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HEAT PLANT IN NEW ZEALAND
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The utilisation of biomass residues for heat, cooling, power, drop-in fuels and carbon sequestration B iO mass E ne rg y

Intro

Biomass energy Technologies, applications and products

Woody Biomass Residues
Most common residues What to consider Design relevant parameters

|¢

Combustion
Process Impact of moisture and dirt Installations and learnings

|¢

Gasification

|¢

Polytechnik HELD Process Installations
Process Demonstration plant Largest plant in the EU
Process Plant Products

/) o O >

Copyright © — Polytechnik Biomass Energy Pty Ltd - All rights reserved



Biomass Energy P OL YTE C

Wood + Biomass — Most sustainable building material — Utilising sun energy via biomass residues B iO mass E ne rgy
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Woody Biomass Residues P OLYTE C

Carbon Cycle — Technologies, Applications and Products BIO mass E ner gy

Technologies Application Products
Example: Markets Biochar
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BIOMASS RESIDUES

/ Biomass Feedstock P OLYTE C

Energy-dense and uniform biomass fuels B iomass Energy
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Biomass Feedstock P OLYTE C

Most common boiler fuels Biomass Energy
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Biomass Feedstock P OLYTE C

Sawmill residues Biomass Energy
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Biomass Feedstock P OL YTE C

Forest residues and high ash-content biomass residues B I omass E ne rgy
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Biomass Feedstock P OL YTE C

Construction and demolition wood BIO mass E ner gy
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Biomass Feedstock P OL YTE C

Challenges and considerations on energy systems B iO mass E ne rgy

Fines | | Green matter | Inconsistent and out-of-spec fuel | | Water content
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Biomass Residues P OLYTE C

Design relevant data - Fuel and related emissions B iomass Energy

When tailoring a wood energy system to an application, the understanding of feedstock and local requirements is most important.

BANZ Technical Guide Design relevant elements Consented emissions limits

—[ Type / traded form ] N - Nitrogen CO - Carbon monoxide
sie S- Suhur PRSP
Moisture Cl - Chlorine NOx -Nitrogen oxides
Ash K- Potassium voc (—Jg/rg:aaéillﬁg;ganic
Energy content Na - Sodium —l arorFr‘é't-ilc- r@ﬂ?’ggg&ns
Bulk and Energy density Pb - Lead SO, and HCI
eniionel ata, Z0- Zink Heavy motals doxins
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BIOMASS COMBUSTION

Biomass Combustion P OL YTE C

5 Steps: Drying — Heating — Gasification — Combustion — De-ashing B jomass E ne rg y

Gas combustion

. . Gaseous and particulate
Biomass Residues Combustion of by-products (emissions)

pyrolysis gases SO, pics (e.g. CO, C,H,, soot)

¢o, NO,  Fine (<1 um) ash particles
COMBUSTION 2
. 50% hoat output / H,0 (6.9 KCl'and ZnO) 3
CO  HCN 43,
Absorbs heat Metals (?) Coarse (>1 um)
H,S e.g KOH (g) and fly ash particles .
H,0 cH M () #  (eg.Ca0) De-ashing
Xy
A 7
‘ | Char Ash DE-ASHING
ahe Bottom ash
—_— Ee— —_— ,
Pyrolysis Char LS (e.g. K/Al-silicates,
DRYING (release of volitiles) combustion slag)

COMBUSTION 1~20 utpu

Internal drying, heating,
and gasification
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Biomass Combustion

Energy content biomass — Impact of ash/dirt and water on fuel storage volume and transport weight

Hogged forest residues 750 kWh per m3

Hogged forest residues
- Dirty 2,330 kWh per tonne
Moisture: 35.8 % wp
Ash: 23.5% o

GCV:9.93MJkg= 2.75 MW/
NCV: 8.40 MJ/kg = 2.33 MW/t
Bulk density = 321 kg/m®
Fines (<3.35 mm): 36.4 %

Wet vs. dirty
I—

-15% less energy per volume
- 47% less energy per weight

Hogged forest residues 710 kWh per m?®

- “Green” 2,120 kWh per tonne
Moisture: 52.6 % wp
Ash: 2.8% 4
GCV:9.52 MJ/kg = 2.64 MW/
NCV:7.63 MJ/kg = 2.12 MWh
Bulk density = 336 kg/m?®
Fines (<3.35mm): 11.2%

