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Abstract

Purpose: The EU Green Deal aims at making the continent climate-neutral by 2050. This heavily impacts 
the logistics sector, which currently predominantly relies on carbon-emitting ground, sea and air trans-
ports. While there are economic incentives to implement innovative emission-free alternatives in urban 
regions, rural areas can barely even hope for economical transportation services and thus are often supplied 
by traditional, emission-intense, means of transport. In particular, Remote Rural Areas (RRAs) provide a 
challenge to this goal: A combination of factors hinders the application of modern sustainable transport 
solutions in this context. The purpose of this paper is to define and analyse emission-free transportation in 
RRAs, providing an overview of current approaches to the issue and aiming to synthesize an opportunity 
to improve current concepts. 

Methodology: It provides an overview of existing literature on supplying remote rural regions, with a spe-
cial focus on emission-free transportation. It relies on quantitative methods, exemplary comparison and 
analysis of current good practices. 

Results: The research results in the proposal for an implementation process for associated transportation 
concepts in RRAs, based on a detailed discussion of literature and practice. This combined logistical con-
cept supports decision makers in their task of supplying their regions sustainably. 

Conclusion: The paper concludes that freedom from emission is claimed more often than it is realised. 
Nevertheless, often independent RRA systems provide favourable conditions for achieving the Green Deal 
objective, assuming that funding and interest in the issue are given. 
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1.	 Introduction 

1.1 Problem definition

The long-running tendency for urbanization in 
Europe and beyond has political, economic and 
structural consequences for supply chains and the 
infrastructures they operate on. With the centrali-
sation of people in agglomerations, demands and 

final destinations of many supply chains are also be-
ing centralized. This, in turn, transforms many se-
rial supply chains into less divergent supply chains. 
Last mile logistics is consequently becoming in-
creasingly short-distance intra-city transport rather 
than long-distance delivery transport (see Bretzke, 
2013). These divergent supply chains are increas-
ingly becoming economically and ecologically 
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sustainable, as transport to the agglomeration can 
be bundled and short-distance last-mile deliveries 
can be operated by emission-free transport modes, 
such as cargo bikes or electric delivery cars. Seto 
et al. (2010) even argue that we cannot afford not 
to urbanize to become increasingly sustainable as 
a global society. While these transformations are 
ongoing, a future featuring largely emission-free 
transports starts to look increasingly feasible for 
urban populations. 

In contrast, rural areas do not profit as much from 
the described transformation of supply chains, 
since both demands and supplies of businesses and 
industries in rural areas are more dispersed. Given 
the smaller volume of transport to and from rural 
areas, logistic services and the infrastructure they 
operate on are often underused, overpriced and 
thus deteriorate over time. As Porru et al. (2020) 
argue for public transport, this in turn accelerates 
the urbanization and widens the urban-rural gap 
even further. In many remote rural areas, deterio-
rating infrastructure forces inhabitants to migrate, 
as life in isolation is becoming increasingly risky 
(see Marino & Lazrus, 2015). Finally, improving the 
transport offer in rural areas is one facet of mak-
ing rural areas more accessible, which, according to 
Brovarone and Cotella (2020), is a prerequisite for 
an ongoing sustainable development of rural areas. 

The urban-rural divide seems to be even wider 
when it comes to sustainable transport (and mobil-
ity). As Wappelhorst et al. (2014) argue, the poten-
tial for electric car sharing e.g. is “too low to guar-
antee the economic viability” in non-urban regions. 
Last-mile deliveries, which are carried out in both 
urban and rural areas, are three times as expensive 
in rural areas, as Gevaers et al. (2014) determined, 
which leads to a trend that delivery companies are 
increasingly reducing their delivery frequencies 
to rural areas or raising their prices. As Kokorsch 
and Küpper (2019) conclude, possible ways out of 
the growing urban-rural divide seem to be either 
(semi-)autonomous transport technologies or so-
cial innovations. This study will examine efforts to 
maintain rural areas in an - economically and eco-
logically - sustainable way. 

It will further focus on remote rural areas, a sub-
category of rural areas, which are far from urban 
agglomerations. Remote rural areas are typically 
inhabited by few people and often possess insuf-
ficient or outdated transport infrastructure due to 
the challenging terrain or climate conditions. This 

geographical area of research is further defined in 
the following chapter, accompanied by framework 
definitions of unique challenges of transportation 
in this setting and two levels of freedom from emis-
sion. Subsequently, good practices of remote rural 
areas, which strive to become emission-free, are 
presented and classified. A derived strategic supply 
chain concept for promoting emission-free trans-
portation in remote rural areas is the focus of this 
study. It is followed by a comprehensive conclusion, 
critically discussing current efforts and recom-
mending further research. 

1.2	 Methodology

To realise the outline above in a scientific way, a 
qualitative methodology establishes a structured 
framework of relevant sources. 

An extensive review of available literature on the 
topics of emissions in transportation and remote 
rural areas allows for multidimensional and fact-
based definitions of the required nomenclature. 
Coexisting definitions are analysed, discussed and 
combined. On this basis, significant good practices 
could be identified through an increasingly targeted 
literature review process. As this section represents 
a dynamic status quo, current digital sources were 
used to ensure the topicality of the introduced 
states. The synthesis of these two method applica-
tions, first in theory, then in practice, is conducted 
by the identification of a strategic supply chain con-
cept for the observed areas, presentable in a mean-
ingful process flow chart. 

As a result, the paper summarises the current state 
of emission-free transport in remote rural areas 
and proposes an approach to increasing its share. 

2.	 Definitions 

2.1	 Remote rural areas

Remote rural areas are geographical regions that 
are both rural in nature and remote. They are thus 
far from neighbouring regions, cities or settle-
ments. Both terminologies, rural and remote, are 
used to define a wide range of concepts and there-
fore require a definition to clarify how they will be 
understood in the following text. 

