ES “Horizon2020” programmas finanséts projekts
“Centralizétas siltumapgades sistemu darbibas uzlabosana Centraleiropa un
Austrumeiropa” (KeepWarm), ‘, Spermemmm—
Granta Ligums Nr. 784966 KeepWarm |
Il. 2.3. Kapacitates stiprinasana par AER izmanto$anu, atkritumiem un siltuma, i
ka blakusprodukta izmantosanu.

Biomasas
pieejamiba un logistika,

«~  sadedzinasanas tehnologijas
VASSI
Edgars Vigants,

Asociétais profesors, Dr.sc.ing.

25.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému instittts 1



Globalie koksnes biomasas resursi

Hicizasilig wood suppiy
based on maturing
softwood plantations.

increase harvest level in Europe.
Increasing pressure from bio-
energy on wood resources

Slightly decreasing wood supply as harvesting
quotas in Eastern-Canada are reduced to prevent
unsustainable harvesting.

Temporarnly \ v \
increasing and /
significant harvest ‘ :
potential due to pine 3
beetle infestations in =~ /
B.C.. Decreasing “# /
harvest potential in

the long tem.

Stable or slightly :
decreasing , /

long term wood )
supply potential.

Latin America holds the world’s ) - ‘

largest hardwood stock, however N o n o N\ '
mostly inaccessible natural tropical . Good potential to
forests. plantations but establish new

potential conflict plantations but

Substantially increasing removals

based on fast-growing plantations. with natural i require investments
: . e forests may S—— and time
However increasing competition for . expand
Sable land restrict wood e
availabie lana. supply. plantaton area
is very limited.
Pieaugoss biomasas Stabils biomasas
potencials potencials

Avots: Poyry

RTU

VASSI

Russia holds significant unutilised
harvest potential. However a
significant part of unutlized
harvest potential is currently
inaccessible. Export duties are
hampering the trade in logs.

Asia-Pacific will continue
— - to be the world's largest
wood deficit area.

Controversial
substitution of natural
forest with plantations.

Increasing removals
based on existing and
new plantations,

- Biomasas deficits



Koksnes skeldu globalais tirgus

e p 20580 o2 —=—% TRADE

0.7 ] ;
o o A
: ATLANTIC ,
: TRADE 1
{07
- 04|
26._[§ 1.0 :

Globala koksnes sSkeldu eksporta tirgus galvenais virzitajs joprojam ir papira un celulozes rupnieciba. 2008. gada tas
sasniedza 19.4 milj. t sausas koksnes, no kura lielaka dala jeb 77% attiecinama uz Klusa okeana regionu (Japana) ar
Australiju, Dienvidafriku, Cili un Vjetnamu ka galvenajiem piegadatajiem Azijai. Atlantijas regiona tirgus apjoms ir
ievérojami mazaks, tomer ta izaugsmes potencials ir biomasas pieprasijuma pieaugums Eiropa.

Avots: Poyry

¢ INTRA-EUROPEAN *
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TRADE
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Biomasas importa - eksporta bilance 2015

Export

United Kingdom
USA

Denmark
Italy
Germany
Sweden
South Korea
Belgium
France
Austria
Poland
China

Spain

Japan
Canada
Finland
Portugal
Switzerland
Russian Federation
Lithuania
Australia
Norway
Czech Republic
Latvia

The Netherlands
Brazil

New Zealand
Romania
Bulgaria
Estonia

Chile
Slovakia
Ukraine
Argentinia
Mexico
Vietnam
Indonesia
Malaysia
Colombia
Hungary

-6.000

National Volumes

-4.000

-2.000
Quantities in [1,000 t/a]

2.000

4.000

6.000

8.000

The sum of domestic
supply and export equals
the national production

M domestic supply

import

B export

O consumption

source: DBFZ




Koksnes piedavajums un pieprasijums, ES27

Demand]

Potential

Other woody biomass

5
“E
-
o
= 600 4 1
=
400 o @ 1 @000
[ Forest resources Forest industry
200 -
O S _—
2010 2020 2030

