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Introduction  
 

Literacy is the ability to identify, understand, express, create, and interpret concepts, feelings, facts 

and opinions in both oral and written forms, using visual, sound/audio and digital materials across 

disciplines and contexts. It implies the ability to communicate and connect effectively with others, in 

an appropriate and creative way (Framework for Key Competences for Lifelong Learning, EU-

Kommission, 2018). 

 

Domain is an area of human activity in which one particular speech variety or a combination of 

several varieties is regularly used. A domain involves typical interactions between typical participants 

in typical settings (Fishman, 1972). 

 

Professional literacy is the acquisition and application of literacy in domains. (Konstantinidou, 2018) 

 

When it comes to teaching and learning a language in or for a specific domain, i.e. engineering, health 

or business, we soon reach the limits with existing frameworks, materials and textbooks. A relevant 

and authentic learning environment in secondary and tertiary level language/communication training 

can therefore be fostered if teachers enrich their lessons with domain-specific content. In a first step, 

we have formed an interest group who aims to compile a reader with authentic texts and task 

descriptions to bridge the gap between skills-based language instruction (teaching along and for CEFR 

standards B1-C1) and professional literacy required in specific domains. Furthermore, teachers should 

be encouraged to break up the rather rigid conception of skills-based text-work and reading tasks often 

restricted to reading a (modified) text, answering multiple-choice questions or filling in gap-fill 

exercises.  

 

Our reader should spark interest in working with challenging, content-rich and real-life text (extracts) 

that might otherwise be seen as too difficult for B1/B2 language learners. These text samples are taken 

from original literature used in various degree programmes at Universities of Applied Sciences and 

embedded in manageable and inspiring assignments. We foreground a joy- and playful approach to 

text and tasks so that learners are not intimidated by the complexity and lexical density of original 

academic and professional literature. Moreover, we assume that learners stay interested in these types 

of texts if they are given a set of skills to handle complexity and density in a way appropriate for their 

language level. These skills are, eventually, essential to cope with and handle the demands and study 

requirements at tertiary level where English has become the lingua franca in professional domains. 
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BMS Zürich ACADEMIC ARTICLE ON 
TRANSPORT AND ENVIRONMENT 

English / N. Steiger 

 

Link to text “On the electrification of road transportation – A review of the environmental, economic, and 

social performance of electric two-wheelers”: http://www.researchgate.net/publication/283513727 

Lesson plan  

Subject/ Course BMFH: Approaches to reading college level / academic texts  

Topic Reading, understanding and discussing an academic article  

 

Article: “On the electrification of road transportation – A review of the 

environmental, economic, and social performance of electric two-wheelers” 

Lesson title Analysing the structure of a technical article by understanding and discussing 

different forms of electric two-wheelers 

Level B1+ and up 

Duration 2 lessons 

Lesson objectives Stage 1: 

• SS know some differences between petrol and electric powered scooters  

 

Stage 2: 

• SS know how an article or in particular the article “On the electrification of 

road transportation” is divided into the different sections: abstract, 

introduction, methods, results, discussion, conclusion, acknowledgment 

and references 

• SS can describe what the different sections above include 

• SS realise that the structure of the BMA is in general quite identical to the 

structure of an academic article 

 

Stage 3: 

• SS know why keywords are added to an article and why they matter to the 

subject of the article 

 

Stage 4: 

• SS understand the content of the article by summarising, visualising in 

keywords, their assigned group task 

• SS realise (again) that a good abstract includes the essential information 

from the other sections of the article by comparing their group results with 

the abstract of the article 

Summary of tasks/ 

actions 

 

Tasks for Stage 1: 

• In the warm-up task, SS watch a youtube video in which petrol and electric 

powered scooters are compared. SS are asked to note down the differences 

between the two two-wheelers 

• SS then discuss in pairs, which of the two vehicles they would buy and explain 

their preference. The results are also collected in plenary 

http://www.researchgate.net/publication/283513727
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Tasks for Stage 2: 

• In pairs or alone SS analyse the structure of the article and complete the chart on 

the worksheet (-> Task 1) 

• In pairs or alone SS also compare the structure of the article to the structure of the 

BMA. The results are discussed in plenary 

Tasks for Stage 3: 

• SS look at the keywords from the article and highlight them in the text. SS should 

understand for what reason(s) keywords are added to an academic text  

 

Tasks for Stage 4:  

• SS form groups of 4 or 5 and are assigned one or two (depending on the length of 

the part) sections of the article, which they summarise by noting down keywords 

on a flipchart poster or the black or white board (this could also be done online). 

• Each group presents their results to their classmates 

• After the group presentations, SS read the abstract of the article again and compare 

it to the group results to see whether anything is missing in either work 

 

Final task: 

• SS reflect on what they have learned from the lessons on electric two-wheelers and 

also the structure of an academic text  

Materials/equipment The article: 

“On the electrification of road transportation – A review of the environmental, 

economic, and social performance of electric two-wheelers” 

 

Visual aid for the warm-up: 

https://www.youtube.com/watch?v=WMpSJTFFyTI 

 

Material for the group work: 

Flipchart posters or if done online given structure in OneNote 

References ------- 

Take home tasks ------- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.youtube.com/watch?v=WMpSJTFFyTI
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BMS Zürich ACADEMIC ARTICLE ON 
TRANSPORT AND ENVIRONMENT 

English / N. Steiger 

 
 

 

Reading, understanding and discussing an academic article 

 
Article: “On the electrification of road transportation – A review of the environmental, 

economic, and social performance of electric two-wheelers” 
 

(Transportation Research Part D 41 (2015) 348-366) 

 

Warm-up task:  

 

1. Watch the following video in which petrol and electric powered scooters are compared and note down what the main 

differences are 

 

       (source: https://www.youtube.com/watch?v=WMpSJTFFyTI) 

 

 

                     Petrol scooter                       VS                      Electric scooter      

                                                    

         
 

 

 

 

 

 

 

 

2. Which of the two-wheel vehicles above would you rather buy? Explain your answer.  

 

 

 

Task 1: Look at the structure of the article and complete the chart below with… 

 

a. the titles of the important paragraphs 

b. what each of the paragraphs describes 

 

https://www.youtube.com/watch?v=WMpSJTFFyTI
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Paragraph title Description 

 

1.  

 

 

2. introduction  

The introduction provides information about the background of the subject matter 

and explains why the study is new in the subject field and why it is important.  

 

3. 

 

 

4. 

 

 

5. 

 

 

6. 

 

 

7. acknowledgment   

In the acknowledgment section you thank all those who helped you in carrying out 

the research or who helped you in reviewing your article. 

 

8. references 

The reference part is a list of the works cited by the author(s). It includes articles, 

books, and other sources.  

 

 

Follow-up question:  

Compare the structure of the article to the structure of your BMA. What are the similarities, what the differences?  

 

 

 

 

 

Task 2: Look at the keywords below taken from the article and in pairs discuss… 

 

Keywords: Electric two-wheelers / E-bikes / Electrification of road transportation / Learning rates / Environmental 

impacts / Mode-shift behavior 

 

a. how they are relevant to the text? 
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b. what the function of keywords might be in an article? 

 

 

 

 

 

Task 3: group work 

 

Your group will be assigned one of the parts 1-4 below. Summarise, in keywords, what your part is about and be ready to 

present your results to your classmates later 

 

1. Introduction + Methods 

 

2. Results: the global two-wheeler market + environmental performance 

 

3. Results: economic and social performance 

 

4. Discussion + Conclusion 

 

 

 

Follow-up question:  

Now read the abstract of the article again and compare it to the results of the group results. Is anything missing in the abstract 

or the group results? If yes, note it down. 

 

 

 

 

 

 

 

 

Post-reading task:  

Take your time and write down what you have learned about the structure of an article and the electrification of road 

transportation  

 

…………………………………………………………………………………………………...……………………………

……………………………………………………………………...…………………………………………………………

………………………………………………………………………………………………………………………………... 

…………………………………………………………………………………………………...……………………………

……………………………………………………………………...…………………………………………………………

………………………………………………………………………………………………………………………………... 

…………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………… 
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BMS  

 
LIFE CYCLE ASSESSMENT (LCA) 

English/ A. Reimann 
9/28/21  

 

Link to text: “Environmental management – Life cycle assessment – Principles and framework”: 

http://www.cscses.com/uploads/2016328/20160328110518251825.pdf 
 

Unit plan Highlighted unites are included in the reader preview 

Subject/ Course BMFH: Approaches to reading college level / academic texts  

Topic ISO 14040  

The International Standard for Environmental management – Life cycle 

assessment – Principles and framework 

Lesson title Hands-on approaches to life cycle assessment 

Level B1+ and up 

Duration 1 - 8 lesson units, 2 Lessons minimum  

Lesson objectives Unit 1 

• Conceptualize phases of LCA and what it can assist in 

• Acquire and use basic vocabulary to describe main phases 

Unit 2 

• Extract from short instructional video more details about the relevant phases 

• Visualize a product’s life cycle in 2-D and 3-D, using relevant language  

Unit 3 

• Find four phases/elements of LCA in the document International Standard ISO 

14040 

• Explain difference between the stages in the life cycle of a product and the 

phases/ elements of life cycle analysis and between cradle to grave and cradle 

to-cradle 

• Discuss LCA process using an example of a product (those who did unit 2 use 

the product represented in 3-D) 

Unit 4 
Compare and contrast the abstracts of the following two LCA of beef: 

• A life cycle assessment of the environmental impacts of a beef system in the 

USA and 

• Life cycle assessment of beef cattle production in two typical grassland systems of 

southern Brazil. 

Unit 5 

• Get an understanding of the genre (this type of text/official document, i.e. its 

structure, key terminology, participants in the LCA process, main activities), 

and then describe/visualize these aspects 

• Work in progress:  

1. Vocabulary: apply different ways of making an inventory of terms 

2. … 

3. … 

 

http://www.cscses.com/uploads/2016328/20160328110518251825.pdf
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BMS  

 
LIFE CYCLE ASSESSMENT (LCA) 

English/ A. Reimann 
9/28/21  

 

 

1) INTRODUCTION (45+ minutes) 

 

Objectives: 

Conceptualize phases of LCA and what it can assist in 
Acquire and use basic vocabulary to describe main phases 

 
«The increased awareness of the importance of environmental protection, and the possible impacts associated with 
products, … has increased interest in the development of methods to better understand and address these impacts. 
One of the techniques being developed for this purpose is life cycle assessment (LCA)” (ISO 14040, v).  
 
1. What, according to (gemäss) ISO 14040 International Standard, can LCA assist in? Find four points in the 
introduction (page v) and list them here:  

1  

2  

3  

4  

 
UNDERSTANDING THE VIDEO 

 

2. a. Watch the video and answer the following 

questions (15 min.)  

 

https://www.youtube.com/watch?v=cYOC8_jJcII (4’) 

 

 

What does LCA help you understand? 

 

What main phases of a yoghurt pod’s life cycle does the video present?  

 

 

 

 

 

What kind of analysis does LCA offer?  

