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BIOMASTER IN A NUTSHELL
BIOMASTER intends to prove that biomethane for transport can be an operational and viable option in spite of
the regulatory and fiscal barriers that hamper its replication.
The 4 participating regions, Małopolska Region (PL), Norfolk County (UK), Skåne Region (SE) and Trentino
Province (IT), are ready to exploit the potential of biomethane production and use for transport to overcome
the current impasse and bring the key components of the biomethane chain into a joint initiative, stimulating
investments, removing non-technological barriers and mobilising action for uptake.
The qualifying characters of BIOMASTER are the commitment of a "waste-to-wheel” partnership, the set-up of
networks to involve local stakeholders, the intention to address the potential sources of biomethane
production, the potential for total production and use, the available distribution modes, and the legal,
organisational and financial barriers. A key ambition of the project is to focus on biomethane grid injection.
The goal is to bridge the knowledge and operational gaps fragmenting the biomethane chain and to establish
local alliances of stakeholders to foster open dialogue and create a mutual understanding which will facilitate
an increase in actions along this biomethane chain.
BIOMASTER is a project, co-funded by the Intelligent Energy Europe-Programme and is composed of 17
partners, coming from Austria, Italy, Poland, Sweden and the United Kingdom. It will run from 01 May 2011
until 30 April 2014.

The sole responsibility for the content of this document lies with the authors. It does not necessarily reflect the
opinion of the European Union. Neither the EACI nor the European Commission are responsible for any use that
may be made of the information contained therein.
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1. INTRODUCTION
The development of filling stations faces many difficulties in the four partner regions, i.e., Małopolska Region in
Poland, Norfolk County in the UK, Skåne Region in Sweden and Trentino Province in Italy. Part of the current
problem is that the development and ownership of the gas filling stations are carried out by the biogas
producers and not by the fuel providers. Another difficulty is that developing filling stations is rather expensive
and hence the interest does not increase enough to favour a broader distribution of smaller filling stations
throughout the regions. Distribution of biomethane through the gas grid could be helpful in this regard.
The starting point for development of a market for biomethane as a vehicle fuel differs greatly among the
BIOMASTER countries. Current production and investments in production of biogas are varying as well as the
volumes that are upgraded to a standard that is fit to use as a vehicle fuel. The partner regions have produced
an assessment of the different distribution alternatives due to their biomethane production possibilities. It
points out that the four countries can manage larger volumes of biomethane injection into the gas grid and
that the it can be used for many different purposes.
It is of high importance among the BIOMASTER partners to remove barriers, such as lack of infrastructure, for
using CNG/biomethane. The increase in number of gas filling stations is going rather slow and has in some parts
of the regions more or less stopped, as in Skåne and Małopolska. There is a common urgent need to identify
and develop strategies to stimulate the development of more filling stations in the project regions. The regional
strategies to develop gas filling stations in this report will include technical and financial assessment of the
options including any innovative solution to small scale refuelling.
To ease the reading of the report, some definitions are as follows below:
Natural gas: fossil methane
Biogas: renewable raw methane
Biomethane: renewable upgraded biogas
CNG: compressed natural gas
CBG: compressed biomethane
LNG: liquefied natural gas
LBG: liquefied biomethane
NGV: natural gas vehicle
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2. INVESTMENTS IN GAS INFRASTRUCTURE
Gas vehicles, gas filling stations and biomethane are parts of a new system of gas utilisation that is being built
up. Technology and system development for production and distribution of biomethane, as well as vehicle
technology, is at an early stage and costs of both equipment and gas can be expected to decrease in the future.
Growth in the use of gas as a vehicle fuel is largely a concern about building a market for gas vehicles and gas as
well as establishing, an increasingly dense network of filling stations for gas.