2010 2020 2030

Avots: Poyry



Pasaules primaras energijas patérina prognoze

Units: EJ/yr
600 o

500 «

400 o

300 o

200 o

100 o

Oe E
1980 1990 2000
Avots: DNV GL Energy Transition Outlook, 2018

25.09.2018

2010

2020

2030

2040

2050

VASSI

Energy source

m Geothermal

»m Wind

m Solar thermal
Solar PV

I Biomass

B Nuclear

B Hydro

B Gas

m Qil
Coal



Pasnodrosinajums

Elektroenergijas
imports no Norvégijas —
Elektroenergijas 0,2% §l9kﬂm°et:(¢:img;as
imports no ES-27 Electricity imports no . evijas
2,4% import from No 0,6 b.
(EE-1,9%,LT-0,5%) ctricity
Electricity Naftas produkt
import from EU-27 imports no paréjas pasaul

2,8%

N.aftas produktu (NO-2,6%, USA-0,2%
imports no ES-27 Oil products
16,3% ort from rest o

(LT-14,5% EE-0,6%, PL-0,6%,
SE-0,1%, DE-0,1%, othe

Oil product

import from EU

-

Oglu
imports no ES-2
0,1%
Coal
import from EU

azahstinas un
evijas

+8%
Coal

import from Kazahstan and
Russia

Avots: Ekonomikas ministrija 7



Latvijas energijas bilance 2013.

Avots: Ekonomikas ministrija

H CSA
B Decentralizéte
siltumapgade

W Transports

m Elektriba

@ Vass|



KATLUMAJU UZSTADITA JAUDA UN PATERETALS KURINAMAIS LATVIJAS STATISTISKAJOS REGIONOS RTU
2014. GADA VASSI

VIDZEME

Siltuma jauda, MW
B Pierigas regions - 591,3
B Latgales regions - 570,9
I Rigas regions - 421,2 @ fosilie kurinamie
Zemagales regions - 372,9 @ AER - atjaunigie energoresursi
[] vidzemes regions - 349,0

[T ] Kurzemes redions - 284,0

Avots: VARAM 9



KOGENERACIJAS STACIJU UZSTADITA ELEKTRISKA JAUDA UN PATERETAIS KURINAMAIS LATVIJAS
STATISTISKAJOS REGIONOS 2014. GADA

VIDZEME

Elektriska jauda, MW

Vidzemes regions - 27,8
Kurzemes regions - 30,9
Latgales regions - 42,3 @ fosilie kurinamie
Pierigas regions - 49,1 @ AER - atjaunigie energoresursi
Zemgales regions - 59,3

Dinne » e Tallalal 1N O

| | |F[N[N

Avots: VARAM

RTU

VASSI
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Kurinamo strukttira CSA (bez kogeneracijas)

VASSI

Kurinama koksne
Fuelwood
30,6%

Ogles
Coal
0,8%

N

\ Kudra

Peat
0,1%

Dabasgaze

Natural gas
63 3‘7? - Naftas produkti

Oil products
5,3%

Avots: Ekonomikas ministrija
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Kurinamo struktira kogeneracija

VASSI

Kurinama koksne
Fuelwood
2,6%

Notektdenu dlinu gaze
Sewage sludge gas

Dabasgaze 0,1%
Natural gas
036%
Ogles
Coal
1,8%
Naftas produkti
QOil products
1,8%

Avots: Ekonomikas ministrija

12



Kurinamo strukttira CSA (ar kogeneraciju) @ Tass

Kurinama koksne 15,2%

W1 Dabas gaze
2 Kurinama koksne
m 3 Citi kurinamie

Avots: Ekonomikas ministrija
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MERKIS - 40 % atjaunojamas energijas
Ipatsvars kopé&ja energijas galapatérina 2020.

Cieta biomasa
44,34 P)
25,4%

Biodegvielas
1,78 PJ
1,0%

AER

57,83 PJ %'ggzasf

Normalizeta
hidroenergija

11,15 PJ]
6,4%
Fosilie _ .
energoresursi Normalizcleta véja
116,92 PJ energija
66,9% 0,23 PJ

Energijas bruto galapatéerins 2011. gada 0,1%

Dabasgazes 1patsvars parveidoSanas sektora 2014. gada - 64,3%)

Avots: Ekonomikas ministrija
14
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Parveidosanas sektors un
kurinamas koksnes patéerins PJ

Kurinamas koksnes paterins
7000
6000
5000
4000
3000
2000
1000

2008 2009 2010 2011 2012 2013 2014 2015 2016

m Malka, tukst. cie5.m3 ™ Koksnes atlikumi, tukst. ber.m3 ™ Kurinamas Skeldas, tukst. ber.m3

