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Poletusseadmete heite piirvaartused
(mg/ N m3) 1-5 MW (punasega on margitud uute seadmete

piirvaartused)

Saaste- Tahke Vedel- Maagaas | Gaas-
aine biomass kiitused- kiitused
muu kui
gaasioli
S02 200/200 1100/400 350/350 /- - 200/35
NO 650/300 650/300 650/300 200/200  250/100  250/200 POIEtusseadete he“e p"rvaartUSEd
x LXK J
(mgINm3) ule 5 MW (punasega on margitud uute seadmete
piirvaartused)
Osakesed  50/20 50/20 50/20 -/- gl -/
Saaste- | Tahke Vedel- Maagaas | Muud
aine biomass kiitused gaasi-
kiitused
S02 200/200 400/400  -/- 350/350  -/- 35/35
NOx 650/300 650/300  200/200 650/300 200/100  250/200
TECH Osakesed 30/20 30/20 - 30/20 SB -/-



Ohuheitmeid mdjutavad

TSP NOXx SO,
e Katla ehitus, tluup ja e Katla ehitus, tuup ja e Katla ehitus, tulup ja
opereerimistingimused. opereerimistingimused. opereerimistingimused.
e Kltuse tuup ja e Kltuse tuup, koostis ja e Kltuse vaavlisisaldus
kvaliteet. kvaliteet. e Puhastusseadmed
e Puhastusseadmed. e Puhastusseadmed.
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https://www.hzi-steinmueller.com/wp-content/uploads/downloads/broschure-flue-gas-cleaning-en.pdf
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Puudelahendused - SO,

Wet processes

Flue-gas
desulphurisation| |
processes

Regenerative
processes

Wellman-Lord processes

DESONOX process

Dry processes

Activated carbon
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https://emis.vito.be/sites/emis/files/study/BREF_for_the%20_Large_Combustion_Plants-2017.pdf

— process
Sorbent injection
— Dryprocesses processes
on-regenerative Semi-dry n q b i
processes processes pray-dryer absorption
| Lime (stone) scrubbing
_|Sodium (hydroxide) scrubbing
— Ammonia scrubbing
— Wet processes

Hydrogen peroxide scrubbing

— Sea water

— Dual alkali

L Others
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Poolkuival meetodil SO,

Dust particles are captured on
Filter media surface - inside for
Low Ratio and outside for High
Ratio

Accumulated dust layer on fabric
surface assists in fine filtration

Dust removed from fabric surface
by Reverse Gas flow or
Compressed Air pulse

Discharge of the dust from FF
Hoppers

pUU

ml

LOW RATIO DESIGN -
INSIOE TO OUTSIDE

Temperatuurikontroll.
Maddetakse viljuvate
suitsugaaside temperatuuri.
Kui temperatuur on vajalikust
suurem, lisatakse vett.

Kottfilter. Piiliab kinni lendtuha ja Iopp-produkti, mis
tekib vaaveldioksiidi sorbeerimise tulemusel. Lahkuvate
suitsugaaside vooluses jouavad tahked osakesed kott-
filtrisse, jaotudes seal riidest varrukataolistes silindrilistes
kottides laiali. Kottfilter toGtab tolmuimeja pohimattel,
st tolmuosakesed eraldatakse gaasist mehaaniliselt.

Reaktor. Kdige tahtsam
vadvlipuhastusseadme
053, kus niiske sorbent
reageerib tootlemata
suitsugaasiga.

Viljund-
gaasikaik Suitsuimeja.
Suunab lahkuvad
suitsugaasid

korstnasse.

Vesi

Sisend-
gaasikaik

Retsirkulatsioon.
Reagent ringleb siisteemis
30-50 korda.

Mikser. Toimub tehnoloogiavee
lisamine ja segamine ringleva tuhaga.

Lopp-produkt. Viaveldioksiidi
sorbeerimise tulemusel tekkiv tuhk.