2.1 Market and product lifecycle
Market segmentation involves dividing customers into different categories and identifies the different needs.
Different segments have diverse willingness to pay and various product requirements. In addition, it is
important to identify customer segments in different locations that may have particular advantages in using gas
vehicles.
Product life cycle means that a product or service goes through various stages of development. Initially the
product is usually sold at high prices in order to recoup development investment while competition is limited.
The first clients are often called "innovators" and "early adopters" and are particularly interested, spending
time looking up new products, are prepared to spend time getting them to work and pay for this higher price.
They will then act as role models for the main market.
To achieve volume growth, the company must reach the "early majority". These customers are not interested
in technology, but want products that work at a good price. In the marketing literature "Crossing the Chasm",
Geoffrey Moore describes that it is a major challenge to reach the higher volume market, which many start-up
businesses fail to do. The product offering requires development to make it easy for customers to buy and use
the technology and it is required to be competitive in price. One condition is often the rapid growth of the
number of customers so that volumes increase in production and sales.
In the situation on the vehicle and fuel market, the challenge is very hard. There are already very well
developed and competitive systems based on petrol and diesel. In most cases where new technologies are
developed, these meet either a need that has not previously been satisfied or offer a significantly more
competitive solution to a problem than existing technologies. For gas, there are no such advantages, implying
that it may require more focused communication with customers to create volume growth of gas vehicles and
gas.
For the gas sector, the vehicles are sold by some companies, while gas fuel is sold by others. It does not help
much for the growth of the gas market that a company has a strong incentive to sell gas and invests heavily in
marketing unless dealers also put much effort into selling gas vehicles. A customer might get into a car
dealership totally set on buying a gas vehicle, then buy a diesel car as the seller has a promotional rate or high
profitability of these sales. Conversely gas sells more or less itself if there are high sales of gas cars.

www.biomaster-project.eu
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Figure 1: Model that illustrates “The Chasm” and the market step that is necessary to reach the volume market after reaching the early
adopters. Source: http://www.re-char.com/2012/10/16/crossing-the-biochar-chasm/

2.2 Factors that are important for pragmatic customers
Unlike the technological development situations, we today have existing systems with cost-effective
technologies based on petrol and diesel fuels against which new vehicle technologies have to compete. Every
year, millions of petrol and diesel engines are produced comparing to only a few tens of thousands of gas
engines for vehicles, which is leading to cost benefits for both petrol and diesel variants.
Transferring from a small market consisting of innovators and early users to volume growth, retailers for
vehicles and gas have to take into account the factors that are important for pragmatic vehicle customers. It
here becomes important to analyse the vehicle market to identify customer segments that can get special value
out of gas vehicles, which makes them willing to pay the higher price. After that step the challenge is to
formulate offers that can attract these customers, based on this analysis and its conclusions.
Some of the factors that affect the choice of vehicles are costs relative to competing alternatives, convenience
to drive, own and run your car, security of fuel supply, limited knowledge by the customers and the image and
status associated with driving the car.

2.3 The need for knowledge building
An important aspect of the work to introduce new transport and fuel systems on a large scale is the need to
build knowledge. Today's users of gas vehicles are mostly people who are well versed in the environmental
debate and who, despite some drawbacks, are choosing gas because it is a choice that is better for the
environment. They are for this reason innovators and early users while many people have never fully
understood the reasons for choosing gas. To get more people buying gas cars, a basic knowledge building is
necessary concerning reasons why we as a society need to switch to renewable fuels.

www.biomaster-project.eu
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3. TECHNICAL OVERVIEW OF GAS FILLING STATIONS
In order to build a filling station, there are different technical conditions that must be determined. All filling
stations have one or more compressors, some type of storage, filling systems and gas supply in order to
function. Most commonly, the refuelling station is connected to a gas grid so that the gas can be compressed
directly from the grid. For stations outside the grid, the gas is transported by trailers or swap bodies. Below is a
summary and explanation of the most common technical terms and how it works.

3.1 Compressor
The compression of gas occurs with multi-stage displacement compressors of various types. In these
compressors the pressure of the gas increases when the gas space is closed in decreasing its volume. The
number of compressor stages required depends of the set pressure, i.e. the difference between suction
pressure and delivery pressure.

3.2 Storage
Stationary gas storage in filling stations is qualified pressure vessels and is considered from regulatory point of
view as the most critical in the construction of a filling station. The pressure vessels are mainly two different
types, i.e., gas cylinders with a capacity between 40 to 100 litres, which are preferably used for smaller storage
volumes, while, for larger storage volumes, pressure vessels are used with volumes of several cubic meters. The
common denominator is that the vessels are manufactured in high strength, quenched and tempered finegrained steels.

3.3 Filling systems
There are two main types of gas filling equipment. One that fills vehicles in a short period of time (fast fill),
similar to traditional petrol and diesel filling stations and another that fills vehicles over a much longer period
of time (slow fill). There are advantages and disadvantages in both systems. It is important to choose the
appropriate system for the way you operate the relevant fleet of vehicles.