Wet vs. dry
I
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Biomass Combustion — Industrial Heat
Hot water heater for flower growers — South Island
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POLYTEC

Biomass Energy

640 kWh per m3

1,230 kWh per tonne
Moisture: 68.0 % wo
Ash: 3.2% a4

GCV:6.48 MJ/kg = 1.80 MW/
NCV:4.41 MJkg= 1.23 MW/
Bulk density = 517 kg/m®
Fines (<3.35 mm): 17.6 %

980 kWh per m3
4,380 kWh per tonne

Moisture: 15 % wo
Ash: 0.4 % go
GCV: 17.28 MJ/kg = 4.80 MW/t
NCV: 15.78 MJ/kg = 4.38 MW/t

Bulk density = 224 kg/m®
Fines (<8.35 mm): not tested
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Biomass Combustion — Industrial Heat

Hot water heaters in the Horticulture Industry - Australia

Biomass Energy
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Biomass Combustion — Industrial Heat

Hot water heaters in the Horticulture Industry - Australia

Biomass Energy
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Biomass Combustion — Industrial Heat P OL YTE C

Hot water heaters in the Horticulture Industry - Australia B , omass E ne rg y
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Biomass Combustion — Industrial Heat P OL YTE C

Hot water heaters in the Horticulture Industry — South Island B iO mass E ne rg y
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Biomass Combustion — Industrial Heat P OL YTE C

Hot water heaters in the Horticulture Industry — North Island B iO mass E ne rg y
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Biomass Combustion — Industrial Heat P OL YTE C

Hot water heaters in the Horticulture Industry — North Island B iO mass E ne rg y
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Biomass Combustion — Industrial Heat P OL YTE C

Hot water heaters in the Horticulture Industry - South Island B iO mass E ne rgy
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Biomass Combustion — Industrial Heat P OL YTE C

Steam boiler for the Wood Processing Industry — South Island B iO mass E ne rgy
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/ Biomass Combustion — Industrial Heat P OLYTE C

Thermal oil heater for the Wood Processing Industry — North Island B iO mass E ne rgy

Old wood boiler
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Biomass Combustion — Industrial Heat P OL YTE C

High-temperature Hot Water Heater for the Wood Processing Industry — South Island B iO mass E ne rgy
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Biomass Combustion — Industrial Heat P OL YTE C

Steam boilers and hot water for hospitals — Seismic Importance Level 3 B i omass E ne rgy
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Biomass Combustion — Industrial Heat P OL YTE C

Steam for a hospital — Seismic Importance Level 4 B iomass Energy

Copyright © — Polytechnik Biomass Energy Pty Ltd - All rights reserved ST EFFECTIV GLOBALLY LOCAL



/ Biomass Combustion — Industrial Heat P OLYTE C

Steam boiler plant Biomass Energy
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Biomass Combustion — Co and Tri-Generation P OLYTE C

Thermal oil boiler with ORC utilising C&D wood Biomass Ene rgy
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/ Biomass Combustion — Co and Tri-Generation P OLYTE C

Steam boiler plant with absorption chiller and steam turbine utilising C&D wood B iO mass E ne rgy
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/ Biomass Combustion — Co and Tri-Generation P OLYTE C

Steam boiler plant with steam turbine utilising C&D wood B iO mass E ne rgy
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GASIFICATION

Biomass Gasification P OL YTE C

Polytechnik's HELD System Biomass Energy

POLY H.E.L.D.® is the combustion technology of the future.
A combustion system with extreme air staging, designed as a counter-current fixed-bed gasifier with,
very low-emissions and highly efficient combustion of various biomass residues.

OLYTECHAT 7

Biomass En:

« Fuel flexibility:
Wood chips up to M45, straw pellets, agricultural residues, etc.
« Efficiency: > 92% = 5% higher when compared to
conventional combustion!
« Particulates < 20mg/Nm3 without any emission control system!
* NO,: 25% compared to conventional combustion
« Operating range: 25 to 100%

J o O >
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Biomass Gasification
Process options

REGAWATT .
Option - HT heat pump
= With an absorption heat pump, low-grade
heat can be elevated up to 95°C.