15



Kurinamas Skeldas kopéjais patérins un eksports, P

2008 2009 2010 2011 2012 2013 2014 2015

m Parveidosanas sektors kopa W Visparejas lietosanas kogeneracijas stacijas
Uznemumu kogeneracijas stacijas W Visparejas lietosanas katlumajas
B Uznemumu katlumajas W Ekspots

16

2016
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-€600 000 000

Avots: LAEF

17

|ztelktl negativa naudas plismas bilance

Naudas plisma
par granulu
eksportu EUR

M Naudas plisma
par skeldas
eksportu EUR

M Naudas pliisma
par gazi EUR

RTU

VASSI



Latvijas vienas dienas energoresursu
eksporta-importa bilance (milj.EUR/diena)

20
N /\

/ Fosilie energoresursi
10

= E|ektroenergija
5 Bioellas

RTU

VASSI

~ s S DI L
0 e KOkSNE
e ——
-5
O & > P D F P P PSSO D DD
S S P TFPLPSFPFPSESDIND
R R R U 0 M i
2013.g. katras dienas bilance:
* izdevumi par importétajiem fosilajiem -17,3 milj.EUR/diena

* ienémumi par eksportéto energétisko koksni +3,1 milj.EUR/diena
Avots: FEI



Kurinamo izmaksu salidzinajums apkurel (EUR/MWhy,

170,0
160,0
150,0
140,0
130,0
120,0
10,0

90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

a izmaksas, EUR/MWh *

inam

Kur

0,0 -

100,0 |

—| @ Sausa skaldita malka, nefaséta

@ Akmenogles DPK, nefasétas
Koksnes granulas Premium, 15-16 kg maisos
Dabas gaze (2.grupa)
Dize|degviela

@LPG

H Elektroenergija, Elektrum Izdevigais 600+

Kurinama veids

* levérojot katlu lietderibas koeficientus

19

Faktiskas cenas (bez
PVN) iesk. piegadi:

- Elektroenergija 0,16
EUR/kWh

- LPG 760 EUR/t

- Dize|degviela 610
EUR/t

- Dabas gaze (2.grupa)
0,37233 EUR/m3

- Granulas 155 EUR/t

- Akmenogles 140

RTU

VASSI



Koksnes konkuréetspeja siltumapgade

RTU

VASSI

95

90 | ===Dizeldegviela =

85 LPG /N A

80 —=Dabas gaze (2) Faktiskas cenas (bez
. P Dabas géze (5) PVN):
£~ 70 Koksnes granulas
; 65 ——Koksnes Skelda - dize!degviela 492
S 60 EUR/t
& 55 —
S 50 - \ - LPG 720 EUR/t
2 | A\
g 40 1 - - dabas gaze (2.grupa)
9 35 # < -~~~ — — - 0,358 EUR/m3
o 30 \ O/ —
€2 | 7,; - dabas gaze (5.grupa)
N oo 0,2534 EUR/m3
Q15 %MAA*
€ 0 > - granulas 125 EUR/t
'O
L 3 - $kelda 8,25
é (0] o \v \‘, \b \'\ \% \q T T T T T T T T T T T T T T 1 EUR/ber.ms

O S A R O OO T ORSPOIO gI g
0> a2 qP D 4P o wo,bf_\P 6\‘}00\‘} YRR FL N PRIt
Periods

* levérojot modernu katlu lietderibas koeficientus



Siltumenergijas tarifu salidzinajums

Siltumenergijas tarifi 2014. gada marta EUR/MWh

(Dabas gazes gadijuma tarifs noteikts pie tirdzniecibas cenas lidz 277,46 EUR/tiikst.nm3)
, sarkans- pamata kogeneracija, zils- dabasgaze sildkatlos)
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Vai biomasas izmantosana ir ilgtspéjiga?

