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Abstract

A velomobile is a type of vehicle where human power is used for locomotion and
where the passengers are in a more or less enclosed compartment. Though it
has existed for over a hundred years as a vehicular concept, its current impact
on our transportation system is minimal.

The project begins by introducing a theory that proposes a large potential role for
velomobiles in our current transportation system. A useful way of perceiving that
potential and barriers to achieving it is then described. Practical theories and
methodologies to guide the remainder of the study are discussed and existing
studies reviewed. Based on a technique for estimating behaviour change,
surveys were collected from small urban and rural centres in the south of
England. Data thus collected on current travel and potential for change is used
to estimate lifetime emission reductions, costs and ancillary benefits.

Potential for change estimates show the velomobile to have a competitively
priced emissions reduction potential for a broad segment of the population. For
the modal potential user, emissions cost effectiveness is significantly better than
all alternatives. Survey results show the velomobile’s value to many respondents
to be independent of the marginal costs of its alternative, which indicates that
whether these reductions are realized is primarily dependant on the purchase
price.

For many users, taking account for all the costs and benefits does result in a sort
of travel for free. The velomobile has virtually no running costs and because its
benefits grow with more use, their value can equal the purchase price over its
lifetime. When society as a whole is considered any use has an estimate lifetime
benefit of more than the purchase price, due largely to improved health and
reduced noise and congestion.

The velomobile is unique for its potential to achieve many of these benefits which
accrue with increased mileage rather than be diminished, as is common with
most other transportation technologies. The most significant barriers to realizing
the benefits include the majority of costs being borne by individuals and a lack of
information and experience. A course of change is modeled to show the minimal
investment needed to reduce the cost imbalance. This would realize a significant
public benefit from a proven technology with a significant potential to grow once
personal experiences with it are had.

The particular situation of infrastructure in the UK is judged to be significantly
different to other countries where velomobiles are more common. A lack of
dedicated bicycle trails suitable to velomobiles and the existence of a parallel
multi-use road system in the rural south (the lanes) impacts potential use and
benefits of the velomobile. In the narrow lanes the velomobile slows motorized



traffic to a pace more suitable for other non-polluting forms of travel. Itis
suggested that using a velomobile in the UK takes space for sustainable
transportation, and that is a form of advocacy by itself.
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1. Introduction

In the U.K., as with many other parts of the world, there is a need for mobility
without environmental impact. Increasingly there is also social need to make
better use of the abundant energy in humans, in response to health concerns
and growing obesity rates. It is difficult to convince individuals to decrease the
level of comfort they are accustomed to while traveling, or to dramatically alter
sedentary lifestyles. Perhaps it would be easier to look for new vehicles in which
to use an abundant power source, thus approaching two problems at once.

Defining a velomobile
The major characteristics of a velomobile are its

a) using human power and
b) having some passenger enclosure

The name velomobile is fairly new and the delineating line is sometimes
contested. “The definitions vary, but it is usually understood to be fully or partial
faired, human-powered and almost always three wheeled for stability.” When an
engine is installed in addition to the pedals it should properly be called an
assisted velomobile or power assisted velomobile’.

The topic being explored

The issue being explored is the potential environmental impact of power-assisted
velomobiles, particularly in rural areas of the U.K. Among the challenges is that
our question involves technology as much as human whim and fancy —
sociotechnology — and we would like to relate that to measurable amounts of
pollutants reduced, other benefits and the costs involved.

Question and hypothesis

The questions posed by this study are

o Is the velomobile perceived as a viable alternative mode of travel by
individuals in the U.K., and

o Can individuals envisage reducing their emissions by using a
velomobile for some of their trips?

! Vehicles which use human power as only part of the overall power requirements have given rise
to debate about what ratio of human power to vehicle requirements defines the line separating a
velomobile from an electric car. For our purposes, any vehicle without pedals regardless of the
size of assist would cease to be a velomobile.



If so,
o To what extent can we expect it to reduce emissions?
o What are the potential costs and benefits?

o Can they become real?

Existing studies propose that the most significant way the velomobile could
reduce transportation emissions is by replacing automobile trips by those who
drive. To individuals who do not drive, the velomobile might provide increased
levels of mobility. This concurrent theme considers that a portion of the
population tends to have lower existing emissions and to increasingly suffer from
a paucity of options for travel, particularly in rural areas".

If the velomobile is considered a rational alternative, it is hypothesized that the
lifetime benefit to individuals and society of its use would be less than the cost,
particularly the current purchase price.

At issue then is who bears the costs and feels the benefits. If individual costs do
not reflect the social value of the vehicle, then strategies for optimizing any
untapped potential are explored.

Limits of the investigation

A wide number of sources were researched for this exercise both UK based and
internationally. Some were in written papers but much information was also
gathered through interviews with current velomobile owners, talks with
manufacturers, future customers and the many hundreds of people encountering
a velomobile for the first time while taking two velomobiles around the UK. Much
of the data is necessarily qualitative approximations, and even it may at times
appear precise. Figures used are rough estimates used to illustrate concepts
that hopefully remain valid.

Structure of the paper

The body of the full thesis is divided into seven chapters, this paper summarizes
the majority of those, however the intrepid reader is advised to pursue the web
link on the cover for complete information about the study. In the first chapter,
the theory and methodology used throughout the paper are introduced. It is
divided into conceptual and practical theories which guide and are implicit in the
whole work, and practical methodologies which are applied as appropriate to the
subject of the velomobile.

The second chapter of the body (chapter 3) explores existing studies, which
either discuss or relate to the velomobile. In chapter 4 the process of gathering
original data, primarily involving a self completed survey of public habits and



attitudes, is described and initial tests and comparisons performed are
highlighted. Chapter 5 further applies the methodologies from the second
chapter to relevant sections of the data collected through the survey.

The potential costs and benefits of survey participants are extrapolated based on
their responses, and the values thus derived are compared to vehicles in existing
studies through computer models. In contrast to these quasi-quantitative
calculations, chapter 6 then takes a qualitative look at impediments and other
guestions posed to participants of the survey, as well as comments which arose
from the process.

Returning to the most pressing barrier chapter 7 explores the question of cost,
and uses a spreadsheet designed to assess the complete costs and benefits of
the velomobile from public and private economic approximations. A spectrum of
expected mileages are plotted and used to estimate a level of support needed to
achieve actual benefits from velomobile use illustrated in earlier chapters. The
approximate costs to public and private actors of this hypothetical support are
estimated, then major findings are reviewed in the conclusion.



2. Theory and methodology

Conceptual Theories

The social construction of technology

The social construction of technology is a sociological theory about technology
and human action. It posits that the form of technology does not determine
human action, rather that social actors shape and determine technology’s form
and function.

A sociotechnical frame

Conceived of as a plaything the bicycle and all specialty bicycles are often seen
to have little role in filling the transportation needs of the UK. It has been
proposed that popular conception of transportation vehicles tends to reflect an
evolutionary ideal, which considers the automobile at its pinnacle. Described by
Figure 2.1, the relative size and position of other alternative vehicles to the
dominant car demonstrates the framework’s inability to accommodate a
significant role for them. Theorists have suggested that appreciating the
potential of the velomobile and human power is more likely if popular conceptions
about the automobile and its alternatives are reconceived, or at least bent.

Alternative power
Assisted Bicyclfe Scooter with roof = smaH open cars \(
i

- o
Blcyclei '&_/’ :> a Motorcycle \k\“:%ﬁ{ “\Utﬂ[ﬂﬂhllt \“'i)

i \1‘—‘\ — — - ( —

~ (Assisted) Velomobiles =~~~ Moped cars \
Recumbent bicycles micro-automobiles

Figure 2.1 Evolinear sociotechnical frame"

"The 'bending' is done by modifying the evolinear sociotechnical frame...with the
alternative sociotechnical frame being that of the velomobile."" This renewed
frame is described as a matrix and shown graphically in Figure 2.2. The
velomobile is the only vehicle in a corner without a popular and commonly
understood name and is responsible for the bend. Two aspects delineate the
place of vehicles in the 'new matrix sociotechnical frame': size of non-human
assistance (vertical axis), and degree of enclosure (horizontal axis).