 

How does this analysis help manufacturers?  

https://www.youtube.com/watch?v=cYOC8_jJcII
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In what other ways can LCA help manufacturers that the video does not mention? (See your answers to 1) 

 

 

 
Find the (missing parts of your) answers in the transcript on page 3. 

 

2.b. The video shows four key factors that are calculated in LCA.  

One is greenhouse gas emissions.  What are the other three? 

_____________________ use 

_____________________ use 

_______________________   _________________________ use 

 

 

Working with language  

 

VOCABULARY (15 min.) 

3. a. Fill in the other missing words in the transcript (-> separate handout). If necessary, watch the video again to 

complete the transcript. 

 

3.b. Write the missing word class in the boxes. Check your answers in www.oxfordlearnersdictionaries.com. 

 

verb noun adjective 

  sustainable 

charge   

 resource -------------- 

supply  -------------- 

 assessment  

 process -------------- 

 impact impacted 

------------  conscientious 

 

 
 
 
 
 
 
 
TRANSCRIPT 
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As the earth goes round you may have thought about our planet and what it needs most: a more sustainable future for 

everyone — that’s what everyone wants, including our friend Kim.  

There’s nothing like sleep to __________________________ the batteries. Fresh ______________________________ 

(two words) are increasingly ______________________________ on the planet and in Kim’s home — and saving 

______________________________ isn’t exactly his strong point. From the looks of it, food resources are also scarce 

here. It’s time to think about re-______________________________. And it’s difficult to choose from so many options. 

You may think that this yoghurt container has a very short life between the supermarket and the trashcan. But who said 

that that’s how the story ends? And who said that the supermarket was the start? There have already been many 

______________________________ in this product’s life cycle and there are many more still to come.  

To better understand how this works a very efficient ________________________ exists: the life cycle 

______________________________. You want an example? Let’s examine the cycle of the very same yoghurt pod.  

 

Everything starts with the extraction of the raw materials. Among other things oil is used to make the plastic pod that will 

protect its contents. There’s also the milk used to make the yoghurt, the strawberry for flavor, the aluminum foil lid to 

______________________________ the product. 

There’s lots of different ______________________________ and each one has various kinds of 

______________________________ on the ______________________________. And the cycle is only just beginning. 

then for storage and distribution. It’s a long way to reach the consumer. And like I said before, the story doesn’t end 

with the trashcan. The pod can be recycled and used to make a new product.  

With the cycle re-starting or, more precisely, continuing, LCA provides a rigorous analysis of environmental impacts of 

all stages of the process. This analysis helps manufacturers to make decisions that help improve processes, products 

and services. As you can see, every element of the universe – including ourselves – has a life cycle.  

 
 
 
 
 
 
 
 
 
 



BM FH 

 

Die Brücke zwischen Berufsmaturität und Fachhochschulstudium im Kanton Zürich 

 
 

    Seite 13 von 26 

   Professional literacy for B1_B2 language learners.docx Nicole Steiger / Andrea Reimann  28.09.2021 

  

 
 

ANSWER KEY 
 

1. What, according to (gemäss) ISO 14040, can LCA assist in? Find four points in the introduction (page v) and list them 
here:  

1 identifying opportunities to improve the environmental performance of products at various points in their 

life cycle 

2 informing decision-makers in industry, government or non-government organizations  

3 the selection of relevant indicators of environmental performance  

4 marketing 

 

2.a 

What does LCA help you understand? 

The phases in a product’s life cycle. (That means the phases of a product’s life between the supermarket to the 

trashcan – and many more/beyond. ) 

What main stages of a yoghurt pod’s life cycle does the video present?  

Extraction of the raw materials (among other things oil is used to make the plastic pod, milk to make the 

yoghurt, strawberry for flavor, aluminum foil to seal the product) 

(Lots of different processes that impact the environment.) 

transportation 

storage 

distribution 

What kind of analysis does LCA offer?  

An analysis of environmental impacts of all stages of the process 

How does this analysis help manufacturers? 

It helps them make decisions that help improve processes, products and services. 

In what other ways can LCA help manufacturers that the video does not mention? (See your answers to 1) 

Individual answers 

 

2.b. water, energy, natural resource,  

 

3.b.  

verb noun adjective 

sustain sustainability sustainable 

charge charge chargeable 

resource resource ------------- 

supply supply ---------- 

assess assessment assessable 
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process process ---- 

impact impact impacted 

--------------- conscience conscientious 

 

 

3.a. FULL TEXT 

 

https://www.youtube.com/watch?v=cYOC8_jJcII 

 

As the earth goes round you may have thought about our planet and what it needs most: a more sustainable future for 

everyone — that’s what everyone wants, including our friend Kim.  

There’s nothing like sleep to recharge the batteries. Fresh water reserves are increasingly scarce on the planet and in 

Kim’s home — and saving resources isn’t exactly his strong point. From the looks of it, food resources are also scarce 

here. It’s time to think about re-supplying. And it’s difficult to choose from so many options. You may think that this 

yoghurt container has a very short life between the supermarket and the trashcan. But who said that that’s how the 

story ends? And who said that the supermarket was the start? There have already been many phases in this product’s life 

cycle and there are many more still to come.  

To better understand how this works a very efficient tool exists: the life cycle assessment. You want an example? Let’s 

examine the cycle of the very same yoghurt pod.  

 

Everything starts with the extraction of the raw materials. Among other things oil is used to make the plastic pod that 

will protect its contents. There’s also the milk used to make the yoghurt, the strawberry for flavor, the aluminum foil lid 

to seal in the product.  

There’s lots of different processes and each one has various kinds of impacts on the environment. And the cycle is only 

just beginning. At various moments there is need for transportation, then for storage and distribution. It’s a long way to 

reach the consumer. And like I said before, the story doesn’t end with the trashcan. The pod can be recycled and used to 

make a new product.  

With the cycle re-starting or, more precisely, continuing, LCA provides a rigorous analysis of environmental impacts of 

all stages of the process. This analysis helps manufacturers to make decisions that help improve processes, products 

and services. As you can see, every element of the universe – including ourselves – has a life cycle.  

 

Now that you’ve seen how it works you won’t be able to resist paying attention to the life cycle of every little thing 

around you and to compare the impacts that each product has in order to make conscientious choices – for real. 

 

  English/ A. Reimann 

https://www.youtube.com/watch?v=cYOC8_jJcII
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BMS  LIFE CYCLE ASSESSMENT (LCA) 9/28/21  
 
 

3) The elements (phases) of the analysis  

 

OBJECTIVES 
• Find four phases/elements of LCA in the document International Standard ISO 14040 

• Explain difference between the stages in the life cycle of a product and the phases/ elements of life cycle 
analysis and between cradle to grave and cradle to-cradle 

• Discuss LCA process using an example of a product (those who did unit 2 use the product represented in 3-
D) 

 
1. a. There are four elements/phases in an LCA study. Find them in the Introduction of ISO 14040. The first one is ‘goal 
and scope’. Write 2-4 in the table below (column on the left). 
 

1.b. Watch the video and find out what these  

phases actually mean, what questions are asked 

during these phases.  

 

(02:10-03:05) 

 

 

 

 

 

https://www.youtube.com/watch?v=zFaG4QZpzIs 

 

1.a. LCA phases/elements 1.b. That means: write the information given in brackets here 

1. Goal and scope • specify object of study 

2.   

3.   

4.   

 
 
2. Complete the core questions (03:10-05:20) 
Watch the video and find out:  

2.1. Questions with regard to goal and scope (03:10-04:00) 

What ______________________________ are we trying to assess? 

• air pollution 

• effects on particular species or ecosystems 

How do we decide ______________________________________________?1 

 
1 Example of iPhone: Are we assessing the change in quality of life of the people who used to work in the post office before 
the post office laid them off? Is that within the scope? Often it’s not. At some point you have to draw a boundary. At the 
extreme of it everything is connected to everything else in at least an indirect way. At some point you need to scope the 
problem to do a meaningful LCA. 

https://www.youtube.com/watch?v=zFaG4QZpzIs
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What are the _________________________________? 

2.2. Questions about inventory (04:00-04:20) 

How do we ___________________________ and/or ___________________________ future effects? 

Good method 

Modeling, taking the way things are and projecting them into the future and seeing how it is likely to emerge. 

 

2.3. Questions about impact assessment (04:23-04:32) 

How do the data/ models allow us to ___________________________ (add data to a document) the various impact 

categories?2 

 

2.4. Questions about interpretation (04:32-05:20) 

Who are the _________________________________ in a system? 

Which ones get to decide what levels of impact are acceptable? (The question of who is a stakeholder is important!) 

 
Why does he mention the miners in the Congo?  

______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 
3. From “cradle to grave” – and from “cradle to cradle” (05:20-06:25) 

He mentions and explains two ways of thinking about the impact of products. One is termed ‘from cradle to grave’ and 

the other ‘from cradle to cradle’ 

 
 
 
 
 
 
 
 
 

3.1. What is the common (original) meaning of the words ‘cradle’ and ‘grave’? What is their meaning here? 
 

 
2 Inventory and assessment: difference 
Inventory: How many kilos of glass are consumed, what kinds, where it is recycled, what trucks are used. Assessment: How much 
environmental pollution this usually produces in Switzerland. 
Assessment is conservative: Tech. committees tend to use the worse, more pessimistic data. Average figures are used (not specific ones 
for each case). E.g. recycling in Corsica: they don’t examine each ship that transports the bottles b/c client does not need this detail.) 
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 original and most common meaning  

(-> www.oxfordlearnersdictionaries.com) 

meaning in this context 

cradle  

 

 

 

 

grave  

 

 

 

 

“from 

cradle to 

grave” 

 

 

 

 

 

 

 
 
3.2. How does the term ‘cradle to cradle’ differ from ‘cradle to grave’? Explain in 1-2 sentences. 

___________________________________________________________________________________________________

___________________________________________________________________________________________________ 

___________________________________________________________________________________________________

___________________________________________________________________________________________________ 

___________________________________________________________________________________________________

___________________________________________________________________________________________________ 

 
 
3.4. Representation ((in 3-D continued if unit 2 done)) 
 
Group work (same groups as 3-D representation if unit 2 done) 
 
Instructions 
 
1.a.  Based on the life cycle of your product that you have represented in 2-D and 3-D  
 

• discuss elements/ phases of LCA process* of your product. Write answers to core questions in the ‘answer’ 
document. 
 

a. Goal and scope 
b. Inventory 

c. Impact assessment 
d. Interpretation 

Focus on the first two (the latter two are hard to answer as you lack basic knowledge) 
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1.b. Find ‘direct applications’ in ISO 14040, page 8 
 

• Discuss possible applications to your product 
 
THIS IS REALLY COMPLEX  
1.c. Read chapter 4.4. General concepts of product systems, pages 9) and study figures 2 and 3) page 10. Discuss the 
concept of “flows”. Explain the difference between the following kinds of flow in German: 

• elementary (input and output) 

• intermediate 

• product flows 
 
Try to apply this concept to your product and give examples of input, output and intermediate flows. 
 
