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‘ Context

= Mine Planning Context

= Main Process: Material Transport
» Predominate > TRUCKS

= Qverall Operational Cost Increase

» Material Transport Cost Increase
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Road & Dump
~ Maintenance

_ Engineering

_ Drilling
Material - M%
Transport -
46%

_ Blasting

_ Loading
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. Context

More
Material

Declining Ore Grades
Lead = 7% to 3.5% within 30 years

Increasing Stripping Ratios
Gold - 1:1 to 1:3 within 30 years

On Longer _|

Distances Increasing Mineralisation Depth

Increasing Labour Cost

At Australia = increase of about 40% within 10 year

Increased

Cost Governmental Cost Burdens

Canada (BC) = Carbon Tax — 30$/tonne

EELIKE

—
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Belt Conveyors

\ 4

Requires Crushing

\ 4

In-Pit Crushing and
Conveying Systems




In-Pit Crushing and Conveying System

————————————————————————— IN PIT AREA ~—-—=-mmmmmmmem S S EX PIT AREA ——

Discontinuous
Feed System

Discontinuous Part Continuous Part
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' Semi-Mobile In-Pit Crushing and Conveying System (SMIPCC)

Intermitted Truck
Haulage

Loading

Crushing Conveying Discharge

Discontinuous Part Continuous Part
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. Problem Statement

= |[PCC Systems not a Novelty

= Some failed to live up to
« Capacity &
» Cost Expectations
= Unsuitable Methods neglect

 Variance

 Disturbances
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Develop a structured
method to estimate
Crushing SMIPCC systems scharge
Objective -~ . capacity under
consideration of the
random behaviour of
system elements
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“ Random Behaviour of System Elements

» Fluctuation of operational process time

= Random variables W T T
: Distribution:
L E Normal (13.8, 1.5)
= Described by PDF wl =
= : \'\.
= Statistic Analysis based on § ol
o
g | i
 Time studies I 7 5
zu_ i
« Data sets [ K |\
o 08 I\"‘H =
10 12 14 16 18
Travel time [min]
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‘ Random Behaviour of System Elements - Results

Random behaviour of system elements

Bucket Cycle ‘ Repair Time -

) —> Gamma —» Exponential
Time - £}, tp
e Y Y
Bucket Work Time - .
— —> Normal — —» Exponential
Payload - Cj, tyw
U——
Truck F > R ir Rati w = tr
Payload - ¢t > F(n, CTrmax cL) » epalr Ratio - = twr
MN— 7
p
Truck Loading F
Time- L}, (R, €74, €1) - non-dimensional
para meter
| | Truck Travel Normal - Measure of disturbance
Time - L1 ' frequency
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“ SMIPCC System Capacity Model

Hourly Loader

Capacity Cy
Annual System .
| Capacity Cs HCS = Cp " toe
Effective
Operating Time -

Loader g,
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' - Hourly Loader Capacity C;

Mean Truck fe,(x) = Z(p(x;nucL,aEL ](1—¢(C
Payload Cr n=1

v

Hourly Loader . 3600
Capacity Cj C,=cr —

A
o~
h
(=)

Truck Loading

@)= ), 0Cinad, e, i, /o7,) - |0 (LmesTte
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“ . Hourly Loader Capacity - C;

Deterministic Approach = Example:

 Bucket Payload ¢y = 50t

g, _ 165
¢, 50t

=

« Bucket Cycle Time t; = 25s

 Maximum Payload of Truck ¢4 = 165t

cr = N-¢, =3-50t = 150t

f,,=N-f, =3-25s="175s
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¢, ~N(50,102)

N =2.85

cr = 139. 4t

£, = 71.3s

Probability

probability
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Bucket Payload
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. Hourly Loader Capacity - C;

Stochastic Approach

Probability
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Number of Bucket Cycles
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0 . Hourly Loader Capacity - C;

Deterministic Approach

3600

C; = 150t -
L 75s

C, = 7,200t/h

2017 SME Annual Conference a

Stochastic Approach

C, = 139.4t 5600
L= Y 71.3s

C, = 7,038t/h

nd Expo, 20t February 2017, Denver

A 4

A, = 162t/h

A
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Time Usage Model
= Structures time quantities

