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Motivation and Objectives

> The Pulp & Paper branch is the 41" biggest industrial energy consumer (IEA 2020).

Typical final energy use distribution in paper making

® o

» Energy efficiency along with material efficiency and fuel switch constitue the main levers for decarbonizing paper making.

= Electricity demand &
p——{ lifetime 20-40 years ——]

= Heat demand of the dry 2021 2050
section

Other Heat demand '

» Development of a framework for the energy assessment of a combination of structural energy-efficiency
improvements in multi-cylinder paper drying.

1estimations baed on Suhr et al (2015), Bajpai (2016) and Laurijssen (2010)
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Overview

Input data: steam pressure in cylinder groups, product data, cylinder
configuration, temperature of ambient air, etc.

==, Parameter estimation to match product humidity
Dryers | {{ M

/ Na‘ssﬂow of steam for each dryer

Steam groups

Temperature and humidity of
hood exhaust air

Steam/condensate separators

Legend:

Heat recovery
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Measure evaluation: calculation procedure

A

Run dryer module

|

Is the final
dryness of the Steam supply of the first cylinder
paperweb supplied with steam (starting

higher than in Yes from dry end) is set to 0

he status quo?

Run further simulation
modules

17.03.2021 ENERDAY 2021 | Héléne Godin | Model-based analysis of energy-efficiency measures in multi-cylinder paper drying 5



Case Study

* The developed framework was applied to the dry section of a paper mill producing corrugated board
in the North of Germany.

« The current steam consumption is equal to 1,4 t steam/t paper (39 MWth)

* The current hood is very inefficient (open, low dew point, high leakage air ratio)
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Case Study

Selected measures
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Measure

Curtain Sizing

Replacement of cast iron cylinders with
steel cylinders

Enclosed hood with higher dew point

Heat Pump to preheat air

Heat Pump to generate steam




Case Study

Hood dew point & heat recovery
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Air heating
Drying

Cooling until dew
point (heat recovery)

Cooling along
saturation curve
(heat recovery)

Open canopy hood
with dew point 50°C

Closed hood with
dew point 63°C
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Case Study

Effect of individual measures on the steam and electricity demand of the dry section
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Case Study

. . ! sum of the individual
Cumulated savings for all measures (without heat pump) ! |
1
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» The calculated savings differ from the sum of each individual measure’s effect.
— in particular because of interactions between the measures on the air massflows in the hood
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Case Study
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Case Study

sum of the individual
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Conclusion

» A framework for the assessment of energy-efficiency measures in multi-cylinder paper drying was developed
and applied to a German paper mill producing corrugated paper.
» For the identified measures, the assessed steam and power savings are respectively:
* 9,6 MW, (26%) and 1,2 MW, (41%) without heat pump
* 10,3 MW4, (28%) and 1 MW, (34%) when a heat pump is used for air preheating
+ 15,6 MW, (42%) and -1,2 MW, (-42%) when a heat pump is used for steam generation

» When assessing the effect of several measures their effect should be considered simultaneously to avoid high
errors.
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Literature review and Objectives

Measures

Object of measure(s)

Site-specific analysis of energy-
efficiency measures in multi-cylinder
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Measure
interactions

» Past studies focus on operational improvements, analyse the effect of only one measure and/or don’t consider the

combined effect of retrofit measures at different levels.

» Development of a framework for the energy assessment of a combination of structural energy-efficiency

improvements in multi-cylinder paper drying.
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Case Study

Status Quo — Sankey Diagram
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Heat recovery 2 MW
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1.3 MW Hood exhaust air 48.3 MW
T=63°C, x = 0.083 kg w /kg d.a. COndensate
7.57 MW
Wet paper
Dry paper
2 MW .
Dry section
Starch solution at size press 1MW
0.6 MW
Supply air 10.9 MW
Leakage air T=110°C
12y Steam for cylinders
32.6 MW
4.1 MW Condensate

Steam for air preheating

Supply air 7.8 MW
T=75°C

Steam 36.7 MW
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Heat pump for air preheating
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Heat pump for steam generation
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