 
2. Write your ideas and suggestions the in table on ANSWER DOCUMENT (-> document lastname … ANSWERS) 
 
ANSWER DOCUMENT 
Group names: 

  

  

 
 

ANSWERS 
 
Four elements of LCA process* of our product (Focus on the first two): 

4 phases of LCA 1.a. Our answers (ideas / suggestions / further questions ….) 

1. Goal and scope What impact categories are we trying to assess? 

abcabcabc etc. 

 

How do we decide where to end the analysis? 

 

 

What are the interdependencies? 

 

 

2. Inventory How do we collect the data and/or predict future effects? 

 

 

3. Impact 

assessment 

How do the data/ models allow us to populate (add data to a document) the various 

impact categories? 

 

 

 

4. Interpretation Who are the stakeholders (a person or company that is involved in a particular 

organization, project, system, etc., especially because they have invested money in 

it, Interessenvertreter) in a system? 
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Which ones get to decide what levels of impact are acceptable? (The question of 

who is a stakeholder is important!) 

 

 

 
 
1.b. Possible applications 

 

 
 
1.c. Flows 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANSWER KEY 
 

1.a. 4 phases of LCA 1.b. That means: Write the questions that are asked in this phase 

1. Goal and scope specify object of study 
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2. Inventory data collection and modelling 

3. Impact assessment evaluate contributions to impact categories 

4. Interpretation based on values and values of stakeholders 

 
2. Complete the core questions (03:10-05:20) 
2.1. goal and scope 
1. What impact categories are we trying to assess? 

• air pollution 

• effects on particular species or ecosystems 
2. How do we decide where to end the analysis?* 
3. What are the interdependencies 
 
2.2. inventory  
How do we collect the data and/or predict future effects? 
(Modeling is good for that: taking the way things are and projecting them into the future and seeing how it is likely to 
emerge.) 
2.3. impact assessment 

How do the data/ models allow us to populate (add data to a document) the various impact categories? 
2.4. interpretation 

Who are the stakeholders (a person or company that is involved in a particular organization, project, system, 
etc., especially because they have invested money in it, Interessenvertreter) in a system? 
Which ones get to decide what levels of impact are acceptable? (The question of who is a stakeholder is important!) 
Why does he mention the miners in the Congo?  
He uses them as an example for the problem of drawing boundaries in LCA:  
They dig for Coltan, which is an essential raw material. But are they stakeholders? Is the family of the miners a 
stakeholder? That’s where LCA draws boundaries. 
((Here are the answers to 1.a., 1.b. and 2. combined) 
 

1.a. 4 phases of LCA 1.b. That means  

2. Core questions that are asked in this phase 

1. Goal and scope What impact categories are we trying to assess? 

How do we decide where to end the analysis? 

What are the interdependencies? 

 

5. Inventory How do we collect the data and/or predict future effects? 

(Modeling is good for that: taking the way things are and projecting them into the 

future and seeing how it is likely to emerge.) 

 

6. Impact 

assessment 

How do the data/ models allow us to populate (add data to a document) the various 

impact categories? 

 

7. Interpretation Who are the stakeholders (a person or company that is involved in a particular 

organization, project, system, etc., especially because they have invested money in 

it, Interessenvertreter) in a system? 

Which ones get to decide what levels of impact are acceptable? (The question of 

who is a stakeholder is important!) 
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3. From “cradle to grave” – and from “cradle to cradle” (05:20-06:25) 
 

 common meaning  meaning in this context 

 -> www.oxfordlearnersdictionaries.com 

cradle a small bed for a baby which can be 

pushed gently from side to side 

the stage/place when/where the product  important 

began/is made/finished ... 

grave a place in the ground where a dead 

person is buried 

the place where a product ends up after it has been 

used (e.g. trash can, landfill) 

cradle to 

the grave 

a way of referring to the whole of a 

person’s life, from birth until death 

a way of referring to the whole life of a product, from 

when it is produced to when it lands in the trash 

can/landfill.  

 
 
3. Explain the difference between ‘from cradle to grave’ and ‘from cradle to cradle’ in one sentence: 
(individual answers) 
Every waste stream from every product should be the input to a different product. 
 
 
ANSWER DOCUMENT 
 
INDIVIDUAL ANSWERS 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
BMS  

 
LIFE CYCLE ASSESSMENT (LCA) 

English/ A. Reimann 
9/28/21  

 
 

IV Two LCA assessments of beef cattle in comparison  
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Objectives 

Compare and contrast the abstracts of the following two LCA of beef: 

A life cycle assessment of the environmental impacts of a beef system in the USA3 and 

Life cycle assessment of beef cattle production in two typical grassland systems of southern Brazil4. 

 

TASKS 

Individual -> pair work 

1. General comparison 

a. Read the two abstracts and divide them into two four or five sections and give each section a title. See your 

guidelines to writing an abstract to do this. Hint: The first title is ‘reason’ (sometimes the term ‘purpose’ is 

used). 

Compare and contrast the two assessments on an overall level first.  

b. What does each one do and what are the outcomes? Make an inventory/ a list using key words 

 

Pair work 

c. Compare and discuss your results. 

 

Group work (groups of 3) 

2. Detailed comparison 

Class group A: USA 

a. Compare and contrast each section of the abstract individually. Create a flow chart of each LCA on an A3 

paper. 

b. Get together with the other two groups and put your results on a flip chart paper.  

c. Prepare to present your results to class group B. 

d. Present your results to class group B. 

Class group B: southern Brazil 

a. Compare and contrast each section of the abstract individually. Create a flow chart of each LCA on an A3 

paper. 

b. Get together with the other two groups and put your results on a flip chart paper.  

c. Prepare to present your results to class group A. 

d. Present your results to class group A. 

 

3. Vocabulary  

Complete the vocabulary list below 
Class group A: 1-20, class group B: 21-40 
 

 
3 The International Journal of Life Cycle Assessment (2019) 24:441–455 
4 Journal of Cleaner Production. February 2014  
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Recommended dictionaries: 
www.deepl.com, www.leo.org (English-German) 
oxfordlearnersdictionaries.com (monolingual) 
 

Expected products by Friday February 21: 
Flip charts A & B 

Picture of flip chart A and B uploaded to moodle 
Complete vocabulary list uploaded to moodle 

 

 

Abstract 1: USA Abstract 2: southern Brazil 

The need to assess the sustainability attributes of the 

United States beef industry is underscored by its 

importance to food security locally and globally. A life 

cycle assessment (LCA) of the US beef value chain 

was conducted to develop baseline information on the 

environmental impacts of the industry includ`ing metrics 

of the cradle-to-farm gate (feed production, cow- calf, 

and feedlot operations) and post-farm gate (packing, 

case-ready, retail, restaurant, and consumer) 

segments. Cattle production (cradle-to-farm gate) data 

were obtained using the integrated farm system model 

(IFSM) supported with production data from the Roman 

L. Hruska US Meat Animal Research Center 

(USMARC). Primary data for the packing and case-

ready phases were obtained from packers that jointly 

processed nearly 60% of US beef while retail and 

restaurant primary data represented 8 and 6%, 

respectively, of each sector. Consumer data were 

obtained from public databases and literature. The 

functional unit or consumer benefit (CB) was 1 kg of 

consumed, boneless, edible beef. The relative 

environmental impacts of processes along the full beef 

value chain were assessed using a third party validated 

BASF Corporation Eco-Efficiency Analysis 

methodology.Value chain LCA results indicated that the 

feed and cattle production phases were the largest 

contributors to most environmental impact categories. 

Impact metrics included water emissions (7005 L 

diluted water eq/CB), cumulative energy demand (1110 

MJ/CB), and land use (47.4 m
2
a eq/CB). Air emissions 

were acidification potential (726 g SO2 eq/CB), 

photochemical ozone creation potential (146.5 g C2H4 
eq/CB), global warming potential (48.4 kg CO2 eq/CB), 

The importance of animal production in the overall 

context of human activity is undisputed and in- 

fluences food supply, job security, income 

producing, as well as landscape and local 

ecosystems con- servation. This relevance 

enhances the charges by society as the 

environmental impacts of various activities, 

especially in relation to ruminant production amid 

the current problems of climate changes. In this 

context, we analyzed the main environmental 

impacts of two typical beef cattle production 

systems from southern Brazil, namely the 

extensive system (ES) and the improved system 

(IS), and identified the components that have the 

greatest environmental impacts using the life cycle 

assessment method. The basis of the system 

construction was a cattle herd that originated from 

100 weaned heifers, four weaned calves, and the 

progeny of these cattle during their productive life 

(12 years), and the land areas, external inputs, 

and other natural resources and technologies 

necessary to the operations. The functional unit 

was the production of 1 kg of live weight.The 

values of greenhouse gas emissions, land use, 

and freshwater depletion in the ES were higher 

compared with those values obtained for the IS 
(22.52 and 9.16 kg CO2 equivalents; 234.78 and 

21.03 m2a; and 0.217 and 0.0949 m3, 

respectively). These variations were attributed to 

the permanence time of the animals in each 

system and to the quality and production of the 

pastures. The ES presented lower potential 

impacts than the IS on metal depletion and soil 

http://www.deepl.com/
http://www.leo.org/
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and ozone depletion potential (1686 μg CFC11 eq/CB). 

The remaining metrics calculated were abiotic depletion 

potential (10.3 mg Ag eq/CB), consumptive water use 

(2558 L eq/CB), and solid waste (369 g municipal waste 

eq/CB). Of the relative points adding up to 1 for each 

impact category, the feed phase contributed 0.93 to the 

human toxicity potential. This LCA is the first of its kind 

for beef and has been third party verified in accordance 

with ISO 14040:2006a and 14044:2006b and 

14045:2012 standards. An expanded nationwide study 

of beef cattle production is now being performed with 

region-specific cattle production data aimed at 

identifying region-level benchmarks and opportunities 

for further improvement in US beef sustainability.  

acidification (0.000519 and 0.0536 kg Fe 
equivalents; and 0.0028 and 0.0038 kg SO2 

equivalents, respectively) mainly due to the 

pasture improvement practices and the salt supply 

to the animals. Moreover, the values of freshwater 

eutrophication and fossil depletion were higher in 

the ES than in the IS (0.00383 and 0.00219 kg P 

equivalents and 0.0042 and !0.1255 kg oil 

equivalents, respectively). While the pasture 

nutrient loss from runoff and leaching defined the 

values of eutrophication, the introduction of 

legumes compensates the use of fossil fuels. The 

diversity of the results provides a better 

understanding of the environmental impacts of 

different production systems and of regional 

singularities. 

 
 

 
Complete the vocabulary list  
 
Class group A: 1-20 
Class group B: 21-40 
 
Recommended dictionaries: 
www.deepl.com, www.leo.org (English-German) 
oxfordlearnersdictionaries.com (monolingual) 
 

 

V= verb, n=noun, adj. = 

adjective 

 Meaning in 

German (of word 

in 1st column) 

Definition and example sentence 

(of word in 1st column) 

assess v assessment n beurteilen, 

bewerten 

1. to make a judgement about the 

nature or quality of 

somebody/something: It's difficult to 

assess the effects of these changes. 