Rural is usually defined in opposition to urban, a 
definition that is often disputed, e.g. by the Thünen 
Institute in Germany, as it suggests that all non-ur-
ban regions can be considered similar, which barely 
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is the case (see Küpper, 2016). For the remainder 
of this study, however, an understanding of rural as 
non-urban is sufficient, as the study will focus on a 
narrower concept of remote rural areas. 

Remote areas are areas that are far away from any 
other area. What distance this characterisation re-
quires is often left unclear. For the sake of defining 
a distinct threshold, this study considers only areas 
that are hard to access as remote. Hard to access, in 
turn, shall imply that there is no individual means 
of transport or at least hourly operating scheduled 
public transport that could bring people and goods 
to and out of the area and to another area within 
less than an hour during daytime. This threshold is 
consistent with the OECD’s definition of PRR (Pre-
dominantly Rural - remote) areas, as recorded by 
Dijkstra and Ruiz (2010), which requires a driving 
time of over an hour to a population centre over 
50,000 inhabitants for more than 50% of inhabit-
ants. 

Remote rural areas (RRAs), subsequently, are re-
gions that are both rural in nature, and thus non-
urban, and remote, therefore hard to access. 

The European Union understands the development 
of such regions as the main political aim to reach 
cohesion, it furthers the equality of life in remote 
rural areas to other parts of the continent. As part 
of these cohesion policies, the Commission identi-
fied so-called “regions with specific geographical 
features” that can rightly be called the remote rural 
areas of Europe. According to ADE (2012), these 
can be grouped into: 

1.	 Remote rural islands, in particular in Scot-
land, Croatia, Greece, and the Baltic and the 
Arctic Sea. 

2.	 Remote mountainous areas, as those found 
in the Alps, the Balkans, the Pyrenees, and, 
depending on the geographical definition of 
Europe, the Caucasus and the Ural Moun-
tains. 

3.	 Sparsely populated areas, which are pre-
dominantly found in the Arctic regions of 
Europe and in some parts of Spain, Roma-
nia and Bulgaria. 

This grouping indicates that RRAs are neither lim-
ited to a region nor to a country of the European 
Union. Even though this paper is focused on the EU 
and its RRAs as outlined above, all regions of the 

world include hard to reach communities of this 
nature. Supplying them with goods poses multiple 
logistics challenges. 

2.2	 Unique characteristics of logistics and mobility in 
RRAs

Remote rural areas constitute a challenge to logis-
tical means. As a result of their remoteness and 
thus isolated position, the areas defined above re-
quire reliable logistic connections to other areas 
to sustain themselves. Resilient supply chains for 
supplies, such as food or medicine, are a necessity 
for the local population. Likewise, local businesses 
depend on reliable supply chains leading from the 
rural remote areas to sell their goods (Brown et al., 
2008). 

While many non-remote rural areas are connected 
by conventional modes of transport, maintaining 
any earthbound infrastructure is very cost-intense 
given the often small population targeted (Mor-
genroth, 2014). This favours the use of modes of 
transport which do not rely on continuous infra-
structures, like aeroplanes, helicopters or, where 
applicable, ships (see Mukkala & Tervo, 2013). 
Provision of logistics services is therefore more de-
mand driven, bundled and expensive in remote ar-
eas. Transport-related access to the area can be ob-
structed by geography (e.g. insular or mountainous) 
or climate factors (especially in the Arctic region). 
Specialised supply chains, for example cold chains 
for medical resources or fresh food, involve legal re-
quirements which further complicate the provision. 

At the same time, as mentioned above, the EU (EU, 
2021) recognises the necessity of appropriate provi-
sion of transportation for people and goods as “a 
critical aspect of social and economic development 
and cohesion”, while emphasising that this is to be 
“implemented in close alignment with the energy 
and ecological transitions”. This implies that sus-
tainable transportation is to be provided to all Eu-
ropeans, regardless of their place of residence - in-
cluding those who inhabit the RRAs defined above, 
to further the emphasis on an equal collective of 
states and their regions. Likewise, many national 
laws demand that all citizens of their respective 
countries benefit from the same level of state ser-
vices, such as the healthcare system, which is only 
feasible if a resilient logistics solution is in place 
(see Wilson et al., 2009). 
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It becomes evident that the provision of logistics 
and mobility to RRAs is a more vital topic than is 
often presumed, both in the political sphere and as 
a challenge to related businesses. This mirrors the 
current state of sustainability in all aspects of life, 
i.e. the looming climate catastrophe. To sum up, 
preventing emissions in logistics, be it urban, rural 
or remote, has to be the top priority from a scien-
tific point of view. The intersection of emission-free 
logistics and RRAs can therefore be considered an 
issue of importance to corporate and public organi-
sations alike. In order to reliably promote this in-
tersection, a reliable definition of what constitutes 
freedom from emission becomes necessary. 

Logistics, the movement of goods, and mobility, 
the movement of people, are typically two different 
fields of research, which are sometimes linked, but 
only rarely intertwined. For the remainder of this 
paper, the feasibility and the status quo of emission-
free logistics and mobility in remote rural areas are 
often, but not always, considered simultaneously. 
As all forms of transportation, whether of goods 
or people, rely heavily on the same earthbound 
infrastructure, the challenges of a transformation 
towards emission-free forms of logistics and mo-
bility are often structurally very similar. Once an 
emission-free bus or train is developed to operate 
in a specific remote rural area, it is regularly also 
capable of transporting goods - or vice versa. The 
authors acknowledge that a more granular differen-
tiation might be important or even crucial in some 
contexts. 