Reagent. Kaltsiumi karbonaatmineraale
sisaldav polevkivituhk + lubi.

dmine

Fabric Filter

f——

Dust
Recirculation

Key Benefits of NID

Multi-pollutant control: High efficiency
removal of SO,, SO;, PM, HCI, HF and Hg

* SO, removal: = 98%

NID

+ SO; emissions: < 1 ppm Reactor

* PM (filterable): < 15 mg / Nm3 Water

Lime-based semi-dry FGD technology

ID Fan

* Patented, integrated hydrator/mixer - no
slurry handling

Flue Gas From Hyd
Boiler Mixe

tor /

*+ Zero liquid discharge - no waste
water/treatment

& Dry End Product

* Low water consumption; ability to use .
P y Fresh Lime

low quality water: CTB, WFGD purge

Fuel flexibility of up to 2.5% sulphur coal or
higher

© 2015 General Electric Company - All rights reserved

http://www.tut.ee/public/e/energeetikateaduskond/Instituudid/elektrotehnika_inst
ituut/HORISONT_3_2013_sade_vaavlipuhastusseadmed.pdf



Suitsugaaside kondensaator, marg

Clean Gases
* (Ng, H,0, CO5)

Spray Tower 13 134

Flue Gases
(N2, N5O, CO5, 505) *

Circulation Pump

—<= SORBENT
Oxidizer (O;) mmlp —

# Tulemus: SOOLAD, VESI (ideaalis: kipsi tootmine)

Suitsugaaside kondensaator

vaavelhape

SOZ + HZO = HZSO3

soolhape

(o N0, COn 500, ™= kuna kondensaati tuleb pidevalt juurde,

juhitakse osa sellest pidevalt eemale,
neutraliseeritakse selle happeline koostis
leeliste lisamisega kergelt aluseliseks (ph 7,5-8)

ning juhitakse seejarel drenaazi voi kasutatakse
soojusvorgu jareltoiteks.

Oxidizer (O5) * =

Tulemus:
Happeline vesi



Puudelahendused - NOx

NH-injection

Air
B urner o ut Steam generator I').E‘I:g')'( m.h”'.l;usl l;nval :'I::;g;:r £
Low excess .
a i r Of service Denox Arrangement: SCR low dust
Air staging Biased burner Sy
' _ in the furnace firing =
Air staging
- =
Low NOX Ovel:-flre < S b ATt oeox potue Finecis Fep
burners air o merutac preheater
Denox Arrangement: SCR tail end dust with low
P iser and hot flue-pi
- in furnace e, o
Combustion Flue gas N injection
modification reci i
ecirculation Low NOxX
Burners probieater
. Siotm gunaruer Hot steam ?:-’::2:
Reduced air - flue-gas
preheat FGD
in furnace
(R e bl.l rn i n g ) Figure 3.43: Existing configurations of SCR NOx abatement techniques
Fuel stagin Flowrate
ging Flowrate (m3/h)
Low NOX (m?/h) NOx
1 concentration
burner Fuel (m¥/h) Air (m¥/h) (m3/h)
Air (m/h) Fuel (m'/h) Air (m/h)
Air (m*/h)
_ Pn;na;y Reburning | Burnout _
rlcombusuon - » »
zone Zone zone
I A L Excess air (%) Temperature(°C)
T ECH Airffuel ratio Residence time (s)
Airffuel ratio

https://emis.vito.be/sites/emis/files/study/BREF_for_the%20_Large_Combustion_Plants-2017.pdf




