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« Energy prices are increasing!

« Direct influence of energy savings in manufacturing costs

« 15— 35 % of total manufacturing costs are energy costs
— Depending on paper Grade (Source: Poyry)

« 70 % of heat consumed in Drying section

» Detailed knowledge of drying process

« Knowledge of possibilities in energy savings
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« Project was started in February 2011
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» Physical simulation model for whole drying process incl. heat recovery,
steam and condensate system

Save Energy!
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Drying Fundamentals

How much energy is necessary for drying paper?
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Source: Leuk, Methoden zur Bestimmung der Sorptionsenthalpie in der Papiertrocknung, Master Thesis, TU Graz, 2012
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Evaporation of the web (Stefan Equation):

M= Tpi:rp:Ruln(:oo‘ 1:;) e ' 0 PV/ THOOd. PO
i I B |
N L S S S RPN
B mass transfer coeff.[m/s] | OP/'apqrwv!aM .. | 0 P —
m, evaporation rate [kg/s] |
Ry Gas constant vapour [kJ/kgK]
A ontact paper surface area [m?]
P, total pressu're [Pa] . P, Tpaper
P, vapour partial pressure of air [Pa]
Py vapour partial pressure of the paper web [Pa]
Toaper temperature of paper web [K]
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How to increase drying rate?

1.) Increase temperature of supply air —
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2.) Increase temperature of paper web
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Heat and mass balance:

Exhaust
air

@ Process water
HEX 2
Process water, heating, ...
H Fresh air
Supply air )E( HEX 1

- Heat losses
Paper in;

2 50% Cylinder drying o oa-a7%
: Air impingement drying
IR-drying

111

Steam | Condensate | Leakage air Electric Energy
Gas
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Heat and Massbalance

* Heat and mass balance for the drying group

+ Developement of a rough physical simulation modell

— Drying group
— Heat recovery system
— Steam and condensate system

» Detailed measurements for different paper grades
— Cyl. Temperature, Supply air, Exhaust air,.......

« Validation of the simulation model i
— Status: 2 models are ready; 2 models are in progress of validation \H

Optimisation of the process in the simulation model

. Possibilities for Energy Savings in the Drying Group Michael Schneeberger, University of Technology, Graz (A) \
10




TU

.V
Va Heat and Massbalance

Example for a simulation model

File Equipment Balance Air parameter Setting

Sorte Wahl Sorte X3 - ;‘
Zellstoff IChemical pulp long fibre

BW ad [ 130 g/m2
Trockeng.in [ 435 %
Geschwingkeit | 670 m/min .I
Damptdruck [ 48 barg [70°C 78°C
81°'C [ 82'C - e - e
Briden Briiden Briden _Q_’,‘. i 1 I
Sep_ 24201 Sep. 24201 Sep 24201
: ! i [50°C i
s1°C 54°C | 1 | 1
—@ 35 °C
—l [ 0.002 kglkg
. . 5
B . o0
0,002 ko/kg Kondensat P Kondensat v
46000 m3/h [ 46000 m3/h
[0.06 ka/s| 25 % |[ 100 °C [0.17 kate| 34 5 ﬁc &
Damy Damy
97 °C 92 *C 5P| 106 106 °C @ 5P| 108 108 °C 99 *C
101729 m3/h 106052 m3/h 69960 m3/h s 62753 m3‘h 92001 m3/h
H |
T 92 'C ¥ A ¥ ¥ T o
g 0,059 kg/kg 0,077 ko/kg 0.066 kg/kg
5109 kg/h 63903 ka/h 5109 kg/h
h 4
T F 3
g ]
.\ @ + #9 @@ + *
1.T6 2.7G 35 °C 3.76 35°C 476 5.7G 35 °C 6.TG
21970 m3/h 22834 m3/h 18148 m3/h
Dampf Uberblick DK YTP DK NTP Beliiftung Uberblick Beliiftung VTP Beliiftung NTP MD Profiles D s fl
Brying Simalating far Papermakin
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« Case Study # 1,Influence of primary energy suplly”

a.) increase of supply air temperature

My, = In( * Acontact

- Tpapsr *R, "po— Pup

P

. PV,THood'
: i
T

Vi b h 0 ¢!
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P vp, TPaper

b.) increase of steam pressure

B *po Po — P

My = In * Acontact
Tpaper * Ry

| ] Pv, THood. Y
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a.) increase of supply air temperature b.) increase of steam pressure

