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Focus for the SLU BTC research group:
Biorefinery and energy combine concept

Feedstock Chemicals
‘ecursor platform

Biochemical

Residuals

Combined Heat Fuels, Chemicals,
& Power Food, Feed,
Ash recycling Materials

Field of interest:

Tailor made
biomaterials

Clean Gas

Syngas platform
Thermochemical
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SLU BTC Research pilot plant for solid biofuels




Involvement in some R&D projects

@ Biofuel Pellet Platform; PI; 2007-2010
- a 4.6 M€ - Objective: widening of raw materials
and improving of the pelletizing process and biofuel pellet quality

,,.
4
J

Bio4Energy — co-Pl, 2010-2014 4 g\;_\_?

- 20 M€ - Objective: find novel and innovative PR e Pove:
process routes and biorefinery products i gnﬂ;;g’ || e

- 3 universities cooperate in 8 platforms |~ 3// y

- our research group: pretreatment

Characterization of ash elements in biofuels - PI, 2009-2012
- 0.4 M€ - Objective: use process analytical tools to predict ash
elements in biomass.

Special interest: On-line characterization of rapid biomass streams

) i . . CcoskE JL
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Overall vision for my research group:

’Intelligent’ and uniform biorefinery feedstock

T

‘Intelligent’ biorefinery feedstock

Tailored biomaterials
Better process

Calibration
models

Fast on-line instruments

/ \

BIOMASS
Physical & chemical properties of raw
materials and interactions with process
parameters

On-line
(real time predictions)
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Interaction of radiation with matter = on-line

A-ray
The interaction of  [x-rays ionization
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Spectroscopic characterization — inst. mod.: Near Infrared

— organic part of biomass T—
— structural groups: C-H, O-H, N-H, S-H, C=0, C=C,
... hearly all bonds except C-C and inorganic

— simultaneous collection at all wavelengths
— 256 channels at 5 nm increments 950-1700 nm

— 100 spectra per second " m w es e a0 e w00

Wavelength, nm

Some instruments available at
the research group:
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From spectroscopic signal via screen to process operator

NIR on-line

—> NIR spectra
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Prediction models based on NIR spectra — example |

Moisture content, ash content and energy content

Excellent
Table 3 Overview of results in BPLS modelling of moisture content, ash content and gross calonfic value mOde|S
Wavelength
R eference variable Model reglon/nm Rank # RMSEE RMSEF (° Bias
Maisture %o fw min; 9.4 mae 5000 [MR-BFLS TRI-249% 4 0,973 0,726 .97 0,035
. DIR-BPLS 1400-2400 4 (0,580 0827 {1,907 —{1 (g
Moisture content OSCBPLS  7EL-2498 4 0,956 0.712 0998 0030
O5SC-BPLS 14024400 4 0.9 % 0,793 {1,947 —{1, 05
Ash % dw min: 0.3 max: 2.2 DIR-HPLS THI-2498 fi (108 0077 i) 97 (0023
DIR-BPLS 14002400 il 0119 0113 .95z 0002
Ash content OSC-BPLS®  7R0-2498  § 0,108 0,077 0,992 0422
OSC-BPLS | 024400 1 0136 0,05 {1, 98n HELIES
DRY-BPLS TE-2498 f 0,120 0101 {1 98n 0021
DRY-BPLS L 24010 B (167 (1. 108 {1 981 LIILH
Giross calorific value kJ g7 dw min: 20.2 max; 21.7 DIR-BFPLS TRO-249% 5 (.0 0,100 1.97] ~i 42
DIR-BPLS | 402400 9 007E 0,109 {1,967 —{1, {30
Energy content OSC-HPLS  780-2498 4 0090 0.100 0972  —0.037
O5C-BPLS L 00— 2400 k) (.08 0112 {1,941 —{.051
DRY-BPLS THE-2498 i 0114 0, 100 0197z — {1020
DRY-BPLS L 4002400 i 0.146 0128 01954 — {1020

¢ Untt vanance scaling of reference vanable.

