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Waste
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Ph.D., Professor, vice Director
Institute for Thermal Power Engineering
College of Energy Engineering, Zhejiang University

- #38 Zheda Road, Hangzhou, China (310027)
‘ \ . Tel: +86-571-87952834. Fax: +86-571-87952438
: Email: hgx@zju.edu.cn
Research Interests
1) Thermal conversion mechanism of combustible solid waste in controlled
atmosphere; Upgrading of tar containing syngas;
2) Petroleum sludge treatment
3) Efficient and clean thermal disposal technology for rural and small-scale wastes;
4) Efficient phase separation technology for oily sludge;
5) Catalytic cracking and plasma technology for oily sludge;
6) Radiation characteristics and transfer model of particulate pollutants during
combustion;

7) Non-contacting measurement technology of temperature Distribution during
combustion.



=Global waste generation

» 2016, the worlds’ cities generated 2.01 billion tonnes of solid waste, amounting
to a footprint of 0.74 kilograms per person per day
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=Global waste generation

» Waste generation strongly relates with local economic and urbanization rate
» Rich people generate 4.8 times more waste than low-income people
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=Global waste treatment (2019)

» 33% solid waste was open dumped
» Only 11% solid waste was incinerated for energy recovery

a. By income level

High-income 6%
Upper-middle
income

Lower-middle
income

Low-income

0 20 40 60 80 100
Percent

M Open dump Anaerobic digestion [ Landfill Incineration
Composting B Other advanced methods W Recycling

b. By region
MNorth America

South Asia
Middle East and
MNorth Africa

Europe and Central
Asia

Composting B Sanitary landfill {with landfill gas collection)

Incineration B Open dump
M Controlled Landfill Other LR smenca
1 Landfill (unspecified) g Recycling

Sub-Saharan Africa

East Asia and Pacific

Percent

B Open dump & Landfill Composting I Recycling Anaerobic digestion Incineration

World Bank, A Global Snapshot of Solid Waste Management to 2050, 2019



=Waste treatment technology

Sanitary Landfill

Composting

Anaerobic Digestion

Basic Process Disposal Biological treatment Biological treatment Thermal treatment

Food waste (including  Food waste (including
wastes from households, wastes from households,
restaurants and markets), restaurants and
fats/ oils/ grease, paper markets), fats/
and cardboard, oils/grease,
landscaping and garden  slaughterhouse waste

Mixed municipal solid
waste, medical waste,
demolition wood, auto
shredder residue, dried
sewage sludge, and
some industrial solid

Municipal solid waste,
construction and
demolition waste,

wastewater sludge, non-
hazardous industrial
wastes

Ideal Types of Waste

waste and garden waste wastes
Ml Coal V\Il\;c')s?e-sb I(O(Ij:sgczg dalzlses Yard leaves or source-
Waste to Avoid Medical wastes (plastic, glass, P » 918ss,

metal, inerts), tree separated food waste

metal, inerts)

clippings
Mass Reduction of Waste (%) 0.5 0.5 80-85%
(kWh/tonne of MSW) 65 (landfill gas) 165 - 245 500-600
Capital costs (US$/annual 5-52 (QSSB_/tonne over 30-400 990 - 660 190-1000
tonne) lifetime)
Operating costs (US$/tonne) 7 —30 (up to120) 12-100 22-57 12-55

World Bank, Decision Maker’s Guides for Solid Waste Management Technologies, 2018
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WTE in Europe
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P Waste-to-Energy in Europe in 2017
Finland
Norway 9 1.61
18 1.63
Estonia
: 2 Sweden 1 0.22
B \WtE Plants operating in Europe 34 6.1
(not including hazardous waste incineration United Denmark Lithuania
plants) : 492 ireland :")"ll‘:fj’f 26 3.4 T aS
20.48 ~ N.‘],hz.ﬂ.nd' Poland
% 75 Germa 6 0.8
MW Waste thermally treated in WLE plants Belgium 95,5';'
: TF : 17 3.4
(in million tonnes): 96 mu.mbour‘&“a ‘:g“b;"fw.”‘
France 1 0.17 Austria 2 0.23
126 14 4 Switzerland 11 2.6 “UNB3Y Romania
¥ 1 0.35
Data supplied by CEWEP members 30 4.01
and national sources Bulgarla
* Includes plant in Andorra and SAICA Italy
plant P:l"ﬂ(al Spain* 39 6.11
1.2 :
iz 3 Greoece

L t?& W EPP contmtmrmson o Euiropean Winste-to-Grargy Sares

From ERC, 2017
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WTE in USA

WTE Capacity
251
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2004 2006 Z007 2008 2013 20156 20
. Total Facilities g7 95 3 BE
Tatal Units 236 233 125 221 719 217 216 216 215 216 215 216 214 214 200 196
—fGross TPD 98,752 97956 | 96753 | 95,753 | 95,603 | 95,403 | 95,945 95945 | 96,045 | 96,245 | 95,765 | 96,765 | 96,165 | 96,249 | 95383 | 95023

Total Capacity U.S Facilities (by energy)

Daily Gross Electric Equivalent CHP
Throughput Capacity Capacity
@
9,023 2541 [ 5 27
Tons/day MW i W

No. of Operating Facilities in the U.S.
Operating Facilities 17 Private 41 Private 65
States with WTE 22 Public 36 Public 12

100.000

55,000

98,000

57,000

56,000
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95,000
54,000
53.000

92.000

From ERC, 2017
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WTE in Japan
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> The total processing scale is basically unchanged

> The number of incinerators decreased, and the treatment scale
of single furnace increased

» Incineration accounts for more than 80%

From ERC, 2017



MSW in China

» 2016, MSW collected in 660 cities reached 203.62 million

tons for 665.57 million people in city

» From 2006 to 2012, MSW increased at average rate of 4.5%
» From 2014 to 2017, MSW increased at average rate of 7%

MSW COLLECTED(Million Tons)

0.83 kg per person per day

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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China waste plant protest in Hangzhou
‘injures dozens'
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= Rural Solid Waste in China
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» 2016, 667 million people are living in rural area
» 2016, 70 million tons RSW was collected

» ~0.3 kg per person per day in rural area
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WTE capacity in China
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By 2019, 408 plants are operating burning 120 million
tons of MSW every year, another 120 plants under
constructing and another 102 is preparing

Average operating hours of waste incineration power
generation: 5981 hours per year

WTE Plant
technology Capacity(ton/day)

Moving grate 350000 7025
CFB /8 70000 1730
Total 408 420000 8755



MSW power generation capacity
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(The total power generation capacity is 8.751 million kilowatts,\
accounting for 52% of the total installed capacity of biomass power
_generation, generating 37.514 billion kwh per year.