3.3.1 Slow fill
This system uses a compressor, connected directly to the gas mains, which compresses the gas and directly fills
the vehicle's tanks through flexible filling hoses. Once final pressure is reached, the compressor switches off
automatically. The slow-fill concept could be attractive for fleets where vehicles return to a central depot or for
private cars, which could be refuelled overnight at home. The usual filling time is 6 to 8 hours. This system, a
bus depot in Lund, Skåne, where they use slow fill to fuel their gas buses, was showed to the BIOMASTER
project partners during a site visit in June 2013.
To be noted that if more than one vehicle is attached to the gas mains, all vehicles are filled with the same
pressure. A consequence of this is that, if a number of vehicles are being filled while a new vehicle with lower
pressure in the tanks attaches to the gas mains, filling of the other vehicles will stop until the new vehicle has
reached the same pressure as the others.

3.3.2 Fast fill
At a fast-fill refuelling station, gas is compressed to a maximum pressure of 250 to 300 bars and stored in one
or more banks of buffer storage cylinders. First, the compressor fills the banks of pressure cylinders. When the
vehicle needs refuelling, the compressed gas flows from these cylinders into the vehicles in a few minutes via a
dispensing unit. This means that the vehicle's tank can be filled from the buffer storage bank in a time frame
comparable to diesel refuelling times. The compressor then replenishes the storage bank ready for the next
vehicle.
www.biomaster-project.eu
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Fast filling can be accomplished with two different types of storage bank configurations, one bank or three
banks with different pressures. With three banks, the vehicle is filled from the banks in a sequence, starting
with the low pressure bank. If only one gas storage bank is installed, filling of a vehicle starts from the bank and
if the pressure in the bank isn't high enough to completely refuel the vehicle, a booster compressor is used for
topping up.

3.4 Road transport
If a grid is not available, there are other options. The gas can be transported in tanks as CNG/CBG or LNG/LBG.
The efficiency of the transport is dependent upon the choice of cylinders and whether the gas is compressed or
liquefied as this determines the quantity of gas transported.
During the transportation of gas to CNG/CBG, stored gas is usually at 200 bars, but also higher pressure occurs.
There are various sizes of swap bodies, they can hold between 1,800 and 3,600 Nm3. There are also semitrailers which can accommodate 7,000 Nm3. These are used more often for longer regional transportation, so
they are usually too large and bulky to be used directly at the filling stations.
Swap body vehicles open up a number of options for filling station design depending on the station’s size.
Generally speaking, there is a main station from where the gas is transported on trucks to a satellite station
where the swap body is unloaded; alternatively an exchangeable high-pressure container with built-in support
legs is delivered and replaced as necessary. Another alternative is to station a swap body on site as a mobile
filling station. The latter system usually requires the installation of a reinforced concrete pavement, tanking
and filling equipment and fire walls. This solution is also called a master or satellite station and may require a
compressor to be fitted to ensure that the gas is compressed to the right pressure. Another option is the use of
mobile units that can be moved to where they are needed. There are also techniques for small-scale gas
stations, but they are usually made for slow refuelling. A small station of this kind can be a good option if the
turnover is too small to support a full service station.
It is also possible to transport gas in the form of LNG/LBG. There are different types of LNG trailers, but
normally it is possible to unload 20 tons of LNG per trailer. The advantage of transporting LNG/LBG instead of
CNG/CBG is the possibility to transport a larger volume of gas with each trailer.
When refuelling with liquid gas, this is mainly for buses and medium and heavy trucks. There are two options:
pressure can either be maintained so that the gas remains liquid or pressure can be reduced so as to allow the
refuelling of ordinary cars with compressed gas.

www.biomaster-project.eu
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4. FILLING STATIONS IN EU
4.1 Present situation in EU
In the EU there are today 2,860 filling stations for gas vehicles. The countries with the highest amount of filling
stations are Italy and Germany, which have about 900 gas filling stations each. The share of gas vehicles from
the perspective of the total number of vehicles is 0.4 % in the EU (source: NGVA Europe).

Figure 2: Gas filling stations in the EU.

The gas grid in Europe is well developed and has a huge potential for injection of biomethane. It owns an
enormous potential for transporting large quantities, to be used for storing as well as for heat, electricity and
fuel. If there should be a shortage of biomethane production, natural gas will be used as a backup.