VASSI

0 L L




@ Vass|

i

éjiga

ilgtsp

jair i

Latv

I0Masas ieguve

Vai

LA o
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Mezu platibu dinamika

VASSI

1923
1935
1949
1961
1973
1983
1990
2000
2005
2014

21%
21%
30%
38%
40%
43%
49%
50%
51%
52%

Vairums mezu ir FSC sertificeti

Avots: 2000. - 2014. Zemkopibas ministrija, 1923 - 1990 Meza fonds
24



Meza platibu izmainu dinamika

50 00

4500

40 00

35 00

30 00

2500

20 00

15 00

10 00

500

|

Milj.ha
50%

51%

a0, A5% 4% 48%
0 , "3 =

60%

50%

- 40%

i 38% 3241 3260
2958
| 2 g, 2888 2923
578
L 27%  27% 2k i
1 i I
1923 1935 1949 1961 1973 1983 2000 2003 2006 2009 2014

mm Meza platiba, milj.ha ——Mezainums, %

Avots: 2000. - 2014. Zemkopibas ministrija, 1923 - 1990 Meza fonds
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30%

20%

10%

0%
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Kopéja koksnes kraja Latvija, milj.m? @ Tcs

800 -

Milj.m3
700 - 6 47 6 68
°00 5 46
500 -
4 32

400
300 -
200 - 176
100 -

O,

1935 1998 2000 2010 2014
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Maksimalie cirsanas apjomi,
kas joprojam nodrosinatu ilgtspéjibu

Kraja, m3 (1046)

Prognozéta koksnes kopkrdjas dinamika

=%= G platiba

[ MWeZaudu krdja [ Galvenos cirdu apjomi

[ Krajas kop&anas cirdu spjomi

800

700 +

Pk N} = [y} o
= =0 = = =0
= [ = = [
| ] ] | ]

I

100

-

- T

von

GO0

a0n

400

300

200

100

GC platiba, ha (10*3)

RTU
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Energétiskas koksnes struktira, milj.m3/gada

RTU

VASSI
Latvijas Republika
. Reali
Potencialais | | _ )
i legustamais
_ _ apjoms .
Resursu 1zcelsmes veids apjoms
Malka un papirmalka 6,26 4,33
Mezistrades atliekas 6,30 4,70
Celmi 8,10 7,37
Citi resursi 3,10 2,13
Blak kt1 arstra
akus pI’Od}l t1 n9 parstrades 1292 8 92
uznémumiem
Kopa: 37,19 217,44

28
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Koksnes bilance Latvija

VASSI

RUpnieciba un citas nozares: 1.86 Mm3

Skeldu, skaidu, granulu
eksports: 2.6 Mm3

Parveidosanas sektors: 0.92 Mm3

Lokalie katli, majsaimniecibas: 0.35 Mm3

Kurinama koksne arpus meza : 0.05 Mm3
Kokskaidu platnes? 0.62 Mm

Zagmateriali: 3.65 Mm3
Saplaksni{0.28 Mm3

Apalkoku un Skeldu i

orts: 0.44 Mm3 O
.o - . Apalkoku eksports: 4.16 Mm3
Mezizstrades atliekas: 0.3 Mm3

Malkas eksports: 0.8 Mm3

Atmirusi koksne un
citas krajas

izmainas: 4.6 Mm3 Malka: 2.56 Mm3

Krajas
papildinajums 17.09 Mm3

:0.81 Mm3 %586_8 Mm3




Gazifikacijaas ietekme uz koksnes

Izmantosanu
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aunie un planotie biomasas projekti Latvija

VASSI

Jaunie un planotie biomasas projekti (tukst. ber. m3 gada) Izmantojama kraja (m3/ha gada)
20-50 Jo-10
51-100 CJ10-20
101 - 200 20 - 30

201 - 300 B 30 - 40
01 - 400 Bl 40 - 50
B 50 - 60

31



Secinajumi par energétiskas koksnes resursu pieejamibu -

1. Lidzsinéjie cirsanas apjomi valsti atbilst ilgtspeéjigas
meza apsaimniekosanas principiem

2. Latvija izveidojies Ileverojams saimnieciski mazak
vertigu galvenas cirtes vecumu sasniegusu audzu
uzkrajums (40-60 milj.m3)

3. Latvija ir iespéjams ieverojami paaugstinat zemes
izmantosanas efektivitati un palielinat meza vertibu

32



Koksnes kurinama veidi

VASSI
Briketes

Koksnes pulveris pulverdegliem, ...