2.3	 Emission-free

All European and most non-European states are 
committed to reducing or stopping emissions of 
carbon dioxide, the main driver of man-made cli-
mate change. This goal was formulated in the adop-
tion of the 2015 Paris Climate Agreement (see UN-
FCCC, 2016), which vows to limit global warming 
by drastically reducing emissions by the year 2030. 
However, a range of different concepts exist to 
reach that target. One such concept, and the easi-
est one to measure, is emission-free, which means 
that no greenhouse gas emissions are emitted at all. 
In particular, this concept does not include areas 
that still emit carbon dioxide but compensate for 
these emissions, e.g. by so-called ‘tree banking’ (see 
World Economic Forum, 2022). 

When speaking about remote rural areas, a further 
differentiation in internally emission-free areas, i.e. 

areas in which no emissions are emitted by trans-
portation, but which are reached by carbon diox-
ide emitting means of transport, and externally 
emission-free areas, which are additionally exclu-
sively served by emission-free means of transport, 
is required. In the latter case, a more comprehen-
sive approach to freedom from emission is given, 
including the upstream (resp. downstream) leg of 
the supply chain. 

In both cases, an exclusively internally and more 
comprehensively externally emission-free RRA, an 
already challenging logistical environment, is lim-
ited further in its options. The examples of good 
practice collected below reflect both concepts, be-
fore these findings from theory and practice result 
in a synthesised strategy to achieve emission-free 
RRAs. 

3.	 Good practices 

3.1	 Internally emission-free remote rural areas

3.1.1	 Remote rural islands: Porto Santo, Portugal

Porto Santo is a small Portuguese island in the At-
lantic, measuring approx. 40 square kilometres. 
It is part of the Madeira archipelago, but its near-
est neighbour island to the southwest is over 40 
km away, isolating the island, not only but also in 
its production of energy. Even though the island 
is currently still relying on a TPP (thermal power 
plant) for most of its energy needs, ambitious plans 
are drawn up to increase the share of sustainable 
energy sources as high as possible. The potential 
to be internally emission-free is being researched 
and realised by a public private partnership includ-
ing an automotive company. This includes the plan 
to switch to electrical vehicles for all the needs 
of Porto Santo’s 5,500 inhabitants. As an RRA of 
manageable size, the limited range of these vehi-
cles does not threaten the integrity of island-based 
supply chains. According to Torabi et al. (2017), the 
storage of energy to handle peaks in demand is a 
current challenge to these plans. Facilities acting as 
batteries or the involvement of vehicles to this end 
(bidirectional EVs) are possibilities proposed by 
Strobel et al. (2021) and Torabi et al. (2021). 

The plan towards emission-free Porto Santo is fur-
ther jeopardised by the biggest local economic fac-
tor and source of peak demand for energy, namely 
tourism. The vast majority of the 100,000 tourists 
a year arrive by plane, the most frequent but least 
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sustainable mobility option to reach the island. All 
plans to achieve zero emissions therefore exclude 
the airport and its use, the emission-heavy part of 
tourist mobility. Inhabitants are conflicted by the 
knowledge that their goal of eradicating emissions 
attracts an increasing number of tourists, hence 
aeroplanes, hence emissions. All intentions of Por-
to Santo to become emission-free thus currently 
merely focus on internal measures. 

3.1.2	 Remote mountainous regions: Zermatt, 
Switzerland

Zermatt is an RRA in southern Switzerland, located 
in the mountains of the Alps. Like Porto Santo, it 
supports a population of between five and six thou-
sand, generously supplemented by winter sports 
tourists. The village itself is combustion engine free 
and - according to its own statements (see Zermatt 
Tourismus, 2023) - it reduces emissions wherever 
possible, only really causing emissions with snow-
cats used for slope preparations. Local energy pro-
duction is based to a large extent on hydroelectric 
power (73% in 2021) (see Elektrizitätswerk Zermatt 
AG, 2022), ensuring a clean source for electricity 
demand in Zermatt. Electric vehicles, which serve 
the logistics and mobility needs of the city, are 
manufactured and designed specifically for this re-
gion and are exclusively owned by public actors and 
businesses, reducing the share of personal vehicles 
to zero. As this was democratically decided and the 
small inhabited village core is accessible on foot, the 
residents of this RRA are quoted as being satisfied 
without owning a personal vehicle. 

However, Zermatt still encourages tourism and 
provides large parking lots for combustion engine 
cars outside of Zermatt to get there. This makes the 
area, just like the island of Porto Santo, only an in-
ternally and only mostly emission-free RRA. 

3.1.3	 Sparsely populated areas: Svalbard, Norway

The Norwegian archipelago of Svalbard is a seclud-
ed Arctic region. Its area includes the former coal 
mining town of Longyearbyen. Housing approx. 
half of the inhabitants of Porto Santo or Zermatt, 
but nearly all of Svalbard’s population, its logisti-
cal needs are of manageable nature. Nevertheless, 
throughout its history and current focus on re-
search regarding climate change, this RRA aims to 
be internally emission-free. This goal is emphasised 
by the multiple effects of global warming, which, 
according to Paddison (2021), are challenging the 

town constantly. As a result, the closure of its cur-
rent energy source, an old and expensive coal plant, 
is planned for 2023. It is to be replaced by multi-
ple sources of renewable energy, reducing carbon 
emissions of the city by 80% by 2030. For now, the 
mayor encourages shared mobility solutions for 
immediate improvements in mobility emissions. A 
modelling study by Ringkjøb et al. (2020) examined 
the feasibility of this shift towards renewables with 
positive results, emphasising the need for power 
storage and back-up capacity. The purchase of a ‘gi-
ant battery’ in 2022 (see Jonassen, 2022) brings this 
proposed concept into motion. 

As a result, Svalbard is close to becoming entirely 
emission-free, despite the harsh conditions of the 
Arctic. However, Longyearbyen sees a stark in-
crease in flight traffic and moorings for cruise ships, 
becoming a hub for arctic tourism. As these modes 
of transport are not feasible in an emission-free way 
yet, Svalbard has to be considered on its way to be-
coming merely internally emission-free. 