4.2 Directives and regulations
The European parliament and the Council of the European Union have issued some legislation applied to
renewable energy and the gas market, among others:
• The Renewable Energy directive 2009/28/CE, 23 April 2009, establishes a common framework for the
production and promotion of energy from renewable sources. According to the share of energy from
renewable sources in its gross final consumption for 2020 each Member State has a calculated target. This

www.biomaster-project.eu
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1

•
•
•
•

target is in line with the overall '20-20-20' goal for the EU. Member States should also build the necessary
infrastructures for energy from renewable sources in the transport sector and provide for priority access
for this type of energy.
Directive 2009/30/EC, 23 April 2009, aims to improve air quality and reducing greenhouse gas emissions
through environmental standards for fuel.
Directive 2009/73/EC, 13 July 2009, concerning common rules for the internal market in natural gas. The
directive is also valid for biogas and gas from biomass or other types of gas on so far as such gases can
technically and safely be injected into and transported through the natural gas system.
Regulation (EC) 715/2009, 13 July 2009, regulates conditions for access to natural gas transmission
networks.
The European Network of Transmission System Operators for Gas (ENTSOG) provides a union-wide-nonbinding Ten-Year Network Development Plan (TYNDP), in line with (EC) 715/2009 article 8:3. The principal
aim of the TYNDP is to provide a consistent European gas infrastructure outlook signalling potential future
investment gaps. It also endeavours to capture the wider gas market dynamics by looking at aspects such
2
as supply potential, market integration, and Security of Supply.

Some further legislation is in preparation:
On January 2013 the EU Commission adopted the Communication COM (21013) 17 final on “Clean Power for
Transport: A European alternative fuels strategy” and the Proposal COM (2013) 18/2 for a Directive on the
deployment of alternative fuels infrastructure which provides an important accent, among others, on
biomethane. The package aims to facilitate the development of a single market for alternative fuels for
transport in Europe. In particular it defines a comprehensive policy framework for the development of
alternative fuels, with binding targets for the necessary infrastructure build-up, including common technical
specifications and appropriate information on transport fuels to consumers (through fuel labelling at refuelling
points and on vehicles).

1

20-20-20: means a saving of 20 % of the Union's primary energy consumption and greenhouse gas emissions, as well as the
inclusion of 20% of renewable energies in energy consumption.
http://europa.eu/legislation_summaries/energy/energy_efficiency/en0002_en.htm
2
ENTSOG, http://www.entsog.eu/publications/systemdevelopment.html, the site was visited 2012-11-19
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5. STRATEGY FOR FILLING STATIONS IN NORFOLK COUNTY
5.1 Present situation in the UK
The UK currently has a very limited, geographically spread amount of CNG refuelling stations. There are four
privately operated stations (restricted to third part access) and nine facilities with the potential for third party
access. Only CNG Services refuelling station in Crewe guarantees a third party access.

Figure 3: UK Map of CNG Refuelling Sites (Placement denotes approximate location)

Private Facilities:
o Coca Cola Enterprises Distribution – Enfield, London
o Tesco Warehouse – Greenford
o Tesco Warehouse – Enfield, London
o Anglian Buses, Beccles (Virtual Pipeline, Dedicated Station TBC)
Facilities with Potential Third Party Access:
o GCS – Nottingham
o Hardstaff Transport, Nottingham
o Camden Council, London
o Iveco Stormont Truck & Van, Dunstable
o Mercedes Benz, Milton Keynes (Slow Fill)
o Leeds City Council
o Sheffield City Council
o Howard Tenens Transport, Andover
o Howard Tenens Transport, Boston
o Howard Tenens Transport, Aveley
o CNG Services, Crewe

5.2 Present situation in Norfolk County
Norfolk County Council and its arms length company Norse currently operate a very large fleet which is more
than 1,000 vehicles. Currently all these vehicles use either petrol or diesel but there is potential to move
towards more gas vehicles within the fleet. However it will need to be economically viable to convert the
vehicles which may prevent some vehicles being feasible.
A filling station from which the vehicles can access fuel is vital if vehicles are going to be converted. Currently in
Norfolk there are no gas filling stations and therefore this strategy will look at the possibility of locating a gas
filling station at two depots currently owned by either the Norse Group or Norfolk County Council.
www.biomaster-project.eu
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5.3 External environment
5.3.1 Biomethane supply
There are three main ways in which biomethane could be supplied to a filling station:
1. The existing gas grid;
2. An on-site anaerobic digestion facility;
3. Using gas tankers to transport gas from an existing AD facility or filling station.
Due to the lack of biomethane facilities in the UK, there are no filling stations linked directly with an anaerobic
digestion facility. However there is an example of the existing gas grid being used to provide natural gas located
at Crewe in the North of England. It is connected to the intermediate pressure main and is the only CNG filling
station open to the public in the UK. There are numerous examples of tankers being used however to move gas
from where it is extracted from the grid to where it is required. The BIOMASTER local network member Anglian
Buses currently uses a tanker to move the gas to their depot in Beccles to fuel their fleet of 13 gas buses. This is
to enable them to use the buses whilst the filling station is being constructed. In the long term, to ensure that
there always is access to gas to fuel the vehicles, it will be important to be connected to the national grid
network. Therefore the sites that have been looked at are in close proximity to the national grid gas network.
The size of the Norse fleet based out of Fifers Lane would also mean that large numbers of tankers would be
required daily, so increasing cost and making it harder for the economics of the business case to be favourable.