FUEL NITROGEN - NOX IN THE FLUE GAS

DENOX TECHNOLOGIES

Wilerreyg

Europs jon

CENTRAL EUROPE &

f ENTRAIN _J

1000 . =
T conventional
1 combustion .
N, i primary
[mg/Nm?] L low-NO, comb. measures
i with air staging
100 _  SNCR process
. P secondary
] measures
i SCR process
| straw «—3020
P
miscanthus “Et_e.wood
10 1 1 H“l.l HM?OQ T =lL Ufmo?rf‘l [
0.01 0.1 1 [wt%] 10 DeNOx TECHNOLOGY
N-content in the fuel explanations: NOx calculated as NO, (d.b., 11 vol-% O
source: |. Obernberger, THE PRESENT STATE AND FU1
DEVELOPMENT OF INDUSTRIAL BIOMASS COMBUSTION SCR
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AND POWER GENERATION, Figure 24

https://programme2014-20.interreg-central.eu/Content.Node/ENTRAIN/6-ENTRAIN-TT3-Basics-of-flue-gas-

cleaning-AEE-Ramerstorfer.pdf

http://www.cnbmkivay.com/power-plants/

Dilution Air Fan

Ammonia Storage System

Ammonia Injection

\mmonia storage
tank

Injection layer
1
Injection layer

Measurement
modules

Puudelahendused - NOXx
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https://programme2014-20.interreg-central.eu/Content.Node/ENTRAIN/6-ENTRAIN-TT3-Basics-of-flue-gas-cleaning-AEE-Ramerstorfer.pdf
https://programme2014-20.interreg-central.eu/Content.Node/ENTRAIN/6-ENTRAIN-TT3-Basics-of-flue-gas-cleaning-AEE-Ramerstorfer.pdf
http://www.cnbmkivay.com/power-plants/

Puudeseadmed - peenosakesed

Electrostatic
precipitators
(ESPs)

Dry ESPs

Hot-side ESPs

Particulates
control
techniques

Wet ESPs

Cold-side ESPs

Nomex

Fabric filters

Inside-out type

Reverse air

Fibreglass

Shake/Deflate
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Outside-in type

Teflon

Pulse - Jet

Venturi scrubbers

Wet scrubbers

Moving bed
scrubbers

Ryton

Other materials

https://emis.vito.be/sites/emis/files/study/BREF_for_the%20_Large_Combustion_Plants-2017.pdf

Combined
chlParticulate

Wet lime/
Fly ash scrubbers

Wet limestone/
Fly ash scrubbers




Puudeseadmed - peenosakesed

OVERVIEW DUST PRECIPITATION
TECHNOLOGIES

WiLerrey -

CENTRAL EUROPE i

m

Cvclones ESP Baghouse Flue gas
y (dry) filter condensation

Particle size >5 pum >1 pm

Dust content

cleaned gas 120 - 200 5-50

[mg/Nm3,; 11% O,]

Operation 120 - 130

temperature min

(X G (> 1000) (300)

Pressure loss [mbar] 6-15 1.5-3

Options Llar wet ESP
cyclone

180 - 220

dry sorption
(HCL, SOx,
Hg, dioxins)

>1 um

25 - 50

(40 - 60)

scrubber
(quench)

I ECH https://programme2014-20.interreg-central.eu/Content.Node/ENTRAIN/6-ENTRAIN-TT3-Basics-of-flue-gas-cleaning-AEE-Ramerstorfer.pdf



Puudeseadmed - peenosakesed

diterreg

European Union

CENTRAL EUROPE &z

{ ENTRAIN _

EXAMPLE FLUE GAS CLEANING SYSTEM
WITH ESP AND FLUE GAS CONDENSATION

» Plant with 5 MW heat output (incl. condensation)

Electrostatic Fluegas ,
L. ventilator/ Chimney

precipitator : :

d :

(dry) Economiser
Multi- A

crubber
cyclone Quench
&S
Flue gas
Flue gas i condensation
from boiler \
i
% Condensate
system
_ "‘i i Y
De-ashing |/ \l
~ source: flue gas cleaning system from
Scheuch at Holzwarme Grindelwald (CH),
in Focus Technik, Ausgabe 1, 2011, -