= Energy comes from the mixing chamber

Down to ca. 500°C
HOMSI PONSER SYSTSM

Biomass residues

Absorber | Evaporator
95/75°C 40/55°C
I

Absorption
Condenser
95/7 5°C

Gasifier
Gas cleaning

Option — Oxygen & cooling

Oxygen instead of air as a gasification agent

heat pump
Generator
500/170°C

Mixing
Combustion chamber
—»m =
Heater | Boiler Plant

Economiser

POLYTEC

Biomass Energy

Condensing
heat exchanger
40/55°C

Option — Heat recovery

= During gas cooling and in the genset

Power 4}
Generation

t

Hydrogen is rising above 40%

Nitrogen-free syngas
Useful for Methanation-process

Useful for shift reactors
for green hydrogen production

Coolerffilter
40/55°C

Option — Pyrolysis Oil Storage

= About % of the original fuel heat capacity

Jacket cooling
85/65°C

is converted into pyrolysis oil
= Pyrolysis oil is storable for > 6 months

= LHV ca. 70% compared to standard heating oil
As peak load fuel and for process heat
applications.
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Biomass Gasification
Refence sites
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Option - \

Gas storage

ﬂ

\ 4

intercooler, low grade heat is generated(ca.
- 55/40°C).
Additionally, by use of humid fuels, up to 30%
of the fuel heat value can be recovered as low
grad heat in flue gas condensers.

Option - Separate
exhaust gas pipe

With adapted gas burners, up to 2.000°C achievable
Updraft gasifier system fast controllable 20-100%

For sudden load variations, gas storage is available

Cooled gas >1000 m transportable

» Option — Direct Syngas

POLYTEC

Biomass Energy
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TORREFACTION

Torrefied Biomass P OL YTE C

Torrefied biomass can be used as a direct replacement for fossil fuels (drop-in fuels). Biomass Energy

Coal is made of biomass in million of years ...or within minutes
by technology and temperature

@ 75-85% Yolatile Matters =
‘Compounds, that il evaporate if

exposed to temperatures up to 900°C Gev
W/ke  keal/kg
17000 4057
m Explos = 19000 4535
) = 21000  s012
23000 5489
S SC— 25000 5967
100milion 3-400milion 3
Today o Years ago Pyrolyses \\\‘\L 27000 6444
Burial pressure, heat, and time
o 29000 6921
S 2 San-’;:ﬂmsam". e 31000 7399
= Charring 33000 7876
100 9 80 70 60 50 40 30 20 10 O
Lignite o

bt Anthrecte volatiles in % (daf)

Source: Michael Wild, Wild & Partner LLC

rrefaction = slowly heating biomass at low temperatures (250 to > 300°C) in a limited oxygen environme
The product has fewer volatiles and a higher carbon and energy content than thermally untreated biomass.

50 a2
. . ree . Te ied bic ther bi
Typical values of torrefied and densified biomass I f::;;;’:rinzf:t:‘saslﬁ;;,;:sa?doev:; peats
. . o, . brown coal in calorific value. Together with
Carbon content: 5510 75% 2531 28 other product features, it can be used as a
" Volatiles: 35 to 65% w0 30 direct replacement for fossil fuel.
&
= Chlorine and Sulphur content: minus 80 to 90% from raw material 3 - 15-17 15 - -
= Bulk density: 550 to 800 kg/m®
= Moisture content: 5% 19
= Calorific value: 23 to 28 GJ/tonne Torrefied
. Heavy  Black Pellets ©0od Brown Wood  Straw
N . . . 1 Oil ] ! I hi
Different carbonisation levels - different products fusloll  Soul e Conl  Gilps

V] y 4 o >
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Torrefied Biomass
Process

Dryer offgas
|
Feedstock |

Forest residues,
sawmil residues,
energy crops, etc.

Dried biomass

Hot gas generator

Flue gas

1 Combustion system

Torrefaction gas

Briquet-/
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Torrefied Biomass

Pellet press

Torrefied biomass

- Milling / Densification

Torrefied pellets

Torrefied fuel

Torrefied briquets.