The matrix provides us with another way of looking at the whole of transportation
technology, one that does not presuppose the dominance of the automobile as
the logical end of technological progress. The current result of that dominance is
undervaluation of non-motorized travel's potential to impact emissions. The



velomobile's marginal position in this already marginal sphere is in many ways
the logical end of an evolinear framework, which implies a singular progressive
direction in which to modify behaviour. The matrix shows there to be a multitude
of appropriate options to fit many needs.

Figure 2.2 New matrix sociotechnical frame®

Technological, socio-economic and market potential

The technological, economic and market potentials are a standard and useful
way of assessing the environmental impact of a given technology. Used
extensively by the Intergovernmental Panel on Climate Change (IPCC) and other
environmental organizations in assessing new technology, its greatest strength is
in providing a consistent framework and understanding of key concepts shown by
Figure 2.3.

% The C5 is in the centre, next to it on the right may be its closest modern relative: the Aerorider.
The Leitra is in the corner, and a partly faired windcheetah bottom centre. Top centre is a
‘scooter with a roof’ described in the ‘evolinear frame’, left centre is an uncovered version.



A

— ) Examples of Examples of actions to
Mitigation potential barriers overcome barriers
Physical polential
(theoretical upper-bound, may A
shift over time) | Research
| development,
| demaonstration of
1 new technologies
|
Limited availability of I Network creation
and knowledge about |
Technological potenfial new technologies I commun ity
(approached by implementing : involvement in
teﬂhﬂﬂlﬁg}' that has afread],' been I pminr-mamng
demonstrated) I
B 1 Alternative
..-..-...—---'-"'" : lifesiyles
S ey =
et ; ' Education
15 Social norms :
-~ Individual habits i
L (approached by adoption of changes in Values 1
behaviour, lifestyles, social structure, Vesied Interests I Institutional
and institutions) 2 : reform
---lu---u--o-'"-ll.i"" : Suhsld}’ reform
RS e Lack of competition 1, .
Trate barriers 1 Micro-credit
panth Undefined property '
_‘_..-" rights 1 Rural
o Economic potential Inadequate information : elecirification
o {approached by creation of markets, I .
e’ reduction of market failures, increased 1 gﬂ;::g:;';e
financial and technology transfers) 2
|
| MNew measures
| (iaxes, incentives)
1
I Multi- and
: bi-lateral projects
: Markel potential
{ S (actual use of environmentally sound !
technologies and practices)

>

Figure 2.3 Penetration of environmentally sound technologies: conceptual framework”

Practical theories

System and technological models

There are two well used methods of assessing transportation technology
potential, based on the second conceptual theory. They can be classified as
bottom-up (technology focussed) models and top-down (system) models.



"In the first approach, each technology is assessed independently via and
accounting of its costs and savings. Once these elements have been estimated,
a unit cost can be calculated for each action, and each action ranked according
to its costs.""' The second approach considers a range of options and typically
tries to account for some of their interactions with predicted patterns. The top
down approach tends to incorporate the measures which move people away
from their cars, while typical bottom-up studies tend to focus on improving the
performance of cars.

The two methods and the measures they each focus on are complementary, and
though there are difficulties directly comparing costs across different studies, it is
possible. Of particular interest in looking at velomobiles are the benefits that top-
down approaches tend to illuminate, of moving people away from automobile
trips. While a technology focussed approach is the obvious choice given the
subject and available resources.

Transportation technology

“Reducing Congestion by Introducing New concepts of Transport”
(RECONNECT) is a study performed in the EU to “identify, analyse and assess
new means of transport in generic categories with particular respect to their
potential to ease congestion and promote sustainable mobility.” It introduces a
conceptual theory as well as a practical methodology and accounting techniques
for definition, focus and a resource for future studies.

Estimating behaviour change

The concept of a travel emissions profile has used to estimate the potential of
emissions to be altered without new technology, entirely through behavioral
change. Its essence is a survey and calculation of individual emissions together
with a self assessed estimate of potential change. As the velomobile is both a
new technology and a behavioural change, this method is used in conjunction
with technology detailed methods and systems derived values for in this study.

Practical Methodologies

Emissions Profiling

The emissions factor calculations incorporate a penalty for short trips along with
several variables that reflect driver habits, engine, fuel, and vehicle size. Overall
the emissions factor method compares well, and one of the conclusions of the
study validates the ability of individuals to self estimate their current travel with
fair accuracy.
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Reconnect

The Reconnect study introduced earlier included a methodology for future
studies. In order to be able to integrate and accurately compare technology
specific costs and benefits, the study draws on systems type analysis in the form
of the ExternE computer model to arrive at estimates for unit pollution costs.
These can then be compared to the discounted capital and operating costs over
its lifetime®. Comparisons among technologies with different economic lives in
the Reconnect study is accomplished by converting all the cash flows accruing
over the life of an option into an annual cost.

Niche market analysis

A method similar to that used by the RECONNECT study was used to assess
effective technology options and market prospects of technologies in the UK by
Ben Lane in his PhD on the potential and cost effectiveness of hydrogen fuel
cells. Two types of analysis are employed in his study, the qualitative niche
market analysis focuses the study then a quantitative analysis follows, and uses
a computer model to compare the costs and emissions of a variety of new
technologies. The methodology is similar in many ways to the Reconnect study,
yet tailored to costs in the U.K.. It also uses lifetime costs with specific
definitions, which are integrated into a computer model. In chapter 5 a copy of
this model is modified to reflect the velomobile and the calculations used by the
model are approximated by a spreadsheet tailored to the velomobile.

® The reader unfamiliar with economic concepts such as discounting are referred to the appendix
of the full thesis for a brief explanation along with the equations described in this section relating
to the models utilized.
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3. Existing studies

The first chapter of the full thesis introduced two conceptual theories, and several
practical theories with methodologies. From the same study as the second
conceptual theory, this chapter of the full thesis begins by reviewing the
prospects of the transportation sector as a whole to be a competitive emissions
reduction option in comparison to other sectors of the economy. These costs
then form a reference for comparisons to results obtained through this research
project.

The second section of this chapter in the full thesis estimates the current
velomobile market from a variety of sources. None of these are particularly
authoritative, but they do tend to agree on its current small size. The last two
sections of review two vehicles drawn from among a large study of transportation
options performed using one of the methodologies described. One of these
vehicles is a type of velomobile and their potential impact on a variety of aspects
of the economy, society and the environment are reviewed. These categories
are used to conceptualize the costs and benefits of the velomobiles more
specifically considered by this study.

In the final study, the velomobile is explored for its future market prospects in
sustainable and less sustainable scenarios, which are reported to be significant
and the highest of any concept explored. This projection indicates a large
technical potential in the future, and together with cost effectiveness values
calculated in later chapters, shows the velomobile to be significantly different
than the usual transportation projects described in the first section of this
upcoming chapter.

As our conceptual theories suggest, there are a variety of barriers that could
have an effect on whether the technical potential is approached. Some of these
barriers are initially approached in the next chapter (4) while describing the
survey of public attitudes performed, and later chapters describe others in more
detail.

The reader is refered to the full thesis at the web link on the cover for the studies

covered by this chapter, which have been excluded from this paper from space
constraints.
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4. Research Project

The goal of this project was an estimate of the potential environmental impact of
velomobiles, particularly their emissions reduction potential through replacing
automobile trips. There were several related stages to gathering original data for
an estimate of the potential use of a velomobile. First hand experience and
interviews began the process, followed by real estimates from U.K. residents
collected in several small centres.

In order to prepare the investigation of the velomobile’s socioeconomic potential
and barriers, the full thesis introduced emissions profiling. This technique was
developed to easily gather information and estimate the environmental potential
of behavioural change to travel habits. Used and validated by an earlier Oxford
based study was the process of using a self completed survey to gather existing
patterns and potential, and this serves as a rough model for this project . A novel
addition to the technique was two real velomobiles for participants to sit in and
experience before answering the questions.