3.2	 Externally emission-free remote rural areas
3.2.1	 Remote rural islands: Samsø, Denmark

A small Danish island of Samsø is home to around 
4,000 people who live in 22 villages spread over 112 
km². Its geographic position favours renewable en-
ergy through wind turbines, which satisfy most of 
the island’s energy needs, in a combination with so-
lar panels and biomass plants. 

Replacing coal-based electrical power from the 
mainland, this transition towards emission-free en-
ergy sources was conducted in just ten years. Ac-
cording to Sperling (2017), the shift was possible 
through the integration of and participation by the 
local community. Among other factors, Sperling 
attributes the success of this huge endeavour to a 
‘sense of locality and responsibility’ and a ‘commu-
nity spirit’, but also to various supportive actions 
by the government. He nevertheless describes the 
processes as intensive. Lewis (2017) identifies the 
resulting co-ownership of infrastructure by the 
community itself as a vital success factor for the 
transformation. 

Surpassing this community-based effort in Samsø, 
the island aims to be completely emission-free by 
2030, eliminating the last carbon-emitting sectors 
of heating and road transport by introducing wind 
power- and biomass-based alternatives (see UNFC-
CC, 2023). To achieve decarbonisation of the trans-
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port of good and people to and from Samsø, the 
municipality had to start their own shipping com-
pany in 2013 to order new LNG powered ferries. 
The new shipping company immediately conducted 
a feasibility study to produce all the required LNG 
locally on Samsø (Mikkelsen, 2015). Today, the 
Samsø municipality-owned ferry is entirely fuelled 
by locally produced natural gas (Tybirk, 2018). In 
2024, an electric ferry shall replace this LNG-pow-
ered ferry as a next step towards freedom from any 
emissions (see Danfoss A/S, 2023). 

Emissions are about to be eliminated from Samsø 
- internally, in heating and mobility, just like exter-
nally, in transportation to and from the island. 

3.2.2	 Remote mountainous regions: Stoos, Swit-
zerland

A small mountain village Stoos in Switzerland is on 
its way to become the first emission-free village in 
the Alps. It has only 150 inhabitants, but also addi-
tional 2,200 beds for tourists, as it is a winter sports 
resort. Like Zermatt, it has always been car-free, but 
started to invest heavily in reducing emissions that 
result from reaching the RRA. In 2017, it replaced 
its old cable car with an earthbound electric fu-
nicular (see Stoosbahnen AG, 2023). Later, it linked 
the funicular to the public transport network of 
Switzerland with an electric bus. Finally, the village 
started a project with an all-purpose vehicle com-
pany to design and built a vehicle that can transport 
goods to and from the village (see Hiller, 2022). This 
effort will potentially make Stoos’ logistics and mo-
bility internally and externally emission-free in the 
future. 

3.2.3	 Sparsely populated areas: Bulnes, Spain

Bulnes is a tiny hamlet in northern Spain. It is home 
to just approximately 40 people and until 2001 it 
could have been reached only by a two-hour hike 
from a neighbouring village. Since 2001, an electric 
funicular links the village to a neighbouring settle-
ment and the national Spanish road network (see 
Basterra, 2011). As the funicular itself does not 
emit any carbon dioxide, it could thus technically 
be considered externally emission-free. Internally, 
Bulnes, similarly to Stoos, has teamed up with an 
all-purpose vehicle producer (Alke, 2023) to design 
an emission-free vehicle that can be transported 
via the funicular and do deliveries and transport 
within the village, making all transport internally 
emission-free. 

4.	 Strategic RRA supply chain concept

The collection of good practices of RRAs, which 
seek freedom from emissions, and the included 
methods complementing these attempts show 
progress which remote areas are making and the 
tools they can use for this purpose. A discussion 
of existing efforts and achievements in internal 
and external emission freedom revealed a usually 
comprehensive wish to eliminate harmful energy 
consumption - the focus is seldom exclusively on 
the logistics sector and its ‘footprint’. The authors 
found that there is a lack of coordinated applica-
tion of methods in this sector until the end of the 
complete concept for logistics. In this section, 
therefore, they attempt to synthesise a strategic 
concept which considers knowledge of the find-
ings so far. 

It is usually trivial to define the geographical bound-
aries of RRAs due to their remoteness, which is one 
reason why it is often easier for RRAs to attempt 
to limit internal freedom from emission at all. The 
necessary transport of goods and people can thus 
easily be grouped into transport within the RRA, 
as well as to and from the RRA – or, in other words, 
internal and external transports. The first step to-
wards any transport solution for RRAs, including 
emission-free ones, would be the ownership of 
transport demand data. This is not simple because 
public institutions typically do not measure the de-
mand for logistics services fulfilled by third-party 
companies. Yet, it is required as a foundation to for-
mulate a comprehensive strategy towards freedom 
from emission. 

In the second step, the RRA could and should ac-
tively seek for possible service providers that can 
meet these bundled transport needs, while request-
ing these services to be provided without emitting 
any harmful emissions. The RRA has an advantage 
because it can define a clear demand for a service, 
e.g. “deliver X tons of goods daily from the island to 
the mainland and Y tons from the mainland to the 
island, without emitting any carbon dioxide”. If no 
service provider is able or willing to provide such a 
service to the RRA and its citizens, the RRA should 
invest in finding a solution from within. This is ex-
emplified by Samsø, which had to develop an ambi-
tious community-based plan of public investments 
and co-ownership, or Bulnes and Stoos, which both 
had to design and construct vehicles fit for the pur-
pose of operating in their respective RRA. 
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Should the procurement of a service provider fail 
solely and exclusively for economic reasons, mean-
ing an unprofitable business case, the RRA com-
munity can also invest in social innovations from 
within. That such innovations from within have the 
potential to (re-)vitalise or sustain an entire RRA 
can be observed, e.g., in the Chatham Islands, which 
manages its entire internal and external transport 
infrastructure successfully since its parent state, 
New Zealand, failed to provide such services (Ren-
nie, 2022). Crowd logistics, active involvement of 
community members and their resources in respec-

tive supply chains, could be one of the solutions to 
overcome the financial gap. Another solution could 
be a public subsidy of the required service to main-
tain the connectedness of the RRA, while reducing 
its emissions. These unconventional solutions to 
providing transport in, to and from RRAs require 
extensive involvement of the democratic entities of 
the region – mirroring the earlier clustering of de-
mand as a community effort. 