J
/ In coastal developed \
areas, Zhejiang,

Jiangsu, Guangdong,
Shandong and Fujian
provinces account for
61%o of the total
installed capacity

In undeveloped areas of
western China, the total
installed capacity is

\ relatively lower. /
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MSW power generation capacity
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Chinese EPA has setup the on-line monitoring system of all
MSW plants at https://ljgk.envsc.cn/index.html
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= Moving Grate WTE

Waste-to-Energy Plant layout (Moving Grate, 700 t/d)

Superheated steam
Power Generator

MSW
29166.667 kg/h

Saturated steam 450°C
245°C 3.66Mpa 50183 kg/h
% Feedwater
| RS Leak air
< 36441 kg/h
/\ Clean Flue gas
159.68°C
) 15118 kg/h
Cold air Active carbon )
20T 65 kg/h Bag Filter

MSW PIT

Leakage
Sewage
4375 kg/h

Ever Bright

241C

furnace arch

Ferrous and non ferrous

Sanfeng, Martin

583 kg/h

Dirty
Flue gas

Deacidifica J
tion

System

()
o, Secondary air
Q I 37108 kg/h
Cold air
- d 20C
hydraulic drive
Induced Stack
318C Bottom ash Draft Fan
6663 kg/h
9 Primary air @
59373 kg/h Fly ash
1032 kg/h

Kangheng Sus



= WTE system

Waste-to-Energy with Circulating Fluidized Bed (700 t/d)

Superheated steam
Saturated steam 450°C 50183 kg/h Power System
245°C 3.66Mpa 12 MW

Leak air
36441.10kg/h

Clean Flue gas

@ 159.68C
Msw 151576.31kg/h
PRETRE Active carbon
ATMENT 65.06kg/h Bag Filter

MSW PIT

Deacidification ’:
System

Induced Stack
Secondary air Draft Fan

Shredder 37022.62kg/h

Ferrous and non ferrous
583 kg/h

Fly ash
1733.83kg/h
Leakage

L
Sewage Primary air

Dry slag

2916.67kg/h separator Bottom ash 59373.94kg/h
5961.91kg/h

Zhejiang Univ CAS Tsinghua Univ



Outlines

—

» Grate Combustion
» Typical grate provider
»WTE system

»Cases Study



Waste to Energy

Feedstock | Energy Flue Gas
Preparation l Recovery Cleaning
5 ' 2
Steam
Bottom Ash eHeating - Exhaust
3 eElectricity \ )
- Fly Ash

Feedstock Pyrolysis

Preparation Syngas Cleaning Energy Recovery

Gasification or |

S .

Exhaust

Char/Ash Residue/Ash

e

T .
Gas Turbine
or Recip.

_ Engine Electricity
) Heat

-

— Steam

R ———_g



Grate Incinerator
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CFB incinerator
o A 4




Rotary Kiln incinerator




Waste Incinerator using moving grate
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Combustion on moving grate

secohndary air

l"
ilil-illl..-..
s
pyrolysis/combustion

drying — gasification

MSW

zone 2 zone 4

I F L b e i
St M S |
—

-"'...-':-'..':-r"

-+ fixed carbon burnout

. flue gas




Combustion on moving grate
—

The feed is placed on a grate to form a fuel layer of a
certain thickness, and the air needed for the

combustion is furnished through the lower part of

the grate

New feed layer

Drying layer

Pyrolysis layer

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\&%—b[ Reduction layer

ey ...[ Oxidation layer

Reduction/ash layer

Furnace grate

Primary air




Grate Incinerator design

wWaste Flue Gas

a.
Traveling
grate
{horizontal
grate)

Stoking:
Primary Air & Fair

wasie Flue Gas
C

Heverse
acting
grate
(recipro-
cating)
grate)

Stoking:
Excellent

Waste Flue Gas

Primary Air ¥

Slag

waste Flue Gas

\ g 'y

Primary Air &
slag

b.
Counter
direction
push
over
grate

stoking:
Good

d.
Rotating
drum
grate

StokKing:
Good



Typical grate stoker types
N

1. Chain grate stoker
Chain belt type
Cross girder type
Flake type
2~ Vibrating grate stoker
3. Rotary grate stoker
4. Reciprocating grate stoker
Horizontal reciprocating

Inclined reciprocating



Chalin grate stoker




Vibrating grate
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Rotary grate stoker

M3 EESHBEHE
1 R, 4 AW S--EHAR.

1. The roller grate is
constituted by over a
plurality of hollow roller
arranged in parallel

2. The rollers are separated
from each other by a
cooling water tank

N | 3. There are many small
W ARPHBEILEHRARSAS
I OHE? A B RMPHANES NMAE e RE T SRESMENN.S BRESEPE.0 holes on the surface of the
BEIEE L KEERLI2 EW 1 WA BN15 E.16 EHEHIT- EHE8 BE.I9 BH.20.2 8 roller.

22,23 fEhEhd #1128 ROR 26 WHELT MR A

From VIP - industrial furnace



Reciprocating grate stoker

* Most types, the most widely used
* Wide fuel adaptability

« _Poor coollng of grate easy to overheat and burn
From industrial boiler

w—z ngh_ i /\
Dark smoke
. oA

—~ temperature due f ,
reheat retorting E gas  after ’_\__’ :
N G .*- = :

7 ignition _
Flue gas after combustion

3-—47 Combustion process schematic of reciprocating furnace fuel



The structure of reciprocating grate stoker
—_— )

« Grate moving distance 30~100mm
 frequency 1~5 Hz/min,
 MSW thickness 500~1000mm

 grate ventilation area ratio 7~12%

( Grate design )
Maovable grate Fixed grate Movable grate Fixed grate
;\:"x:’ - [UndBI‘BIdE]
s A A z.‘::' o /// ), in
y £ f‘/ o ;;/ﬁ_" L ﬂ«
- A = <
; | /' .“ I‘?%— //’ Air injection port \
/\ Combustion ) N