= Establishes logical relations

(1) (2) (3) (4) )"
0. —

EPSN Effective Operating Time g,

€ A+v+{+D+A+v+xu

Simulation Model for ¢
= Stochastic simulation model
= Written in VBA
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Unplanned
Downtime

@

tDu

tDu:tOIH

repair ratio

Calendar
Time te
Ope_rallng Downtime
Time t ’t—
° D
' |
g;f:r(;ttli?g Operating Planned
Time |toe Delay |, . Downtime |,
M Self-induced
£(E)
od
S _, .
tog = toe € | system- |
. induced | ()
system delay ratio —T tos
Mot proporiicnal to [ Proportional to 2 Proportional to Effective
(Effective) Operating Time /A Operating Time /% Operating Time
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= Based on a Clermont coal mine

= SMIPCC system setup:

P&H4100 — Komatsu 930 — Crusher Station

— 6 Conveyor flights — Spreader

= Appropriate input values

= C, =9,398t/h




' Case Study

Analysis 1 Results
Various truck '
quantities
= (gtasng?
Analysis 2 I
Economic analysis i = Diminishing marginal
2 3 4 5 5 7 8 9

Analyses

R 8 & &8 &

.y
(i}

SMIPCC Capacity [Mt/a]
3 ]

(4]

0 1 12 13 14
Number of Trucks

Analysis 3 returns

Sensitivity analysis -
30

= Limit at 41.5 Mt
Analysis 4
Stockpile £ %2

L " {glasng?
AnaIySiS5 0'01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Compal"iSOn Number of Trucks u ZT T aS nT T

——— System Delay Ratio Loader —— System Delay Ratio Truck
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“ Case Study - Analyses

Analysis 1

Various truck

quantities _ 45 10 Results
w
%‘ 40 = 09
Analysis 2 5 3 il = Cost t
: g & ost per tonne
Economic analysis % .
K 25 - £
= . 05 2 approach a
. = 04 &
AnalyS|S3 E 15 s B L.
e s . & S
Sensitivity analysis 8 10 02 minimum
(=]
S 5 0.1
&
s 0 ]
: & 2 3 4 5 6 7 8 9 10 11 12 13 14 n @ 6 Trucks
AnalySIS 4 ——SMIPCC Capacity| 13.5 19.7 255 30.9 356 386 402 408 411 413 414 414 415
Stockpile Total OPEX 11.6 150 183 215 245 27.0 289 304 319 332 345 359 37.1
-Cost perTonne | 0.85 076 072 070 069 070 072 075 078 080 083 087 089 .
Number of Trucks u Wlth 0-69 $/t

Analysis 5

Comparison

= At about 37Mt/a
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“ Case Study - Analyses

Analysis 1

Various truck _ =% Results

quantities :

Analysis 2 - » Linear relation

Economic analysis

between C¢ and
MRT

Capacity [%]

Analysis 3

Sensitivity analysis

Relative Change of SMIPCC system

= Cs1asMRT]

Analysis 4 % Sy
Stockpile o
-12% u '30% MRT|PCC
Relative Change of MTR [%]
AnaIyS|S 5 ——Loader ——Truck - IPCC (continuous part) 9 +1 1 % CS
Comparison
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' Case Study - Analyses

IIIIIII Results
AnalysisZ I I I Cs 1 as Cseock 1

Economic anaIySiS 725- 2,000 4,000 6,000 8000 10,000 12000 14000 16000 18,000

Base

Case n CS T by 5Mt

Stockpile Capacity [t]

Analysis 3 @18,000t

Analysis 1

Various truck
quantities

SMIPCC System Capacity [Mt/a]
BEERYLEREEEES
| |

o
b4

Sensitivity analysis 0.69

%2: = Diminishing marginal
Analysis 4 g oso t
Stockpile 2 oes returns

3

ot
o
w

=  Cost reduction to

o
[

Analysis 5
725- 2,000 4,000 6000 8000 10,000 12,000 14,000 16,000 18,000

Comparison e base case -4.6¢/t
Stockpile Capacity [t]
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“ Case Study - Analyses

Analysis 1 12 00 |, "

Variotgtg truck ssumption
uantitues .