As a result, in all potential outcomes of this strat-
egy, one of three clear paths can be pursued. Figure 
1 provides an overview of this simple concept. 

Figure 1 Model of strategic RRA supply chain concept

Source: Authors’ own representation, by Bizagi Modeler

Looking at the discussed and many other good practices observed, taking these steps seems to 

be the best chance for RRAs to become emission-free, as they allow RRAs to autonomously 

reduce their emissions gradually to become emission-free. In particular, the proposed model 

grants the RRA the autonomy to act without having to trust, demand or ask for improvement of 

the infrastructures bridging the gap between the RRA and the larger markets outside of it. This 

is crucial, as infrastructures leading to and from RRAs are typically not owned by the RRA 

community and thus any infrastructural improvement has to be made by higher-level, often 

national, bodies. As Fox & Porca (2001) argue, national bodies will often conclude that 

infrastructural investment in RRAs is very unlikely to drastically improve remote economies 

and thus avoid major investment in such infrastructure. 
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This overview of emission-free logistics options in RRAs provided various insights. In an 

established framework of clear definitions, existing efforts could be observed and evaluated. 

The resulting strategic supply chain concept in this context provides a synthesised and 

simplistic framework for RRAs, which aim to reach freedom from emission. This chapter 

includes final conclusions of this approach, followed by a summarising feasibility discussion 

of emission-free RRAs and an identified area for further research on this topic.
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transportation, with varying results. By generally following the described steps, a collective and 

Source: Authors’ own representation, by Bizagi Modeler 

Looking at the discussed and many other good 
practices observed, taking these steps seems to be 
the best chance for RRAs to become emission-free, 
as they allow RRAs to autonomously reduce their 
emissions gradually to become emission-free. In 
particular, the proposed model grants the RRA the 
autonomy to act without having to trust, demand or 
ask for improvement of the infrastructures bridging 
the gap between the RRA and the larger markets 
outside of it. This is crucial, as infrastructures lead-
ing to and from RRAs are typically not owned by 
the RRA community and thus any infrastructural 
improvement has to be made by higher-level, often 
national, bodies. As Fox & Porca (2001) argue, na-
tional bodies will often conclude that infrastructur-
al investment in RRAs is very unlikely to drastically 

improve remote economies and thus avoid major 
investment in such infrastructure. 

5.	 Conclusion

This overview of emission-free logistics options in 
RRAs provided various insights. In an established 
framework of clear definitions, existing efforts 
could be observed and evaluated. The resulting stra-
tegic supply chain concept in this context provides 
a synthesised and simplistic framework for RRAs, 
which aim to reach freedom from emission. This 
chapter includes final conclusions of this approach, 
followed by a summarising feasibility discussion of 
emission-free RRAs and an identified area for fur-
ther research on this topic. 
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The strategic RRA supply chain concept of the 
previous chapter was structured to reflect the cur-
rent state of research on the topic. As shown, many 
RRAs aim for emission-free transportation, with 
varying results. By generally following the described 
steps, a collective and purposeful course of action 
can be followed. By involving the public in a demo-
cratic way and with participation-based solutions 
(as demonstrated in numerous examples of good 
practice such as Zermatt and Samsø), population 
resources, innovative potential and, most impor-
tantly, cooperation in collective action are ensured 
in a way which could never be provided sustain-
ably by a top-down approach. At the same time, the 
possibility of the concept of involving large logis-
tics providers makes economic solutions possible: 
Externalisation of transport requirements through 
MaaS (Mobility as a Service) solutions provides ac-
cess to economies of scale and can make the latest 
vehicles or platforms attainable in this way. A focus 
on renewable energy sources and electrification as 
opposed to internal combustion engines is a com-
mon factor in these logistical aspects. RRAs rely 
on this technology to reach their goal; efficient use 
of renewable resources, energy storage capabilities 
and corresponding innovations in logistics vehicles 
is ongoing and accelerating. In those RRAs, which 
nevertheless cannot be serviced economically with-
out environmental emissions, the remaining op-
tions are of social (e.g. crowd logistics) and political 
(e.g. subsidies) nature. Especially in the European 
Union, growing cohesion in these two fields could 
prove the applicability of the concept. 

As reasonably constrained areas, RRAs already of-
fer great opportunities for the development and 
testing of emission-free options, whether by service 
providers or collective community efforts. Overall, 
they proved to be good laboratories for the applica-
tion of emission-free transport and mobility meth-
ods, which can later be adopted on a larger scale. 
Distances within settlements are typically shorter 
than in urban centres and travel to and from remote 
rural areas is rare, as the accessibility of the area 
often makes it impossible for its citizens to com-
mute. In some cases, as is the case with a number 
of Scottish islands, the transition towards sustain-
ability is driven by state and public actors, such as 
the regions and islands concerned and the Scottish 
Government. In other cases, as is the case with the 
Greek island of Astypalea or the aforementioned 

Porto Santo in Madeira, public-private partner-
ships drive the transition. 