Survey design

A survey was planned in the UK and the vehicles were brought from Denmark
and the Netherlands specifically for this purpose. The survey was designed to be
completed fairly fast, so that as many opinions as possible could be sampled. It
was printed as a single A4 sheet in landscape orientation, in two columns and on
both sides, shown reduced in size by Figure 4.1 and Figure 4.2 . The twenty seven
guestions collected travel estimates of several modes and required a fair bit of
recollection by some participants. Multiple choice was used in the final version*
to simplify the responses, but during the process it was felt that much more could
have been done in this respect.

The first page of questions asked about current weekly travel patterns and an
estimated percentage of trips less than five miles each way. Additional questions
on the first page asked about regular exercise and demographic information.

The first column of the second page asked whether the participant could use a
velomobile ‘if cost was NOT a barrier’, for their weekly trips, and if so, what
percentage of trips and which current form of travel it would replace. If not, they
were asked to select from a list the reasons why not. Other questions asked
about willingness to pay to own a velomobile, roads participants would feel
comfortable on, and incentives. The questions posed and some responses
gathered are detailed in the full thesis.

* A pilot version used long answer and is shown in the Appendix
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Can you estimate how many miles you typically travel in one week What percentage of your weekly joumeys by each mode are

using each of the following modes of transport? less than 5 miles one-way?
Your own car as the only cccupant Your own car as the only occupant
MNone under 50 50-150 150-300 300-600 over 600 None Under 25% 25-50% 50-T5% 75-100%
Your awn car carrying other passengers (includes matorcycles) Your own car carrying other passengers (includes motorcycles)
Mone  under 50 50-150 150-300 300-800  over 500 None Under 25% 25-50% 50-75% 75-100%
ATide in someone else’s car (includes Taxis) A ride in someone else's car (includes Taxi's)
Mone under 50 50-150 150-200 300-B00 over 80O None Under 25% 25-50% 50-75% 75-100%
By Bus or Train By Bus or Train
Mone  under 50 50-150  150-300 300-600  over 600 Mane Under 253% 25-50% 50-75% 75-100%
Using a Bicycle or Tricycle Using a Bicycle or Tricycle
None under 5 5-10 10-an 30-B0 aver 60 Maone Under 25% 25-50% 50-75% 75-100%
‘Walking or Running Walking or Running
None  under5 510 10-30 20-80 over 80 None Under 26% 25-50% 50-T5% 75-100%
Other (please specify) Other (please specify)

Please tell us about yourself {optional)
Can you estimate how often you exercise?

Age 25 or under 25-60 60+

MNever f;.sd thaSJrH 1 da:f week i—:& d::y:]; weelck Sex: Male Female

ays/ weel eve of weel
v ey Household Income: ~ under 15K 15K- 45K 45K+
And how long you spend exercising each time? ]

Have children: Yes No

Lessthan 1hour  2-3hours 3-4hours  over4 hours Cwn a bicycle: Yes No

Please Turm Over

Figure 4.1 Survey final version front page

If cost was NOT a barrier, could you use a Velomobile, to make ‘Can you indicate which type of roads you would feel
some of your usual weekly trips? comfortable using a Velomobile on
Yes o Separate Bicycle Paths
What percentage of your weekly journeys can you o Roads with marked Bicycle Lanes
envisage using it for? o Roads without marked Bicycle Lanes

and with a hard shoulder {non motorway)

Under25%  25-50%  50-75% 75-100% o Roads without a marked bicycle lane

Which form of travel do you think the Velomobile would and without a hard shoulders
be most likely to replace? o Namow Country Lanes

o Urban areas and Town Centres

Own Car Getting Rides Bus Train o'Would not feel safe on any road or bicycle path

Motorcycle  Bicycle Walking Other: o Others
No
Can you select the reasonis) why not? Would you consider committing to use a Velomobile for a

3 minimum distance each week if that reduced the price?
o Too much exercise

o Roads Unsafe Yes No

o Vehicle Unsafe Wiould you consider using a vehicle with advertising on the
) outside, if that reduced the price?

o Vehicle Appearance

o Not enough luggage space Yes . . Ho

o Other (please specify): Can you select the incentives that would encourage you to

purchase and use a Velomobile:

Considering the costs of other forms of transport. can you estimate oz, Tng ong folr. a week
the maximum amount you would be willing to pay to purchase a o Easyavailability (a UK dealer)
new Velomaobile? o Monthly payments
o Showers at work
Up to 20002 3000 4000 o Arental or sharing scheme (like car clubs)
5000E 6000E 7000 or more o Better infrastructune (wider roads or bike paths)
o

Other (please specify):

Figure 4.2 Survey final version second (back) page
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Limitations

The initial response to the question of whether they could replace some of their
journeys with a velomobiles was surprisingly positive, perhaps owing to a bias in
asking mostly people who expressed an interest to complete a survey. It was
frankly hard to get someone who was not even a little interested, to take the time
required.

The approach was felt to be imperfect. The sample was self-selecting owing
largely to the visibility of the vehicle in an unusual location, and measures to
compensate were not effective®. The effect was occasionally compensated for in
the larger centres by the coupling effect, where only one of a couple or group
was actually interested but all members completed the survey.

Which mode of transport a velomobile is most likely to replace (201 suneys)
80 74
70

50

37

40 34
30 —

20 17 |

number of responses

10 3 5 -
0

replace own replace rides replace bus replace train replace replace replace
car motorcycle bicycle walking

Figure 4.3 Surveyed mode of transport velomobile could replace

Interpreting the results

Of those who did self-select to participate in the survey, we can identify at least
three overlapping groups, based on our criteria for emissions reduction potential.

Just curious/non-user
These are those who answered no to using a velomobile.

Potential user

People who indicated they could use a velomobile in place of an existing form of
travel, but they either do not currently use a car or they do not feel that the
velomobile is a suitable replacement for their current car trips. This group is
somewhat larger than the group who would replace car travel with a velomobile

® See the case of Barcombe and the letter distributed to some residents of, both in the Appendix
of the full thesis.
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and referred to in this study by the acronym YV for Yes Velomobile. Weekly
mileage estimates (examined later) are not inconsiderable by this group, and
because several of the respondents do not currently drive their own car, a
velomobile might be considered to provide increased mobility in a rural area,
without a consequent rise in emissions.

Potential users who could replace car travel

This group is given the acronym YVROC to represent answers to the questions:
Yes Velomobile to Replace my Own Car. In the next chapter, estimates of their
potential emissions reductions are performed. They are the segment of all those
'just curious' persons who could reduce their car trips with a velomobile, if
provided with appropriate incentive, or at least they would be willing to try. They
are the focus of the emissions reductions calculations in later chapter and their
characteristics are analysed in terms of the demographics in later sections and
the appendix. They make up approximately one quarter of the respondents to
the survey, neither the largest nor the smallest group.

16



5. Benefits and emissions

Based on questions about how people currently travel and whether they
imagined a velomobile could replace some of their journeys, some rough
estimates about their current travel and potential for change are made. Then, a
conceptual outline of the potential costs and benefits of new users is attempted.
The paper then focuses on the emissions, of existing trips which form the base
case, and the potential modal changes as a result of the velomobile.

Lastly, the conceptual cost benefit outline is used to assign referenced monetary
estimates, which are then employed in economic approximations. This is done
by first creating a spreadsheet based on the conceptual costs and benefits of the
velomobile, and then comparing the results thus obtained to an established
computer simulation. The velomobile is compared to several different types of
petrol-hybrid, battery powered, and hydrogen fuel cell powered vehicles. It far
outperforms them all, before its unique health and congestion related benefits are
included.