5.3.2 Biomethane demand
It will be important that there are appropriate gas vehicles available to replace the current petrol or diesel
vehicles used. The Norse fleet based at these depots is made up of a variety of vehicles however feasibility
work (as part of the forthcoming D5.5) has recommended that all vehicles based at the Fifers Lane site should
look at be replaced with gas alternatives over a 10 year period. This is based on: availability of gas alternatives;
usability of vehicles across multiple contracts; fifers Lane central location; economic of scale; largest
environmental impact.
Vehicle Type
DAF Truck
Dennis Javelin Coach
Dennis Javelin Double Decker Bus
Ferriss Road Sweeper
Ford Transit Van
Ford Connect
Ford Ranger
Ford Fiesta
Ford Focus
Green Machine Sweeper
Hako Sweeper
Mercedes Sprinter
Mitsubishi L200
Ransomes HR300
Renault Clio
Total

Amount
2
29
10
2
128
3
1
15
1
2
4
4
3
7
2
213

Table 1: The breakdown of vehicles at the Fifers Lane site

5.3.3 Existing regulations
Over the past 15 years, the British Government has been using a mixture of incentives and regulations to
support alternative low carbon fuels. These fuels have included LPG, Biodiesel, Bioethanol, Hydrogen and
www.biomaster-project.eu
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electric vehicles. There has been a mixed success with government policy uncertain in the long term,
discouraging investment.
There are a large number of regulations that must be adhered to thus ensuring a safe gas filling station facility.
The relevant legislation has been listed below (for more information www.legislation.gov.uk):
• Pressure Systems Safety Regulations 2000;
• Dangerous Substances and Explosive Atmospheres Regulations (DSEAR) 2002;
• Electricity at Work Act 1989;
• Construction Design and Management Regulations 2007;
• Pipeline Safety Regulations 1996;
• Pressure Safety Systems Regulations 2000;
• Gas Safety (Management) Regulations 1996;
• Gas Safety (Installation and Use) Regulations 1998;
• Management of Health and Safety at Work Regulations 1999;
• Pressure Equipment Regulations, 1999;
• Town and Country Planning Act 1990;
• Environmental Protection Act 1990.

5.3.4 Neighbouring
Due to the location of the depots and the current operation of them, it is unlikely that there will be any
resistance from local residents. Currently large vehicles are operated from the sites and the conversion of these
vehicles to gas will not significantly impact on local residents.
Due to the cleaner nature of running gas buses as opposed to diesel, there may be an increase in air quality to
the local environment.
Communicating the benefits and allaying any fears people may have will be an important part of any project to
convert vehicles to run on gas and install the gas filling stations.
A strategy for this will need to be produced once a business case has been approved.

5.3.5 Economic and investments aspects
The business plan for a filling station cannot be viewed in isolation and is a complex case. Building a filling
station alone will not provide a return on that investment. It has to be done in tandem with converting vehicles
from diesel/petrol to gas. This has been the focus of D5.5 which has conducted feasibility into gas vehicle
conversion.
The Fifers Lane site has a medium pressure pipeline, operating at 2 bar(g), which runs along the public highway.
The proposed location of the CNG dispenser is to the right of the entrance, taking up existing parking spaces.
The route to the proposed filling station is approximately 20 m. from the public highway, and consists of 1
compressor, high pressure storage and 2 dispensers.
A breakdown of the required onsite equipment for a CNG refuelling station is:
Compression Plant:
o Compressors (1 off);
o Dispenser (2 off);
o Gas Storage/Priority Panel;
o Fuel Management;
o High Pressure Pipework;
Gas Connections:
www.biomaster-project.eu
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o
o
o
o
o

Civils;
Electrics;
Metering;
Inlet Pipework;
Outlet Pipework.