Lestander, T.A. and Rhén, C. 2005. Multivariate NIR spectroscopy models for moisture, ash and calorific content in
biofuels using bi-orthogonal partial least squares regression. Analyst, 130, 1182-1189.
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Prediction models based on NIR spectra — example Il

Origin of biomaterial in biomass stream — pine and spruce

100% Spruce
3 55% Spruce + 45% Pine
> | | | | | |
S
(9p]
10% Spruce + 90% Ping
0% »> Time

0% Pine 100%
O calibration

@ validation

Lestander T.A., Johnsson B. & Grothage M. 2009. NIR techniques create added values for the pellet and biofuel
industry. Bioresource Technology 100, 1589-1594.
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iment for blends of 3 sawdust types

Prediction models based on NIR spectra — example Il

Designed industrial exper
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Prediction models based on NIR spectra — example IV

Influence of biomass properties on electrical consumption in a process

10 . .
o -

-~

- spruce , 7% DCEE%‘:I
s L y = -0.01703 + 1.002x /’% O %

O

| 90% pine

centre, 9%

Predicted current per unit mass
(0)]

2 | | | |
2 4 (3] 8 10

Observed current per unit mass

Lestander T.A., Johnsson B. and Grothage M. 2009. NIR techniques create added values for the pellet and biofuel
industry. Bioresource Technology 100, 1589-1594.
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Prediction models based on NIR spectra — example V

Characterization of wood properties - softwood

Parameter RMSEP Q?

Modulus of elasticity 1476.80 0.830 |

Bending strength 12.30 0.778  Good prediction models
Compression strength 4.34 0.739

RMSEP: root mean squared error; Q?: explained variation in test set.

Lestander TA, LindebergJ, Eriksson D and Bergsten U. 2008. NIR spectroscopy for prediction of clear-wood properties
in Scots pine using bi-orthogonal partial least squares regression. Canadian Journal of Forest Research 38, 2052-2062.
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Prediction models based on NIR spectra — example VI

Classification of juvenile and mature wood

1 = 2 I L =_y
.1 Mature wood Q
_ -
0.8 e
2 os e
g R Bl T ] _—-_l-l-—-i_—-_--l-_l-
s 0.4 ‘
o -
= | - o
o o & s . ¥ -
E o e i 8 = Low degree of
misclassification
0.2 - - - - only in the transition
. L 2 zone
0.4 Juvenile wood
0 s 10 15 20 25 30 a5 40 45

Cambial age, years

Lestander TA, Lindeberg), Eriksson D and Bergsten U. 2008. NIR spectroscopy for prediction of clear-wood properties
in Scots pine using bi-orthogonal partial least squares regression. Canadian Journal of Forest Research 38, 2052-2062.
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From NIR signal via screen to process operator

NIR on-line

—> NIR spectra

NIR-
radiation

NIR-
detector

-»> Model

=» \Value on screen

= Xeb

5 Boaeiode/ 3.2 Ol -Pelets |

=k to Wb i Vo

il

B R [ e ‘

—~

HTdllspan

Multivariate modelling

Observed

Moisture Content
R =0.97182

T T T
16 18 2.0 .
Predicted

Casco Products

Torbjorn Lestander Biomass characterisation by NIR techniques, COST FP0901, Vienna, 4-5 February 2010

| I A
' vy
\ Ny P
Vol Ly
K A
by [ |
| ’ | ’!
5 | i
\\ ! i
i
|
|
15 !
“SHE) F e [ i [ 30 ket 5] 15
B Do e bewiten [ g
v e/t &AE SO W BROE
— N
£
i — NS B—— - o ety
[},
T
ONMO0 comtfor 080 T ONT WMNT BMAT) W00 NI B0
P g 41 -
AwzONoBEL Casco Products




Multivariate modelling - PCA

® Principal component analysis (PCA)

- only a X matrix
-e.g. only chemical data, spectral data

- data overview
- interpreting of model
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Multivariate modelling - PLS

® Partial least squares (PLS) regression

- data from both y vector and X matrix
- e.g. observed product quality and chemical data
- e.g. observed chemical values and NIR data

—> calibration model (quantitative or qualitative)
- interpreting of model
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The PCA algorithm — variation in X matrix

blue
green
red

125] 120 | 10| jth ok

greegn
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15t PCA component
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wood

roperties

Example: PCA components (loadings and scores)

PCA component 2 (7%)
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PCA component 1 (63%)

Bi-plot of the first two
loading (+) and score (1%
site: A base, A top; 2" site:
e base, o top) components
of a PCA model explaining
70% of the variation. The
percentage of explained
variation is given within
parenthesis. Bend: bending
strength; Comp:
compression strength;
CWT: cell wall thickness;
H, and H.: Brinell hardness
in longitudinal and
tangential direction; MFA:
microfibril angle; Length:
cell length; Width: cell
width.