Existing and potential mileage

Calculations used the survey results to estimate reductions and are first
described in terms of the acronyms used:

Ldshmpwk (Lone Driver Short Miles Per WeeK)
= % trips less than 5 miles one way X weekly estimated distance driven
alone

YVROC (Yes Velomobile to Replace my Own Car)
= % of trips a velomobile could replace X estimated weekly car mileage

veloreplace = sum of % of trips a velomobile could replace, by mode
X weekly mileage, by mode

Estimated distance travelled per week by each person surveyed is tallied as ‘all
modes’ and shown in brown in Figure 5.1. Mileage driven with and without
passengers is “total driven’, and distances driven alone are described as ‘lone
driver,’ both are in blue while Ldshmpwk are considered more polluting trips and
are seen in red. The green columns are approximations of the percentage of trips
a velomobile could replace: the dark green column represents potential
velomobile trips which may replace car trips, light green are potential velomobile
trips replacing all modes. Summarized for the entire group in Figure 5.1, this data
is also discussed based on individual locations in the Appendix of the full thesis.

17



surveyed weekly mileage and potential reductions

M All Modes M total driven M Lone driver lIdshmpwk M veloreplace lyvroc

Figure 5.1 Surveyed mileage and potential reductions overall

Those surveyed who indicated that a velomobile could reduce their car travel are
focussed on in Figure 5.2. There is not a distinct correlation visible between
potential velomobile use and either more current short trips or distance of trips
alone. This unexpected result seems to disagree with some literature on the
potential for change which tends to suggest that short single travellers have less
of a need for a large vehicle and would be mostly likely to consider an alternative.

18



distance driven of yvroc group (subset) ordered by total distance

800

700
—e— Ywroc drivers
600 —=— Ywoc car alone / /-\ i
500 ywroc short % x dist | |
™) ‘
ywoc tot pot m reduc
400 x*
300 —o—4
200 A —0—0—0/
"
100 - Z—o—o—o—o—o—o—‘ f; \ \ /\ \ )\ /
w‘—' A—8—8—A X A—8.—8-7n nononronrnn '\—’A x‘—" \/ \/

OW\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

O & H O O O P IC RIS R o O O
& & 4@” 4@& & @@‘” & &‘? % £ boo Q&‘?} & #@V #«& 4@& & & &
RN 0\00 S OB NN o & & & & S & F F ¢ o9 RS
S

Figure 5.2 Surveyed distances driven and YVROC potential mileage reductions ordered by distance driven

Identifying the costs and benefits

In order to assess changes in terms of the methods discussed, this section first
describes the base case for the surveyed group, and then lists aspects which
have so far become apparent as potential aspects which could change.

Base case and change

The scaled yearly mileage averaged per person indicates 9847 miles (16,
093km) travelled as the driver and is consistent with the RECONNECT base
case mileage of 17000 km per year, which was used for the annual cost
calculations.

Conceptual costs and benefits

There are likely to be different costs and benefits associated with the portion of
trips which replace car trips and those which replace other modes. The most
benefits are assumed to be from those trips which replace car trips, and they are
thus the focus of the cost and benefit discussion.

Primary costs

The primary costs of the velomobile are borne by the user in the form of the
vehicle purchase and the energy input, both human and electric.
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Purchase and maintenance

For this study the cost of the velomobile is typically treated in addition to existing
capital costs, though marginal (operating and fuel) costs are considered in more
depth for those which are projected to replace car trips. Bus and train marginal
costs are not considered and no maintenance costs are included for the
velomobile as they are expected to be minimal and seldom require expert
attention.

Energy

The vast majority of the energy required for the velomobiles considered is
provided by the human it transports. Emissions are therefore near negligible
though some electricity related emissions at grid values could be included, they
are not in this study.

Primary benefits

Energy and pollution

For those trips which are expected to replace car trips, fuel and consequently
several atmospheric pollutants are avoided for each of these miles moved. The
fuel costs of trips replaced by the velomobile can be considered a cost savings,
thus a benefit. Fuel use in automobiles is generally responsible for the release of
atmospheric pollutants including CO2, PM, CH4, NOx and SOx®. Emissions thus
avoided add to the benefits.

Maintenance

There are potential maintenance related benefits through reduction in automobile
trips which can also be considered cost savings and thus a benefit.

Other benefits

Health

The user could feel health benefits from the increase in exercise. These benefits
would be felt more by those who do relatively little exercise, but are likely to be
felt by all. They could result in reduced medical bills, which would affect
individuals and society in a variety of ways. EXxisting monetary estimates of the
value of these benefits are sourced but used without an inquiry into the methods
from which they are derived.

Reduced roadway costs

® carbon Dioxide, Particulates (10), Methane and Sulphur Dioxides are examples among pollutants and
greenhouses gasses emitted.
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Like non-motorised transport users, velomobiles inflict few damages on the roads
that they use. In as much as a velomobile trip replaces a car trip and they use
the same infrastructure there is the potential for cost savings through increased
longevity or more efficient use of resources. If a velomobile made the same trip
as a car but on a parallel cycle path, which may have had lower per mile
construction and/or maintenance costs and/or be underused, this could also be a
cost savings. There is more work to be done in specifying these costs for the
velomobile in particular, values derived from other studies of primarily human
powered transport are used and adjusted where possible.

Equity

The velomobile is though to have the potential to provide active, ongoing-cost-
free and dignified form of transportation for many individuals who do not drive or
would prefer to drive less”. This is generally not quantified by this study, but is
mentioned frequently to highlight its importance.

Increased Safety for other users

Especially on narrow rural roads, the experiences gained indicate that the
velomobile would make the road safer for other non-motorized users, by limiting
the speeds of the automobiles on the road. The velomobile on many rural roads
in the south is narrow enough to fit next to a car down many lanes. The fitis
however too tight for many drivers to feel comfortable with and they are liable to
wait until told to pass by a stationary vehicle. It is a nice sensation to have
human power in control of the road, but one that is difficult to quantify as well and
is generally not attempted.

Other Costs

Production

Environmental costs associated with production and disposal of the vehicle at the
end of its life. These may be minimal compared with its alternative of a car, and
slightly larger than a bicycle™ but are not calculated in detail.

Congestion

The velomobile does take up some room on the road, especially in rural areas
and on narrow roads. It is also slower than automobile traffic and to the extent
that it slows traffic down can be considered a cost to other users of the road.
This point should be considered together with the benefit of safety for other non-
motorised users and is treated as such by monetary estimates in this study.

Group emissions
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Emissions base case

Emissions levels for the survey participants who indicated that they drove weekly
were first calculated. The initial calculations used an emissions factor of .2478
kg/mile CO2 equivalent and the entire vehicle’s emissions were assigned to the
participant in cases where they indicated they were driving alone, half if they
were carrying passengers™.

Potential Reductions

YVROC is an acronym that stands for Yes Velomobile Replace Own Car. It
refers to the small group of respondents who said they could use a velomobile to
replace some of their own car trips. It is this group of individuals who do use a
car in their currently weekly travel, who make up the most promising potential for
velomobiles to reduce emissions through modal changes away from cars. Figure
5.3 shows how they appear in the emissions profile spectrum: scattered and with
little correlation to making short trips. Very few are already high mileage drivers,
who seem least likely to consider a velomobile.

The YVROC group is 25% of the population and together they drive about 9,600
miles per week, accounting for about 25% of all the miles driven by all
participants. A slightly higher percentage of their trips are short (43% vs. 39%),
and they estimate they could use a velomobile for a greater percentage of those
journeys (50% vs. 32%).

emissions of drivers surveyed and potential modal shifts to the velomobile
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Figure 5.3 Surveyed emissions with and without short journeys (CO2 kg/wk) and reductions,
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Using surveyed estimates of the percentage of trips a velomobile could replace,
applied to the fraction of their choices an automobile accounted for’, the group
could reduce 1,167 kg/ wk or 61 tons per year.

A cost benefit analysis

In order to allow the costs and benefits of potential users with different expected
weekly mileage to be easily calculated, as many of the potential costs and
benefits outlined in the previous section were agglomerated into a single
spreadsheet calculation. Shown is a spreadsheet that uses the formulas
discussed for deriving annual costs, provided by RECONNECT, along with
methods outlined by the LEAF2 process in defining and calculating public and
private costs.