A L

White pellets, torrefied pellets, and carbonised pellets

Allothermal

To produce 1 metric ton of White Wood Pellets with an energy content of ~ 17 GJ/mt

WHITE WOOD PELLET

we require ~ 1.24 metric tons of dry biomass @18GJ/metric ton (drying)

roomes ]
Biomass
Boiler

0.25 mt of dry biomass @18G)/MT for combustior

1 Metric tons of 5%molst biomass @17,56)/MT for pelletizing

Dryer

TORREFACTION

To produce 1 metric ton of torrefied biomass with an energy content of >21 GJ/mt
we require ~ 1.5 metric tons of dry biomass @18GJ/metric ton (30% mass reduction)

Dryer 1.5 mt of dry biomass @18G)/MT (7.5MWh)

AUTOTHERMAL PROCESS

CARBONIZATION

To produce high energy Biocarbon with an energy content of >30 GJ/mt
we require 3.2 metric tons of dry biomass @18GJ/metric ton
3.2 MWh of Thermal Energy for biomass drying low temperature @ 90 °C

==4
Thermal
Oxidizer

0.5 MWh of Thermal Energy @ 850°C)

Carbonizing
450°C t0 750°C

J/MT (8.5MWh)

Dryer 3.2 mt of dry blomass @18G)/MT (16MWh)

+7 MWh of Thermal Energy for production of 1.4 MWh of Electricity
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Source: Michael Wild, Wild & Partner LLC

Feedstock

POLYTEC

Biomass Energy

TORREFACTION GAS TREATMENT
EMISSION
CONTROL

| |

AIR HEATER

COGENERATION

SALEABLE PRODUCTS

=2
=

STEAM

OXIDISER

TORREFACTIO
N

GENERATOR

DE-TARRING

GAS
SEPARATOR

[1
]

SALEABLE PRODUCTS

POLYTEC

Biomass Energy

n
Torrefaction 1

Densificat
- SeniEn

Source: Michael Wild, Wild & Partner LLG

simple pelleting/brigetting

n1

’
Torrefaction 2
>300°C

Product Tailored for Customer

Biomass, once torrefied will have a bulk density of <150 kg/m?3
and is prone to form plenty of fines <500microns

X

S




Torrefied Biomass P OL YTE C

8,000 t/a demonstration plant operational since 2011 B iO mass E ne rg y

and most
profitable
way to solve
climate change

The ACB (Accelerated Carbonized Biomass) pilot plant in Austria, with a capacity of 1 t/h, has been operational since 2011.
The Austrian Research Institute for Chemistry and Technology (ofi), an Austrian consortium consisting of ANDRITZ, Polytechnik and Wild & Partner developed the process.

4 2.
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Torrefied Biomass P OLYTE C

Europe's biggest torrefaction plant (60,000 t/a of torrefied product) will be commissioned in 2024 B iO mass E ne rgy
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Biomass Carbonisation

Process
CARBON NEGATIVE ENERGY CARBON NEUTRAL ENERGY
€0, from atmosphore ‘
N\ » . e}
co

7

i tices POLYTECW €O, minerals and fertile ash

o s returned to the enviroment

Carbon Cycle

a

Woody biomass
residues
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Solar eneray

I

Plant life stores solar energy
and carbon, while releasing oxygen

CARBONISATION

down to -10%
water content

‘ After 4 days

ETORT Fil

Automated crane “empty
in full out”
After 4 to5

Automated hrs at 100
to120°C

After 2to 4 hrs.
Automated in 500 to 650°C
hot reactor

After aday
Automated without
oxygen

DISCHARGING
Screening
and
packaging
CHARCOA
BIOCHAR

CARBONISATION

POLYTEC

Biomass Energy

HEAT

EMISSION
CONTROL

Hot

Eneray
L 4 FURNAcE
Gases

COGENERATION

TURBINE
GENERATOR

POWER




Biomass Carbonisation P OL YTE C

Feedstock Biomass Energy
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Biomass Carbonisation P OL YTE C

Feedstock Biomass Energy
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Biomass Carbonisation P OL YTE C

3,000 tonnes per year demonstration plant in Germany B iomass Energy

30,000 t/a 5,000 to 7,000 t/a 20,000 t/a
green waste logs and wood Terra Preta soil

Removal of over
3,000 t/a biochar Char coal sizes 10,000 t CO, per
and char and feed [N from annum

coal 25um to >200mm from the
atmosphere

Reactor
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Biomass Carbonisation P OL YTE C

Biochar Products Biomass Energy
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Polytechik Biomass Energy
New Zealand'’s leading experts in biomass combustion, gasification, torrefaction, and carbonisation
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POLYTEC

Biomass Energy

DON'T TURN AROUND,
DON'T LOOK BACK.

KEEP MOVING FORWARD,
KEEP PUSHING.

THE POT OF GOLD IS AT THE
END OF THE RAINBOW,
NOT THE BEGINNING.

-ZIAD K. ABDELNOUR



