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Abstract 

Azure Dynamics provides electric vehicle powertrain technology to commercial truck fleets in 

North America and Europe.  Azure Dynamics is a firm in distress and fighting for survival, having 

filed for bankruptcy protection in March 2012.  

An analysis of commercial trucking markets reviews factors driving vehicle electrification and 

provides a market segmentation to find segments best suited to Azure’s technology. Porter’s 

Five Forces methodology is used to assess target market attractiveness and to identify key 

success factors. An internal analysis of Azure employs a value chain and a VRIO model to identify 

core competencies. A strategic fit matches firm capabilities to the Differentiation Focus generic 

strategy.  A performance assessment maps Azure’s competitive position within light-duty and 

medium-duty truck market segments. Strategic options emerge from this analysis and are 

evaluated using a Balanced Scorecard. 

From the analysis, the strategic option of selling Azure as a going concern is recommended.  

Ideally, the acquirer would be a firm with deep financial resources and a long-term vision. This 

option provides Azure with enough working capital to let it deal with product gross margin 

issues, and to eliminate use of equity financing to fund operating costs.  

Keywords:  Azure Dynamics; electric vehicle; hybrid vehicle; HEV; PHEV; BEV; battery;  Truck; 

Powertrain; Outsourced Manufacturing; Fleet; Total Cost of Ownership; Incremental Cost; 

Payback; Porter Five Forces; Value Chain; VRIO; Core Competency; Strategic Fit; Generic 

Strategy; Differentiation Focus; Industry Attractiveness; Balanced Scorecard 

 



 

 iv 

Dedication 

 

This thesis is dedicated to the memory of Dr. Tom Richardson, SFU Professor of Kinesiology, who 

was my close friend and mentor.  Tom’s inquisitive nature and passion for learning will continue 

to inspire me for the rest of my life. Tom, you are greatly missed. 



 

 v 

Acknowledgements 

I would like to express my sincere appreciation for my thesis supervisor Dr. Pek-Hooi Soh and my 

second reader Dr. Elicia Maine for their excellent comments and diligence in reviewing my thesis 

drafts. I would also like to thank Dr. Rick Colbourne for his help during the early stages of my 

thesis outline development. 

I would also like to acknowledge the excellent support and encouragement of my project 

sponsors at Azure Dynamics in this endeavour.  I am indebted in particular to Dr. Nigel 

Fitzpatrick, co-founder of Azure Dynamics for providing his expert background knowledge on the 

structure of the electric vehicle industry and the history of Azure Dynamics. My gratitude goes 

to Brad Oldham who helped with the review of my chapter on the value chain and core 

competencies of Azure Dynamics. Special thanks also go to the Azure management team 

including Ron Iacobelli, Stephen Lee, Jim Mancuso, Mike Elwood, and Nicolas Bouchon. 

Last, but not least, I would like to acknowledge the constant support of my dear wife Lesley, 

whose love, patience and encouragement has kept me motivated throughout the program. 

Thanks also go to my daughters Elspeth and Alexis who encouraged this “fifty-something” 

student to pursue my dreams, and to my parents Jim and Aileen who instilled in me a yearning 

for the pursuit of further education and learning. 

 



 

 vi 

Table	of	Contents	

Approval	...............................................................................................................................................	ii 

Abstract	..............................................................................................................................................	iii 

Dedication	...........................................................................................................................................	iv 

Acknowledgements	...........................................................................................................................	v 

Table	of	Contents	..............................................................................................................................	vi 

List	of	Figures.....................................................................................................................................	xi 

List	of	Tables	....................................................................................................................................xiv 

Glossary	.............................................................................................................................................xvi 

1 Introduction	..............................................................................................................................	1 

1.1 Azure Dynamics Corporate Background .................................................................................................. 2 

1.1.1 Company Mission, Vision and Competitive Advantages .................................................. 2 

1.1.2 Existing Product Lines ....................................................................................................................... 4 

1.1.2.1 Balance™ Hybrid Electric Step-Van and Shuttle Bus ............................................. 5 

1.1.2.2 Transit Connect Electric (TCE) Light-Duty Panel Van .......................................... 6 
1.1.2.3 Force Drive™ electric vehicle systems and components ................................... 7 

1.1.3 Corporate Structure ............................................................................................................................ 8 

1.1.4 Azure Dynamics History ................................................................................................................... 9 

1.2 Project Objectives ...............................................................................................................................................12 

1.3 Structure of the Report ....................................................................................................................................12 

EXTERNAL	ANALYSIS	.....................................................................................................................	15 

2 Commercial	Hybrid	and	Electric	Vehicle	Markets:	Opportunities	and	

Market	Drivers	................................................................................................................................	15 

2.1 Macro-Economic Drivers for Vehicle Electrification ........................................................................15 

2.1.1 Energy Security Consequences of Oil Dependency ..........................................................15 

2.1.2 Reduced Emissions for Environmental Sustainability ...................................................17 

2.2 Enabling Technology – Alternative Vehicle Powertrain Options ..............................................19 

2.3 Commercial Vehicles Expected To Lead Electrification .................................................................21 

2.4 Market Drivers for Adoption of “Green” Commercial Truck Fleets ..........................................23 

2.5 Market Challenges for Adoption of “Green” Commercial Truck Fleets ..................................26 

2.6 Commercial Truck Market Segmentation ..............................................................................................28 

2.6.1 Segmentation by Duty Class of Vehicle ...................................................................................29 

2.6.2 Segmentation by Application .......................................................................................................30 

2.6.3 Segmentation by Vehicle Utilization ........................................................................................31 

2.6.4 Segmentation by Geographic Region .......................................................................................33 

2.6.5 Segmentation by Fleet Size ...........................................................................................................33 

2.6.6 Segmentation by Sector ..................................................................................................................35 

2.7 Value Proposition for Fleet Owners ..........................................................................................................36 



 

 vii 

2.7.1 Cost model for TCO and Payback Period analysis by market segment ..................36 

2.7.1.1 TCO and Payback Model Scenarios ...............................................................................36 

2.7.1.2 Analysis of TCO and Payback Model Findings ........................................................37 

2.8 North American and European Fleet Adoption Scenarios and Market 
Penetration of EV and HEV Technology ..................................................................................................39 

2.9 Supply Chain - Components, Powertrain Systems, and Vehicles ...............................................41 

3 Attractiveness of the Commercial Electric Vehicle Industry..................................... 43 

3.1 Competition in the Commercial Electric Vehicle Industry ............................................................43 

3.1.1 Light-duty Commercial Vehicle (LCV) Competitors .........................................................46 

3.1.2 Heavy-duty Commercial Vehicle (HCV) Competitors .....................................................48 

3.1.3 Sample Competitor Profiles ..........................................................................................................50 

3.2 Porter 5-Forces Analysis of the North American and European Commercial 
Electric Vehicle Market ....................................................................................................................................55 

3.2.1 Threat of New Entrants...................................................................................................................57 

3.2.2 Threat of Rivalry (Existing Competitors) ..............................................................................60 

3.2.3 Threat of Substitutes ........................................................................................................................62 

3.2.4 Threat of Buyer Power ....................................................................................................................63 

3.2.5 Threat of Supplier Power ...............................................................................................................64 

3.3 Attractiveness of Industry and Key Success Factors ........................................................................65 

3.3.1 Key Success Factors ..........................................................................................................................68 

INTERNAL ANALYSIS ...................................................................................................................... 71 

4 Value Chain and Core Competency Analysis of Azure Dynamics ............................. 71 

4.1 Value Chain - Primary Activities .................................................................................................................72 

4.1.1 Inbound Logistics ...............................................................................................................................74 

4.1.2 Manufacturing and Production ...................................................................................................75 

4.1.3 Outbound Logistics ...........................................................................................................................76 

4.1.4 Sales & Marketing ..............................................................................................................................76 

4.1.5 Service and Support ..........................................................................................................................77 

4.2 Value Chain - Secondary Activities ............................................................................................................78 

4.2.1 Physical Resources and Facilities ..............................................................................................78 

4.2.2 Financial Services...............................................................................................................................79 

4.2.3 Legal Services .......................................................................................................................................79 

4.2.4 Strategic Alliances and Business Development ..................................................................79 

4.2.5 Strategic Relationships....................................................................................................................80 

4.2.6 Key Strategic Relationship with Ford ......................................................................................80 

4.2.7 Quality Systems ...................................................................................................................................81 

4.2.8 Human Resources ..............................................................................................................................82 

4.2.9 Research and Development ..........................................................................................................83 

4.2.9.1 Controls Software ..................................................................................................................84 

4.2.9.2 Power Electronics and Electric Machine Design ...................................................84 

4.2.9.3 Systems Engineering & Vehicle Integration.............................................................84 

4.2.9.4 Intellectual Capital, Patents and Trade Secrets ......................................................85 

4.2.10 Supply Chain Management ............................................................................................................86 

4.2.11 Manufacturing Management ........................................................................................................87 

4.3 Azure Dynamics Core Competencies ........................................................................................................88 



 

 viii  

4.3.1 Core Competency Analysis Using VRIO Framework ........................................................88 

4.3.2 Core Competencies Mapped to Strategic Assets ................................................................92 

5 Financial Performance ........................................................................................................ 94 

5.1 Financial History .................................................................................................................................................94 

5.2 Azure Dynamics Insolvency ....................................................................................................................... 100 

5.2.1 Lack of Available Financing ....................................................................................................... 101 

5.2.2 Sales Shortfall .................................................................................................................................... 102 

5.2.3 Rapid Expansion of Headcount 2010-2011....................................................................... 103 

5.3 Restructuring Efforts ..................................................................................................................................... 104 

5.3.1 December 2011 Cutbacks and Austerity Measures ...................................................... 104 

5.3.2 Attempts to solicit interest from potential buyers or strategic partners .......... 105 

5.3.3 Proposed February 2012 Offering ......................................................................................... 105 

5.3.4 Restructuring During CCAA Proceedings ........................................................................... 106 

6 Strategic Fit Assessment for Azure Dynamics ............................................................. 107 

6.1 Azure Dynamics’ Generic Strategy – Differentiation Focus ....................................................... 107 

6.2 Strategic Fit of Business Model with Generic Strategy................................................................. 109 

6.2.1 Product Strategy .............................................................................................................................. 110 

6.2.2 R&D Expenses ................................................................................................................................... 110 

6.2.3 Corporate Structure ....................................................................................................................... 112 

6.2.4 Decision Making ............................................................................................................................... 112 

6.2.5 Manufacturing................................................................................................................................... 113 

6.2.6 Labour ................................................................................................................................................... 113 

6.2.7 Marketing ............................................................................................................................................ 114 

6.2.8 Risk Profile ......................................................................................................................................... 114 

6.2.9 Capital Structure .............................................................................................................................. 115 

6.3 Overall Assessment of Fit ............................................................................................................................ 115 

7 Analysis of Strategic Alternatives ................................................................................... 117 

7.1 LCV and MCV Market Segment Attractiveness & Azure Dynamics’ Competitive 
Position ................................................................................................................................................................. 118 

7.2 Strategic Options .............................................................................................................................................. 121 

7.2.1 Scenario A - Status Quo ................................................................................................................ 121 

7.2.2 Scenario B - Expand to China with Joint Venture ........................................................... 121 

7.2.3 Scenario C – Invest in new PHEV platform to address utility truck 
applications in MCV Segment ................................................................................................... 122 

7.2.4 Scenario D – Invest in a new BEV full-size van platform to address 
service and delivery applications in LCV segment ........................................................ 123 

7.2.5 Scenario E - Exit Vehicle Products Industry - Focus on ForceDrive 
Components and Services ........................................................................................................... 124 

7.2.6 Scenario F - Sell Firm as a Going Concern .......................................................................... 126 

7.2.7 Scenario G – Liquidation.............................................................................................................. 127 

7.3 Strategic Option Balanced Scorecard Assessment ......................................................................... 128 

7.4 Preferred Strategic Option .......................................................................................................................... 128 



 

 ix 

8 Summary, Recommendations and Conclusions .......................................................... 132 

Appendices ..................................................................................................................................... 134 

Appendix A. Methodology .......................................................................................................................... 134 

Market Segmentation Approach Used in Chapter 2.6 ................................................................... 134 

Value Proposition - Total Cost of Ownership (TCO) method for Chapter 2.7 .................. 135 

Value Proposition - Payback Period method for Chapter 2.7 ................................................... 136 

Appendix B. Background to Alternative Energy Vehicle Types ............................................. 138 

Internal Combustion Engine (ICE) Vehicle ......................................................................................... 138 

Series Hybrid Electric Vehicles (HEV) .................................................................................................. 139 

Parallel Hybrid Electric Vehicle (HEV) ................................................................................................. 140 

Hybrid Hydraulic Vehicles (HHV) ........................................................................................................... 141 

Plug-in Hybrid Electric Vehicles (PHEV) ............................................................................................. 142 

Battery Electric Vehicles (BEV) ................................................................................................................ 143 

Summary Comparison of Powertrain Attributes ............................................................................ 145 

Appendix C. TCO and Payback Model – Scenario Assumptions ............................................. 147 

Incremental Costs of Vehicle Acquisition ............................................................................................ 147 

Battery Cost Scenarios .................................................................................................................................. 148 

Fuel Cost Scenarios ......................................................................................................................................... 149 

Electricity Cost Scenarios ............................................................................................................................ 149 

Maintenance Cost Scenarios ...................................................................................................................... 150 

Vehicle Economy (Fuel and Electricity Consumption) ................................................................. 151 

Vehicle Utilization and Daily Range ....................................................................................................... 152 

Appendix D. Total Cost of Ownership (TCO) By Market Segment ........................................ 154 

TCO for North American LCV Government Segment – Most Likely Scenario ................... 154 

TCO for North American LCV Service Segment – Most Likely Scenario .............................. 154 

TCO for North American MCV Service Segment – Most Likely Scenario ............................ 154 

TCO for North American HCV Service Segment – Most Likely Scenario ............................. 154 

TCO for European LCV Government Segment – Most Likely Scenario ................................ 155 

TCO for European LCV Service Segment – Most Likely Scenario ............................................ 155 

TCO for European MCV Service Segment – Most Likely Scenario .......................................... 155 

TCO for European HCV Service Segment – Most Likely Scenario ........................................... 155 

Appendix E. Payback Analysis – Results by Market Segment ................................................. 156 

Payback Period for North American LCV Government Segment – Most Likely 
Scenario ................................................................................................................................................ 156 

Payback Period for North American LCV Service Segment – Most Likely 
Scenario ................................................................................................................................................ 156 

Payback Period for North American MCV Service Segment – Most Likely 
Scenario ................................................................................................................................................ 156 

Payback Period for North American HCV Service Segment – Most Likely 
Scenario ................................................................................................................................................ 156 

Payback Period for European LCV Government Segment – Most Likely Scenario ........ 157 

Payback Period for European LCV Service Segment – Most Likely Scenario ................... 157 

Payback Period for European MCV Service Segment – Most Likely Scenario .................. 157 

Payback Period for European HCV Service Segment – Most Likely Scenario .................. 157 



 

 x 

Bibliography - Works Cited ........................................................................................................ 158 

Bibliography - Works Consulted .............................................................................................. 161 

 



 

 xi 

List	of	Figures	

Figure 1 - Second Generation Balance Hybrid Powertrain  Cost Reductions Source 
Data: Adapted from internal Azure Dynamic documents .................................................... 3 

Figure 2 - Azure Dynamics Balance Hybrid Electric Delivery Van (as used by 
Purolator)  Source: Azure Dynamics ............................................................................................... 6 

Figure 3 - Azure Dynamics Balance Hybrid Electric Shuttle Bus Source: Azure 
Dynamics ....................................................................................................................................................... 6 

Figure 4 - Azure/Ford Transit Connect Electric light-duty panel van Source: Azure 
Dynamics ....................................................................................................................................................... 7 

Figure 5 - Azure Dynamics Group - Corporate Structure ............................................................................ 8 

Figure 6 - Azure Dynamics Historical Milestones ............................................................................................ 9 

Figure 7 – GDP Growth and Oil Prices, 1970-2009  Data Source: US Transportation 
Energy Data Book: Edition 31 (Davis, Diegel, & Boundy, 2011).....................................16 

Figure 8- Forecast of World Oil Prices to 2035 Data Source: (US EIA, Annual Energy 
Outlook 2011, www.eia.gov/oiaf/aeo) ........................................................................................17 

Figure 9 - World Energy-Related CO2 Emissions 2007-2035 Data Source: (U.S. 
Energy Information Administration, 2010b) ...........................................................................18 

Figure 10 - Comparison of PHEV Greenhouse Gas Emissions by Electric Power 
Source Data Source: (Electric Power Research Institute, 2007) ....................................20 

Figure 11 - Incremental Purchase Prices for HEV and PHEV-30 vehicles – Source: 
(Cleary et al, 2010b) ..............................................................................................................................21 

Figure 12 - Initial Cost Comparison for ICE, HEV and PHEV Cars in 2010 & 2030 Data 
Source: (Cleary et al, 2010a) .............................................................................................................22 

Figure 13 - Fleet Owners Ranking of Primary Factors Driving  Vehicle Acquisition – 
Data Source: (Kar & Randall, 2010)...............................................................................................24 

Figure 14 - Highest Ranking Benefits of Powertrain Technologies, Data Source: (Kar 
& Randall, 2010). .....................................................................................................................................24 

Figure 15 - Commercial Vehicle Segments by Duty Class and Utilization (Miles/Day),  
Source: Adapted from (Electrification Coalition, 2010) .....................................................31 

Figure 16 - Distribution of Light Duty Service Application Fleet Sizes by Average 
Daily Miles Source: Adapted from annual fleet statistics at automotive-
fleet.com .......................................................................................................................................................32 

Figure 17 - Top US Commercial Fleet Sizes 2009  Source: Automotivotive Fleet 
Statistics  automotive-fleet.com ......................................................................................................34 



 

 xii 

Figure 18 - Supply Chain for HEV, PHEV and BEV Commercial Trucks  Source: 
Adapted from (Lowe et al., 2009) ...................................................................................................41 

Figure 19- Strategic Alliances Between Battery Companies and Tier 1 Auto 
Manufacturers and OEMs Source: (Goldman Sachs, 2010) ...............................................42 

Figure 20 - xEV Commercial Electric Vehicle Landscape ..........................................................................45 

Figure 21  The Five Forces Model - Factors Driving Industry Profitability - Source: 
(Porter & Millar, 1985).........................................................................................................................55 

Figure 22 - Graph of Relative Strength of Threat - LCV Segment ..........................................................56 

Figure 23 - Graph of Relative Strength of Threat - MCV Segment .........................................................56 

Figure 24 - Links Between Resources, Capabilities and Competitive Advantage -  
Source:(Grant, 2008) .............................................................................................................................71 

Figure 25 - Azure Dynamics Value Chain – Source: (Porter, 1998b) ...................................................72 

Figure 26 - Azure Dynamics Supply Chain - Balance Hybrid-Electric Product Line....................73 

Figure 27 - Azure Dynamics Supply Chain - Transit Connect Electric Product Line ...................73 

Figure 28 - Azure Dynamics  Burnaby Office ...................................................................................................78 

Figure 29 - Azure Dynamics  Oak Park, MI facility ........................................................................................78 

Figure 30 - Azure Dynamics  Woburn, MA office and plant .....................................................................78 

Figure 31 - Azure Dynamics   Stevenage, England sales/support office ............................................78 

Figure 32 - Azure Dynamics Organization Structure ...................................................................................83 

Figure 33 - Azure Dynamics Core Competencies Using VRIO Framework - Part 1 of 2 ............89 

Figure 34 - Azure Dynamics Core Competencies Using VRIO Framework - Part 2 of 2 ............90 

Figure 35- Core Competencies Mapped to Strategic Assets .....................................................................93 

Figure 36 - Azure Dynamics Operating Losses and Deficit 2007-2011 .............................................94 

Figure 37 - Azure Dynamics - Revenue Growth and Margins 2007-2011 ........................................96 

Figure 38 - Azure Dynamics Cash Flow (Sources and Uses of Capital) 2007-2011 .....................97 

Figure 39 - Azure Dynamics - Share Price History and Market Capitalization 2003-
2012 ...............................................................................................................................................................98 

Figure 40 - Azure Dynamics - Total Shares Outstanding 2003-2012 (millions) ...........................98 

Figure 41 - Azure Dynamics - Assets vs. Debt and Equity 2007-2011 ...............................................99 

Figure 42 - Azure Dynamics 2011 Total Revenue - Guidance Revisions ........................................ 102 

Figure 43 - Azure Dynamics Headcount Expansion 2009-2011 ......................................................... 104 

Figure 44 - Azure Dynamics Generic Strategy .............................................................................................. 108 

Figure 45 - Azure Dynamics Strategic Fit Assessment- Source:(Bukszar, 2009) ...................... 110 

Figure 46 - Azure Dynamics R&D Expenses, Total Expenses and Revenue 2007-2011 ........ 111 

Figure 47 - Performance Assessment - Light-Duty BEV Market Segment ..................................... 119 

Figure 48 - Performance Assessment - Medium-Duty HEV Market Segment .............................. 120 



 

 xiii  

Figure 49 - Evaluation of Azure Dynamics Strategic Options Using Balanced 
Scorecard (part 1 of 2) ...................................................................................................................... 130 

Figure 50 - Evaluation of Azure Dynamics Strategic Options Using Balanced 
Scorecard (part 2 of 2) ...................................................................................................................... 131 

Figure 51 – Cost Components of Total Cost of Ownership (TCO) ...................................................... 136 

Figure 52 - Internal Combustion Engine Powertrain [Source: Adapted from(Ehsani & 
Gao, 2005) ] ............................................................................................................................................. 138 

Figure 53- Series Hybrid Electric Vehicle Powertrain [Source: Adapted from(Ehsani 
& Gao, 2005)] ......................................................................................................................................... 139 

Figure 54 - Parallel Hybrid Electric Vehicle Powertrain [Source: Adapted 
from(Ehsani & Gao, 2005)] ............................................................................................................. 140 

Figure 55 - Parallel Hydraulic Hybrid Vehicle Powertrain [Source: (US Department 
of Energy, 2010)].................................................................................................................................. 141 

Figure 56 - PHEV Battery Discharge Modes Source of Data: (Electrification Coalition, 
2010) .......................................................................................................................................................... 143 

Figure 57 - Battery Electric Vehicle Powertrain [ Source: Adapted from (Ehsani & 
Gao, 2005)] .............................................................................................................................................. 144 

Figure 58 - Powertrain Classification by Degree of Hybridization (Source: Adapted 
from HybridCenter.org) .................................................................................................................... 145 

Figure 59 - US Commercial Electricity Prices 2003-2020 – Source: US Department of 
Energy, Current and Historical Monthly Retail Sales, Revenues and 
Average Revenue (Form EIA-826) .............................................................................................. 150 

  



 

 xiv 

List	of	Tables	

Table 1 - Azure Dynamics Product Customer Matrix .................................................................................... 4 

Table 2 - Chronology of Azure Dynamics Historical Events .....................................................................10 

Table 3 - Commercial Vehicle Classification in North America and Europe ....................................29 

Table 4 – Vehicle Application Classification .....................................................................................................30 

Table 5 - Segment Classifications for TCO and Payback Analysis .........................................................36 

Table 6 – Technology with Lowest TCO Advantage by Segment – North America 
2011-2020 ..................................................................................................................................................37 

Table 7 – Technology with Lowest TCO Advantage by Segment – Europe 2011-2020 .............37 

Table 8 – Technology with Fastest Payback Period by Segment – North America 
2011-2020 ..................................................................................................................................................39 

Table 9 -  Technology with Fastest Payback Period by Segment – Europe 2011-2020.............39 

Table 10 - Competitors to Azure Dynamics for All-Electric BEV Light-duty 
Commercial Vehicles (LCV) ...............................................................................................................46 

Table 11 – Competitors to Azure Dynamics for Class 4-6 Medium-duty (MCV) Hybrid 
and Electric Walk-in Vans ...................................................................................................................47 

Table 12 - Competitors to Azure Dynamics for Class 4-6 Medium-Duty (MCV) Hybrid 
and Electric Cargo Vans, and Shuttle Buses (excluding Walk-in Vans) ......................48 

Table 13 - Competitors for Class 7-8 Heavy Duty (HCV) Hybrid and Electric Trucks  
(outside of Azure Dynamics’ current chosen market segments) ...................................49 

Table 14 - Strength of Forces in LCV and MCV Segments ..........................................................................55 

Table 15 – Barriers to Entry and Threat of New Entrants by Segment  (Scale of 1 to 
5, 1=lowest, 5=highest) ........................................................................................................................57 

Table 16 - Threat of Rivalry Among Existing Competitors by Segment ............................................61 

Table 17 - Threat of Substitutes by Segment ...................................................................................................63 

Table 18 - Threat of Buyer Power by Segment ...............................................................................................64 

Table 19  – Threat of Supplier Power by Segment ........................................................................................64 

Table 20 - ARRA Recovery Act Awards for EV Battery and Component 
Manufacturing...........................................................................................................................................68 

Table 21 - Azure Dynamics Top Ten Customers, Source: AZD Investor Presentation 
3Q2011 .........................................................................................................................................................76 

Table 22 - Azure Dynamics - Employee Head Count by Location .........................................................83 



 

 xv 

Table 23 -  Azure Dynamics Patent Portfolio ...................................................................................................86 

Table 24- Summary of Azure Dynamics Core Competences - Pre- and Post-
Insolvency ...................................................................................................................................................91 

Table 25 - Selected Azure financial data for 2007-2011 (in thousands of Cdn $) ........................96 

Table 26 – Azure Dynamics – Equity Funding and Investment Since Incorporation 
1997-2012 ..................................................................................................................................................97 

Table 27 - Ratio Analysis of Azure Dynamics 2007-2011 ...................................................................... 100 

Table 28 - R&D Spending as a Percentage of Expenses and Revenue .............................................. 111 

Table 29 - Summary of Scenario Options for Azure Dynamics ............................................................ 121 

Table 30 - Summary of Balanced Scorecard Results for Azure Dynamics Strategic 
Options ...................................................................................................................................................... 128 

Table 31 - Bases for Segmenting Industrial Markets (Bonoma and Shapiro Model) ............... 135 

Table 32- Types of Vehicle Powertrains [Source: adapted from (Chan, 2002)] ......................... 146 

Table 33 - Component Requirements by Powertrain Technology .................................................... 147 

Table 34- Fuel Economy Assumptions by Duty Class - North America ........................................... 152 

Table 35 - Fuel Economy Assumptions by Duty Class - Europe .......................................................... 152 

Table 36 - Vehicle Utilization and Range Assumptions - North America ....................................... 152 

Table 37 - Vehicle Utilization and Range Assumptions - Europe ....................................................... 152 

  



 

 xvi 

Glossary 

Term Definition 

AER All Electric Range - The distance in miles or kilometres that a fully-charged PHEV can 

drive before needing to operate its engine 

All-Electric Mode See Charge-Depleting Mode. 

ARRA American Recovery and Reinvestment Act. Economic stimulus legislation enacted by 

the US government in February 2009. The primary objective of the act was to save and 

create jobs in response to the economic recession in the late 2000s. ARRA program 

elements include spending on reduced federal taxes, education, energy, infrastructure, 

health care, and unemployment benefits.  The ARRA program budget was expected to 

be $831 billion USD. See http://www.recovery.gov/About/Pages/The_Act.aspx  

BEV Battery Electric Vehicle - A pure electric vehicle with no auxiliary internal combustion 

engine for propulsion (unlike a PHEV plug-in hybrid). It is propelled by an electric motor 

and uses the chemical energy stored in on-board batteries to power the motor. 

Blended Mode  A mode of operation of a hybrid-electric vehicle involves the simultaneous use of an 

electric motor in conjunction with an internal combustion engine to power the vehicle's 

drivetrain. 

BOM Bill of Materials – A BOM is a list of the constituent parts, components, and sub-

assemblies needed to manufacture a product. Manufacturing companies at various 

stages of a supply chain will use a BOM document to communicate required parts to 

their suppliers. BOM costs are one of three key elements of the cost of goods produced 

in the business. The others are direct labour costs and indirect overhead costs allocated 

to production (supervision, R&D, support, etc.). 

CCAA Companies’ Creditors Arrangement Act – a Canadian legal statute that permits 

insolvent companies to restructure their business while providing short-term relief from 

meeting creditor obligations. The CCAA is similar to US Chapter 11 bankruptcy 

protection laws. See http://laws-lois.justice.gc.ca/eng/acts/C-36/.  

COE Cab Over Engine – Also known as a Cab-over truck, these commercial vehicles are 

typically tractor-trailer rigs in which the cab is located directly above the engine and the 

driver is sitting either atop the front wheels or slightly in-behind.  

Charge-Depleting  

Mode 

EVs and PHEVs operating in charge-depleting mode (also called All-electric mode or EV 

mode) are drawing all motive power and energy from the battery and reducing its state 

of charge. BEVs always operate in charge-depleting mode. PHEVs run in CD mode for the 

duration of the initial All Electric Range portion of the vehicle range when the internal 

combustion engine is not used.   

Charge-

Sustaining  Mode 

HEVs and PHEVs in charge-sustaining mode are supplementing battery power with 

another source of energy, most commonly from an on-board internal combustion 

engine used as a generator. The battery's state of charge is not being reduced. HEVs 

essentially always operate in charge-sustaining mode. 

CV Commercial Vehicle – Refers to vehicles used for business applications, typically trucks 

and vans. CVs can be used by government sector or corporate fleets, but they can also 

be used individually by owner-operators. In the European automotive industry, the term 

Commercial Vehicle is the preferred term to describe vehicles outside of the passenger 

vehicle sector while the term Truck is more commonly applied in North America.  

Drivetrain  Also called a powertrain. a drivetrain is the set of components for transmitting power to 

a vehicle's wheels, including the engine, clutch, torque converter, transmission, 

driveshafts or axle shafts, U-joints, CV-joints, differential and axles. 



 

 xvii  

Term Definition 

Electric Mile  For an electric vehicle, an electric mile is any mile in which the vehicle is propelled by an 

electric motor. For PHEVs or E-REVs, an electric mile is the total miles travelled 

multiplied by the percent of total power provided by electricity from the grid. 

EM Electric Motor - Transforms electrical energy into mechanical energy. In a grid-enabled 

vehicle, the electricity is supplied by the battery. 

E-REV Extended-Range Electric Vehicle - Sometimes called a series plug-in hybrid or a “Range 

Extender”. E-REVs are electric drivetrain vehicles that rely on an electric motor to 

provide power to the drivetrain. The battery pack is supplemented by a generator set 

(powered by an internal combustion engine) to that supplies electricity to the electric 

motor or to the battery before it becomes depleted. The gasoline engine is not used to 

provide mechanical energy to the drivetrain. 

EV Electric Vehicle – a generic term for any type of electrified or grid-connected vehicle 

powered by an electric motor including plug-in hybrids (PHEVs), but it is more commonly 

used to refer to a pure Battery Electric Vehicle (BEV) that is propelled entirely by an 

electric motor without assistance from an internal combustion engine. The power comes 

in the form of current from an on-board storage battery, fuel cell, capacitor, 

photovoltaic array, or generator. 

EV Mode See Charge-Depleting Mode. 

EVMT Electric Vehicle Miles Travelled - The number of miles travelled in Charge-Depleting 

mode (solely on electric power) for a period of 1 year. 

EVSE Electric Vehicle Supply Equipment - The hardware of electric vehicle charging 

infrastructure, including public charging stations and wall- or pole-mounted home 

vehicle chargers or pedestals. 

FCEV Fuel cell electric vehicle – A vehicle that uses hydrogen fuel and an electrochemical fuel 

cell device to provide power to an electric motor. A typical fuel cell reaction requires the 

oxidation of hydrogen (aided by a proton-exchange membrane catalyst) to create 

electricity for the traction motor. The advantage of using a fuel cell is that the only by-

product of the reaction is water. There are no carbon dioxide emissions (assuming that 

the hydrogen is prepared using electrolysis of water rather than by reforming fossil fuels 

such as methanol or natural gas). Lack of hydrogen generation and storage facilities and 

refuelling infrastructure is a major disadvantage. 

Full Hybrid  A type of hybrid electric vehicle (HEV) that has sufficient battery capacity to operate for 

a limited time in all-electric mode while driving at slow speeds. Full hybrids can achieve 

increases in vehicle range of 25 to 40 percent. 

Generator  Converts mechanical energy from an engine into electrical energy. 

GEV  Grid-enabled Vehicle – A battery electric vehicle or plug-in hybrid-electric vehicle that 

can be connected directly into the electric grid to recharge on-board batteries. 

GHG Green-House Gases, Atmospheric gases from a vehicle exhaust such as carbon dioxide 

(CO2) or nitrous oxide (NO2) which permits incoming sunlight to penetrate the earth's 

atmosphere but absorbs the heat that is radiated back from the surface of the earth (the 

greenhouse effect). 

GVW Gross Vehicle Weight - The maximum operating weight of a vehicle including the body, 

engine, chassis frame, fuel, driver, and passengers and cargo load. The term is used to 

categorize commercial vehicles according to various weight classification schemes. 

HCV  Heavy-duty Commercial Vehicle – Any Class 6 to Class 8 heavy-duty truck (such as a 

beverage truck, cement mixer, dump truck, refuse truck, or line haul freight truck) with 

gross vehicle weight (GVW) greater than 19500 lbs. that is used for commercial 
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applications.  

HEV Hybrid Electric Vehicle. HEVs use an electric motor as a secondary power source to 

supplement the primary internal combustion engine power source. Both power sources 

are connected to the drivetrain in either a series or parallel configuration. HEVs support 

regenerative braking, a method which employs the electric motor in reverse to convert 

mechanical energy from the brakes back to electricity to recharge the battery pack.  

HEVs use conventional gasoline or diesel fuel. 

HHV Hybrid Hydraulic Vehicle – HHVs use a hydraulic transmission to deliver power to the 

vehicle wheels. An internal combustion engine as the primary energy source, but is 

supplemented by an accumulator system that stores energy in highly pressurized fluid 

reservoir. 

ICE Internal Combustion Engine.  A gasoline or diesel power plant that produces power by 

combining liquid fuel and air at high temperature and pressure in a combustion 

chamber, using the resulting gas expansion for mechanical energy. ICE power plants can 

use either a two-stroke or a four-stroke combustion cycle. 

kW  Kilowatt – A unit of power equivalent to 1000 watts, 1000 joules per second or about 

1.34 horsepower. 

kWh  Kilowatt-hour – A unit of energy or work defined as the amount of energy released if 

work is done at a constant rate of 1 kW for 1 hour, equivalent to 3.6 megajoules. A value 

expressed in kWh is often used to indicate the amount of battery capacity.   

LCV  Light-duty Commercial Vehicle – Any Class 2 or Class 3 light-duty truck (such as a mini-

van, full-size van or small postal van) with gross vehicle weight (GVW) less than 14000 

pounds that is used for commercial applications.  

Li-Ion Lithium-Ion – A rechargeable battery chemistry innovation in which lithium ions move 

from the cathode to the anode during discharge, and in the reverse direction during 

charging.  Advantages of Lithium Ion batteries relative to NiCad and NiMH chemistries 

include superior performance in cold weather, exceptional energy density, increased 

number of charge cycles, and faster charge times (minimizing vehicle down time). 

Disadvantages include cost, potential safety issues (thermal issues if the batteries are 

short-circuited for any reason), and battery lifetime limitations due to increasing internal 

resistance over time. 

Li-Poly Lithium-ion polymer – A battery chemistry that is similar to a lithium-ion battery 

formulation. However, in a Li-Poly or LiPo battery the lithium-based electrolyte is a solid 

polymer composite (e.g. polyethylene oxide) rather than an organic solvent. The 

advantages of the solid polymer-based electrolyte vs traditional solvent-based li-ion 

battery chemistries are lower cost, and adaptability to various shapes. Disadvantages 

are lower energy density than standard Li-ion chemistries.  

MCV  Medium-duty Commercial Vehicle – Any Class 4 or Class 5 medium-duty truck, large 

walk-in van (step van), parcel delivery truck, utility boom truck, or shuttle bus with gross 

vehicle weight (GVW) from 14001 to 19500 lbs. that is used for commercial applications.  

NHTSA National Highway Traffic Safety Administration - A US government agency (under the 

auspices of the Department of Transportation) that oversees motor vehicle and highway 

safety. NHTSA is responsible for implementing safety performance standards for motor 

vehicles and transportation equipment in an effort to reduce human injuries and 

fatalities, and their associated economic costs. See http://www.nhtsa.gov/  

NiMH Nickel metal hydride – A rechargeable battery chemistry that is similar to the older 

generation of rechargeable NiCad (nickel cadmium) batteries. NiMH batteries use a less 

toxic hydride alloy for the anode, whereas the NiCad batteries use a cadmium anode. 
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One of the main advantages of NiMH batteries is that they possess an energy density 

which is three times greater than that NiCads and almost as good as the latest Li-Ion 

technology. However, unlike Li-Ion battery chemistry, NiMH batteries have a shorter 

lifetime (low maximum number of charge cycles) and poorer cold temperature 

performance. 

NOx NOx is a name given to NO (nitric oxide) and NO2 (nitrogen dioxide) gases which are air 

pollutants formed by the combustion of gasoline with nitrogen and oxygen in the air. 

NOx-related air pollution can be a significant problem in dense urban communities with 

heavy vehicular traffic levels. 

OEM Original Equipment Manufacturer - A company that produces a product designed for 

the end user, whether a consumer or another manufacturing firm. In the automotive 

industry, an automotive OEM is usually a Tier 1 manufacturer that sells vehicles to 

consumers and commercial customers, typically through a dealer network; however, a 

battery OEM may sell batteries only directly to automotive manufacturers. 

Parallel Hybrid  Hybrids that have an IC engine and electric motor which both provide torque to the 

wheels. The extra power from an auxiliary electric motor system is used to augment the 

power from the IC engine (the primary drive system). Some parallel hybrids can run in 

all-electric mode (see PHEV). 

Peak Demand  The greatest electricity demand that occurs during a specified period of time. 

