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RAMBOQLL

e Established i 1945

e Ramboll consulting group:
approx. 9,000 employees

e |Leading waste-to-energy
consultant with >50 specialists

within WtE

e Long track record of waste-to-
energy plant projects — on-
going > 30 WtE projects.

e Independent consulting
services
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WASTE-TO-ENERGY PLANT REFERENCES

Hersholm, Kjellerup, Kolding, Kege,

Renne, Skagen, Slagelse, Svendborg.,
Senderborg, Thisted, Aalborg, Arhus

~Ireland South East Regdion
— UK Buckinghamshire. Guetisey.

grafordshire, O
Nort ~r |

— Canada BC Ministry of Envi
Dufferin, Durham/York, Environ
Canada. Halton, Peel

— US Atlanta, Frederick County (

Lancaster, Palm Beach, Salt Lak
York
~ Bermuda

RAMBOLL

—— Denmark Avedere, Copenhagen, Esbjerg,
Frederikshavn, Glostrup, Hjerring, Hobro.

Nyborg, Nykebing F., Naestved. Roskilde,

Iceland Reykavik

Faroe Islands Leirvik, Torshavn
Norway Bergen, Hamar, Kristiansand,
Oslo, Tromse, Trondheim, Tensberg
Sweden Halmstad, Malmé, Stockhoim,
Uddevalla, Uppsala

,St. Petersburg

,

\ 2

ot
China Guanaz
Taiwan Kao
Hong Kong
Philippines

i N

K

v

—— Egypt Caro
Mauritius

~ Germany Dusseldorf, Kiel
~ Netherlands Rotterdam
~ Hungary Budapest

~— Austria Vienna

—— Czech Republic Ostrava
— Italy Brescia

—— Portugal Oporto

—— Spain Mallorca, Asturias

—— Gibraltar
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COPENHAGEN-AMAGER WTE PLANT

q:\\{.f’ ~ WASTE IS NOT A WASTE Capacity:

2 x 35 ton/h

R A M B L L Beacon, Malmé, November 4, 2011 4



COPENHAGEN-AMAGER WTE PLANT

A Incineration Plant
2 B CHP Station
.\, = Transmission pipeline

; —  Municipal border

;
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PERFORMANCE GOALS

e \World Class We w”ant to ;E:Jw the v:jorld that it is
- actually possible to produce energy
Architecture for the city ... and that it is possible to
. do this in the middle of the city... It is
e H Ig h Energy important that the waste-to-energy plant
Efficienc is integrated into the environment... the
Yy architecture should be a gift to the city!

e Best Possible
Environmental
Standard

e High Level of
Community
Integration

e High Level of Public
Acceptance

R A H B L L Beacon, Malmé, November 4, 2011 6
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VISUALISATION COPENHAGEN WTE

Beacon, Malmé, November 4, 2011



VISUALISATION COPENHAGEN WTE
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VISUALISATION COPENHAGEN WTE

RAMBOLL




VISUALISATION BOILER HALL
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MEASSURES TO INCREASE ENERGY
EFFICIENCY

= Optimizing of boiler 1 tonne of waste
steam parameters

-
e Optimizing of district I—Lr‘—\
heating couplings /

- 2 water based DH networks 2 MWh heat 2/3 MWh electricity

e 1 steam based DH network

!
e Heat pumps % /7
imizi ' ~.lnun--- "‘,

e Optimizing of technical
concept and internal
energy consumers

RAMBOLL



OPTIMIZING STEAM PARAMETERS

Expansion: Coal compared with waste
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1330 kW / (kg/steam)

72

Entropy [kJ/kg-K]

68 70

IAPWS-IF97 Standard

RAMBGOLL Expansion diagram
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STEAM PARAMETERS: EU TRENDS

No strong tendency towards WHLE Plants

higher steam parameters... (data from 2006)
Steam temperatures, grate fired plants in Europe