From JFE website

From JFE website



Horizontal reciprocating grate

A\

Fixed girder
Moving girder

Air box wall ———

\ [0

Hydraulic cylinder

From JFE website

From Martin website



Inclined reciprocating grate

" 16

/ )
: 7 / )
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L - | A UL
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ILAPRA MR 1S.ERPHEN 16.5PEN 17 AR 10, N0
1.ABPE 20.0RE JLPRED 268 SERN 20,FRE

From Martin website



grate furnace structure

1.Complete and Stable Combustion

2.Compatible with Waste of a Wide Calorific Range
3.Reduced Generation of NOx and Dioxins
4.Greater Reliability

Uni-Flow Type
(for high qQuality waste)



Reverse reciprocating grate - martin




FISIA Babcock, Germany

—

rotating grate Capacity [t/h] 7-40

LHV [MJ/kg] 8-13.5
Width [m] 2.5-7.5

Length [m] 10.5

per track 5-7 rollers usually
No. of grate steps none
Inlination[® ] 20, 25,30




Typical Grate stoker Provider
-

» Martin, Germany (horizontal reciprocating, inclined back stepping
reciprocating)

» Noel kerz, Germany (stepped horizontal reciprocating) (acquired by fisia
Babcock)

» Segers SHA multi pole furnace (multi-stage reciprocating, horizontal, vertical
reciprocating)

» FISIA Babcock rotary grate, Germany (desulfurization technology)

» Babcock & Wilcox company, Denmark (reciprocating grate, grate vibration)

» Takuma, Japan (SN type grate)

» Hitachi Shipbuilding Corporation, Japan (reciprocating grate with vertical dial

fire)
» JFE, Japan (super reciprocating grate)

» New century, Hangzhou (two-stage backstepping-forwardstepping type fire
grate, based on Martin Technology)

» Wei Ming, Wenzhou (two-stage HMW grate furnace)



Thermal waste treatment facilities using MARTIN technologies
Anlagen zur thermischen Abfallbehandiumg mit MARTIN Technologien
Usimes de fralfement thermigue des déchets urbains avec les technologies MARTIN
implantl per il tratta te termibeo di Afiutl urband con le tecnologie MARTIN

German Martin

Country Number of plants Number of lines Throughput
Land Anzahl Anlagen Anzahl Linien mﬂﬁwi&

Pays MNombre d'usines Nombre de lignes Capacite

Paese MNumero impianti MNumero linea Capacita
Austria 6 10 3188
. Azarbaljan 1 2 1584
cooperative partner Belgium : 1 3878
Brazil 2 4 G600
Canada 3 5 1156
China 64 134 67344
C N I M Czech Republic 2 3 1015
Denmark 3 3 1560
Estonia 1 1 660
COVANTA E'Ihlnpia 1 2 1234
France 65 13 28656
Germany 30 47 19609
India 1 2 1200
- - - Italy 13 22 9528
MItSUbIShI Japan 85 193 33490
Jersay 2 4 654
Korea, Rep. of 10 17 3825
H Luxembourg 2 3 T20
authorized use I : : i
Meonaco 2 3 417
Netherlands 14 33 13936
MNorway 3 ] 1056
Sumitomo Heavy Industries Norwa ; 1 oss
Portugal 1 2 1280
. Russian Fed. 3 5 1000
Singapore 4 21 13992
Chongging Luneng Singapo 1 ' o0z
Spain 3 5 1344
Swedean 1 13 4642
Switzerland 36 45 11754
Taiwan T 18 7400
Thailand 1 1 250
United Kingdom 22 39 15500
United States 32 T2 31592
TOTAL 441 848 286605




Horizontal reciprocating grate

= water cooling




MARTIN horizontal grate

Motion of the grate bars Grate bar configuration

The horizontal grate is of modular design. The length of each module is fixed but the
width may vary according to specific requirements. Each module has its own drive and
supply of underfired air, both of which can be controlled separately. A typical grate
configuration consists of 3 modules in the waste flow direction. There may be between 1
and 3 runs depending on requirements.



Furnace geometry, the arrangement of
the overfired air nozzles, and the choice
of refractory material are crucial to
ensure good burnout of the bottom ash
and flue gas.

Water-cooled grate plate

The development of water-cooled grate bars are
necessary to achieve acceptable service lives.
An added benefit of this system is that
underfired air is no longer needed to cool the
grate bars and is controlled only as and when
required by the combustion process. The heat
dissipated by means of the water-cooling
system can be returned in full to the process.

Combustion chamber geometry



Reverse inclined reciprocating grate

Dip angle: 26°

Monolithic grate width: 1.5~2 m
Type of cooling: air cooling
Peak flame temperature: 1200 °C
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MARTIN reverse-acting grate

MARTIN's latest development, the reverse-acting grate

The MARTIN reverse-
acting grate is inclined in
the direction of transport
and comprises several
stair-like grate steps. The
up-and-down motion
against the grate
inclination  of  every
second step constantly
mixes the red hot mass
with the newly fed waste
and facilitates uniform and
stable operation of the
combustion process at
temperatures  sometimes
exceeding 1,000° C.
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Stationary and moving grate steps

It is not necessary to cool the MARTIN
reverse-acting grate even when heating
values are very high. Its unique drive
concept constantly maintains a stable
covering on the grate and consequently the
grate elements are protected from excessive
thermal loads.

The three drive zones now available with
the system can be controlled individually.
The speed at which the fuel is fed and the
combustion conditions can be optimally
adjusted to the fluctuating waste quality.
This makes it possible to agitate the
fuel/the combustion residues in several
zones without adversely affecting the
residence time




Tilt type reverse moving grate

Incline angle: 24°

Through the up-and-down motion of movable

grate at once every 5 minutes, grate is cooled

SITY200 grate (original ALSTOM) by primary air



Gravity

W Pushing effect of
moving grate
steps

SITY 2000 grate - ideal for waste in Asia

Mixing of waste
layer



MARTIN reverse-acting grate SITY 2000

]

Energiegewinnung
Energy recovery

Flse gas claaning sysiam

Abgasrainigung

The MARTIN reverse-acting grate SITY 2000 plant system



The system of incinerator and heat recovery boiler Chongqging Tongxing waste treatment Co. Itd.