2. to calculate the amount or value 

of something:  They have assessed 

the amount of compensation to be 

paid. 

sustainability n sustain v Nachhaltigkeit the use of natural products and 

energy in a way that does not harm 

the environment: a company well-

known for its commitment to 

environmental sustainability 

http://www.deepl.com/
http://www.leo.org/
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baseline   Ausgangslage Measurement that is used as a 

starting point when comparing facts: 

The figures for 2014 were used as a 

baseline for the study. 

metric n  Messewert  a set of numbers or statistics used 

for measuring something, especially 

results that show how well a 

business, school, computer 

program, etc. is doing: Companies 

are scored on key financial metrics. 

1. cattle    

2. food supply n    

3. environmental 

impact n 

   

4. attribute n    

5. conduct an 

assessment v 

   

6. obtain data v    

7. primary data    

8. consumer data    

9. value chain    

10. validate v    

11. methodology    

12. contribute to v    

13. emission n    

14. land use    

15. energy demand n    

16. acidification n    

17. ozone creation    

18. global warming    

19. depletion n    

20. calculate v    

21. waste     

22. toxicity     

23. verify v    

24. in accordance with     

25. an expanded study    

26. perform a study    

27. aim at     

28. improvement    

29. overall context    

30. undisputed adj.    
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31. conservation n    

32. enhance v    

33. originate from v    

34. natural resource    

35. inputs    

36. due to adj.    

37. compensate v    

38. fossil fuel n    

39. provide a better 

understanding v 

   

40. singularity n    
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a b s t r a c t

Electrification is widely considered as a viable strategy for reducing the oil dependency and
environmental impacts of road transportation. In pursuit of this strategy, most attention has
been paid to electric cars. However, substantial, yet untapped, potentials could be realized in
urban areas through the large-scale introduction of electric two-wheelers. Here, we review
the environmental, economic, and social performance of electric two-wheelers, demonstrat-
ing that these are generally more energy efficient and less polluting than conventionally-
powered motor vehicles. Electric two-wheelers tend to decrease exposure to pollution as
their environmental impacts largely result from vehicle production and electricity genera-
tion outside of urban areas. Our analysis suggests that the price of e-bikes has been decreas-
ing at a learning rate of 8%. Despite price differentials of 5000 ± 1800 EUR2012 kW h�1 in
Europe, e-bikes are penetrating themarketbecause theyappear tooffer anapparent additional
use value relative to bicycles. Mid-size and large electric two-wheelers do not offer such an
additional use value compared to their conventional counterparts and constitute niche
products at price differentials of 700 ± 360 EUR2012 kW

�1 and 160 ± 90 EUR2012 kW
�1,

respectively. The large-scale adoption of electric two-wheelers can reduce traffic noise and
road congestion but may necessitate adaptations of urban infrastructure and safety regula-
tions. A case-specific assessment as part of an integrated urban mobility planning that
accounts, e.g., for the local electricity mix, infrastructure characteristics, and mode-shift
behavior, should be conducted before drawing conclusions about the sustainability impacts
of electric two-wheelers.
� 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Scientists, policy makers, and industry experts support the gradual electrification of road transportation as a strategy to
reduce transport-related oil dependency, carbon dioxide (CO2) emissions, and urban air pollution (e.g., IEA, 2009; EGCI, 2010;
EU, 2012; Weeda et al., 2012). In pursuit of these objectives, mass-produced battery-electric cars were introduced to the
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market around the year 2010. The number of manufacturers and the diversity of models offered has been growing since.
However, battery-electric cars are still relatively expensive and suffer from short drive ranges and the absence of a wide-
spread recharging infrastructure. It appears questionable whether battery-electric cars can penetrate the market at a large
scale without policy support or substantially increasing oil prices (Weiss et al., 2012). More, immediate potentials for the
electrification of road transport, notably in urban areas, may be offered by electric two-wheelers such as e-bikes, e-
scooters, and e-motorcycles.

Electric two-wheelers are lightweight and require battery capacities from 0.4 kW h for e-bikes to 10 kW h for large e-
motorcycles (Weinert et al., 2007b; ZM, 2013), incurring lower costs than the capacities of 18–85 kW h installed in
battery-electric cars. Fully-charged drive ranges of 20–160 km (Weinert et al., 2007b; Eicher, 2010; ZM, 2013) appear to
be sufficient for urban operations, where trips typically remain within a distance of 10 km (e.g., Weinert et al., 2007c;
Hendriksen et al., 2008; ITRANS, 2009; Delcampe, 2010; Paffumi et al., 2013). Bag-sized portable battery systems for, e.g.,
e-bikes could be recharged via standard wall outlets (Cherry, 2007), rendering a dedicated recharging infrastructure
superfluous.

Whether electric two-wheelers can make a noteworthy contribution to the electrification of road transportation
depends on their techno-economic, environmental, and social performance relative to competing modes of transporta-
tion. It is reasonable to assume that electric two-wheelers can decrease (i) urban air pollution when substituting
conventionally-powered two-wheelers and (ii) demand for infrastructure when substituting passenger cars. However,
anticipated benefits could turn into shortcomings if electric two-wheelers substitute public transportation and bicycle
use.

The available literature provides a comprehensive assessment of e-bikes in China (e.g., Weinert et al., 2007a, 2007b,
2007c, 2008; Cherry, 2007, 2010; Cherry et al., 2009). However, a multidisciplinary analysis that reviews and expands
the established knowledge on electric two-wheelers is still missing. Here, we address this gap and provide an overview
of the environmental, economic, and social performance of electric two-wheelers. Our analysis focuses predominantly
on e-bikes for two reasons. First, the bulk of the literature on electric two-wheelers addresses this vehicle category. Sec-
ond, e-bikes outsell globally any other category of electric two-wheelers and currently seize a rapidly growing market in
Europe. The results of our research can provide rationale for (i) designing energy and transportation policies and (ii)
advancing vehicle technology and urban transportation infrastructure with the objective of making road transportation
more sustainable.

Methods

We define electric two-wheelers as two-wheel vehicles designed for transporting passengers by means of an electric
motor alone or in combination with human force (Fig. 1; Table 1). In line with EC (2013), we differentiate:

� e-bikes: pedal assisted two-wheelers (also referred to as pedelecs) with a maximum speed of 625 km h�1 and an electric
motor a maximum continuous rated power of 60.25 kW; e-bikes include electric two-wheelers that are exempted
from type approval and also larger pedal-assisted electric-powered cycles of category L1e-A that are subject to type
approval;

� e-mopeds and small e-scooters referred to here as mid-size electric two-wheelers: two-wheelers of category L1e-B with-
out pedal assistance and a maximum speed of 645 km h�1, equipped with an electric motor of a maximum continuous
rated power of >0.25–4 kW;

� e-motorcycles and large e-scooters referred to here as large electric two-wheelers: two-wheelers of category
L3e equipped with a maximum speed of >45 km h�1 and an electric motor of a maximum continuous rated power of
>4 kW.

Fig. 1. Illustration of an e-bike, mid-size and large electric two-wheeler (from left to right); courtesy of Koga B.V., efw – suhl GmbH, Brammo Inc.
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We do not explicitly address electric three- and four-wheelers (categories L2e, L5e–L7e; EC, 2013) because of their
minor importance in Europe (ACEM, 2013b). We consider in our review (i) peer-reviewed articles that are available
through the academic search engines web of science and scopus and (ii) scientific reports and presentations, workshop doc-
uments, and working papers that are publicly available online. We conduct our online search by using the key words:
‘‘electric two-wheelers”, ‘‘pedelecs”, ‘‘e-bikes”, ‘‘e-scooters”, and ‘‘e-motorcycles” in combination with the terms ‘‘cost-
benefit”, ‘‘economic performance”, ‘‘financial performance”, ‘‘environmental impacts”, ‘‘life cycle assessment”, and ‘‘safety”.
We identify around 60 relevant documents that were published before April 2013 in English, German, and Dutch. As men-
tioned, our assessment focuses on e-bikes but also seeks to benchmark the environmental, economic, and social perfor-
mance of mid-size and large electric two-wheelers against conventional modes of passenger transport. Given the
limited information on mode-shift behavior (see Table A3 in Appendix), we abstain from presenting pairwise comparisons
(e.g., e-bike versus bicycle) but instead display absolute results for various electric and conventional modes of passenger
transport.

We complement our literature review with own analysis on the economic performance of electric two-wheelers. To this
end, we establish estimates for the mean price, as well as mean price differential between electric-two wheelers and con-
ventional two-wheelers, based on the data samples shown in Tables S3–S7 (see Supplemental Material). To quantify the cost
decline in the manufacturing of e-bikes, we conduct an experience curve analysis (Henderson, 1974). We separately model
the absolute price [EUR2012] and the specific price [EUR2012 kW h�1] of e-bikes as well as the price differential [EUR2012]
between e-bikes and bicycles [P(xt)] as a power-law function of the cumulative global e-bike production [number of vehicles]
as:

PðxtÞ ¼ Pðx0Þ � xt
x0

� �b

ð1Þ

where P(x0) represents each of the three price parameters expressed in Euro less value-added tax, deflated to the base year
2012; x0 and xt represent the cumulative global e-bike production at starting point 0 and at the end point t of our analysis; b
represents the experience index. By plotting experience curves on a double-logarithmic scale, we obtain a linear curve with b
as slope parameter. We calculate for each experience curve the learning rate LR (%) that represents the percentage change of
the respective price parameter with each doubling of cumulative production:

LR ¼ ð1� 2bÞ � 100% ð2Þ
We estimate the error of the learning rate based on the standard deviation of the slope parameter b. We convert cur-

rencies by applying mean market exchange rates for the year 2012 (X-Rates, 2013). Nominal prices are deflated by using
gross domestic product deflators obtained from the World Bank (WB, 2013). We establish separate experience curves for:
(i) e-bikes sold in China and (ii) e-bikes sold in Germany and the Netherlands (see Table S2 in the Supplemental Material).
The focus on Germany and the Netherlands is justified because these two countries together constitute 65% of the Euro-
pean e-bike market (Colibi and Coliped, 2014). Throughout the article, error intervals represent the standard deviation of
data samples.

Table 1
Generic technical features of e-bikes, mid-size and large electric two-wheelers (Data sources: Brammo, 2013; Conrad, 2013; Fu, 2013; ZM, 2013).