—@ Schmid energy solutions  TAKING COOPERATION FORWARD 9

https://programme2014-20.interreg-central.eu/Content.Node/ENTRAIN/6-ENTRAIN-TT3-Basics-of-flue-gas-cleaning-AEE-Ramerstorfer.pdf

miterreg @

CENTRAL EUROPE =

J ENTRAIN

- Primarily heat recovery (sensible and latent
heat - feasibility mainly depends on moisture
content of the fuel and return flow temperature
from the district heating grid)

Scrubber
(cleaning)
system

FLUE GAS CONDENSATION (SCRUBBERS)
Flue gas ;
outlet ™= _
- Additional positive effect on dust emissions
precipitation of fly ash upstream is recommended
(dESP) in order to reduce problems regarding -

condenser corrosion and

i Hot water
condensate composition

return/supply
- Dust load gas outlet < 50 mg/Nm3 -
(without ESP upstream)

- Almost 100 % coarse fly ash removal
(particle size > 1 pm)

- Stainless steel heat exchanger (condenser) ” )

- Periodic cleaning of the heat exchanger with e s e e
process water/option for scrubber (quench)

\ Condensate
system

Cleaning System)

- J COOPERATION FORWARD 8
miterreg @
BAGHOUSE F".TER CENTRAL Eupog S
- Fabric filter (adhesion separator) Imputs Clean gas
cleaning _ channel

- Almost 100 % dust removal System St | ]

T—

efficiency (independent of particle \,
size)

- Dust load cleaned gas
< 5 mg/Nm3

- About 180 °C minimum operation
temperature

, / :if" T . E:

Filter 4’55!!'“ BEeY S
bags | ““l 4 : Y
- Dust removal from filter bags into L

de-ashing system by frequent back- :

pulsing with compressed air ),

(impuls cleaning system)
- Beyond state of the art
@(apphed for waste wood Comb')TAKING COOPERATION FORWARD ’ 7

» Crude gas

De-ashing channel

system

source: Scheuch



Puudeseadmete efektiivsusnaitajad

Removal
Pollutant Alstom Process References
Performance
NO, Selective Catalytic Reduction 46GW >95%
Open Spray Tower 60GW >99%
Flowpac™ Absorber 1GW >99%
SO
" DiyFlisGas. 306W >98%
Desulphurisation
Seawater Desulphurisation 50GW >98%
Dry Electrostatic 233GW <10mg/Nm?
Precipitators
Particulates Wet .El_ectrostotlc 2GW <10mgINm3
Precipitators
Fabric Filters (standalone) 46GW <5mg/Nm?3
SO,/HCI/HF/Hg  NID & Spray Dryer Absorber 136 installations 298% for SO,
Mercury Mer-Cure™ /Filsorption™ 8GW >90%

I AL NO,: Nitrogen Oxides SO,: Sulphur Oxides HF: Hydrogen Fluoride  HCI: Hydrogen Chloride  Hg: Mercury

© 2015 General Electric Company - All rights reserved

Alstom presentation.pdf



Particle Emission Reduction

Cost Analysis for Existing 1-20 MWse Solid
Biofuel Plants in Finland

Technology Achievable Emission

Level

Multicyclone ~200 mg/Nm°
ESP (two fields) < 30 mg/Nm?
Fabric filter < 20 mg/Nm?
Cyclone/Multicyclone + Scrubber ~45 mg/Nm?>

Trace Co.nventional
element pollution abatement
ESP Bag filter
Sb 96 97
As 98.5 98.5
Ba 99.5 98
Be 98.5 98.5
B 68 97
Cd 83 94
Cr 97.5 99.5
Co 98 99
Cu 89 99.5
Pb 98 98.5
Mn 97 99.5
Hg 30 60
Mo 96 100
Ni 96 99
Se 21 65
V 98 100

Source: [ 67. Nalbandian 2012 ]
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alar.konist@taltech.ee
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