The project adopts mechanical grate system, the specific shape design of furnace combustion system is set for efficiently
complete combustion of waste, and the residence time of flue gas at a temperature over 850°C furnace is more than 2

seconds, maximizing the dioxin full decomposition
The project adopts two steam boilers of 58.39 t/h, natural circulation, feed water temperature 130°C, flue gas temperature 210

OC, steam pressure 4.0MPa, steam temperature 400°C
—

ey 2 ‘
ﬁ‘” _j Z@'MABNN\"

o Data is from the Chongqging three peak site
Principle technical parameters
Wiaste treatment capacity . 2*600v/d
Waste adaption of low heat value . 4500-10000 kj/kg
Designed LHV waste . 7000 Kj/kg
Residence time of waste incineration :

: ST . 15-25h
Clinker ignition loss of slag ' o
The residence time of flue gas at a ! <3%
temperature over 850°C furnace . >2seconds
Annual service hours - 8000 h : :
Nominal steam pressure in heat . 40 Mpa " Temperature 400°C
recovery boiler © 58.39t/h (each line) '
Rated evaporation :

L 212 MW

Turbine capacity



Babcock & Wilcox, Denmark

www.volund.dk acquired by B&W in 2000

From babcock website

W-grate (BS) Mark 5 air-cooled
Combustion of all types of waste
Capacity: 3-30t/h

High thermal efficiency

Can handle unsorted waste

Low total organic carbon in ash content
Possibility of biomass co-firing

Air gap of 1.5-1.8% of projection area


http://www.volund.dk/

.
W-grate (BS) Mark 6 water-cooled
for high calorific refuse = 1o
Combustion of all types of waste
Steam, hot water and district heating
Capacity: 3-30t/h
Can handle unsorted waste
High calorific waste up to 25 MJ/kg
Optimal primary air addition From babcock website

Possibility of biomass co-firing



« W-grate (V4dund) air-cooled From babcock website

Grate Block

Combustion Grate Module

*****
Tea




* W-grate (Vdund) water-cooled

From babcock website
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Grate surface cooling is independent of combustion air so that air can be added and adjusted
for optimum combustion

Minimal corrosion due to low grate surface temperature

Energy from grate cooling used for air preheating

Constant high cooling water flows under the grate surface preventing boiling

Low differential temperature over the grate results in low thermal stress

Simple control



* vibrating grate

From babcock website

Furnace
Front
Wall
Stoker Sprinas
Grate ity Motor
and Vibrating
Mechanism

71N 7 42 L [
,  Stoker Supports

Vibrating
Mechanism

Vibrating Drive Beam
(not shown)

N —_—
Undergrate Air Air Compartments s 7 )
Plenum Siftings Hoppers = =
Vibraling/
Mechanism
Support



Plant Data

Steam flow 144 t/h ®
Steam pressure 310 bar

Steam temperature 583° C

Energy input 105 MW

Fuel input 26.5 t/h

Feedwater temperature 230° C

Flue gas temperature after air heater 115° C

Thermal efficiency 93.2 %

Electrical efficiency, total 49,5 %

e
)

From babcock website 3 o= -

.




The Steinmuller grate
(now stemmuller babcock)

Ningbo Fenglin waste incineration power plant Pictures from Ningho Fenglin website

Forwards stepped grate: the whole burning area is divided into two columns, each column is
divided into four districts, each district is filled with grate stones composed by pieces of grate
tiles, connecting in rows and overlapping, static grates and movable grates are arranged
alternately, each independent grate tile is made by heat resisting chromium steel cast, the gap
between two adjacent grates can be adjusted to ensure the compact surfaces of grates.



Grate area: 74m?

Handling capacity: 350t/d

Oil consumption for ignition: 1.5t
Mismatching phenomenon in hydraulic system
Blowout the furnace once in four months

The use of biogas for afterburning 500m3/h
More wear and deformation in the second and
third district

grate replacement above 1/3

Flue gas temperature: >180°C

Waste thickness in the first and second
district are about 0.5m~0.8m,
In the third and fourth district: 0.3m~0.5m

HoIT T T O
BE¥E XK X =k X |

The leakage of waste leachate in the first district




Steinmuller air-cooled grates
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Steinmuller has both an air-cooled and a watercooled version of the grate
technology. The designs are interchangeable if a retrofit is desired after the initial
Installation. The boiler proposed had three vertical empty passes and a horizontal
pass with superheater, generator and economizer sections.



Gio Bal Seghers multistage grate
furnace, Seghers, Belgium

Domestic performance
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Horizontal motion | Vertical motion

*The grate control system will separate the transport (horizontal movement), stirring and
ventilation motion (vertical motion)

*Sliding grate put waste motion forward and determine the waste layer thickness and
residence time

*Swinging grate is used for waste mixing

*There is water cooling (high heat value waste) and air cooling



Takuma SN type grate, Japan
Takuma, Japan

- Boilor

Superheater
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: Fly ash
Economizer Jiang yin waste power plant 800
Injection fan Feeder
Gao antun waste power plant,
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~— || rectculating System Peking
DFen Stack Shuang gang waste power plant
‘r g gang waste power plant, |
New high-efficiency dry scrubber system Tianjin
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Primary air




*Two steps are installed and the
grate area Is enough for the
waste combustion and rolling
In the furnace;

*Using four driving units: one
In the drying stage, the second
In the combustion stage and
another in  burnout stage.
Therefore, controlling the

waste and dust layer thickness
through the speed adjustment

l..
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of each independent drive unit
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Lime Activated

carbon o
l @ I stack

steam condenser g

blower

operation roomg

e

WA

Ash conveyer

Ash conveyer

air s
FD¥F

~or

System flow of TAKUMA stoker type industrial waste incineration plant
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[Capacity]

The largest plant in Japan delivered by TAKUMA, the Tokyo 1,800 tons per day plant
operates effectively.

[Sphere of application]

TAKUMA step grate type burning stoker can be applied to any municipal solid waste.

[Actual results]

TAKUMA has installed over 350 plants in Japan. This incineration capacity is more
than 74,000 tons per day.