PHEV Plug-in hybrid electric vehicle – A sub-category of hybrid-electric vehicles (HEV) which 

use larger batteries to allow the vehicle to be driven for longer periods of time in all-

electric mode rather than hybrid mode (power from both an electric motor and an IC 

engine). Relative to a standard HEV vehicle, a PHEV is more energy-efficient. PHEV 

batteries can be recharged by connecting the on-board vehicle charger to a charging 

pedestal. Sometimes a suffix is appended to the PHEV acronym to indicate the All 

Electric Range (AER) of the PHEV. For instance, PHEV-10 means a PHEV with a 10-mile 

AER, and PHEV-40 would mean a vehicle with a 40-mile AER. 

Power Inverter  A power electronic conversion device which takes a DC direct current input and converts 

it into an AC alternating current output. This process is the opposite of a rectifier, which 

converts AC into DC. 

Powertrain  See Drivetrain. 

Residual Battery 

Value  

The value of a battery established by the market after it has completed its primary 

purpose service life. 

Series Hybrid  A type of HEV vehicle which makes use of both IC engine and electric motor. Unlike the 

parallel hybrid, the series hybrid uses only power from the electric motor to deliver 

torque to the wheels. The IC engine power source is used only as an on-board recharging 

system.  

SISP Sale and Investor Solicitation Process – A restructuring procedure for selling a firm to 

prospective investors. The SISP process is used for debtor companies which have 

entered creditor protection under CCAA legislation in Canada. The SISP steps include the 

way the company publically advertises the investment and purchase opportunity, the 

manner in which prospective bidders may have access to due diligence materials, the 

manner in which these bidders become qualified, the process for selection of one or 

more successful bids, and the subsequent court approval of the sale of the firm. 

TCE Transit Connect™ Electric – Azure Dynamics’ battery electric vehicle (BEV) adaptation of 

the Ford Transit Connect™ light-duty van platform. For this derivative, Azure integrates 

engineless Ford Transit Connect vans (referred to as “gliders”) with Azure’s Force Drive™ 

electric powertrain and a 28kWh Johnson Controls lithium-ion battery-pack. 
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Term Definition 

TCO  Total Cost of Ownership - A measure of the entire undiscounted cost associated with 

the purchase, maintenance, usage, and disposal of a product spread evenly over the 

expected service life. 

VIO Vehicles In Operation – Refers to the cumulative total number of vehicles still in use 

(sometimes referred to as the installed base of vehicles) or the total size of the vehicle 

fleet (usually measured within a defined geographic region or a segment of the 

automotive industry). 

VKT Vehicle Kilometres Travelled –The number of kilometres travelled nationally by vehicles 

for a period of 1 year. A metric alternative to VMT commonly used in Europe 

VMT Vehicle Miles Travelled - The number of miles travelled nationally by vehicles for a 

period of 1 year. 

xEV  Electric Drive Vehicle - An inclusive term that collectively refers to all vehicles that 

incorporate some form of battery electric power in the drivetrain. Includes hybrid 

electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), Extended-range Electric 

Vehicles (EREVs), and battery electric vehicles (BEVs). 

ZEV Zero-emission Electric Vehicle – A less common alternative term for a Battery Electric 

Vehicle (BEV). 
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1 Introduction 

This thesis assesses the strategic options for Azure Dynamics within various commercial truck 

segments of the automotive industry.  The strategic challenges facing the firm have changed 

considerably during the preparation of this report. On March 26th 2012, Azure Dynamics 

became insolvent and filed for bankruptcy protection under the Companies’ Creditors 

Arrangement Act (CCAA) in the British Columbia Supreme Court while it attempts restructuring. 

This cash-flow distress was caused by an unexpected shortfall in 2011 sales revenue versus 

forecast, and by unanticipated difficulties in raising capital through public share offerings and 

private placements to finance operations. Azure closed three of its four offices, and laid-off 120 

of 160 members of its staff. As a result, Azure’s core resources and capabilities have changed 

considerably. Pending new investment, Azure has constraints on its liquidity, its capability to 

operate as a going concern, to seek new fleet customers, to support existing customers, and the 

extent to which it can continue to engage in engineering and new product development.  

The report starts with a detailed analysis of the market demand for Hybrid Electric Vehicle (HEV) 

and Battery Electric Vehicle (BEV) powertrain technology within these segments.  It provides an 

internal analysis and review of Azure’s core capabilities and potential to penetrate these 

segments (assuming Azure’s capabilities pre-insolvency). Finally, the last chapter of the report 

contains a strategic analysis of the options for restructuring Azure post-insolvency and considers 

the valuation of Azure’s product designs, its human resources, and its intellectual capital. 

Options and recommendations will be made – e.g. perhaps to re-emerge as an independent 

engineering design bureau, to be absorbed into the engineering team of another automotive 

firm, to be liquidated at auction, etc..  

Where necessary, any facts or figures concerning Azure Dynamics shall make it clear whether 

they related to Azure during the “pre-insolvency” period, the “post-insolvency” period, or in 

some cases at both times. For instance, certain sections deal with Azure’s state of affairs both 

before and after (e.g. section 4.3 on Core Competencies and section 5 on Financial 

Performance). 
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1.1 Azure Dynamics Corporate Background 

Azure Dynamics (AZD) is a leading designer and supplier of Hybrid-Electric Vehicle (HEV) and 

Electric Vehicle (EV) powertrain systems and controls for customers in the light-duty to heavy-

duty truck segments of the automotive industry.  Azure Dynamics has recognised expertise in 

the design of HEV and EV powertrain systems (described in section 2.2 on Enabling Technology – 

Vehicle Electrification Alternatives) particularly in the areas of power electronic control 

software, systems engineering and vehicle integration.  These core systems capabilities are 

supplemented by additional skills in the design of proprietary electric drive component products 

including AC inverter and electric drive assemblies.  

1.1.1 Company Mission, Vision and Competitive Advantages 

The mission of Azure Dynamics is “Driving a World of Difference”. As its enduring purpose, 

Azure strives to make a difference in the world by helping fleet customers deploy 

environmentally friendly vehicles – vehicles that will lower CO2 emissions and reduce the carbon 

footprint, and reduce the economic dependence on fossil fuels. 

The Azure Dynamics vision in support of this mission is “To be the world leader in providing 

hybrid-electric (HEV) and all-electric (BEV) powertrains and control systems for the light to 

medium duty commercial vehicle markets”. 

Azure strives to achieve this vision by leveraging what it believes to be competitive advantages 

in three areas:  

1. Best People – Recruit the best people available to bring their breadth of knowledge, 

skills and experience to each role at Azure Dynamics including: 

• Engineers with a passion for developing innovative alternative energy solutions 

• Technical support personnel who are dedicated to creating positive customer 

relationships 

• Sales representatives with the determination to deliver success with channel 

partners 

• Executives with veteran leadership in the automotive industry and a forward-

looking vision 
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2. Best Partners - Azure forms alliances with partners who will help to get Azure 

technology on the road. Azure seeks to align itself with world-class OEM partners like 

Ford, and Tier 1 component suppliers like Johnson Controls who help to demonstrate 

the superiority of Azure Dynamics powertrain solutions to North American and 

European fleet customers. 

3. Best Technology – Azure uses proven technology as a competitive advantage. Over 10 

years, Azure hybrid electric and all-electric powertrains have logged more than 56 

million kilometres on the road. On-going efforts are made to optimize Azure hybrid and 

electric powertrain systems. For example, in 2011 Azure delivered the second-

generation of Azure’s Balance™ hybrid vehicle platform, adding a long-life lithium-ion 

battery from Johnson Controls, and a front-end auxiliary drive design. These 

improvements benefit Azure by reducing bill of material costs and benefit fleet 

customers by improving efficiency and durability (Figure 1). 

 

Figure 1 - Second Generation Balance Hybrid Powertrain  
Cost Reductions Source Data: Adapted from internal Azure Dynamic documents 
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1.1.2 Existing Product Lines 

Azure has three primary product lines including:  

• Battery Electric Vehicles (BEVs) - e.g. Ford Transit Connect Electric light-duty van 

• Hybrid Electric Vehicles (HEVs) – e.g. Balance™ Hybrid Electric van and shuttle Bus 

products 

• Force Drive™ line of powertrain components including traction motors, digital motor 

controllers, inverters and DC-DC controllers. 

The Product Customer Matrix (PCM) in Table 1 provides an overview of the customer market 

segments that are served by each of these three product lines.  

Products Customer Market 

 Class 1-2 Light-duty  

Commercial Vehicles (LCV) 

Class 3-5 Medium-duty  

Commercial Vehicles (MCV) 

Heavy-duty  

Commercial Vehicles (HCV) 
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Battery Electric Vehicles (BEVs)  

 - Transit Connect Electric Van X X X X            

Hybrid Electric Vehicles (HEV)  
- Balance Hybrid Electric  

Step Van 
    X X X X        

- Balance Hybrid Electric Shuttle 

Bus 
        X       

Force Drive™  Power-train Kits 

and Electric Drive Sub-

components 

 

- AC55 with DMOC445 X X X X            
- AC90 with DMOC645     X X X         

- DC-DC Converter 

Model 750 
X X X X X X X X X X X X X   

Table 1 - Azure Dynamics Product Customer Matrix 

The target markets for Azure’s proprietary electric and hybrid vehicle solutions include parcel 

delivery, postal, courier and shuttle-bus applications for light- and medium-duty commercial 

vehicle fleets in North America and Europe. These vehicles have some of the least efficient drive 

cycles. They have high rates of utilization over a 24-hour period while operating on routine 

routes and parking only overnight. They start and stop frequently, and use considerable 

amounts of fuel.  
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In 2011, sales of the Force Drive powertrain component products (as separate unbundled 

products) were discontinued to low-volume aftermarket car segments (e.g. EV hobbyists),  but 

continue to be developed as critical components within Azure Dynamics own vehicle designs as 

well as for larger OEM customers with electric drive requirements. Development and testing of 

powertrain technologies has been Azure’s primary focus since it was founded in 1997. Azure’s 

hybrid-electric trucks have been in full-scale production since 2007. All platforms generated a 

combined total of $34 million of revenue in 2011.  

Truck Classification by Duty Class of Vehicle is covered later under commercial truck market 

segmentation in section 2.6.1 while Appendix B provides a Background to Hybrid Electric and 

Full Electric Vehicle technologies. 

Prior to insolvency, the Balance Hybrid Electric was sold only in North America while the Transit 

Connect Electric was sold in both North America and Europe. Vehicles were sold through 

selected dealers and channel partners.1  

1.1.2.1 Balance™ Hybrid Electric Step-Van and Shuttle Bus 

The Balance™ parallel hybrid platform is aimed at medium duty class 4-6 applications (10,000 to 

19,000 lbs. GVW) including parcel delivery walk-in vans (“step vans”), postal vans, and shuttle 

buses.  Figure 2 and Figure 3 show images of the product in delivery van and shuttle bus 

configurations respectively. Since the Balance Hybrid Electric Vehicle (HEV) product line began 

commercial production in 2008, approximately 1470 Balance vehicles have been sold. 

 

                                                           
1 Note that production of the Azure Dynamics Transit Connect Electric van and the Balance Hybrid Electric 

delivery vehicles and Balance shuttle buses were halted (on what was expected at that time to be a 

temporary basis) as a result of the CCAA Bankruptcy proceedings that commenced in May 2012. 

Interim managers of Azure Dynamics had hoped that the company would be sold during reorganization 

via a bidding procedure or Sales and Investor Solicitation Process (SISP). Any sales transaction which 

would have allowed Azure Dynamics to continue as a going concern failed to materialize and 

production did not resume by August 2012. On July 27th 2012, all Azure patents were sold to Mosaid 

Technologies, a Canadian patent licensing and intellectual property development company. All 

remaining assets of Azure were scheduled to be liquidated in a claims process starting on October 18
th

, 

2012  (Supreme Court of British Columbia, 2012). 
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Figure 2 - Azure Dynamics Balance Hybrid Electric Delivery Van (as used by Purolator)  
Source: Azure Dynamics 

 

Figure 3 - Azure Dynamics Balance Hybrid Electric Shuttle Bus 
Source: Azure Dynamics 

Parallel hybrid technology is more conducive to urban vehicles that also need to operate on 

highways for extended periods. Because of a partnership agreement with Ford, Azure’s 

Balance™ hybrid-electric platform is based on adapting and electrifying Ford’s E-350 and E-450 

truck chassis. Azure’s Balance Hybrid-electric shuttle buses have received durability certification 

at the NHTSA Altoona proving ground. As a result, US public transit agencies purchasing the 

Balance platform can qualify for Federal Transit Authority assistance. Azure’s Balance platform 

has also received California Air Resources Board (CARB) and EPA certifications, making the 

vehicle eligible for subsidies under the Hybrid Truck and Bus Voucher Incentive Program. Fleet 

purchasers of Azure hybrid trucks or buses can qualify for HVIP vouchers and rebates of up to 

$25,000. 

1.1.2.2 Transit Connect Electric (TCE) Light-Duty Panel Van 

In 2009, Azure developed the Transit Connect Electric (TCE) vehicle platform with assistance 

from Ford. The TCE is an all-electric BEV version of the Ford Transit Connect™ van, which was 

designed initially for United States and Canadian markets. Ford agreed to supply Azure with 

Transit Connect “glider” vans (complete vans without the gasoline engine, fuel tank and exhaust 

system) which are then integrated with Azure’s Force Drive™ electric powertrain and a 28kWh 
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Johnson Controls lithium-ion battery-pack. Azure sells the TCE vans to fleets through Ford’s 

dealer network. Figure 4 displays an image of the TCE van. 

 

Figure 4 - Azure/Ford Transit Connect Electric light-duty panel van 
Source: Azure Dynamics 

Since the Transit Connect Electric (TCE) product line began commercial production in 2010, 

approximately 530 TCE vehicles have been sold. Lead customers for the TCE van include Xcel 

Energy, DHL, AT&T, and the New York Power Authority. In North America, more than 70 Ford 

dealerships have already signed distribution agreements with Azure to provide sales and service 

of the TCE. In 2011, Azure expanded to the European market and completed several dealer 

agreements there. More than 100 TCE vehicles have been sold in Norway including a large sale 

to Norway’s postal authority. 

1.1.2.3 Force Drive™ electric vehicle systems and components 

Azure also designs and manufactures the ForceDrive™ product line of electric drive components 

and electric vehicle controls including high-power inverters, AC induction motors, DC-DC 

converters, and electronic controller systems. Electric powertrain kits and complete AC traction 

motor drive assemblies are sold to both OEM and aftermarket customers for vehicle 

electrification and conversions. Azure Dynamics is to some extent vertically-integrated since its 

own ForceDrive™ electronic components are used in Azure vehicle designs and systems 

including the Balance™ hybrid-electric walk-in delivery van, the all-electric Transit Connect 

Electric van, and the LEEP mild-hybrid auxiliary power systems. In 2010, Azure Dynamics 

collected $1.4 million sales revenue from delivery of Force Drive™ electric vehicle systems and 

components.  
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1.1.3 Corporate Structure 

Prior to the recent insolvency, Azure traded on the TSX Exchange (TSX: AZD) as a Canadian 

public company and on the Over-The-Counter market (OTC: AZDDF) in the US. As of December 

2011, Azure had 160 employees located at its corporate head office in Detroit Michigan with 

additional offices and facilities located in Vancouver, Boston, Toronto, and Stevenage (UK). 

Figure 5 shows the corporate structure of Azure Dynamics including the subsidiaries in Canada, 

USA, and UK as well as their respective office facilities. Post-insolvency, Azure now has about 30 

employees, mainly design engineering staff located at the sole remaining facility in Vancouver. 

Azure has recently been delisted from the TSX exchange. 

 

Figure 5 - Azure Dynamics Group - Corporate Structure 

This group of firms operate as a highly integrated global enterprise, with financing provided by 

Azure (the public company parent) and operations conducted through its three subsidiaries. The 

principal operating subsidiary Azure Canada is based in Burnaby, British Columbia and provides 

all financial management and new product research and development functions for Azure 

Dynamics. 
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1.1.4 Azure Dynamics History 

Azure Dynamics entered the market for development of hybrid-electric powertrain systems in 

1999 as a spin-off of BC Research Inc. (BCRI), a Vancouver-based technology incubator and 

consulting company.  BCRI originally commenced applied research and development of hybrid 

electric technology in 1993 under the direction of Dr. Nigel Fitzpatrick. Azure Dynamics Inc. was 

incorporated in 1997. It went public in 2001 via a reverse takeover of an inactive public 

company named Wild Horse Resources Ltd. Azure was listed on the TSX Venture Exchange. The 

resulting firm was renamed Azure Dynamics Corporation.  

For the first 10 years after incorporation in 1997, Azure developed and tested its hybrid-electric 

and battery-electric powertrain technologies for demonstration prototypes and a few limited-

scale customer deliveries. In 2007, Azure ramped up delivery of product shipments to larger 

fleet customers, and started to generate commercial revenues. A summary of important 

milestone in Azure Dynamics history is shown in Figure 6. 

 
Figure 6 - Azure Dynamics Historical Milestones 

A more-detailed chronology of the major events in the history of Azure Dynamics since 

incorporation is provided in Table 2.  
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Table 2 - Chronology of Azure Dynamics Historical Events 

Year Description of Event 

1994 
BC Research, a Vancouver-based technology incubator company commences research into hybrid 

electric technology.  The first US patent of Azure's technology is issued in 1995. 

1997 Azure Dynamics incorporates December 1997 as a spin-off of BC Research. 

1999 Azure Dynamics commences operations to commercialize the BCR systems technology 

2001 
Azure Dynamics Inc. completes a reverse takeover of Wild Horse Resources. The public company is 

renamed Azure Dynamics Corporation, and facilitates access to capital in future financings. 

2001 Azure Dynamics demonstrates the first prototype hybrid electric step van for Purolator Courier Ltd. 

2002 Azure Dynamics receives $9M R & D investment from Technology Partnerships Canada 

2003 
Azure demonstrates a second generation prototype with Purolator Courier which leads to an order 

for 30 preproduction vehicles and potential supply of up to 2,000 vehicles 

2004 
Azure completes development of two series hybrid-electric truck platforms: G1 for medium-duty 

commercial vehicles and G2 for light-duty commercial vehicles (for Canada Post).  

2004 Azure moves headquarters to a new 18,000 sq. ft. facility in Burnaby, BC. 

2004 Azure Dynamics Listed on the Toronto Stock Exchange (TSX: AZD). 

2005 

Azure Dynamics completes the acquisition of Boston-based Solectria, a leading US hybrid electric 

system supplier.  Solectria engineering resources provide Azure with parallel hybrid electric drive 

components and a US based of operations at a 77,000 sq. ft. engineering facility near Boston, MA.  

2005 Azure designs Hybrid Senator HD shuttle bus prototype on G1 platform for StarTrans. 

2005 Purolator orders 115 series hybrid electric vehicles for their Toronto hybrid electric fleet. 

2006 
Azure signs deal with Ford to develop the Balance P1 hybrid electric powertrain for the Ford 

E-450 series trucks. The deal gives Azure access to Ford distribution network for sales and service. 

2006 Azure develops prototype Low Emission Electric Power mild-hybrid auxiliary power system for Kidron. 

2007 
Azure Dynamics signs supply agreement with truck body builder Utilimaster to integrate new Balance 

P1 parallel hybrid powertrain design with Utilimaster Step Van. 

2007 After positive field trials, Purolator orders 105 Balance P1 parallel hybrid delivery vans. 

2007 Scott Harrison appointed CEO to help Azure make transition to commercial production. 

2007 
Azure moves corporate head office to a new development center in Oak Park, Michigan near Detroit. 

The facility is in proximity to Azure’s key industry partners, including Ford Motor Company. 

2007 
Azure signs an agreement with Federal Express (“FedEx”) to demonstrate 20 Balance parallel hybrid 

Ford E450 delivery trucks. The first vehicle is delivered to FedEx in November of 2007. 

2008 Azure Dynamics’ Balance Hybrid Shuttle Bus obtains US certification at the Altoona proving ground. 

2009 

In January, the global recession and challenging economy causes Azure to lay off 25% of its staff. 

Azure decides to focus on existing core products and cancels new programs (e.g. P2 heavy-duty 

hybrid). 

2009 Azure Dynamics signs 5 year Supply Agreement with Johnson Controls-Saft for Lithium-Ion batteries. 

2009 
Azure launches the Balance Shuttle Bus version of the P1 platform. Collins Bus Corporation agrees to 

provide the Azure Balance hybrid powertrain as an option for their Type A school buses. 

2009 Azure sells Purolator 250 Balance Hybrid Electric delivery trucks, Azure’s largest order as of 2009. 

2009 Azure obtains $10 million financing in August, and another $30 million in December 2009. 

2009 FedEx purchases an addition 51 Balance hybrid delivery vehicles. 

2009 
Azure signs agreement with Ford to develop and produce a pure-electric powertrain based on Azure 

Force Drive™ technology for the Ford Transit Connect Electric van. AT&T is the first lead customer. 

2010 
In February, Azure and Ford introduce the Transit Connect Electric van at the Detroit Auto Show. The 

Transit Connect Electric receives the 2010 North American Truck of the Year award. 

2010 Azure Dynamics selects AM General for Transit Connect Electric up-fitting in North America. 

2010 Azure Dynamics announces strategic investment by Johnson Controls. 

2010 Azure Dynamics Balance™ Hybrid Electric technology approved for California Incentive Funding. 
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Year Description of Event 

Jan. 2011 Purolator places record order for 600 Balance Hybrid vans over next three years. 

Jan. 2011 Azure announced order from DHL Courier for 50 Balance Hybrid Electric vans for their New York fleet. 

Mar. 2011 Azure Dynamics opens European Headquarters in North London. 

Mar. 2011 Azure Dynamics selects Lotus Lightweight Structures for Transit Connect Electric up-fitting in Europe. 

April 2011 
Azure Dynamics’ management and board begin to explore business opportunities in China for Azure 

Dynamics’ electric vehicle technologies and engage financial advisors and consultants to this end.  

June 2011 
Azure announces intent to list shares on NASDAQ exchange. Azure plans a share consolidation. Azure 

intended to raise $75 million to execute growth plan for 2013 and beyond.  

July 

2011 

Azure signs deal with Ford to integrate its plug-in hybrid technology on Ford’s market leading F-Series 

Super Duty cab and chassis, the F-550, with production expected in early 2013. 

August 

2011 

Norwegian Post becomes the first European customer for the Transit Connect Electric. Azure 

announces sale of 100 Transit Connect Electric vans to Røhne-Selmer, a Norwegian Ford dealership. 

September 

2011 

Weak global capital markets and sovereign debt crisis in Europe causes Azure to abandon plans to 

raise capital on the NASDAQ listing. Azure decides to pursue alternative financing options. 

Nov. 2011 Azure completes a private placement with Johnson Controls to raise $5.1 Million.  

November 

2011 

Azure files a short form prospectus to attempt to raise $6 Million through a public offering.  The 

offering fails to raise the anticipated funds with proceeds of only $3.8 Million.  

November 

2011 

Azure intensifies effort to find Chinese partners willing to invest in Azure Dynamics. Meetings with a 

few Chinese firms are held, resulting in follow-up visits scheduled for March 2012.  

December 

2011 

November financing fails. Azure reduces headcount by 15%, eliminates staff RRSP and 401K 

contribution benefits and reduces travel & discretionary expenses.  

January 

2012 

Azure sales for Q4 2011 fall severely short of forecasted demand for Transit Connect Electric (410 

units) and Balance Hybrid (59 units). Actual Q4 sales are 176 units and 56 units, respectively. 

January 

2012 

Azure hires Lazard Frères & Co to conduct a Sales or Investment Solicitation Process. No offers to 

purchase Azure materialize. Azure management believes they will run out of cash before it can 

conclude negotiations to sell the business.  

February 

2012 

Azure files a preliminary short form prospectus hoping to close in mid-March 2012. Proceeds from the 

offering are expected to be $10.5 million.  Azure hope this will buy enough time to conclude 

negotiations with potential buyers through the SISP process started in January. 

March 

2012 

The Ontario Securities Commission (OSC) informs Azure that it will not accept the February 

prospectus because of concerns with the degree of dilution for current shareholders. With this refusal 

by the OSC, Azure has no ability to raise capital, and since Azure is unable to meet its cash obligations 

as they come due, it is technically insolvent.   

March 

2012 

On March 26
th

, 2012, Azure Dynamics files for bankruptcy protection in the Supreme Court of British 

Columbia under the Companies’ Creditors Arrangement Act (“CCAA”). Azure also files a petition under 

Chapter 15 of title 11 of the US Bankruptcy Code to seek recognition and enforcement of the foreign 

CCAA proceedings in the US.  The court approves the petition of Azure to seek protection. 

March 

2012 

On the basis of the approval of the CCAA filing for bankruptcy protection, Azure announces a layoff of 

120 of the existing 161 employees including all staff in Boston, Detroit, the UK, and 50% of the 

Vancouver staff. The Boston, Detroit and UK facilities are all closed.  A group of approximately 25 of 

the Vancouver employees and two Detroit executive officers are all that remains of the Azure staff.  

April 

2012 

Azure enters the restructuring process. Ernst & Young are appointed Monitor of the restructuring 

process by BC Supreme Court. Azure obtains 2 months of interim Debtor In Place (“DIP”) financing. 

April  

2012 

Azure continues discussions with potential suitors as part of the Sales or Investment Solicitation 

Process (SISP). Approximately six firms engage in due diligence of the Azure Dynamics business, and 

are allowed to inspect Azure’s records using an online virtual due diligence data room.  
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Azure’s most recent efforts to close an equity financing failed because of the refusal by the 

Ontario Securities Commission to issue a receipt for a final prospectus. Without this financing, 

and without immediately available alternatives, Azure Dynamics became insolvent (unable to 

meet its debt obligations as they became due). On March 26th, 2012, Azure sought bankruptcy 

protection under the Canadian Companies' Creditors Arrangement Act (CCAA) in the Province of 

British Columbia’s Supreme Court. The court accepted the motion, and Azure is currently 

involved in a restructuring process with short term financing while it pursues strategic options 

for sale of the firm as a going concern rather than a liquidation of assets (referred to as a Sale 

and Investor Solicitation Process or SISP). The SISP proposal to the court outlines a proposed 

solicitation process, cash flow forecasts for interim financing, and the conduct of a subsequent 

auction in the event of competing bids.  

1.2 Project Objectives 

The objectives of this project are: 

1.  To perform a strategic analysis of Azure’s positioning in the marketplace and provide 

recommendations (based on what knowledge was available either pre-insolvency or 

post-insolvency) to improve competitiveness and to support future growth of business 

in light of increasing competition in current space. 

2.  To analyze the NPD product opportunities from the perspective of the fleet truck 

customer (specifically looking at return on investment, actual needs, tax incentives, etc.) 

as well as from Azure perspective (opportunity cost, availability of technology, ability to 

deliver, size of market, customer needs, etc.). Assess if these opportunities are a good 

strategic fit and is consistent with the overall market positioning of objective 1. 

3. To identify strategic options that will confront Azure’s financial weaknesses. Specifically, 

these strategic alternatives must address cash flow difficulties, resolve the product cost 

structure and gross margin issue, and put Azure on a stable foundation where it is able 

to invest in new product initiatives to capture the market opportunities. 

1.3 Structure of the Report 

Chapter 2 ““Commercial Hybrid and Electric Vehicle Markets: Opportunities and Market Drivers” 

provides an in-depth analysis of commercial trucking markets in North America and Europe 
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where Azure sells hybrid-electric vehicle (HEV) and battery-electric vehicle (BEV) powertrain 

systems and products. This chapter starts with an overview of the economic, technological and 

regulatory drivers and restraints governing adoption of HEV and BEV technology and the 

electrification of commercial fleets. The analysis covers the market structure and segmentation 

of the commercial truck industry. To provide further insight into the purchasing decision 

process, the chapter considers the value proposition for fleet customers within each of several 

selected segments using models for both the Total Cost of Ownership (TCO) and Payback Period. 

The chapter examines the adoption timeline and provides various scenarios for hybrid electric 

and electric vehicle market penetration. Finally, the chapter presents a generic industry supply-

chain model for HEV, PHEV and BEV commercial vehicles. 

Chapter 3 provides an assessment of the “Attractiveness of the Commercial Electric Vehicle 

Industry” from a variety of standpoints.  The chapter first considers the market attractiveness by 

examining the competitive landscape for both light-duty commercial vehicles (LCV) and 

medium-duty commercial vehicles (MCV) where Azure Dynamics participates. Sample profiles of 

competitors in these segments are provided. The chapter provides a comprehensive Porter 5-

Forces analysis of commercial truck markets to identify threats to incumbent industry 

participants. The chapter finally provides a summary of the key success factors for Azure’s 

participation in these market segments. 

Chapter 4 “Value Chain and Core Competency Analysis of Azure Dynamics” uses a value chain 

analysis approach to observe the flow of goods within Azure Dynamics including the primary and 

secondary activities necessary to support this flow. The enquiry identifies those stages within 

the chain where value is added and the nature of Azure’s competitive advantage. The firm’s 

resources and organizational core capabilities are evaluated using a VRIO (Value, Rarity, 

Inimitable, exploited by Organization) framework, and are mapped to strategic assets. 

Chapter 5 “Financial Performance” continues the internal analysis of Azure by providing a 

detailed financial review of Azure Dynamics’ performance including a five-year financial history 

of the firm, and an examination of factors leading to the recent insolvency of Azure. The chapter 

also looks at efforts to restructure the firm during the bankruptcy protection proceedings.  
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Chapter 6 “Strategic Fit Assessment for Azure Dynamics” determines the degree of fit between 

Azure’s generic strategy of Differentiation Focus and the business model, organizational 

capabilities, core competence, and key success factors for the target markets.  

Chapter 7 “Analysis of Strategic Alternatives” develops a series of strategic options and 

evaluates these under various scenarios.  A set of criteria is described using balanced scorecard 

(BSC) metrics to evaluate the strategic options from the perspective of finance outcomes, the 

value to the customer, the growth of the internal business, and the development of innovation 

and learning within the organization.  The strategic options are laid out in detail, and a weighted 

score assessment is done using the BSC criteria. 

Finally, Chapter 8 “Recommendations and Conclusions” answers the strategic questions in 

Chapter 1. The recommendations try to avoid a hindsight bias: the tendency to see the 

insolvency events that have already occurred in the past as being more obvious and predictable 

now than they were at the time in early 2011. The recommendation outlines both the preferred 

strategic option as of a pre-insolvency date in January 2011 assuming only knowledge that was 

available at that time, and the preferred strategic option post-insolvency in mid-2012 assuming 

knowledge that has become available more recently.  
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EXTERNAL	ANALYSIS	

2 Commercial	Hybrid	and	Electric	Vehicle	Markets:	

Opportunities	and	Market	Drivers	

This chapter provides a macro-economic analysis of trends influencing the market for electric 

vehicles, an overview of technology alternatives, and an analysis of the market drivers behind 

adoption of “green” commercial truck fleets.  In addition, the value proposition for fleet owners 

is examined, along with the supply chain for the commercial electric vehicle industry. 

2.1 Macro-Economic	Drivers	for	Vehicle	Electrification	

There has been much apprehension in the last decade concerning the peaking of world oil 

production from depleted oil reserves, and rising concern over the severe environmental impact 

of vehicle emissions on our climate. These factors have prompted the reconsideration of 

electricity as an alternative fuel for both passenger vehicles and commercial fleets in the 

transportation sector of the US and Canadian economies. The continuing interest in the 

electrification of the automotive industry is being driven by a desire to mitigate the 

consequences of US oil dependency and the need to reduce greenhouse gas emissions for 

environmental sustainability (Indiana University School of Public and Environmental Affairs, 

2011). 

2.1.1 Energy	Security	Consequences	of	Oil	Dependency	

The first major factor driving electrification is the concern over energy security here in North 

America due to our dependence on a steady supply of oil to fuel our economy.  According to the 

US EIA’s Annual Energy Outlook 2010, the US uses more than one quarter of the global 

petroleum production (U.S. Energy Information Administration, 2010a). The transportation 

sector is solely responsible for more than 70% of the US oil usage, primarily from consumption 

by passenger vehicles and light-duty trucks. 

The economy is strongly affected by this excessive dependence on oil.  Data from the US 

Department of Energy demonstrates that there is strong correlation between spikes in the price 

of crude oil and economic recessions. In the past 30 years in the US, there have been at least 5 

major peaks or spikes in oil prices (1973-74, 1979-80, 1990-91, 1999-2000, and 2008-2009) and 
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in each case (Figure 7) the price escalation was followed by an economic downturn (Davis, 

Diegel, & Boundy, 2010). Part of the economic problem is related to the volatility of oil prices 

during times of political instability and the relatively small amount of spare capacity. The US 

imports in excess of 55% of its oil consumption from countries such as Saudi Arabia, Iraq, Russia 

and Venezuela, none of whom are predisposed to maintaining an uninterrupted supply of oil 

solely to serve US interests relative to those of other customers (Kassatly, 2010). Prices of light 

crude oil have escalated to $125 a barrel in April 2011 due in part to concerns over the recent 

civil unrest in Libya and Egypt, the huge Deepwater Horizon oil spill in the Gulf of Mexico, and 

the recent nuclear accident in Fukushima Japan earthquake. 

 

Figure 7 – GDP Growth and Oil Prices, 1970-2009  
Data Source: US Transportation Energy Data Book: Edition 31 (Davis, Diegel, & Boundy, 2011) 

The oil supply situation is only going to become worse in future as the automobile markets in 

the Asia Pacific region come online. The majority of the world population in Asia Pacific region 

and non-OECD countries is still without cars, but this is changing quickly.  A study predicted that 

the number of vehicles in operation (VIO) in the world will increase from 0.7 billion in 2000 to 

2.5 billion by 2050  (Chan, 2002). The automobile markets with the fastest growth are in China 

and India where they are experiencing 7 to 8% annual growth compared to 2% growth in the 

United States and Europe (Davis et al., 2010). China is already the second-largest auto market 
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and will likely surpass the United States as the world's largest by 2030 when approximately 30% 

of the global vehicle fleet will be located in China (Gao et al. 2008).  Although additional 

petroleum supplies from on-going exploration activity and advances in extraction methods (e.g. 

shale oil, tar sands) will somewhat mitigate the depletion of reserves, increased oil prices over 

the next 20 years are inevitable. The US Energy Information Agency has provided a projection of 

world oil prices to 2035 (see Figure 8). 

 

Figure 8- Forecast of World Oil Prices to 2035 
Data Source: (US EIA, Annual Energy Outlook 2011, www.eia.gov/oiaf/aeo) 

2.1.2 Reduced Emissions for Environmental Sustainability 

The second major driver of interest in the electrification of transportation fleets is caused by the 

impact of the petroleum-based transportation system on the environment.  

Global climate change is manifesting itself with effects such as rises in the sea level, increases in 

global ocean and air temperatures, the melting of polar ice caps, the loss of animal habitat, and 

extreme weather volatility leading to more frequent drought, forest fires, and hurricanes. It has 

grave implications for the loss of agricultural production and changes in human settlement.  

A recent report stated that there is a strong linkage between greenhouse gas (GHG) emissions 

and the recent observations of global warming.  
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“Most of the observed increase in global average temperatures since the mid-

20th century is very likely due to the observed increase in anthropogenic GHG 

concentrations. The observed widespread warming of the atmosphere and 

ocean, together with ice mass loss, support the conclusion that it is extremely 

unlikely that global climate change of the past 50 years can be explained 

without external forcing and it is very likely that it is not due to known natural 

causes alone." (Intergovernmental Panel on Climate Change, 2007) 

The world energy demand is forecast to rise almost 50% by 2035, and this growth in demand 

will be met primarily by the combustion of fossil fuels.  According to the International Energy 

Outlook 2010 report (U.S. Energy Information Administration, 2010b), world CO2 emissions are 

predicted to grow 43% from 2007 to 2035, resulting in a 3 °C increase in average global 

temperatures (see Figure 9).  In the US, GHG emissions from transportation are expected to 

increase by 80% by 2030 (Electric Power Research Institute, 2007). 

 

Figure 9 - World Energy-Related CO2 Emissions 2007-2035 
Data Source: (U.S. Energy Information Administration, 2010b) 
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2.2 Enabling Technology – Alternative Vehicle Powertrain Options  

If we continue to be dependent on internal combustion engines (ICEs), then where will all the oil 

come from? How will we reduce the sheer volume of CO2 and NOx emissions?  Increasing the 

supply of fuel is a dubious option and is not the key to solving this dilemma over the long term.  

Decreasing the demand for fossil fuels involves a major shift away from the conventional 

internal combustion engine (ICE) towards one of the following alternative vehicle powertrain 

options: 

• Series Hybrid Electric Vehicle (HEV) – Torque to the wheels of the vehicle comes from 

an electric motor. Power is delivered to the motor either from a battery pack or from a 

gasoline-powered generator.  

• Parallel Hybrid Electric Vehicle (HEV) – In a parallel hybrid, both the electric motor and 

an internal combustion engine jointly generate the traction power that drives the 

wheels with some sort of dual power-split transmission. This powertrain subsystem 

connects to a transaxle or differential gearbox. 

• Hybrid Hydraulic Vehicle (HHV) – Instead of electric power, a hydraulic hybrid vehicle 

powertrain uses pressurized fluid as an alternative power source to the engine.  

• Plug-In Hybrid Electric Vehicle (PHEV) – The PHEV is similar to a traditional hybrid-

electric vehicle but a PHEV adds the ability to plug the vehicle into a standalone charging 

pedestal.  

• Battery Electric Vehicle (BEV) – A BEV is also referred to as an “all-electric vehicle” or 

“full electric vehicle”. A battery pack (typically lithium-ion variety) supplies electric 

power to an AC induction motor, which is controlled by a high-power inverter. The 

motor is connected to a single-speed transmission delivering torque to the vehicle. BEVs 

are also charged by plugging the vehicle into a charging pedestal. 