Vides aizsardzibas un siltuma
sistému institdts
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Energétiskas koksnes sagatavosana

VASSI

https://www.youtube.com/watch?v=hZynVPgNd70

36


https://www.youtube.com/watch?v=hZynVPgNd70

RTU

Biomasas logistika vairs nav Skérslis VASS
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Biomasas kvalitate

VASSI

“Balta” skelda
(vismazak piemaisijumu)

“Krimu” skelda
(vairak mizas un smalkumu)

“Mezizstrades” skelda
(daudz piemaisijumu — lapas,
skujas, smiltis)

38



Meza skeldas ietekme uz izmaksam Ludza

10,8 =

—_
[}
[N}

=]
ca
1

Izmaksas (kop&jas, Skelda), LsMWh

)
()

8.8 &

™ ¢ 1,2
* ;/’4 .
- /-
/,_,-—-'—"'/ —p
4
S
0,3
{ -
= & [
4. (meia gkelda 5%) 3. (meia Zkelda 15%) 2. (fmeia gkelda 25%) 1. (meZa gkelda 35 %)
Scenariji

¢ Kopéjas izmaksas M Skeldas izmaksas A Pelnu transportssanas izmaksas

Dizeldegvielas izmalsas

39

Izmalksas (pelni, DD), LsMWh

RTU

VASSI



Palielinats pelnu saturs var veidot kusnus

VASSI

40



Dedzinasana slani

Kurtuves ar nekustigiem ardiem

41

Katls malkas sadedzinasanai
1 -ekrans,

2 -iekrausanas lika,

3 -sekunddra gaisa varsts,
4 -pelnu lika,

5 -primara gaisa varsts,

6 -Siberis,

7 -dumvads,

8 -izolacija,

9 -ardi,

10 -pelnu paliktnis,

11 -pamats

RTU

VASSI



Gazes generacijas katli @ Vs

42



Granulu katl @ Vs
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Granulu logistika Uhssi
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Kombinéta saules-granulu sistéma Sigulda




@ Vass|

version

long time

46

1800 mm

BOINK

Universalie katli



Kurtuves ar slipiem kustigajiem @ Uscs
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Kusti gas kedes ardi
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Kédes tipa ardi
piemeéroti vairaku
kurinama veidu
sadedzinasanai
pie lielam jaudam

RTU

VASSI



Kurtuves ar kustigiem konusveida
ardiem

RTU

VASSI

vvvvvvvvvvv
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Priekskurtuve ar konusveida ardiem un Kurtuve ar konusveida ardiem un
apaksejo kurinama padevi mitra apakséjo kurinama padevi
kurinama sadedzinasanai
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erdosa slana kurtuves

THE NOVITER NFBST - A STEAM AND
B POWER PLANT BOILER FOR INDUSTRY

A

=% The Noviter NFBST fluidised bed boiler is primarily '
4 T designed as a process steam boiler and as a power
|

plant boiler for combined electricity and heat
production. Its output range is 5 — 50 MW.

All bio fuels such as bark, wood chips, sawing
waste and even peat are suitable for combustion.
Recycled fuel or sludge can be used as a mixing
fuel. The advantages of the fluidised bed boiler
are low environmental load and the possibility to
use fuels with variable combustion properties.

Ll om
CEpaEToD

A pansets e
: .

In the design of this boiler we have paid special
attention to reliability and to ease of main-
tenance. The manpower requirement is

low due to a high level of automation.

1. fire chamber
2. fuel feed

3. nozzle fire grate
4. air chamber

5. ignition burner
6

7

8

9

. super-heaters
. vaporizer
. drum

RALINA!
2

PGsliSu (A) un cirkuléjosa (B) of combustion e
1 -kurinamais, e B
2 -primarais gaiss,

3 -sekundarais gaiss,

4 -dumgazes,

5 -pelni

. economizer and pre-heater

50
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Granulu un kombinétie deqli @ lass

Eill
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Granulu degli e303|em azes katliem VASS
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Biomasas katlu majas Zviedrija Co
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Biomasas kogeneracija pie
Kalmaras

RTU

VASSI

Moskogen is a combined heat and power
plant (CHP) taken in to operation in 2009.

It consists of a 90 MW BFB-boiler and a
30 MW steam turbine.

The production is based on unrefined
biofuels from local forests and industries
and uses about 500 GW of biofuel per
year.