Hitachi shipbuilding Hitachi Zosen, Japan
Von Roll technology

Cleveland 4 &5/ UK

Waste Delivery
and Storage

1 Tiping hall
2 Waste pit
3 Waste crane

Combustion
and Boiler

4 Feed hopper
Ram feeder

(%1

6 Hitachi Zosen Inova
grate
7 Four pass boiler

co

Secondary air injection
9 Start-up burner

& 15

Flue Gas Treatment

10 SNCR injection levels
11 SemiDry reactor

12 Fabric filter

13 Induced draft fan

14 Stack

Energy Recovery

15 Extraction-conden-
sation turbine

16 Air cooled condenser

17 Transformer

18 Electricity export

18

16

17

Hitachl Zosen
© | INOVA

Residue Handling
and Treatment

19 Bottom ash extractor

20 Bottom ash bunker

21 Bottom ash crane

22 Boiler ash conveying
system

23 Residue conveying
system
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Hitachi shipbuilding Hitachi Zosen, Japan

* High-temperature air heater » Adoption of eco-burners
(3T-R system) ‘
* High-temperature combustion igr-lempemiie Conversion of waste
(950°C-1,000°C) plastic into fuel
[Fire-rexistant tiles, water-cooled stokers] Combustion air Z O mﬁ%w SW » Waste plastic derived fuel
‘ m @ Partial melting of ash
oty 11101 ST v
& conventona o B eroereur : . Sharp reduction of melting
high-presdure baller | o E@ﬁ%ﬁj energy required
T .
Fly ash . -
2. Substantial reduction of exhaust gas | from gec.jp website

* Low air-ratio combustion

v
* Oxygen-enriched combustion \ - g 299

4 (Road asphalt aggegate materials, etc.)

‘ .......... i in

wonwith  Adecreasacf
he conventional kel 30%!

1 t 1 Excesstive air rate 1.3~1.5
—— I I _j Boiler outlet - ks then 0,5ng TEQIN
,.f?oxygg‘;gf.:?mncnhed ™\ Dioxins Chimney auet - less then 0.0 g TEQ'N
\\\..___ - o Total emission - bess then 1.0 g-TEQwaste
: T o co less than 10ppm (peak : less than S0gpen)
* Recycling of clean ash EUe rametiash
[in the form of sand] o Clesiash NOx less than B0ppm (at incoerator outlet)
* Recycling of slag & & Pressure 60ata
Recover Steam condition
o Effective utilzation Temperature  450°C
valiable substances
Sh:éﬂrd ucton o!d'sm;.ial (Roadbed meterials, etc,) Heat recovery Electricily generation efficiency : 23%
e at kandiill sites! efficiency Boiler efficiency - 90%
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Setting the gap on the grate for
flipping and loosing wastes

*The movement of a movable grate
with a fixed grate can remove dust
between the grate and avoid clogging

*Setting the fire equipment

From China Environmental Protection Association



ey WARERA

Flow of wasta.

[ Fszm'mmm!

Vo of ash and By ash

MR E

Flow ol fue gas

[ et
Flow ol siam and condensate

) WA
Flow ol ar

Flow of wnshs walar

BkpEE )
Flow ol clesm waber '

E el |
B R e mAL R

‘Wasta crane operation rocm

JFE, Japan

[F] eam a2 i
Ash crans

Iron and steel engineering holding Steel Corp, Japan

From JFE website
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The system can guarantee stable and uniform complete combustion of the complex waste.
The JFE unique design is employed in fire grate system , and the middle partition board
formed secondary reflux incineration system and the automatic combustion control system
realizes the stable and complete combustion



JFE Super 21 reciprocating grate
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On the basis of super reciprocating grate incinerator,, new technology of "high temperature
air combustion" considering the "blowing hot air and flue gas recirculation* factors are
developed. Through the new technology, the low air ratio, stable combustion and heat loss
reduction are promoted, reducing the amount of flue gas and environmental pollution
substances (such as dioxins) emissions, increasing the generating capacity and reducing the
load on the landfill simultaneously.



New century, Hangzhou

From new century website ﬁ

==


杭州新世纪能源环保工程股份有限公司.wmv

Wei Ming Group Co., Ltd, Wenzhou

G RSP R

BUE b R e A B 160t/d~600t/d YRR S
BB AE P b A B I A 60~90min ZIRIRE
Bk RS 220° 257K
B 3 AR IE B PSR

3600KJ/kg~7500KJ/kg

From Wei Ming website

3.82~4.0Mpa

400~150°
130~140°

<5%



Waste to Energy System

Incinerator  Bgiler Bag filer

Refuse hopper

GEC.jp



Heat Recovery
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Mass balance

Waste-to-Energy Plant layout (Moving Grate, 700 t/d)

MSW
29166.667 kg/h

MSW PIT

Q0

hydraulic drive

Leakage
Sewage
4375 kg/h

Superheated steam

Power Generator
12 MW

ﬂﬁ-
Ferrous and non ferrous
583 kg/h

Saturated steam 450°C
245C 3.66Mpa 50183 kg/h
B Feedwater
| 120°C
A )
Cold air
241°C 20C
Dirty
Flue gas
furnace arch
Secondary air
I 37108 kg/h
Cold air
20C
318C Bottom ash
6663 kg/h _ .
Primary air
59373 kg/h

Deacidifica
tion
System

Leak air
36441 kg/h
Clean Flue gas
159.68°C
15118 kg/h
Bag Filter

i

Fly ash
1032 kg/h

Induced Stack
Draft Fan



Energy balance




Thermodynamic

el = -3
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combustion control system

Symbols

"3 R thermograph camera

M CCD camera (RGB)

MEd Acoustic gas temperature
measurement

o Temperature measurement

o Temperature, primary air

9 Pressure drop over fuel bed

@ Gas components (0, H50, CO stc.)
° Flame position and colour

@ Mass flow sensor
o Grate speed

9 Crane weight

° Fuel level measurement

0 H;O-content, humidity measurement
o Temperature measurements

in cooling circuit
Secondary air

Simulator = combustion + process
Primary air model

Babcock and Wilcox Volund. 2009



combustion control system

MICC System Control and Monitoring System

@ Monitor Cﬂrlllrl::llland
|R-camera rl'lﬂll'lltﬂr'lrllg of - -
R % ______ ? E"d_b“?”_ ____________ Control level Ensuring optimum  and

C 5.?:; D avemationtevel - CONStaNt combustion

S conditions to achieve the
, — ) following goals:

| E; %sm. Src s N » Almost complete

| | burnout of bottom ash

R ' | and fly ash
SRR [P et et roemieva. > AIMOSt complete
o | N burnout flue gases
@ J > Keeping steam flow as
L

constant as possible
» Low fly ash discharge

If0-modules

Grate & Boiler

Martin, IR-camera Asst.