For a more in-depth discussion, the reader is directed to Appendix B, which provides a 

background to ICE, HEV, PHEV, BEV and HHV vehicles. For this thesis, a reference to the generic 

term electric vehicle (EV) can mean either a plug-in hybrid PHEV or a full battery-electric BEV 

(also referred to as an “all-electric” vehicle); both of these vehicle types use external plug-in 

power sources.  By contrast, hybrid electric vehicles (HEVs) are still entirely dependent on fossil 

fuel sources despite lower fuel consumption.  
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The major benefit of vehicle electrification is reduced oil consumption, leading to a 

corresponding reduction of water contamination from oil drilling, a reduction of the number of 

oil spills (e.g. the recent British Petroleum Deepwater Horizon spill), and a reduction of smog 

and soot in the air. Electrification can also make a major contribution to the reduction of 

greenhouse gas (GHG) emissions as follows (MIT Energy Initiative Symposium, 2010): 

• Conventional Hybrids (HEVs) reduce CO2 emissions by 33% compared to ICEs. 

• PHEVs powered by coal-generated electricity which is so prevalent in the US, have 

lower CO2 emissions than those from an ICE but higher CO2 emissions than 

conventional hybrids according to well-to-wheels analyses (Electric Power Research 

Institute, 2007). Figure 10 shows the emissions profiles of PHEVs using various 

generation technologies  

• Plug-in Hybrids (PHEV) CO2 emissions can be even further decreased by up to 66% 

compared to ICEs by integrating cleaner carbon-free forms of electricity feedstocks 

including hydro-electric, nuclear, biomass, solar, wind, geothermal, tidal or other 

renewable power sources.  PHEV emissions can also be reduced by retrofitting 

existing coal plants, and implementing carbon capture and sequestration measures. 

The emissions profile of EVs (with significant market penetration) will improve as the electricity 

sector becomes less dependent on carbon-based feedstocks. 

 

Figure 10 - Comparison of PHEV Greenhouse Gas Emissions by Electric Power Source 
Data Source: (Electric Power Research Institute, 2007) 
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2.3 Commercial Vehicles Expected To Lead Electrification 

The previous section identified the enabling technologies for electrification such as ICE, HEV, 

PHEV and full BEV vehicles. However, initial vehicle costs of electrification can be quite high 

depending on the component costs, and these incremental cost premiums relative to the 

incumbent ICE technology are serious impediment to the adoption of alternative powertrain 

technologies in certain automotive industry segments.   

Consumers in the passenger car segment are less likely to be early adopters of EV technology 

when compared to fleet operators in the commercial vehicle market. A consumer is typically 

more sensitive to the high initial sticker price of hybrid vehicles, plug-in PHEVs and full battery 

BEV vehicles. They will often purchase a vehicle for a variety of reasons other than cost, 

including aesthetics and style. 

For example, in a US Department of Energy study, the incremental costs for various powertrain 

technologies were compared for passenger cars (Cleary et al, 2010a).  In 2010, a reference mid-

size car with ICE powertrain had the least expensive initial cost of $21,390 ($22,566 with State 

Sales Tax). HEV and PHEV-30 cars have an additional price premium of approximately $4460 and 

$22900 respectively relative to ICE passenger vehicles. See Figure 11. 

Breakdown of projected 2010 purchase prices for each vehicle type

Base Vehicle Assumption - MSRP = $21,390

Component Costs ICE HEV PHEV-30

Powertrain

Engine $3,708.81 $2,191.09 $2,191.09

Transmission $2,398.69 $2,289.66 $2,289.66

Motor/Inverter - $3,933.85 $3,933.85

Energy Storage - $1,918.95 $24,423.00

Recharging Plug and Charger - - $662.91

Other

Glider $15,282.51 $15,282.51 $15,282.51

220V Dedicated Circuit Installation - - $1,000.00

State Sales Tax $1,176.45 $1,408.88 $2,695.85

Total Initial Purchase Cost $22,566.46 $27,024.94 $52,478.87

Incremental Cost for HEV or PHEV-30 - $4,458.48 $29,912.41  

Figure 11 - Incremental Purchase Prices for HEV and PHEV-30 vehicles – Source: (Cleary et al, 2010b) 

Even with cuts in reduced battery and component costs by 2030, HEVs and PHEV-30s passenger 

vehicles are still expected to command a price premium of approximately $1,050 and $5,535 
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respectively relative to ICEs cars. See Figure 12 for a graphical comparison of estimated 

purchase cost for each vehicle type both today and in 2030. 

 

Figure 12 - Initial Cost Comparison for ICE, HEV and PHEV Cars in 2010 & 2030 
Data Source: (Cleary et al, 2010a) 

Incremental costs for commercial HEV, PHEV and BEV vehicles are also substantial. However, the 

vehicle acquisition process for commercial fleet customers is more likely to be guided by 

economic factors such as the Total Cost of Ownership (TCO) of a vehicle (rather than the initial 

capital outlay). A fleet customer typically amortizes upfront CapEx costs over the lifetime of a 

vehicle using leasing or similar arrangements. If electric drive technologies meet the mission 

needs of a given fleet and can reliably demonstrate a return on investment compared to an 

internal combustion engine vehicle, fleet operators with an eye on the bottom line should be 

willing to invest in efficiency.   

The operational profile of commercial fleet operators is better suited to HEV and EV technology 

than the profile for passenger car fleet operators. For example, in dense urban settings, a typical 

commercial delivery van will travel a fixed route of less than 100 miles per day.  In these urban 

areas, traffic congestion dictates that there will be lots of starts and stops with significant idle 

time, and there will also be multiple drops or collections. Many commercial delivery vehicles 
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return to the same depot base at the end of every day which conveniently allows for centralized 

charging. 

Finally, by serving as a first market for electric drive technologies, fleet operators could generate 

a number of spillover benefits for the broader consumer market.  Substantial volume 

commitments of sales to large commercial and government fleet customers will help to drive 

the development of scale efficiencies and cost reductions in lithium-ion batteries and other 

powertrain components. Fleet adoption of PHEVs and BEVs could also help to overcome the lack 

of charging infrastructure which is also constraining development of the passenger market. 

2.4 Market Drivers for Adoption of “Green” Commercial Truck 

Fleets  

There are several key factors driving the adoption of alternative HEV, HHV, PHEV, and BEV 

powertrain technologies for “green” commercial trucks. Certain technologies benefit more from 

these drivers than others.  

A variety of benefits accrues to fleet customers depending on the type of powertrain technology 

used in a commercial vehicle. Some of these benefits are direct (e.g. lower initial capital costs or 

lower operating costs) while others are indirect (lower emissions or extended vehicle range or 

reliability in adverse operating conditions). 

These factors include: 

• Total Cost of Ownership (TCO) – Fleet operators will most often adopt vehicles based 

on the fully-burdened cost of purchasing, refueling, and maintaining a vehicle over the 

entire ownership period. There is a strong incentive to offset high initial costs for HEV or 

EV technology in trucks using operational cost savings. A recent survey from Frost & 

Sullivan of the US Light Duty Truck market asked 80 fleet managers to identify the most 

significant factors affecting adoption of light-duty trucks  (Kar & Randall, 2010). The 

results in Figure 13 indicate that the Total Cost of Ownership (TCO) is by far the most 

important contributing factor to the decision to purchase a vehicle by a fleet manager 

(based on percentage of respondents). 
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Figure 13 - Fleet Owners Ranking of Primary Factors Driving 
 Vehicle Acquisition – Data Source: (Kar & Randall, 2010) 

• Fuel/Electricity Cost Savings – Savings based on the relatively low cost of electricity 

compared to the high cost of gasoline are a primary driver of the benefits of PHEV and 

EV trucks. Although there are fuel savings for hybrids, they are not as substantial as 

those for a PHEV or all-electric BEV.  According to Frost & Sullivan, 59% of fleet owners 

rated fuel efficiency as the number one benefit (Kar & Randall, 2010). See Figure 14. 

 
Figure 14 - Highest Ranking Benefits of Powertrain Technologies, Data Source: (Kar & Randall, 2010). 
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• High Vehicle Utilization (Duty Cycle) - A vehicle with a high utilization rate (or duty 

cycle) based on the daily or annual miles travelled will enable a faster payback of 

incremental costs for HEV or EV trucks. 

• Route Predictability and Driving Cycle Suitability – The route predictability (driving 

cycle) and hence the necessary range for a commercial vehicle is a driving factor for 

adoption of a pure BEV truck (lower range anxiety). This is not a factor for hybrid 

technologies where vehicle range is extended with an internal combustion engine (ICE). 

• High Level of Central Fleet Depot Usage – Adoption of plug-in PHEV or BEV powertrains 

is increased in some fleet segments (e.g. parcel delivery trucks, but not line-haul trucks) 

where there is a high level of central fleet depot usage. This makes it easy to provide 

charging infrastructure. This is also not a factor for the conventional hybrid (HEV, HHV). 

• Lower Maintenance and Servicing Costs – Fleet vehicles with traditional ICEs require 

regular service for fluid changes (oil, transmission and brake fluid) as well as costs for 

repair and replacement of items such as brake, transmission and engine components. 

Electric drive systems on the other hand, have lower maintenance and repair costs (due 

to fewer moving parts and less wear).  In Figure 14, reliability and reduced maintenance 

rank as the second and third highest benefits (with 17% and 5% respectively) (Kar & 

Randall, 2010). 

• Improved Corporate Sustainability Profile – A  shift away from petroleum-powered 

vehicles towards the adoption of more efficient  “green” vehicle technologies such as 

hybrids (HEVs and HHVs), and plug-in electric vehicles (PHEVs and BEVs) not only offers 

lower TCO costs, but demonstrate a fleet operator’s commitment to sustainable 

business practices. 

• Regulations, Subsidies and Incentives for Electrification – Demand for commercial xEV 

trucks can be stimulated by offsetting the higher initial purchase price with tax credits or 

rebates which can make xEV trucks as inexpensive as a comparable ICE or gasoline-

powered truck. In theory, the lower operating costs will tip the balance for the fleet 

buyer in favour of deciding to buy xEV vehicles.  Government subsidies should spur 

demand for these vehicles until manufacturers can achieve greater economies of scale 

and cost efficiencies to reduce component costs.  
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2.5 Market Challenges for Adoption of “Green” Commercial Truck 

Fleets 

There are also key market restraints that are potential barriers to adoption of HEV, HHV, PHEV, 

and BEV technologies for truck fleets. Barriers to adoption include:  

• Vehicle Costs – Truck makers face a major issue with the high cost of hybrid and electric 

vehicle components. Although commercial fleets owners have shown interest in 

electrifying their fleets, they have been unwilling so far to purchase large quantities of 

hybrid-electric and plug-in electric vehicles (Lowe, Ayee, & Gereffi, 2009). Despite 

cheaper operating costs, the high up-front capital costs remain as a major impediment 

to growth. Without sufficient sales volumes to drive down costs, commercial xEV 

makers will need to keep prices high enough to recover production costs. Governments 

can step in to resolve this chicken-and-egg impasse by jump-starting the market with 

xEV subsidies. According to a study by Calstart (an industry consortium of vehicle 

technology firms), annual fleet orders for hybrid electric trucks are about 500 to 1000 

vehicles. Calstart has suggested that annual truck sales will need to reach at least 3000 

to 5000 before costs can be driven down to a level which is low-enough to sustain 

market demand (Van Amburg, 2009).  

• Technology Barriers - There are major challenges for manufacturers of HEV and EV 

trucks in the area of weight reduction and improving aerodynamic efficiency. HEV and 

EV trucks have a large overhead of non-cargo related weight (particularly batteries) 

which reduces available cargo capacity and increases the amount of power needed at 

vehicle startup. A vehicle with an electric powertrain needs to be as light as possible to 

minimize this overhead (Lowe et al., 2009). Truck body aerodynamic efficiency also 

needs to be improved to reduce fuel consumption. 

• Capital Expenditures vs. Operating Expenditures - There is typically intense competition 

for capital within a given company or institution. Despite Total Cost of Ownership (TCO) 

advantages for HEV or EV trucks, high capital cost requirements will still prove 

challenging for many fleet operators (Fairley, 2011). Large fleet operators are unwilling 

to tie up capital to support substantial volumes of hybrid and electric drive vehicles. A 

typical fleet operator will selectively consider the adoption of hybrid or EV trucks for 
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niche applications such as urban delivery where the operational requirements (high 

utilization, short radius of operation, large number of stops and starts) are best suited to 

the technology. Some manufacturers – most notably Renault – have tried to adapt by 

breaking out electric batteries as a separate lease item to make EVs affordable. 

• Charging Infrastructure Costs - Even for fleets that centrally park, the cost of installing 

charging infrastructure may be significant. With Level II EVSE charger costs averaging 

$2000 per unit, the cost of installing enough chargers to support a fleet of several dozen 

EVs or PHEVs could be challenging. Level III charging may offer faster charge times and 

reduced unit requirements, but costs are still too high. 

• Supply Chain Insufficiencies – Achieving ample production of affordable Li-Ion batteries 

may be the single greatest challenge to large-scale commercialization of plug-in EVs. 

Batteries must reach a reasonable price in order for EVs to be competitive with 

conventional vehicles and hybrid electric vehicles (HEV) in forthcoming decades. In 

order to produce batteries that meet the required standards of durability, quality, and 

safety at a reasonable cost, many issues of the battery industry must be addressed. 

These issues include (but are not limited to) technology maturation, increased domestic 

production, raw material availability, and market readiness.(Cleary, Sikes, & Lin, 2010) 

• Fuel Prices - The price of gasoline or diesel fuel will have an impact on HEV, PHEV and 

BEV truck market penetration. As gasoline prices rise, fleet operators will opt for more 

fuel-efficient trucks to cut down on operating costs. For every $0.50 increase in the price 

per gallon of fuel, the payback period for a HEV truck will decrease by 6 months. 

Likewise, as fuel prices drop, the payback period to recover the incremental cost of HEV, 

PHEV or BEV powertrains will increase proportionately.  

• EV Range – A fleet operator may have a perception (even if unfounded) about the ability 

of an electric truck to meet the operational needs of the fleet with respect to vehicle 

range. This issue is sometimes referred to as “range anxiety”. It only affects the 

adoption of range-limited BEV trucks or vans that run entirely on battery power. Range 

anxiety is not a barrier to the adoption of hybrid HEV and PHEV trucks. The best 

approach to mitigate range anxiety is to make sure that a fleet driver has much 

information as possible on the state of charge, or the location of a recharging station.  
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• Charge Time – On one hand, a fleet operator needs to have a high vehicle utilization to 

make PHEV or EV technology affordable - perhaps more than 100 miles per day over 

two shifts. However, the operator needs to find gaps during the day to recharge the 

battery pack of the vehicle. The amount of time it takes to recharge a battery pack may 

vary anywhere from 12 hours for Level 1 (120V AC Charging), to 6-8 hours for Level 2 

(240V AC charging), or to as little as 30 to 60 minutes for Level 3 (High Voltage DC fast 

charging). Thus, it is imperative that fleet operators have access at least to a Level 2 

charging station, and preferably to a Level 3 fast charging station to enable them to 

reach a sufficiently high level of vehicle utilization.  

2.6 Commercial Truck Market Segmentation 

Industrial markets can be segmented in several ways in order to assess segment attractiveness 

and to determine which segment to target. Appendix A contains more information on the 

nested segmenting approach adopted here (Bonoma & Shapiro, 1983). At the macro level, the 

target market under consideration for this analysis is the commercial truck market. However, 

the commercial truck market can be segmented into groups of fleet owners and operators with 

similar needs. These owners are more likely to be concerned about vehicle characteristics such 

as total cost of ownership and resale potential. Each fleet is different, and there are a number of 

dimensions with which to segment fleets including the following:  

• Duty Class of vehicle – GVW classes - light- to heavy-duty trucks, and buses 

• Application – classification by vocation or purpose of vehicle e.g. parcel delivery, postal 

• Vehicle Utilization – classification by daily or annual vehicle miles travelled (VMT) 

• Geographic Region – North America, Europe, or Other regions 

• Fleet Size – classified from small fleets ( < 10 vehicles) to large fleets (1000+ vehicles) 

• Sector – Large Government or Private Fleets, or Small / Medium-Sized Enterprises 

(SMEs) 

Individual sub-segments can be defined using nested combinations of any of these attribute 

classifications. Each of the attribute dimensions is described in further detail below. 
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2.6.1 Segmentation by Duty Class of Vehicle 

Commercial truck fleets include vehicle size and weight classifications from light-duty commercial vehicles (LCV), medium-duty commercial vehicles (MCV), 

heavy-duty commercial vehicles (HCV), and buses. See Table 3 for a breakdown of commercial vehicle classifications by weight for North America and Europe. 

Table 3 - Commercial Vehicle Classification in North America and Europe 

Vehicle Class Types of Vehicle Application or Vocation Examples North America 

(US DOT class) 

Europe 

(ACEA class) 

Example 

Light-duty 

Commercial 

Vehicles (LCV) 
 

 

 

• Urban / city Delivery and Pickup 

• Utilities 

• Airport operations 

• Facilities management 

• Catering 

• Tradesman / Contractor 

• Postal 

Class 1-3 trucks (GVW < 

14000lbs) 

GVW < 3.5t tonnes  

(< 7700 lbs.) 

Azure Dynamics / Ford Transit Connect Electric Van 

Iveco Daily  Hybrid Van  

Morgan Olsen LLV Postal Van  

Medium-duty 

Commercial 

Vehicles (MCV)  

 

• Home delivery 

• Logistics 

• Parcel Delivery 

• Utilities Boom /Bucket Truck  

• Airport operations 

• Medium shuttle buses 

Class 4-5 trucks (GVW 

14001 to 19500 lbs.) 

GVW from 3.5t to 

16t (7700 to 35300 

lbs.) 

Hino 155h Diesel Hybrid Electric Truck 

Azure Dynamics Hybrid Electric City Delivery Van  

Azure Dynamics Balance Hybrid Delivery Van  

Altec Hybrid Electric Bucket Truck 

Heavy-duty 

Commercial 

Vehicles (HCV) 

 

• Beverage 

• Waste and Recycle collection 

• Mining 

• Construction dump trucks 

• Cement trucks 

• Day-cab freight 

• Refrigeration 

• Line haul freight trucks (sleeper cabs) 

• Furniture 

• Moving / Storage 

Class 6-8 (GVW > 19500 

lbs.) 

GVW > 16t (GVW > 

35000 lbs.) 

Freightliner Beverage Truck  

Peterbilt Model 320 Hydraulic Hybrid Refuse Truck 

McNeilus Ngen Compressed Natural Gas (CNG) 

Cement Mixer Truck 

Peterbilt Model 386 HLA Hybrid Line Haul Class 8 

Sleeper Cab Truck  

Buses 

 

• City Transit Buses 

• Inter-city Motor Coaches 

• School Buses 

  New Flyer Xcelsior Inter-city Coach 

NABI (North American Bus Industries) C-45 low-floor 

urban transit bus as used by Los Angeles Metro Rapid 

fleet 
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2.6.2 Segmentation by Application  

Understanding the application for a fleet vehicle is critical to choosing the best vehicle 

powertrain technology. The intended application is the key determinant for vehicle utilization, 

radius of operation and range. It also has a major bearing on the typical driving cycle including 

the number of stops and starts. For instance, step vans that service a set route, such as a 

package delivery service, may find BEV operation an effective, low-polluting alternative. HEV 

hybrids are popular for beverage delivery because of frequent stops and starts. Vocational 

trucks such as refuse trucks, and utility bucket trucks often employ CNG, propane, or HEV and 

HHV hybrid powertrains. HEV trucks and trucks fuelled by CNG or propane are popular 

alternatives to gasoline ICE powertrains for school buses. Application class definitions and 

examples are shown in Table 4. 

Table 4 – Vehicle Application Classification 

Application  Definition Example Application Types 

City Delivery  Pickup and delivery service within cities and/or 

suburban areas.  

Auto Carriers,  Moving Vans,  Refrigerated Trucks, 

Beverage Trucks, Municipal Trucks, Flatbed Trucks, 

Newspaper Delivery Vans, Tankers, Livestock Haulers, 

Parcel Pickup Walk in Step Vans,   Postal Vans, Towing 

Wreckers.   

Construction  Movement of material to and from a job site.  Asphalt Trucks, Flatbed Trucks, Tank Trucks, Block Trucks, 

Landscape Trucks, Utility / Telecom Bucket Truck, 

Concrete Trucks, Dump Trucks. 

Fire Service  Vehicles used to transport people and equipment for 

extinguishing fires or ambulance service.  

Aerial ladders, Pumpers, Tankers, Aerial platforms, 

Ambulance 

Heavy Haul  Movement of heavy equipment or materials at legal 

maximums or special permit Loadings.  

Equipment Hauling Trucks, Flatbed Trucks, Lowboy Trucks,  

Steel Hauling Trucks 

Line Haul  Movement of different types of freight in high 

mileage operation (over 60,000 miles/year).   

Auto Haulers,  Refrigerated Freight Trucks,  Bulk Haulers, 

Livestock Haulers, Moving Vans, Flatbed Trailers, Pipe 

Haulers, General Freight, Tankers, Grain Haulers.   

Logging  Movement of logs, chips and pulp between logging 

sites and/or mill.   

Chip Haulers,  Straight Truck With Trailers, Log Haulers, 

Tractors with Pole Trailers 

Mining  Movement of rock, ore, gravel and minerals 

between sites and delivery sites. 

End Dump Trucks, Hopper Trailer Combinations mine 

Bottom Dump Trailers, Transfer Dump Trucks, Semi 

Motorhome  Vehicles generally used for non-commercial 

transportation and as traveling domiciles for 

families. 

Recreational Vehicles 

Refuse  Vehicles used for residential refuse/recycle pickup.  Front/Rear/Side Loaders, Sewer/Septic/Vacuum Trucks, 

Roll Off, Liquid Waste Haulers, Scrap Trucks, Transfer 

Vehicles, Residential/Commercial Pickup Trucks, Street 

Sweepers.  

Rescue  Specialized vehicles for rapid acceleration to crash 

sites away from hydrant hook-ups.  

Airport Rescue Fire (ARF), Crash Fire Rescue (CRF), Rapid 

Intervention Vehicles (RIV), Emergency Service trucks. 

School Bus  Transporting students to and from school and/or 

school related events.  

Front Engine Commercial Chassis buses, Front Engine 

Integral Coaches, Rear Engine Integral Coaches.   

Intercity 

Coach  

Transporting people and light freight between cities 

and/or suburban areas.  

Tour Coach, Cross Country Coach 

Transit Coach  Transporting people in and around city or suburban 

areas. 

Airport Shuttles,  City Buses, Shuttle Buss, Trolley Buses 
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2.6.3 Segmentation by Vehicle Utilization 

The rate of vehicle utilization is a measure of the number of miles travelled over a given period, 

usually expressed in terms of the number of miles per day or the annual Vehicle Miles Travelled 

(VMT). The rate of vehicle utilization is very useful as a segmentation attribute, because it is an 

important distinguishing feature of various fleet applications. For instance, a heavy-duty Class 6-

8 delivery truck typically travels in excess of 150 miles/day (Long-haul) without returning to 

same central depot at the end of each day (low route predictability). It has a much different 

operational profile than a medium-duty Class 4 urban or city delivery van that travels from 60-

100 miles/day (Medium-haul) with a high degree of route predictability. It is different again 

from a light-duty Class 2 Government van that travels less than 50 miles/day (Short-haul).  

Figure 15 shows how vehicle utilization based on miles/day can be used in conjunction with the 

duty class of vehicle to identify segments of fleet customers with various operational profiles. 

 

Figure 15 - Commercial Vehicle Segments by Duty Class and Utilization (Miles/Day),  
Source: Adapted from (Electrification Coalition, 2010) 
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A commercial HEV, PHEV or EV vehicle that exceeds a minimum daily mileage threshold (or an 

annual VMT amount) will provide a higher utilization, and therefore a proportionately higher 

level of fuel savings. This significantly reduces the time to payback the high up-front incremental 

capital costs (particularly battery costs) when compared to an ICE vehicle. 

 

Figure 16 - Distribution of Light Duty Service Application Fleet Sizes by Average Daily Miles 
Source: Adapted from annual fleet statistics at automotive-fleet.com 

For pure BEV trucks, there is an upper bound to vehicle utilization based on the range available 

without a vehicle recharge. In Figure 16, at least 77% of the Class 1-3 LCVs used for Service 

applications travel less than 80 miles/day; these vehicles are well suited to BEV powertrains.  

However, consider a postal delivery application where a fleet operator desires to use a battery 

electric truck for 100 miles per day but the vehicle range on a single charge is limited to 70-80 

miles. It may be possible for the postal operator to schedule two shifts per day with a gap 

between shifts for charging.  Adoption of an EV for this type of application would be more likely 

if Level 3 DC fast-charging technology was used to minimize the recharge time between shifts. 

However, if Level 3 fast chargers were not available, then a fleet customer might be more likely 

to adopt a hybrid versus a plug-in electric vehicle. 
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2.6.4 Segmentation by Geographic Region 

In the automotive industry, Europe and North America are unique geographic market segments 

that have formed primarily because of differences in fuel prices and truck size regulations.  The 

considerable disparity in fuel prices between the two regions has resulted in a stronger 

customer demand in Europe for trucks with smaller and more fuel-efficient engines. Even within 

Europe, differences in fuel taxes and subsidies between countries have affected the demand for 

some powertrain types. For instance, in France and Germany, where excise taxes on ultra-low 

sulphur diesel fuel are lower than those on unleaded gasoline, there is higher market share of 

light-duty trucks with diesel engines. 

Differences in vehicle regulations between North America and Europe have a profound impact 

on the popularity of certain types of vehicles. For instance, although tractor-trailer style cabs are 

more popular in North America for long-haul trucks, the Cab-over Engine (COE) configuration is 

more prevalent in Europe. North American laws and statutes limit the maximum length of 

tractor-trailer units to 75 feet. By contrast, there are tighter restrictions in Europe on the length 

of tractor-trailer rigs. Europe has narrower roads, tighter corners and limited access to urban 

areas from the highway. Thus, the COE body style has become the dominant design for most 

European long-haul fleets. The conventional cab configuration in North America provides more 

sleeper cab comfort, less engine noise for the driver, and greater power.  

Europe and North America are likely to have differing adoption rates for electrified commercial 

vehicle technology. The relatively high preference by fleet customers in Europe for diesel light-

duty commercial vehicles (LCVs) will make it relatively more difficult for full BEV engine types to 

make rapid inroads in this region.  

2.6.5 Segmentation by Fleet Size 

There are two main segments in this dimension: Large commercial fleet customers and Small to 

Medium-Sized Enterprise (SME) buyers. The needs of fleet owners who have to service a large 

fleet of a hundred or more vehicles are quite different from the needs of SME owners who only 

have to service fewer than a dozen vehicles. There is a correlation between the degree of 

electrification in a fleet and the size of the fleet. Large fleets provide a fleet manager with 

greater flexibility in choosing an appropriate mixture of conventional and alternative power 
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trains based on the specific needs for each application within their fleet. Vehicles with 

conventional engines can overcome the range limitations of electric vehicles in rural or lower 

density suburban areas (Schulz, Berlin, & Marker, 2010).  

Large Fleet Size Segment – Fleet customers that fall into this classification include large private 

sector firms and large public sector agencies with more than 500 employees. These customers 

will typically purchase large numbers of vehicles (more than a dozen, often in the hundreds) and 

have a relatively heavy vehicle utilization schedule  (Fildes, Nelson, Sener, Steiner, & 

Suntharasaj, 2007).  Examples of organizations in this segment include logistics and parcel 

delivery firms (UPS, FedEx, DHL, Purolator), beverage firms (Coca-Cola, Pepsi), telecom and 

power utilities (AT&T, Verizon, Comcast, Qwest, Cox), and government agencies at all levels: 

federal (US Postal Service), state/provincial (California fleet) or municipal (City & County of San 

Francisco Motor Pool).  With 86,095 vehicles, AT&T has the largest commercial fleet as shown in 

the chart of the largest US private sector fleet sizes in Figure 17. In the public sector, the US 

Postal Service has the largest fleet with 212,000 vehicles (Automotive Fleet Magazine, 2009).  

Depending on fleet needs with respect to duty class and application, fleet managers choose 

vehicles propelled by a variety of sources including ICE powertrains (gasoline, diesel, or natural 

gas) and HEV, PHEV, HHV or BEV powertrains.  

 

Figure 17 - Top US Commercial Fleet Sizes 2009  
Source: Automotivotive Fleet Statistics  automotive-fleet.com 
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Small and Medium-Sized Enterprise (SME) segment – Firms in this segment have fewer than 

500 employees, and will operate small fleets (typically less than a dozen vehicles) as part of their 

business services.  SME purchasers typically purchase vehicles one or two at a time once 

vehicles have been reached end-of-life and are due for replacement.  Representative customer s 

in the SME segment would include businesses doing local delivery (florists, bakeries, couriers, 

and the like).  

2.6.6 Segmentation by Sector 

Fleet vehicles operate in nearly all sectors of the economy and are important for a number of 

industry sectors. Public sector (Government) fleets will have different mandates, performance 

criteria and cost targets than those of private fleets. For instance, public sector operators are 

not motivated by ZEV (zero-emission vehicle) tax credit incentives, as they are typically exempt 

from paying tax. However, many local governments have started to mandate the acquisition of 

fleet vehicles that meet or exceed more stringent or demanding emissions targets than those 

found in the private sector. 

Private Sector - In 2009, corporate and commercial fleets in the private sector accounted the 

majority of fleet vehicles in operation (VIO), with a combined 74 percent market share (8.8 

million and 3.2 million, respectively).  

Public Sector - Public sector fleets at the federal, state and local level accounted for the balance, 

with approximately 4.4 million VIO. In terms of industry representation, short-haul delivery 

vehicles account for the largest share of U.S. fleet vehicles in operation, with 28 percent of the 

total market share. State and local government fleets are the second largest industry segment, 

representing nearly one-fourth of U.S. fleet vehicles in operation and the overwhelming 

majority of public sector vehicles. Passenger transportation applications such as rental cars, taxi 

fleets, school buses, and transit buses also account for a substantial share (16 percent of the 

total) (Electrification Coalition, 2010) 
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2.7 Value Proposition for Fleet Owners 

There are several methods used by fleet managers to make purchase decisions when 

considering new spending on fleet vehicles or deciding which of several competing technology 

options is the best economic alternative.  Two approaches frequently used by fleet managers to 

identify the value proposition are:  

• Total Cost of Ownership (TCO) – the sum of capital and operating costs 

• Payback Period – the time to recover the capital cost from operating cost savings 

An overview of these methods is provided in Appendix A.  

2.7.1 Cost model for TCO and Payback Period analysis by market segment 

A spreadsheet cost model was created to identify which powertrain technology (ICE, HEV, PHEV, 

and BEV) has the lowest TCO and the fastest payback time. The projected TCO and payback time 

for each of the four technologies was compared while varying the acquisition year from 2011 to 

2020. This set of sliding windows for vehicle lifetime was used to plot the TCO and payback time 

in 10 commercial vehicle segments classified by Duty Class, Utilization and Geographic Region. 

The technology with the lowest TCO (deemed the “TCO Advantage”) and fastest payback at any 

given time is most likely to recoup the incremental costs and to be selected by the fleet 

manager. The TCO and payback period results are also used later in this report to predict the 

timing of adoption and the penetration rates for each technology within each segment.  

2.7.1.1 TCO and Payback Model Scenarios 

Each scenario for the cost model selects one of the four powertrain technologies (ICE, HEV, 

PHEV, and BEV), and one of eight commercial vehicle segments. Each segment is one of several 

combinations of Geographic Region, Duty Class, Utilization and Sector (Table 5).  

Table 5 - Segment Classifications for TCO and Payback Analysis 

Segment 

# 

Geographic 

Region 

Duty Class Utilization Miles/day 

(km/day) 

Sector 

1 North America LCV Short-Haul 40 (64.4) Government 

2 North America LCV Medium-Haul 70 (112.7) Service 

3 North America MCV Medium-Haul 70 (112.7) Service 

4 North America HCV Medium-Haul 100 (160.9) Service 

5 Europe LCV Short-Haul 40 (64.4) Government 

6 Europe LCV Medium-Haul 70 (112.7) Service 

7 Europe MCV Medium-Haul 70 (112.7) Service 

8 Europe HCV Medium-Haul 100 (160.9) Service 
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Cost assumptions for the TCO and Payback model vary for each market segment and powertrain 

technology scenario, both for initial capital costs as well as for operating costs.  Each scenario 

uses one of three cost forecasting likelihood options (optimistic, pessimistic, and most likely) 

that select profiles over the 2010-2030 period for those capital and operational  cost elements 

which are most susceptible to change: battery costs, fuel prices, electricity prices, and 

maintenance costs. Details of model scenarios and assumptions are in Appendix C.  

2.7.1.2 Analysis of TCO and Payback Model Findings 

Total cost of ownership model 

From Appendix D (graphs projecting TCO by market segment over the range of years from 2011-

2020) the vehicle technology (ICE, HEV, PHEV, or BEV) with the lowest TCO for each year was 

identified for the most likely scenario. The results are shown in Table 6 (North America) and  

Table 7 (Europe).  

Year 

Technology with Lowest TCO by Market Segment 

NorAm LCV 

Government 

NorAm LCV 

Service 

NorAm MCV 

Service 

NorAm HCV 

Service 

2011 ICE ICE BEV HEV 

2012 ICE ICE BEV HEV 

2013 ICE ICE BEV HEV 

2014 ICE ICE BEV HEV 

2015 ICE BEV BEV HEV 

2016 ICE BEV BEV HEV 

2017 ICE BEV BEV HEV 

2018 BEV BEV BEV HEV 

2019 BEV BEV BEV HEV 

2020 BEV BEV BEV HEV 

Table 6 – Technology with Lowest TCO Advantage by Segment – North America 2011-2020 

Year 

Technology with Lowest TCO by Market Segment 

Europe LCV 

Government 

Europe LCV 

Service 

Europe MCV 

Service 

Europe HCV 

Service 

2011 BEV BEV BEV HEV 

2012 BEV BEV BEV HEV 

2013 BEV BEV BEV HEV 

2014 BEV BEV BEV HEV 

2015 BEV BEV BEV HEV 

2016 BEV BEV BEV HEV 

2017 BEV BEV BEV HEV 

2018 BEV BEV BEV HEV 

2019 BEV BEV BEV HEV 

2020 BEV BEV BEV HEV 

Table 7 – Technology with Lowest TCO Advantage by Segment – Europe 2011-2020 
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Based on this analysis, light-duty trucks with conventional ICE powertrains have the TCO 

advantage in North America in the short term but this switches to full battery electric trucks by 

2015 in the service sector (medium haul daily utilization), and 2018 in the government sector 

(short haul daily utilization). The TCO advantage enjoyed by trucks with ICE powertrains in North 

America is primarily due to the relatively low US fuel prices. In Europe, where fuel costs are 

almost twice as high, the BEV powertrain technology already has the TCO advantage now in 

2011. 

In the medium-duty service truck market segment (MCVs) in both North America and Europe, 

BEV powertrain technology has the TCO advantage throughout the decade.  An important 

reason for this is that the battery pack size is matched to the required range (sometimes 

referred to as right-sizing) without providing too much capacity at excessive cost. In this case, a 

typical range for a medium-duty delivery truck with a 65 kWh battery pack is 80 miles - sufficient 

to fulfill the demands for a daily vehicle utilization of 70 miles for the MCV service market 

segment.   

In the heavy-duty truck market segment (HCVs), only hybrid trucks were compared to the 

conventional ICE powertrain (i.e. a BEV powertrain was not included). This is because the HCV 

long-haul service sector has a typical daily vehicle utilization of 160 miles (which exceeds the 

range of BEV vehicles).  In this HCV segment, HEV hybrid trucks have a lower TCO than trucks 

with ICE powertrains in both North America and Europe for the entire 2011-2020 period. 

Payback analysis 

From Appendix E (graphs projecting payback period by market segment over the range of years 

from 2011-2020) the vehicle technology (ICE, HEV, PHEV, or BEV) with the fastest payback 

period for each year was identified for the most likely scenario. The results are shown in Table 8 

(North America) and Table 9 (Europe). 
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Year 

Technology with Fastest Payback Period by Market Segment 

NorAm LCV 

Government 

Payback 

Period 

(yrs.) 

NorAm 

LCV 

Service 

Payback 

Period 

(yrs.) 

NorAm 

MCV 

Service 

Payback 

Period 

(yrs.) 

NorAm 

HCV 

Service 

Payback 

Period 

(yrs.) 

2011 BEV 12.8 BEV 8.2 BEV 4.2 HEV 4.2 

2012 BEV 12.4 BEV 7.8 BEV 3.9 HEV 4.1 

2013 BEV 11.8 BEV 7.4 BEV 3.6 HEV 3.9 

2014 BEV 11.4 BEV 7.1 BEV 3.4 HEV 3.8 

2015 BEV 10.9 BEV 6.8 BEV 3.2 HEV 3.6 

2016 BEV 10.6 BEV 6.5 BEV 3.1 HEV 3.5 

2017 BEV 10.3 BEV 6.3 BEV 2.9 HEV 3.4 

2018 BEV 9.9 BEV 6.0 BEV 2.7 HEV 3.3 

2019 BEV 9.6 BEV 5.8 BEV 2.6 HEV 3.2 

2020 BEV 9.2 BEV 5.5 BEV 2.5 HEV 3.1 

Table 8 – Technology with Fastest Payback Period by Segment – North America 2011-2020 

Year 

Technology with Fastest Payback Period by Market Segment 

Europe LCV 

Government 

Payback 

Period 

(yrs.) 

Europe 

LCV 

Service 

Payback 

Period 

(yrs.) 

Europe 

MCV 

Service 

Payback 

Period 

(yrs.) 

Europe 

HCV 

Service 

Payback 

Period 

(yrs.) 

2011 BEV 8.3 BEV 5.2 HEV 1.9 HEV 2.4 

2012 BEV 7.9 BEV 4.9 HEV 1.8 HEV 2.3 

2013 BEV 7.5 BEV 4.6 HEV 1.7 HEV 2.2 

2014 BEV 7.1 BEV 4.3 HEV 1.6 HEV 2.1 

2015 BEV 6.8 BEV 4.1 HEV 1.6 HEV 2.0 

2016 BEV 6.5 BEV 3.9 HEV 1.5 HEV 1.9 

2017 BEV 6.2 BEV 3.7 HEV 1.5 HEV 1.9 

2018 BEV 6.0 BEV 3.5 HEV 1.4 HEV 1.8 

2019 BEV 5.7 BEV 3.4 HEV 1.4 HEV 1.8 

2020 BEV 5.5 BEV 3.2 BEV 1.3 HEV 1.7 

Table 9 - Technology with Fastest Payback Period by Segment – Europe 2011-2020 

A value proposition based on minimizing the total cost of ownership by maximizing the fuel cost 

savings contribution is critical for selling successfully to commercial fleet truck markets. 

