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Background

= Forests cover about
1/3 of the earth’s
surface (FAO 2010)

*  Provide wide range of
benefits

* Represent potential
source of renewable Forest biomass
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Forest-based biomass

Forest-based hiomass

I

v v v v Y
Wood processing Fast grown Construction and Trees killed by
residues plantations demolition wastes disturbances

Logging residues SllVlguIturaI Sawdust
residues .
Shavings
Bark
Hogfuel
Wood chips

Forest residues

o None- merchantable
stems

o Tops

o Branches

= Can be used in a wide range of application to produce bioenergy and
biofuels
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Benefits of using forest-based biomass

= |mprove the air quality by reducing the emissions from burning them at the
roadside or at the mills

= Decrease waste

= Save landfill spaces

= Diminish fire risks by collecting residues after the thinning operations
= Provide a new stream of revenue for forest companies

= Create job opportunities in forest dependent communities

= Generate renewable energy to reduce dependency on fossil fuels

Harvesting residues Sawmill residues
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Challenges of using forest-based biomass

= Bulky material with low heating
value and high moisture content

= Large amount has to be delivered
to a conversion plant on a regular
basis — sourcing a very important
activity

= Variability in supply amount and
quality

= High transportation and logistics

costs — 20-40% of total delivery
cost

= Competition for fiber from other
potential users
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Forest and wood residues supply chain

a) Supply chain entities
Suppliers
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: Wood processing | g -
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! Forests . . acilities Wood |
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I N Pulp & paper | / Supply chain complexities
i ~o y mills : /‘/
| S~ Forest residues '___:‘,/‘/
I __________________ I
e e i * Interdependency among forest sectors
b) Upstream and downstream supply chain processes o Competing demand
SO UPSLIEaM . o2 @ Variability in supply quality and quantity
r ————P Pre-processing -————————— 1 N Storage
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F 3 i ! * Reliable and cost efficient ly of
orest-based Conversion to heat/ | ) ellable and cost erficient supply o
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Supply chain decisions

S S /

Location, capacity and number of conversion,
storage and pre-processing facilities

Production planning, inventory
control, logistics management

Vehicle scheduling
and routing
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Single objective models
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Application Examples Remarks

Bioenergy Frombo et al. (2009a,b), Freppazetal. |* Focused on heat and/or
(2004), Schmidt et al. (2010). power.

Biofuels Eksioglu et al. (2009), Kim et al. ( 2011), | = Mainly focused on
Leduc et al. (2008), Natarajan et al. bioethanol from agricultural
(2014), Parker et al. (2010), You et al. biomass.
(2012).

Bioenergy & Tittmann et al. (2010), Feng et al. * No interaction among

biofuels (2010). technologies

* Most models focused on either bioenergy or biofuel production separately.

* Multi-product models assumed no interaction among co-located plants.

e Strategic decisions based on average annual values (no supply and demand
variation from year to year).

* The objective function was was to minimize cost or maximize profit of the supply
chain.
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Multi-objective models

Type of objectives Studies Remarks
Economic & Kanzian et al. (2013), * Focused on either bioenergy or
environmental Pérez-Fortes et al. (2014), biofuels.
You and Wang (2011), * Environmental objective was to
Santibafez-Aguilar et al. minimize GHG emissions,
(2011), Yue et al. (2013). environmental footprints or LCA
indicators.
Economic, Santibafiez-Aguilar et al. |+ Social objectives were to minimize
environmental & (2014), You et al. (2012), land converted from food to energy, or
social Yue et al. (2014), Culek et maximize job creation.
al. (2012).

* Most models focused on either bioenergy or biofuel production separately.
* Job creation objectives used multipliers and assumed same level of impact
for all of jobs in all locations.
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Case study: Williams Lake Timber Supply Area
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Case study: Williams Lake Timber Supply Area

(TSA).