The plant produces the majority of the
district heating to Kalmar city and also
contributes with local electricity
production in the south east of Sweden.
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@ Vass|

tojuma tehnologiska shéma

Izvie

lekartu
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Moderna biokurinamo noliktava

VASSI

Nodrosina atseviski pienemt un
miksét dazadus kurinamos
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Biomasas noliktava Tartu, lgaunija
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Skeldas katlu maja Ludza
’ VASSI

5
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Biomasas kogeneracijas tehnologijas VsS

* Tvaika turbinas
« tvaika katls un tvaika turbina
« attieciba elektroenergija/siltums ~ 0,1

* ORC cikls
* termoellas katls un silikona tvaika turbina
« attieciba elektroenergija/siltums ~ 0,2

- Gazes generators ar iekSdedzes dzinéjiem
« Gazes generators un gazu attiriSanas iekartas un iek§dedzes dzinéjs
« attieciba elektroenergija/siltums ~ 0,5 -1,0
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Biomasas kogeneracijas projekts Jelgava

o 45 MW(silt.)
lekartu jauda 23 MW (el.)
Minimala darba ~30%

slodze

Siltumenergijas lidz 230 GWh

apjoms gada

Kurinamais

Koksne, kudra,
salmi, u.c.

Papildus tiks izbuvéts

Saistvads starp
abiem krastiem

Projekta istenoSanas
termins

2012 - 2013

RTU

VASSI



Biomasas gazifikacija

| fuel screen

fuel conveyor

ash bin

flue gas
gasification ar® & W burning air

tar reformer

air
preheater
h uidiﬁer

r.ﬂ

gas cooler

9
-

gas

gas filter

engines
(G

gas
scrubber

RTU

VASSI

flue gas
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Biodegvielas razosana pirolizes
procesa

Lignocelulozes
biomasa

Biomasas

Pirolizes

Ciklons
Pirolizes tvaiks

smalcinatajs 3 5
J Dimgazes un ogles
t
Piltuve _
Atras
pirolizes
reaktors
Motors T
Plistosa
gaze Degsanas Oglu
kamera savaksana

gazes

<

Dzeseétajs

\/

@

Bioellas
iegusana

Bioellas
glabasana

Gaiss
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Koksnes skeldas sastavs (darba kurinama)

* Ogleklis

» Udenradis

« Slapeklis N¢
« Sers

 Pelni

* Mitrums

Cd
Hd
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Dazadu tehnologiju CO2 samazinajums VASS|

 rapsu seklu biodizeldegviela (1. paaudzes) ~ 38%
 hidrogenéta rapsu séklu ella ~ 47%
« koksnes atlieku etanols ~ 74%

* no koksnes atliekam FoSera-Tropsa sinteze ieguta dizeldegviela (2.
paaudzes) ~ 95%.
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Kurinama sadegsanas siltums ™

|zSkir augstako un zemako kurinama sadegsanas
Ssiltumu;

Zemakais sadegsanas siltums raksturo kurinama
sadegSanas rezultata ieguto siltumenergiju.

Vides aizsardzibas un siltuma
L R 67
sistému instituts



Koksnes skeldas mitrums

VASSI

 Eiropas standarti W9 = 25%

« Gadu ieprieks cirsta W9 = 35 - 45%
 Tikko cirsta W9 = 55%

« Ar sniegu un lietu W9 =60 - 70%
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Ko darit ar augsto mitruma saturu?
@VASSI

Zemaka siltumspeéja= 2,23 kWh/kg
Augstaka siltumspeja= 2,77 kWh/kg

= Udens = Koksne
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Skeldas zavéSana hssi
gaiss W9=55% dimgazes

i un putekli
T W9=25%
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Udens tvaiku kondensacija @ Viss

Sausas
dimgazes

gaiss

Tékeda
Wd=55%
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Udens tvaiku kondensacija no .
_ - = VASS|
dimgazéem
» Udens tvaiku avoti dimgazés
 Skeldas mitrums
 Skeldas sastava esosa Udenraza degsana
« Udens tvaiki mitra gaisa

» Dimgazu kondensatora iespéjams kondenseét visus tvaikus
neatkarigi no avota

« DUmgazu kondensatora ir iesp&jams papildus atgat art
dimgazu siltumu, kuru izmanto izsmidzinata tdens
iztvaikosanai un péc tam kondensé
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VASSI patents - dimgazu kondensators ™o

-
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Optimalais koksnes dzives cikls VASS!

Efektiva koksnes resursu
izmantoSana no oglekla

vértibas kedes viedokla

Koksnes produktu pievienota
vertiba ir 10 reizes lielaka neka
pievienota vertiba energijas
razoSana to uzreiz sadedzinot
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Jautajumi?

RTU

VASSI |
Komunikacijal: edgars.vigants@rtu.lv

25.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému instittts 75