2.8 North American and European Fleet Adoption Scenarios and 

Market Penetration of EV and HEV Technology 

The previous section covered how Total Cost of Ownership will play a critical role in driving the 

electrification of commercial fleets. Changes in the relative TCO advantage for various 

powertrain technologies over time (as forecasted by the TCO and payback model) will affect the 

uptake of the xEV platforms in truck markets.  

However, despite a potential TCO advantage, a recent study also expects that switching costs 

such as the vehicle driving range, infrastructure deployment challenges, and charging difficulty 
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may be a deterrent to the adoption of electric drives in fleet applications, particularly for full 

BEV technology (Electrification Coalition, 2010). This study combined the level of switching 

difficulty and the relative TCO to predict the level of attractiveness of electric vehicles for 

different commercial fleet segments at a given point in time.  The segments with the lowest 

switching difficulty and the highest TCO benefit will the segments most likely to have the highest 

adoption rate. Conversely, the segments with the highest switching difficulty and the lowest 

TCO benefit will have the lowest adoption rate. 

In the theoretical approach of Everett Rogers  regarding the diffusion of innovations, the market 

penetration of new technologies over the lifecycle of a technology can be estimated using S-

curves or logistic function to represent the cumulative number of adopters (Rogers, 2003).  

More recently, S-curve logistic functions have been applied to predict the adoption or diffusion 

of technologies within the transportation industry, specifically for fuel cell markets (Hollinshead, 

Eastman, & Etsell, 2005).   

Based on input received from technical experts and industry representatives, a series of PHEV 

market penetration scenarios were also presented in a recent study from the PNNL or Pacific 

Northwest National Laboratory (Balducci, 2008) are consistent with the adoption rates for the 

transportation technologies presented in the Hollinshead paper forecasting the market 

penetration of fuel cell vehicles 

The Balducci report considered the adoption rates for four classes of alternative vehicles 

(although this considers the automotive sector rather than the trucking sector). The first 

alternative vehicles forecasted for adoption are E85 ethanol flex-fuel ICE vehicles, and gasoline-

powered hybrid vehicles. By 2034, Balducci expects that hybrids and E85 vehicles will reach 50% 

market share for all new vehicles sold. Hybrids powered by diesel engines and plug-in hybrid 

variants trail the other hybrid technology by about four years. The FCEV (or hydrogen fuel cell 

electric vehicles) trail even further behind because of the time it takes to create the 

infrastructure for hydrogen refuelling and the time to build vehicle production. The Balducci 

report also assumes that all-electric battery vehicles (BEV) follow a similar adoption curve as the 

FCEV. This slow adoption rate of BEV vehicles is based on the amount of time to install proper 

electric charging infrastructure, and the extensive amount of effort required to develop cheaper 
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Li-Ion batteries and fast charging vehicle with sufficient range to satisfy most drivers (Balducci, 

2008) 

2.9 Supply Chain - Components, Powertrain Systems, and Vehicles 

The components for a HEV, HHV, PHEV or BEV powertrain for a truck can be subdivided into 

three primary sub-systems: an energy storage system, a propulsion system, and the power 

electronic control systems and software. Depending on the type of powertrain technology (HEV, 

HHV, PHEV or BEV) employed, all of the subsystems offer various approaches to component 

selection and design. For example, the system designer of a xEV vehicle might choose from 

lithium-ion, lead-acid or nickel-metal hydride batteries for a typical energy storage system. For 

hydraulic hybrids (HHV), stored potential energy is provided by compressed fluid in an 

accumulator. For HEV and PHEV trucks, the propulsion system is provided by a traction motor 

working in tandem with an ICE engine. For a hydraulic hybrid, the propulsion power is provided 

by an ICE engine in tandem with a hydraulic pump / impeller.  

 

Figure 18 - Supply Chain for HEV, PHEV and BEV Commercial Trucks 
 Source: Adapted from (Lowe et al., 2009) 

A typical supply chain for HEV, PHEV and BEV commercial vehicles is shown in Figure 18 above. 

This industry supply chain model was adapted from a study of the value chain for hybrid-electric 
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drivetrains by the Centre on Globalization Governance & Competitiveness (Lowe et al., 2009). 

The model above further adapts the CGGC model to support PHEV and BEV vehicle drivetrains 

as well.  There are new component categories in this supply chain that are not typically found in 

a conventional truck manufacturing supply chain including traction motors, battery packs, DC-

DC converters, and other components. From the inputs on the left to the outputs on the right, 

the supply chain is divided into the following columns for materials, components, truck chassis 

manufacturers, drivetrain providers, final assembly, dealers/distribution, and end users. The 

generic supply chain framework here was adapted to describe the company-specific supply 

chain for Azure Dynamics’ outsourced manufacturing strategy discussed later in detail in section 

4.1 of the internal analysis. 

In the area of lithium-ion battery technology, many new battery suppliers are working 

independently, in strategic alliances or in joint ventures with large Tier 1 auto manufacturers. 

These alliances are trying to find innovative ways to package and integrate battery cells into 

battery packs while reducing manufacturing costs and exploiting economies of scale. These 

battery pack technologies will be critical to the optimal performance of HEV, PHEV and EV trucks 

(Goldman Sachs, 2010).  Figure 19 shows some of these complex relationships. 

 
Figure 19- Strategic Alliances Between Battery Companies and Tier 1 Auto Manufacturers and OEMs 

Source: (Goldman Sachs, 2010) 
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3 Attractiveness	of	the	Commercial	Electric	Vehicle	

Industry	

This chapter first surveys the competition in the commercial electric vehicle industry.  Next, an 

analysis of the North American and European commercial electric vehicle market is presented.  

Finally, this chapter synthesizes the external analysis into key success factors for the commercial 

hybrid and electric vehicle markets.    

3.1 	Competition	in	the	Commercial	Electric	Vehicle	Industry	

Different groups of firms compete at each stage of the electric vehicle industry’s value chain as 

described in the previous section 2.9.  

HEV, PHEV and BEV vehicle markets are relatively fragmented and dispersed. Many small and 

large vehicle manufacturers have introduced a variety of hybrid-electric, hydraulic-hybrid and 

all-electric vehicle technologies targeted at both consumer and commercial markets. While 

Azure is currently positioned in the Class 1-3 light-duty (LCV) and Class 4-5 medium-duty (MCV) 

segments of the truck industry, most other alternative powertrain industry competitors to Azure 

Dynamics currently participate in one side or the other. Some participate in an even lighter 

segment than Class 1 trucks such as the consumer automotive segment, while others participate 

in a heavier duty class segment such as the Class 6-8 heavy duty HCV truck segment. Major 

automotive OEMs (including Toyota, Honda, General Motors, Ford and Nissan) are 

concentrating heavily on the consumer automobile market segment for HEV, PHEV and BEV 

vehicles. Conversely, most major truck OEMs (such as Daimler/Freightliner, PACCAR, Volvo, 

International and component manufacturers and system integrators such as Eaton Corporation) 

are focused on the heavy-duty HCV truck market segment.  

At this time, there is no dominant design for alternative powertrain technologies to the internal 

combustion engine (ICE). However, the emergence of a dominant design in alternative 

powertrain technologies is inevitable as the industry matures. The core competencies of vehicle 

suppliers will play a role. 
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Competition within the automotive industry to produce commercial hybrid electric vehicles 

(HEV) and plug-in electric vehicles (PHEV and BEV) is intense and continued to accelerate during 

2011. However, there is recent evidence of industry consolidation because of the relatively high 

cost of lithium-ion batteries and low cost of oil as a substitute source of energy. Several 

relatively small development stage EV firms such as Think Global, Modec (UK), Ener1, Bright 

Automotive, Aptera Motors and now Azure Dynamics have filed for bankruptcy protection over 

the last year.   

Azure Dynamics is vertically integrated to a certain extent across three of the stages of the value 

chain, where it produces: 

1. High power inverter modules (the component stage), 

2. Hybrid electric and battery electric powertrains under Azure’s Force Drive brand (the 

subsystem stage) and  

3. The medium-duty Balance E-450 Hybrid Electric Step Van and the light-duty Transit 

Connect Electric vehicles (the final assembly stage). 

Up until 2011, Azure Dynamics’ Force Drive™ inverters and electric powertrain components and 

subsystems were sold as a separate product line. However, by the 3rd quarter of 2011, Azure 

phased out the sale of the Force Drive product line externally, deciding instead to focus on 

providing components solely for integration into Azure’s own vehicle platforms. Thus, this 

profile of the competitive landscape focuses on competitive firms at the final assembly stage. 

A diagram of the competitive landscape is shown in Figure 20. Note that the groups of 

competitors are classified (a) by duty class including the light-duty commercial vehicle (LCV) and 

medium-duty commercial vehicle (MCV) segments where Azure participates as well as heavy-

duty vehicle (HCV) and bus segments, and (b) by technology class (hybrid HEV, plug-in battery 

electric (BEV), or conventional ICE powertrains).  
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Figure 20 - xEV Commercial Electric Vehicle Landscape 
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3.1.1 Light-duty Commercial Vehicle (LCV) Competitors 

In the light-duty commercial vehicle (or truck) market, there exist a small number of large 

companies, between whom competition is fierce. Table 10 lists LCV competitors who provide 

HEV and BEV light-duty vehicles (mainly panel vans) which compete with Azure’s Transit 

Connect Electric product.  

Following the economic downturn that has been experienced on a global scale (most notably 

GM and Chrysler), the situation has improved due to strong growth in 2010, which tends to ease 

rivalry. The large OEMs that sell conventional trucks in the LCV market are typically diversified 

across all areas of the automotive market (e.g. passenger cars, light, medium and heavy trucks) 

and this minimizes their exposure to downturns in any one segment in particular. The most 

notable competitor to Azure at this time is Nissan with the e-NV200 electric van, which has 

started field trials with the New York City taxi fleet (Table 11). 

Truck 

Supplier 

Model Date / Status Powertrain Battery Chassis 

OEM 

Payload Range 

Azure 

Dynamics 

Transit 

Connect 

Electric Van 

2010 - Concept 2011 

- Production 

Azure 

Dynamics 

Johnson 

Controls Inc. 

Ford Transit 

Connect 

500 kg 130 km 

GM / Opel / 

Vauxhall 

Vivaro 

eConcept 

Electric Van 

2011 – Concept 

(Renault Trafic / 

Nissan NV300 

Primastar) 

GM LG Chem  GM 750 kg 100 km 

Mercedes 

Benz 

Vito E-Cell   

Electric Van 

2011 - Concept  MB Tesla  MB  900 kg 130 km 

Mitsubishi  MINICAB-Miev 

Electric Van 

2010 – Concept 

2011 - Production 

 Mitsubishi Toshiba  Mitsubishi 350 kg  100 km 

Nissan e-NV200  

Electric Van 

2012 - Concept  Nissan AESC – Auto. 

Energy Supply 

Corporation 

 Nissan  750 kg 160 km 

Renault Kangoo ZE  

Electric Van 

2008 – Concept 

2011 - Production 

 Renault AESC – Auto. 

Energy Supply 

Corporation 

 Renault  650 kg 170 km 

Iveco ECODaily  

Electric Van 

2010 – Concept 

2012 - Production 

Bosch Johnson 

Controls Inc. 

 Iveco 800 kg  130 km 

Smith 

Electric 

Vehicles 

Edison  

Electric Van 

2009 – Concept 

2010 - Production 

Enova A123 Systems 

Valence Tech. 

Ford Transit  950 kg or  

1100 kg 

90-180 km 

Table 10 - Competitors to Azure Dynamics for All-Electric BEV Light-duty Commercial Vehicles (LCV) 

The medium-duty truck market has some large multinationals such as Tata Motors, Beiqi Foton 

Motor, FAW, and Daimler AG. These four account for just over 30% of the global market volume. 

Another smaller competitor Enova Systems develops electric powertrain components for MCV 

and HCV markets, and has an alliance partnership with Hyundai Heavy Industries. With no one 
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firm enjoying price-setting power, competition on price is expected to be intensified. However, 

greater concentration can be observed in specific countries. 

Truck  

Supplier 

Model Type Powertrain Battery Body Builder Chassis 

OEM 

Fuel GVW 

(lb.) 

Class 

Azure Dynamics Balance 

Hybrid 

Step Van 

HEV Azure 

Dynamics 

Johnson 

Controls 

Inc. 

Utilimaster Ford E-450 Gasoline 14,000 5 

BoulderEV DV-500 

Electric 

Van 

BEV – – BoulderEV BoulderEV Electric n.a.  5 

EVI Electric 

Vehicles Intl. 

EVI-WI 

Med Duty 

Electric 

Step Van 

BEV EVI Valence 

Technology 

Morgan Olson 

/ Route Star 

Freightliner 

MT-45 

Electric  n.a. 5 

Freightliner 

Custom Chassis 

(FCCC) 

MT-45 HEV Eaton LG Chem Utilimaster / 

E700 Optifleet 

Freightliner 

MT-45 

Diesel 16,000 5 

Freightliner 

Custom Chassis 

(FCCC) 

MT-55 HHV Parker-

Hannifin 

n/a 

(hydraulic) 

Morgan Olson Freightliner 

MT-55 

Diesel 20500- 

27000 

6 

Freightliner 

Custom Chassis 

(FCCC) 

MT-EV BEV Enova Tesla Morgan Olson 

/ CV-23 

Freightliner 

MT-45 

Electric   n.a. 5 

Freightliner 

Custom Chassis 

(FCCC) 

ZE Truck BEV Enova Valence 

Technology 

Morgan Olson 

/ Route Star 

Freightliner 

MT-45 

Electric  n.a. 5 

Navistar, Inc. eStar BEV Zytek A123 

Systems 

Navistar / 

Leeward Truck 

Bodies 

– Electric 12,100 4 

Smith Electric 

Vehicles 

Newton 

Step Van 

BEV Enova A123 

Systems 

Utilimaster  – Electric n.a. 5 

Table 11 – Competitors to Azure Dynamics for Class 4-6 Medium-duty (MCV) Hybrid and Electric Walk-in Vans  

A list of medium duty cargo vans and shuttle buses is shown in Table 12. The most significant 

competitor in this area is Hino in the cargo van area with the 195h hybrid diesel truck, which 

was introduced in North America in 2011, and the Smith Electric Vehicles Newton all-electric 

truck.  
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Truck Supplier Model Type Powertrain Battery Application Fuel GVW (lb.) Class 

Azure Dynamics Balance E-450 

Hybrid 

HEV Azure 

Dynamics 

Johnson 

Controls 

Inc. 

Shuttle Bus, 

Cargo Van 

Gasoline 14,000 5 

Nissan e-NT400 

Cabstar  

HEV Nissan AESC Cargo Van Diesel n.a. 4 

Electric Veh. 

Intl. 

EVI-MD 

Electric Truck 

BEV EVI Valence 

Tech. 

Cargo Van Electric n.a. 5 

Hino 195h Hybrid HEV Hino Primeart

h EV  

Cargo Van Diesel n.a. 5 

Isuzu N-Series 

Hybrid Truck 

HEV – Hitachi  Cargo Van Diesel n.a. 5 

Mercedes Benz Atego Bluetec 

Hybrid 

HEV Eaton Evonik Cargo Van Diesel n.a. 5 

Mitsubishi Fuso Canter E-CELL BEV – Hitachi  Cargo Van Electric n.a. 5 

Mitsubishi Fuso Canter Eco 

Hybrid 

HEV – Hitachi  Cargo Van Diesel n.a. 5 

Smith Electric 

Vehicles 

Newton BEV Enova A123 

Systems 

Food 

Distribution, 

Parcel 

Delivery, 

Chilled Food 

Distribution, 

Short Haul, 

Utility, 

Airport 

Operations, 

School Bus 

Electric 16,535- 

26,455 

5 

Zerotruck Electric Van BEV UQM  Dow 

Kokam 

Cargo Van Electric 14,500 4 

Table 12 - Competitors to Azure Dynamics for Class 4-6 Medium-Duty (MCV) Hybrid and Electric 
Cargo Vans, and Shuttle Buses (excluding Walk-in Vans) 

3.1.2 Heavy-duty Commercial Vehicle (HCV) Competitors 

Although the HCV segment is not current a segment of the commercial truck manufacturing 

market in which Azure Dynamics currently participates, there are a number of OEM truck 

manufacturers that provide hybrid electric vehicle (HEV) or even battery-electric vehicle (BEV)  

technology for class 7-8 trucks. Table 13 lists some HEV and BEV products in the HCV segment. 

BAE Systems and ISE Corporation have electric and hybrid electric powertrains for HCV trucks, 

large city transit buses, and large military vehicles. Eaton develops hybrid electric and hybrid 

hydraulic powertrains for both MCV and HCV markets.  
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Truck 

Supplier 

Model Type Powertr

ain 

Battery Application Fuel GVW 

(lb.) 

Clas

s 

Kenworth T270 HEV Eaton LG Chem Delivery, Utility Diesel 25,000 6-7 

Navistar, Inc. DuraStar 

Hybrid  

HEV Eaton LG Chem Beverage, Box Van, 

Refrigeration, 

Landscape Dump, 

Utility, Crane, Tree 

Trimmer, Recovery 

Towing, Armored 

Vehicle, Stake Flat, 

Grapple, Road Patch 

Truck, Refined Fuels 

Diesel 23,500- 

39,000 

6-7 

Navistar, Inc. WorkStar 

Hybrid  

HEV Eaton LG Chem 4x4 Utility, Landscape 

Dump, Snowplow, 

Digger Derrick, Utility, 

Crane, Stake Flat, Box 

Van, Towing, Refined 

Fuels 

Diesel 23,500- 

39,000 

6-7 

Peterbilt 330 Hybrid HEV Eaton LG Chem Delivery van Diesel 26,000 6-7 

Peterbilt 337 Hybrid HEV Eaton LG Chem City Delivery, 

Fire/Rescue, Beverage, 

Municipal, Refuse, 

Utility 

Diesel  n.a. 6-7 

Volvo /  

Renault 

Trucks 

Hybrys HEV – AESC Cargo Van, Beverage 

Truck 

Diesel  n.a. 7 

Freightliner Business 

Class M2e  

HEV Eaton LG Chem City Delivery, Utility, 

Delivery Tractor 

Diesel Up to 

55,000 

7 

Kenworth T370 HEV Eaton LG Chem Delivery, Utility Diesel 33,000 7 

Navistar, Inc. 4300 PHEV Dueco/O

dyne 

  Utility, Digger Derrick, 

Air Compressor 

Diesel Up to 

37,000 

7 

Peterbilt 348 Hybrid HEV Eaton LG Chem Municipal, Service, 

Utility 

Diesel 33,000+ 7 

Mack/Volvo TerraPro 

Hybrid 
– – – Refuse Diesel  n.a. 8 

Peterbilt 320 Hybrid HHV  Eaton 

HLA 

n/a 

(hydraulic) 

Refuse Diesel  n.a. 8 

Peterbilt 386 Hybrid HEV Eaton LG Chem Long Haul Diesel  n.a. 8 

Table 13 - Competitors for Class 7-8 Heavy Duty (HCV) Hybrid and Electric Trucks  
(outside of Azure Dynamics’ current chosen market segments) 
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3.1.3 Sample Competitor Profiles 

Sample 

Competitor 
Smith Electric Vehicles 

 Smith Electric Vehicles (SEV) supplies medium-duty commercial electric vehicles for commercial 

fleet operators in the United States and Europe with predictable daily routes of less than 120 miles, 

returning to the same depot location each evening. 

Location of Headquarters Kansas City, Missouri 

Number of Employees 310 employees:  94 production: 40 Engineering, 17 Sales/Marketing: 118 service, 44 admin. 

Facilities Kansas City, Missouri; Newcastle, UK; New York, NY (commencing 2012 Q3) 

Products Newton Cargo Van - All-electric truck in the medium-duty (MCV) Class 5-7 range weighing 14,000 to 

26,400 pounds GVW (see Table 12).  The truck has a range of 100 miles (160km) on a single charge 

of the Li-ion batteries supplied by A123 Systems. The top speed is 50 mph.  There are many Newton 

body styles:  cargo van, flatbed, school bus, utility truck, and parcel delivery step van. 

Newton Step Van - The Newton Step Van was announced in March 2012 and is based on Smith's 

existing Newton platform (see Table 11). It was developed in collaboration with Utilimaster, an 

Indiana-based truck body builder. The Newton Step Van has up to 1,200 cubic feet (33.9 cubic 

meters) of cargo capacity and up to 10,000 pounds (4,535 kg) of payload. The lead customer for the 

Newton Step Van is FedEx Express 

Edison - An all-electric light commercial vehicle (LCV) built on the full-size Ford Transit Class 2c van 

weighing 7,700 to 10,000lbs GVW (see Table 10). The Smith Edison is available in panel van, chassis 

cab or minibus configurations.  The truck has a range of 55-110 miles (90-180km) and a top speed of 

50mph (80km/h). Edison uses a Li-ion battery from Valence Technologies that recharges in 8 hours. 

Edison includes a fast-charger option to recharge batteries in four hours. 

Company History and 

Financing 

Smith Electric Vehicles (USA) was founded in 2009 and merged with Smith Europe in January 2011, 

when Smith EV USA acquired the business of Smith UK from Tanfield plc. 

Ownership  Privately held; IPO is expected in late 2012. SEV raised $40 million in private capital in the first 

quarter of 2012 including $20 million investment from Wanxiang China.  

Annual Revenue During the fiscal years 2009, 2010 and 2011, SEV had revenue of $22.9 million, $35.6 million and 

$49.9 million, and incurred net losses of $17.5 million, $30.3 million and $52.5 million, respectively. 

Main Customers Large fleet operators in food & beverage, utility, telecom, retail, grocery, parcel delivery, schools, 

military and government. Important customers include Coca-Cola, FritoLay, Staples, Sainsbury (UK), 

FedEx, DHL, TNT, and the US Marine Corps. 

Business Model SEV’s focuses on three elements in their model... 

(a) developing advanced vehicle technologies, 

(b) manufacturing vehicles using a decentralized, low cost assembly strategy, and  

(c) gaining leverage from customer advocates to accelerate the adoption of SEV electric 

vehicles, using a  differentiated approach to commercial vehicle sales and service 

Sales and Distribution 

Strategies 

SEV uses a direct sales force, and a limited 3rd party distribution network.  SEV’s approach involves 

a lifecycle approach to deployment, servicing and replacement of SEV electric vehicles tailored to 

the individual needs of SEV’s customers.  

Partners and Alliances 

 

A123 Systems - Supplies 5kWh Li-ion battery modules. SEV also has the option to buy individual 

cells to enable SEV to configure different size battery packs.  

Avia Ashok Leyland Motors - Supplies the chassis and cab on which SEV’s Newton platform is 

based.  SEV has exclusive rights to sell electric trucks using the Avia platform for the US market. 

Wanxiang Group – In Feb. 2012. SEV announced a $25 million equity investment in Smith by China-

based Wanxiang Group and a $75 million investment in a joint venture between Smith and 

Wanxiang Group to develop manufacture and commercialize all-electric school buses and 

commercial vehicles for multiple industries in China. Wanxiang Group is China's largest automotive 

components manufacturer.  

Ford Motor Co. – Ford supplies the glider chassis for the full-size Class 2c Ford Transit van to SEV for 

integration in the SEV Edison van (along with Smith Drive components). 
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Sample 

Competitor 
Renault / Nissan 

 Renault-Nissan Alliance is a strategic partnership between Paris-based Renault and Yokohama, 

Japan-based Nissan, which together sell more than one in 10 cars worldwide. Of the major 

manufacturers, Nissan has been the most aggressive in promoting electric vehicles not only in the 

United States but also around the world. Nissan launched the 2011 Leaf EV in the U.S. market at the 

very end of calendar year 2010. Nissan has also implemented full hybrid technology with the Altima 

Hybrid. In 2011, the alliance introduced new vehicles employing the same Leaf technology to the 

commercial LCV van markets. 

Location of Headquarters Renault: Boulogne-Billancourt Cedex, France, Nissan: Tokyo, Japan 

Number of Employees Renault: 122,615 

Facilities Cleon, Normandy, France; Cergy-Pontoise, France; Le Puy, France; Flins Mans Avtoframos, Moscow, 

Russia; Santa Isabel, Cordoba, Argentina; Chennai India 

Products Renault Kangoo Express ZE Light Van. – This all-electric BEV mini-van was introduced in 2010 and 

entered production at the Maubeuge plant in late 2011. Initial sales were made in Israel and 

Denmark using the Better Place battery swapping dealer network. In late 2011, Renault was 

awarded a contract to supply 15,600 Kangoo ZE vehicles to the French Government and the state-

owned postal service, La Poste. European pricing is approx.  €20,000 before government incentives 

and excluding VAT.  In addition to buying or leasing the vehicle there is a separate monthly 

subscription costing €72 for the battery.  

Nissan e-NV200 Electric Van The Nissan e-NV200 LCV electric van concept was introduced at the 

North American International Auto Show (NAIAS) in Detroit in Jan 2012. It has an estimated driving 

range of 100 miles/160 km per charge, with the same cargo capacity as the current ICE NV200.  

Nissan e-NT400 Cabstar Hybrid Cargo / Refrigerated Van – This LCV class 3 hybrid concept van was 

launched at the 2011 Tokyo Truck show. When the e-NT400 Cabstar enters production, Renault and 

Opel may rebadge and sell it under the Renault Master / Opel-Vauxhall Movano nameplate. 

Opel Vivaro eConcept Van – The e-Concept debuted in September 2010 at the IAA Commercial 

Vehicle Show in Hanover, Germany. It is plug-in hybrid vehicle, with an extended range of up to 250 

miles (400 km) and includes 21 kWh lithium ion batteries enabling a range of 60 miles (97 km. If the 

Opel Vivaro e-Concept enters production, Renault and Nissan could decide to rebadge and sell it 

under their Nissan NV300 Primastar / Renault Trafic platform brand.  

Partners and Alliances 

 

Better Place - In 2008, Renault and Nissan announced that their will form a strategic partnership 

with Better Place to secure the capability for swapping vehicle batteries for their forthcoming 

electric vehicles. Better Place operates a network of charging locations and battery replacement 

stations in Israel and Denmark, and soon in other countries. 

Automotive Energy Supply Corporation (AESC) – In May 2008, as part of the zero emission strategy, 

the Renault Nissan alliance formed a joint-venture company with NEC called Automotive Energy 

Supply Corporation (AESC) to develop and produce advanced lithium-ion batteries for a wide range 

of automotive applications from hybrids, electric vehicles to fuel-cell vehicles.  

GM Europe / Opel - For light commercial vehicles, Renault and GM Europe signed a cooperative 

agreement in 1999. The agreement provides for: 

• The supply of Renault Master (produced by Renault at Batilly) to GM Europe. The vehicles 

are rebadged under the Opel/Vauxhall Movano nameplate. In May 2010, the Renault 

Master / Opel Movano platform is produced and shared by Nissan under the NV400 

badge. 

• The development and joint manufacture of the Renault Trafic/ Opel-Vauxhall Vivaro 

range. Under the agreement, Renault is responsible for design and development and 

supplies the engines, while GM handles manufacturing at its IBC plant in Luton, UK. 

Nissan’s Barcelona, Spain plant also began producing this vehicle in September 2002 

under the name NV-300 Primastar. 
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Sample Competitor Daimler Trucks North America / Freightliner  Trucks / 

Freightliner Custom Chassis Corporation / 

Mitsubishi Fuso 
 Daimiler AG is a German firm with several subsidiary brands that manufacturer 

commercial vehicles including Freightliner Trucks, Freightliner Custom Chassis 

Corporation, Western Star, Orion Buses, Thomas-Built Buses, and Mitsubishi Fuso. 

Daimler Trucks North America (DTNA), a subsidiary of Daimler AG, is the largest 

manufacturer of heavy-duty trucks in North America with annual earnings of over $32 

and over 22,000 employees. Daimler and DTNA have several divisions including:  

Freightliner Trucks and Western Star - known mainly for heavy-duty long-haul class 8 

diesel trucks, as well as class 5-7 trucks for local and regional distribution, construction 

and services. 

Freightliner Custom Chassis Corporation (FCCC) –manufacturers and sells delivery 

vans, recreational vehicles and shuttle buses.  

Mitsubishi Fuso - Light-, and medium trucks for distribution and goods transportation, 

construction, and industrial services 

Location of Headquarters Portland, Oregon (HQ for Daimler Trucks North America) 

Number of Employees Daimler Group AG (worldwide 260,000), Daimler Trucks NA (24,000 ) 

Facilities Cleveland, NC: Freightliner Class 8 trucks including Cascadia, Century Class, Columbia 

High Point, NC: Thomas Built Buses 

Mount Holly, NC: Freightliner medium-duty Business Class M2 models 

Portland, OR: Western Star 4900 EX, 4900 SA, 4900 FA and 6900 XD trucks 

Gaffney, SC: Freightliner Custom Chassis Corporation. Custom chassis for 

motorhomes, delivery vans, shuttle buses, and school buses. 

Redford, MI: Detroit Diesel: Engine production 

Santiago Tianguistenco, Mexico: Freightliner Business Class M2 medium-duty trucks; 

Freightliner's heavy-duty models, including the FLD Series, Century Class, Columbia 

and Coronado. 

Saltillo, Mexico: Freightliner Cascadia Class 8 Trucks 

Products Freightliner MT-EV Electric Step Van Produced in partnership with Morgan Olson and 

Enova Systems (Table 11).  

Ze Electric Step Van Freightliner produced ZE in partnership with Enova Systems and 

Morgan Olson. Based on FCCC MT-45 chassis and Morgan Olson Route Star body 

(Table 11). 

Freightliner E700 Optifleet Hybrid Step Van Produced in partnership with Utilimaster 

and Eaton – uses FCCC MT-45 Chassis (Table 11). 

Freightliner M2e Hybrid Utility Truck- HCV hybrid (Table 13) 

Mercedes Atego Bluetec Hybrid Truck – MCV Hybrid cargo van (Table 12) 

Mercedes-Benz Vito E-Cell Electric Van – Light-duty BEV panel van (Table 10) 

Mitsubishi Fuso Canter Eco Hybrid 

Mitsubishi Fuso Canter E-CELL 

Annual Revenue Daimler sold 196,651 medium & heavy trucks globally in 2010 giving the 

company a market share of 15.7%. This establishes Daimler’s position as the 

leading brand in the Medium & Heavy truck sector. 

Partners and Alliances Hitachi Vehicle Energy supplies batteries for Mitsubishi Fuso Canter Trucks. 
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Sample Competitor Navistar International Trucks / Workhorse Custom Chassis 
 

 Navistar International Corporation (formerly International Harvester Company) is a US-based 

holding company that owns International trucks, MaxxForce brand diesel engines, IC Bus school 

and commercial buses, Workhorse brand chassis for motor homes and step vans, and is a private 

label designer and manufacturer of diesel engines for the pickup truck, van and SUV markets. The 

company is also a provider of truck and diesel engine parts and service. 

Location of Headquarters Lisle, Illinois 

Number of Employees 14,800 

Facilities Lisle, IL, Melrose Park, IL, Fort Wayne, IN, Madison Heights, MI, Columbia, SC 

Products Navistar eStar Truck – Medium-duty (MCV) electric walk-in van (Table 11). 

International DuraStar Hybrid – Heavy-duty (HCV) hybrid vocational truck (Table 13) 

International Workstar Hybrid – Heavy-duty (HCV) hybrid vocational truck (Table 13) 

4300 Hybrid (Dueco / Odyne partners) – Utility truck, digger / derrick truck (Table 13) 

 

Sample Competitor Eaton Corporation 
 

Eaton Corporation manufactures electrical and hydraulic components and systems for power 

quality, power distribution, industrial and mobile equipment, aerospace, and truck and 

automotive industry sectors.   

Location of Headquarters Cleveland, Ohio 

Number of Employees 73,000 

Facilities RoadRanger Truck Components Operations, Galesburg, Kalamazoo County, MI:   600 employees 

Powertrain Products The truck components group supplies RoadRanger brand hybrid-electric and hydraulic 

powertrains: 

• 6E706B-SV Medium–Duty Step Van (HEV)  

• 8E306A-CD Medium-Duty City Delivery Truck (HEV)  

• HLA Refuse Truck (Hybrid Hydraulic) 

• 8E406A-UP Medium–Duty Utility Truck with ePTO (HEV)  

• 8E406A-P Medium-Duty Shuttle Bus (HEV)  

• 6E706B-PSB School Bus (HEV)  

Company History and Financing Founded in 1911 as Torbensen Gear and Axle; Changed its name to Eaton Axle and Spring in 

1923. In 2007, Eaton and PACCAR (holding company for Peterbilt and Kenworth trucks) entered 

into an agreement to jointly develop hybrid technology for heavy-duty commercial vehicles in 

North America.  In 2008, Eaton introduced its first hybrid bus with Beiqi Foton Bus in China. So 

far, 230 diesel-electric hybrid buses have been delivered to Guangzhou Yiqi Bus.  

Ownership  Public (NYSE: ETN) 

Annual Revenue The company recorded revenues of $16,049 million USD in FY2011. The net profit was $1,350 

million. The truck segment FY2011 revenues were $2,644 million, an increase of 32% over 

FY2010. The increase in truck segment sales reflected the rebound in global markets, in particular 

strong growth in the Class 8 truck market in North America and Brazil. 

Main Customers More than 5,500 Eaton hybrid electric and hybrid hydraulic systems have been deployed so far, 

accumulating an estimated 200 million miles of service. In 2011, two-thirds of the truck 

segment's sales were made to the top 5 customers including Daimler, Freightliner, Ford, 

International, and PACCAR (Kenworth and Peterbilt). Other customers include Crane Carrier 

Corp., DAF, Iveco, Foton, JNP, King Long, Solaris, Tata, YoungMan, Yutong and Zhongtong. Large 

fleet customers using walk-in vans and delivery trucks with Eaton powertrains include FedEx, 

UPS, Coca-Cola Enterprises and PepsiCo. Many utility and telecom firms across North America 

(e.g. Florida Power and Light) use work trucks with Eaton hybrid power. Transit fleets in Asia, 

Europe, the Middle East and South America use buses with Eaton hybrid power. 

Sales and Distribution 

Strategies 

Sells powertrains indirectly to large OEM manufacturers of heavy-duty and medium-duty step 

vans, city delivery trucks, and utility trucks, rather than direct fleet sales. 
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Sample Competitor Enova Systems 
 Enova Systems designs and suppliers digital power components and drive system products for 

electric and hybrid electric buses and medium and heavy-duty commercial vehicles. Enova’s core 

competencies are focused on the development and commercialization of power management 

and conversion systems for advanced transportation applications. 

Location of Headquarters Torrance, California 

Number of Employees 30 

Facilities Enova leases a 43,000 square foot office and manufacturing facility at the Torrance headquarters.  

Powertrain Products • Enova Systems All-Electric (BEV) and hybrid-electric drive – Custom OEM powertrain 

designs intended for medium and heavy-duty trucks and buses (e.g. Smith Newton Electric 

Truck, Freightliner MT-EV electric step van). Enova drive trains support multiple power levels 

from 80kW to 240kW. 

• Omni Series 200kVA Power Inverter – A software configurable power inverter that is 

compatible with a wide range of vehicle sizes and multiple drive systems and motors. It can 

be configured for HEV, PHEV and EV applications. 

• Omni Series 10kVA On-Board Charger – a rugged liquid cooled, sealed charger for charging 

lithium-ion battery packs. It typically connects to standard charging stations (EVSE points) 

Company History, Financing, 

and Revenue 

Enova (previously known as US Electricar Inc.) was founded in 1976 and is a small early stage pre-

cash flow firm. Enova has been funded through a combination of debt, lease financing and public 

equity offerings. It has a history of operating losses and negative cash flows from operations. 

Enova has stated that they will require substantial on-going capital investment to continue 

operations until economies of scale allow for reduced costs and higher volume sales.  At 

December 31, 2011, Enova has an accumulated deficit of $151 million, and working capital of 

$6.8 million. As of December 31, 2011, the Company had approximately $3.1 million in cash and 

cash equivalents. 

Ownership  Public: NYSE AMEX 

Main Customers Key customers which represent 94% of revenue include: 

• First Auto Works of China 

• Smith Electric Vehicles 

• Freightliner Custom Chassis Corporation 

• Navistar Corporation / International Trucks 

Other customers include Optare Bus, and Wrightbus 

Business Model Enova is essentially a design house that sells to OEM truck manufacturing partners rather than 

directly to fleet owners. Enova relies on a closely managed outsourced manufacturing strategy to 

control product costs while also minimizing fixed costs within the organization. 

Sales and Distribution 

Strategies 

Enova’s product development strategy is to design and introduce to market successively 

advanced products, each based on Enova core technical competencies. Enova also believes in 

sharing technical requirements and common components among the market segments to allow 

them to transition quickly from one emerging market to the next, with the goal of capturing early 

market share. 
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3.2 Porter 5-Forces Analysis of the North American and European 

Commercial Electric Vehicle Market 

This section considers the factors affecting the attractiveness of commercial electric vehicle 

market segments. Porter’s Five Forces framework model(Porter & Millar, 1985) is used to 

understand the effects of the industry participants on the structure of the industry. The five 

forces that drive industry profitability using this model are illustrated in Figure 21.  

 

Figure 21  The Five Forces Model - Factors Driving Industry Profitability - Source: (Porter & Millar, 1985) 

The relative strength of these factors for the light-duty commercial vehicle (LCV) and medium-

duty commercial vehicle (MCV) segments are shown in Table 14. 