In addition to this the operating expenditure requirements for the proposed fleet is below, the calculation
assumed an average plant lifetime of 20 years, supplying 200,000 kg/annum.
o Maintenance;
o Gas Transportation;
o Electricity Capacity Fixed;
o Fuel Management System;
o Insurance;
o Contingency (10% of above).
Gas vehicles have a higher capital cost and therefore it is important to ensure the operational cost of operating
these vehicles is substantially lower to allow for this. It is also important to factor in the capital and operational
costs of a gas filling station. As part of D5.5, all these costs have been analysed and the table below
demonstrates the results.
The feasibility report in D5.5 assumed the replacement of vehicles at Norse with the Mercedes Benz Sprinter
NGT, which would only displace 60% of the currently used diesel (just over 122,000 litres p.a). The net saving
per annum per vehicle would be -£2,203 (around 2,586 €), and across all vehicles, -£198,296 (around 232,728
€).
Vehicle type

Diesel
£/km

CNG
fuel
£/km

CNG
vehicle
premium
£

CNG
premium
£pa

CNG
extra
opex
£pa

Total
extra
fixed
£pa

Saved
diesel
£pa

CNG
fuel
£pa

Net
saving £
pa per
vehicle

Man EcoBus

0.41

0.522

30,000

7,122

500

7,622

-8,192

10,446

-9,876

Mercedes
Sprinter

0.13

0.174

5,000

1,187

500

1,687

-1,573

2,089

-2,203

Table 2: Breakdown of Costs for Vehicles at Fifers Lane

The cost of CNG is also impacted because we would not be using a high enough through put to achieve the
desired savings. Once fixed and variable operating expenditure, fuel duty and other costs have been accounted
for, the cost per kg would be £1.14 (1.34 €), exactly the same as the current cost per litre (net) of diesel. This
includes the cost of the CNG Station (the compression charge).
Commodity
Fuel Duty
Compression Charge
Cost per KG

£0.33
£0.24
£0.57
£1.149

Table 3: Breakdown of CNG Cost per Kg

The conclusion of this feasibility is that currently the economics prevents converting vehicles to gas. This is due
to the extra added costs of building and operating a gas filling station.
www.biomaster-project.eu
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Market developments however will affect these calculations as gas vehicles are reducing their price in the UK
and gas filling stations come down in price as they become more popular. If the Norse fleet expands, they may
also be able to benefit from the economies of scale which may mean the conversion makes financial sense.

5.4 Technical pre-conditions
An analysis of the Fifers Lane and Costessey depots has been carried out to assess the best locations for the
filling stations to be installed. This has taken into account types and use of vehicles, current installations on the
site, future development plans as well as health and safety considerations. In maps of the 2 depots below, the
biomethane fuelling points have highlighted in yellow as potential location for a filling station.

Figure 4: Map of Fifers Lane Depot showing local gas pipelines. Highlighted in yellow is the proposed location for a gas filling station

www.biomaster-project.eu
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Figure 5: Map of Costessey Depot showing local gas pipelines. Highlighted in yellow is the proposed location for a gas filling station

It can be seen from these maps that the proposed location for the filling station is adjacent to a gas pipeline.
This would reduce the capital cost required to install a facility. Costessey however is located further away and
this would result in an increased capital cost to allow for additional piping to be installed.
Gas compressors are required when a fast fill option is utilised. It is proposed that at Fifer’s Lane, 2 gas filling
stations will be installed and this therefore will require compressors. Costessey will not require compressors
due to the slow fill nature of the facility proposed.
The best system for the Fifers Lane depot would be a fast fill filling station with two fuel dispending units. The
reason for this decision is down to a number of factors. First, space at Fifer’s Lane is limited. To install a slow
filling facility, where by all the buses are lined up and left overnight, would not be possible on site. Furthermore
the way the fleet is run out of Fifers Lane requires a more flexible approach to fuelling the vehicles. Some
vehicles may require filling during the day with a quick turnaround necessary.
At Costessey however, the nature of the vehicles and how they are used would mean that a slow filling station
with a minimum of 10 dispensers would be more appropriate. The vehicles here are large waste and recycling
collection vehicles which are used during the day. This means they could be slow filled during the night ready
for use in the morning. The Costessey site is also much larger with space for expansion also available. This
means a system could be installed which lines the vehicles up with space for the fuel dispensers to be installed.
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6. STRATEGY FOR FILLING STATIONS IN SKÅNE
6.1 Present situation in Sweden
Sweden has a NGV fleet with 41,800 light duty vehicles, 1,800 buses and 600 HD trucks. At the end of the year
2012 there were 138 public filling stations. Because the natural gas grid is not developed to any great extent in
Sweden, this was made possible via local plants for the production of biomethane which now accounts for over
60% of the total methane used in Swedish NGVs. There are more than a dozen cities where the bus fleets
completely rely and run on biomethane. The average gas price at a filling station in Sweden is 1.88 – 2.01 €/kg.
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Figure 6: Development of filling stations in Sweden between 1995 and 2012.
Source: http://www.gasbilen.se/Att-tanka-pa-miljon/Fordonsgas-i-siffror/GasbilarUtveckling