Input

The spreadsheet returns a variety of output based on a single user input:
projected weekly mileage, entered in the dark pink area at the top. All other
inputs are optional and can be used to improve the accuracy of the estimate or
particular circumstances.

If desired, it is possible to adjust the purchase price of the velomobile, in the
second row. The first figure will affect both the social and individual costs
calculated, while the post-tax rebate input box will only lower the individual cost
by the amount entered. This calculation is in line with the treatment of the Power
Shift Grant input into the LEAF2 model, yet with a different name.

Current fuel efficiency can be modified as can the cost, which must be input
without VAT (value added tax). The fuel costs are treated differently by the
LEAF2 public and private costs definitions, and this spreadsheet attempts to
mimic the calculation of an underlying fuel rate by first deriving a taxation factor
from the values in the LEAF2 model. The underlying fuel rate is used to
calculate the social scenario while the fuel price with VAT added is used for the
individual scenario.

" For example if the bike and automobile were both selected as modes which could be replaced,
then half of the reductions were assigned to each mode.
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Table 1 Velomobile cost benefit analysis at 62 miles per week

velomobile potential - all trips replace car trips
primary
input:

optional input: pre-tax purchase price £ 5,000 post-tax rebate
current fuel efficiency (miles/L) 8.5 £0
current fuel cost incl VAT (/L) £0.75 number
maintenance VAT excl (p/mile) 4.03 1
individual: social:
VAT 15% 0%
discount 20% 6%
output: present value of future fuel £ 1,192.64 £ 501.10
reduced maintenance estimate £ 626.42 £ 956.28
velomobile, future fuel & maintenance saved:
present value cost -£ 3,930.94 -£ 3,542.63
total annual cost -£ 937.62 -£ 481.33
lifetime emissions cost effectiveness
NOX g/£ spent 1.85 2.05
CO2 kg/E
spent 2.76 3.06
CO2 (fcm)
kg/E 2.34 2.59
other benefits: lifetime present value
road costs and noise reduction £ 3,514.30 £ 6,169.52
health improvement estimate £ 2,536.45 £ 4,452.85
market value CO2 reduction £91.79
emission damages reduced estimate £ 252.95
subtotal of other benefits £ 6,142.53 £ 10,875.32
annual benefits value £1,465.13 £1,477.61
Lifetime Cost Benefit £2,211.59 £ 7,332.69
Overall Total Annual £527.51 £996.28

A number input will multiply mileage and appropriate costs in order to
approximate multiple vehicles. This was done in order to quickly be able to use
this spreadsheet to enable it to calculate an approximate value for the modal or
average mileage for our entire surveyed population, as well as individuals.
Maintenance rates, again without VAT can be changed and these costs are
again used without taxes in the social scenario.

Two different sets of costs are returned, each defined according to public and
private costs in the LEAF2 model, and are adjusted by default to reflect the same
discount rates used in the model. The aspiration is a close enough
approximation to enable valid comparisons. The VAT and discount rates for
each of the two cost scenarios can be changed if desired. They affect all costs
but not emissions, which have a separate discount rate set by default to 0.
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Output

The first value returned by the spreadsheet is the present value of the fuel that
could potentially be saved, calculated based on the number of miles, current fuel
efficiency and fuel cost. The calculations are discounted at the appropriate rates.

Accounting for the current purchase price with Value Added Tax (VAT) against
the cost savings thus calculated results in the third output row: the present value
cost of the velomobile at individual and social rates. Using this value and a
capital recovery factor the total annual cost is calculated. Lifetime emissions are
reported for NOx, PM, CH4, and CO2, not shown in the main window®. Two
methods are used to calculate CO2 emissions, the first based on the emissions
profile, and the second based on fuel consumption figures and a separate
emissions figure. All of the emissions factors can be modified individually and
the discount rate for all emissions as one. Lifetime cost effectiveness is
calculated using the formula from LEAF2 for NOx and CO2 using both CO2
methods, shown in the main window.

Assessing the other benefits a velomobile may be responsible, a per mile
estimate of the damages due to traffic safety and noise reduction which a
velomobile could bring about is used. Referenced example values for this
assessment range from 0.26 GBP in a rural part of Canada*, to 3.06 GBP
estimated in the central of London™. For the default we have used the lowest
figure our estimates indicated, with appropriate discounts applied to these
benefits.

The health improvement benefit estimate example is on a scale from zero to
1206 GBP estimated benefit from increased cycling, on a scale of diminishing
returns, meaning that a less fit person would benefit relatively more than a more
fit person. The default value is the mid range of this scale at 605 GBP, again
discounted at different rates for each scenario but otherwise treated the same™".
This roughly corresponds to the surveyed exercise estimates covered in the next
chapter and to impressions from current owners.

A current saleable rate for CO2 on a consumer focused website was used to
calculate the equivalent cash value those emissions have and accounted on the
individual side™". The social benefits subtotal estimates damages from emissions
and these are accounted for three of the four values calculated (PM excluded)™".
The subtotal sums up the other benefits estimates, before they are added to the
costs of the first section. The lifetime costs benefit analysis provides two figures
that represent the public and private potential costs or benefits at the end of a ten
year lifespan of a velomobile. The overall total annual value again uses the
appropriate capital recovery factor to return an annual cost for public and private
scenarios.

® See the appendix for an image of all the results and references used in these calculations
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In our example, calculated for an average potential user in our survey, it can be
seen that the individual scenario results in net benefits which are equivalent to
the initial purchase price. The public scenario report even larger return of more
than twice the original purchase price in benefits by the end of its life. The
lifetime cost effectiveness of emissions reductions for the velomobile can be
compared to existing studies, in particular to the LEAF2 model; and in the full
thesis modifications to the LEAF2 model are shown to have a reasonable
correlation to the results of the spreadsheet presented.

The comparative emissions cost effectiveness is shown by the results page of
the LEAF2 model below. The other vehicles modelled beside the velomobile,
from the left: a petrol internal combustion engine, a petrol hybrid-electric vehicle,
a grid powered battery electric vehicle, the velomobile, renewably generated
hydrogen fuel cell, grid generated hydrogen fuel cell, petrol refined hydrogen fuel
cell, methane refined hydrogen fuel cell, liquefied petroleum gas refined
hydrogen fuel cell, and one last fuel refined into for use in hydrogen fuel cell.
The velomobile replaces naturally generated hydrogen used in a fuel cell in this
set of results, so it is not shown.
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Figure 5.4 Results from the first two modified LEAF2 scenarios: the velomobile is fourth from the left
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6. Other Questions and comments

Having estimated the relative costs and benefits of potential velomobile trips by
surveyed residents of the south east UK, the first section of this chapter now
addresses other questions posed. Many of these related to barriers to using a
velomobile: the first asks specifically why not? Some of the questions are quite
subjective, such as which roads a new rider would feel comfortable on, while
others ask for estimates about current behaviours, such as those about
frequency and time spent exercising. Overall these questions paint an
interesting picture of likely velomobile users. This picture is in many ways
different from the cycling enthusiast who, within the evolinear framework
introduced by the first theory, would be considered its usual users. The survey
results thus far seem to confirm the validity of the new matrix sociotechnical
frame in chapter 2.

The second section of this chapter relates comments which arose from the
process of having the surveys completed, as well as from the experiences of a
new velomobile driver in an unfamiliar country. The qualitative results in this
section are considered to have a major potential to change the impact that the
velomobile could have in the U.K.. The narrow rural road network in particular is
assessed to be conducive to the velomobile becoming an activist's tool, by
forcing drivers to become aware of alternatives and make accommodations for
other road users. Many slow users of the roads are sustainable users, however
their space requirements tend not to reflect the priorities their movement should
be afforded in a sustainable society. By using more space than the typical non-
motorized user, the velomobile could make the roads safer for those users. It
would thus take space for sustainable transportation.

