +71) =[45.22%]
47.29 MWth /! 104.36 MWith
netto steamcycle  net to steam cycle PAID FUEL EFFIC. = 100.84 1 ( 112 + 40) =
NG EFFIC. = (100.84 - 20.93) / (112 + 40) =/ 52.67% |
1\ 57.03 MWth T : o ) ~{5257% |
| WASTE EFFIC. = 20.93 /71 = 29.48%
' WASTE APPAR. POWER = 100.84 - (112 + 40) * 0.51
SH1 + SH2 EVA + ECO[—* 23,32 MWe (23.42% of total
+ CHX 23.67 MWH =23 € (23.12% of total)
lost @ 129°C WASTE APPAR. EFFIC. = 23.32 171 =32.84%
71 MWth
128,03 MWWih FULL MIXING

WITH CHX




CHX

TRADITIONALLY, RECOVERING HEAT FROM
EXHAUST GAS HAS BEEN ECONOMICALLY
VIABLE ONLY AT TEMPERATURES ABOVE
THE ACID DEW POINT OF THE GAS. BELOW
THIS POINT, COLD-END CORROSION WAS
NEVITABLE, RESULTING IN PREMATURE
EQUIPMENT REPLACEMENT COSTS.

CONDENSING HEAT EXCHANGER
900 COMMERCE DRIVE, CLIFTON PARK, NY 12065
PHONE: (518) 877-8805 FAX: (518) 877-8686
E-MAIL: sps@capital.net
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UNLIKE CONVENTIONAL ECONOMIZERS AND AIR HEATERS,
WHICH MUST MAINTAIN TEMPERATURES ABOVE 300 DEGREES
F (149 DEGREES C) TO PREVENT CONDENSATION, THE CHX™
SYSTEM THRIVES IN A CONDENSING ENVIRONMENT WHERE
INLET WATER OR AIR TEMPERATURES ARE IDEALLY LESS
THAN 80 DEGREES F (27 DEGREES C), AND EXHAUST GAS EXIT
TEMPERATURES ARE ONLY 100 DEGREES TO 130 DEGREES F
(38 DEGREES TO 54 DEGREES C).

100 degtees B

1=t elittuniator

“«—— 30F

Heat | |

Fecovery Cooling HA

H¥ Bt 51005 removal
EIF— +— 100 F

Feagent
supply

¥

To drain



AND THE EX
EXCHANGER A
BELOW THE

CHX

SINCE THE HEAT EXCHANGER TUBE SURFACE

HAUST AREA OF THE HEAT

RE AT A TEMPERATURE WELL
DEW POINT OF THE WATER

VAPOR, A RAIN OF CONDENSATE IS
PRODUCED THROUGH DROPWISE
CONDENSATION OF THE WATER VAPOR. THIS
CONDENSATE PASSES AROUND THE TUBE
ARRAY, CARRYING PARTICULATES AND
ACIDS WHICH HAVE BEEN SCRUBBED FROM
THE GAS AND WASHED FROM THE TUBES.
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Heat exchanger shell

&
TEFLON sheet

E
TEFLON covering

(zas tlow

Heat

exchatger tube

FROM INLET TO OUTLET, THE
EXHAUST GAS CONTACTS
ONLY CORROSION-RESISTANT
TEFLON® IN THE CHX™ HEAT
EXCHANGER, ELIMINATING
THE CORROSION PROBLEM.

()
TEFLON trom mnside shell
forns TEFLDNI:E’EG TEFLDHEE-JSEELI



LPC

TOTAL NG=100.9 MWth

TOTAL M5SW =71 MWth

NG=T5.0 MWth 30,31 MWe .
—— &)
\b 100bar  pywes
HP e
D"
Tot F D c % A
Qin=25.9 MWith Wbary ™ E C
: H
1 T 2| |13 TR
p |
LU SH1 sHz| [eco EVA [ ecod 15 '-"-H-‘?IX
G . Tout B’
B IJ,-" T4 é T8
LP CHX1 Tin mR
I S
4415 MWe T INCINERATOR
jg) CONDENSER Ei = mi * hi
(1 ) Ew =71 M\V/th
PLIMPT
TOTAL POWER A iy Eca = 9.686 MWth
74.96 MWe o e

GAS WATER PROCESS
Tig=455"C TA=TA=5s2°C miGT = 199.57 |lbmis
TH =T00°C TA” =TB =105"C .
T4 = 578°C TB= 194°C m* = 33.542 lbmi's
T2 =333"C TC = 300°C mR = 185,28 |bmis
T3I=2058"C TC =311C
T3 =104°C D" = 311°C mi =151.737Tbm/=
TR = 880°C TE = 540°C .