On the other hand, the adaption of emission-free 
modes of transport and mobility in RRAs is lim-
ited by multiple factors. Most notably, differences 
in the comprehensiveness of sustainability efforts 
are clearly visible, demonstrating a deeply rooted 
issue at hand: emission-free logistics concepts for 
RRAs are more often than not incomplete, shift-
ing emissions to upstream processes in the supply 
chain, like bordering parking lots and planes. While 
this avoids the negative local effects of emissions, 
such as particulate matter emission in populated 
areas, the goal of preventing greenhouse gases in 
general is not sufficiently addressed. In this context, 
current technology does not yet provide emission-
free long-distance or high-speed means of trans-
port that can serve RRAs. The potential exception 
of high-speed trains is infrastructure-bound and 
requires extensive investment, even in less chal-
lenging environments. Additionally, stakehold-
ers can also jeopardise the efforts. Public-private 
partnerships carry risks for the community, espe-
cially if it relies on the output, as in mobility and 
transportation. Greenwashing, building a sustain-
able appearance without actual progress, can be 
considered one of them. Its deceiving language is 
encountered repeatedly in this research since upon 
close inspection, none of the practices examined 
can claim to actually have no emissions as defined, 
internally or externally, at least when factors other 
than transportation are taken into account. Bulnes 
could serve as the exemption from this rule, as its 
extremely small size and population made the dis-
cussed solutions possible. Stoos emits no carbon 
dioxide from internal and external transport, while 
Samsø, Porto Santo, Zermatt and Svalbard are not 
yet internally or externally emission-free in terms 
of transport. Explaining this, many of the RRAs 
mentioned above are tourism-focused economies, 
which rely on their public image and can invest in 
expensive sustainable solutions to increase their 
appeal to environmentally conscious travellers. 
Of course, not all RRAs are tourism-focused and 
well-off enough to consider this trade-off. Alterna-
tively, community-based approaches, as embodied 
in the strategic concept, can only succeed with an 
involved public, which invests time and resources 
in long-term shifts towards sustainability. Misin-
formation about climate change or lack of interest 
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in the topic can, for example, prevent constructive 
approaches by labelling them as unnecessary. 

Finally, there are limitations to the analyses con-
ducted, posed by the nature of available source 
material and authorship. As mentioned, the inter-
est in being perceived as a sustainable RRA can 
spin any public-facing publication towards a dis-
torted and therefore less scientific conclusion. On 
the other hand, internal and more reliable policy-
related sources, such as scientific pre-studies, are 
seldom written for public use. Therefore, they are 
often composed in the local language and not re-
trievable by conventional research methods within 
the scope of this work. In relation to authorship, 
both authors of this study are scholars in the do-
main of business sciences. A linear point of view 
of the natural sciences is lacking in this discussion 
of topics, which are certainly related to this addi-
tional field. To handle this limitation, the authors 
have limited the presentation of natural sciences 
and related technologies to consensus in the re-
spective field. 

As evident from this long list of uncertainties and 
limitations, further research is needed in this im-
portant field. For the most part, sustainability con-
tinues to be a priority after economic KPIs. The 
authors see this as an opportunity to adapt current 
economic analyses. According to (Laird & Mackie 
2014), current cost-benefit analyses do not include 
all the benefits of servicing remote rural areas. Fu-
ture approaches to this topic should thus consider 
both all (indirect) economic aspects and the impact 
on emissions as beneficial. A comprehensive ap-
proach to the transport needs of remote rural areas 
can therefore produce adequate solutions for stake-
holders in and outside of the regions in a sustain-
able way, economically and environmentally. 

As the effects of climate change are immediate 
events, adequate action becomes increasingly ur-
gent. RRAs could be at the forefront of setting an 
example, regardless of the small global impact of a 
single success in reducing emissions. Approxima-
tions like the Pareto principle show the great im-
pact of small first steps - as long as there is a will 
to change. 



Düerkop, S. et al.: Emission-free logistics in remote rural areas

418 Vol. 36, No. 2 (2023), pp. 409-420

References

1.	 ADE (2012). Study on the relevance and the effectiveness of ERDF and Cohesion Fund support to Re-
gions with Specific Geographical Features - Islands, Mountainous and Sparsely Populated areas, Final 
Report: Volume 1. 
https://ec.europa.eu/regional_policy/sources/evaluation/eval2007/geographical_final1.pdf 

2.	 Alke (2023). In a mountain village with an Alke vehicle. 
https://www.alke.com/electric-transport-mountain

3.	 Basterra, T. (2011). Una década del funicular de Bulnes. 
https://www.elcomercio.es/v/20110917/asturias/decada-funicular-bulnes-20110917.html 

4.	 Bretzke, W. R. (2013). Global urbanization: a major challenge for logistics. Logistics Research, 6(2-3), 
57-62. https://doi.org/10.1007/s12159-013-0101-9

5.	 Brovarone, E. V. & Cotella, G. (2020). Improving rural accessibility: A multilayer approach. Sustain-
ability, 12(7), 2876-2896. https://doi.org/10.3390/su12072876

6.	 Brown, D., Fay, M., Lall, S. V., Wang, H. G. & Felkner, J. (2008). Death of distance? Economic implica-
tions of infrastructure improvement in Russia. EIB Papers, 13(2), 126-148. 