i b 025% |a  Truck travel time

Analysis 2 1.0 0.20 increased by 2.5

Economic analysis

015 ¢ |Results

Cost per Tonne [$/t]
o
w

Cost per Tonne Diffrence [$/t]

AnalyS|S 3 0.8 0.10 u OPEXIPCC < OPEXT&S

Sensitivity analysis - 505 A=0.14 — 0. 22$/t
; 0.6 0.00

AnalySIS 4 0 5 10 15 20 25 30 35 40 45 50 55

Stockpile Annual System Capacity [Mt/a]

—S8MIPCC System —T&S System —Cost Diffrence

Analysis 5

Comparison
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‘ Summary

1

2017 SME Al

. Quantification of disturbance parameters

Development of a stochastic hourly loader capacity method

Structured Time Usage Model specific to IPCC

Stochastic simulation model for system delay ratio

Descriptive conclusions to lay out new SMIPCC systems

nnual Conference and Expo, 20t February 2017, Denver
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Clermont Coal Mine

Doctoral Thesis Defence by Robert Ritter, 1st November 2016, Freiberg

Transitions:

Start of operation: 2010

1. FMIPCC to SMIPCC (inpit) — right after start
2. SMIPCC (inpit) to SMIPCC (expit) — Mar.2012
3. Stop of operation — Oct. 2015

3% - 0%
& Breakdown - Mechanical 5% — |

= Dperational r ‘

1% 4

= Breakdown - Blectrical
# Equipment Protection Trips

= Dperational Trips

m Accident Damage

1888 — 445
17%
u Inspection - Operations .

19%



Clermont

Operating Delay — System Induced Operating Delay

® Mo Feed - Limited Suitable Material

s Mo Feed - Mo Suitable Material

33%. —

= Mo Feed - Upstream Operational
Delay

» Mo Feed - Upstream Shift Change

8%

el

1%
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Clermont Coal Mine

Doctoral Thesis Defence by Robert Ritter, 1st November 2016, Freiberg
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Clermont Unplanned Downtime Breakdown

m Bek Rip
m Loose
8 Breakdown - Mechanical m Collapsed
= Operational =W
m Seized
m Breakdown - Blectrical
m Cracked
# Equipment Protection Trips ST
m Cut

= Dperational Trips

& : Owver Heatin
s Inspection - Operations = .

= Slipping

= Accident Damage _
= Moisy

19%

Leaking or Ruptured or
Burst
Distorted or Bent
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Clermont Unplanned Downtime Breakdown

3% 0%
8 Breskdown - Mechanical 5% —, |_
= Dperational ‘ ® Clearing Blockage
- 11% —
= Breakdown - Blectrical = Cleaning Spillage or Build-up
# Equipment Protection Trips S A0
» Rock-Breaking
= Dperational Trips 175
u Inspection - Operations  Tensioning
m Accident Damage -

19%
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Clermont Unplanned Downtime Breakdown

8 Breakdown - Mechanical

= Dperational

m Breakdown - Blectrical

# Equipment Protection Trips

= Dperational Trips

s Inspection - Operations

m Accident Damage

mm—ﬁiijhfﬂ%

11% —

17%

1888

) -\

19%

- 44%

= Comms Failure

= Postion or Travel Fault

= Earth Fault

= PLC Fault

m Sensor Fault

u Unidentified Bectrical Trip

= Alarm

= Open Crouit
Over-Voltage or Under-
Voltage

Short Circuit

Over Current or Overload
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Clermont Unplanned Downtime Breakdown

8 Breakdown - Mechanical = Belt Drift

3% - 0%
5% ar
= Operational ‘ = High Temperature
= Metal Detected

m Breakdown - Blectrical ot s
= Anti-Collision

= Equipment Protection Trips 1888 “_ g4qu = Overloador
o
_ _ - Underspesa
= Dperational Trips 175
« Blocked Chute
s Inspection - Operations Probe
Timed Out
m Accident Damage - Low Bir Lewel
15% Overspeed
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Clermont
Technological Downtime

m [rack shift

= Blasting

= Travelling Equipment
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Description of System Capacity
random behaviour of Determination
system elements Model