MARTIN SYNCOM process

SYNCOM components infrared camera

| e
TIA 9@E 1HE@ 11@@ 1198 LEBG@ 3% Hin. LLOL Y
PEignal O 1EHy HES 13Wd-13ER L)
] =
fuzzy logic &=

control
MICC

UFA enrichment to
24-35% 0,

12 8

t T | tt
» Grate-based system using the reverse-acting grate

» Oxygen enrichment of underfire air

» Combustion control system using infrared (IR) thermography
» Overfire air system with 4 nozzle rows - "4-row stitching"

> Flue gas recirculation

flue gas
cleaning



MARTIN SYNCOM-Plus process

V COMBUSTION ENERGY RECOVERY FLUE-GAS CLEANING

Flue-gas recirculation

Waste

: Fuel-bed temperature
2 : > 1,150 °C
RESIDUE o .

RECYCLING

3‘“&

7% Wet-mechanical A

 treatment of bottom ash
Loss on ignition < 0.1 %
Leaching of lead < 0.01 mg/l

RECOVERABLE PRODUCTS

recirculation of the fine fraction / sludge / boiler ash / fly ash




Air pollutants control

WET SYSTEM

NH3

Bottom ash Boiler ash
Economizer

Acidic
scrubber Alkaline

system

ﬂ'-'.‘-_"'::z|

—

ID-Fan

Dioxin
scubber

L
Residues to furnace

CaCQO,
NaOH
TMT-15
FeCl;

Polymer Sludge

Waste water

>
Gypsum

Cleaned wastewater

4



Air pollutants control system

————————————————————
SEMI-DRY SYSTEM

Water+

NaOH d
Possible

District heat

4 Bag house
filter

Bottom ash Boiler ash

APC
residues

Scrubber water




Air pollutants control system

—

DRY SYSTEM
Hydrated lime Carbon
NH3 Water l
!
Bottom ash Boiler ash APC residues
MHs5

Bottom ash Boiler ash




Particle remove system

BAG HOUSE FILTER

Sequencer hox
Compressed air injection line
Compressed air reserve

Cleaned gas ceff
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Rows of bags in the filter
Bags

Chains conveyor




Particle remove system

high voltage
power supply rappers
& «
na (B

lenising Collection
Dirty Air Pre-Filter Section Plates After-Filter  Clean Air

X3
> P o=

aas
mokestack

metal collection
plates

hoppers



Particle remove system

—

Temperature, (°C)

70 80 90100 150 200 250 300 350 400 450
10l TR [ o
Sample Identification
O FlyAsh A
A FlyAshB
1012 v FlyAshC
O Cement Dust
< Lime
O  Alumina Fume
= Chromium Oxide
10M L Scarfing Machine
i @® Open Hearth
1010 i
=
9
IS
=
s
- 10° -
%‘ Test Environment
=] Moisture: 9.0%
g Balance: air
o]
o 108 Electric Field < 4 kV/cm
107
108 =
10°%

150 200 250 300 350 400 500 600 700 800 900

Resistivity ~ Range of Measurement Temperature, (°F)
Low between 10% and 107 ohm-cm

Normal between 107 and 2x101° ochm-cm

High above 2x101° ohm-cm


https://en.wikipedia.org/wiki/Electrostatic_precipitator#Low_Resistivity
https://en.wikipedia.org/wiki/Electrostatic_precipitator#Normal_Resistivity
https://en.wikipedia.org/wiki/Electrostatic_precipitator#High_Resistivity

Particle remove system

Cleaner
Gas = Adr

Inlet

Dirty =
Air ¥

Cyclone
Body

Conical
Section

Dirt




Acid gas remove system (dry/semi-dry, scrubber)

1 Crude gas
2 Spray absorber
3 Addition of sorption
4 Tissue filter

6 Clean gas




Acid gas remove system (wet scrubber)

—

Clean gas

A
A

Mist eliminator

vanes
Scrubbing Clea gas
| liquid inlet £
Scrubbing vanes
Scrubbing
liquid inlet

Wet wall
venturi

Dirty gas '

Cyclonic
separator

Adnustable
venturi throat



Acid gas remove system (Packed Tower)

Clean gas

Mist elimination
mesh pad

Mesh pad
cleaning water
inlet

Venturi 1st stage

Packed Tower
2nd stage

Reagent inlet

Packing

Contaminated /:>[/

e Integral reagent



NOX reducing system-SNCR

—

V Compressed air
supply unit

St tank
orage tan NH,OH

| metering pump

e
NH, I =}
—

Temperature —

Control concept



NOX reducing system-SNCR

I SNCR \

raw NO,
< 250 mg/Nm?*

VLN gas

I secondary air

NH s

I primary air

oy ]

extraction
VLN gas

O The VLN (Very Low NO) process

combines the extraction of excess
combustion gases above the rear
end of the grate and reduced
overfired air pressures. As a result,
excess oxygen is reduced and
temperatures are increased in the
lower part of the furnace. This
promotes the chemical reactions
which convert the NO, emitted
from the fuel back to nitrogen.

O The extracted VLN gas is

returned as mixing gas in the
upper part of the furnace. This
ensures optimal mixing of the
flue gases with the ammonia or
urea (SNCR) that may be injected
at this level.



NOXx removing system-SCR

Vertical-flow fixed-bed type reactor chamber



Wet Bottom Ash discharger
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1 Discharger tube, 2 Inlet section, 3 Outlet
chute, 4 Connecting piece, 5 Water level, 6
Discharge ram, 7 Drop-off edge, 8 Drive
shaft, 9 Air sealing wall, 10 Electrically-
controlled level metering system

The discharger is filled with water
and a constant amount of bottom
ash up to the level of the front air
sealing wall. Then the discharging
ram pushes the bottom ash under
the air sealing wall towards the
drop-off edge. As a result, the
bottom ash is discharged in a dust-
off and odourless manner.