~ 400 degreeC is often chosen, AT T

even for condensing plants. AT
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STEAM PARAMETERS EVALUATED

i i o 2 < 2
Limits: ’/_::::::_’;;%6‘6"‘000 oy 4 500°C
400-500€ 1 & /7, s00°c

20 "fl'::;/ o’b‘ 0\
40-130 bar - N o 300°C
2 -"<“‘ \‘ ///\?' &
Z .. /‘// — o d 3 £ 200°C
E 2 2\~ = o . 100°C
I -~ e " T o o
\1
== 'I 30 e
200 ' ' X’W%
x=85%
- ) E;itropy [lek‘g-K]

400 C/130 bar:
Erosion of turbine
blades due to moisture
in turbine exaust

RAMBOLL

500 C/40 bar:
Very high corrosion
rates on superheaters

Optimal choice:
“somewhere” in between
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RISK FOR CORROSION

a) Evaporator part:
Higher live steam pressure =>
High flue gas temperature and higher steam/wall temperatures

s e || \
WASTE
HEATER X

b) Superheater part:
Higher live steam temperature ==
Flue gas temperature <650 C and
higher steam/wall temperatures
(High temperatyre corrosion)

A5

\—/
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CORROSION

Evaporator wall temperatures

DIAGRAM — EVAPORATOR PART

500 - -
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RAMBOLL

Flue gas temperature [°C]

Beacon, Malmé, November 4, 2011
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CORROSION — DIAGRAM SUPERHEATER PART

Super heater configuration 400C/40bar and 480C/70bar (with drum steam cooling)
| |

500 +

450

400

350 A

300 A

250 A

Steam/tube wall temperature (C°)

200 -

Negative heat
transfer

Transition
zone

Corrosion zone

SH3

SH2 |

SH1

Small corrosion risk

150

200 300

RAMBGLL
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Flue gas temperature (C°)
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CORROSION — SUPERHEATER PART

Furthermore there is a
thermodynamic tendency to that the
flue gas temperature before
superheaters will increase with
iIncreasing steam parameters !

1

Distribution of heat absorption

ssorc/rover IS " £

i ® Fordamper

Higher live steam temperature =>
Flue gas temperature <650 C and n

higher steam/wall temperatures
(High temperature corrosion) 400°C/40 bar _

I T 1

0% 50% 100%

RAMBOLL



CORROSION — SUPERHEATER PART

ECO

%erl‘e(i(

b) Superheater part:

Higher live steam temperature =>
Flue gas temperature <650 C and
higher steam/wall temperatures
(High temperature corrosion)

RAMBOGLL

In CR Ave. (mm / 8000h)

850°C 650°C 450°C
PR i } *
" o -
35 Q Tsat92 =400°C | o Tflue-gas < 650°C
b Ash 2 » Tflue-gas > 650°C
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1 Thie-gas (K)
Source: Beacon conference, Malmg 2009

Higher flue gas temperatures
in front of superheaters
results in a higher corrosion
rate



NPV CALCULATIONS

Net Present Value in relation to increasesin live steam from 400°C/40 bar
Sensitivity : superheater life time & cost of changing (warmest) superheater

100 -
40 M.DKK = 55 M.DKK
0 M.DKK o 14 MLDKK = —

'E 0 e N
0
- .
S 100 Economically
vy optimal range of R
% steam parameters S
S -200 - ‘ [ M epBasis
E Costof changing the hottest SHer on both boilers
2 Pricesinclude materials & installation

-300 -

'400 } I I I I I |

400/40 425/50 440/70 440/90 480/70 500/130 (©)

Effects considered:

RAMBOLL

20 year plan period
Identical availability
Investment in boiler
Increased energy sales
Increased O&M

Beacon, Malmé, November 4, 2011 22



RECOMMENDATIONS LIVE STEAM PRESSURE

T=450 C

(too high superheater 500°C

corrosion) _

475°C

Too high erosion of 450°C —
turbin_e blad_es due 425°C —
to moisture in R
turbine exaust 400°C —

P<70 bar (efficiency gain at
relatively low corrosion risk)

S 5)
\S
0(/ QVQ - .
QQ o) Recommendation:
oW . N design for 440 C / 70 bar
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CHANGE IN (GROSS) ELECTRICAL
EFFICIENCY