Lestander TA, LindebergJ, Eriksson D
and Bergsten U. 2008. NIR spectroscopy
for prediction of clear-wood properties
in Scots pine using bi-orthogonal partial
least squares regression. Canadian
Journal of Forest Research 38, 2052-
2062.



The PLS algorithm — variationin Xand y
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Example: PLS modelling of NIR spectra — moisture content
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Crystalline, amorphous and free water in biomass

Wavelength, nm

Lestander T.A. Hedman B., Funkquist J., Lennartsson A., Svanberg M. 2008. On-line NIR-fukthaltsmatning for styrning av panna i
varmekraftverk. Varmeforsk Service AB, Stockholm. 16-605, ISSN 1653-1248, 70 pp.
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| NIR —industrial installations
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NIR — industrial installations
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Example: Positioning of NIR instrument

screw transporter biomass

the NIR instrument was
placed on a screw transporter

. _— . ) Ccoske JL
Torbjorn Lestander Biomass characterisation by NIR techniques, COST FP0901, Vienna, 4-5 February 2010 ~ SLU



On-line tested in industrial environment (fuel pellet
industry)

Partitioning - maintains stabile flow of biomass in the process

Drying — improves storability .. :
NIR l . 7HT
Grinding — improves press-ability and combustion properties
NIR l il [P gl
Pressing — increases energy density , |
Pellets — reduces costs for transport,
NIR & & handling and storage
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Example of future application: Natural Fibre Plastics

Spectroscopic on-line characterization of e.g. pourable wood fillers

/

Feeding unit for PE-, /
PPranuata et

and pourable fillers,

Elg bag station,
.0, wioo pellets

Cornveyor scake and corwveyor for o

feading of nonpouralble fillers )| Intemal miser

| st i P i N
T

Cump extruder with | |
underwater granulation | f

L T o b g T g b e o o gt o i

eq. for pourable fillers

autamatic srall

3 companents wakghing,
Eﬁ I-D e.q. for adhesive agents

L e e P N AN

Paliet drvna,
bagging
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Biomass technology and NIR |

Biofuels

BIOMAS % NIR =D {:) Products

- a tool
Electricity, heat

Exemples of questions in real time:

Origin of the biomass

— species, region, freshness, etc

Contents in the biomass
— moisture, calorific value, C-6 sugars, etc
Modifications of biomass in processes

— degree of modification, energy consumption, etc

Process control




Real time measurements ... reaching beyond

g L T2 .
L 4 ¥
\\
CcoskE
Torbjorn Lestander Biomass characterisation by NIR techniques, COST FP0901, Vienna, 4-5 February 2010 S L u




Thanks

... to colleges at SLU Biomass Technology and Chemistry
... Swedish Energy Agency

... Kempe Foundations

... Swedish Pellet Association
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Some recent papers

Available online at www sciencedirect.com

ScienceDirect

Biarescurce Technalagy 99 (2008) 71767182

BIORESOURCE
TEHOLOA

ELSEVIER

On-line NIR technique for biorefinery process monitoring

Torbjorn A. lestander!, Robert Samuelssonl, Michael Finelll, Mehrdad Arshadil and Bo Allvin2

Biomssarce Technology 100 {2009] 1589- 1554

""igh quality biofuel pellet production from pre-compacted low
density raw materials

Contams lists available 8t SciencaDirect

Bioresource Technology

journal homepage: www.elsevier. comflocate/biortech

Sylvia H. Larsson®, Mikael Thyrel, Paul Geladi, Torbjorn A. Lestander
Unir af Bomass Technology and Cheamisery, Faculty of Natural Resources and A gricuieiral Sciences,
Swedish University af Agricultwral Sciemces, PO, Bax 4097, SEH0403 Umed, Sweden