Table 14 - Strength of Forces in LCV and MCV Segments 

Force 
Strength in  

LCV Segment 

Strength in 

MCV Segment 

Threat of Buyer Power 3.2 Medium 3.5 Med-High 

Threat of Rivalry 3.73 Med-High 3.55 Med-High 

Threat of New Entrants 1.86 Low 2.14 Low 

Threat of Substitutes 4.33 High 4.67 Very High 

Threat of Supplier Power 3.44 Med-High 3.56 Med-High 

Overall Average 3.31 Medium-high 3.48 Med-High 

Scale: 1=Very Low, 2=Low, 3=Medium, 4=High, 5=Very High 

These strengths for the five forces for each of the LCV and MCV market segments can be 

visualized more easily in the radar plots in Figure 22 and Figure 23. 
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Figure 22 - Graph of Relative Strength of Threat - LCV Segment 

 

Figure 23 - Graph of Relative Strength of Threat - MCV Segment 

These forces, which affect the LCV and MCV segments, are discussed in detail below. 
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3.2.1 Threat of New Entrants  

The relative Threat of New Entrants to industry incumbents is the reverse of the strength of 

Barriers to Entry in the commercial electric vehicle industry. Low barriers to entry increase the 

likelihood that new firms would enter the sector, whereas high barriers to entry decrease this 

likelihood. The factors affecting Barriers to Entry are shown in Table 15. The strength of Barriers 

to Entry is then inverted to derive the Threat of New Entrants (so that this force is expressed as 

a threat to incumbents consistent with the other Porter forces). 

Factors Affecting   

Barriers to Entry  

Factor Strength 

LCV Segment 

Factor Strength 

MCV Segment 

Economies of Scale 4 4 

Product Differentiation 4 2 

Capital Requirements 4 3 

Switching Costs 2 3 

Access to Distribution Channels 3 4 

Cost Disadvantages 

(Independent of Scale) 4 3 

Government Policy  1 1 

Barriers to Entry – Average 3.14 2.86 

Threat of New Entrants 

(Reverse of Barriers to Entry) 1.86 2.14 

Table 15 – Barriers to Entry and Threat of New Entrants by Segment 
 (Scale of 1 to 5, 1=lowest, 5=highest) 

When discussing Barriers to Entry in the industry faced by potential light-duty (LCV) and 

medium-duty (MCV) truck manufacturer entrants, it is important to consider the scope of the 

target market under consideration. The trucking industry can be segmented by powertrain 

technology (conventional versus hybrid-electric or all-electric), or segmented by the stage within 

the automotive supply chain for the target market (suppliers of powertrain component parts 

and sub-systems versus OEM suppliers for the entire truck or commercial vehicle).   

There are significant differences between the barriers to entry for the truck manufacturing 

industry (when considered as a whole) versus using just trucks employing only electric 

powertrain technologies. Conventional truck powertrains have a dominant design based on 

internal combustion engine (ICE) technology (both gasoline and diesel), and there are only a few 

powerful incumbent OEM truck firms (e.g. Daimler, PACCAR, Ford, GM, Renault-Nissan)  who 

have the power to exploit economies of scale, access to distribution channels and product 
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differentiation based on brand identification. Barriers to entry are very high for entrants wanting 

to manufacture conventional powertrain trucks.   

For trucks with electric powertrain technologies, the story is different. As of yet, there are no 

established dominant designs (although there are several competing technologies). Hence, 

barriers to entry are high (but lower than conventional powertrains).   Even among HEV, PHEV 

and BEV electric powertrain technologies, there are differences in barriers to entry. Hybrid 

powertrain development costs are higher because of the complexity of designing optimal dual-

mode engine and battery management schemes whereas all-electric powertrains are inherently 

simpler and cheaper to develop. 

There have been numerous entrants over the last ten years in new niche areas for all-electric 

vehicles: neighbourhood electric vehicles (not subject to crash-test certification for top speeds < 

40 km/h), electric motorcycles, and e-bicycles. In these new niche areas, the new entrants seek 

to minimize costs associated with full-speed passenger vehicles.  However, the number of 

market entrants in LCV and HCV hybrid-electric and all-electric truck segments has been much 

lower than in these niche EV technology markets. 

There are also considerable differences between barriers to entry faced by potential entrants in 

the final vehicle manufacturing stage (truck OEM manufacturers) versus potential entrants to 

Tier-1 and Tier-2 truck component and sub-system manufacturers. Small manufacturers can 

afford to develop small subsystems – e.g. vehicle powertrains. However, the cost of designing 

and manufacturing an entire commercial truck would be prohibitive for a smaller Tier-2 

component supplier.  Only large OEMs can typically afford to contemplate incurring the cost of 

integrating a truck chassis with numerous engine components and subsystems, and to 

undertake the testing costs to meet stringent vehicle safety, emissions and regulatory 

requirements. For example, Azure Dynamics chooses to design and manufacture just the 

powertrain subsystem, and partners with a major truck OEM manufacturer (Ford) to avoid the 

costs of designing the rest of the truck chassis and truck vehicle systems.  Thus, there are more 

entrants to the automotive component stage of the industry (lower barriers to entry) and fewer 

new OEM entrants for the final commercial vehicle manufacturing stage (high barriers to entry). 

For this section, we define the scope of the analysis for Barriers to Entry as the commercial 

vehicle (trucking) market employing only electric powertrain technologies, but at the final stage 
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of the supply-chain (fully integrated commercial-electric vehicles rather than electric truck 

powertrain components). 

The Economies of Scale factor in Barriers to Entry is high (4). Larger incumbent truck 

manufacturers have a cost advantage if they can spread their fixed costs over more vehicle 

models. This is a barrier to entry to new entrants with lower production volume and higher costs 

per vehicle.  

The Product Differentiation barrier to entry factor is high (4) with the LCV segment and Low-

Medium (2) in the MCV segment. Brand identification and customer loyalty with fleet customers 

is especially strong within the light-duty LCV segment where past advertising and customer 

service reputation is important. Brand identification and customer loyalty is not as strong in the 

MCV segment.  

The Capital Requirements factor is very high (4) in the LCV segment and medium to high (3) in 

the MCV segment. The commercial truck manufacturing industry has very high R &D fixed costs 

to develop powertrain systems, and large amounts of effort are needed to create designs and IP. 

In addition to high R&D costs, new entrant firms have higher start-up capital requirements 

because they must extend credit to fleet customers, incur the costs of seeding fleets with 

demonstrator vehicles, and spend capital to build inventories of powertrain parts.  

The Switching Costs factor is low (2) for the light-duty LCV fleet truck segment and moderate (3) 

for the medium-duty MCV fleet truck segment. It is relatively easy for customers to switch 

vendors to a new entrant since costs to alter specifications, retrain dealer staff, and adapt to a 

new commercial electric vehicle are relatively low. Switching costs potentially could be even 

lower but some dealers are “locked in” to a particular brand or manufacturer.  

The Access to Distribution Channels factor is medium (3) in the LCV segment and high (4) in the 

MCV segment because there is unequal access to distribution channels. Unless a new firm has a 

strong strategic alliance with OEM truck manufacturers, it is difficult to acquire dealer channels 

for selling commercial electric vehicles to large fleets. There are only a limited number of 

partners or potential dealers available. 

The Cost Disadvantages (Independent of scale) factor is medium to high because of the 
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importance of product trade secrets, proprietary technology and the importance of the learning 

curve (or experience curve) in the industry. Incumbents have lower costs from the amount of 

accumulated time involved and the amount of intellectual property. These cost advantages are 

difficult to replicate by potential entrants no matter what is the attained scale of the entrant. 

Government Policy factor is low (1) because there are readily available subsidies for purchasing 

hybrid-electric and battery electric vehicles for both incumbents and new entrants. In addition, 

the commercial truck market has a standard set of features, many of which are mandated by 

regulations and standards. Standardization reduces barriers to entry, since these standard 

features are well known. 

Overall, the average of the Barriers to Entry factors is High (3.14 for the LCV segment and 2.86 

for the MCV segment). These values are inverted to derive the Threat of New Entrants (to be 

consistent with the other Porter forces that are expressed as threats to incumbents). The Threat 

of New Entrants is Low (1.86 for the LCV segment and 2.14 for the MCV segment). 

3.2.2 Threat of Rivalry (Existing Competitors) 

The rivalry in the commercial truck industry for creating hybrid-electric and all-electric vehicles is 

very intense. The most important factors affecting Threat of Rivalry are Competitor Size, and 

Diversity of Competitors, which are mentioned in detail below.  

The Competitor Size factor is 5 (very high), because some competitors have the size and the 

working capital to be able to sacrifice margins for gaining market share. An example of this is the 

“Green For Free” program offered by Freightliner Custom Chassis Corporation (FCCC). FCCC sells 

fleet operators all-electric trucks at the price of a conventional diesel truck and FCCC absorbs 

the up-front incremental cost of the vehicle. The fleet savings (from reduced maintenance and 

fuel savings) are used to offset the incremental expense for the technology. A competitor such 

as Daimler / Freightliner has the size and the financial resources to be able to afford a program 

like this to spur volume and increase market share at the expense of short-term margins. 

The Competitor Diversity factor is 3 (moderately high) as there are numerous firms which have 

differing strategies and goals for how to compete, and these firms constantly run up against 

each other in the fleet procurement process. In the Class 1-2 light-duty (LCV) segment there are 
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7 notable competitors to Azure Dynamics who have developed or entered production with all-

electric BEV delivery vans (Table 10). In the class 3-6 medium-duty (MCV) hybrid-electric and all-

electric walk-in van segment, there are 5 firms competing with Azure Dynamics (Table 11). In the 

class 3-6 MCV hybrid-electric cargo van and shuttle bus segment (excluding walk-in step vans), 

there are 8 competitors to Azure Dynamics (Table 12).  

Overall, the Threat of Rivalry is High (3.55) for both the light-duty LCV and medium-duty MCV 

segments (Table 16). 

 

Drivers of Degree of Rivalry 

Driver Strength  

LCV Segment 

Driver Strength  

MCV Segment 

Competitor Size 5 5 

Competitor Diversity 3 3 

Exit Barriers 5 5 

Ease of Expansion 3 2 

Storage Costs 3 3 

Undifferentiated Product 2 3 

Zero Sum Game 5 5 

Average 3.55 3.55 

Table 16 - Threat of Rivalry Among Existing Competitors by Segment 
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3.2.3 Threat of Substitutes 

The development of commercial natural gas vehicles (NGV) using either liquefied or compressed 

natural gas (LNG or CNG) poses a real substitute threat to the markets for hybrid HEV trucks and 

all-electric BEV trucks. This threat is strongest in the medium-duty (MCV) and heavy-duty (HCV) 

trucking sectors. Natural gas is not as much of a threat in the light-duty LCV segment of the truck 

market as well as in applications where governments mandate a zero-emission all-electric EV 

solution. For example, forklifts by law now must be electric when used indoors. In addition, US 

publically funded airports now have an incentive from US federal grant money to convert their 

Ground Support Equipment (GSE) to all-electric BEV vehicles.  

Favourable market conditions are promoting the adoption of natural gas vehicles (NGV) which is 

driven by the relatively cheap and stable prices for natural gas. The rising demand for global oil 

reserves is driving gasoline and diesel prices higher, and the motivation to switch to cheaper 

CNG or LNG fuel intensifies.  

The HCV heavy-duty truck segment includes long-haul Class 8 trucks and vocational trucks (e.g. 

utility trucks, cement mixers, and refuse trucks). These vehicles have large engine displacements 

that consume vast amounts of fuel.  There are significant cost advantages for natural gas use 

particularly LNG) in HCV markets. PACCAR/Peterbilt, Freightliner and McNeilus all provide 

heavy-duty trucks that use diesel engines converted to natural gas using technology from 

companies such as Westport Innovations. 

MCV medium-duty NGV trucks are just starting to appear on the market as CNG refuelling 

stations and infrastructure are expected to become more common (especially along US 

Interstate highway grid corridors).  The adoption of NGVs will also be accelerated by the recent 

availability of new combination dual-fuel (diesel + CNG) truck engines.   

CNG is a lesser threat to light-duty trucks because CNG has a low energy density and the tanks 

take up a lot of space. For instance, NGV taxi conversions have very little trunk space due to the 

size of CNG tanks. The fuel tanks are also heavy since CNG has a low specific energy. A very 

strong tank is required to keep the fuel safe in a vehicle crash. 

Overall, the Threat of Substitutes (4.33 for LCVs and 4.67 for MCVs) is very high (Table 17). 
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Factors Affecting  

Threat of Substitutes 

Factor Strength  

LCV Segment 

Factor Strength  

MCV Segment 

Availability of Beneficial Alternative 4 4 

Availability of Cheap Alternative 4 5 

Switching Costs (1=high, 5=low) 5 5 

Average 4.33 4.67 

Table 17 - Threat of Substitutes by Segment 

3.2.4 Threat of Buyer Power 

Many customers in commercial truck markets are firms or leasing companies with large fleets. 

These fleet buyers have the advantage and the motivation to drive down truck prices by playing 

truck suppliers off against each other. While small-to-medium businesses (SMBs) typically 

purchase through dealers, large fleet owners frequently will buy direct from the vehicle OEM 

supplier. Unlike dealer customer who are typically franchises locked in to one particular OEM 

truck manufacturer, large fleet buyers are independent and thus the Buyer Independence driver 

is 4 (high). Fleet buyers are often much bigger than start-up EV firms and thus the Buyer Size  

and Financial Muscle factors are also 4 or high. As a significant portion of fleet operating costs 

are fuel (> 50%), fleets are particularly sensitive to fuel costs (Price Sensitivity is moderate to 

high) and thus fleet operators will shop around. 

Overall, the Threat of Buyer Power (Bargaining Power of Customers) is moderately high (3.2 for 

LCV and 3.5 for MCV segments) (Table 18). 
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Drivers of Buyer Power 

Driver Strength  

LCV Segment 

Driver Strength  

MCV Segment 

Backwards Integration 1 2 

Buyer Independence 4 5 

Buyer Size 4 4 

Financial Muscle 4 4 

Oligopsony Threat 3 4 

Price Sensitivity 4 3 

Product Dispensability 4 4 

Tendency to Switch 2 3 

Undifferentiated Product 2 3 

Average 3.2 3.5 

Table 18 - Threat of Buyer Power by Segment 

3.2.5 Threat of Supplier Power 

The three most important components of the Threat of Supplier Power in the truck 

manufacturing industry are Switching Costs, Player Dispensability, and Differentiated Input. 

Switching Costs are 4 (high) since it is not easy for EV manufacturers to switch battery suppliers 

(the powertrain design is tightly coupled to the particular battery characteristics and 

communications interface). Player dispensability is high since many battery suppliers are 

diversified into other industry segments apart from truck applications. Differentiated Input is 

high since many of the input components have unique capabilities or benefits. Overall, the 

Threat of Supplier Power is Moderately High (3.44 for LCV segment and 3.56 for the MCV 

segment) (Table 19). 

Drivers of Supplier Power 

Driver Strength 

LCV Segment 

Driver Strength 

MCV Segment 

Switching Costs 4 4 

Player Dispensability 5 5 

Differentiated Input 5 5 

Forward Integration 1 1 

Importance of Quality / Cost 3 3 

Substitute inputs 3 3 

Oligopoly Threat 3 3 

Player Independence 4 5 

Supplier Size 3 3 

Average 3.44 3.56 

Table 19  – Threat of Supplier Power by Segment 
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3.3 Attractiveness of Industry and Key Success Factors 

In 2010 and 2011, the market for conventionally powered commercial vehicles has rebounded 

since the economic downturn in 2009 when most auto manufacturers struggled to cope with 

financial pressures, and major giants such as Chrysler and GM ended up filing for bankruptcy 

protection while government bailouts assisted in their restructuring. 

Overall, the average of all five forces or threats to incumbents in the truck industry is Medium to 

High (3.31 in the LCV fleet truck segment and 3.48 in the MCV fleet segment). In particular, this 

is largely due to an intense Threat of Internal Rivalry for HEVs and EVs in the consumer 

automotive and truck sectors. Starting in 2005, Government subsidies and considerable industry 

hype also contributed to the emergence of a great number of entrants in a competitive HEV and 

EV marketplace. Early stage firms such as Azure Dynamics, Think Technologies, Bright 

Automotive, Smith Electric Vehicles, Boulder Electric Vehicles, Electric Vehicles International, 

Modec, Enova Systems, and ZeroTruck joined the industry alongside larger more-established 

OEM incumbent truck manufacturers such as Daimler, Renault, Iveco, DAF, Volvo/Mack Trucks, 

International, Hino, Isuzu, Mitsubishi Fuso, and PACCAR (Kenworth / Peterbilt). 

Despite the rivalry, the greatest threat to the growth of the commercial hybrid-electric and 

electric vehicle industry is the Threat of Substitutes. The viability of vehicle electrification is 

jeopardized by on-going improvements in the efficiency and range of trucks using conventional 

internal combustion engine (ICE) powertrains.  

For instance, Isuzu, in partnership with Utilimaster, recently introduced the Isuzu Reach 

medium-duty truck. The Reach is a Class 4 walk-in van or “step van” typically used for parcel 

delivery. Using lightweight composite materials in the body panels to reduce weight by over 400 

kg and employing a more efficient diesel-powered engine has enabled Isuzu to create a vehicle 

with fuel consumption figures that rival the Azure Dynamics Balance series of hybrid-electric gas 

powered walk-in vans, but without the added cost of electrification. There is also a grave threat 

to the medium and heavy-duty segments from substitute diesel powertrains that have been 

converted to CNG or LNG.  The relative abundance of natural gas has kept prices exceedingly 

low - less than $1.70 GGE (gasoline gallon equivalent). The potential harvesting of vast 

unconventional shale gas deposits using fracking technology has increased the lifetime of known 

natural gas reserves to over 200 years. 
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Since 2011, there has been a string of companies (including many of the aforementioned 

entrants in the HEV and EV marketplace) who have shut down or ceased operations:  

• Modec - Following a decline in sales, Modec entered administration (bankruptcy 

proceedings in the UK) in March 2011. Navistar International purchased all of remaining 

assets and intellectual property. 

• Think Global – In June 2011, Norwegian EV vehicle manufacturer Think Global AS filed 

for bankruptcy after recapitalization and restructuring efforts failed.  

• Bright Automotive - Bright was a start-up Indiana company developing a PHEV light-

duty van called the IDEA. Bright targeted the IDEA specifically at large fleet customers in 

the LCV segment. On February 28th, 2012, Think filed for bankruptcy when the company 

failed to receive a federal retooling loan.  

• Aptera – On December 2, 2011, Aptera Motors announced it was going out of business. 

Aptera cited that they were unable to raise private financing to match a conditional 

$150 million US federal loan to continue development of their electric cars. Aptera was 

founded in 2006 and was best known for the creation of the Aptera 2e, an aerodynamic 

three-wheeled prototype. 

• Azure Dynamics – In late March 2012, Azure went into CCAA proceedings (Canadian 

bankruptcy protection law which is similar to Chapter 11 in the USA) after failing to 

secure new investment capital or low-interest loans. 

As a result, this report concludes that the commercial electric vehicle industry level of 

attractiveness is Low for the short-term (in the next 5 years) and Moderate to Good in the 

longer term. The economic climate is very challenging for both the automotive and truck 

sectors. The crisis of confidence and malaise in the industry has occurred for a number of 

reasons: 

1. Despite a flood of attention given to EVs recently because of the ramp-up in world oil 

prices in 2011, the adoption of hybrids, plug-ins and pure battery-electric vehicles has 

been running significantly more slowly than proponents have anticipated. For instance, 
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GM had hoped to sell 60,000 Volts worldwide, but adjusted that forecast ahead of the 

January 2012 North American International Auto Show in Detroit. In 2011, Last year, GM 

missed its goal of selling 10,000 Volt vehicles, selling just over 7,500 vehicles. 

2. The extremely high initial capital outlay for commercial xEV trucks has become a major 

impediment to fleet sales (primarily due to the impact of lithium-ion battery costs). The 

payback period for recovering the incremental cost of a light-duty BEV truck is still in the 

9 to 11 year range. 

3. In 2011, a highly publicized failure of lithium battery packs occurred when Consumer 

Reports started testing the Fisker Karma plug-in hybrid car. As a result, battery maker 

A123 Systems announced a $55 Million recall of defective lithium-ion batteries supplied 

to all five of their OEM vehicle customers. 

4. The brand reputation of the Chevrolet Volt was harmed by several battery fires. The first 

incident occurred at NHTSA in June 2011 during crash safety testing. Another couple of 

thermal failures occurred in November 2011 during further testing of the Volt's 

batteries. After a thorough investigation, in January 2012 NHTSA later announced that 

improper testing procedures (e.g. failure to properly shutdown and de-energize battery 

packs) were a root cause of many of the problems.  

5. Tesla Motors, a key start-up participant in the electric sports car market revealed that 

some owners’ electric sports cars experienced catastrophic battery failures known as 

“bricking.” 

6. There is considerable over-capacity in the lithium-ion battery manufacturing supply due 

to weak demand from customers of electric and hybrid-electric vehicles. Ener1, the 

parent company of US battery manufacturer EnerDel filed for bankruptcy protection. 

EnerDel built a plant for electric-vehicle component and lithium-ion battery 

manufacturing in Indiana that was partially funded by an American Recovery and 

Reinvestment Act (ARRA) grant of $118 million. Ener1 was heavily dependent on Think 

as a major customer and ran into problems with the insolvency of Think. 
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Nine companies (see Table 20) received grants to build advanced-battery factories from 

the US government as part of the ARRA in 2009.  

Applicant  DOE Award Manufacturing Facilities  Technology  

Johnson Controls, Inc.  $299.2 M Holland, MI 

Lebanon, OR 

Manufacturing of battery cells and packs for hybrid and electric 

vehicles.  

A123 Systems, Inc.  $249.1 M Romulus, MI 

Brownstown, MI  

Manufacturing of battery cells and pack for hybrid and electric 

vehicles.  

Dow Kokam $161 M Midland, MI  Production of lithium-ion batteries for hybrid and electric 

vehicles.  

LG Chem / Compact 

Power  

$151.4 M St. Clair, MI 

Pontiac, MI 

Holland, MI  

Production of lithium-ion polymer battery cells for the GM Volt 

EnerDel, Inc.  $118.5 M Indianapolis, IN  Production of lithium-ion cells and packs for hybrid and electric 

vehicles. 

General Motors  $105.9 M Brownstown, MI  Production of high-volume battery packs for the GM Volt 

Saft America, Inc.  $95.5 M Jacksonville, FL  Production of lithium-ion cells, modules, and battery packs for 

industrial and agricultural vehicles and defense application 

markets.  

Exide Technologies $34.3 M Bristol, TN Columbus, GA  Production of advanced lead-acid batteries, using lead-carbon 

electrodes for micro and mild hybrid applications.  

East Penn 

Manufacturing  

$32.5 M Lyon Station, PA  Production of a combination lead-acid battery and carbon 

super-capacitor for micro and mild hybrid applications.  

Table 20 - ARRA Recovery Act Awards for EV Battery and Component Manufacturing 

3.3.1 Key Success Factors 

For now, the supply of electric- and hybrid-vehicle batteries considerably exceeds the demand. 

Until economies of scale reduce Li-Ion battery prices and raise demand, for now North American 

xEV manufacturers will have to adopt appropriate survival strategies. Key success factors for 

surviving in this economic climate are: 

1. Find an investor with extensive financial resources and committed for the long run. 

The manufacturer needs to find a large firm to purchase or invest in their firm, or else 

take a significantly large equity stake in the firm. One common approach is for a 

candidate firm to trade access to their intellectual property and manufacturing rights in 

exchange for an equity investment. Selection of a buyer with significant financial 

resources is critical as only well-funded EV manufacturers companies are going to 

survive for at least 3 years or so. It will likely take at least this amount of time for battery 

prices to become more economical.  
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2. Choose a Niche Segmentation Strategy. The xEV manufacturer can choose one of 

Porter’s Generic Strategies: a Segmentation Strategy to narrow the market scope to an 

area that is less price-sensitive and more willing to pay extra to benefit from the 

advantages of zero emission vehicles (ZEVs) for their fleet. An example of this is a firm 

called Balqon Corporate who produces electric powertrains for Class 7-8 heavy-duty 

HCV trucks. Balqon chooses to avoid selling their electric trucks to the majority heavy-

duty fleet customer, but rather to a specifically targeted subset – namely to container 

terminal fleet logistics customers (e.g. Port of Los Angeles). Here, the customer has a 

specific requirement for zero emissions, and is willing to pay a premium price to select 

vehicles that possess the right attributes. 

3. Mitigate the Battery Pricing Issue. If battery prices are the main issue with competing 

with a cost leadership strategy, then an EV manufacturer firm needs to find a way to 

mitigate the high battery prices – to take them out of the equation. Companies like the 

Nissan/Renault partnership have adopted a new business model by unbundling the 

expensive battery pack component from the overall vehicle price. Nissan/Renault 

partners with an innovative American/Israeli battery development firm called Better 

Place who provides a battery-leasing program for vehicle customers.  For a flat monthly 

fee (approximately $75 per month), Better Place provides customers with a way to 

exchange EV batteries at a charging depot or station. When battery packs are depleted, 

they can be swapped out for a fully charged battery pack. 

4. Focus on Key Contracts with Large Fleets.  Many early adopter sales are small batches 

sold to smaller fleets - often municipalities or government agencies.  A key success 

factor is focusing on national accounts with large fleets. This approach avoids the trap of 

devoting precious direct sales resources to sell to customers wanting only a couple of 

fleet demonstrator vehicles. This type of customer usually wants to promote an eco-

friendly public image (sometimes referred to in the industry as “green-washing”).  A 

small EV manufacturer needs their direct sales staff to focus entirely on volume orders 

with large fleets. Smaller purchases can be offloaded to fleet dealers through 

partnerships (e.g. Azure takes advantage of the Ford dealer distribution network to 

make sales to smaller fleets to free up the time of their regional sales staff).  
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Consider the case of Smith Electric Vehicles. In late 2010, Smith Electric Vehicles based in UK and 

owned by the Tanfield Group, also in the UK, was struggling financially and faced potential 

insolvency. Tanfield sold their rights to Smith Electric Vehicles USA – the American arm of the 

firm. In late 2011, Smith Electric Vehicles USA was also experiencing cash flow difficulties. 

However, in early 2012, Smith Electric Vehicles secured $20 million direct equity funding in 

2012, along with $75 million capital to establish a joint venture in China with the Wanxiang 

Group – a large Chinese auto parts giant. The Smith Electric partnership deal with the Wanxiang 

Group has considerably improved Smith long-term chances of survival (even though they are not 

out of the water yet). 

The potential of the EV industry is attractive in the long run, but only for firms with a persistent 

and steadfast commitment. In order for Azure Dynamics to survive in this climate, it requires a 

sustainable business model, and the backing of a parent enterprise with considerable financial 

influence and a long-term vision of the industry. 
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INTERNAL	ANALYSIS	

4 Value	Chain	and	Core	Competency	Analysis	of	Azure	
Dynamics	

This chapter examines the core capabilities of Azure Dynamics both pre-insolvency and post-

insolvency with the objective of determining the firm’s sources of competitive advantage. A 

resource-based view of the firm is used as a lens to assess Azure Dynamics capabilities. The 

resource-based view asserts that the superior industry performance and basis for competitive 

advantage of a firm (the ability of a firm to extract or derive economic rents) arises from the 

application of a bundle of resources which are Valuable, Rare, Inimitable, and exploitable by an 

Organization (Barney, 1991, Wernerfelt, 1984)  

At a macro level, this analysis of Azure Dynamics follows the overall appraisal approach of 

Robert Grant as shown in Figure 24. 

 

Figure 24 - Links Between Resources, Capabilities and Competitive Advantage -  Source:(Grant, 2008) 

Grant’s approach to analysing a firm’s competitive advantage begins with an inventory of firm 

resources and capabilities (Grant, 2008).  This chapter uses Michael Porter’s Value Chain 

framework (Porter, 1998b) to identify the primary activities related to the flow of goods within 

Azure Dynamics, and the secondary activities needed to support the flow. A map of primary and 

support activities at Azure is shown in Figure 25. The legend uses colour highlighting to identify 

outsourced activities and core activities performed in-house. For each stage, the analysis 
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examines whether the Azure performs the activity in-house, or outsources or contracts it out to 

strategic partners or subcontractors. The analysis also considers how the resources and 

capabilities associated with each activity add value to Azure’s business or provide competitive 

advantage through a Cost Leadership strategy, Differentiation strategy, or Focus strategy.  

 

Figure 25 - Azure Dynamics Value Chain – Source: (Porter, 1998b) 

4.1 Value Chain - Primary Activities 

Azure Dynamics designs and markets its powertrain products, but is not involved in production 

or assembly.  Azure outsources the majority of its manufacturing activity to recognized industry 

component manufacturers and upfitter partners like Utilimaster Corporation and AM General 

LLC to integrate its HEV, PHEV and BEV solutions onto existing OEM vehicle platforms.  

Figure 26 and Figure 27 illustrate this manufacturing strategy by showing Azure’s supply chain 

and distribution networks for both the Balance Hybrid-Electric and Transit Connect Electric 
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product lines respectively. These supply chain diagrams are an application of a generic model of 

the industry value chain as described in section 2.9. 

 

Figure 26 - Azure Dynamics Supply Chain - Balance Hybrid-Electric Product Line 

 

Figure 27 - Azure Dynamics Supply Chain - Transit Connect Electric Product Line 
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Fleet operators are accustomed to purchasing vehicles from upfitters and body builders because 

each operator typically already needs their vehicles to be adapted for specific applications. 

Azure’s engineering team has a very limited capability in-house to perform assembly for a small 

number of prototype or field trial vehicles (e.g. less than 10 to 15 units). This capability is 

extremely labour-intensive and is not intended to be scaled to volume production. 

This outsourced manufacturing approach allows Azure to limit the level of investment in tooling, 

fixed assets, and expansion costs. The approach is intended to allow Azure to scale its capacity 

more rapidly without the risks associated with significant capital investment. When compared to 

most other powertrain suppliers in the commercial automotive industry, Azure’s investments in 

fixed assets are relatively low.  

An important part of the strategy to outsource manufacturing is securing sources of high-quality 

automotive components. Azure takes advantage of a comprehensive list of supply chain 

partners to deliver powertrain systems to its fleet customers. Azure collaborates closely with 

recognized automotive suppliers including electric motor manufacturers, battery suppliers, OEM 

truck chassis manufacturers, automotive parts suppliers, and truck dealerships. Azure engineers 

work closely with suppliers’ product development support teams. Azure also uses the existing 

distribution network of Ford as an alliance partner to gain access to the market for trucks.  

Azure Dynamics designs components for reusability so that they can be deployed in multiple 

vehicle platforms as much as possible. Azure engineers strive to minimize any dependencies for 

the design of key components on any particular vehicle architecture.  

4.1.1 Inbound Logistics 

The logistics function at Azure is primarily used to support receiving and shipping of prototype 

components, parts and assemblies that are used during engineering design, vehicle integration, 

vehicle testing and validation for pre-production prototype vehicles.  Logistics and inventory 

management for final vehicle assembly and production are handled directly by the outsourced 

upfitter (e.g. Utilimaster for the Balance hybrid-electric truck, and both AM General and Lotus 

Lightweight Structures for the TCE electric van).  
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During the prototyping and pre-production, Azure's supply chain purchasing team works closely 

with engineering and is involved in vendor selection and parts procurement. The engineering 

development team prepares a bill of materials (BOM) list of component parts and sub-

assemblies for each prototype vehicle. A small inventory of prototype parts are received and 

stored at Azure. The quality control team performs “first article inspection” to make sure that 

production-intent parts meet proper dimensions and tolerances, and to make sure that the 

quantities and part numbers are correct.  Prototype vehicles and field trial vehicles are 

assembled in-house at Azure and are sent to various testing facilities for validation.  

When field trials are complete and the vehicle is ready for mass production, a final production 

bill of materials (BOM) is sent to the upfitter. The upfitter then has the responsibility to receive, 

store, inspect, handle and control the inventory of parts. Although the inventory of parts 

belongs to Azure Dynamics, it is drop-shipped directly to the upfitter.  

4.1.2 Manufacturing and Production 

As mentioned at the beginning of the 4.1 Primary Activities section, Azure also chooses to 

outsource manufacturing by collaborating with truck up-fitters who assemble products to Azure 

specifications, rather than manufacturing components and assembling powertrain systems in-

house. Azure uses three upfitters according to product line requirements and geographical 

scope. This upfitters include: 

• AM General  LLC  (AMG) – assembles the Transit Connect Electric (TCE) van in Livonia, 

Michigan, USA for the North American market.  

• Utilimaster Corporation - assembles the Balance Hybrid Electric vehicles out of the 

Utilimaster facility in Wakarusa, Indiana, USA 

• Lotus Lightweight Structures Ltd - assembles the Transit Connect Electric (TEC) van at 

the Lotus plant in Worcester, England for the European market. 
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4.1.3 Outbound Logistics 

Orders are passed on by Azure’s sales team to Azure’s operations team which will pass the order 

onto the truck upfitter (e.g. Utilimaster, AMG or Lotus). The upfitter configures and packages 

the vehicles according to the purchase order specifications. Final vehicle assemblies are shipped 

to fleet customers and dealers directly from the upfitter’s production line.  

4.1.4 Sales & Marketing 

Azure’s customers represent the top commercial fleet operators in the world. They include 

Purolator Courier Ltd, Schwan’s, CINTAS, FedEx Corporation, DHL, AT&T Inc., Johnson Controls, 

and Posten Norge (Norway Post). Table 21 lists Azure’s top 10 fleet customers. 

Azure Dynamics - Top Ten Customers 

Customer Name Total Vehicles
(1)

 
Approximate 

Fleet Size 

Purolator 955 4,000 

Schwan's 323 6,000 

Bus manufacturers 206 65,000
(2)

 

Røhne Selmer  

(Norway Ford Dealer) 138 N/A 

CINTAS 100 4,000 

FedEx 82 36,700 

DHL 80 18,500 

AT&T 25 66,800 

Johnson Controls 21 7,200 

Norway Post 20 3,500 

Top 10 Customers 1950 

 Other Customers 303 

 
Total Units

(1)
 2253 

 (1) Total vehicles delivered since 2008, plus backlog as of 2011-11-14 

(2) Represents annual US para-transit vehicles in operation 

(3) Auxiliary electric power units 

Table 21 - Azure Dynamics Top Ten Customers, Source: AZD Investor Presentation 3Q2011 



 

 
 

77 

Current annual sales for conventional internal combustion engine (ICE) light-duty commercial 

vehicles (LCV) and medium-duty commercial vehicles (MCV) in North America and Europe are 

approximately 300.000 and 250.000 vehicles per year, respectively.  Rising fuel prices, increasing 

fuel economy standards, more stringent emissions standards and environmental policies to 

promote energy independence are altering the transportation landscape, including the 

purchasing behaviour of commercial fleet owners and operators.  Azure Dynamics product lines 

are positioned to take advantage of this growing market.   

Azure Dynamics uses channel partnerships as its major method of distribution. As a result of its 

established relationship with Ford, Azure Dynamics is able (through higher volume) to share 

joint marketing and promotion with Ford, and has access through direct relationships with select 

Ford dealers worldwide to support sales and service. Smaller fleet customers can order the 

Azure Balance Hybrid vans and the Ford Transit Connect Electric vans through selected Ford 

dealers. For larger orders, large fleet customers can deal directly with Azure Dynamics national 

fleet sales account representatives.   

The intent of Azure’s sales and marketing strategy is to minimize the size of the internal sales 

force. In-house sales activities are limited to national account management, technical support, 

and Ford dealer/distributor sales force training. 

4.1.5 Service and Support 

Azure’s manufacturing, engineering, and quality management processes have been audited and 

certified by Ford, and Azure is a Ford Quality Vehicle Modifier, resulting in Ford providing base 

vehicle warranty coverage for components not replaced or modified by Azure. Furthermore, all 

warranty repairs on Azure’s components can be handled through Ford’s warranty repair centres 

licensed by Azure. Azure Dynamics is the manufacturer of record for these vehicles, and holds 

the primary responsibility for customer support, warranty and service agreements.   
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4.2 Value Chain - Secondary Activities 

4.2.1 Physical Resources and Facilities 

Burnaby, British Columbia, Canada Office - Azure 

Canada operates a 20,000 sq. ft. mixed-use facility 

(see Figure 28) which is the financial and research & 

development headquarters.  In addition to several 

vehicle service bays and hoists, this facility has a 

sophisticated dynamometer used for vehicle testing. 

Post-insolvency, the Burnaby office is the only facility 

remaining open.  

Oak Park, Michigan (near Detroit) - Azure US 

used a 36,000 sq. ft. mixed-use facility (see 

Figure 29) for corporate headquarters and 

management offices, as well as sales, supply 

chain administration and product support. This 

office was closed post-insolvency. 

Woburn, Massachusetts (near Boston) - Azure 

USA used a 77,000 sq. ft. facility (see Figure 30) 

for component development.  In addition, there 

was limited amount of component assembly, 

inventory storage located at the Woburn site. 

This office was closed post-insolvency. 

Stevenage, UK - Azure UK occupied a 4,000 sq. 

ft. mixed-use facility (see Figure 31) which was 

used as a home base for European sales and 

some light manufacturing support. This office 

was closed post-insolvency. 

 

Figure 28 - Azure Dynamics 
 Burnaby Office 

 

Figure 29 - Azure Dynamics 
 Oak Park, MI facility 

 
Figure 30 - Azure Dynamics  

Woburn, MA office and plant 

 
Figure 31 - Azure Dynamics  

 Stevenage, England sales/support office 
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4.2.2 Financial Services  

Azure’s finance department in Burnaby is responsible for managing all of Azure’s finances for all 

subsidiary companies in the Azure group including Azure Canada, Azure USA, and Azure United 

Kingdom, as well as managing intercompany transactions for the parent company Azure 

Dynamics Corporation. The primary responsibility of the department involves oversight of 

accounting activities (budgeting and planning, general ledger transactions, accounts payable, 

accounts receivable), preparation of tax and government reports, and managing the disclosure 

process as a public company including submission of financial statements to SEDAR. Other 

functions include managing the employee stock option program, oversight of outsourced payroll 

activities, and investor relations. Reporting activities include preparation of operating records 

and standard financial statements.  

