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50 kW CHP |50-250 kW Boiler|250-500 kW Boiler|500kw - 1 MW Boiler| >> 1 MW boiler

/IMaximum Particle 30-40 mm 30-40 mm <75 mm <100 mm >100 mm
Size (1 inch minus) | (2 inch minus) (3 inch minus) (4 inch minus) (4 inch minus)

-Size Uniformity Very uniform Uniform Uniform Some variation More variation
' 7Sensitivity to

3 ] High High Moderate Moderate Low
oversize

Sensitivity to fines High High Moderate Moderate Low

Maximum Moisture | = _ 15 o < 20-30% <30% < 30-50% up to 50-60%

»/Content

Contamination Not allowed Not allowed

Some allowed
PAEE. a7 > T

Not allowed

\ . ‘}".‘.. ,'v.\ . i ’
I N
'3 M(' ._ ) ’ -
ﬂ_- 4 : .

- 5

. ) L Ry [ . oy £ "'\Ju
W e N e i e )
” ..f 1

| : "L ) 4 a i % -
: ¢ ) N
NS ' - s . F“A N \ - 8 -
. i . 4 Y . . ry - -t

The rule of thumb of biomass quality
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1. Biomass Critical Quality Attributes
MOISTURE CONTENT (MC): % weight of water from total weight

1,000 grams 1,000 grams solid

solid wood wood (bone dry) wood (bone dry)
(bone dry) + 250 grams water + 1,000 grams water
0g/1,000¢g 250g/1,250 g 1,000 g/2,000 g

0% MC 20% MC 50% MC
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1. Biomass Critical Quality Attributes

WHY IS MOISTURE CONTENT IMPORTANT?
MC = 55% MC = 35%
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Total Payload Total Payload
32 tonnes 32 tonnes

Deliver more wood (energy!) less water!
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WHY IS MOISTURE CONTENT IMPORTANT?
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Combust more wood, evaporate less water!
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1. Biomass Critical Quality Attributes

PARTICLE SIZE DISTRIBUTION/PARTICLE UNIFORMITY: a3 1

Pellets

Diameter: 6 or 8 mm
Length: 3.15-40 mm

PR AL PY

Wood chips
1” minus
2” minus
3” minus
4” minus

CSA/ISO wood chip standards have been developed
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1. Biomass Critical Quality Attributes

PARTICLE SIZE DISTRIBUTION/PARTICLE UNIFORMITY:
% weight of each particle size class (mm) from total weight
Size distributions are highly dependent on biomass source

45%

40%

40%

d
35%%60

Stemwood chips

m Logging residue chips

30%S

total we

25%

rom

25%

27%
25%

% f

20% -

15% -

10% -

2% -

0% -

C % 28 Particle size class (mm) <35

3,5-8

8-16

16%

16-31

Stemwood

Logging residue

13%

4%

8%
6%

3%
1%

31-45 45-63

63-100

oversize

o .
Feedstock ./o 2 inch
minus category

89%
64%
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1. Biomass Critical Quality Attributes

PARTICLE SIZE DISTRIBUTION/PARTICLE UNIFORMITY:
Size distributions are highly dependent also on chipping/grinding equipment:

Burnt Softwood Stem Tops
66%

56%

37%

Hm Large Drum Chipper
B Small Disk Chipper

Fines Overs

8%

4% ~o,

B
<3mm 3-5mm 5-13mm 13-32mm 32-45mm >45mm
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1. Biomass Critical Quality Attributes

PARTICLE SIZE DISTRIBUTION/PARTICLE UNIFORMITY:
Size distributions are highly dependent also on chipping/grinding equipment:

Large Diameter Poplar Logs
17%

64%

H Large Drum Chipper

32%

m Small Disk Chipper

Fines Overs
1% 2% 1% 1% > 1%
I N

<3mm 3-5mm 5-13mm 13-32mm 32-45mm >45mm
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1. Biomass Critical Quality Attributes
CONTAMINATION: % welght of contaminants from total weight

At the source:

* Rocks, soil, chain, wire rope, track pads, grinder teeth
At storage site:

* Rocks, soil, and equipment parts

SALT IS ALSO A MAJOR CONTAMINANT!
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1. Biomass Critical Quality Attributes

ASH CONTENT: % weight of ash (after complete combustion) from total
weight before combustion

Fly ash

* Represents about 5% of total ash generated

* Escapes with the combustion gases, but are captured by
Emission Control Systems (expensive)

* Presence of heavy metals (Pb, Zn, Ni)

Bottom ash

* Represents about 95% of total ash generated

* Especially the alkali metals (Ca, K, Mg, Mn, P)

* May be used as soil amendment

% Ash

 Bark, needles, soil, contamination

Disposal of contaminated biomass ash may be very expensive!
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ok BNPE) 1. Biomass Critical Quality Attributes
"y ¥ . BULKDENSITY (BD) = ~ass ol biomass _ .,/

N Volume of biomass
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Logs stacked (20% mc): 350 - 500 kg/m?3
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1. Biomass Critical Quality Attributes
WHY IS BULK DENSITY IMPORTANT?

To transport and store 1,000 ODt of biomass requires:

Number of 32t
trucks

Storage Area (m*) 2 100 1,500 1,100 990 700

Order of magnitude: ice rink = 1,600 m?
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1. Biomass Critical Quality Attributes

ENERGY CONTENT: energy value per unit of weight [GJ/ODt]; [kWh/ODt]
“W 2. ENERGY DENSITY: energy value per unit of volume [GJ/m?]; [kWh/m?]

ENERGY CONTENT DOES NOT DIFFER BETWEEN SPECIES

Calorific v’éli‘}g (GJ/ODt)
Tree
components 5 N
Balsam fir White birch
J N
White wood 20.0 19.8
Bark 21.1 22.9
Needles/Leaves 21.6 21.9
GJim3solid 7o R

~
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ENERGY PRICES IN BC

45
40 Fuel Type Retail Price
35
Natural Gas G) $10-12/GJ
= 30
O :
d Propane Litre $0.5-1.00/I
QD
‘ Q 25
. @ Fuel Oil Litre $1.00-1.50/I
| O
.2 20
-y Electricity kWh ¢7.0-9.0/kWh
15
I Firewood Cord $200-250/cord
10
Wood Chips ODt $60-100/0Dt
"’ B
o Pellets Tonne $175-210/tonne

Propane
Oil
Pellets

Credits: FINK Machines

Electricity
Cord Wood

Natural Gas
Wood Chips
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Worst rating of three quality indicators

is put on the product description label

FPInnovations — Biomass Workshop 2019

Biomass Classifier

Class

Moisture content

Particle size indicator
-A: <10 mm

- B: <50 mm

- C: <100 mm
-D:>100 mm

v

Quality number. Rating of 1 is the best, 4 is the worst.

- Contaminants (sand, clay, metal, rocks, paint)
1: No contaminants
2: Light contamination
3: Medium contamination
4: Heavy contamination
- White wood (% of white wood in supply)
1. >75%
2: > 50%
3: > 25%
4: < 25%
- Species (basic density kg/m?3)
1. > 550
2: > 450
3: > 350
4. <350

©
3. The right biomass product to the right utilization/market

Hog Fuel Class Description Product Sheet

Description Date:

Company Name:

Assessor Name:

Location:

Contaminants:

White wood
Other tree parts
Species present:

Particle sizes

Moisture content

Origin:

Cobbles - Heavy

Label

Contaminants

White wood

Species

S1ZIng

MC

Stemwood
Branches

Douglas-fir

1mm to 10mm
1mm to 10mm

24

39  |User Type
41 Co-gen (Large)

Suitabili

100 |Co-gen (Medium)

Co-gen (Small)

Pellets (Industrial)

70 Pellets (Residential)

20 Compost

Animal Bedding

Surfacing

Medium

Sawmill

100




Worst rating of three quality indicators
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3. The right biomass product to the right utilization/market

is put on the product description label

Biomass Classifier

Class

Moisture content

Hog Fuel Class Description Product Sheet

Description Date:

Company Name:

Assessor Name:

Location:

Particle size indicator

v

1: No contaminants

2: Light contamination

3: Medium contamination
4: Heavy contamination

- White wood (% of white wood in supply)

1. >75%
2: > 50%
3: > 25%
4: < 25%
- Species (basic density kg/m?3)
1. > 550
2: > 450
3: > 350
4. <350

-A: <10 mm
- B: <50 mm
- C: <100 mm
-D:>100 mm

Quality number. Rating of 1 is the best, 4 is the worst.
- Contaminants (sand, clay, metal, rocks, paint)

Contaminants:

White wood
Other tree parts
Species present:

Particle sizes

Moisture content

Origin:

Label
Contaminants
White wood
Species

Sizing
MC

None

Stemwood Suitability
Branches 40

Lodgepole pine -

User Type

Co-gen (Large)

Co-gen (Medium)

Co-gen (Small) Medium
Pellets (Industrial)

Pellets (Residential)
Compost

Animal Bedding

Medium

25mm to 50mm

25mm to 50mm
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3. The right biomass product to the right utilization/market
BIOMASS QUALITY CONTROL — WHAT GETS MEASURED GETS DONE!

A. Moisture content distribution (chips)

35 -
30
% N 6 truckloads
3 Allowable should have
>
g 20 been
E rejected
Z 15
z /\
@ 10
5 B B BN
3 5
3 \
H B 1
0 | | | - .

20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75%
Moisture Content
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3. The right biomass product to the right utilization/market

BIOMASS QUALITY CONTROL — WHAT GETS MEASURED GETS DONE!

Number of truckloads/samples

30

25

20

15

10

B. Moisture content distribution (bark)

24

46 truckloads

should have
been rejected

Allowable_ H

MC

20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%
Moisture Content
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3. The right biomass product to the right utilization/market
BIOMASS QUALITY CONTROL — WHAT GETS MEASURED GETS DONE!

Control Chart - Daily Average MC - Incoming Loads

80%
---Target MC

70% PR —-MC p
60% ,,’ J \ \\ ---Contr0| Limit //
50% /’ / N N RYVEN
40% 7 4 / \\ \\ / ,/
30% |\ / R4 A N \ Iy .
10%

0%
1 2 3 45 6 7 8 91011121314151617 1819 2021 222324 25262728293031




BC

Power

60 MW Power Plant
| Williams Lake,
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Heat

l0OMmass

B

Photo credits: fvbenergy.com
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Biomass District Heating
1.5 MW, 2.3 km pipe

System, Revelstoke, BC




Alkali Lake, BC

* Firewood Operation
s Y * Chipping Operation
e T S, T TS » Biomass District Heating
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4 WA Fort Ware, BC

¥ « Biomass from FireProofing the community
7+ Chipping operation

s * 3 units x 45kWel Combined Heat and Power

-

Biomass Logs

7\
]

N
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Greenhouses



4. Examples of biomass energy systems: CHP

' January 16, 2020 - Commissioning of the 45 kWel FPInnovations/NRC Biomass CHP Demo Unit, Vancouver
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4. Examples of biomass energy systems: CHP
#“> Q1 2021 - Planned commissioning in off-grid community of Kluskus, BC

B

""

Other off-grid communities are interested in project




5. CONCLUSIONS

Biomass is a product not a waste = Treat with respect!
Biomass quality is important, especially for smaller energy
systems
Bio-energy systems exist but before purchasing them:

* Ask manufacturers about biomass specs

* Feasibility study

* Biomass supply study
Biomass quality can make or break a biomass project = a

biomass quality control system should be put in place for both
suppliers and users of biomass
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GET IN TOUCH/COMMUNIQUEZ AVEC NOU:.

Marian Marinescu

marian.marinescu@fpinnovations.ca
604-222-5609

foinnovations.ca blog.fpinnovations.ca m a n