Hourly Time

Operational Disturbance Loader Usage
Capacity Model

Literature Review & Site Data Analysis

2017 SME Annual Conference and Expo, 20t February 2017, Denver

Simulation
Model




‘ Critical Discussion of Results

2017 SME Al

Work Time Distribution

Alteration of Truck Allocation

Preventative Maintenance for Trucks

Trucks in Reserve

Increasing Truck Travel Times

nnual Conference and Expo, 20t February 2017, Denver
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10/10/20 Truck Loading Policy

Productivity Durabdily “No more than 10% of
payloads may exceed 1.1

times the target payload
and no single payload shall
ever exceed 1.2 times the
target payload”

MNO
Loads

35



Random Disturbance Behaviour of System Elements

Equipment type Mean Repair Time [min] Mean Work Time [min] Repair Ratio

Loader

cable shovel 132.7 790 0.17
hydraulic excavator 288.1 1,991 0.157
Trucks 296.7 963 0.128
Crusher 33.1 458 0.117
Spreader 52.1 1,147 0.059

Conveyor
shiftable 32.7 2,162 0.019
relocatable 31.8 5,834 0.012

fix 21 20,780 0.007




Simulation Model

» Goal - system delay ratio ¢

= \VBAin Excel

» Simulation Model Description

Initialization

Disturbance Check

Truck Loop

Loader Queue Procedure
Loading Procedure

Travel Procedure

Crusher Queue Procedure
Truck Discharge Procedure

Read Primary
Input Parameter

Calculate Secondary
Input Marameter

For Simulation=1 to
Taotal Simulations

h 4

For Clock=U fo
AvailableShiftsperYear'ShiftLenght

Loader
Disturbance
Check

IPCC
Disturbance

Check

4./ Fur Truck—1 (o Tulal buck numkber \

Truck
Disturbance
Check

Loading
Procedure

Loaded
Trave
Crocedure

Crusher
Queue
Procedurs

Truck
Discharge
Procedurg,

Unloaded Trave
Procedure

'q Mext Truck ’

Next Clock <

Store Simulation
Observations

_~°  Store Simulation
P Observations

Print Final Simulation

4\ Next Simulation H

Qutputs @




Number of Bucket Cycles - Formular

pp=P(WN =n) =P(c;™ <cr,,, <)

= P(CT(n) = CTmax) o P(CT(n+1) < CTmax)

CTmax - (n + 1):uCL

1
—p (CT(n) ~ Mo, _ Clinax ~ n“q) e (CT(n+ ) — (n+ Dy, <

Vno,, —  +/no, vn + 1o,

_ ¢ CTmax_nI"l'CL _ ¢ CTmax_(n-l-l)”CL
Vnoc, Vn+loc,

vn + 1o,

|
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Truck Payload — Equations |

Based on the above it is now possible to describe the distribution function F;, (x) of the

truck payload. Itis clear that ¢, < x < ¢ . F. (x) can be expressed as

Where F¢,y=, (%) is the distribution function F. (x) under the condition that n passes
are handled and under the consideration of the truck payload policy.

Using

P < x,N =n)
Pn

FCT|N=n(x) = P(C;n) < x|N = n) =

P < x,c™ < cr, . <cr

Pn

P(C,I(_,n) S x, CTmax < CT

Pn
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Truck Payload — Equations Il

It can be seen that

1
F. (x)= z P < x, Ty < A

n=1
[o'e) X oo
= Z f j @ (x; e, , noE )P (V; g, , 0 )dxdy
n=1-co CTmax™*
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Truck Payload — Equations Il

Practically, the sum of ¢; only extends over a few n (usually between 2 and 7 bucket
cycles). In particular, for a sufficiently large ¢ . Therefore, the probability density

function of ¢y can be derived as the following holds

[oe]

cr — X~ U
Z go(x; nuCL,UCZL)‘ (1 — @ < max - L)) .

n=1 L

for () =

Thus the mean and variance of Cr can be written as

CTmax

— c =X —
Cr = f xZ q:;v(x;'nJuCL,cICZL (1 - cp( T max NCL)) dx
n=1 O-CL

0

ST max

C - X —
9, = f (x —cr)? z (6 npe,, 02 (1 - <D< Tmax = 'uCL)) dx .
0 n=1 ‘L

octoral Thesis Defence by Robert Ritter, 1st November 2016, Freiberg
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Crusher Type Overview