7.	 Dijkstra, L. & Ruiz, V. (2010). Refinement of the OECD regional typology: Economic Performance of 
Remote Rural Regions. https://www.oecd.org/regional/regional-policy/45511797.pdf

8.	 Danfoss A/S (2023). Danfoss powers two new zero-emission ferries for Molslinjen. 
https://www.danfoss.com/en/about-danfoss/news/dds/zero-emission-ferries-molslinjen/

9.	 Elektrizitätswerk Zermatt AG (2022). Geschäftsbericht 2021. 
http://www.ewzermatt.ch/geschaeftsberichte-41.html

10.	 EU (2021). Harnessing innovation to unlock the potential of rural and remote areas. https://digital-
strategy.ec.europa.eu/en/news/harnessing-innovation-unlock-potential-rural-and-remote-areas

11.	 Fox, W. F. & Porca, S. (2001). Investing in rural infrastructure. International Regional Science Review, 
24(1), 103-133. https://doi.org/10.1177/016001701761012971

12.	 Gevaers, R., van de Voorde, E. & Vanelslander, T. (2014). Cost Modelling and Simulation of Last-mile 
Characteristics in an Innovative B2C Supply Chain Environment with Implications on Urban Areas 
and Cities. Procedia – Social and Behavioral Sciences, 125, 398-411. 
https://doi.org/10.1016/j.sbspro.2014.01.1483

13.	 Hiller, S. (2022). Elektromobilität für die Berge von ecovolta. 
https://energyload.eu/elektromobilitaet/elektrofahrzeuge/elektromobilitaet-ecovolta/

14.	 Jonassen, T. (2022). Svalbard Takes Its First Step Towards Becoming a Zero-Emission Community. 
https://www.highnorthnews.com/en/svalbard-takes-its-first-step-towards-becoming-zero-emission-
community

15.	 Kokorsch, M. & Küpper, P. (2019). Trends der Nahversorgung in ländlichen Räumen (Thünen Working 
Paper No. 126). Braunschweig: Thünen. 

16.	 Küpper, P. (2016). Abgrenzung und Typisierung ländlicher Räume (Thünen Working Paper No. 68). 
Braunschweig: Thünen.

17.	 Laird, J. & Mackie, P. (2014). Wider economic benefits of transport schemes in remote rural areas. 
Research in Transportation Economics, 47, 92-102. https://doi.org/10.1016/j.retrec.2014.09.022

18.	 Lewis, D. (2017). Energy positive: how Denmark’s Samsø island switched to zero carbon. 
https://www.theguardian.com/sustainable-business/2017/feb/24/energy-positive-how-denmarks-
sams-island-switched-to-zero-carbon

19.	 Marino, E. & Lazrus, H. (2015). Migration or forced displacement? The complex choices of climate 
change and the disaster migrants in Shishmaref, Alaska and Nanumea, Tuvalu. Human Organization, 
74(4), 341-350. https://doi.org/10.17730/0018-7259-74.4.341

https://ec.europa.eu/regional_policy/sources/evaluation/eval2007/geographical_final1.pdf
https://www.alke.com/electric-transport-mountain
https://www.elcomercio.es/v/20110917/asturias/decada-funicular-bulnes-20110917.html
https://doi.org/10.1007/s12159-013-0101-9
https://doi.org/10.3390/su12072876
https://www.oecd.org/regional/regional-policy/45511797.pdf
https://www.danfoss.com/en/about-danfoss/news/dds/zero-emission-ferries-molslinjen/
http://www.ewzermatt.ch/geschaeftsberichte-41.html
https://digital-strategy.ec.europa.eu/en/news/harnessing-innovation-unlock-potential-rural-and-remote-areas
https://digital-strategy.ec.europa.eu/en/news/harnessing-innovation-unlock-potential-rural-and-remote-areas
https://doi.org/10.1177/016001701761012971
https://doi.org/10.1016/j.sbspro.2014.01.1483
https://energyload.eu/elektromobilitaet/elektrofahrzeuge/elektromobilitaet-ecovolta/
https://www.highnorthnews.com/en/svalbard-takes-its-first-step-towards-becoming-zero-emission-community
https://www.highnorthnews.com/en/svalbard-takes-its-first-step-towards-becoming-zero-emission-community
https://doi.org/10.1016/j.retrec.2014.09.022
https://www.theguardian.com/sustainable-business/2017/feb/24/energy-positive-how-denmarks-sams-island-switched-to-zero-carbon
https://www.theguardian.com/sustainable-business/2017/feb/24/energy-positive-how-denmarks-sams-island-switched-to-zero-carbon
https://doi.org/10.17730/0018-7259-74.4.341


Düerkop, S. et al.: Emission-free logistics in remote rural areas

419Vol. 36, No. 2 (2023), pp. 409-420

20.	 Mikkelsen, N. (2015). Biogas til Transport. Gennemførlighedsstudie af biogaskæde på Samsø. 
http://www.samsoe.dk/Admin/Public/Download.aspx?file=Files%2FFiles%2FBorger%2FEnergi-og-
klima%2Fbiogas_til_transport_rapport-final.pdf

21.	 Morgenroth, E. (2014). The regional development impacts of transport infrastructure: A literature re-
view and policy implications (Background Paper No. 7). Dublin: Department of Transport, Tourism 
and Sport.

22.	 Mukkala, K. & Tervo, H. (2013). Air transportation and regional growth: which way does the causality 
run?. Environment and Planning A, 45(6), 1508-1520. https://doi.org/10.1068/a45298

23.	 Paddison, L. (2021). Deep in the Arctic, a town fights for zero emissions. 
https://www.wired.co.uk/article/svalbard-energy

24.	 Porru, S., Misso, F. E., Pani, F. E. & Repetto, C. (2020). Smart mobility and public transport: Opportu-
nities and challenges in rural and urban areas. Journal of Traffic and Transportation Engineering, 7(1), 
88-97. https://doi.org/10.1016/j.jtte.2019.10.002

25.	 Rennie, H. (2022). Chathams Resurgent: How the Islanders Overcame 150 years of Misrule. Fraser 
Books.

26.	 Ringkjøb, H., Haugan, P. & Nybø, A. (2020). Transitioning remote Arctic settlements to renewable 
energy systems – A modelling study of Longyearbyen, Svalbard. Applied Energy, 258, 114079. 
https://doi.org/10.1016/j.apenergy.2019.114079