Dry bottom ash discharge and sorting

The dry discharge system

consists of the following

e components:

® ram-type discharger

® Air separator enclosed in

BOTTOMASH DUST

housing

® Dust removal system

mm b ® Air system

AIR SEPARATOR COARSE FRACTION
=h

In times of diminishing resources and increased environmental awareness, the bottom
ash that remains on the grate after combustion, in particular the ferrous and non-
ferrous metals contained in the bottom ash should be recycled. Dry discharge offers
significant advantages in this respect. Not only are the recoverable metals of a better
quality, the fine fraction can also be separated from the coarse fraction more effectively
and recycled separately.




Ferro and non-ferro metals separator




Cases study
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Case Study 1 - AEB, Amsterdam, The Netherlands
Case Study 2 — Spittelau, Vienna, Austria

Case Study 3 — Issy les Moulineaux, Paris, France
Case Study 4 — Reno Nord, Aalborg, Denmark
Case Study 5 — Nanjing, Jiangsu province, China
Case Study 6 — Suzhou, Jiangsu province, China

Case Study 7 — Chongqing, China



Case Study 1 - AEB, Amsterdam, The Netherlands
® Capacity: 3700 t/d

® Six incineration lines
® Process domain: all of the household, industrial and commercial

waste from Amsterdam and 27 neighboring municipalities “ I
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e
<
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Technical data Startup 1994 1 Tipping hal ARTIN horizonial grala Overire air system 22 Wetsoubber (alkalng) 29 Venilation room =
Mumber of fines: 4 2 2 Bulky waste cutter 9 Fumace 16 Flyash transport 23 EDV scrubber 30 Boier blow-down fank <
Weste capacity per lins: 0ih 336t 3 Waste bunker 10 Steam bover 17 Electrostatic precipiator 2 [Dfan 3 Feedwxefpumps i = m
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Steam ouféuzceu‘ine: 77th 102tk 5 Crane control cabin 12 Ram-fype discharger 19 Absorber 26 Stack 33 Chemical storage
Steam pressure: 43har 130 bar § Feed hopper 13 Bottom ash bunker 2 E(‘ec(ros!alicpreqp{!azor 27 Measuring station
Steam femperature: H5C 407 7 Feeder 14 Underfr air system with 21 Wel scrubber acidic) 28 Control room EDV Wet ScrUbber

alr preheater

Schematic of the moving grate process at Amsterdam



The horizontal grate system employed at Amsterdam

The original four line plant uses W&E horizontal grates. The two new lines employ Martin
horizontal grates, which is the same technology having been acquired from Martin. The grates
consist of alternating rows of fixed and moving grate bars. Neighbouring moving grate bar rows
make a counter movement, thus effectively transporting and mixing the waste to ensure good
burnout.

The horizontal grate is of
modular design. The length of each
module is fixed but the width may
vary depending on the design. Each
module has its own drive and supply
of underfire air, both of which can be
controlled separately. A typical grate
configuration consists of 3 modules

in the waste flow direction.




The waste is burned on horizontal grates that are identical to the existing ones
but are partially water-cooled. The grate is of the double-motion over thrust type

(W&E design) and comprises three parallel runs, each with seven air zones.

grate zones |<;>' }: 2 - - 3 =% |,, 4 -]

I= water cooled section + air cooled section —-"

air zones 1 2A B 3 ® 4A 8

& | 4 ¢ | 4 $ ?/
iy 4% il | X
primary air fans @ @ ‘ f*ﬂ/

zones for primary air

Schematic of the grate bar design



Emission performance at Amsterdam

Amsterdam (AEB)
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NO, reduction: Selective
Non-Catalytic  Reduction
(SNCR)

Pre-separation of fly ash:
an electrostatic precipitator
Fine particles removing: a
fabric filter

Cleaning acid components
and ammonia: the
hydrochloric  acid and

Sulphur dioxide scrubbers



Case Study 2 —Spittelau, Vienna, Austria

The Spittelau plant was erected at its current location in order to provide heating to the
new Vienna General Hospital (AKH) situated around 2 km away.

i Lime shiry
Fredpk agents |
Lime shary
Predpit. agents o Precpitation
; ) b |1}
' © [l
il W | A
- - = '1'\ N
(7} Waste bunker (%} Slag discharger %) stack {18) Slag bunker T Cleaned water tark
(3 Fumace feed chute (7 Electrootatic pracipitstor  (33) Feadwater tark @) Scrp ip # Sludge tank
3) Fiing grate %) 2-stage flue gassaubber  (3) Turbine generator  (18) Filter ash slo (23 Chamber fiter press
3) Fring g D} I ik gerera 18 A i,
(4} Fumnace (8} Fine dust separater {14) Heat exchanger bark (1) Multi-stage recycing plant 'é-‘ Fm“'c.' o ‘ gzt 1§
(&) Wasteheat boils (10} SCR-DeNOw fadty  (46) Elschrommgnet 53 Wasta water treatment phint (@) Bt watir T A e —— e s

Schematic process flow diagram for the Spittelau facility



Spittelau waste to energy plant technical data

Weighing device Weighbridge, number: 2
Capacity: 7,000m”
Waste bunker: _ p. 4 _
Tipping points: 8
) Bridge crane with hydraulic polyp grabs, =
Combustion chamber number:
feed
Capacity per grab: a4md
o Number of combustion lines: 2
Firing
Maximum throughput capacity per line: 18t/h
Air cooled twin-track reciprocating grate:
Grate length: 7.5m
Grate
Grate width: 4.6m
Inclination: 26°
Fuel thermal output per line: 41. 1MW
Combustion chamber Waste thermal value: 8,200 - 9,600 kJ/kg
Primary air heating: 180°C
Ram-wet slag remover
Slag removal 4
Slag remover volume: 5m

Natural circulation radiation boiler

Maximum steam output per line:

44t/h (saturated steam)

Waste heat boiler Maximum operating pressure: 34 bar
Maximum operation temperature: 245°C
Heating surface: 2,420m?
Saturated steam back-pressure turbine