As a public company, Azure’s financial reports are audited by Price Waterhouse Coopers (PWC) 

and conform to International Financial Reporting Standards (IFRS) rules that came into effect 

January 1st, 2011 to replace the older Canadian Generally Accepted Accounting Principles (GAAP) 

rules. 

4.2.3 Legal Services 

Azure outsources all legal activities to consulting legal counsel at a corporate law firm. These 

legal consultants are responsible for reviewing, interpreting and drafting purchasing and supply 

contracts, sales and licensing agreements (e.g. Non-disclosure or NDA agreements), employee 

contracts, etc. The legal consultants are also involved in all legal matters relating to the 

registration of Azure Dynamics as a public firm. 

4.2.4 Strategic Alliances and Business Development 

Azure’s ability to form relationships with key supply chain partners is cited as an important part 

of Azure’s “Best Partners” strategy (as mentioned in the Introduction in section 1.1.1) and is a 

core competence. Azure management seeks to form alliances with recognized automotive 

industry suppliers to reach its objectives.  Azure looks specifically for: 

• Partners who have a similar commitment to deliver eco-friendly solutions 

• Partners who are aligned and committed to the right target markets 
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• Partners who are global minded 

• Partners who are interested in co-branding support 

4.2.5 Strategic Relationships 

The key partnerships and alliances are: 

• Ford Motor Company – Azure Dynamics is currently authorized to provide BEV, PHEV 

and HEV vehicle solutions for Ford’s market leading light- and medium-duty commercial 

vehicles.  Azure Dynamics relationship with Ford is critical to Azure’s existence as a going 

concern. Azure’s only current commercialized product lines are based on Ford vehicles. 

Ford’s role is to act as the OEM supplier of truck chassis. Ford also provides access to 

their extensive dealer service network.  The relationship with Ford is discussed in more 

detail in section 4.2.6. 

• Johnson Controls (JCI) – JCI is the preferred supplier of lithium ion batteries to Azure 

Dynamics. Johnson Controls Inc. (Milwaukee, Wisconsin) supplies the batteries 

necessary to operate Azure’s electric and hybrid electric technologies. Battery packs 

represent a significant cost in a typical system. JCI batteries are single source and 

specifically designed to meet the requirements of Azure Dynamics’ drive systems.  

• AM General LLC (Michigan) – AMG is an upfitter that provides Azure with outsourced 

production services for Transit Connect Electric vehicles for North America. 

• Utilimaster Corporation – Utilimaster is an upfitter and truck body builder. Utilimaster 

supplies outsourced production services for the Balance Hybrid Electric delivery van. 

• Lotus Lightweight Structures Limited (UK) – Lotus provides Azure with outsourced 

production services for Transit Connect Electric vehicles for Europe. 

4.2.6 Key Strategic Relationship with Ford 

In 2007, Azure signed a supply agreement with Ford for Azure’s Balance medium duty hybrid-

electric van. Ford provides Azure with strip chassis and cut-away E-series truck chassis for E-350 

and E-450 medium duty trucks. Azure “electrifies” the vehicle chassis by providing Force Drive™ 

hybrid-electric powertrain components, which are installed at a third-party body-builder plant 

(or “upfitter”).  The body-builder provides integration of the truck chassis with a delivery van 
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body (for strip chassis configurations) or shuttle bus body (for cutaway chassis configurations).   

Azure signed another agreement in 2010 with Ford for Azure’s Transit Connect Electric light duty 

all-electric van project. Ford supplies the electric product group at Azure with a “glider” 

configuration (where the engine and its associated fuel and exhaust systems are absent) for the 

Transit Connect van. Azure then integrates its Force Drive™ powertrain and a Johnson Controls 

battery pack and sells the completed Transit Connect Electric vans back through the Ford Dealer 

network (which also provide fleets with after-sales warranty service and support.   

Finally, in 2011 Azure concluded a third arrangement with Ford to design and supply a PHEV 

powertrain for the SuperDuty F-450 and F-550 truck family, to be delivered in 2013. Ford’s F-

Series Super-Duty product line holds more than a 50% share of the truck market for models 

equipped with conventional ICE engine power. According to Ford, it is the largest and most 

established cab and chassis brand in North America.  This product will be targeted for medium-

duty Class 5-6 bucket trucks targeted at electric and telecom utility fleet customers. These 

applications require a large battery pack (larger than a typical lithium-ion battery pack used in 

an ordinary hybrid-electric powertrain) to provide auxiliary power (e.g. for electrically powered 

hydraulic boom).  

4.2.7 Quality Systems 

Azure’s comprehensive quality management system is certified to ISO9001:2008 and developed 

in compliance with TS16949 standards. Advanced Product Quality Planning (APQP) working 

principles and tools are used to establish and control the manufacturing process and product 

quality in conjunction with a phase-gate process for product development. 

Azure’s quality department is responsible for creating and communicating a vision for delivering 

quality products, and helping the rest of the organization with the integration of ISO 9000:2008 

quality-related activities into their daily operations. Specifically, the quality team approves and 

maintains all documentation for engineering and production including standard operating 

procedures, inspection/test instructions and measurement systems designed to adequately 

monitor and measure product conformance, as well as the repeatability and reliability of the 

processes.  Lean Manufacturing and Six Sigma concepts drive variation reduction and waste 

elimination using “SMART” data driven metrics as key performance indicators.  All operators and 
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technicians are trained for their specific job(s) and tested for competency verification on a 

regularly basis.  Standard procedures mandate proper material handling and control of 

nonconforming product throughout the entire process.  Proper storage, preservation, packaging 

and delivery methods are also planned, verified and executed to support production launch. 

The Quality department also works with the engineering team to ensure that quality processes 

include design controls for quality. Customer requirements and expectations are the first inputs 

to the development process followed by Design Failure Mode and Effects Analysis (DFMEA). 

Drawings and specifications are generated and released under a strict change control system. 

Design Validation testing is developed based on the DFMEA and the customer’s requirements 

and/or intended functional application. Cross-functional design Reviews are held throughout the 

product development process and are considered a critical deliverable for gate sign-off.  The 

DFMEA, Design Reviews and Design Validation Testing support the design and development of 

the manufacturing process.  Process Flow Diagrams, Process Failure Mode and Effects Analysis 

(PFMEA) and Process Controls Plans are initiated early in the Prototype Phase and provide 

valuable feedback for design for manufacturability, as well as ensure all critical aspects of 

manufacturing and quality are properly addressed at every stage of product development (as 

verified by production trial runs and process capability studies).  The PFMEA and Control Plan 

are considered living documents and used as tools for continuous improvement throughout the 

life of the product.   

4.2.8 Human Resources 

Prior to the recent insolvency, Azure Dynamics employed a talented team of professionals 

including highly-skilled personnel in management, engineering, operations, administration, 

marketing and sales. Many of staff members were automotive industry veterans. Azure 

Dynamics employed 159 employees globally as at December 31, 2011, as disclosed in Table 22, 

of which at least 132 were involved in the engineering department in a variety of technical roles. 

The organization reporting structure is shown in Figure 32. 
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Location (Employer) 
Part-Time / Contract 

Employees 

Full-Time 

Employees 
Total 

Burnaby, BC (Azure Canada) 7 41 48 

Detroit, Ml (Azure US) 4 51 55 

Boston. MA (Azure US) 2 43 45 

Stevenage, UK (Azure UK) 2 9 11 

Table 22 - Azure Dynamics - Employee Head Count by Location 

Of these 159 employees, 132 were employed in an engineering or technical capacity. The 

organization reporting structure is shown in Figure 32. 

 
Figure 32 - Azure Dynamics Organization Structure 

4.2.9 Research and Development 

Research and development is a significant component of Azure’s business and requires 

substantial and continuous funding. These research and development activities centre on the 

further development of Azure’s core expertise, including the development of new generations 

of existing product lines, as well as the creation of new product lines (each discussed below), 

and related component products. The executive management and oversight of Azure’s 

engineering and product development teams is based in Burnaby, British Columbia while 

engineering resources are located in Burnaby (controls software develop, vehicle integration) 

and in Woburn, Massachusetts (ForceDrive™ electric drive and inverter components).  

Azure has three core competencies within the engineering team: Controls Software 

development, Systems Engineering and Vehicle Integration activities, and Power Electronics and 

Electric Drive Components development. These three areas are described in more detail below. 
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4.2.9.1 Controls Software 

Azure’s key technology is its controls software, which is found in all of its hybrid and electric 

vehicles. Azure’s background spans many areas of electronic control system design: engine 

controls, transmission controls, induction and permanent magnet motor controls, generator 

controls, and other power conversion devices.  

Azure control software for powertrain systems has been designed to use sophisticated 

mathematical algorithms to perform real-time analysis of on-board operating data. The 

performance analysis allows the control system to adapt to a variety of operating conditions. 

Unique control algorithms are included in Azure Force Drive® propulsion system components 

technology found in its electric vehicles to minimize energy consumption and maximize range.  

Azure’s new product development strategy emphasizes component reusability across product 

lines and platforms. The embedded control software structure is flexible and modular enough to 

be adapted and reused for different platform applications. Reusability is achieved by employing 

state-of-the-art methods such as model-driven development (MDD) in the design of new 

powertrain software components. The process allows Azure to shrink the development lifecycle 

for new vehicle control systems and reduces the iteration time between prototype and 

production software releases. 

4.2.9.2 Power Electronics and Electric Machine Design 

Another core competency area of Azure is the design of power electronics components, which 

are integral to the electrification of all types of alternative commercial vehicle powertrains 

including HEV, PHEV, and BEV trucks. Commercial trucking applications place a huge emphasis 

on component reliability: vehicle parts and sub-systems must meet stringent automotive and 

military environmental requirements.  Appropriately, Azure Dynamics ForceDrive™ components 

have been deployed and field-proven over several millions miles of in-vehicle service with many 

different fleets.  

4.2.9.3 Systems Engineering & Vehicle Integration 

Since Azure was founded, it has completed many vehicle integration programs. Azure has 

adapted its powertrain systems to a variety of different vehicle applications using its electrical 
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systems and powertrain design capability. Azure Dynamics engineers work closely with supply 

chain partners including battery suppliers such as Johnson Controls (JCI) and motor 

manufacturers such as Siemens to adapt their components to meet Azure’s exacting vehicle 

program requirements. For instance, Azure has extensive background integrating lithium, NiMH 

and lead-acid battery packs with several vehicle chassis designs. In 2009, Azure worked with 

Johnson Controls (JCI) to develop a new lithium-ion hybrid battery pack for the Balance hybrid-

electric truck. Later in 2010, Azure worked with JCI to develop a larger lithium-ion pack design 

for the TCE all-electric platform.  

4.2.9.4 Intellectual Capital, Patents and Trade Secrets 

The intellectual property and patents of Azure Dynamics can be divided into two category areas: 

(1) algorithm design for the control of power electronics, inverters, AC induction motors and 

electric powertrain components, and (2) embedded control software for managing vehicle 

powertrain systems, including complex algorithms to minimize energy consumption and thus 

maximize vehicle range.  

Azure combines various approaches to establish and protect its proprietary intellectual capital 

including patents, industrial designs, copyrights, trademarks and trade secret laws. Azure takes 

appropriate steps to safeguard intellectual property using non-disclosure and confidentiality 

agreements for its employees and strategic partners and suppliers.  

As of September 1, 2011 Azure has a total of 18 patents approved and 5 pending patent 

applications in the US. In other countries and jurisdictions, there are several related patents. See 

Table 23. 
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Patent Number Title of Invention 
Issued US 5,898,282 Canada 2,182,630 A Control System for a Hybrid Vehicle 

Issued US 6,242,873 Canada 2,397,074 Granted also GB, FR, 

IT, DE & ES 

Method and Apparatus for Adaptive Hybrid Vehicle Control 

Issued US 6,555,991 Granted also CN, MX & SG, GB, FR, IT, 

DE, ES & HK Pending: CA 2,473,817,BR & IN 

Battery Operating Condition Dependent Method and Apparatus for 

Controlling Energy Transfer Between an Energy Bus and a System of 

Batteries 

Issued US 6,909,200 Granted also GB, FR, DE, ES, HK, MX, CN 

& SG Pending: CA 2,475,597, BR, IN & KR 

Methods of Supplying Energy to an Energy Bus in a Hybrid Electric Vehicle, 

and Apparatuses, Media and Signals for the Same 

Issued US 6,879,054 Granted also GB, FR, IT, DE, ES, CN, MX, 

SG & HK, Pending: CA 2,477,072, BR, IN & KR 

Process, Apparatus, Media and Signals for Controlling Operating Conditions 

of a Hybrid Electric Vehicle to Optimize Operating Characteristics of the 

Vehicle 

Issued US 5,562,178 Rear Drive Electric Vehicle 

Issued US 5,637,971 Suppression of Multiple Noise-Related Signals in Pulse Width Modulated 

Signals 

Issued US 5,808,427  Vehicle Drive Control System 

Issued US 6,643,149  Switching System 

Issued US 6,768,621 Contactor Feedback and Pre-Charge / Discharge Circuit 

Pending: US2008/0132378 & CA 2,666,723 Method and Apparatus for Starting an Engine in a Hybrid Vehicle 

Issued US 7,728,448 Pending: CA 2,650,224, EP & MX Process and Apparatus for Reducing Nitrogen Oxide Emissions in Genset 

Systems 

Issued US 7,577,006 Non-Linear Droop Control System and Method for Isochronous Frequency 

Operation 

Pending US2008/0122228, CA 2,659,087 & EP  Method, Apparatus, Signals and Media for Selecting Operating Conditions 

of a Genset 

Issued US 7,826,939, CA 2,661,718 & EP Method, Apparatus, Signals and Media for Managing Power in a Hybrid 

Electric Vehicle 

Issued US 7,397,675 Inverter-Filter Non-Linearity Blanking Time and Zero Current Clamping 

Compensation System and Method 

Issued US 7,561,008 Pending: CA 2,677,293 & EP Improved Filter package 

Issued US7,741,798 Pending: CA 2,669,085 & EP RFI/EMI Filter for Variable Frequency Motor Drive System 

Issued US 7,560,895 Pending: CA 2,681,037 & EP, Indirect Rotor Resistance Estimation system and 

Method 

Pending: US 2010/0251984, CA20709022, & EP Method and Apparatus for Starting an Internal Combustion Engine 

Issued US 7,893,650 Pending: CA 2,713,403 MX & EP  Method and System for Multiphase Current Sensing 

Table 23 - Azure Dynamics Patent Portfolio 

4.2.10 Supply Chain Management 

Azure’s supply-chain management team provides strategic support for other corporate functions 

including the design, engineering and customer service teams. Approved vendor decisions are 

made after extensive cross-functional review of a potential supplier’s capabilities, commercial 

competitiveness and overall financial status.  An in-depth evaluation of a supplier’s 

manufacturing operation and management system is performed to assess strengths and 

weaknesses in satisfying Azure requirements and the customer’s requirements prior to finalizing 

a source decision. Key component suppliers must be ISO9001 certified (preferably TS16949 

certified) and demonstrate a stable management operating system.  Supplier parts are not 

authorized for production until all requirements of the Production Part Approval Process (PPAP) 

verifying form, fit and functionality to prescribed specifications are met. 
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4.2.11 Manufacturing Management 

Azure has a small manufacturing engineering and operations management team that works 

closely with the upfitters as onsite quality ambassadors.  The main function of the 

manufacturing engineering team is to coordinate build schedules, to document and hand over 

bills-of-materials (BOMs) and factory work instructions to the production line, to provide 

oversight to ensure that the production parts approval (PPAP) process is followed and that 

running changes are implemented properly on the line, and to provide feedback to Azure’s 

engineering team on manufacturing problems at the upfitter facility.   
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4.3 Azure Dynamics Core Competencies 

An analysis of Azure’s capabilities and core competencies was performed using Barney’s VRIO 

(Value, Rarity, Imitability, Organization) framework (Barney, 1995), but adapted to use Grant’s 

method for the functional classification of an organization’s capabilities (Grant, 2008). Using the 

following VRIO attributes, we can determine which of Azure’s capabilities can be considered 

core competencies with competitive potential: 

1. Value: Can the resource or capability enable a firm to take advantage of an external 

opportunity or counteract an external threat? 

2. Rarity: Is a resource or capability controlled by a few rivals in the industry? 

3. Imitability: For any firm lacking a resource or capability, is there a significant cost 

disadvantage if the firm attempts to obtain or develop it? Is the resource costly to 

imitate? 

4. Organization: Is a firm organized and ready to exploit the valuable, rare and inimitable 

resources or capabilities?  

4.3.1 Core Competency Analysis Using VRIO Framework 

Figure 33 and Figure 34 provide a detailed view of the Core Competency Analysis, with the 

resources and capabilities within Azure Dynamics rated as providing an advantage, neutral 

playing field, or disadvantage.  A summary of the resources and capabilities that provide an 

advantage (those items shown in green in the detailed VRIO analysis) is provided in Table 24. 
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Financial R1 Cash and cash equivalents Y N N A Y N Disadvantage Below Normal Weak N N Disadvantage Below normal Weak

R2 Capacity to raise equity Y N N A Y N Parity pre-2011,

Disadv. 2011-2012

Normal pre-2011, 

Below Normal 2011+

Normal up to 2010, 

Weak 2011-2012

N N Disadvantage Below normal Weak

R3 Borrowing Capacity Y N N A N N Parity Normal Neutral N N Disadvantage Below normal Weak

Physical R4 Modern Vehicle Integration Facilities Y N N A Y N Parity Normal Neutral Y N Parity Normal Neutral

R5 State-of-the-art testing equipment Y N N A Y N Parity Normal Neutral Y N Parity Normal Neutral

R6 Favorable locations Y N N A Y N Parity Normal Neutral A - - - -

R7 Trade Secrets (HEV, PHEV and BEV powertrain system designs) Y N Y V Y N Parity Normal Neutral Y N Parity Normal Neutral

R8 Patents (HEV, BEV, PHEV system energy management and control) Y Y Y V Y Y Advantage Above Normal Strength Y Y Advantage Above Normal Strength 

R9 Patents (Power electronics component design) Y Y Y B Y Y Advantage Above Normal Strength N N Disadvantage Below normal Weak

R10 Copyrights, trademarks N N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

Reputation R11 Reputation with customers for quality and reliability Y N Y A Y N Parity Normal Neutral Y N Disadvantage Below normal Weakening

R12 Reputation with suppliers for fairness, and non-zero-sum relationships Y N Y A Y N Parity Normal Neutral Y N Disadvantage Below normal Weakening

R13 Customer Focus Y N N A Y N Parity Normal Neutral Y N Parity Normal Neutral

R14 Creativity Y N N A Y N Parity Normal Neutral Y N Parity Normal Neutral

R15 Innovation Capacities Y N Y A Y N Parity Normal Neutral Y N Parity Normal Neutral

R16 Skills / Know-how Y N Y A Y N Parity Normal Neutral Y N Parity Normal Neutral

R17 Capacity for communication and collaboration Y N Y A Y N Parity Normal Neutral Y N Parity Normal Neutral

R18 Leadership and Motivation Y Y Y A N N Parity Normal Neutral N N Parity Normal Neutral

R19 Ability to hire, motivate and retain human capital Y N Y A Y N Parity Normal Neutral N N Disadvantage Below normal Weakening

Core Competence

Neutral Competitive Advantage - Mandatory Threshold Capability (price of admission to market)

Competitive Disavantage - core or threshold capability declining

Competitive Disavantage - core or threshold capability not present originally or lost after insolvency

Neutral Competitive Advantage - optional capability

Optional (non-threshold) capability lost but no disadvantage

Intangible Resources
Technology and 

Intellectual Property

Culture, Innovation and 

Creativity

Human Resources
Human Resources

Legend

Azure Dynamics - Core Competency Analysis Using VRIO Framework

VRIO Framework adapted from 

J. B. Barney, "Firm resources and sustained competitive advantage"

Resources Classification and Functional Classification of Organizational Capabilities adapted from 

Robert M. Grant, "Contemporary Strategy Analysis"

Pre-Insolvency Post Insolvency

Tangible Resources

 

Figure 33 - Azure Dynamics Core Competencies Using VRIO Framework - Part 1 of 2 
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Corporate Functions C1 Financial Controls and Cash Flow Management Y N N A N N Disadvantage Below Normal Weak Y N Parity Normal Neutral

C2 Strategic Alliances and Business Development Y Y Y A Y Y Advantage Above Normal Strength N N - - -

C3 Strategic Planning and Acquisition Management Y Y Y D N N Disadvantage Below Normal Weak N N Disadvantage Below normal Weakening

C4 Corporate CRM and MRP systems for operations management Y N Y V Y N Parity Normal Neutral N N Disadvantage Below normal Weakening

C5 Corporate intranet and knowledge base Y N N v Y N Parity Normal Neutral N N Disadvantage Below normal Weakening

C6 IT network management and server infrastructure Y N N a Y N Parity Normal Neutral N N Disadvantage Below normal Weakening

Engineering and R & D C7 Control software for AC induction and permanent magnet electric motors Y Y Y B Y Y Advantage Above Normal Strength A - - - -

Controls Software C8 Control software for transmissions, generators, power inverters, DC-DC converters 

and other power conversion devices.

Y N N B Y N Parity Normal Neutral A - - - -

C9 Closed-loop control algorithms and powertrain torque monitor software to control 

engine torque. Responds to real-time analysis of vehicle operating data and 

sensory inputs and balances power distribution between traction motor and IC 

engine (in hybrid systems).  

Y N Y V Y N Parity Normal Neutral Y N Parity Normal Neutral

C10 Expertise in model-driven architectures (MDA) to decrease the time between 

prototype and production level software. 

Y N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

C11 Software reuse across multiple platforms. N N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

Power Electronics Design     C12 Expertise in analog and digital electronics design for power conversion components 

including DSP controlled power supplies, AC power inverters (based on IGBT 

technology and DSP control), DC/DC converters, electric motors and integrated 

starter generator (ISG) systems.

Y Y Y B Y Y Advantage Above Normal Strength A - - - -

C13 Development of custom power electronics and subassemblies to meet stringent 

automotive environmental requirements.

Y Y Y B Y Y Advantage Above Normal Strength A - - - -

Systems Engineering & Vehicle 

Integration    

C14 Expertise in “right sizing”and matching hybrid-electric and battery electric vehicle 

components: lithium-ion battery packs, electric motors, and transmissions. “Right-

sizing” helps to reduce initial capital costs and operating costs (lower fuel 

consumption) compared to other hybrid or electric technologies.

Y N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

C15 Design of xEV Energy Management Systems and optimal control strategies and 

algorithms to manage powertrain operating state to guarantee optimal efficiency 

and performance (to minimize energy consumption and maximize range). 

Y Y N V Y Y Temporary 

Advantage

Above Normal 

(in short term)

Strength Y Y Temporary 

Advantage

Above Normal

(in short term)

Strength

C16 Expertise in working with industry-leading electric motor manufacturers to modify 

their  designs to meet specific program requirements and to secure validated and 

warranted solutions.

Y N N B Y N Parity Normal Neutral A - - - -

C17 Expertise in understanding the interaction of HEV/EV components with the base 

vehicle as a system (so that it can design systems to satisfy performance and safety 

requirements)

Y N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

C18 Expertise in platform customization and adapting vehicle powertrain and electrical 

system designs to different vehicle applications .

N Y Y V Y N Parity Normal Neutral Y N Parity Normal Neutral

C19 Expertise in mounting and integrating energy storage solutions, including Li-Ion, 

nickel cadmium, nickel–metal hydride (“NiMH”) and lead-acid batteries and ultra-

capacitors. 

Y N N V Y N Parity Normal Neutral Y N Parity Normal Neutral

C20 Quality Management Systems Y N N A Y N Parity Normal Neutral A - - - -

C21 Operations Effectiveness (Supply Chain, Logistics, and Inventory Control) Y N N A N N Disadvantage Below Normal Weak A - - - -

C22 Customer Support and Warranty Service Capability Y N N V Y N Parity Normal Neutral A - - - -

C23 Brand Management Y N N D Y N Parity Normal Neutral A - - - -

C24 Outbound Marketing / Advertising / Collateral Y N N D Y N Parity Normal Neutral A - - - -

C25 Inbound Marketing and Product Management Y N N D Y N Parity Normal Neutral A - - - -

C26 Sales Forecasting Y N N D N N Disadvantage Below Normal Weak A - - - -

C27 North American Market Share and Dealer Network Y N Y D Y N Parity Normal Neutral A - - - -

C28 European Market Share and Dealer Network Y N Y UK Y N Parity Normal Neutral A - - - -

Pre-Insolvency Post Insolvency

Management

Information

Systems

Operations

Marketing

Sales and Distribution

Organizational Capabilities

 

Figure 34 - Azure Dynamics Core Competencies Using VRIO Framework - Part 2 of 2 



 

 
 

91 

Table 24- Summary of Azure Dynamics Core Competences - Pre- and Post-Insolvency 

Item 

# Resource / Capability 
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Comments 

R8 Patents (HEV, BEV, PHEV system energy 

management and control) 

Y Y The Vancouver group’s system-level patents are still 

a core competence post-insolvency as long as key 

Vancouver employees are retained. 

R9 Patents (Power electronics component 

design) 

Y N Azure retains the patent ownership, post 

insolvency, but the Boston office’s component-level 

patents are no longer a core competence post-

insolvency as critical employee know-how with 

respect to patents was laid off or left after the 

Boston office closure.  

C2 Strategic Alliances and Business 

Development 

Y N Ability to form partnerships with firms such as Ford, 

Johnson Controls and Utilimaster was a core 

competence pre-insolvency. The capability to 

negotiate partner alliances has been affected as a 

result of the insolvency until financial restructuring 

issues are resolved. 

C7 Control software for AC induction and 

permanent magnet electric motors 

Y N This core competency was lost when Boston office 

closed after insolvency 

C12 Expertise in analog and digital electronics 

design for power conversion components 

including DSP controlled power supplies, 

AC power inverters (based on IGBT 

technology and DSP control), DC/DC 

converters, electric motors and integrated 

starter generator (ISG) systems. 

Y N This core competency was lost when Boston office 

closed after insolvency 

C13 Development of custom power 

electronics and subassemblies to meet 

stringent automotive environmental 

requirements. 

Y N This core competency was lost when Boston office 

closed after insolvency 

C15 Design of xEV Energy Management 

Systems and optimal control strategies 

and algorithms to manage powertrain 

operating state to guarantee optimal 

efficiency and performance (to minimize 

energy consumption and maximize 

range).  

Y Y This is a core competency pre- and post-insolvency 

(valuable, rare, and exploited by organization), but 

since it is not costly to imitate, it is only a temporary 

advantage. 

The core resources (EV patent portfolio) are described in the value chain analysis earlier in this 

chapter in section 4.2.9.4. The core competencies (controls software development skills, power 

electronics design capability, systems engineering proficiency and vehicle integration 

knowledge) are described in sections 4.2.9.1 to 4.2.9.3. 
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4.3.2 Core Competencies Mapped to Strategic Assets 

A list of core competencies can be used further to derive the strategic assets of a firm. By 

examining the assets in the context of key success factors for the industry, we establish whether 

these assets will allow a firm to extract or derive economic rents in the industry and whether 

there is a basis for sustained competitive advantage.   

Azure is organized to exploit its core competencies by integrating its core ForceDrive component 

technologies and powertrains into robust commercial vehicle designs targeted at urban delivery, 

postal, courier, taxi and shuttle-bus fleets in the light to medium duty commercial vehicle 

markets. The mapping of core competencies to strategic assets is shown in Figure 35. 

The electric and hybrid technology benefits from some of the inherent inefficiencies in the 

nature of the drive-cycle of these applications and eliminates other inefficiencies thereby 

achieving fuel and maintenance cost reductions, as well as reductions in the harmful emissions 

that contribute towards health and environmental issues. For example, the short trip, stop-start 

nature of these applications enable the EV and HEV systems to regenerate power by capturing 

braking energy that is then used to recharge the battery thereby extending the operational 

range of the vehicle. Azure’s HEV system allows the combustion engine to operate at those 

times and at those levels where it is most efficient, and it operates with an electric-assist or full-

electric mode at times when it is not efficient, thereby reducing fuel consumption, emission 

outputs and noise levels. 
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Figure 35- Core Competencies Mapped to Strategic Assets 
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5 Financial	Performance	

This chapter provides an analysis of Azure’s financial performance and financial resources. The 

review looks at Azure’s financial history over the last 5 years, identifying important trends. It 

also provides a specific look at events leading up to the Azure Dynamics insolvency in March 

2012, and some of the restructuring activities both pre- and post-insolvency. 

5.1 Financial	History	

Although Azure is almost 15 years old, it is still in an early-stage firm in terms of the maturity of 

its technology development and business model. Since it was founded, Azure has incurred 

considerable losses. Figure 36 highlights Azure’s operating losses and cumulative deficit for the 

last 5 years. 

 

Figure 36 - Azure Dynamics Operating Losses and Deficit 2007-2011 

As mentioned in the introduction, up until 2007 Azure was developing their hybrid technology 

and building technology demonstration prototypes. Since 2007, Azure has turned its focus to 

commercial vehicle production and customer sales.  
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Table 25 provides selected financial data for Azure Dynamics over the last 5 years. Azure has not 

yet displayed that it is even capable of consistently attaining positive gross margins, let alone 

attaining any level of profitability. On-going efforts by Azure to reduce product costs have not 

been sufficient to cover operating expenses by increasing sales volume with positive margins. 

Figure 37 provides the revenue and gross margin history for 2007-2011. The biggest expense 

category is research and development (R&D) which varies between 50-65% of total expenses. 
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 2007 2008 2009 2010 2011 

Balance Sheet      

Total Current Assets  $          36,754   $          25,113   $          42,409   $          28,206   $          31,176  

Total Assets  $          55,887   $          43,691   $          58,414   $          43,378   $          42,475  

Total Current Liabilities  $            4,476   $            5,354   $          10,748   $          18,639   $          20,623  

Long-Term Debt  $            3,005   $            3,561   $            2,816   $                673   $            8,575  

Total Liabilities  $            7,481   $            8,915   $          13,564   $          19,312   $          29,198  

Shareholders' Equity  $          48,406   $          34,776   $          44,850   $          24,066   $          13,277  

Liabilities & Shareholders' Equity  $          55,887   $          43,691   $          58,414   $          43,378   $          42,475  

Deficit (cumulative losses)  $        (97,864)  $     (136,731)  $     (164,539)  $     (192,665)  $     (229,946) 

Income Statement      

Revenues  $            2,801   $            7,651   $            9,403   $          21,913   $          34,807  

Cost of Sales  $            3,098   $          12,866   $          14,520   $          21,624   $          35,020  

Gross Margin  $              (297)  $          (5,215)  $          (5,117)  $                289   $              (213) 

R & D Expenses  $          16,690   $          22,286   $          11,681   $          17,028   $          23,897  

Sales and Marketing Expenses  $            3,683   $            3,418   $            2,388   $            2,784   $            3,744  

General and Admin. Expenses  $            7,813   $            7,314   $            9,134   $            9,329   $            9,852  

Operating Income (Loss)  $        (28,483)  $        (38,233)  $        (28,320)  $        (28,852)  $        (37,706) 

Net Income (Loss)  $        (30,235)  $        (38,867)  $        (27,808)  $        (28,126)  $        (37,281) 

Outstanding Shares    214,273,669     313,802,407     406,148,487     616,823,270     694,788,000  

Loss per share  $            (0.14)  $            (0.12)  $            (0.07)  $            (0.05)  $            (0.05) 

Statement of Cash Flows      

Cash from operating activities  $        (29,191)  $        (33,403)  $        (17,072)  $        (26,394)  $        (34,187) 

Cash from financing activities  $          27,822   $          24,276   $          37,009   $            5,949   $          28,963  

Cash from investing activities  $          (1,923)  $          (1,232)  $                (98)  $          (1,344)  $                  92  

Net Increase (Decrease) in cash  $          (3,292)  $        (10,359)  $          19,839   $        (21,789)  $          (5,132) 

Table 25 - Selected Azure financial data for 2007-2011 (in thousands of Cdn $) 

 

Figure 37 - Azure Dynamics - Revenue Growth and Margins 2007-2011 
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Prior to insolvency, Azure depended on equity financing, government loans, and NRE funding 

from partners to cover operating expenses. Table 26 lists share offerings since 1997. Figure 38 

demonstrates that cash to operations has essentially been matched by cash from financing. 

Date Form of transaction Amount (millions $Cdn) 

Jan-02 Private placement 5.2 

Nov-02 Private placement 0.8 

Jul-03 Private placement 2.2 

Dec-03 Private placement 10.7 

Mar-04 Private placement 4.2 

Jul-04 Public offering 2.6 

Nov-04 Warrant exercise 7.8 

Feb-05 Private placement 11.6 

Jul-05 Warrant exercise 3.4 

Sep-05 Private placement 11.0 

Nov-06 Public offering 24.5 

Nov-06 Private placement 3.3 

Nov-06 Overallotment Options Exercise 2.5 

Oct-07 Public Offering 27.8 

Aug-08 Private placement 24.3 

Aug-09 Private placement 10.0 

Dec-09 Public offering 30.0 

Jun-10 Private placement 6.3 

Feb-11 Public offering 20.1 

Nov-11 Private placement 5.1 

Nov-11 Public offering 3.8 

Nov-11 Overallotment Options Exercise 0.9 

  Total $218.1 million 

Table 26 – Azure Dynamics – Equity Funding and Investment Since Incorporation 1997-2012 

 

Figure 38 - Azure Dynamics Cash Flow (Sources and Uses of Capital) 2007-2011 
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The repeated share offerings resulted in considerable dilution of the holdings of shareholders of 

Azure and had a negative impact on the market price of the common shares of Azure. Figure 39 

and Figure 40 show the share price history, the market capitalization and outstanding shares. 

 

Figure 39 - Azure Dynamics - Share Price History and Market Capitalization 2003-2012 

 

Figure 40 - Azure Dynamics - Total Shares Outstanding 2003-2012 (millions) 
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Azure’s growing deficit from accumulated losses has reduced shareholders’ equity over the last 

five years, and has increased the liquidity risk. The chart in Figure 41 illustrates that the 

shareholders’ equity as a proportion of total assets has decreased substantially. Table 27 

provides an analysis of key financial ratios for the last 5 years.  Apart from a troublesome deficit, 

thin gross margins, and the necessity to raise capital to finance operating losses, there is a 

weakening trend in the solvency ratios. Solvency is the ability of Azure to meet its long-term 

expenses and to support growth and expansion. The debt-to-equity ratio (D/E ratio) has from a 

relatively low level of 0.15 in 2007 to 2.2 in 2011.The D/E ratio measures the relative share of 

equity and debt used to finance a company. The relatively high ratio of 2.2 in 2011 illustrates 

that the company is much more heavily leveraged now. Although Azure Dynamics has financed 

its transition to production and its expansion to sales in Europe through growing debt,  the 

erosion of the equity value of the company (from the growth in the deficit) is equally 

responsible for the growth in the D/E ratio.  The interest expense burden of the firm has 

increased over the last five years. If Azure is liquidated after several attempts to restructure the 

firm during CCAA proceedings, then the D/E ratio of 2.0 also indicates that there is significant 

risk that shareholders’ equity may not completely fulfil Azure’s obligations to creditors. 

 

Figure 41 - Azure Dynamics - Assets vs. Debt and Equity 2007-2011 
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Indicator or Ratio 2007 2008 2009 2010 2011 

Current Ratio  

( CA / CL ) 

8.21 4.69 3.95 1.51 1.51 

Quick Ratio (Acid-Test)  

( (CA - Inv) / CL ) 

5.93 3.14 3.46 1.22 0.59 

Debt to Assets 

( Long-term Debt / Total Assets ) 

0.05 0.08 0.05 0.02 0.20 

Debt to equity  

( Total Debt/Total Equity ) 

0.15 0.26 0.30 0.80 2.20 

Leverage  

( Total Assets / Stockholders Equity ) 

1.15 1.26 1.30 1.80 3.20 

Inventory turnover  

( Total Sales / Total Value of Inventory ) 

5.48 5.25 11.20 7.85 2.22 

Average Collection Period  

( Accounts Receivable/ Sales Per Day ) 

76.88 110.54 102.17 167.28 50.14 

Sales to fixed assets  

( Sales / Assets ) 

0.06 0.23 0.19 0.63 0.99 

Profit Margin on Sales  

( Net Income / Total Sales ) 

-10.79 -5.08 -2.96 -1.28 -1.07 

Return on Equity  

( Net Income / Stockholders Equity ) 

-0.59 -1.10 -0.63 -1.20 -2.84 

Return on Total Assets  

( Net Income / Total Assets ) 

-0.54 -0.89 -0.48 -0.65 -0.88 

Table 27 - Ratio Analysis of Azure Dynamics 2007-2011 

There is also a disturbing trend in liquidity in 2011. Liquidity measures the ability of Azure to 

convert assets to cash quickly. The common measures of liquidity are the Current Ratio (current 

assets / current liabilities) and the Quick Ratio or Acid Test Ratio (cash and cash equivalents + 

receivables + short-term investments/ current liabilities).  The current ratio has decreased from 

8.21 in 2007 to 1.51 in 2011. The quick ratio has decreased from 5.93 in 2007 to a dangerously 

low figure of 0.59 in 2011. A value less than 1 indicates that the Current Assets balance was 

lower than the Current Liabilities (no flexibility to pay off short term liabilities). 

5.2 Azure Dynamics Insolvency 

In this section, factors leading to the Azure Dynamics insolvency on March 26th, 2012 are 

considered. Essentially, there were four contributing factors: 

i. Lack of available equity financing 

ii. Severe 2011 sales shortfall 

iii. Unnecessarily rapid expansion of headcount in 2010 and 2011 

iv. Lack of adequate inventory control 
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When taken individually, each of these problems was serious enough, but the confluence of 

these factors proved disastrous; it was in essence a “perfect storm”. These are discussed in 

more detail below. 

5.2.1 Lack of Available Financing 

In late 2009 and early 2010, Azure Dynamics continued to pursue commercialization of their 

existing technologies and signed a key supply agreement with Ford to develop an electric 

version of the Ford Transit Connect van for sale and distribution in North America and Europe. 