T4=395°C  TF = 368°C LLUSh Uk
Te=M4*C TG = 540°C Tout = 176°C
TG =134*C TH = B2°C

Tl =1000C

Extra energy in hot combustion air =9.686 MWth
STEAM CYCLE EFFIC. (NEGLECT PUMP WORK)=36.164%

WASTE CONTRIBUTION

BOILER 2 —= ENERGY INPUT FROM KBV = 36.48%
MSW CONTRIBUTION TO TOTAL POWER =

AO645°71.351%0.536164 = 22.31 MWe or 28.6% OF TOTAL

ST POWER =122.102 " 0.36164 = 44.15 MWe
TOTAL POWER OF PLANT =30.81 +44.15 =74.96 MWie

OVERALL EFFIC. = 74,96/ (75.0 + 259+ 71) = [43.6%

[ENERGY FLOW | o750 mavith Total net heat to steam cycle =122.102 MWth PAID FUEL EFFIC. = 74,96/ (75.0 + 25.9) =
A . NG EFFIC. = (74.96-22.31) / (75.0+25.9) =[52.18%
30.81 MWe 50,751 MWWth 71.351 MWth
T _O net to steam cycle  net to steam cycle VWASTE EFFIC. = 22.31/71 =31.42%
T ? WASTE APPAR. POWER = 74.96 - (75.0 + 25.9) * 0.51
COMBU STICN
= 23.501 MWe (31.35% total
42,95 MWith burner _ IR =9.686 Mith ( )
@ 455°C WASTE APPAR. EFFIC. = 23.501 /71 =[33.1%
BOILER BOILERZ
8.852 MWith 1.415 MWith 10.75 MWth
@ 700°C bost i@ 134°C SPLIT ECONOMIZER
Qin = 25.9 MWith 7.00 MWth WITH CHX
¢ lost @104°C 71 MVith



THERMAL POWER FROM WASTE =71 MWth

STEAM CYCLE EFFICIENCY = 36%

SCHEME TOTAL POWER
POWER  FROM MSW
(MW) MW %

BILEAO 98.06 21.30 21.7

(ZABALGAREI)

FULL 100,84 20.93 20.8

MIXING

SPLIT 7496 2231 298

ECONOMIZER

SUMMARY

POWER OVERALL MsSW NG MWh/ton

FROM NG EFFICIENCY EFFICIENCY EFFICIENCY 1850 2400 (KealKg)
(MW) % % Yo Ya 7.7 10 (MJKg)
76.76 78.3 44.0 30.0 20.50 0.64 0.84
79.91 79.2 45.2 29.50 22,57 0.63 0.82
52.65 70.2 43.6 31.4 52.18 0.68 0.88



USINAVERDE POWER UPGRADE PROJECT -
UNIVERSITY OF BRASIL CAMPUS

L b

N

——

&
-

b

U
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PROJECT DESCRIPTION

PARTNERS - COPPE, BR-DISTRIBUIDORA, PETROBRAS,
USINAVERDE.

BJECTIVE - GENERATE 4 MWe TO CAMPUS (BASE)
FINANCING =2 FINEP, BR
TOTAL TIME =22 YEARS

WASTE EFFICIENCY - 0,74 MWh / TON (2.000 KCAL / KG)
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MW

16 |

12 T

UNIVERSITY OF BRASIL POWER CONSUMPTION - TYPICAL WEEK DAY

STANDARD RATE = US$ 162 / MWh (UTILITY)

15 MW /

PRIME RATE = US$ 500 / MWh (UTILITY)

UTILITY

MEWW USINAVERDE

4 6 8 10 12 14 16 18 20 22 24 TIME {HOURS)

UNDER US$ 130 / MWh



Tar=35C oy Tar = 45°C ENGINE SPECIFICATIONS CAT G3SEB LE | efic. = 36,1%)
Frs vl | ] ' m = 5.26 |bmis
‘I
G3a165 —@ 'ma 2,712 Me Tge = 523°C = 973F
'—'ﬁ GH HG consumption = 3.76 MWih
GI3168 _@m.; ¥ BURNER  Wage = 1.356 MWWe
IT [T Tmg
TR Tars
[ Ptotal = 4,431 MWe

CHARMINE

Wi
TH .L-\ T2+ T3 /
1,719 MWe (O— > o

TMOAOEERED >

5H Y
WATER/STEAM i NG POWER = 3.5 MWe
mTV = 4,1745 Ib/s ro L
3.15 MWth WASTE POWER = 0.931 MWe
= 52°C 0,138 b = 2 psia |mm"r
"> 52°C 3b =435 psia ASHES OVERALL EFF. = 38.43%
= 32°C 3 b=43)5 psia e
= 121°C 3 b = 43,5 psia PAID FUEL EFF. = 51.95%
= 133,53°C 3 b = 43,5 psia — INCINERATOR =
134,14 °C 65 b = 942,5 psia 20D s R TN NG EFF. = 41.03%
> 261°C 65 b =942,5 psia o
> 281°C 65 b =942,5 psia T ENGINE e il
= 281°C b5 b =942,5 psia {_ COOLING
> 500°C 65 b = 942,5 psia [ WATER STEAM CYCLE EFF. = 28.17%
--» gfic. isent. = 0,75 0,138 b J’-EE-I':E”T AR .
TOTAL NG CONS, = 8.53 MWth
GASES

TH = 704°C Mmg=10,52 Ib/s (total)

T1= 483°C MR =16,451b/s

IR = 6889 Mi = 5,93 Ibis USINAVERDE POWER

T2= 326°C UPGRADE - RIO DE JANEIRO

T3= 183°C

T4= 114°C