27.	 Seto, K. C., Sánchez-Rodríguez, R. & Fragkias, M. (2010). The new geography of contemporary urban-
ization and the environment. Annual Review of Environment and Resources, 25, 167-194. 
https://doi.org/10.1146/annurev-environ-100809-125336

28.	 Sperling, K. (2017). How does a pioneer community energy project succeed in practice? The case of the 
Samsø Renewable Energy Island. Renewable and Sustainable Energy Reviews, 71, 884-897. 
https://doi.org/10.1016/j.rser.2016.12.116

29.	 Stoosbahnen AG (2023). Steilste Standseilbahn der Welt. https://www.stoos.ch/de/stories/weltrekord

30.	 Strobel, L., Schlund, J., Brandmeier, V., Schreiber, M. & Pruckner, M. (2021). Smart Charging and Re-
newable Grid Integration - A Case Study Based on Real-Data of the Island of Porto Santo. In Afonso, 
J. L. et al. (Eds.). Proceedings of Sustainable Energy for Smart Cities. SESC 2020. Lecture Notes of the 
Institute for Computer Sciences, Social Informatics and Telecommunications Engineering, Vol. 375 (pp. 
200-215). Viana do Castelo: EAI International. https://doi.org/10.1007/978-3-030-73585-2_13

31.	 Torabi, R., Rodrigues, S., Morgando Dias F. & Gomes, A. (2017). An Overview of Deploying an In-
tegrated Management of Energy Resources in Porto Santo Island. In Proceedings of the 3rd Energy for 
Sustainability International Conference 2017 - Designing Cities & Communities for the Future (pp. 1-5). 
Funchal: University of Coimbra.

32.	 Torabi, R., Gomes, Á. & Morgado-Dias, F. (2021). Energy Transition on Islands with the Presence of 
Electric Vehicles: A Case Study for Porto Santo. Energies, 14(12), 3439. 
https://doi.org/10.3390/en14123439

33.	 Tybirk, K. (2018). Biogas Liquefaction and use of Liquid Biomethane. Status on the market and tech-
nologies available for LNG/LBG/LBM of relevance for biogas actors in 2017. 
http://www.golng.eu/files/Main/GoLNG_Blue_Corridor/Field%20to%20Ferry%20business%20
model%20concept_final.pdf 

34.	 UNFCCC (2016). Adoption of the Paris Agreement to the United Nations Framework Convention on 
Climate Change, FCCC/CP/2015/10/Add.1. 
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/
globalcompact/FCCC_CP_2015_10_Add.1.pdf

35.	 UNFCCC (2023). Samsø: An Island Community Pointing to the Future | Denmark. 
https://unfccc.int/climate-action/un-global-climate-action-awards/climate-leaders/samso 

http://www.samsoe.dk/Admin/Public/Download.aspx?file=Files%2FFiles%2FBorger%2FEnergi-og-klima%2Fbiogas_til_transport_rapport-final.pdf
http://www.samsoe.dk/Admin/Public/Download.aspx?file=Files%2FFiles%2FBorger%2FEnergi-og-klima%2Fbiogas_til_transport_rapport-final.pdf
https://doi.org/10.1068/a45298
https://www.wired.co.uk/article/svalbard-energy
https://doi.org/10.1016/j.jtte.2019.10.002
https://doi.org/10.1016/j.apenergy.2019.114079
https://doi.org/10.1146/annurev-environ-100809-125336
https://doi.org/10.1016/j.rser.2016.12.116
https://www.stoos.ch/de/stories/weltrekord
https://doi.org/10.1007/978-3-030-73585-2_13
https://doi.org/10.3390/en14123439
http://www.golng.eu/files/Main/GoLNG_Blue_Corridor/Field%20to%20Ferry%20business%20model%20concept_final.pdf
http://www.golng.eu/files/Main/GoLNG_Blue_Corridor/Field%20to%20Ferry%20business%20model%20concept_final.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/FCCC_CP_2015_10_Add.1.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/FCCC_CP_2015_10_Add.1.pdf
https://unfccc.int/climate-action/un-global-climate-action-awards/climate-leaders/samso


Düerkop, S. et al.: Emission-free logistics in remote rural areas

420 Vol. 36, No. 2 (2023), pp. 409-420

36.	 Wappelhorst, S., Sauer, M., Hinkeldein, D., Bocherding, A. & Glaß, T. (2014). Potential of electric car-
sharing in urban and rural areas. Transportation Research Procedia, 4, 374-386. 
https://doi.org/10.1016/j.trpro.2014.11.028

37.	 Wilson, N. W., Couper, I. D., De Vries, E., Reid, S., Fish, T. & Marais, B. J. (2009). A critical review of 
interventions to redress the inequitable distribution of healthcare professionals to rural and remote 
areas. Rural and Remote Health, 9(2), 1-21. https://doi.org/10.22605/RRH1060

38.	 World Economic Forum (2022). What is ‘tree banking’ - and how is it helping this Indian village reach 
net zero?. 
https://www.weforum.org/agenda/2022/02/indian-village-banks-on-tree-mortgages-in-bid-to-go-
carbon-neutral 

39.	 Zermatt Tourismus (2023). Nachhaltigkeit – Der Natur umfassend Sorge tragen. 
https://www.zermatt.ch/nachhaltigkeit

https://doi.org/10.1016/j.trpro.2014.11.028
https://doi.org/10.22605/RRH1060
https://www.weforum.org/agenda/2022/02/indian-village-banks-on-tree-mortgages-in-bid-to-go-carbon-neutral
https://www.weforum.org/agenda/2022/02/indian-village-banks-on-tree-mortgages-in-bid-to-go-carbon-neutral
https://www.zermatt.ch/nachhaltigkeit

	_gjdgxs
	_30j0zll