Powertrain
component

E-bike Mid-size and large electric two-wheelers

Traction source Electric motor assisting human pedalling Electric motor
Motor Mainly direct-current motors; controller (brushless) direct-current motors; (brushless) alternating current

motors (synchronous machines); controller
Transmission Mainly direct or in combination with reduction gearing

at the wheel-hub; through a separate gear at the bicycle
chain; through a helical gear box at the bottom bracket

Direct-drive configuration or in combination with a multi-speed
gear box

Energy storage Rechargeable lead-acid, nickel-metal hydride, lithium-
ion batteries

Predominantly rechargeable lithium-ion batteries
(in Europe and the USA); to a minor extent lead-acid,
nickel-metal hydride, lead/sodium-silicate batteries

Battery capacity
(kW h)

0.3–0.6 0.5–15

Indicative
charging time
(80% battery
capacity)

Typically between 8 h through wall outlets and 3 h to less than 1 h through fast charging as a growing niche application

Battery swapping Mostly standard Possible for several models but not standard
Recent trends Market diversification, retrofitting (bicycles), reduction of battery weight, energy recuperation, hybridization of power trains

(large motorcycles)
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Results

The global electric two-wheeler market

To put the emergence of electric two-wheelers into context, we first focus on the market for conventional two-wheelers.
By 2012, one billion bicycles (WOM, 2013) and 320 million conventionally-powered two-wheelers were in use worldwide
(IEA, 2010); the yearly global production has reached 100 million bicycles and 60 million conventionally-powered two-
wheelers, respectively (Fig. 2). Asia accounts for 95% of the global powered two-wheeler production and also harbors the
largest fleet of two-wheel vehicles (IEA, 2010). Small two- and three-wheelers with engine displacements of 6125 ccm rep-
resent more than 50% of motorized road vehicles in India, China, Thailand, and Vietnam (estimate based on Meszler, 2007;
Kamakaté and Gordon, 2009). Fuelled by economic growth and rising household income, sales of conventionally-powered
two-wheelers have been growing in many Asian countries by more than 10% annually in recent decades (Kamakaté and
Gordon, 2009).

In the European Union (EU), 200–250 million bicycles (estimate based on Colibi and Coliped, 2014; Dekker, 2013) and
33 million conventionally-powered two-wheelers were in use by 2011; the yearly sales reached 20 million bicycles (11 mil-
lion of which were produced domestically; van Schaik, 2013) and 1.5 million conventionally-powered two-wheelers (ACEM,
2013a). Only 1% and 2% of all passenger kilometers are travelled on bicycles and powered two-wheelers (EC, 1999, 2012; EU,
2012), compared to 73% and 15% travelled in cars and by public transport, respectively (EU, 2012).

Electric two-wheelers first emerged in China, where yearly production of e-bikes (comprising small bicycle-style e-bikes,
as well as larger pedal-equipped e-scooters), reached 10,000–20,000 units in the early 1980s. Low battery performance and
high prices initially limited the market penetration at a large scale (Weinert et al., 2007a). Mid-size e-scooters received sub-
sidies in Taiwan (Weinert et al., 2007a, 2007c) but only reached a 1.3% share in the Taiwanese scooter market by the end of
the 1990s (Tso and Chang, 2003; Cherry, 2007).

In China, sales of e-bikes began to grow exponentially in the late 1990s, reaching annual growth rates of 86% (Ji et al.,
2012). By 2005, the Chinese e-bike fleet counted 120 million and outnumbered by far the fleet of 80 million
conventionally-powered scooters (Weinert et al., 2007c). With e-bike sales reaching 28 million units in 2012 (estimate based
on Bento, 2012), China comprises 90% of both, the 31 million e-bikes yearly sold and the 150 million e-bikes used worldwide
(Jamerson and Benjamin, 2013). Factors driving the market penetration of e-bikes in China include (Weinert, 2007; Weinert
et al., 2007a, 2007c, 2008; Cherry, 2010):

� Legislative support: gasoline-powered two-wheelers were banned in 148 Chinese cities in 2006 following air quality con-
cerns; policy intervention made bicycle-style and scooter-style e-bikes compete mostly against public transportation or
bicycles; the introduction of performance standards that classify e-bikes as bicycles if these weigh less than 40 kg and
have a maximum speed of 20 km h�1 allowed consumers to use e-bikes without a driver’s licence and vehicle registration
on a designated bicycle infrastructure; performance standards and vehicle legislation were loosely enforced on larger
electric two-wheelers.
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� Technological improvement: Between 1990 and 2006, the introduction of valve-regulated lead-acid batteries increased
the energy density by 30% and the battery life time by 160%, resulting in larger drive ranges and lower maintenance costs;
the introduction of brushless motors and neodymium magnets increased the lifetime, power output, and efficiency of
electric motors.

� Price reduction: E-bike prices declined by one third between 1999 and 2006 (Bento, 2012) driven by technological learn-
ing, innovation, economies of scale, and enhancing market competition.

� Favorable transportation infrastructure: Public transportation appeared often inconvenient, while individual transporta-
tion suffered from road congestions. At the same time, a dedicated bicycle infrastructure was available in many cities.

� Favorable socio-economic and cultural conditions: Decreasing electricity prices and increasing gasoline prices have been
accompanied by rising household income and an increasing need for mobility. Anecdotal evidence suggests that the out-
break of the Severe Acute Respiratory Syndrome (SARS) in 2002 accelerated the mode shift from public transportation to
e-bikes, supported by a wide-spread cycling culture.

The success of e-bikes in China is still unmatched in other Asian countries, largely due to the absence of the factors men-
tioned above. E-bikes suffer from inferior speed, driving range, comfort, and high prices compared to conventionally-
powered two-wheelers. Decreasing battery performance under tropical weather conditions presented a problem in South-
East Asia, alongside negative public perception from unreliable electric two-wheelers sold in the 1990s (Chiu and Tzeng,
1999; Weinert et al., 2008; ADB, 2009).

Yearly e-bike sales in the EU have been growing to 904,000 vehicles in 2013, which accounts for 5% of the European
bicycle market and for 2% of the global e-bike market. The largest European e-bike markets constitute Germany and the
Netherlands, with sales of 410,000 and 192,000 e-bikes, respectively (Oortwijn, 2013; Colibi and Coliped, 2014). E-bikes
sold in Europe and China differ distinctively in their battery technology: In China, the vast majority of e-bikes are
equipped with lead-acid batteries, offering an energy density of around 30 W h kg�1 (Weinert et al., 2007b; Wei, 2013).
By contrast, e-bikes sold in Europe are typically equipped with metal-hydride or lithium-ion batteries that are more
expensive but offer an energy density of up to 140 W h kg�1 (Weinert et al., 2007b) in combination with comparatively
long life times.

Forecasts suggest that global e-bike sales may reach 40 million in 2015 (Jamerson and Benjamin, 2013). However, the
prospects for larger electric two-wheelers are less optimistic. As of 2011, e-scooters and e-motorcycles have reached sales
of 15,000 in the EU, account for less than 1% of the European motorcycle market (Euractive, 2012). Neither in Asia nor in
America have mid-size and large electric two-wheelers reached a substantial market share. Navigant (2015) estimates that
the global annual sales of mid-size and large electric two-wheelers combined may reach 4.3 million in 2015 but may only
increase by about 10% within the next decade at current fuel prices.

Based on the data presented above, we estimate that the battery capacity of the global electric two-wheeler fleet
(125 ± 42 GW h)1 exceeds that of the global fleet of battery-electric cars (4 ± 2 GW h) by a factor of 30. Although battery sizes
and technologies are not directly comparable, the comparison illustrates the dimension of the market and the potential for tech-
nological spill-over among electric vehicles.

Environmental performance

General considerations
Electric two-wheelers generate no tail-pipe emissions, but (i) are equipped with a battery those production is energy

intensive and (ii) run on electricity that causes environmental impacts during its generation (Cherry, 2007, 2010; Cherry
et al., 2009). Compared to conventionally-powered two-wheelers, the environmental impacts of electric two-wheelers
are shifted from vehicle use to vehicle production, end-of-life treatment, and electricity generation. Electric two-
wheelers, just as battery-electric cars, shift the environmental impacts of motorized transport away from numerous
and difficult-to-control vehicles to less numerous and more concentrated point sources, predominantly located outside
of urban areas (Cherry, 2007). Such relocation decreases human exposure to pollution, and can be expected, ceteris par-
ibus, to decrease the detrimental health impacts of road transportation (Cherry, 2007; Ji et al., 2012). However, caution
is necessary because mode-shift behavior matters: Electric two-wheelers could increase energy use and come at an
environmental burden when replacing bicycles or public transportation instead of conventionally-powered two-
wheelers or cars.

Energy use and greenhouse gas emissions
Energy use and GHG emissions of electric two-wheelers critically depend on the system boundary of the analysis, i.e.,

whether tank-to-wheel, well-to-wheel, or the entire life cycle of the vehicle is considered (Fig. 3). The tank-to-wheel elec-
tricity consumption of electric two-wheelers ranges from 1.5 ± 0.5 kW h 100 km�1 for e-bikes (Weinert et al., 2007b, 2008)
to 7.0 ± 3.0 kW h 100 km�1 for e-motorcycles (Brammo, 2013; ZM, 2013), making e-bikes and mid-size electric two-wheelers

1 We assume here a battery capacity of 0.7 ± 0.2 kW h per electric two-wheeler (average of bicycle-style and scooter-style e-bikes sold in China; Weinert
et al., 2007c; EVI, 2013) and 25 ± 12 kW h per battery-electric car. Note that e-bikes are mainly equipped with cheap lead-acid batteries while battery-electric
cars typically run on advanced lithium-ion batteries.
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the most energy efficient powered vehicles for individual road transportation. By comparison, the tank-to-wheel energy use
of conventionally-powered two-wheelers ranges from 25 ± 9 kW h 100 km�1 (3 ± 1 1 100 km�1) for scooters to 41 ± 13 kW h
100 km�1 (4 ± 2 l 100 km�1) for motorcycles (Fig. 3a). If electric two-wheelers replace conventionally-powered two-
wheelers, tank-to-wheel energy savings of 50–90% can be achieved as electric motors are more efficient than internal com-
bustion engines.

The efficiency benefits of electric two-wheelers decrease, however, when the well-to-wheel energy chain of resource
extraction, conversion, and energy transport is considered. While losses from the extraction of energy resources, electric-
ity transmission, and vehicle recharging are typically small but not negligible, conversion losses in the power sector may
amount to 60 ± 10% if electricity is produced from fossil fuels. Moreover, conversion losses can vary greatly among
regions depending on the electricity mix and the efficiency of power plants. Chiu and Tzeng (1999) find that electric
two-wheelers in Taiwan, with largely fossil-based electricity generation, reach a well-to-wheel efficiency of about
15%, which is similar to the efficiency of conventionally-powered motorcycles. Weinert et al. (2008) report for China
a well-to-wheel energy use of small electric two-wheelers (7 ± 1 kW h 100 km�1) that is substantially lower than that
of conventionally-powered two-wheelers (29 kW h 100 km�1). The regional variability in both electricity mix and power
plant efficiency demands a case-by-case assessment of the well-to-wheel energy use of electric two-wheelers. The
majority of the well-to-wheel energy use of electric two-wheeler can be attributed to the well-to-tank stage, contrasting
the situation for conventionally-powered vehicles that tend to consume three-fourths of their well-to-wheel energy use
in the tank-to-wheel stage.

The life cycle energy use of vehicles is subject to the well-to-wheel considerations and additionally determined by: (i) the
energy use during vehicle production and (ii) the actual vehicle use pattern (e.g., yearly mileage and vehicle lifetime). The
production of an e-bike and its lead-acid battery in China consumes 7.1 kW h and 2–8 kW h, respectively. This amount of
energy is equivalent to the electricity use for driving 9000–15,000 km, a distance that is typically covered by an e-bike in
China within 3–5 years (Cherry, 2007). For electric vehicles, the production phase can account for more than half of the
life-cycle energy use; for conventionally-powered vehicles, the use phase tends to account for three-fourths of the life-
cycle energy use (see, e.g., Meszler, 2007; Cherry et al., 2009).