The reader interested in these results and a detailed discussion is referred to the

full thesis from the link on the cover page, as excerpts from this chapter have not
been included for space reasons.
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7. Cost effectiveness

The cost effectiveness chapter of the full thesis is divided into four sections, each
building upon the last. In the first, the emissions cost effectiveness of the
velomobile is plotted for weekly mileages from zero to four hundred. The results
provide a use rate at which the velomobile is within the usual costs of
transportation related studies. In the second section the same range of mileage
is used to examine the variety of other values output by the velomobile cost-
benefit spreadsheet, with particular reference to consumer cost effectiveness.

The last two sections of the chapter attempt to make an economic case for social
(government) support of the velomobile in order to improve its consumer cost
effectiveness and use, and thereby achieve potential benefits estimated earlier.
The argument is modelled on the study from which the computer model
employed in that chapter was drawn. Having demonstrated the potential social
benefits and using original survey data as a reference, the case is as follows.

Manufacturing efficiencies, which could lower the price based on current
technology require larger orders, and these tend not to arrive until the cost falls.
By temporarily intervening in the market to have consumer costs reflect public
values, it is possible to optimize emissions reductions. The subsidy
approximations in the final section demonstrate the minimal costs possible
through such a program. Potential benefits are shown in the full view of the
velomobile cost-benefit spreadsheet, adjusted to reflect the initial year of this
case and followed by graphs of the cases described, in the Appendix.

Cost and distance

Our analysis has shown the velomobile to be cost competitive when considered
with the average mileage of surveyed respondents, next to existing technologies
modelled in LEAF2. Our spreadsheet calculation was assessed to be within a
reasonable range of similarity to the LEAF2 results, but much easier to modify for
our circumstances. Our survey results indicate that there is significant variation
in the amount that individuals expect to be able to use a velomobile. The result
of this is that the cost effectiveness used for comparison to the LEAF2 model will
only be accurate for a very small number of current or potential users. A fair
number of the costs and benefits are dependant on the potential distance
travelled, and our spreadsheet shows that the lifetime cost effectiveness of the
velomobile depends heavily on the average weekly mileage.

For a better idea of the relationship between mileage and the costs and benefits
estimated, results were gathered at intervals of 25 miles per week from 0 to 400.
Figure 7.1 shows the public and private emissions cost effectiveness of the
velomobile, from 0 to 400 miles per week as an amount of each pollutant per
GBP spent. Reviewing the definition from LEAF2: negative value indicates that
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the measure is cost effective and is likely to be pursued in the absence of other
barriers. Using a purchase price of £ 5000 the velomobile is cost effective with a
weekly mileage above 200 at public rates, above 175 with private costs. The
values for CO2 public emissions cost effectiveness are from 100 (120) kg/£ to -
120 (-140) kg/£, NOx values are from +75 to -90 gms/£.

‘—0— pri-Nox g/£ spent —#— pri-CO2 kg/£ spent pri-CO2 (fcm) kg/E pub-Nox g/£ spent —%— pub-CO2 kg/E spent —@— pub-CO2 (fcm) kg/£ ‘
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Figure 7.1 Emissions cost effectiveness from 0 - 400 miles per week

A cost reference of - US$ 200 to + US$ 200 / tC for transportation projects is high
compared to other sectors. Figure 7.2 shows the cost of the pollutants estimated
by the velomobile cost-benefit spreadsheet converted to US $ per kg or ton for
easy comparison. For weekly mileages at or over 125 miles per week the
velomobile is considered within the usual costs of transportation emissions
reductions projects. Ancillary benefits such as health, noise reduction and
congestion relief are not included and add to the benefits.
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Cost of pollutant reduction by velomobile at weekly mileages: 75 to 400 in USD
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Figure 7.2 US $ cost of pollutant reduction by velomobile weekly mileage

Mileage and benefits

The results for all output at the individual rates are seen in Figure 7.3: the majority
of the results are linear relationships with the weekly mileage. The point at which
the present value cost becomes a positive value is around 190 miles per week.
On a five day work-week commute this is approximately 20 miles each way and
is consistent with impressions gathered through interviews with current owners™.

The non-linear output, all emissions lifetime cost effectiveness values, change
around this same weekly mileage value because they are related. Different
discount rates used to calculate private and public cost effectiveness result in the
different slopes in Figure 7.3 and Figure 7.4. Notice especially the different cost
scales on the y-axis, and the location at which the lifetime cost-benefit function
crosses the x-axis. There is no mileage at which the cost benefit analysis is
negative from the public perspective; it is negative from the individual perspective
a weekly mileages below around 40 miles. Lifetime social benefits as a result of
the individual who uses a velomobile for 40 miles per week are close to the
current pre-tax purchase price. This is largely attributable to the health benefit
estimate, and for the commuter is beneficial above 3.6 miles per day one way
(7.2 miles return) on a five day work week.
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Private veloCBA results 25 to 400 weekly miles
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Figure 7.3 Graph of velomobile cost-benefit output (individual) from 0 - 400 miles per week

Public veloCBA results 25 to 400 weekly miles
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Figure 7.4 Graph of velomobile cost-benefit output (social) from 0 - 400 miles per week
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Consumer cost

Survey results from UK residents show that the velomobile’s value to the
consumer is low, particularly compared to its current cost. The IPCC framework
would suggest that the technology’s value would be close to the marginal costs
saved from its alternative. Figure 7.5 showed the responses of those who indicated
potential velomobile use, the amount they could replace against the amount they
might pay showed little correlation.

For automobile owners we might expect a stronger correlation between expected
mileage and willingness to pay, considering the marginal costs of driving a
vehicle. There appears to be an equal number of low and high mileage drivers
willing to pay above GBP 2000. A very weak, if any correlation is also seen for
the mileage of potential automobile replaces.

The only response above the real price of GBP 5000 is a person who would not
replace car trips, and there are several individuals at various mileages that would
pay the current price. This indicates that there is an untapped potential for
emissions reductions available simply through resolving market imperfections,
information and learning. Overall from these two graphs, the somewhat
counterintuitive impression is that those willing to pay more are not necessarily
more likely to be higher mileage drivers of velomobiles.
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Figure 7.5 YVROC distances (replace car) and maximum price

Trying to estimate the value of any object to any given person is difficult. The
LEAF2 model and much economic theory attempts to approximate how those
decisions are made by using a heavily discounted private lifetime cost. Our
representation of the velomobile did the same and showed that if the marginal
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costs of its replacement are considered, consumer cost effectiveness prevents
realization of most benefits. Our survey does not quite agree and demonstrates
that there are many reasons why a vehicle is or is not worth a certain amount to
any given person, not all captured by existing theories.

Still, economic theory and our survey results both indicate that there will be more
people interested when the consumer cost of the velomobile decreases. Often
considered the easiest to realize, are savings that occur as a result of building
more, described in chapter two as the learning rate. Expressed as a progress
ratio it approximates the percentage that costs will decrease as production
increases and the amount of investment needed to bring a technology to cost
effectiveness™'. Based on available literature and private conversations with
various manufacturers, a progress ratio for the velomobile has been estimated at
75%. Using an initial cost of GBP 5000, results are shown in Figure 7.6 to illustrate
the number of new orders potentially required to bring the consumer purchase
cost closer to that expected by survey respondents.

For many technologies including the velomobile, a significant barrier is that
reductions in manufactured costs tend to first require more orders, which tend not
to arrive until costs drop. This barrier was discussed by the IPCC conceptual
theory to be among those which prevent achieving the technical potential.
General strategies were outline and some are explored in the following section,
using a previous study as an example.

Output vs price calculated using progress ratio
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Figure 7.6 Progress ratio: price to output of the velomobile at 75%

Purchase subsidies

At the time of Lane's thesis it was considered reasonable to subsidize the capital
purchase costs of a private owner's transportation vehicle, particularly when the
vehicle reduced comparative public costs. Without discussing the likelihood of
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such a program returning to existence or being applied to the velomobile, it is still
felt appropriate to discuss the potential costs it might have. In imitation, several
copies of the velomobile cost benefit spreadsheet were used to plot the effect of
a temporary market intervention. The results, included in the Appendix of the full
thesis, are summarized and discussed here.