This agreement required Azure Dynamics to undertake an aggressive outsourced Transit 

Connect Electric production program with upfitter AMG in North America and Lotus Lightweight 

Structures in Europe. Concurrently, Azure Dynamics continued product development initiatives 

on the plug-in hybrid (PHEV) version of the Balance product line based on the Ford E-450 chassis 

(for medium-duty walk-in delivery vans). Azure also engaged in discussions with Ford on 

electrification of the Ford Super-Duty F-450/F-550 truck platform and the full-size Ford Transit 

van platform. 

Realizing that it would require significant capital to embark on these new development 

programs, in the 2nd quarter of 2011 Azure started planning to list their common shares on the 

NASDAQ Exchange and to complete a significant $75 million equity financing in the fourth 

quarter of 2011 in the United States and Canada. However, by the end of the 2nd quarter of 

2011, Azure’s attempt to list Azure stock on NASDAQ was postponed. Financial advisors then felt 

that it would be difficult for Azure to raise capital because of the tight US equity capital markets. 

Economic conditions softened in the spring and summer of 2011 (particularly for clean 

technology investments) because of the sovereign state debt crisis in Europe, and prolonged US 

housing and employment issues. 

After the NASDAQ listing failed, Azure pursued alternative financing opportunities in the 3rd 

quarter of 2011, principally in the Canadian capital markets. There was little appetite for further 

investment and Azure was unable to raise enough capital to support the ambitious 2011 

business plan. Azure pursued a scaled-back business plan. In November 2011, Azure completed 

raising $5 million in a private placement by Johnson Controls, followed by issuing a short form 

prospectus for a public offering of shares for proceeds of $6,050,000.  The proceeds of the 

November offering together with the proceeds of the Johnson Controls placement provided 
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only enough funds to last about six months, given Azure’s expense burn rate of over $2 million 

per month. 

5.2.2 Sales Shortfall 

Azure provided sales volume and revenue estimates for the 2011 fiscal year total in March 2011, 

the first time the company had ever provided forward-looking statements in the form of 

revenue guidance to shareholders. As of March 2011, Azure management provided a rosy 

estimate for annual revenue. Azure expected sales to range from a minimum of $52 million  to a 

maximum of $68 million $Cdn, based on unit volumes of 700 to 800 Balance Hybrid trucks and 

600-700 Transit Connect Electric trucks. At that time, the sales forecast was based on purchase 

orders in hand of $25 million, pending orders of $10 million, and forecast orders from qualified 

customers of $30 million. The most likely estimate was about $65 million.  Figure 42 provides a 

chart of Azure revenue guidance revisions throughout 2011. 

 

Figure 42 - Azure Dynamics 2011 Total Revenue - Guidance Revisions 
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In June 2011, Azure reaffirmed the previous revenue guidance figures from March of $52 to $68 

million. In August 2011, citing continued instability in the European economy and soft sales in 

the US, Azure downgraded the expected 2011 revenue estimate from $65 million to $41.5 

million with a range variance from $38 million to $45 million. In November 2011, Azure revised 

revenue guidance estimates yet again, and this time estimated that the most likely total was 

closer to $38.5 million than $41.5 million. However, 2011 4th quarter sales were dismal and as a 

result, the actual revenue 2011 sales revenue for Azure was only $34.8 million.  

Due to the lead times to procure major components such as battery packs, Azure Dynamics 

must place orders in anticipation of forecasted orders (sometimes referred to as a risk-buy) as 

much as two quarters in advance. Because of the reduced sales volume in Q4 2011, the 

inventory on hand grossly exceeded that which was required to meet the actual demand for the 

period, further restricting the cash liquidity of Azure Dynamics. Azure’s inventory grew to over 

$18 million in Q4 2011. 

Although there was an unforeseen economic downturn in the middle of the year, the fact 

remains that the original $65 million annual sales estimate of $65 Million was almost 2 times 

greater than the actual revenue of $34.8 million for the year.  It is possible that in the sales 

funnel forecast, either the probabilities of landing sales orders with prospect clients were overly 

optimistic, or else the quantities of the expected orders were vastly overestimated. 

5.2.3 Rapid Expansion of Headcount 2010-2011 

The Azure headcount rose from 112 in April 2009 to 192 in November 2011, an increase of 

about 71% (Figure 43). The expenses burn rate increased from about $1.82 million per month, 

to $2.2 million per month, an increase of about 21% from April 2009. Considering that Azure’s 

series of recurring operating losses has been almost entirely funded by selling equity shares and 

that consistent positive gross margins have proved elusive, undertaking any expansion of the 

staff by 71% over two years without funding the extra expenses from internally generated 

working capital was a huge risk. 

The increase in the headcount (predominantly in the engineering and R&D area) was being 

driven by the need to concurrently proceed with the Transit Connect Electric project at the same 

time as the Balance PHEV project, the Ford F-450 Super Duty PHEV project, and the Ford Transit 
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full size project. With a poor liquidity situation, unproven market demand, a lack of a defined 

roadmap for achieving positive gross margins and profitability, any attempts to raise capital to 

expand the headcount is a highly risky undertaking. A more conservative strategy of completing 

the engineering projects in a serial fashion (one after another) rather than in parallel would be a 

less risky approach if it could be done without expanding the headcount beyond 104 employees 

on the engineering team in January 2010. 

 
Figure 43 - Azure Dynamics Headcount Expansion 2009-2011 

5.3 Restructuring Efforts 

After the failure of the November 2011 financing, Azure Dynamics began to consider alternative 

strategic options including a possible sale or investment in Azure Dynamics. With only enough 

operating capital for 6 months, Azure Dynamics management attempted to reduce expenses 

while they continued in earnest to try to find additional financing. 

5.3.1 December 2011 Cutbacks and Austerity Measures 

Following the challenging November 2011 share offering, in December 2011 Azure Dynamics 

acted immediately to implement austerity measures to reduce operating expenses. Austerity 

measures included:  
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• Laying off approximately 15% of the employees 

• Eliminating RRSP benefits (Canadian office) and 401K contributed benefits (US offices) 

• Reducing discretionary expenses and travel expenses, and 

• Deferring new product development activities 

The intent of these actions was to prolong the remaining working capital and liquidity for as long 

as possible while strategic options were explored.  

5.3.2 Attempts to solicit interest from potential buyers or strategic partners 

Following the failed November 2011 share offering, Azure’s management hired Lazard Frères & 

Co to assist with the search in North America for prospective buyers or strategic investors in 

Azure Dynamics. Between November 2011 and March 2012, four companies engaged in 

discussions with Azure Dynamics to perform due diligence on Azure’s books, but Azure became 

insolvent in March before a strategic transaction with any of this firms could be concluded. 

In November 2011, Azure also hired consultants in China to focus on finding Chinese companies 

with both the financial ability to make a strategic investment in Azure and with an interest in the 

electric vehicle market in China. Meetings were held in China with prospective partners in 

November 2011, and representatives from three Chinese firms were scheduled to visit Azure’s 

various operating locations throughout North America in March 2012. In a similar fashion to 

efforts in North America, Azure Dynamics became insolvent in March before the negotiations 

with potential Chinese investors could run their course to any sort of agreement. 

5.3.3 Proposed February 2012 Offering 

In February 2012, Azure filed a preliminary short form prospectus with the TSX for a proposed 

offering of units consisting of one Azure common share, one share purchase warrant and one 

share option. This offering was expected to close in early-to mid-March 2012, and Azure 

estimated that minimum net proceeds would have been $10.5 million, with additional possible 

net proceeds of $1.1 million if an over-allotment option granted to the agents was exercised. 

Azure management hoped that this offering would have enhanced Azure’s liquidity and would 

have given Azure sufficient runway to continue as a going concern for the next six months, and 

would have allowed the sales solicitation process to come to fruition. 
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However, the closing of the February 2011 share offering was subject to approval by the TSX 

exchange and the Ontario Securities Commission (OSC). Because of concerns over dilution and 

concerns over liquidity, the OSC required Azure to include in its final prospectus detailed cash 

flow forecasts for the twelve-month period following closing of the February Offering. Azure was 

prepared to disclose the cash flow forecast information and all relevant risks in the February 

prospectus. However, the OSC refused to receive the final prospectus. 

Because of the OSC’s refusal to receive Azure’s February prospectus, Azure’s board of directors 

only option was to abandon the offering and commence CCAA bankruptcy proceedings in an 

attempt to preserve Azure’s enterprise value while pursuing restructuring options. 

5.3.4 Restructuring During CCAA Proceedings 

After the approval of the CCAA filing for bankruptcy protection in the BC Supreme Court on 

March 26th, 2011, Azure announced a layoff of 120 of their existing 161 employees including all 

staff in Boston, Detroit, the UK, and 50% of the Vancouver staff. The Boston, Detroit and UK 

facilities were all closed and Azure retrenched all engineering services operations to its 

operational hub in Vancouver. All outsourced manufacturing operations of the Transit Connect 

Electric van platform and the Balance Hybrid Electric truck platform ceased. Azure’s CEO, COO, 

and CFO in Detroit resigned, and the only remaining staff consisted of a group of approximately 

25 of the Vancouver employees and two Detroit executive officers. Azure’s board of directors 

handed over interim management responsibility to the CTO, VP of Finance, and VP of Product 

Development in Vancouver, and the VP of Marketing and the VP of Product Engineering in 

Detroit.  

As part of the CCAA process, the BC Supreme Court appointed the firm Ernst & Young as the 

Monitor of the restructuring process. Azure has obtained two months of interim Debtor-In-Place 

(DIP) financing to provide breathing room while remaining Azure executives continued 

discussions with potential suitors as part of the Sales or Investment Solicitation Process (SISP). 

Azure continues to seek alternative investors or acquirers of the engineering services and 

related technology 
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6 Strategic	Fit	Assessment	for	Azure	Dynamics	

The internal analysis continues by using Porter’s generic strategy model (Porter, 1998a) to look 

at potential strategies that can be employed to derive competitive advantage from Azure’s 

resources and capabilities. The analysis first looks at Azure’s generic strategy with respect to 

how Azure positions itself in the market, identifies customer needs within chosen segments, and 

demonstrates its value proposition and competitive advantages. The chapter then provides a 

strategic fit assessment that looks at whether certain aspects and attributes of Azure’s business 

model are consistent or not with Azure’s strategy of Differentiation Focus. This analysis uses 

Bukszar’s strategic fit model (Bukszar, 2009). 

6.1 Azure	Dynamics’	Generic	Strategy	–	Differentiation	Focus	

According to the approach developed by Michael Porter in his seminal book “Competitive 

Advantage”, there are 3 generic strategies which are commonly used by firms to maintain 

competitive advantage and achieve above-average performance: a Cost Leadership strategy, a 

Differentiation strategy and a Segmentation (or Focus) strategy (Porter, 1998b). Within a 

Segmentation generic strategy, there are two sub-categories: Cost Focus, and Differentiation 

Focus. These are illustrated in Figure 44.  
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Figure 44 - Azure Dynamics Generic Strategy 

Azure Dynamics is pursuing a Differentiation Focus generic strategy, in which it focuses on the 

light-duty commercial vehicle (LCV) market segment (class 1-2 of the truck industry) for its 

Transit Connect Electric full battery-electric vehicles (BEV), and the medium-duty commercial 

vehicle (MCV) market segment (class 2c-5 of the truck industry) for its Balance hybrid electric 

vehicles (HEV). Azure’s competition was discussed previously in section 3.1. Within these 

segments, Azure targets those fleet customers that spend 50% or more of their operating 

expenses on fuel. Commercial trucks in the LCV and MCV classes have high rates of utilization 

and typically only stop for long periods at night. In the daytime, these vehicles have a fairly 

routine duty cycle where vehicles are dispatched on the same well-travelled routine routes 

every day. Ideal fleet customers have vehicles which typically start and stop several hundred 

times throughout the day and have high idle times.  

Azure’s “40/30/30” value proposition is:  

1. To offer up to a 40% improvement in fuel economy 

2. Provide a 30% savings on maintenance costs, 

3. Reduce greenhouse gas (GHG) emissions by 30%. 
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For vehicles with conventional ICE power plants, the fuel, operating and environmental costs are 

much higher due to the inefficiencies of the ICE engine and a high emissions profile.  Azure 

creates value for these fleet customers by providing cost-effective powertrain systems that 

adopt smart energy management algorithms. A design approach called “right-sizing” also allows 

Azure Dynamics to select much smaller powertrain components than would otherwise be 

required. These powertrains are more efficient than competing powertrains while meeting the 

same performance criteria.  

By adopting a Differentiation Focus strategy, Azure also strives for greater customer intimacy to 

understand a fleet manager’s needs.  Azure’s sales team uses demonstrations and field trials to 

demonstrate the 40/30/30 value proposition with prospective customers.  Most of these 

prospects have already investigated hybrid technology and are predisposed to acquiring clean 

fleet vehicles - if the price is advantageous. Azure sales team seeks customer input on 

performance specifications early in the product development lifecycle. 

6.2 Strategic Fit of Business Model with Generic Strategy 

The internal analysis concludes here by looking at whether certain attributes of Azure’s business 

model are consistent or not with Azure’s strategy of Differentiation Focus. This analysis uses 

Bukszar’s strategic fit model (Bukszar, 2009).  The Strategic Fit assessment scorecard shown in 

Figure 45 shows a continuum between cost-based strategies on the left end, and differentiation 

strategies on the right end. For each attribute category, a strategic fit rating is provided out of 

10 points.  For a differentiation strategy, a score of one is a poor fit and 10 is a perfect fit. 

Conversely, for a cost-based strategy, a score of one is a perfect fit and a 10 is a poor fit. Azure 

uses a Segmentation Strategy with a Differentiation Focus. For this assessment, a Differentiation 

Focus strategy is similar to a Differentiation Strategy but with a narrow market scope. A 

separate score rating is made on the continuum for each of nine attributes. These attributes 

provide a reasonable categorization of organizational capabilities that support strategy.  
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Figure 45 - Azure Dynamics Strategic Fit Assessment- Source:(Bukszar, 2009) 

This grid summarizes the degree of Strategic Fit between Azure’s strategy and its resources and 

capabilities. Each of these attributes is discussed in detail below. 

6.2.1 Product Strategy 

Azure is following an innovator strategy in differentiating its powertrain product designs. As the 

first mover in the light-duty commercial vehicle (LCV) and medium-duty commercial vehicle 

(MCV) market segments for fleets, Azure estimates that it currently holds a 60% market share in 

these segments for HEVs, PHEVs and EVs in North America. Azure’s vehicles have accumulated 

more than 35 million miles of real-world driving experience. Azure was one of the first 

companies authorized to provide EV, PHEV and HEV solutions using Ford’s light-duty and 

medium-duty commercial vehicles. Azure’s technology has made the Ford Transit Connect 

Electric the only pure EV van currently available on the US light-duty LCV market. Azure’s 

Balance P1 hybrid-electric van was the first hybrid van based on the Ford’s E-450 series chassis 

in the US medium-duty MCV market. Azure is continuing this innovation with the development 

of a PHEV solution for the Ford Super-Duty F-450/F-550 truck chassis platform.  

6.2.2 R&D Expenses 

Up until 2009, Azure was an early-stage development company that had no yet started to 

generate significant revenues from the commercialization of their hybrid-electric and electric 

vehicle technologies.  Consequently, Azure R&D expenditures exceeded corporate revenue until 

2010. To this day, Azure still depends entirely on share offerings and equity financing to meet 

operating expenses because gross margins are still negligible (Figure 46).  
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Figure 46 - Azure Dynamics R&D Expenses, Total Expenses and Revenue 2007-2011 

With the change to commercialization of products in 2009-2012, Azure’s revenues exceeded 

R&D spending for the first time, but Azure is yet to turn the corner and become cash-flow 

positive such that the gross margins from sales exceed the total corporate operating expenses. 

Azure spends Azure typically spends about 50% to 67% of total expenses on the engineering 

R&D budget, and for 2010-2011 Azure spent 78% and 69% respectively on R&D as a % of 

Revenue (Table 28).  

R&D Spending 2007 2008 2009 2010 2011 

R&D Expenses $16,690 $22,286 $11,681 $17,028 $23,897 

Sales and Marketing Expenses $3,683 $3,418 $2,388 $2,784 $3,744 

General & Admin. Expenses $7,813 $7,314 $9,134 $9,329 $9,852 

Total Expenses $28,186 $33,018 $23,203 $29,141 $37,493 

Total Revenues $2,801 $7,651 $9,403 $21,913 $34,807 

R&D spending as a % of Expenses 59% 67% 50% 58% 64% 

R&D spending as a % of Revenues 596% 291% 124% 78% 69% 

Table 28 - R&D Spending as a Percentage of Expenses and Revenue 

At 69% to 78% of revenue, Azure’s R&D expenditures are extremely high, even among 

powertrain firms with a differentiation or differentiation strategy. The primary reason that R&D 

expense are this high is that up-front vehicle development costs in the automotive industry are 

extremely capital expensive, and the auto industry relies heavily on building production volumes 

to recover the up-front product development costs. Azure is yet to develop any considerable 

sales volume. Azure estimates that cumulative vehicle sales will need to reach in excess of 

100,000 vehicles before economies of scale will help to reduce the burden of fixed costs on the 
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selling price of the vehicle. To maintain its position as the leader and innovator in the HEV and 

EV market, Azure needs to continue to invest in R&D. The strategic fit in R&D expenses is 10 out 

of 10. 

6.2.3 Corporate Structure 

Azure’s has only one strategic business unit (SBU) which uses a functional and hierarchical 

corporate organizational structure. The diagram in Figure 32 from the Human Resources section 

4.2.8 provides a summary of the organization chart. For Azure’s segmentation (niche or focus) 

strategy, a single business unit (SBU) structure is a good fit. Both of Azure’s hybrid-electric (HEV) 

and all-electric (BEV) product lines have a high degree of overlap, since they share similar 

components including batteries, electric motors, power inverters, and electronics and highly-

related designs for the control software. Both HEV and BEV product lines also share outsourced 

manufacturing and distribution strategies, and share trucking and fleet customers with 

comparable application requirements (e.g. service, delivery, logistics, and postal applications). 

Within this functional structure, each of Azure’s facilities (Burnaby, Woburn, Detroit, and 

Stevenage) has a specific role. The Woburn centre near Boston focuses on the design and 

production of ForceDrive power inverters, electric drives, and electronic components. The 

Burnaby BC office focuses on controls software development, systems engineering and vehicle 

integration. The Oak Park headquarters office near Detroit focuses on corporate management, 

sales and marketing, field application engineering and manufacturing engineering. The 

Stevenage office in the UK is headquarters for the European sales and distribution channels. 

Although the facilities and roles are physically distributed, the reporting structure is centralized 

to some extent. The strategic fit is 3 out of 10 (a more centralized reporting structure). This 

centralized organization structure would be inconsistent with a differentiation strategy if there 

were multiple SBUs, each responsible for its own market segment, but it is entirely consistent 

with a segmentation strategy (differentiation sub-type) with a single SBU focused on a small 

niche segment of the market. 

6.2.4 Decision Making 

Since Azure has a single strategic business unit (SBU) with a centralized hierarchical reporting 

structure, the decision-making is also less autonomous. The component design, systems 

engineering design, vehicle integration, supply chain, manufacturing, and sales and marketing 
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strategies all have to be aligned for both HEV and EV product lines. Most significant decisions 

relating to program strategy, product roadmaps, spending budgets, and human resource 

requirements are made in the Detroit office at the C-level executive level. Most strategic issues 

and sales targets are decided at the executive level as well. Product planning requires a fair 

degree of coordination between the three product development offices.  Although VPs and mid-

level managers within their functional departments have limited control over what the overall 

program objectives should be, they do have a fair degree of autonomy within their teams with 

regard to how to implement those objectives.  Strategic fit is 3 out of 10. 

6.2.5 Manufacturing 

Since manufacturing is outsourced, this attribute of the strategic fit has not been rated (N/A).  

For each product line, Azure is free to choose an outsourced upfitter supplier who is focused 

either on a minimal cost strategy or on economies of scope (flexibility). 

6.2.6 Labour 

Since manufacturing activities are outsourced, the remaining Azure Dynamics staff members 

(who work on primary activities such as inbound/outbound logistics, manufacturing, and 

product service) are dedicated to supporting small-volume prototype vehicle assembly (pre-

production prototypes and field trial vehicles). The labour force in this area is highly skilled, 

extremely flexible and capable of supporting a varied mix of prototypes within the shops and 

service bays.  

For secondary activities such as engineering R&D, supply chain management, and manufacturing 

engineering, Azure benefits from a highly skilled and flexible team, but with somewhat limited 

size and resources.   Typically, due to the breadth of the various commercial truck markets, 

there are not enough resources to develop products simultaneously for all market segments or 

customer opportunities. Thus, the new product development managers have to prioritize on the 

most-economic product programs and leave other programs or markets vulnerable. The 

strategic fit for the labour category is 9 out of 10. 
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6.2.7 Marketing 

Azure relies heavily on the Ford dealer network for distribution for smaller accounts, and has a 

small direct sales team that focuses only on large national accounts from the top 100 largest 

fleets. With the Ford distributors and dealers, Azure provides marketing collateral and material 

to promote the products.  

Azure has typically already identified targeted large fleet accounts, and uses a pull strategy to 

help influence those accounts by advertising in trucking fleet industry publications, trade shows 

(e.g. NTEA Work Truck Show in Indianapolis, North American International Auto Show in Detroit, 

HTUF – hybrid truck user forum) and direct mailing.  The Azure marketing team creates white 

papers, press releases, backgrounders and investor releases that build value and position the 

company. It also schedules interviews, and speaking opportunities at alternative transportation 

conferences.  

The communications strategy for advertising to fleet customers uses the tag line “Azure – 

Driving a World of Difference” to showcase AZD's 40/30/30 product value proposition. The 

strategic fit for the pull strategy is 9 out of 10. 

 

6.2.8 Risk Profile 

Azure has a high-risk profile that is consistent with a differentiation focus strategy.  The biggest 

risk elements are macro-economic factors that might affect market adoption for commercial 

HEV and BEV trucks and erode the 40/30/30 value proposition that Azure uses to attract 

customers (“40% fuel cost savings, 30% maintenance cost savings, and a 30% greenhouse gas 

emissions reduction”). 

Specific macro-externalities that may jeopardize the adoption of HEV and EV technology in LCV 

and MCV market segments, and Azure’s value proposition within those segments include: 

• Weak global economic conditions (particularly in Europe) continue to impact demand in 

the ailing automotive industry 
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• Improvements in the fuel economy of the internal combustion engine (e.g. 

Isuzu/Utilimaster Reach CV-23 truck reduce the relative savings in fuel economy of 

Azure’s Balance truck) 

• Improvements in the economies of scale for lithium-ion battery production may occur 

more slowly than anticipated, and corresponding reductions in the cost of batteries may 

not happen 

• World oil prices may not rise as quickly as needed to provide sufficient fuel economy 

savings to achieve a quick payback for the fleet customer 

• Risk of change in government stimulus programs (tax subsidies, rebates) and 

environmental policies that promote fuel efficiency and adoption of alternate forms of 

energy 

A Differentiation Focus strategy is consistent with the high risks that Azure must take to develop 

HEV and BEV products that differentiate it from competitors.  The strategic fit is 10 out of 10. 

6.2.9 Capital Structure 

As mentioned in the Azure Dynamics Financial History in section 5.1, Azure transitioned from a 

state of reasonable solvency and a low debt-to-equity ratio of 0.15 in 2007, to being leveraged 

with a high D/E ratio of 2.2 in 2011.  More recently, Azure Dynamics has financed its transition 

to production and its expansion to sales in Europe through growing debt.  However, it is the 

erosion of the equity value of the company (because of the growth in the deficit) that is mainly 

responsible for the growth in the D/E ratio.  

This heavily leveraged capital structure makes Azure particularly vulnerable to the higher risks of 

a differentiation focus strategy and is relatively poor strategic fit.  The score is 1 out of 10. 

6.3 Overall Assessment of Fit 

The biggest problem with Azure’s strategic fit is the inconsistency of the capital structure. Azure 

employs a high-risk Differentiation Focus strategy which requires very high level of R&D 

spending and which typically requires high sales volumes at low margins to offset high up-front 

development costs. However, Azure is excessively leveraged and has too much of a debt burden 

for a company that is taking such costly risks to differentiate its products.  
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The most glaring issue of Azure’s strategy is the excessive reliance on equity financing and share 

offerings to finance the operating budget. Typically, once successful firms have already 

successfully launched and commercialized products, the proceeds of equity financing and share 

offerings are used in a more appropriate fashion to support the capital spending for growth 

initiatives rather than covering operating expenses that normally should be covered by gross 

margins on sales (i.e. internal cash flow from operations).  

The ultimate survival of Azure is jeopardized by the unsustainable policy of using equity 

financing to cover substantial net operating losses. The only way Azure can mitigate this 

problem is to achieve positive gross margins by: 

• Increasing sales volume by reducing the costs of its proprietary components and 

reducing bill of materials costs of its products to achieve higher margins 

• Increasing unit sales of its existing products by improving the value proposition to fleet 

customers  (decreasing the customer payback period to recover the higher incremental 

costs of its electric and hybrid vehicles over conventional vehicles) 

• Developing and launching additional product lines that leverage and capitalize on its 

existing ForceDrive component technologies while only incurring capital investment at 

the systems engineering and vehicle integration level 

• Lowering maintenance and service costs that offset the higher initial purchase price of 

electric vehicles compared to conventional vehicles 

Azure Dynamics will not be able to reach profitability merely by reducing product costs to 

improve margins if the company does not also attain an adequate sales volume to cover 

operating expenses. 
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7 Analysis	of	Strategic	Alternatives	

This chapter performs an assessment of Azure’s situation (assuming the pre-insolvency scenario 

as of 1st quarter 2011) and extrapolates Azure’s performance as it remains on the status quo 

path leading up to the insolvency and afterwards. While examining Azure’s 2011 status quo 

strategy, there is always the potential for a hindsight bias: the tendency to see the insolvency 

events that have already occurred in the past as being more obvious and predictable now than 

they were at the time in early 2011. This analysis reviews the strategy based on the information 

that was available at the time in early 2011 to Azure management.  A fulcrum analysis method 

(Boardman, Shapiro, & Vining, 2003) is used to compare the results of the external and internal 

analyses, and then assesses whether it makes sense to continue with the status quo business 

strategy. Several potential alternative strategy scenarios are presented, which represent choices 

to improve Azure’s overall performance. These strategic options are evaluated using a Balanced 

Scorecard Model (Kaplan & Norton, 1996)  that looks at Azure’s performance from several 

perspectives: 

• Financial Perspective: Use relevant financial metrics and key process indicators (KPIs) 

that are important to Azure’s shareholders (revenue growth, gross margins, ROI, and 

profitability) to evaluate the tangible outcomes of the strategy option. 

• Customer Perspective: For each option, determine the strategy’s alignment with the 

customer’s value proposition using suitable criteria such as Total Cost of Ownership, 

Time to Payback (recover incremental costs), Vehicle Range, and Fleet Uptime. 

• Internal Business Perspective: Distinguish metrics for each strategic option (e.g. Ratio of 

Material Costs to Standard Cost, Order Fulfilment Time, Warranty Cost Per Vehicle) to 

assess the effectiveness of Azure’s internal business processes and activities that are 

necessary to succeed in creating the desired outcomes  

• Learning and Growth Perspective: Assess how intangible assets such as human 

resources, information systems, and organizational culture contribute to the 
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effectiveness of value-creating internal processes. Use KPIs such as Meeting schedule 

targets, Time to Market for New Products, and Sales Forecast Accuracy.  

Key success factors for the commercial vehicle industry segments where Azure Dynamics 

participates were described in section 3.3, and Azure’s performance challenges were reviewed 

in section 5.  

7.1 LCV and MCV Market Segment Attractiveness & Azure 

Dynamics’ Competitive Position 

From section 3.2 (which reviewed the Porter 5-Forces Analysis of the North American and 

European Commercial Electric Vehicle Market), the overall average rating in the long-term of the 

LCV market segment was 3.32 / 5 indicating that the strength of threats or forces was medium. 

In addition, the overall average rating of the MCV market segment was 3.47 indicating that the 

strength of threats was medium-high.  

However, in section 3 (which addressed the Attractiveness of the Commercial Electric Vehicle 

Industry) the overall attractiveness of the LCV and MCV market segments was slightly lowered 

or reduced because of significant industry hurdles in the short term. Specifically, there is a 

slower than expected adoption of EVs, and exogenous factors affecting the world economy 

(including the sovereign debt crisis in Europe). The fleet customer’s value proposition continues 

to be affected by extremely high initial capital outlay (primarily from high Li-Ion battery prices). 

These factors leave the hybrid-electric and all-electric vehicle markets more vulnerable to the 

threat of substitutes (particularly from ICE vehicles) in the short term. The attractiveness rating 

given to the LCV market segment was low to medium, and the MCV segment was low.  

Azure Dynamics competitive positions in the LCV and MCV markets are currently weak because 

of cost factors. As section 5.1 in the financial performance chapter demonstrated, Azure has so 

far been unable to overcome issues related to excessively low product gross margins. The 

overall strategic fit in section 6.3 also demonstrated that Azure’s capital structure was a huge 

risk item. Ultimately, the survival of Azure is jeopardized by the constant need to raise cash from 

equity financings to cover operating losses. The operating losses are directly related to the 

problems with skimpy gross margins. Assuming that Azure can address the product cost issues, 

then the desired competitive positions in the LCV and MCV markets should improve to Medium 
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and Strong respectively. On the other hand, if the cost structure problems persist, then the 

expected or most likely outcome is for the competitive position to remain weak. LCV and MCV 

market attractiveness is plotted against Azure’s competitive position in Figure 47 and Figure 48 

respectively. The CS, DS and ES bubbles on the charts correspond to the current states, the 

desired future states and expected states. Even though the markets will become increasingly 

attractive, it is possible that if Azure continues on its current path with low gross margins that 

Azure’s competitive position will deteriorate. 

 
Figure 47 - Performance Assessment - Light-Duty BEV Market Segment 
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Figure 48 - Performance Assessment - Medium-Duty HEV Market Segment 
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7.2 Strategic Options 

This section analyses alternative strategic options for Azure Dynamics both pre-insolvency and 

post-insolvency. From the industry analysis in chapter 2 and the internal analysis in chapter 3, 7 

scenarios were developed that can help Azure achieve its goals. These scenarios are summarized 

in Table 29 and are followed by a detailed description of each option. 

 

Table 29 - Summary of Scenario Options for Azure Dynamics 

7.2.1 Scenario A - Status Quo 

This strategic option implies that Azure would continue to sell both the Ford Transit Connect 

BEV van in the light-duty LCV market and the Balance HEV delivery truck in the medium duty 

MCV market. The focus of investment in this strategy would be on cost-reduction of these 

existing products with the aim of improving product margins, improving sales and market share, 

and generating enough internal cash flow to cover operating expenses and move towards 

profitability. 

7.2.2 Scenario B - Expand to China with Joint Venture 

This scenario is somewhat similar to scenario A since it involves continuing to sell the existing 

Transit Connect Electric and Balance product lines, and continuing to invest in the cost-

reduction and on-going enhancement of those products. Where this scenario differs is that it 

involves an expansion in geographic scope - by adding China to the markets served by Azure.  
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There is considerable interest in China for adopting hybrid-electric and electric vehicle 

technology for application areas such as school buses. The Chinese government is also pushing 

the adoption of electric vehicle technology (particularly short haul logistics applications) for 

reduction of emissions in heavily polluted urban environments.   

Under this scenario, Azure would sign a joint venture (JV) or strategic partnership transaction 

with a suitable Chinese automobile components manufacturer to create a mutually beneficial 

partnership. A Chinese firm would gain access to Azure’s proven EV technology that would allow 

it to produce electric vehicles for the Chinese market. The joint venture operation in China could 

benefit from Azure’s core competencies in its systems engineering and vehicle integration 

capability as well as access to Azure’s designs and intellectual property.  Azure would benefit 

from the deal by getting a substantial financial investment to cover operating expenses and by 

getting access to the Chinese market for its technology.  China is the largest truck market in the 

world and Azure would benefit from the Chinese component manufacturing expertise and 

economies of scale that would drive down costs and improve Azure’s gross margins. Azure 

would take advantage of the improvements in the cost structure to sales of its own products in 

North America and Europe. China also has the long-term vision and willingness to invest in the 

nascent EV industry that is critical for its survival. 

Risks in the JV would include the challenge of hammering out a JV legal agreement. This activity 

would include the investment of a considerable amount of energy and time and would require 

obtaining Chinese government approval of the joint venture. Additional risks would include 

assurances that there were appropriate provisions to protect Azure Dynamics intellectual 

property in the uncertain legal environment in China. 

  
 

7.2.3 Scenario C – Invest in new PHEV platform to address utility truck applications 

in MCV Segment 

This scenario involves a significant investment in Azure’s PHEV technology to integrate it into 

the Ford F-440 and F-550 SuperDuty truck models. This investment would facilitate the 

expansion of Azure’s market share in the MCV market by adding a new PHEV Class 6 utility 

vehicle platform to be used for commercial applications such as utility service trucks, 
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telecommunication trucks, shuttle buses and delivery vehicles. The platform would address the 

needs of utility and telecom firms companies in the MCV market segment.  

Azure has the option to develop hybrid-electric powertrains for other Ford SuperDuty models 

under the partnership agreement that Azure signed with Ford in July 2011. The SuperDuty truck 

product line has more than 50% market share of the North American medium-duty market 

(Azure Dynamics, 2011).  

For this strategic option, Azure would try to leverage existing HEV technology from the Azure 

Balance HEV platform (which is based on the Ford E-450 Series chassis) by applying its 

knowledge to the Super Duty platform.  

The size of the investment in developing a new PHEV powertrain system, including enhanced 

ForceDrive power inverter components and designing prototype vehicle systems for this project 

is expected to be considerable – approximately $10 million total to complete a prototyping 

phase by mid-2013. Once prototyping of the F-Series Super Duty PHEV is complete, Azure 

anticipates that it work with an upfitter partner on pre-production in early 2014, and move into 

final vehicle production and product support in mid-2014.  

7.2.4 Scenario D – Invest in a new BEV full-size van platform to address service and 

delivery applications in LCV segment 

As in scenario C, this scenario also involves a significant investment in Azure’s technology to 

increase the number of customers serves in existing market segments. Specifically, Azure would 

develop improved all-electric BEV technology and integrate this powertrain into a full size van 

(similar to the new Ford full-size T-Series Transit van that will replace the legacy Ford E-Series 

Econoline van platform in 2013).  

For this strategic option, Azure would expect to leverage existing all-electric BEV powertrain 

technology from the Transit Connect Electric vehicle platform (including electric drive 

components, control systems and battery components) and apply it to the electric vehicle 

design on the larger Class 2 cargo van platform. Note: the smaller Class 1 Ford Transit Connect 

vehicle that was introduced in 2010 to the US is mechanically unrelated to Ford’s Class 2 full-size 

Ford Transit T-Series van platform.  
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Azure expects that this full size electric cargo van will offer fleet customers all the same benefits 

of its existing zero-emissions BEV technology (lower fuel and maintenance costs) compared to 

vans with conventional ICE powertrains, but will offer greater payload capacity, cargo volume 

and electric range than its existing Transit Connect Electric platform. 

As with scenario C, the size of the investment in developing a new BEV powertrain system for a 

Class-2 full-size van (including enhanced ForceDrive power inverter components and designing 

prototype vehicle systems) would be a considerable undertaking.  

7.2.5 Scenario E - Exit Vehicle Products Industry - Focus on ForceDrive Components 

and Services 

This scenario options involves Azure Dynamics divesting itself of the selling of commercial BEV 

and HEV vehicles entirely (i.e. relinquishing the vehicle integration role) to focus instead on 

expanding its role as a hybrid-electric vehicle and all-electric vehicle component developer to 

supply other OEM vehicle manufacturers. This scenario also anticipates the Azure would also 

offer its expertise in power electronics and control systems software as electric vehicle 

engineering consultants.  

It should be noted that this scenario could be considered as a potential strategic option both at 

the pre-insolvency stage and post-insolvency stage based on the knowledge available at the 

respective times to Azure management. For this analysis, we consider January 2011 as the 

approximate decision date for pre-insolvency strategic options, and March 2012 as the decision 

date for strategic options post-insolvency. 

By divesting itself of the vehicle integration stage of production, this strategy is effectively the 

opposite of vertical integration. In its new role further up the value chain as a component 

supplier (essentially the same stage in the value chain as Azure’s Boston components division 

acquired from predecessor Solectria),  Azure would effectively mitigate the impact of high 

battery costs on the total bill of materials cost for the vehicle. Azure would offload this risk 

downstream to a large OEM truck manufacturer (e.g. Ford, Daimler, Volvo, Nissan, etc.) who has 

greater economies of scale and greater access to lithium-ion batteries at much lower cost than 

Azure Dynamics.  
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Another advantage of this change in positioning is the elimination of upfront capital costs 

needed to develop a new vehicle platform. Developing new powertrain component technology 

is a fraction of the cost of developing a new vehicle platform, primarily because it does not 

include the significant costs of vehicle prototyping, environmental testing, safety testing and 

field trials. However, there would need to be further investment in manufacturing capacity to be 

able to scale production of electric vehicle components to tens of thousands or even hundreds 

of thousands of drivetrains per year (to meet demand from large OEMs).  In order to support the 

scalability of production, there may be certain advantages to collaborating with Tier 1 

component suppliers that have excess manufacturing capacity.  

For Azure to have a strong position as a powertrain component supplier, it would also have to 

strengthen its intellectual property (IP) position to provide a competitive advantage or 

differentiator for its electric vehicle powertrains. If Azure’s IP position in circuit design and 

control software is too weak, then the competitive positioning of its electric drive components 

also will be weak. Azure would be more vulnerable to other competitors coming into the electric 

vehicle market to sell powertrain sub-systems and assemblies. 