At the average global electricity mix, the greenhouse gas emissions of electric two-wheelers (largely comprised of CO2)
tend to follow the dynamics of energy use (Fig. 3b). This observation also holds for India and China where the electricity is
carbon intensive (ADB, 2009; del Duce, 2011; Doucette and McCulloch, 2011). Depending on the carbon intensity of the elec-
tricity mix, the well-to-wheel and life-cycle GHG emissions can vary substantially. The carbon intensities of electricity gen-
eration (considering gross electricity production and excluding transmission and transformation losses) in Europe range
from 0 g CO2 kW h�1 in Iceland where electricity is mainly produced from hydro power to 1059 g CO2 kW h�1 in Estonia

En
er

gy
 u

se
 in

 k
W

h 
10

0 
km

-1

0

20

40

60

80

100

120

Bicycles
E-bikes
Mid-size electric two-wheelers
Mid-size conventionally-powered two-wheelers
Large electric two-wheelers
Large conventionally-powered two-wheelers
Battery-electric cars
Conventional passenger cars
Diesel bus
Electric rail

Well-to-wheel Life cycleTank-to-wheel 

G
re

en
ho

us
e 

ga
s 

em
is

si
on

s 
in

 k
g 

C
O

2-
eq

ui
va

le
nt

s 
10

0 
km

-1

0

10

20

30

40

(a)

(b)

Fig. 3. Indicative distance-specific tank-to-wheel, well-to-wheel, and life-cycle energy use (a) and greenhouse gas emissions (b) of selected vehicles for
passenger transportation (Principal data sources and assumptions: see Tables A1 and A2 in Appendix; error bars represent the standard deviation of our
estimates).

M. Weiss et al. / Transportation Research Part D 41 (2015) 348–366 353



where electricity is mainly produced from coal (IEA, 2012). Gross electric energy production in the EU-27 (442 g CO2 kW h�1;
IEA, 2012)3 is 40% less carbon intensive than the gross electric energy production in China (790 CO2 kW h�1; IEA, 2012). These
value ranges suggest that the de-carbonization of electricity generation can greatly reduce the life-cycle GHG emissions of elec-
tric two-wheelers.

Additional environmental impacts
Conventionally-powered two-wheelers contribute substantially to the transport-related emissions of hydrocarbons and

carbon monoxide in Asia (Meszler, 2007) and Europe (EC, 2010) and show higher life-cycle emissions of particulates, carbon
monoxide, hydrocarbons, and nitrogen oxides than electric two-wheelers (Fig. 4). The pollutant emissions related to electric
two-wheelers can be decreased by a large margin, (i) if coal as primary source for electricity production (as assumed in Fig. 4)
is replaced by natural gas or renewables and (ii) if the exhaust treatment of power plants becomes more effective (e.g.,
Cherry, 2007; Cherry et al., 2009; Ji et al., 2012).

Moreover, large parts of the emissions associated with electric two-wheelers do not occur in cities but at locations outside
of densely populated areas. This, in turn, leads to substantially decreased exposure rates and intake fractions compared to
those resulting from conventionally-powered two-wheelers and cars (Ji et al., 2012). Assuming a low-carbon electricity
mix of Switzerland, del Duce (2011) find that e-bikes and mid-size e-scooters show along their life cycle lower human tox-
icity and photochemical oxidation potentials, as well as lower overall eco-indicator scores, but tend to increase eutrophica-
tion and competition for land relative to conventional scooters and passenger cars.

Arguably, the most critical environmental impact of electric two-wheelers results from lead pollution during the produc-
tion, recycling and disposal of lead-acid batteries. Lead pollution is unproblematic in Europe where electric two-wheelers
tend to be equipped with nickel–metal-hydride and lithium-ion batteries. However, until a decade ago, lead losses in China
along the life cycle of batteries (i.e., through mining, virgin lead production, battery manufacturing, recycling, and disposal)
may have reached 45 ± 15% (Mao et al., 2006; Cherry, 2007. Following health-related and environmental concerns, the Chi-
nese government forced around 80–90% of the country’s lead-acid battery plants to shut down in 2011 (Bento, 2012; Fu,
2013). This intervention may provide an incentive for an increased market penetration of e-bikes equipped with lithium-
ion batteries (Bento, 2012).

Environmental impacts and mode-shift behavior
Whether electric two-wheelers can decrease the energy demand and the environmental impacts of road transporta-

tion depends on the actual mode-shift behavior of consumers. The empirical insight into mode-shift behavior remains
partial and largely case specific. Still, literature suggests that consumers substitute e-bikes to a considerable extent
for bicycles and public transportation and tend to undertake trips they would not have done in the absence of
e-bikes (Table A3 in Appendix). Such mode-shift behavior appears to increase consumer well-being but diminishes
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2 We present here the environmental impacts of four-stroke motorcycles because these account for the vast majority of powered two-wheelers in China.
Four-stroke motorcycles emit substantially less carbon monoxide and unburned hydrocarbons than two-stroke motorcycles (Cherry et al., 2009; Meszler,
2007). The environmental benefits of electric two-wheelers increase when replacing older two-stroke motorcycles.

3 The net carbon intensity at low voltage (including transmission and transformation losses) of the electricity mix in the EU-27 as of 2013 is
540 g CO2 kW h�1.
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environmental benefits that would emerge if e-bikes and larger electric two-wheelers substituted conventionally-
powered two-wheelers or passenger cars only. To illustrate the case: Assuming the mode shift behavior observed by
Dekker (2013) in two cities of the Netherlands4, e-bikes can save 286 ± 83 GW h (44 ± 61 kt CO2-eq.) compared to the cur-
rent transportation pattern. These savings are, however, 50 ± 50% lower than the potential energy saving of 533 ± 208 GW h
and 60 ± 120% lower than the potential CO2 emission savings of 102 ± 91 kt CO2-eq. that could be achieved if e-bikes solely
replaced conventionally-powered two-wheelers. Thus, mode shift in not negligible and should be accounted for when eval-
uating the environmental impacts of electric two-wheelers. This, in turn, necessitates case-specific analyses. Finally, electric
two-wheelers can only decrease the energy use and environmental impacts of road transportation if they penetrate the
market at a large scale. Whether this is likely to happen depends, among others, on their economic performance, which
we address next.

Economic performance

E-bikes prices span a wide range from 100 EUR2012 for e-bikes equipped with lead-acid batteries in China (Weinert, 2007;
Weinert et al., 2008) to 5600 EUR2012 for e-bikes equipped with lithium-ion batteries in Europe. Mid-size electric two-
wheelers are sold in Germany on average for 2400 ± 1300 EUR2012 (estimates based on Eicher (2010), Conrad (2013),
Idealo (2013)),5 whereas large e-motorcycles can cost up to 14,000 EUR2012 (ZM, 2013).

The variety of electric two-wheelers makes it difficult to establish price differentials relative to conventional two-
wheelers. Data samples from miscellaneous retailers, manufacturers, and consumer organizations in Germany and the
Netherlands suggest that e-bikes, as well as mid-size and large electric two-wheelers, are in the range of
5000 ± 1800 EUR2012 kW�1, 700 ± 360 EUR2012 kW�1, and 160 ± 90 EUR2012 kW�1, respectively more expensive than their
conventional counterparts (Tables S3–S7 in the Supplementary Material). These preliminary findings suggest higher rel-
ative price differentials for e-bikes and mid-size electric two-wheelers than for battery-electric cars (320 ± 210 EUR2012 -
kW�1; Weiss et al., 2012). The absolute price differentials of e-bikes (1300 ± 700 EUR2012), mid-size electric two-
wheelers (1200 ± 1400 EUR2012), and large electric two-wheelers (4000 ± 2100 EUR2012) are, however, lower than those
of battery-electric cars because the former are equipped with smaller batteries. The relatively low absolute price differ-
ential may explain the rapid market penetration of e-bikes that offer an obvious additional use value compared to bicy-
cles, i.e., power assistance. The additional use value of e-scooters and e-motorcycles, e.g., the availability of low-end
torque for strong acceleration may be less apparent to consumers and may not yet justify the present price
differentials.

We find that the absolute real price of e-bikes has been declining in China at a learning rate of 8 ± 5% (Fig. 5a), which is
equivalent to a 30% decline in the inflation-adjusted price between 1999 and 2005 (Weinert et al., 2008). The observed price
dynamics result from decreasing production costs achieved through enhanced competition, economies of scale, and the
sourcing of components from a decentralized network of competing suppliers. An open and modular industry structure
allowed in China for rapid innovation, standardization of components, flexibility in design and manufacturing, and estab-
lished low entry barriers for new competitors (Weinert et al., 2008).

By contrast, absolute e-bike prices in Germany and the Netherlands show no verifiable trend between 1999 and 2012
(Fig. 5b). This observation may be attributed in part to inhomogeneities of e-bike technology, i.e., the shift from lead-acid
batteries to more expensive lithium-ion and metal-hydride batteries, the increase in battery capacity, the recent introduc-
tion of LED lighting, disk brakes, and aluminum frames (Dekker, 2013). Anecdotal evidence suggest that only a few manu-
facturers shared a low-volume but growing market around the year 2000 while increasing market competition only occurred
after 2006. Demand-induced changes in profit margins may thus explain part of the observed price trend, including the price
decrease in recent years (see Fig. 5b).

Controlling for the increase in battery capacity suggests that the specific e-bike price in Germany and the Nether-
lands has been declining at a learning rate of 8 ± 1% (Fig. 6a). Although uncertain, the price differential between e-bikes
and bicycles appears to have remained constant over the past decade, as suggested by a learning rate of �0.5 ± 1.6%
(Fig. 6b). The learning rates for the price of e-bikes in China and the specific price of e-bikes in Germany and the
Netherlands are similar to those of hybrid-electric cars (7 ± 2%; Weiss et al., 2012) and lithium-ion batteries (6–9%;
Nykvist and Nilsson, 2015) but lower than the average learning rate of energy-demand technologies (18 ± 9%; Weiss
et al., 2010).

The price dynamics identified for e-bikes may apply, in first-order approximation, also to mid-size and large electric two-
wheelers as powertrain components are comparable. However, battery technology, arguably the single largest contributor to
manufacturing costs, could differ between and within the individual categories of electric two-wheelers. Battery production

4 We assume here a fleet of 500,000 e-bikes, a yearly travel distance of 3800 km per e-bike, and mean life-cycle energy use and carbon emissions as depicted
in Fig. 3.

5 Prices are based on the mean and the standard deviation of data presented in Tables S4 and S5 in the Supplementary Information. Communication with
ACEM (2014) suggests that our data sample may underestimate the actual price of mid-size electric two-wheelers in the EU by around 500 EUR.
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costs range from 25–40 EUR2012 kW h�1 for lead-acid batteries (Budde-Meiwes et al., 2013) to 230–310 EUR2012 kW h�1 for
lithium-ion batteries (Nykvist and Nilsson, 2015). Material substitution, pack integration of cells, and economies of scale
could yield future cost savings in battery manufacturing (Weinert, 2007; Nykvist and Nilsson, 2015). We expect that research
and development, technological learning, and economies of scale will drive down the future production costs to a larger
extent for relatively novel lithium-ion batteries than for conventional lead-acid batteries.