Choosing a gas vehicle, a company car has since a long time ago, and at least until 2016, been subsidized
through a reduction or discount on the benefit. In Figure below, the development of gas vehicles can be seen.
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Figure 7: Development of gas vehicles in Sweden between 1995 and 2012.
Source: http://www.gasbilen.se/Att-tanka-pa-miljon/Fordonsgas-i-siffror/GasbilarUtveckling
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6.2 Present situation in the Skåne region
The Skåne region is the southernmost province in Sweden with approximately 1.2 million inhabitants in 33
municipalities. The regional public transport organization, Skånetrafiken, has adopted a policy stating that by
2020 all public transport in the region must be fossil free and, as far as possible, based on biomethane. Sweden
is known to be well ahead in the development of biogas as a renewable energy source, and the Skåne region is
one of the leading regions in the country. Within a regional framework called Roadmap Biogas, the regional
authority, i.e., Region Skåne, has allocated 18 MSEK (approximately 1.6 M€) over a three year period (2012 2014) for promoting Roadmap Biogas.
Given the different starting points within the region, and the importance of this as a barrier to the use of
biomethane as a transport fuel where CNG / biomethane infrastructure is not well developed, this will need to
be a very region-specific activity.
In Skåne there are today 28 gas filling stations. In the western part the filling stations are supplied with gas
from the gas grid, while the fillings stations in the other parts of the region are supplied via flatbed. However
the increase in number of gas filling stations is going very slow and has in some part of the region stopped.
Therefore there is an urgent need to identify and develop a strategy to stimulate the increase of filling stations
number.

Figure 8: Filling stations in the Skåne region.

Looking at how the maintenance of gas vehicles in southern Sweden has developed in 1996-2012, the outlook
is as follows.
Gas vehicles in Skåne
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Figure 9: Number of gas vehicles in Skåne region during 1996-2012
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The Skåne fleet consists of more than 5,900 gas vehicles. In 2012, 396 GWh vehicle gas was sold in the region,
of which 41% was biomethane.

6.3 External environment
6.3.1 Biomethane supply
The future biogas market has been analysed by collecting data on planned production capacity as well as the
possible biogas potential. These numbers have been compared to the future gas consumption based on
assumptions for how the industrial and vehicle sector could develop. While the planned production capacity in
the eastern part almost will cover the expected consumption, the western part will continue to be dependent
of external gas imports. However, the biogas potential is considerably higher than the planned capacity. With
only half of the potential being exploited, the eastern part of the Skåne region would become an area with a
considerable excess gas production.
Based on a recent market analysis, different transport scenarios have been developed. At this stage, the most
favourable scenario has been identified to include two new high pressure gas pipelines connecting the eastern
and the western part of the Skåne region. The establishment of such an extended pipeline network would
permit for the major need of gas transmission and distribution, and it would lead to the most economical and
flexible long-term solution in a holistic perspective. All relevant locations in the region would be within a 30 km
radius from a high pressure pipeline and could be connected by local low pressure distribution pipelines.
Also, this would create an economical way to transport the gas surplus from the eastern part of the region to
the consumers at the western coast. A pilot case of a business model for the expansion of the biogas grid,
which includes ownership, investment plan and costs for local connections with the consideration of the
planned production plants and biogas potentials were developed. There are different aspects that have to be
considered for the planning and ownerships of the gas grids and the filling stations regarding technical
preconditions, political decisions, legislation, investment costs and constellations between business partners. It
is therefore suggested that a working group is formed to pursue the matter of expanding the gas grid as
mentioned in Skåne's roadmap for biogas.
Currently there are 43 biogas plants in the Skåne region, together they produce 315 GWh. The gas is used for
heating, power generation and as fuel for buses and cars. An increase in consumption will put more pressure
on the distribution system and increase the utilization rate of the gas grid. Currently approximately 17 TWh of
natural gas are imported and the greatest proportion of this is distributed via the gas grid in southern Sweden.
170 GWh of biogas produced in Sweden are distributed in the same system. The grid has a total capacity of 20
TWh, by increasing the pressure this can be increased to 30 TWh. In other words there is still room for
expansion. As previously mentioned, much of the Skåne region does not have access to the existing gas grid
despite the fact that in some cases they have a relatively large production.