& Anahim Lake

KPopulation: 300

* Lots of biomass

* Current sawmill owned by
First Nation (West Chilcotin
Forest Products)

* Local electricity: diesel
generators

* Interested in bio-energy
and new products (e.g.
pyrolysis, pellets)
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Population: 100 \

Current sawmill owned by
First Nation (River West
Forest Products)

50% of electricity: diesel
generators

Interested in bio-energy
and new products (e.g.
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[+ Population: 12,000 \

* Has lumber, plywood,
veneer, pellet mills

* Largest wood biomass
power plant in North
America

* Limited availability of low
cost logging residues

* Interested in district heat

* Potential for pellet mill

e M expansion /

I Private Lands or Indian Reserves

Parks, Ecological Reserves

\V

TFL, Community Forests or Woodlots

Timber Harvesting Land Base
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Case study

Williams Lake TSA

Williams Lake

Anahim Lake

Chilcotin
Forest District Alexis Gye ek *

< Central Caribuo
Forest District

Hanceville

End use of products

e Pellets — coal cofiring

* Bio-oil —industrial heating

* Electricity — replace diesel and BC grid

* Heat —replace heating oil and natural gas

“Forestry 13

Supply chain alternatives

3 plant locations

4 feedstock types

MPB logs, logging residues, wood chips,
hog fuel

1595 Biomass sources

1592 forest blocks, 3 sawmills

23 technologies/sizes

Combustion, gasification, pyrolysis, pellets
4 products

Electricity, heat, bio-oil, pellets

4 markets

Including biofuel export

20 time periods
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Supply chain design problem

o J——
SOURCES AND
BIOMASS TYPES LOCATIONS AND TECHNOLOGIES PRODUCTS AND MARKETS
: Candidate locations 1...j
Supply site 1 andidate locations j
Biomass type 1
E Bioenergy @ at
Binmass type £ > Technology 1 (EETECECETRTTEELEEEEEE = location 7
ar o Biofuel 1 to marlet 1 |
. I

Supply site A4 | :

Biomass type 1 - Technology 8 ———|—— i _
: — Le== Biofuel s to market rre |
Biomass type £
Currently used energy sources
atlocation #
Multiple periods of tune #
Net Present Value GHG emission savings Social Benefit
% (CO;-equivalents) (Jobs created * impact level based
on type and location)
— DBiomass flow s=espp  Binenergy flow = =p EBiofuel flow —p  External energy flow
- Indus’mal
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Optimization constraints

Amount of biomass available
Beiit < Bri feFiel,LteT . .
i€l fije < Pri, ¥ is restricted per type, source
and period

All biomass must be used within the

el Bf,l,ijt - Z]eL Uf’j’l’t VIEFjEJLtET same period (year)

Pojle = Z(ngfl X Ugii )VNEN,jEJLIELLET

Production yield per
feF

product, technology
Be and biomass type

fel
Pn]lt = Yln XQjt VneN,je]lel,teT Maximum capacity of
each technology
PO]]tSY XQ]]t VOEO]E]]ELteT (output capacity)

=Fore restry . 4}= e
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Optimization constraints

Bf . .
Z S njmt < Z Prjit VIELNENLET Flow conservation,
meM products generated vs.
Be Ext Be,Conv Be sold and used
SU,j,t + SU,j,t S Z PD],lt V 0 E 0 ] E ] t E T
1EL
BfMin BfMax
Mn,m,t stn]mt—nnmt VnENmMEMLET pemand for biofuels
€l and bioenergy per type,
ng‘]”f““ SE?’tEXt < ng‘ﬂ/{ax VoeO,je],teT market and period

Energy requirements

can be met by
Z Z(d)g?llw x Ugjie) = Eftconv + ES‘;"E" Vo€O0,je],teT generated bioenergy
feF 1er and currently used
sources

Plants must remain installed

1+ 2> Qi1vq VI ELjJEJLET . . .
Qjrt = Qjre-1 j€] over entire planning horizon

+ Non-negativity and binary constraints

=Forestry =
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Economic objective function