Turbine and generator Maximum electrical output: 6.4MW
Back pressure: 4.5 bar




Emission values in the stack gas (2006) at Spittelau

Number of lines: 2 (deNOx plant: 1)
Flue gas cleaning . ;
Flue gas volume per line: 85,000 sm™/hr (wet)
. o Operating voltage: 60kV
Electro-static precipitator o
Dust separation efficiency: >99.5%
. Quencher/separation of
Spittelau hydrogen chloride
100% 1% stage: (HCI), hydrogen fluoride
= (HF), dust, heavy
E metals
= 80% :
g Design: Cross-flow scrubber
% 60% - Ahsorption agents: Water/lime slurry
= Flue gas wet scrubber .
% HCI separation rate: >98%
E 40 - 2 stage: Sepa_ratilon of sulphur
] ' dioxide (SO,)
2 20% - :
g . l I Design: Counter-current
('Y
0% : : . ‘l:_-_ ‘ : ‘ Absorption agents: NaOH solution
g ¥ O o O X &% QS © S0, separation rate: >08%
& o ¢l s & N & \)@0 236p o
) (9 (_,'b Q \
& nGs p 0"’\ SCR catalytic converter, number of
Q7 Q’}’Q oF catalytic converter systems: 3
& > DeNOX &dioxin Onerat ,
2 perational temperature: 280°C
3 ‘
i destructon system NOx destruction rate: >05%
Dioxin destruction rate: >95%
Design: Steel/brick
Chimney Height: 126m
Diameter: 2.5m




Case Study 3 — Issy les Moulineaux, Paris, France

The plant is a two-line water-cooled grate incinerator, incorporating a conventional
steam cycle. The two lines have a combined thermal capacity of 170MW, and steam is
passed to a single 52MW controlled extraction condensing steam turbine to generate
electricity as well as enabling the offtake of low pressure steam to supply 80,000

households with heat via a hot water district heating network

Source: Hitachi Zosen Inova



Combustion

€ Waste is combusted on one of two Hitachi Zosen Inova water-cooled grates.
Each grate measures 10m by 10m and has five zones, the initial three being
water cooled. Hot gases then exit the furnace into a secondary combustion
chamber and are transferred through a 4-pass horizontal boiler. This system has a
relatively low profile which helps to minimise the building height.

€ The sophisticated combustion control system includes an infrared camera to
monitor combustion and enable adjustments to be made to respond to varying
waste feedstock and optimise burn-out.
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Process schematic of the ISSEANE plant
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Emission limits for the ISSEANE plant in Paris for 2011

Emissions as % of WID Limit

Issy Les Moulineaux
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Flue gases are first passed through
an electrostatic precipitator (ESP)
which removes the vast majority of
particulate matter (around 99%). A
dry sorption sodium bicarbonate
system neutralises acid gases (in
particular SO,), and an activated
carbon system further removes
pollutants and dioxins in particular.
A fabric filter removes particulate
matter not captured by the ESP and
products from the acid gas removal
and activated carbon systems.
Finally, a low temperature Selective
Catalytic Reduction (SCR) deNOx
system removes a proportion of
NOx in the flue gases by injection
of ammonia in the presence of a
catalyst at around 220° C. The
cleaned gas then exists via the two
low profile stacks.



Case Study 4 — Reno Nord, Aalborg, Denmark

According to literature supplied by Babcock and Wilcox Vdund, line 4’s power and energy
generation levels are as follows:

Electricity (gross): 17,918 kW

Heat from district-heating condensers: 43,412 kW

Condensation heat from the flue gas cleaning system: 4,000 kW

Condensation heat with the current district heating water return temperature: 7,000 kW (max.)

Resulting gross electrical efficiency: 27%

Resulting overall thermal efficiency: 98%

Boiler efficiency: 92%
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Process schematic for the Reno Nord waste to energy plant

Line 4 is fitted with a Babcock and Wilcox Vdund BS-W Mark 5 air-cooled grate
which is suitable for conversion to water cooling in desired in the future.
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The technical data for Line 4 of the Reno Nord plant

Waste silo Capacity 12,500 m®
Number of dumping bays 5

Waste handling cranes Quantity 2
Grab volume gm?

Type Fully automatic

Supplier Kone Cranes
Combustion System Throughput 20 t/h

Grate type BS-W, air cooled

Grate length

99m

Grate width 9.1 m (usable width 8.8 m)

Supplier Babcock & Wilcox Velund A/S
Boiler Boiler wall protection Inconel / refractory

Bumers Oil, 2x 25 MW

Thermal energy input 66.7 MW

Steam generation 222 kagls

Steam pressure: 50 bar (a)

Steam temperature: 425°C

NO; reduction SNCR

Supplier

Babcock & Wilcox Velund A/S

Turbine/generator

Cutput

17.9 MW

Temperature / pressure

422 °C [ 48 bar

Supplier

B+V Industrietechnik GmbH




Combustion

» The Reno-Nord line 4 utilises a Babcock and Wilcox Vdund BS-W mark 5 air
cooled combustion grate which is consists of two parallel grates lanes, each with a
width of 4.4m.

» The BS-W grate system can handle all types of unsorted solid waste and can be used
for combined fueling with biomass.

» The grates resemble a set of stairs and the individual grate bars are arranged in
alternating horizontal and vertical orientation. The grates bars are in turn fitted to
shafts so the bars of two adjoining shafts can join to yield a continuous grate surface

The design of the grate used in the Reno Nord plant



Emission limits for the Reno Nord plant in Aalborg for 2011

Dust remowval Type Electrostatic filter
Number of fields 3
Capacity Less than 10 mg.-'Nme'
Manufacturer Alstom
Supplier Babcock & Wilcox Valund A/S
Flue gas cleaning Flow 112,000 Nm*h
Type Wet flue gas cleaning

Quuencher, acid scrubber, limestone-based alkali
Components Ecrubber, HOK-based dioxin scrubber, ventur scrubber
with agglomeration filter, exhaust blower

] Direct cooling with district heating water
Condensation stage

Heat generation for district heating: 4 MJ/s

Supplier LAB S_AC

Reno Nord
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Case Study 5 — Nanjing, Jiangsu province, China

Nanjing municipal solid waste incineration power plant (4*500t/d) is located in

Gaochun district, Nanjing with the moving grate designed by everbright international

environmental protection.

Nanjing municipal solid waste incineration power generation project (4*500t/d)



Everbright grate

Independent research and development of over 500 t/d grate has been successfully run
on the basis of 400 t/d, 350 t/d and 300 t/d, improved through the exposed problems of
Imported equipment in the operation and use, the shape and structure of the device are

completely different from the imported equipment.
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longitudinal arrangement for imported grate  transversal arrangement for independent grate



Operating control system
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