A critical aspect of this strategic option is finding a vehicle manufacturer or OEM who would 

want to acquire Azure’s Transit Connect Electric and Balance vehicle designs and vehicle 

integration expertise. This firm also would have the potential to become a new customer of 

Azure Dynamics powertrain components. Potential candidates for assuming Azure’s designs 

would be body builders or upfitters, or perhaps truck specialists. Potential candidates in North 

America might be firms such as Smith Electric Vehicles, VIA Trucks, Odyne trucks, Freightliner 

Custom Chassis, Morgan Olson or Utilimaster. 
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7.2.6 Scenario F - Sell Firm as a Going Concern 

This scenario is similar to Scenario B but the process would involve an outright sale of the Azure 

Dynamics firm. It would be sold as a going concern (possibly to a Chinese auto parts supplier) 

instead of just signing a joint venture or strategic alliance deal.  

As in Scenario E, this scenario could be considered as a potential strategic option that is relevant 

both at Azure’s pre-insolvency stage and at the post-insolvency stage based on the knowledge 

available at the time to Azure management.  

For the pre-insolvency stage as of January 2011, the critical aspect of any decision to sell Azure 

Dynamics would be the recognition that Azure’s business model (which relied on the repeated 

usage of upfront equity financing or “future cash flows” to cover significant operating costs) was 

unsustainable in the longer term. Arguably, Azure had an excellent track record of locating 

investors willing to subscribe for equity financings and share offerings in the past, despite the 

firm’s tarnished financial history of operating losses.  Since it had never been a problem in the 

past, one could argue that there was no reason to believe that it would be any different this 

time around. However, there is a limit to how often this works and a firm can only “go to the 

well” a few times. In hindsight (as of the summer of 2012), this situation should be obvious. In 

January 2011 however, there was no signal of a looming economic crisis in Europe that would 

result in a tightening of the availability of capital on equity markets. Nevertheless, common 

sense would dictate that a repeated attempt to raise large sums on the TSX market (or the 

contemplated listing on the NASDAQ exchange) was an increasingly risky proposition.   

Ultimately, this option assumes that Azure management realized that it needed to solve the 

gross margin problem (and become cash flow positive in a hurry) or sell the firm.  Assuming that 

the former approach (solving the cost structure) could not be solved quickly, Azure management 

needed to find a willing buyer who could invest for the long term (i.e. absorb operating losses in 

the short term while solving issues with the cost structure to transition to a cash-flow positive 

condition).  
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7.2.7 Scenario G – Liquidation 

This strategic option is only relevant at the time of post-insolvency. It does not make much 

sense to consider liquidation of a firm’s assets until after a firm has become insolvent, since 

prior to insolvency, almost all other restructuring options for a company in crisis or distress will 

provide greater value to shareholders and creditors.  

In the liquidation scenario, Azure as a corporate entity ceases to operate as a going concern. All 

employees are laid off, and all IP and tangible assets are divested, usually via a bidding process 

or asset auction managed by a third party receivership management firm or auction house. 

Although liquidation is an option worth considering as a way to minimize further losses, the pros 

and cons of liquidation are beyond the scope of this thesis. If Azure is liquidated and it exits the 

electric vehicle marketplace (either as a component supplier or as a vehicle integrator and 

supplier) then there is no need for a business strategy. The Balanced Scorecard evaluation 

criteria are irrelevant when the company is no longer a going concern, and all employees are 

terminated. 
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7.3 Strategic Option Balanced Scorecard Assessment 

The objectives and measures in the Balanced Scorecard assessment evaluation have been 

defined using existing key process indicator (KPI) metrics used at Azure Dynamics with additions 

to the Financial Perspective and Customer Perspective objectives and measures to address 

perceived weaknesses and risks. The BSC scorecard results are divided into 2 parts in Figure 49 

and Figure 50 respectively. 

Note that the Financial Perspective has been given a high weighting factor due to the critical 

importance of improving gross margins and becoming cash flow positive as a matter of survival. 

Objectives and measures for financial risk including solvency and liquidity risk have been added. 

For the Customer Perspective, a high degree of emphasis has been given to improving the value 

proposition, reducing the total cost of ownership and reducing the payback time to recover the 

upfront incremental costs of purchasing Azure’s HEV or EV trucks. 

All of the scores for each attribute or measure in the balanced scorecard are in the range 1-5 

where 1 is lowest and 5 ranks highest.  The final total row contains the weighted average of the 

scores for each scenario. 

7.4 Preferred Strategic Option  

Table 30 contains a summary of BSC weighted average scores for the various strategic options: 

Scenario 

Weighted 

Average 

Score 

Scenario A - Status Quo 2.90 

Scenario B - Expand to China with Joint Venture 3.86 

Scenario C - Invest in PHEV utility truck platform 2.69 

Scenario D - Invest in BEV full-size cargo van platform 2.69 

Scenario E - Become ForceDrive Component Supplier, Exit 

Vehicle Products Industry 3.24 

Scenario F - Sell Firm as a Going Concern 4.27 

Scenario G - Liquidation n/a 

Table 30 - Summary of Balanced Scorecard Results for Azure Dynamics Strategic Options 
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Of all of the alternative strategic options, the best fit and recommended strategy is Scenario F 

(Sell the Firm as a Going Concern). Scenario F had the highest score at 4.27 / 5 followed in 

second place by Scenario B – Expand to China with Joint Venture at 3.86 / 5.   Both of these 

options are ranked higher simply because they involve an injection of badly needed working 

capital to ensure the survival of the company – perhaps long enough to give Azure Dynamics a 

chance to address the issues with cost structure and gross margins (which affect the need to use 

equity financing to fund operating costs).  Note that Scenario C and D both perform poorly in 

this regard since the investment in new product development in these scenarios does nothing to 

address the need to address gross margin problems and to address the need to secure 

additional working capital. Azure needs to have enough cash or working capital to survive until it 

has addressed cost issues and until it can find new strategic investors. Scenarios C and D (which 

invest in product development) have good scores for the customer perspective (strong potential 

to increase market share and bring products to a new set of customers). However, this 

investment in products for the long term is irrelevant if these scenarios do nothing in the short 

term to address the financial liquidity and insolvency risks and weaknesses (i.e. problems with 

cash flow and gross margins).



 

 
 

130 

 

Figure 49 - Evaluation of Azure Dynamics Strategic Options Using Balanced Scorecard (part 1 of 2) 
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Figure 50 - Evaluation of Azure Dynamics Strategic Options Using Balanced Scorecard (part 2 of 2)
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8 Summary,	Recommendations	and	Conclusions	

The introduction identified that Azure Dynamics vision is “To be the world leader in providing 

hybrid-electric (HEV) and all-electric (BEV) powertrains and control systems for the light to 

medium duty commercial vehicle markets”. To achieve this vision, Azure objectives must take 

advantage of strategic opportunities for growth including: 

• Expansion of geographic scope 

• Serving customers additional market segments, and 

• Increasing market share within currently served market segments.  

Azure’s objectives must also address strategic weaknesses: 

• Insufficient Working Capital  

• Poor Gross Margins 

• History of Operating Losses and Increasing Deficit 

• Excessively High R & D Expenses Relative to Sales 

The external analysis examined the nascent market for alternative powertrain technology (HEV, 

PHEV or BEV powertrains) in medium-duty commercial vehicle (MCV) and light-duty commercial 

vehicle (LCV) markets in North America and Europe where Azure enjoys an estimated 60% share 

of the market. The external analysis concluded that the level of attractiveness for the LCV and 

MCV segments of the commercial electric vehicle industry is Low for the short-term (in the next 

5 years) and Moderate to Good in the longer term. Key success factors for the LCV and MCV 

markets for alternative powertrain technology include: 

1. Finding Investors Long Term Commitment to Financial Support of Industry 

2. Executing a Differentiation Focus or Niche Strategy (to mitigate the Threat of 

Substitutes from gasoline, diesel and CNG natural gas vehicles) 

3. Mitigate the Battery Pricing Issue – either find lower cost battery suppliers or else 

factor out the impact of battery pricing through innovative battery leasing models 

4. Focus on Key Contracts with Large Fleets 
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The internal analysis chapter identified Azure’s core competencies including a proficiency in the 

development of strategic alliances, controls software design capability, power electronics design 

ability, systems engineering know-how and expertise in vehicle integration.  Azure has excellent 

products and a reputation for high performance and quality with its fleet customers. Azure has 

been successful in growing revenue year-over-year since 2007 when it first transitioned from an 

early-stage research company to a company that is actively shipping commercial products. 

Azure has enviable strategic partnerships with Ford and Johnson Controls, which gives it access 

to technology (vehicle platforms, batteries) and Ford’s dealer sales channels and distribution 

network.  

However, Azure is in a distressed position from the perspective of an on-going record of 

operating losses, a loss of shareholder confidence and insufficient working capital to execute its 

product strategy (pre-insolvency) and in a crisis post-insolvency with considerable constraints in 

liquidity. Azure has a reasonable strategic fit with a Differentiation Focus strategy except for a 

poor fit for the capital structure. Azure’s strategy relies excessively on equity financing and share 

offerings to finance the operating budget. A Differentiation Focus strategy requires high sales 

volumes at low margins to offset high up-front engineering development costs. Azure is 

excessively leveraged and has too much of a debt burden for a company that is taking such 

costly risks to differentiate its products.  

The strategic option chapter concluded that the recommended strategic option is to pursue 

scenario F, which involves selling the Azure Dynamics firm as a going concern. The backup 

scenario, option B, would involve expansion to China by forming a Joint Venture with a Chinese 

firm. The advantage of both of these options is that they would inject badly needed working 

capital to ensure the survival of the company – perhaps long enough to allow the firm to 

address issues with the cost structure and gross margins (which affect the need to use equity 

financing to fund operating costs).  The strategic alternative to sell Azure Dynamics as a going 

concern is a preferred option based on information that was available pre-insolvency as well as 

post-insolvency. 
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Appendices 

Appendix A. Methodology 

Market Segmentation Approach Used in Chapter 2.6 

Various approaches for segmenting industrial markets to assess segment attractiveness have 

been proposed. This thesis adopts criteria from both Principles of Marketing (Kotler, Adam, 

Brown, & Armstrong, 2001) and Segmenting the Industrial Market (Bonoma & Shapiro, 1983).  

According to Kotler’s approach, the effectiveness of the segmentation depends on 

• Measurability – whether the size and purchasing power of the segment is quantifiable 

• Accessibility – The extent to which a marketing department can reach and serve a 

segment   

• Substantiality – If a segment is large enough and profitable enough to justify a 

differentiated marketing strategy  

• Actionability – Whether a marketing department can effectively devise a marketing 

strategy which appeals to customers in the specific segment  

• Differentiability - The degree to which customers in each segment will respond 

differently to specific marketing incentives. 

In the latter approach of Bonoma & Shapiro, segmentation is defined using a nested model. 

Some of the dimensions that can be nested are defined in Table 31.   
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Bases for Segmenting Industrial Markets 
Demographic 

1. Industry: Which industries should we serve?  

2. Company size: What size companies should we serve?  

3. Location: What geographical areas should we serve?  

Operating Variables  

4. Technology: What customer technologies should we focus on?  

5. User or nonuser status: Should we serve heavy users, medium users, light users, or 

nonusers?  

6. Customer capabilities: Should we serve customers needing many of few services?  

Purchasing Approaches  

7. Purchasing-function organization: Should we serve companies with highly centralized 

or decentralized purchasing organization?  

8. Power structure: Should we serve companies that are engineering dominated, 

financially dominated, and so on?  

9. Nature of existing relationship: Should we serve companies with which we have 

strong relationship or simply go after the most desirable companies?  

10. General purchasing policies: Should we serve companies that prefer leasing? 

Service contract? Systems purchases? Sealed bidding?  

11. Purchasing criteria: Should we serve companies that are seeking quality? Service? 

Price?  

Situational Factors  

12. Urgency: Should we serve companies that need quick and sudden delivery or 

service?  

13. Specific application: Should we focus on certain application of our product rather 

than all applications?  

14. Size of order: Should we focus on large or small orders?  

Personal Characteristics 

15. Buyer-seller Similarity: Should we serve companies whose people and values are 

similar to ours?  

16. Attitude toward risk: Should we serve risk-taking or risk-avoiding customers?  

17. Loyalty: Should we serve companies that show high loyalty to their suppliers?  

Source:  Segmenting the Industrial Market (Bonoma & Shapiro, 1983) 

Table 31 - Bases for Segmenting Industrial Markets (Bonoma and Shapiro Model) 

Value Proposition - Total Cost of Ownership (TCO) method for Chapter 2.7 

The TCO for a vehicle is the sum of the initial capital cost of vehicle acquisition, and the costs of 

operating a vehicle over its entire service lifetime (including refuelling and maintenance costs) 

while subtracting the residual value of the vehicle and battery at the end of the ownership 

period. This is illustrated in Figure 51: 
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Figure 51 – Cost Components of Total Cost of Ownership (TCO) 

Value Proposition - Payback Period method for Chapter 2.7 

This approach to assess the customer value proposition determines the length of time it takes to 

recover the initial capital cost of purchasing new vehicles relative to some baseline capital 

budget (also known as “incremental cost”). The shorter the time it will take for payback (to 

recover the incremental costs), the more likely it will be that management approves the initial 

investment. This approach is useful for justifying the extra cost of HEV or BEV vehicles relative to 

the baseline cost of ICE vehicles. 

An approximation for the payback time n in years (assuming annual operating costs are fixed) is:  

n	= �����	��
��	���
��	��
	
������	�����
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If annual cash flows for operating cost savings are variable, then the payback period is the 

amount of time it takes for cumulative annual cash flows from operating cost savings to offset 

or reduce the initial cash outlay to zero.  
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An improved approach uses Net Present Value (NPV) to account for the time value of money: 
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The above formula still fails to account for opportunity cost, but it is a useful rule-of-thumb. 

A  Frost & Sullivan study of the US Light Duty Truck market also asked the question “Within how 

many years would you expect to recover the purchase/lease premium of an EV from savings in 

operating costs?” (Kar & Randall, 2010)  Based on feedback from interviews with 80 fleet 

managers, the mean value for the maximum acceptable time to payback the initial incremental 

costs was 4.3 years. If the forecasted payback time to recover the upfront incremental vehicle 

price was less than this maximum acceptable threshold of 4.3 yrs., a fleet manager would most 

likely favour purchasing the vehicle under consideration. Conversely, if the forecasted payback 

time were greater than this 4.3-year threshold, a typical fleet manager would be reluctant to 

purchase the vehicle.   
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Appendix B. Background to Alternative Energy Vehicle Types  

Powertrain configurations can be classified in different ways such as Power Source (e.g. internal 

combustion engine, electric, fuel cell, etc.), Powertrain Topology (e.g. parallel, series, power-

split), or Degree of Hybridization (e.g. mild hybrid, full-hybrid, etc.). In general, they fall into one 

of the following categories: 

• Internal Combustion Engine (ICE) Vehicle 

• Series Hybrid Electric Vehicle (HEV)  

• Parallel Hybrid Electric Vehicle (HEV) 

• Hybrid Hydraulic Vehicle (HHV) 

• Plug-In Hybrid Electric Vehicle (PHEV) 

• Battery Electric Vehicle (BEV) 

These are described in detail below. 

Internal Combustion Engine (ICE) Vehicle  

A conventional gasoline or diesel internal combustion engine (ICE) vehicle uses the engine as the 

source of motive power, and transfers torque to the wheels through a mechanical drive-train 

coupling (for a truck this typically consists of a transmission, driveshaft, and a differential or 

transaxle) as shown in Figure 52 (Ehsani & Gao, 2005).   

 

Figure 52 - Internal Combustion Engine Powertrain [Source: Adapted from(Ehsani & Gao, 2005) ] 

The main advantage of a conventional ICE vehicle is that gasoline and diesel fuels possess a very 

high energy density which allows the engine to supply the vehicle with a good performance and 
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long operating range. However, there are many noteworthy disadvantages of a typical ICE 

vehicle: they suffer from poor fuel economy, their exhaust emissions (C02, NOx) have a major 

environmental impact, and they are dependent on the finite and expensive world oil and fossil 

fuel reserves that are becoming more depleted. Low fuel economy results from a mismatch of 

vehicle operational requirements with the optimum fuel efficiency characteristics of the engine. 

In an urban driving cycle with frequent stops and starts, the vehicle loses a considerable amount 

of energy during repeated braking and acceleration (Ehsani & Gao, 2005). 

Series Hybrid Electric Vehicles (HEV) 

In a typical series hybrid vehicle powertrain, all torque delivered to the wheels of the vehicle is 

provided by an electric motor. The electric power for the motor originates either from a battery 

pack or from a generator powered by a gasoline or diesel ICE engine (Ehsani & Gao, 2005). See 

Figure 53. 

 

 

Figure 53- Series Hybrid Electric Vehicle Powertrain [Source: Adapted from(Ehsani & Gao, 2005)] 

An energy management algorithm in the powertrain electronic control unit will optimize the 

proportion of electric power delivered by the battery versus to the generator source. The 

battery pack can be recharged by either regenerative braking or by using the engine and 
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generator set. In a series powertrain, the engine is much smaller since it sized to deliver power 

to meet only average power demands rather than peak demands. On the other hand, the 

battery capacity of a series HEV is larger than the battery in a parallel HEV to be able to satisfy 

peak power demands. Series HEVs are more expensive than parallel HEVs because of more 

costly batteries (larger capacity), and the extra cost of adding a generator to the configuration 

(Ehsani & Gao, 2005). 

Parallel Hybrid Electric Vehicle (HEV) 

In a parallel HEV, the torque demands of the vehicle are shared by both the engine and the 

electric motor working in tandem. A power-split transmission allows both power sources to 

deliver torque to the wheels (Ehsani & Gao, 2005). See Figure 54. 

 

Figure 54 - Parallel Hybrid Electric Vehicle Powertrain [Source: Adapted from(Ehsani & Gao, 2005)] 

A parallel HEV supports a mechanism called Regenerative Braking to recover energy in a battery 

by using the AC induction motor as an electric generator. During braking, the kinetic energy of 
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the HEV is converted back into electricity to recharge the battery pack. This method is analogous 

to the way that alternators are used in a conventional vehicle.  

In a parallel HEV configuration, the ICE engine is connected directly to the wheels, which in turn 

eliminates energy transfer losses during conversion from mechanical energy to electrical energy 

and back. Consequently, parallel HEVs are more efficient for highway driving cycles. On the 

other hand, for stop-and-go city driving cycles with highly irregular power demands, the engine 

does not operate as efficiently as on the highway (Ehsani & Gao, 2005).  

Hybrid Hydraulic Vehicles (HHV) 

HHVs are similar to electric hybrids as they both use an ICE as the primary power source. Instead 

of electric power, an HHV powertrain uses compressed hydraulic fluid as the secondary power 

source to the primary power source of the ICE engine. In a hydraulic hybrid powertrain, there 

are four key components as follows: a fluid reservoir, a hydraulic pump actuator or impeller, the 

hydraulic fluid itself, and an accumulator that contains pressurized hydraulic fluid (Ehsani & Gao, 

2005) (Figure 55). 

 

Figure 55 - Parallel Hydraulic Hybrid Vehicle Powertrain [Source: (US Department of Energy, 2010)] 

 

An HHV vehicle also supports regenerative braking.  Kinetic energy in a HHV is used during 

braking to transfer energy to a pump that transfers the fluid from the reservoir, and pressurizes 

it in the accumulator. The process works in reverse when the vehicle accelerates. The highly 

compressed hydraulic fluid expands, and drives an impeller to power the vehicle.  
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HHV vehicles have some advantages over electrical HEV vehicles. First, HHVs do not require 

expensive batteries. Secondly, the hydraulic accumulator components used by HHVs are more 

environmentally friendly than the battery packs used by electric hybrid systems (since the 

manufacturing and disposing of batteries involves dealing with highly toxic waste).  HHV 

disadvantages include challenges with excessive noise of the hydraulic pumps, and difficulties in 

finding enough available room on a truck to integrate hydraulic components (Ehsani & Gao, 

2005).  

Plug-in Hybrid Electric Vehicles (PHEV) 

A typical PHEV (also known as a range-extended electric vehicle) configuration is very similar to 

a traditional hybrid-electric vehicle, but adds the ability to plug the vehicle into a charging 

pedestal to restore the batteries to a fully charged state. A PHEV shares the characteristics of 

both a conventional HEV and an all-electric BEV vehicle. Like an HEV, it has both electric motor 

and conventional ICE power sources. In addition, like a BEV, it has a plug for connecting to the 

electrical grid.  

A PHEV vehicle runs entirely on battery power without being recharged (referred to as “Charge 

Depletion” mode) for anywhere from 10 to 40 miles - called the All Electric Range (AER). Once 

the AER is reached, the PHEV battery switches to a “Charge Sustaining” mode where the PHEV 

will behave much like a conventional hybrid (HEV).  A suffix is used to indicate the size of the All 

Electric Range. Therefore, PHEV-10 would have an AER of 10 miles, and PHEV-40 would have an 

AER of 40 miles. Figure 56 illustrates these two operating modes (Ehsani & Gao, 2005).  
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Figure 56 - PHEV Battery Discharge Modes 
Source of Data: (Electrification Coalition, 2010) 

Battery Electric Vehicles (BEV) 

Also referred to as an “all-electric vehicle”,  “full electric vehicle”, or “zero emission vehicle”, a 

BEV converts energy from a battery to power one or more electric motors to provide vehicle 

propulsion and to operate auxiliary loads (accessories).  Like a PHEV, the batteries in a BEV 

vehicle are frequently charged by plugging the vehicle into the electrical grid at any 120 V or 

240V charging pedestal. A BEV vehicle does not have an ICE engine, and thus lacks the ability to 

use the engine as a secondary power source once the battery is depleted (Ehsani & Gao, 2005) 

(Figure 57). 
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Figure 57 - Battery Electric Vehicle Powertrain [ Source: Adapted from (Ehsani & Gao, 2005)] 

Maintenance is minimal since BEVs have few moving parts. Since there is no ICE engine, there 

are no oil changes, tune-ups, and the vehicle produces no exhaust. BEVs are more energy 

efficient than gasoline engines and are very quiet in operation. 

BEVs unfortunately have three important disadvantages: cost, limited range, and recharging 

time. First, BEVs require a much larger capacity battery (often more than 4x larger) than a 

conventional hybrid, since the battery is the only energy source for the electric motor used for 

propulsion. Thus, battery costs are correspondingly higher. Secondly, limited range also is a 

disadvantage. Under moderate temperatures, a BEV might travel only 60-70 miles or so on a 

single charge. Moreover, the range of a BEV could be reduced by as much as 50% in cold 

weather. Finally, the recharging time issue potentially limits the number of shifts or the daily 

vehicle utilization. Taxi services typically run two shifts a day, and prefer hybrid HEV technology 

to all-electric BEV vehicles, since they cannot afford the charging time. Postal services are less 

sensitive to charging time since many postal vehicles run only one shift per day.  
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Summary Comparison of Powertrain Attributes  

The degree of hybridization distinguishes between the options above (Figure 58).   

 

Figure 58 - Powertrain Classification by Degree of Hybridization (Source: Adapted from HybridCenter.org) 

Finally, Table 32 provides a summary of the key characteristics, advantages and disadvantages 

of these powertrain options. 
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Characteristic 

Powertrain Type 

Internal Combustion 

Engine (ICE)  

Hybrid Electric 

Vehicle (HEV) 

Plug-In Hybrid 

Electric Vehicle 

(PHEV) 

Battery Electric 

Vehicle (BEV) 

Hydraulic Hybrid 

Vehicle (HHV) 

Propulsion • Internal Combustion 

Engine 

• Electric Motor 

Drive (Series HEV 

variant) 

• Internal 

Combustion Engine 

and Electric Motor 

Drive (Parallel HEV 

variant) 

• Electric Motor 

Drive 

• Internal 

Combustion Engine 

• Electric Motor 

Drive 

• Hydraulic Pump / 

Impeller  (Series 

HHV variant) 

• Internal 

Combustion Engine 

and Hydraulic 

Pump / Impeller  

(Parallel HHV 

variant) 

Energy System • Internal Combustion 

Engine 

• Battery 

• Internal 

Combustion Engine  

• Ultracapacitor 

(optional) 

• Battery 

• Internal 

Combustion Engine  

• Ultracapacitor 

(optional) 

• Battery 

• Ultracapacitor 

(optional) 

• High pressure fluid 

accumulator, low-

pressure fluid 

reservoir 

• Internal 

Combustion Engine 

Energy Source 

& Infrastructure 

• Filling Stations 

(Gasoline or Diesel) 

• Filling Stations 

(Gasoline or Diesel) 

• Filling Stations 

(Gasoline or Diesel) 

• Electric grid 

charging facilities 

• Electric grid 

charging facilities 

• Filling Stations 

(Gasoline or Diesel) 

Key 

Characteristic 

• Uses a fuel tank to 

store either gasoline 

or diesel fuel. 

Combustion of fuel 

takes place in the 

engine cylinders that 

deliver mechanical 

energy to the 

driveshaft and 

transaxle to propel 

the vehicle.  

• Combines ICE with 

electric motor for 

propulsion.  

• ICE provides the 

main power at 

constant speeds  

• Electric motor 

provides power 

assist for start-up 

and acceleration 

• HEV battery is in 

Charge-Sustaining 

mode (periodically 

recharged by ICE or 

by regenerative 

braking) 

• Combine ICE with 

electric motor for 

propulsion (like 

HEVs). 

• PHEVs can be 

charged and 

recharged by 

plugging into the 

electric grid.  

• PHEVs can run in an 

all-electric (charge-

depletion) mode or 

in hybrid mode. 

• Electric motor 

converts energy 

from a battery or 

ultracapacitor for 

motive power. 

• EVs are charged by 

plugging into 

electrical grid. 

• Combines ICE and 

hydraulic pump for 

propulsion. 

• ICE provides the 

main power at 

constant speeds  

• Hydraulic pump 

provides power 

assist for start-up  

• Regenerative 

braking energy can 

be used to increase 

reservoir pressure.  

Advantages • High energy density 

of petroleum fuel 

• Relatively low cost 

• Long Range  

• Uses existing 

infrastructure 

• Smaller ICE engine 

• Small Battery Size 

• Reduced fuel 

consumption 

• Quiet operation  

• Reduced CO2 

emissions 

• Reduced NOx 

emissions 

• Long Brake Life 

• Accessory Power 

Same advantages as 

HEV (except battery 

size) PLUS.... 

• Extended range 

• Uses all-electric 

(charge-depletion) 

mode for initial 

range – low 

emissions. 

• External Plug-In 

Charging Eliminates 

reliance on single 

fuel source. 

• Energy Conversion 

Efficiency 

• Environmental - 

Zero emissions 

• Low cost to 

recharge 

• Mechanical 

Simplicity 

• Lower Maintenance 

Costs 

• Quiet 

• No ICE components 

needed 

• Uses existing 

infrastructure 

• Smaller ICE engine 

• Reduced fuel 

consumption 

• Reduced CO2 

emissions 

Disadvantages 

and Issues 
• Inefficient at low rpm 

• Large ICEs used to 

satisfy peak power 

demand 

• Air Pollution 

• Fossil Fuel Usage 

• Foreign Oil 

Dependency 

• Very limited 

electric-only range 

• Uses both ICE and 

electric powertrain 

components 

• Fuel savings is 

dependent on 

driving cycle 

• High Initial Cost 

• Large battery size 

(bigger than HEV) 

• Uses both ICE and 

electric powertrain 

components 

• High Initial Cost 

Limited Range 

• Larger Battery Size 

(>  HEV and PHEV) 

• Battery Life 

• Cabin Heating 

• Access to electric 

grid for charging 

• High initial cost 

• Lower energy 

density than 

battery technology 

• Accumulator can 

occupy large 

amount of space. 

Table 32- Types of Vehicle Powertrains [Source: adapted from (Chan, 2002)] 
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Appendix C. TCO and Payback Model – Scenario Assumptions 

The cost assumptions for the TCO and Payback model vary for each market segment and 

powertrain technology, both for initial capital costs as well as for operating costs. Each of the 

three forecasting scenarios (optimistic, pessimistic, and most likely) uses different 

assumptions over 2010-2030 for battery cost reductions, fuel price increases, electricity price 

increases, and maintenance cost increases.  

Incremental Costs of Vehicle Acquisition 

The capital cost of a truck can vary considerably by powertrain technology. Hybrid-electric 

vehicles (HEVs), plug-in hybrids ( PHEVs) and battery electric vehicles (BEVs) require additional 

components not found in an ICE vehicle including lithium-ion batteries, traction motors, power 

inverters, onboard chargers, and other powertrain electronics (see Table 33).  

Table 33 - Component Requirements by Powertrain Technology 

Component Type ICE HEV PHEV BEV 

Baseline Vehicle Chassis ����    ����    ����    ����    

Internal Combustion Engine ����    ����    ����    
    

Exhaust System and Fuel Tank ����    ����    ����    
    

Battery * 
    

����    ��������    ������������    

Electric Traction Motor 
    

����    ����    ����    

Power Inverter 
    

����    ����    ����    

Accessory Power 
    

����    ����    ����    

Onboard Charger 
    

����    ����    ����    

Electronics 
    

����    ����    ����    

Integrated Starter Generator 
    

����    ����    
    

EVSE (charging pedestal) 
        

����    ����    

Single Speed Transmission 
            

����    

* Multiple tic-marks indicate a larger battery size is required – at greater cost. 

The size and cost of these components vary by the drivetrain configuration (HEV, PHEV, or BEV) 

and by the duty class of vehicle (LCV, MCV, and HCV). The motive power from an electric motor 

enables smaller engines to be used for HEVs and PHEVs, or entirely eliminated for BEVs. An HEV 

may use an integrated starter generator to permit the engine to be started often to recharge 

the battery. Battery capacity and costs are larger for a PHEV than an HEV, and even larger still 

for a BEV. A full BEV adds the cost of a single-speed transmission. Plug-in vehicles (both PHEVs 

and BEVs) require charging infrastructure to support the vehicle.  
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Battery Cost Scenarios 

Due to the uncertainty about the extent to which battery costs will decrease over time, the price 

of the battery is listed separately from the capital costs for the other components. This model 

has separate battery cost profiles for the three forecasting scenarios (optimistic, pessimistic, and 

most likely).  Current average lithium-ion battery production cost is roughly $600 per kilowatt 

hour (kWh) with costs decreasing to approximately $375 per kWh by 2020. Incremental costs for 

HEV and BEV vehicles are highly dependent on component sizing. The cost of a lithium-ion 

battery pack may run from about $4000 for a small 3kWh pack for a HEV.  For a PHEV with a 16 

kWh battery, the incremental battery cost is $9,600. Costs rise to $20,000 or more for a large 

28kWh battery pack for a full BEV. 

 

Vehicle Attribute 

Vehicle Duty Class  

North America and Europe 

LCV MCV HCV 

Battery Capacity - HEV (kWh) 1.8 3 8 

Battery Capacity - PHEV (kWh) 14 28 - 

Battery Capacity - BEV (kWh) 28 65 - 
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Fuel Cost Scenarios 

For this analysis, three scenarios (reference or most likely, high, and low) were created to 

project fuel price profiles over time. The cumulative annual growth rate (CAGR) profile used to 

extrapolate average gasoline prices is the same as the growth factor used to forecast the long-

term price of crude oil as presented in the US Department of Energy’s 2009 Annual Energy 

Outlook (US Department of Energy, 2009). 

 

Electricity Cost Scenarios 

For commercial customers, electricity prices are assumed to vary during peak and off-peak 

hours of the day. Peak charging rates are assumed to be significantly higher than off-peak, 

reaching nearly 20 cents per kWh in 2030. Annual energy costs are slightly lower for EVs than for 

PHEVs, but are steady at roughly $325 throughout the forecast period. As electricity prices 

increase, motor efficiency also increases, partially offsetting the high cost of energy. For PHEVs, 

annual electricity costs are slightly lower than for EVs, because these vehicles will still rely on 

gasoline for an estimated 25 percent of VMT. Therefore, total PHEV energy savings are less than 

those for pure EVs. 

According to the Fleet Electrification Roadmap report prepared by the Electrification Coalition, 

electricity prices have been much more stable than oil prices over the last 25 years 

(Electrification Coalition, 2010). Historically, average retail electricity prices have risen by less 

than 2 percent per year since 1983. A major reason for this is the fact that retail electricity prices 

are less affected by the price of crude oil than retail gasoline prices. The cost of the fuel 
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feedstock for electrical generation gas is a relatively small component of the overall cost of 

electricity. Electricity prices are expected to continue to rise steadily but slowly.   

 

Figure 59 - US Commercial Electricity Prices 2003-2020 – Source: US Department of Energy, Current and Historical 
Monthly Retail Sales, Revenues and Average Revenue (Form EIA-826) 

 

Maintenance Cost Scenarios  

Maintenance and service costs represent a significant portion of the operating budget of most 

fleet managers today. ICE vehicles require a number of regularly scheduled services as well as 

maintenance and replacement costs at key mileage milestones. Regularly scheduled service 

events could include oil changes and other fluid service, such as transmission and brake fluid. As 

vehicle age increases in terms of miles, repair and replacement costs rise for items such as 

transmissions, brake pads, engine components, and ultimately the engine itself. 

While all of this is no doubt true for vehicles owned by typical consumers, fleet operators are 

likely to be more acutely aware of the costs over time. As internal combustion engine vehicles 

reach certain mileage tipping points, maintenance service can rise to as much as 20 to 30 

percent of annual operating costs in certain vehicle applications. For fleet managers, this is a 

significant expense. In fact, fleet operators tend to sell vehicles in advance of certain mileage 

milestones or in advance of warranty expiration in order to avoid incurring the maintenance 

costs—though the cost may ultimately be paid in reduced residual value.  
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The maintenance and repair costs of electric drive vehicles are likely to be significantly less than 

those associated with traditional internal combustion engine vehicles. This is a result of the fact 

that electric drive systems tend to have fewer moving parts and wear items than internal 

combustion engines. The maintenance savings are most significant for EVs which are based on 

the simplest design. PHEVs that tend to operate in charge-depleting mode can also sharply 

reduce maintenance costs. The benefit is least significant for HEVs. 

 

Vehicle Economy (Fuel and Electricity Consumption) 

Over the life of the vehicle, both PHEVs and EVs will provide consumers with substantial cost 

savings, particularly in terms of fuel. For a light-duty LCV electric vehicle the operating cost is 

typically about 2.5 to 3 cents a mile, whereas the operating cost for a light-duty LCV vehicle 

using a conventional ICE engine with 20mpg fuel economy is about 15 cents per mile. These 

estimates are based on fuel economy figures shown in Table 34 and Table 35. Annual energy 

savings from reduced gasoline consumption are highest for EVs, which use no gasoline. By 2030, 

annual gasoline savings for EV drivers reaches nearly $2,000. It is assumed that 75 percent of 

the miles traveled by PHEVs will be electric miles. Electricity consumption offsets the savings 

from reduced gasoline consumption.  
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Fuel Economy Category 

Vehicle Duty Class - North America 

LCV MCV HCV 

ICE Fuel Economy - Diesel (mpg) 21 5 3.5 

ICE Fuel Economy - Gasoline (mpg) 19 4.8 - 

Hybrid Fuel Economy - Diesel (mpg) 32 8 4.8 

Hybrid Fuel Economy - Gasoline (mpg) 30 7 - 

Electric Mode Economy ( kWh/mile ) 0.346 1.038 - 

Table 34- Fuel Economy Assumptions by Duty Class - North America 

 

Fuel Economy Category 

Vehicle Duty Class - Europe 

LCV MCV HCV 

ICE Fuel Economy  - Diesel (L/100km) 11.19 47 67 

ICE Fuel Economy  - Gasoline (L/100km) 12.37 49 - 

Hybrid Fuel Economy - Diesel (L/100km) 7.35 29 49 

Hybrid Fuel Economy - Gasoline (L/100km) 7.8 33.5 - 

Electric Mode Economy ( kWh/km ) 0.215 0.645 - 

Table 35 - Fuel Economy Assumptions by Duty Class - Europe 

Vehicle Utilization and Daily Range  

Vehicle Attribute 

Vehicle Duty Class - North America 

LCV MCV HCV 

All Electric Range - PHEV (miles) 20 20 - 

All Electric Range - BEV (miles) 70 70 - 

Daily VMT Utilization - Government (miles) 40 - - 

Daily VMT Utilization - Service (miles) 70 70 100 

Table 36 - Vehicle Utilization and Range Assumptions - North America 

Vehicle Attribute 

Vehicle Duty Class - Europe 

LCV MCV HCV 

All Electric Range - PHEV (km) 32.2 32.2 - 

All Electric Range - BEV (km) 112.7 112.7 - 

Daily VKT Utilization - Government (km) 64.4 - - 

Daily VKT Utilization - Service (km) 112.7 112.7 160.9 

Table 37 - Vehicle Utilization and Range Assumptions - Europe 

A vehicle’s utilization rate is essentially the number of miles traveled over a given period of time, 

though there are important exceptions. For example, utility and telecom service vehicles may 

run the engine and consume fuel in order to perform certain auxiliary functions. These functions 

may make such vehicles strong candidates for electrification. Still, the most straightforward 
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measure of vehicle utilization is annual miles traveled. In general, commercial and corporate 

fleet vehicles tend to have higher annual miles traveled than passenger vehicles in the consumer 

market.  
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Appendix D. Total Cost of Ownership (TCO) By Market Segment 

TCO for North American LCV Government Segment – Most Likely Scenario 

 

TCO for North American LCV Service Segment – Most Likely Scenario 

 

TCO for North American MCV Service Segment – Most Likely Scenario 

 

TCO for North American HCV Service Segment – Most Likely Scenario 
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TCO for European LCV Government Segment – Most Likely Scenario 

 

TCO for European LCV Service Segment – Most Likely Scenario 

 

TCO for European MCV Service Segment – Most Likely Scenario 

 

TCO for European HCV Service Segment – Most Likely Scenario 
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Appendix E. Payback Analysis – Results by Market Segment 

Payback Period for North American LCV Government Segment – Most Likely Scenario 

 

Payback Period for North American LCV Service Segment – Most Likely Scenario 

 

Payback Period for North American MCV Service Segment – Most Likely Scenario 

 

Payback Period for North American HCV Service Segment – Most Likely Scenario 
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Payback Period for European LCV Government Segment – Most Likely Scenario 

 

Payback Period for European LCV Service Segment – Most Likely Scenario 

 

Payback Period for European MCV Service Segment – Most Likely Scenario 

 

Payback Period for European HCV Service Segment – Most Likely Scenario 
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