Maximize the NPV: .
NPV = Z Total revenue; — Total cost
(1 + O()t_l ( t t)
Where:
Revenue from biofuels Revenue from bioenergy
Be Ext
Total revenue, = 7 7 7 (ant XS ]mt) +Z Z pc,]t Sojt ) VteT
neN je] meM 0€0 jgj
Total costy Biomass procurement and transportation costs
Tra Bm
DD WAL LA +ZZZ T X Biiie)
o feF i€l jegj feF i€l jegj
D8
S 2 oe Tra Bf Fix Var
TS S et 1> o+ T ot o,
m 2 ° neN meM jej IEL j€) feF jeJ IeL
© Fixed and variable operating costs

E
DN Ecﬁ’,‘t"’) (€T Energy costs

~ 0€0 j€] -
T B industrial
=Forestry 17 4}- aner
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Life cycle GHG analysis

System boundaries - Base case scenario

Logs to external Lumber and other
markets primary products
A
Logs to Wood residues '
- local mills Log Forest product to disposal - -
Harvesting —> . I . . —»| Disposal of wood residues
transportation mill operation
Energy generation
Forest with currently used [ Energy
residues to sources at location j
disposal
3 . Production and end
Disposal of forest
] use of currently used [ Energy
residues
fuels at market m

O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Quantified CO2 emissions of 17 unit processes in base case scenario.
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Life cycle GHG analysis

| B - I
System boundaries — Forest-based biomass supply chain scenario
Logs to external Lumber and other
markets primary products
.............................. e S e
Harvesting local mills R Log . N Fo.rest prod.uct to disposal | Disposal of wood residues
transportation mill operation
. Energy generation
Wooq res.ldues c with currently used
to biorefinery nergy l— sources at location j Energy
Forest l
residues to | Biomass pre- Biomass conversion
biorefinery‘ treatment Biomass N Technology 1 Bloenergy
Forest and/or transportation : :IBioenergy
residues to collection Technology / Biofuels
disposal |
Disposal of forest Biofuel transportation
residues ]

Biofuel end use
Quantified CO, emissions of 12 additional unit :
. . : Production and end use
processes in forest-based supply chain scenario. | of currently used fuels
at market m

Energyé

_— —

IndusTnaI
.orestrl’. .......................................................................................................................................................... R [ Re;mﬂn
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Environmental objective function

Maximize the GHG emission savings:
GHG emission savings = Avoided GHG — Forest biomass supply chain GHG

Where:
Avoided GHG Energy substitution Fuel substitution
L Energy Be,Ext Fuel Bf
DN CHEELTDEDIIPWNC L AL
0€0 €] €T €N ,,EM €] €T
+7777 ( Disp o Bfijt) Diversion of biomass
e from disposal as waste
(EF €l €] €T
Forest biomass supply chain GHG Biomass production and transportation
Tra,Bm
=, 2.2 2 (e X Brased + 0, 0 0 ) (efii ™ * Bruse)
fEF i€l jE] t€T fEP' i€l jEJ tET
Biofuel Tra,Bf Bf conv )
cansporaion 2, 2, 2 2 (enim X Sufme) + 0, 0, >, ) (e x Urjue)
neN jeEJ] meM teT fEF jeJ leL teT

Energy Conv | _ Conversion
4 E E E X Eo} ¢ ) Energy used in conversion
0€O0 jE] tET

“Forestry 4}= s
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Social benefit of job creation in BC

Different regions: Different occupations:
different forest vulnerability levels different unemployment rates

Vulnerability
level

Logging Machinery Operator 26.4%
Chainsaw & Skidder Operator
Silviculture & Forestry Worker
Forestry & Logging labourer
Forestry T& T

Heavy Equipment Operator
Drillers & Blasters

Truck Driver

All Occupations

Supervisor, Forestry & Logging
Tugboat Captain

Ind. Eng. and Mfg T& T
Supervisor, HEO

Pulp Mill Operator

Supevisor, Forest Products...
Helicopter Pilot

Primary Production Manager
Millwright

Heavy Duty Mechanic
Construction Manager

Master Mechanic

Forestry Professional

(LMl Insight and R.A. Malatest & Associates Ltd, 2013)