The total user costs, i.e., the sum of costs for purchase, maintenance, and use of e-bikes and larger electric two-wheelers
are higher than those for bicycles and public transportation but comparable to conventionally-powered two-wheelers
(Fig. 7). E-bikes are less costly than any other model of individual motorized transport. We consider the results in Fig. 7
as indicative of the total user costs that are sensitive to assumptions regarding, e.g., the price of fuel and electricity, yearly
mileage, and vehicle life time.

Social performance

General considerations
The social performance of electric two-wheelers may vary among regions depending on the specific socio-economic,

topographic and climatic conditions, the actual mode-shift behavior, and the level at which electric two-wheelers penetrate
the market. Ceteris paribus, impacts on urban mobility and infrastructure may be similar to those of comparable
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conventionally-powered two-wheelers with one exception, i.e., noise. Electric two-wheelers can help decrease noise pollu-
tion in cities, which, however, also evokes safety concerns.

Urban mobility and infrastructure
Both electric and conventional two-wheelers provide door-to-door mobility, require less area per vehicle for driving

and parking than cars (Cherry, 2007), and often present the fastest mode of urban transportation (e.g., Cherry, 2007;
Kopp, 2011). In fact, travel speed appears to be a main factor explaining why consumers prefer electric and
conventionally-powered two-wheelers over alternative transportation modes (Cherry and Cervero, 2007; Montgomery,
2010; Kopp, 2011). With respect to electric two-wheelers, case studies indicate that e-bikes are faster than bicycles
and buses in Kunming (China) but 11% slower than conventionally-powered scooters in Shanghai (China; Cherry, 2007).
E-bike trips in the Netherlands are 1.5 times longer (9.8 km) than bicycle trips, suggesting mobility benefits for citizens.
The use of two-wheelers in general faces practical constraints. Literature suggests that workers in business attire, as well
as citizens in need of transporting goods, commuting in the dark, or faced with bad weather are less likely to commute by
bicycle (Heinen et al., 2011). The number of bicycle trips appears to increase over car trips with rising temperature and
sunshine duration. Although these findings address bicycle use, similar effects are likely to apply to electric and
conventionally-powered two-wheelers.

In view of the current electricity supply infrastructure, most cities lack widely-available public recharging facilities. This
deficiency may be most relevant for mid-size and large electric two-wheelers equipped with non-portable batteries. From
the perspective of grid capacity, a potential large-scale market penetration of electric two-wheelers yet appears unproblem-
atic. De Gennaro et al. (2014) show in a case study that a 28% share of battery-electric cars in the vehicle fleet of two Italian
cities would, at most, add 5% to the present electricity demand.

Impacts on public health and road safety
We have mentioned that electric two-wheelers can reduce exposure to air pollution when replacing conventionally-

powered vehicles and thereby improve public health. Moreover, electric two-wheelers can help reducing urban noise pollu-
tion. E-bike users may benefit from positive cardio-vascular effects (see, e.g., de Hartog et al., 2010). E-bikes are also consid-
ered beneficial in allowing elderly or physically impaired people to remain mobile (Hendriksen et al., 2008; MacArthur et al.,
2014). However, the operation of electric two-wheelers, just as that of conventionally-powered two-wheelers, also raises
safety concerns resulting from high vehicle speed and mass and the absence of engine noise. The latter led several cities
in China start banning e-bikes around the year 2006 (Cherry, 2007; Weinert et al., 2007c).

The safety impacts of two-wheelers are addressed first and foremost as part of the national vehicle and traffic legislation
that specifies, e.g., requirements for type approval, licensing, and maintenance of vehicles (see, e.g., Rose, 2012; EC, 2013).
Users of two-wheelers are vulnerable in case of an accident (Weinert et al., 2007a; Haworth, 2012). Death rates per distance
travelled are globally 30 times higher (Johnston et al., 2008; Haworth, 2012) and in the EU 18 times higher for powered two-
wheeler users than for car drivers (EC, 2010). The growing use of powered two-wheelers in the city of Paris has increased
both road accidents and fatalities. However, ‘Safety in number’ effects are documented, suggesting that an increase in the
number of bicycles and other two-wheelers leads to a less-than-proportional increase in accidents mainly due to a rising
awareness of road users (Jacobsen, 2003; Buehler and Pucher, 2012; ITF, 2012). Various technical measures are at hand to
increase the user safety for both electric and conventional two-wheelers:

Electric 
two-wheelers

Total user costs in EUR2012km-1
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The Netherlands (Dekker, 2013)
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Individual conventionally-
motorized transport

Non-motorized and public transport
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Tram

Bus

Bicycles

Conventional passenger cars

Large conventionally-powered two-wheelers

Mid-size conventionally-powered two-wheelers

Large electric two-wheelers

E-bikes

Mid-size electric two-wheelers

Fig. 7. Total user costs of electric two-wheelers and other vehicles for passenger transport; results are indicative only and sensitive to assumptions made in
the referenced studies. (We include in the results of Dekker (2013) yearly maintenance costs related to the replacement of batteries in e-bikes (50 EUR),
mid-size electric two-wheelers (100 EUR), and large electric two-wheelers (150 EUR).)
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� weight reduction, e.g., by substituting lithium-ion batteries for lead-acid batteries (Rose, 2012);
� mandatory minimum noise requirements can increase audibility, thus visibility, of electric two-wheelers (Haworth,
2012);

� establishment of a dedicated infrastructure could reduce differences in the travel speed of vehicles sharing a common
driveway;

� enforcement of speed limits, technical vehicle regulation, and improving the training of drivers to ensure the proper func-
tioning and handling of two-wheelers.

Measurable, as well as perceived, safety improvements are found to cause a disproportionate increase in the use of
bicycles (Noland, 1995; Buehler and Pucher, 2012. Similar effects can be expected for electric and conventionally-
powered two-wheelers. Safety regulation is, however, also subject to unintended secondary effects that may reduce
the use of two-wheelers or encourage risky driving behavior (BHRF, 2013).

Discussion

This articles reviews and evaluates the environmental, economic, and social performance of electric two-wheelers
(Table 2). Our results provide a snap-shot indication of the likely performance of electric two-wheelers but may not neces-
sarily capture all aspects relevant for a conclusive evaluation. Concrete case studies of electric two-wheelers in individual
regions or cities that account for the specific electricity mix, urban infrastructure, geographic conditions, and mode-shift
behavior are recommended.

Our research is subject to uncertainty. First, we draw extensively from Weinert (2007) and Cherry (2007), who stud-
ied electric two-wheelers in China. The data published in these studies date 8 years back and may not reflect accurately
the situation in 2015. Although we consider our results to be robust, updating part of the presented data is recom-
mended. Second, we assume average carbon intensities of the electricity mix when estimating the carbon emissions
of electric two-wheelers. This assumption is made based on data availability, but it simplifies reality. The electricity
demand of new electric two-wheelers would likely be satisfied by marginal electricity that is potentially produced by
outdated and inefficient power plants that would otherwise be taken off the grid. If so, we may underestimate the pri-
mary energy use and carbon emissions associated with electric two-wheelers. Third, the presented experience curves are
subject to a range of uncertainties, including heterogeneity of the analyzed technology and the use of prices as proxy for
production costs (see Weiss et al., 2010).

The local electricity mix and the installed battery type present the two single most critical variables in determining
the life-cycle impact of electric two-wheelers. Increasing the share of carbon-free renewables in the electricity mix and
substituting lithium-ion batteries for lead-acid batteries can considerably decrease environmental impacts. Although
electric two-wheelers consume less energy, emit less CO2, and decrease exposure to pollution relative to
conventionally-powered vehicles, mode-shift behavior can compensate part of the technically feasible saving and should
thus be carefully analyzed.

Electric two-wheelers will only impact the environment, urban mobility, and air quality if they penetrate the market on a
large scale. Currently, electric two-wheelers are more expensive than their conventional counterparts. In spite of persisting
price differentials, e-bikes have been penetrating the market because they offer an apparent additional use value (i.e., power

Table 2
Semi-quantitative summary of results; symbols signify the performance as follows: + superior; +/o case-dependent but generally superior; o equal; o/� case-
dependent but generally inferior, � inferior; +/� case-dependent and ambivalent.

Category Criterion Electric two-wheelers relative to conventionally-powered
two- and four-wheel motor vehicles

Environmental performance Energy use and CO2 emissions (tank-to-wheel) +
Energy use and CO2 emissions (well-to-wheel) +/o
Energy use and CO2 emissions (life cycle) +/o
Air pollution +
Noise pollution +
Lead toxicity o/�

Economic performance Price �
Total user costs +/�

Social performance Human exposure to pollution +
Audibility and visibility �
Urban mobility +/�
Road accidents and fatalities +/�
Demand for road infrastructure +/�
Vulnerability in case of accident +/�
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assistance) as compared to bicycles. Larger electric two-wheelers do not offer such an apparent additional use value and may
only penetrate the market if conditions change (e.g., fuel price, taxation, and infrastructure). Our research demonstrates that
technological learning has been reducing the price differential between e-bikes and bicycles in the past decade. Similar
dynamics are likely to also reduce the price differentials of larger electric two-wheelers and battery-electric cars. Technolog-
ical learning in the manufacturing of electric two-wheelers can also generate spill-over to the benefit of novel ultra-light
three- and four-wheel vehicles. In view of widespread urban traffic congestions, the mobility benefits offered by electric
two-wheelers may provide scope for policy intervention, e.g., through the introduction of access taxes for conventional cars
and two-wheelers or the establishment of environmental driving zones. These measures could be complemented by:

� the establishment of a dedicated infrastructure (Lamy, 2001);
� taxation that lowers the relative costs of electric two-wheelers;
� the provision of parking and recharging infrastructure (Chiu and Tzeng, 1999) and effective anti-theft protection (Lamy,
2001).

Conclusions

Our findings suggest that electric two-wheelers can make urban transportation more sustainable. However, immediate
market potential exists only for e-bikes; persisting price differentials and the absence of an obvious additional use value
appear to present a barrier for the market penetration of mid-size and large electric two-wheelers. We derive the following
conclusions:

� If Europe is to decrease transport-related carbon dioxide emissions, urban noise and air pollution, and inner city traffic,
policy makers should consider supporting electric two-wheelers.

� Given the regional variability in, e.g., the electricity mix, mode-shift behavior, infrastructure characteristics, and geo-
graphic and climatic conditions, the environmental, economic, and social performance of electric two-wheelers should
be assessed on a case-specific basis by taking an integrated approach to urban mobility.

� The boom of bicycle-style and scooter-style e-bikes in China suggest that a mandatory phase out of conventionally-
powered two-wheelers from urban environments is an effective measure to increase the market penetration of electric
two-wheelers (Yang, 2010).

� Technological learning has been decreasing the price differential of e-bikes and will likely continue to decrease absolute
prices and price differentials of all categories of electric two-wheelers. Battery costs will have to decline substantially
before mid-size and large electric two-wheelers will penetrate the market at large scale.