The intention is to consider how a subsidy could impact consumer price, as it is
reduced by ongoing manufacturing efficiencies, to realize potential benefits. The
reduction in rates implied to be over time mimics the rational implementation
strategy recommendations of Lane. These relate well to the learning curves
discussed by, among others, the Prime Minister’s office in a study which
proposes a similar strategy for introducing and removing support for renewable
energy niche markets"".

Approximating efficiencies based on the velomobile progress ratio estimate, and
using the same subsidy rate Lane recommended, brings the consumer price in
line with our surveyed maximum low value. The cases plotted are summarized in
Table 2 and the results can be compared to the base case at existing costs
which were presented by Figure 7.3 and Figure 7.4.

Table 2 Cases considered

Cases plotted  Pre-tax Cost Subsidy Purchase price

Al 5000 75% 2000
A2 3000 50% 1500
A3 2000 25% 1800
A4 1500 0% 1725

Perceived in relation to the modal expected mileage of 50 and a high average of
100, the improved cost effectiveness of the velomobile from the consumer
perspective is obvious. A 75% purchase subsidy to the current price would
reduce the consumer price to £ 2000. The velomobile driver traveling around 75
miles per week would have no net annual costs (equivalent to over 175 miles per
week without a subsidy) if their trips all replaced car trips and the marginal car
costs were considered saved. Once manufacturing efficiencies affected the price
it would be cost effective even for the very low mileage traveler, under 50 miles
per week.

As orders for velomobiles increased the subsidy could be expected to maintain
consumer cost effectiveness for the modal or average traveler. Summing up
expected costs, at a current price of £ 5000 per vehicle, even with a 75%
subsidy, only several hundred are expected to be sold. Initial yearly cost would
be less than £ 500 000, and would remain so for the entirety of the program. As
the number of orders increases, manufacturing efficiencies will maintain the
subsidy costs at a reasonable rate while the number of vehicles (and consequent
benefits) would rise. Reducing the subsidy rate as the price drops would support
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an emerging technology in a niche market where it was already cost effective,
and induce improved learning to achieve environmental and social benefits. Table
3 demonstrates the minimal costs a program such as this could have.

Table 3 Example subsidy costs 2005 - 2011

2005-2006 2007-2008 2009-2010 2011-
UK velos 100 300 1000 1600+
Pretax cost 5000 3000 2000 1500
Subsidy 75% 50% 25% 0%
Value
GBP/yr 375 000 450 000 500 000 0
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8. Conclusion

Our exploration of the velomobile began with a discussion of social aspects
inherent in the use of technology —socio-technology - and its implications on the
sustainability of the velomobile. We then explored broad concepts commonly
used to frame this interaction between technology and society, captured in the
ideas of the market, socioeconomic, and technical potential of a technology to
achieve environmental and social goals.

Using the example of existing studies, a survey of two hundred self selected
individuals in the smaller centres in the south of England was performed, which
resulted in first hand travel profiles, modal change estimates, and data on
potential barriers. These were then analysed, initially the emissions results were
compared to existing transportation technologies at current costs.

Costs and benefits were then explored in more depth and monetized where
possible, proving how the scope of the velomobile’s benefits meant that, even for
low mileage users, lifetime social benefit were at least equal to the current
purchase price. This was followed by a discussion of several barriers to realizing
these benefits and, assessed as most pressing, the consumer cost barrier was
the subject of the last chapter. It concluded with a case for a temporary subsidy
to bring consumer costs in line with surveyed expectations and the sizeable
potential social benefits.

The conclusion will first look back on the question initially posed by the study
then briefly highlight the only the most pressing of the variety of answers which
emerged from this investigation.

A viable alternative

Our initial question sought to discover whether the velomobile was considered a
viable alternative mode of transportation by residents of the U.K. The short
answer is yes, not to everyone but to a broad segment of people from all age,
gender and economic groups.

To many of those surveyed the velomobile was thought to have the potential to
significantly change individual emissions: the average for those who drove and
would consider replacing their car was a 50% reduction.

In addition to emissions potentially reduced, the velomobile also has a number of
less tangible benefits, like improved health and noise reduction. Not
unaccountable, moderate monetary estimates of these benefits could more than
equal the current cost.
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Economic models of the costs and benefits show a sizeable social benefit
accruing over each velomobile’s lifetime, even from low mileage users who would
currently tend to bear a larger share of the costs.

Rectifying this imbalance could result in a large scope for cost effective
emissions reductions to be realized, with minimal costs compared to the
alternatives.

In this the velomobile is nearly unique among transportation alternatives, also
true of its benefits which avoid the usual ‘rebound effect’ by accruing as more
miles are travelled.

The UK scene

The reality of attempts to introduce any new technology in the UK is likely to be
subject to the unique circumstances of the country and even local areas.
Disaggregating some results by location shows that the potential use value of the
velomobile is dependant on location.

Compared to other European countries the UK has few dedicated bicycle paths,
which the velomobile would typically be in a position to utilize. The alternative in
rural areas is the narrow system of shared use lanes, less used by motorists
because major road alternatives reach the same destinations. The realities of
rural road priorities observed in the UK indicate that motorists are often given
priority by non-motorized users, as a result of safety concerns or other reasons.

By using more space on a crowded road system, the velomobile appropriates
space for non-motorized users. Its presence causes motorized users to react
and thereby acknowledge the legitimacy of alternative users of the road.

To the extent that the velomobile is slower than other users of the road, it can
cause congestion. By causing other users of the road to travel slower, especially
on roads which are shared by many types of users, the congestion is considered
a safety benefit.

Open door

Those who were potential users of the velomobile came from many different
groups in society. Significant numbers had individual requirements which could
require a diversity of features and improved information about current models
and availability. Information, even in the supposed age of it remains a significant
barrier to new technologies, to a large extent due to ours being a tactile culture.
Learning and experience are needed.
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The challenge of private cost also remains a significant barrier. Though being
actively approached by several manufacturers, the scope of potential benefits not
limited to emissions reduction, and any price reduction is in the U.K. public's
interest. There is ample potential for learning about this new technology to have
a snowball effect in attracting new users.

Step in
Electricity is a particularly strong psychological symbol of modernity. As
participants of the survey were told the vehicles had electric engines®, a spark
was clearly visible in many eyes at that moment, when it passed from plaything
to potential tool.

With this knowledge more than half responded positively to using a velomobile
and fewer than half considered it an alternative for the bicycle alone. This bodes
well for hope that an unfortunately common and often unacknowledged mental
link between evolution and automobiles, depicted by Figure 2.1, can be bent into
the more sustainable matrix of Figure 2.2.

Like other things in the world, entering the matrix is likely to be helped out by a
spark and of course a good slogan. If this project was successful, the velomobile
can now at least be promoted as ‘travel for free’ and ought, more accurately, to
be thought of as beneficial travel. Over its lifetime a velomobile at least pays for
itself; the benefits are felt by the individual and society, while the costs are borne
by the individual.

Ample justification to change this imbalance exists and precedents set by other
transportation technologies prove it could work. The single largest barrier may
remain social perceptions, which seem intent on describing this technology as
something it really is not, a bicycle.

® The reality that one did not being completely immaterial.
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9. Appendix

Velomobile cost benefit spreadsheet

The full detailed view of the velomobile cost benefit spreadsheet is shown in
Figure 9.1, Figure 9.2 and Figure 9.3. The excel file is available as a part of this
thesis to interested parties'®. Subsidies discussed in the last chapter of the body
are shown in the final section of this, the final part of the appendix.