= | |
# Heat balance for Can and Air Dryer equipment L= T et b v A Doyt cgipreent = |
File Diagrams Sankey Details File Diagrams Sankey Details
Gas Ambient Air | [Crculation Air | | Eahaust A Gos [Tyt e r——s
| D S f- P Computy oo e ol el e | D s ". P Compute | 43 ka/hCDm 280°C 550 % wohme | | 1042°C
; g 008 ka/kg 1072 kavka 072 katkg P . 35000 kJékg 0008 karkg 0070 kg 0070 kgtkg
Erniansmaban e/ nging 481 KW/CDm ara il s oo IS0 o R #1.4 Kw/COm 807 m3/HCDm || 1008 ma/CDm 825 m3/hCDm
- Can with Air Diver 3| 4D BRI L w 2 m “Can with Ai Diye— gl ap 56 KW/CDm 27,3 k//CDm 228 Kn//Dm
Fabiication:  Voith Fabiication: ~ Voith
Product Name : Can Product Hame : Can
Can'isp 288 m Con'Wiap 28 m i
Disttacoaing 0,00 m Distlocoating 000 m :
Used Steam 302 kw/CDm Gas Burn Used Steam 364 Kw/CDm Gas Burn . »|
PocketAirFan 00 KW/COm Chamber PacketditFan 0.0 Kw/COm Chamber Open  Closed
Can Diive 10 kw CanDrive 10 K
Web spesct 1000 m/min Websped 1000 mimin
< | i ]
 Conduct. Heat Absorption -~ Conduct. Heat Absorption
Web 251 Kw/COm = Web 302 KW/COm
iy 951 Kt 1D A Presswe 1000 Pa R 3 Fe/Om Pressure 1000 Ps
Coating Tap 00 kw/COm lpindEpredis 0 Coating Top 0.0 kw/CDm g Speed 157 mis
Coating Bottom 0.0 KW/ACDm Heat Transfer 0,174 Kw//m2°K CoatingBottorn 0.0 KW/COm ' Heat Transfer 0116 Kw/m2'K
Sl 154 Kata) Evaporation 3034 ka/hCDm e Evaporation 3334 kg/hCDm
[ v “ 3
~ Convect. Heat Absorption Convect Heat Absorption
Web 251 kw/CDm Web 202 Kw/COm
Base 251 KwiDm Bass 202 KW/CDm
Coating Top 00 kW/CDm Coating Top 00 kw/Cm
CoaingBottom 0.0 kWw/CDm CoatingBalton 0.0 KW/COm
Ei Temperate 175 °C Bi Temperatue 150 °C
o 100Ps Hlow I \ Eehomon i ressure 100Fa Riwcar 4 \ i
el 1750°C 1153°C 1500°C 1082 T
Al g 0,051 kaks 0072 korka £l | 0045 katkg 0070 katka
= 5 1980 m3/hChm 1780 m3/HEDm = ; 1390 m3/HCDm 1832 m3MEDm
Total Heat Absorption i TR Total Hoal Absorption LI K7 R
Web 502 KWw/COm Wab 504 KW/CDm
Base 502 kw/CDm Base 504 KW//CDm
Coating Top 00 Kw/CDm Coating Top 00 KW/CDm
CoatingBoltom 0.0 Kw/CDm CoatingBoltom 0,0 K//C0m
|~ Web Properties before dying—— Web Properties ater diying ||~ Web Properties before diying —| [ Web Propertis after diying
Temperature 550 T Temperature 476 T Temperature 55,0 iTempevature 478 °C
Dryness 560 % Dryness %6 % Diyness 560 | Dyness %5 %
Baskweichtbd 1090 g/m2 - Basis weigh y _—
A F Base in Base out Basein Base out
510 °C 515 T = 518 °C
562 % 6.4% 564%
1945 gom

=175°C Tsupp air =150 °C
steam = 1’65 bar P steam
Heat adsorption Heat adsorption

of web = 50,2 kW/CDm of web

T

supp air

I
N
AN
N
O

Q

-

50,2 kW/CDm
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General Acceptance: EUR/kWh gas = 2.5 * EUR/kWh steam

= Cost savings of 6% by replacing gas energy with steam energy.

= |nvestment none
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Case Study # 2 ,Influence of leakage air”

a.) actual situation:

Supply air = 300.000 m*/h; Tg,p, air
Fresh air T=10 °C, RH =40%
Leakage air: T= 30 °C; RH = 50 %; 40% leakage air

=90 °C; T, 404 = 80°C;

b.) optimisation of air balance
= Reduction of leakage air to 20 %
= Reduction of the flow from the exhaust air fans

= Energy Savings of 7.000 MWh,, / year

= Investment new belts and pulleys for fans

Heat and mass balance:

b Cylinder drying
Air impingegent drying

' i
¥
i
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Case Study # 3 ,,Use of exhaust air from IR-Dryers”

actual situation:
« exhaust air from IR- dryers not used in HR-System |
« m=10.000m%¥h; T=165°C II

a.) usage in heat exchanger for fresh air heating i

= Energy Savings of ~ 800 MWhy, / year l‘l
b.) usage in impingement drying o]
= Energy Savings of ~ 3.500 MWh,, / year I. -

= Investment some piping and valves
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Conclusion and Outlook

* An accurate heat and mass balance is an old fashioned but highly effective toll for
saving energy in the drying group.

« Simulation Model helps to see the impact of optimisations and minimizes risks.

« Saving energy potential in our case studies
— Replace gas energy with steam energy

— Minimize leakage air ammount

— Usage of all exhaust air flows in the heat recovery system
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« Current potential for energy savings of 2% to 5% for the evaluated PMs
* Further machine trials are in progress — final results will be ready middle of 2013

* Project closure (and doctoral thesis!) until January 2014

Thank you for your attention!
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