Xv,j = Forest vulnerability index;* Average unemployment rate,

Fcrest_ry - 4}='E";§enjg§e.'ng
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Social objective function

Social benefit Maximize the social benefit:

z Hourl
= Z Z ( HoursBm + Hours, ;"> + Hours, 7" + H oursc‘}m“r) X Xv, j)
VEV jE]

Social benefit factor
Where: (job class v at location j)

Hours Z ZZ(vaI X Bfll f) VveVl,je] Hours of work for biomass production
fEF i€l teT

Conv,Hourly __ Conv,Hourly _ .
Hours,, ; - Z Z Z( X Uf'l'l'f) VVEV.JEJ ours of wage work

fEF LEL teT for conversion
Conv,Salary __ Conv,Salary
Hou'r‘s v,J - ZZ( X Qj,lt) VvelV,je] Hours of salaried work
lEL teT for conversion plants
Constr Constr
Hours,; —Z Z(Q}lt —Qjie- 1) VVvEV,J€J]  Hours of work for
lEL teT plant construction

NOTE: Transportation-related jobs are estimated by the model, but are not considered within the
social objectlve funct|on to be maximized.

B Industrial
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Solution for single objectives

-
S e

Maximum NPV Maximum GHG Maximum social

emission savings benefit
NPV 550 M$ 424 M$ 330 M$
GHG emission 267MtCO,-eq 6.84MtCO,-eq 6.79 M1tCO,-eq
savings
Social benefit 13 M points 36 M points 43 M points
(created jobs) (82 jobs) (203 jobs) (238 jobs)

#Forestry . F'ﬁ"g‘éini,%é‘r"'ng
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Peletplant 45000 tyear period 1 perod 1
Pyrolysis plan, 400 oddcay perod 1
“Biomass boler (neaton), 2MW perod 1
Peletplant 15000 tyear perod 1
Peletplant 45000 tyear period 1 perod 1
Pyrolysis plan, 400 oddcay period peron 1

“Forestry
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NPV (M S)

Multi-objective optimization of case study

600

500

400

300

200

100

a) NPV vs GHG emission savings
(varying social benefit levels)

0

Y
1 Maximum %
NPV
Maximum GHG L =
emission savings s
I >
o
2
| Maximum

social benefit

0.0 1.0 2.0 3.0 40 50 6.0
GHG emission savings (M t CO2 eq)

0-60% of max SOC

60-70% of max SOC
A 70-80% of max SOC
+ 80-90% of max SOC
® 90-100% of max SOC
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b) NPV vs social benefit
(varying GHG emission saving levels)

T Maximum

NPV =

> ® s

- [ 2N J c
. X} (]

Maximum GHG e ®_=°

emission savings /‘,@ 8

. o
[7,]
Maximum §
- social benefit £
5
S
[T
i [5)
xX

0% 20% 40% 60% 80% 100%

% of Maximum social benefit

0-60% of max GHG emission savings

60-70% of max GHG emission savings
A 70-80% of max GHG emission savings
+ 80-90% of max GHG emission savings
® 90-100% of max GHG emission savings
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c) Social benefit vs GHG emission
saving (varying NPV levels)

i A
Maximum

7 social benefit
- .aﬁ‘
l 9 g?
o:z‘ b
".. Maxmum GHG
emission

] °
"‘. savings

b F

i Maximum
NPV

0.0 1.0 20 3.0 40 50 6.0 7.0
GHG emission savings (M t CO2 eq)

0-60% of max NPV
60-70% of max NPV
A 70-80% of max NPV
+ 80-90% of max NPV
@ 90-100% of max NPV
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Conclusions

* Developed optimization model for forest-based biomass supply
chains with economic, environmental and social objectives

* Bio-oil seems most profitable option but its market is incipient.
* Bioenergy in off-grid communities is advisable.

* Pellets generate large GHG savings but low NVP.

* Trade-off between NPV and social/environmental benefit.

 Decision makers can choose the best solution based on their
preferences.
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