Received 23 March 2007, received m revised form 20 December 2007; 2ccepled 21 December 2007
Available anime 7 February 2008

Holforschung, Vol. &2,

. 428434, 2008 - Copyright & by Walter de Gruyter - Berlin - New “ork. DOI 10.1515/HR.2008.071

Water absorption thermodynamics in single wood pellets
modelled by multivariate near-infrared spectroscopy

NIR techniques create added values for the pellet and biofuel industry

Torbjérn A. Lestander >, Bo Johnsson®, Morgan Grothage®

* Lt of Blomas Techmalogy ard ChemistTy, Swedish Untversity of Agriculteral Sclemces, 0, Box 4097, SE-503 04 Um
"o Adkesives AB, PA, B 13000, SEE50 13 Sundsvall, Swe den

ARTICLE INFO ABSTRACT
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Unit of Rinmasa Tachmalooy and Chamistre. Swedish

Prediction of Pinus sylvestris clear-wood
properties using NIR spectroscopy and
biorthogonal partial least squares regression

aystamn as a reault of changes in interacting slectronic
clouds and of hydrogen bonding.

Torbjérn A. Lestander, Johan Lindeberg, Daniel Eriksson, and Urban Bergsten
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meet custamer specifications, and therefore oreate d
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Abstract: Thirteen wood parameters were predicted using near infrared (NIR) spectra in the range 780-2380 nm modelled
by biorthogonal partial least squares regression. The analysis of parameters and NIR measurements was done on clear-
wood samples from the base and midstem of Scots pine (Pinus sylvestris L.) from trees at two sites. Calibrations based on
the measured parameters at seven growth rings (cambial age ranging between 6 and 42 years) could be divided into three
groups: ({) the best accuracy was found for longitudinal modulus of elasticity (r > 0.9) followed by bending, compression,
and cell length (0.8 < < 0.9); (i) microfibril angle, longitudinal hardness, proportion of latewood, and creep with correla-
tions in the range of 0.7-0.8; and (i) tangential hardness, cell diameter, and cell wall thickness with 0.4 < r < 0.7, It was
also shown that juvenile (cambial age <20 years) and mature wood can be classified using NIR techniques.

fion are deacribed by Springsr and Hajny (1970) and




Ocean transport of wood pellets
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Ahead ... biomass properties to modify

»bulk density — from harvest to industry
»crude fractionation of biomass (e.g. stem wood, stumps, branches, bark, needles)

>size (e.g. chips, sawdust, powders, fibre bundles)
> size distribution (e.g. gravity tables, air screens, wet sorting etc)
»fine fractionation (e.g. gravity tables, air screens, wet sorting etc)

»moisture content - drying

» contents of extractives

»other chemical contents (e.g. C-H-0 ratios, ash elements, inhibitors, catalysts)
> rea ctivity (e.g. microwaves, electron beams, corona)

»rheology — reduce feeding problems in processes
»tribology — friction properties (e.g. at high pressure etc)

>density (cell wall collapse and relaxation)

. more (what — up to discussion)

Torbjorn Lestander Biomass characterisation by NIR techniques, COST FP0901, Vienna, 4-5 February 2010




Integrated and distributed partial process steps

Integrated process steps

ex. AFEX m

Feedstock Pretreatment Process CHP
forest & | & )| Thermochemical | 5| Biofuels
agri based Fractionation Biochemical Products

W ex. catalysts

Distributed process steps

Objective: increase value added early in the supply chain and integrate
different actors and avoid suboptimal linkage.

One objective in the Bio4Energy

Torbjorn Lestander Biomass characterisation by NIR techniques, COST FP0901, Vienna, 4-5 February 2010




On-line NIR technique for biorefinery process monitoring
Torbjom A. Lestander®, Robert Samuelsson?, Michael Anell!, Mehrdad Arshadi® and Bo AllvinZ
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14t International Conference on
Near Infrared Spectroscopy, 7-16
November 2009, Bangkok, Thailand.
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