16,000

14,000 |

12,000 |

Max. Capacity [t/h]

Jaw crusher

100

200

300 400
Material compressive strength [MPa]

700
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Crusher Type Overview

Crusher Jaw Gyratory Roll Crusher Impact Feeder Breaker Sizer Hybrid
Year introduced 1858 1883 1910 1920 1960 1979 2005
Mechanical reduction compression compression  compression, impact, compression, shear, compression
method impact & shear attrition, impact, shear compression
(for single roll) shear

Moisture content [%] =5 =5 =20 =10 =20 =20 =20
Application for high poor - fair poor good poor fair excellent very good
clay materials
Abrasiveness high high low not low low - medium  low - medium

applicable
Fine generation low-medium low-medium low high low-medium low low
Max_capacity [t/h] 1250 10940 14000 4500 6000 12500 12000
Material compressive
strength [MPa] 450 600 150 115 50 200 300
Max. feed size [mm] 1500 1830 1600 3000 1500 2000 2500
Reduction ratio 1:4-1:9 1:3-18 1:5-1:10 1:10-1:50 1:2-14 1:2-14 1:4-16
Design variations single/double Gyratory, Jaw- Single/double Horizontal/ve single/double

toggle type gyratory  roll rtical and roll,

single/double side/centre

shaft
Max. Dimensions height 5400 10800 3500 8100 2000 1800 2000
[mm] length 5200 6450 9700 5500 6500 10100 9300

width 4200 6250 8200 5700 4500 4050 7000

Max. Weight [f] 115 530 230 190 50 190 102
Max. Installed power 400 1200 2000 2800 300 1200 2500
kW]

Schematic




Crusher Type Properties

Crusher selection by capacity [t/h]

0 2000 4000 6000 8000 10000 12000 14000

M7 7777227/ 2772 7 222 444444444444442442424424
rescer Eresker 1AM
Simtory A%,
Wl 7777777272/
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Crusher selection by feed size [mm]
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/722722222 24442
Gl 7772222 i zzz2z244440dddd

Crusher selection by reduction ratio [feed size/product size]

1 15 110 118 1/20 1126 1130 1136 1/40 1/45 1/50
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Hybrid | “
V47
sz 7

Ja

H]

Crusher selection by compressive strength of material [MPa]

0 100 200 300 400 500 600

Roll Crusher ;y///r/y//////////////////’//’///-////jj
Feeder Breaker 7//////%{//
77 /7277477477774

Wl 7777272777 22
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Wl /2222444442242

Wl 77777244




Change of Crusher Types over Decades

140
= Sizer
120
= Jaw crusher
100
= Impact crusher
80
£
g
3 - "
C o Hybrid crusher
40 = Gyratory crusher
L
20 - I = Feeder breaker
0 u Double roll crusher
1960 1970 1980 1990 2000 2010

Decade of Installation



Feed System

Combinations

Shovel/Excavator

e Direct feed
Dragline ;
Dozer

Front end loader

Front end loader in
combination with
mining fruck

N N

— vk Indirect

g

Shovel/Excavator in
combination with
mining truck

Shovel/Excavator i+~ ||
Combination with train )
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Material transport as the main process in mining
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However...
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Increase of Mineralisation Depth
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Increasing Stripping Ratios
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Declining Ore Grades
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Increasing Labour Cost
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Single Side Loading

? ________geh |
1 LY | = -:n: L ﬂ“% i g / a
i ’ . ¥ : e
£ I*"a e
" 1 2 i 1
L Bench | ferch
s e * = ; : ij ==
I \.«r'l- '\-
% '
= 3 4 3

Thwik B Y i (=)

3 4

Figure 4-9 Drive-by method (leff) and modified drive-by method (right)
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‘ Recommendation for further Research

1. Incorporation of the aspects highlighted in the critical discussion
2. Extension of method for heterogeneous truck fleet
3. Extension of method for entire IPCC range

4. Inclusion of multiple periods and Investment cost

2017 SME Annual Conference and Expo, 20t February 2017, Denver

53