� A shift from cars and conventionally-powered two-wheelers to electric two-wheelers will necessitate adaptations of the
existing transport and electricity infrastructure and the management of newly emerging safety issues, e.g., through the
introduction of dedicated drive lanes and minimum noise requirements.

� The battery capacity of the global electric two-wheelers fleet (125 ± 42 GW h) exceeds that of battery-electric cars
(4 ± 2 GW h) by a factor of 30 and constitutes a huge reservoir for technological learning, economies of scale, spill-over
effects from which economy-wide battery applications in general and the electrification of transport in particular could
benefit.
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Table A1
Assumptions and data sources used to establish the energy use displayed in Fig. 3a; numbers are indicative for the energy use of vehicles; we do not account for differences in the passenger occupation of vehicles for
private transportation; the average passenger occupation of bus and electric rail follows the assumptions made in the reverenced studies; the uncertainty margins are indicative of the standard deviation of energy use.

Bicycles E-bikes Mid-size
electric
two-
wheelers

Mid-size
conventionally-
powered two-
wheelers

Large electric
two-
wheelers

Large
conventionally-
powered two-
wheelers

Battery-electric
cars

Conventional
passenger
cars

Bus Electric rail
(tram and
train)

Tank-to-wheel energy use
in kW h 100 km�1

0 1.5 ± 0.5 4.5 ± 2 25 ± 9 7.0 ± 3.0 41 ± 13 15 ± 4 61 ± 22 30 ± 10 6.0 ± 1.6

Principal data sourcea 0 Cherry
(2007),
Weinert et al.
(2007c) and
Timmermans
et al. (2009)

Cherry
(2007)

Ntziachristos and
Samaras (2012)
and Eicher (2010);
own estimates
based on manu-
facturers’ informa-
tion

Brammo
(2013) and
ZM (2013)

Ntziachristos
and Samaras
(2012); own
estimates based
on manufactur-
ers’ information

Own estimates
based on
manufacturers’
information

EEA (2012) Mean of
data for
school bus
and diesel
bus (Chester
and
Horvath,
2009)

Based on
mean
values for
light rail
data
(Chester
and
Horvath,
2009)

Comment – – – We assume a
gasoline density of
0.75 g cm�3 and a
heating value of
44 MJ kg�1 (IPCC,
2006)

– We assume a
gasoline density
of 0.75 g cm�3

and a heating
value of
44 MJ kg�1

(IPCC, 2006)

– b – c

Well-to-wheel energy use
in kW h 100 km�1

0 4.2 ± 2.3 13 ± 8 30 ± 9 20 ± 12 48 ± 13 42 ± 22 71 ± 22 33 ± 9 16 ± 4

Principal data sourcea – (see tank-to-
wheel energy
use)

(see
tank-to-
wheel
energy
use)

(see tank-to-wheel
energy use)

(see tank-to-
wheel energy
use)

(see tank-to-
wheel energy
use)

(see tank-to-
wheel energy
use)

(see tank-to-
wheel energy
use)

(see tank-
to-wheel
energy use)

(see tank-
to-wheel
energy use)

Comment – c c d c d c d We assume
a well-to-
tank
efficiency of
90 ± 10%.

–
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Table A1 (continued)

Bicycles E-bikes Mid-size
electric
two-
wheelers

Mid-size
conventionally-
powered two-
wheelers

Large electric
two-
wheelers

Large
conventionally-
powered two-
wheelers

Battery-electric
cars

Conventional
passenger
cars

Bus Electric rail
(tram and
train)

Life-cycle energy use in
kW h 100 km�1

2.0 ± 0.3 7.3 ± 3.0 22 ± 5 37 ± 10 33 ± 14 56 ± 15 73 ± 30 89 ± 24 35 ± 9 19 ± 5

Principal data sourcea Cherry (2007) and
del Duce (2011);
own estimates

Cherry (2007) Cherry
(2007)
and del
Duce
(2011);
own esti-
mates

(see tank-to-wheel
energy use)

(see tank-to-
wheel energy
use)

(see tank-to-
wheel energy
use)

Marques and
Freire (2011)
and Aguirre
et al. (2012)
and Hawkins
et al. (2012)

(see tank-to-
wheel energy
use)

(see tank-
to-wheel
energy use)

(see tank-
to-wheel
energy use)

Comment We exclude energy
use for paddling
based on the
discussion
presented by Cherry
(2007) and Cherry
et al. (2009)

Uncertainty
margin based
on own
estimates and
Cherry (2007)

– e We assume
that 60 ± 20%
of the life-
cycle energy
use is related
to vehicle use

e – e – –

a Indicating the principal data source that is often complemented by own estimates based on miscellaneous sources and expert judgement.
b We assume: (i) on-road fuel use to be 25 ± 10% higher than during type approval (Mock et al., 2013) and (ii) the variability of energy use among vehicles to be 35% based on expert judgement.
c We assume an efficiency of: 90 ± 5% for resource extraction, 98 ± 1% for shipping, 45 ± 20% for electricity conversion, 93 ± 3% for transmission, and 97 ± 2% for battery charging based on Markowitz (2013) and
expert judgement.

d We assume a well-to-tank efficiency of 85 ± 5%.
e We assume that 80 ± 10% of the life-cycle energy use is related to vehicle use.
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Table A2
Assumptions and data sources used to establish the GHG emissions displayed in Fig. 3b; values are indicative for the GHG emissions of vehicles; we do not account for differences in the passenger occupation of vehicles
for private transportation; the average passenger occupation of bus and electric rail follows the assumptions made in the referenced studies; assumptions vary among studies; the uncertainty margins are indicative of
the standard deviation of GHG emissions.

Bicycles E-bikes Mid-size
electric two-
wheelers

Mid-size
conventionally-
powered two-
wheelers

Large
electric two-
wheelers

Large
conventionally-
powered two-
wheelers

Battery-electric
cars

Conventional
passenger
cars

Bus Electric
rail
(tram
and
train)

Tank-to-wheel GHG
emissions in kg CO2-eq.
100 km�1

0 0 0 6.5 ± 3.3 0 10 ± 5 0 17 ± 6 8 ± 2 0

Principal data sourcea – – – (See tank-to-
wheel energy
use)

– (See tank-to-wheel
energy use)

– (See tank-to-
wheel energy
use)

(See tank-
to-wheel
energy
use)

–

Comment – We allocate
the emissions
from
electricity
generation to
the well-to-
wheel
system.

We allocate
the
emissions
from
electricity
generation
to the well-
to-wheel
system.

We assume a
gasoline
emission factor
of 255.6 g CO2

kW h�1

We allocate
the
emissions
from
electricity
generation
to the well-
to-wheel
system.

We assume a
gasoline emission
factor of 255.6 g
CO2 kW h�1

We allocate the
emissions from
electricity
generation to the
well-to-wheel
system.

b – –

Well-to-wheel GHG
emissions in kg CO2-eq.
100 km�1

0 1.5 ± 1.0 4.4 ± 3.4 7.6 ± 3.3 6.9 ± 5.2 12 ± 5 15 ± 9 19 ± 6 9 ± 2 6 ± 2

Principal data sourcea – Cherry
(2007),
Timmermans
et al. (2009),
IEA (2012)
and
Markowitz
(2013)

Cherry
(2007),
Brammo
(2013), ZM
(2013), IEA
(2012) and
Markowitz
(2013)

(See tank-to-
wheel energy
use)

Brammo
(2013), ZM
(2013), IEA
(2012) and
Markowitz
(2013)

(See tank-to-wheel
energy use)

(See tank-to-
wheel energy use)

(See tank-to-
wheel energy
use)

(See tank-
to-wheel
energy
use)

(See
tank-
to-
wheel
energy
use)

Comment – c c We assume a
well-to-tank
efficiency of
85 ± 5% and a
gasoline
emission factor
of 255.6 g CO2

kW h�1

c We assume a well-
to-tank efficiency
of 85 ± 5% and a
gasoline emission
factor of
255.6 g CO2 kW h�1

c We assume a
well-to-tank
efficiency of
85 ± 5%.

We
assume a
well-to-
tank
efficiency
of
85 ± 5%.
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Table A2 (continued)

Bicycles E-bikes Mid-size
electric two-
wheelers

Mid-size
conventionally-
powered two-
wheelers

Large
electric two-
wheelers

Large
conventionally-
powered two-
wheelers

Battery-electric
cars

Conventional
passenger
cars

Bus Electric
rail
(tram
and
train)

Life-cycle GHG emissions in
kg CO2-eq. 100 km�1

0.5 ± 0.1 2.5 ± 2.0 7.4 ± 6.8 9.6 ± 3.6 11 ± 10 15 ± 6 25 ± 18 24 ± 7 11 ± 2 6 ± 3

Principal data sourcea Cherry (2007) and del
Duce (2011); own
estimates

Cherry (2007)
and del Duce
(2011); own
estimates

Cherry
(2007) and
del Duce
(2011); own
estimates

del Duce
(2011); own
estimates

(See well-to-
wheel GHG
emissions)

(See tank-to-wheel
energy use)

del Duce (2011),
Aguirre et al.
(2012), Hawkins
et al. (2012) and
Marques and
Freire (2011);
own expert
judgement

(See tank-to-
wheel energy
use)

(See tank-
to-wheel
energy
use)

(See
tank-
to-
wheel
energy
use)

Comment We exclude
emissions from
energy requirements
for paddling based on
the discussion
presented by Cherry
(2007) and Cherry
et al. (2009)

We assume
that 60 ± 20%
of the life-
cycle GHG
emissions is
related to
vehicle use

We assume
that
60 ± 20% of
the life-cycle
GHG
emissions is
related to
vehicle use

We assume that
80 ± 15% of the
life-cycle GHG
emissions is
related to
vehicle use

We assume
that
60 ± 20% of
the life-cycle
GHG
emissions is
related to
vehicle use

We assume that
80 ± 15% of the of
the life-cycle GHG
emissions is related
to vehicle use based
on Chester and
Horvath (2009)

We assume that
60 ± 20% of the
life-cycle GHG
emissions is
related to vehicle
use

We assume
that 80 ± 15%
of the life-
cycle GHG
emissions is
related to
vehicle use

– –

a Indicating the principal data source that is often complemented by own estimates based on miscellaneous sources and own expert judgement.
b We assume on-road fuel use to be 25 ± 10% higher than during type approval (Mock et al., 2013) and the variability of energy use among vehicles to be 35% based on expert judgement.
c We assume here a transmission efficiency of 93 ± 3%, a charging efficiency of 97 ± 2%, a carbon intensity of electricity of 0.53 ± 0.33 g CO2 kW h�1 (IEA, 2012). Prior to electricity generation, we assume an
efficiency of extraction of 90 ± 5% and an efficiency of shipping of 98 ± 1%; for the losses prior to electricity generation, we assume an average emissions factor of 85 g CO2 M J�1.
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Appendix B. Supplementary material

Supplementary material associated with this article can be found online at http://dx.doi.org/10.1016/j.trd.2015.09.007.
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