Iegend__ primary input primary cha output
secondary inputs secondary cost output
discountfinterest rates emissions output
emission/impact factors other benefit estimates

velomobile potential - all tips replace car trips Iifetime emissions:

primary input: — 0% discount rate
nox
optional input: pre-tax purchase price £ 5,000 post-tax rebate 014 g/km
current fuel efficiency (miles/L) 85 75% S8580.12 giyr
current fuel cost incl VAT (/L) £0.75 number| -585,801.22 g Mox
maintenance VAT excl (pimile) 403 100] |- 58580 kg Mox
individual: social: prm
VAT 15% 0% 002 gkm
discount 20% 6% B368.59 giyr
cutput: present value of future fuel £96,180.24 £40411.1 -§3 68589 gpm
reduced maintenance estimate £ 505.18 ET71.19] |- 8369 kg pm
velomobile, future fuel & maintenance saved: ch4
present value cost -£ 10331458 | -£ 458.817.60 0.04 gkm
total annual cost -£ 24 642 88 -£ 62 33861 1673718 glyr
lifetime emissions cost effectivensss -167 371.78 g chd
MNox g/'E spent 56T 1.28] |- AET 37 kg chd
CO2 kglE spent G.45 1.81] |co2
CO2 (fcm) kglE 7.18 1.61 20900 gkm
other benefits: Ifetime present value B87451.75 kgiyr
road costs and noise reduction £ 28341111 £ 497,541 .88 -874 517.53 kg CO2
health improvement estimate £ 253,644 .55 £ 445 28577 8452 ton CO2
market value CO2 reduction £ 740235 co2- fuel congumption (fcm)
emission damages reduced estimate £ 20,398 94 58824 Liwk
subtotal of other benefits £ 544 45803 £ 963,226.09 283 kg CO2/L
annual benefits valus £129,865.63 £130,871.56 T4023.53 kglyr
Lifetime Cost Benefit £441,143 45 £504.408.49 -740,235 .29 kg CO2
Owerall Total Annual £105,222 75 £68 532 95 74024 ton CO2
reduced noise and congestion (car costs) health benefit
£026 to £ 3.08 /mile reference EQto £1210 max fyear pp health benefit from cycling
£ 026! /mile figure used £ 605 avg of figure w/ dim retumns
£ 67 60000 £ 6760000 £ v £ 605N yearly per capita benefit figure used
£ 28341111 £ 497 541 88 present value £ 60,500.00 £ 60,500 00 £ fyear (group)
£ 253 644 56 £ 445 285 2T present value

Figure 9.1 Velomobile cost benefit analysis spreadsheet view of main results, adjusted to
the modal surveyed mileage and 100 participants, illustrating the potential benefits those
surveyed by this project could realize, with public support

19 Many thanks to Dr Lane for the example to follow in the model and providing LEAF2 for other
researchers.
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___ __
lane 2000 (LEAFZ2 fuel data xls ULSF)

individual social |
yearly fuel estimate £22 941 18 £5,490 59 K
full costfeffic*miles*number+s2 ul costfeff# mi
yearly maintenance £120.50 £104.78
whlymiles*(cost incl tax)*52
annual avoided cost subtotal £23,061 .67 £5 59537
rehate value £375,000.00 I
fiotal investment expenditure £200,000.00 £500,000.00
#*purchase + tax - rebate%*price #*purchase + fax
year discount (1/rjy discount
10 1.00 -£200,000.00 -£500,000.00 1.00
1 0.83 £19,218.06 £5,278.65 0.94
2 0.69 £16,015.05 £4,979.86 0.89
3 058 £13,345 88 £4 697 98 0.84
4 048 £11,121 56 £4 432 06 0.79
5 0.40 £0,267.97 £4,181.18 0.75
& 0.33 £7,723. 41 £3.944 51 0.70
|?' 0.28 £6,436.09 £3721.24 067
2 0.23 £5,363.41 £3.510.60 0.63
=] 019 £4 468 51 £3311.89 psaql
10 016 £3,724 59 £3.124 42 056
[
|Iifetime cost avoided £96,685 42 £41,182 .40 L
C
present value cost -4£103,314 58 -£458. 817 .60 U
r
capital recovery factor 10 years
r(1+r*nfM1+r"n-1 0.24 0.14 "
total annual cost -£24 642 88 -£62,338.61
{m individual social
el £1,764.71 £422 35 monthly
8.82 2.11 cost{p/mi)
548 1.31 cost{p/km)
maintenance £9.27 £8.06 monthly
463 4.03 taxed costip/m
288 250 taxed costip/kn
1 jsubtotal £1,773.97 £430.41 monthly
I
i 13.46 6.14 cost{p/mi)
| 8.36 3.82 cost{p/km)
i
) ffuel £96,180.24 | £40411.21 present value
)
T Imaintenance £ B505.18 £771.19 present value
§
i
i fprice £ incl VAT 07s
fuel duty 0.458
undertying price 018
calculated factor 071843137
factored tax /L £0.46
remainingfunderlying fuel rat £0.18

Figure 9.2 Velomobile cost benefits spreadsheet view of calculations and results, adjusted to the
modal surveyed mileage and 100 participants, with a post-tax subsidy of 75% shown
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|Defautt figures and estimates:

lane fusldata.xls 2002 data miedian cars.xls MoK pm ch4 co2 0.188235

mid 2002 fuel use 2.7 MJkm g'km g'km g'km g'km 5.3125

maintanance 2.5 p'km 0.28 0.01 0.04 208.81 1387842

Anable Root & Boardman fuel nox pm ich4 cl2 converied

petrol aven 2.42 kg co2 /L |11 00km g'km g'km ig’km g'km economy

<40 mph medium petrol + cat | 2.5378 0.27 0.01 0.22 185 T.28 milesiL

45-85 mph medium petrol+cat | 85358 0.14 0.01 0.05 153 8.50 miles/L
8.08 6.81

Active (individual) and public discount rates based on Lans 2000 LEAF2 model 20% and 6% respectively

0% discount for emissions is also Lane Leaf2 model (factor of 1is | think no discount)

Saelendeminde is credited at www bikezone.org uk with health estimates of £605 and s=em reasonable compared to Litman 2004 (not shown)
8% discount is recommended by the Bank of England. sourced from RECOMMNECT study 2000, also used by Lane for public discount rate

Litman Estimated bensefits of non-motorized transport Canadian dollars 2000747
savings from reduced sautomobile use subsst

urban: peal / off-peak rural
Congestion Reduction 0.2 0.2 0| may mot apply
Roadway cost Savings 0.05 0.05 0.03
Vehicle Cost Savings 025 0.2 0.15|approached elsswhers
Parking costs (per trip) 2 1 0.5
Air pollution reduction 0.1 0.05 0.01|some described
Moise polluticn reduction 0.03 0.02 0.0
energy consensation 0.05 0.0<4 0.03| accountad as fuel, but
traffic safety benefits 0.05 4 0.03
total per mile =F273 23142 =>§0.78
European Scrutiny Committee SD.ED| 53.4-1-‘ $0.18| energy. vehicle & congestion excluded
2003} at bikezone.co.uk 50.30 50.24 30.18|vehicle and energy subtotal

converted 13Can 1.00 = £048
noise and congestion (high)
cost estimate in London E1.08 £0D48 £ 0.28|converted total (vehicle, energy and congestion excl)

£1.18 £ 057 £ 0.28|converted total (vehicle and enargy removed)
£ 3.08 /mile

high figure low - == £133 £0.68 £ 0.37|converted original estimates (minimum ie. = each)
ww wery high

"shifts to non-motirzed modes often leverage additional motorized travel reductions....
If seven motorized motor wehicle miles are reduced for each increased mile of non motorized fravel
...as the data suggest.” (Litman 2004:19)

... estimate with bensfits multiplier of 7
£E7.59 £3.33 £1.24 -VE&C
£827 £4.02 £1.24 -VE
£929 £4.83 £ 250 ALL total per mile

Figure 9.3 Suggested damage and pollution estimates used in the cost benefit spreadsheet

Subsidies modeled

The subsidies discussed in chapter 7 are presented on the following two pages in
eight graphs. They show a diminishing level of post-tax rebate which moves the
consumer cost to a fairly constant price of around 2000 GBP. Social benefits
remain substantial while public costs of the subsidy and project as a whole are
level and not substantial. Consumer cost effectiveness is immediately improved
and should begin a process of learning which could accelerate the production
efficiencies faster than modeled. For this reason the results are all presented as
if they were equally available subsidy options for the present even though they
are discussed in the text (and would actually be) occurring in subsequent years.
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