Backpressure turbine, no flue gas condensation
Effect of live steam temperature and pressure on electrical efficiency
3,5% -] Efficiency change compared to 400° /40 bar,a

~——p=110 bar

3,0%

——t— p=100 bar

2,5%

—&— p=90 bar

—#— p=80 bar

2,0%

——p=70 bar

1,5%

—a&— p=60 bar

1,0% ¢
e —@— p=50 bar

0,5%

—— p=40 bar

0,0%

410 420 430 440 450 460 470 480
“0,5% F----------o-o-ooooIoIoII I IIIIIIIIIIIIIIT

Change in Gross electrical efficiency [%point]

Eg: 400740 - 440/70 =>
Plus —2%6 electric efficiency:

“1,0% L-ocooo

Live steamtem peratures
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ENERGY EFICIENCY

Basis: Production Oown Energy
Steam data, 440°C/ 70 bar,a
Wet FGT El Heat El Total
Front-end SCR Nel Nvarme Nel efficiency
Flue gas condensation with heat pumps (brutto) (brutto) ntotal
(netto)
Operation without heatpumps 27,2% 65,8% ~ 2.,7% 90,3%
Operation with heat pumps 24,8% 81,4% ~ 2,7% 103,5%

Source: Rambgll basic design study
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Best Environmental Standard
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SCENARIOS FOR THE LCA STUDY

e Dry:
» Reactor (bicarbonate)
 Baghousefilter

e Economiser

e Semi-dry:
» Reactor (hydrated lime)
= Baghousefilter

e Economiser

e Semi-wet:
» Reactor (hydrated lime)
= Baghousefilter
e Economiser

e \Wet alkaline scrubber

RAMBOLL

» Wet:
» Electrofilter
e Quench
» Wet acidic scrubber

= Wet alkaline scrubber
(calciumcarbonate)

= Baghousefilter (activated carbon)

e \Waste water treatment

e De-NOx
e SNCR (very low NOx)
» SCR (tail-end)

e SCR (front-end between ESP and
Economiser)

Beacon, Malmé, November 4, 2011
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LIFE CYCLE ANALYSIS OF FGT SCENARIOS

PE (over plant life time)

4,000,000
3,500,000
49,000 Eneray
L
3,000,000 - Process |
- Total
2,500,000 -
2.438,00
2,000,000
1,500,000
1,378,000
1,000,000 -
747,000
500,000 -
0 ! "
-500,000
Dry SNCR Semi dry SNCR Semi wet SNCR Wet SNCR
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LIFE CYCLE ANALYSIS
SCENARIOS WITH WET FGT ALTERNATIVES

PE (over plant life time)

1.000.000

500.000 -

747.000

| ]Energy

g ]Process

585.00(

364.000

= = Total

3.000

-500.000

D1

WET FGT with SNCR

D3

WET FGT with SNCR+AHP

D9

WET FGT with FRONT-
END SCR

WET FGT with FRONT-
END SCR+AHP

RAMBOLL

Beacon, Malmé, November 4, 2011
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EXAMPLE OF ROBUSTNESS OF FGT SOLUTION

News 2011-11-02:
Potential danish NOx tax increase from 5 kr/kg to 50 kr/kg
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analysks room

PLANT LAYOUT — TECHNICAL CONCEPT
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PLANT LAYOUT (WIND TUNNEL MODELS)

Chimney Config: D1
True wind dir = 240°

True wind Speed = 6m/s at 10m ref

RAMBOLL
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PLANT LAYOUT (WIND TUNNEL MODELS)

Chimney Config: B4A
True wind dir = 240°
True wind Speed = 6m/s at 10m ref

RAMBOLL



RESULTS

® Created Innovative ldeas

® | owest Possible Air Emissions
and High Energy Efficiency

®* Reduces CO, Emissions

®* A Landmark for the City of
Copenhagen

®* An Example of a Modern “Next
Generation” WTE Plants

=> A Strong Support from the
Public and from the City Council

et .
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THANK YOU FOR YOUR
ATTENTION!

Ole Poulsen

op@ramboll.dk
www.ramboll.dk