6.3.2 Biomethane demand
Public support in the work of an infrastructure development should be complemented by the issue to analyse,
process and generate demand. Here, public actors at both regional and local level play a major role. This means
that wide extensive communication efforts should be implemented. Especially in combination with the
expansion of new filling stations, clear guidelines for marketing and canvassing should be defined.
There is a need to develop a detailed marketing plan for how the market will be as accessible as possible. This
means that contacts should be taken with potential customers and long-term agreements for the large volumes
should be done. Depending on the ownership structure, at the specific gas station the marketing conditions
may differ.
The major customer is Skånetrafiken, who is dominating the biomethane market due to their bus service. Other
major stakeholders are taxi companies that have a high mileage every year and change cars quite often. Other
major potential customers are companies with large vehicle fleets.
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6.3.3 Existing regulations
In Sweden, the trade association for energy gases "EnergiGas Sverige" developed “Anvisningar för
tankstationer” (Guidelines for filling stations). These guidelines provide examples of design, manufacture,
installation, testing, operation and maintenance of methane gas to powered vehicles. The guidelines are
designed to provide a secure facility under Swedish government requirements.

6.3.4 Neighbouring
Localization of a filling station is regulated by a law called Plan- och bygglagen (The Planning and Building Law).
It is important to consider the following when placing and building a gas station:
• A filling station with their equipment shall be designed so that the classified area will not be made outside
the plant boundary;
• Obstacles within the property where the gas station is located. These obstacles may be other activities in
the property that require fireproof walls built to withstand safe distance from stock;
• Barriers to adjacent businesses or properties means that there are safety distance from gas storage which
can extend over the adjoining property. Either: there must be something in this area, which means that the
designer of the filling station must build a firewall or apply for easements. It may also be that there are
activities that are considered particularly sensitive, such as schools, hospitals or wood stocks where the
distance from the gas storage means that you cannot build at this location;
• Consideration must also be given to power lines over a certain effect (so-called electrostatic voltage) and
distance to roads and parking lots.

6.3.5 Economic and investments aspects
It is needed, somewhat simplified, a certain number of cars per gas filling station, fuelling continuously, to
achieve a level of sales that impact profitability of the filling station. A rough estimate made is that it takes
about 500 cars refuelling at a gas station, to a corresponding sales volume of 400,000 Nm3.
Service vehicles in the public sector usually run longer distances per year than the average private car. This
would mean that fewer vehicles are needed to maintain sales at a reasonable level at a gas site.
Figure 10 below shows that the number of passenger cars and light commercial vehicles per gas tank site in
Sweden today is 303 vehicles on average. Moreover, there are certain matching problems: those 303 passenger
cars and light commercial vehicles are not distributed over the gas tank sites. This means in turn that many
existing gas sites are unprofitable today.
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Figure 10: Historical development of the number of passenger cars and light commercial vehicles by public gas site in Sweden.Source:
http://www.gasbilen.se/Att-tanka-pa-miljon/Fordonsgas-i-siffror/GasbilarUtveckling
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In Skåne, the number of cars per gas filling station is lower than the national average. The number of gas
vehicles by public filling station in Skåne is 237 cars per filling station.

Gas vehicles per filling station in Skåne
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Figure 11: Historical development of number of cars per public gas filling station in Skåne.

In conclusion, in the present situation there is some over-establishment of public gas filling stations in relation
to the number of gas vehicles available on the market, both in Sweden as a whole, as well as in the Skåne
region. At the same time it should be emphasised that it is important that the infrastructure is in place
adequately for the growth of gas powered vehicle to happen.

6.4 Technical pre-conditions
In the Skåne region, no description of the location of the proposed gas station has been developed yet, so no
technical conditions currently exist to be described.
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7. STRATEGY FOR FILLING STATIONS IN MALOPOLSKA REGION
7.1 Present situation in Poland
Present there are 24 public CNG stations (www.cng.auto.pl) in Poland. This number is highly insufficient, and
the additionally changes trend are unfavourable: in 2011 there were more than 30 filling stations, then from
January 2012 eight stations have been closed. This indicates not only the stagnation but even regression of the
Polish CNG market.
So far, no station was established offering biomethane, mainly because it is not as yet produced in Poland. In
the current operating biogas plants, the biogas is earmarked entirely for the production of electricity and heat.
However, increasing the number of biogas plants (especially agricultural ones), despite a difficult market, points
to the possibility of the emergence of biomethane in the coming years as well.
One of the few positive reports on widely understood methane-fuel market belongs information about new
LNG vehicles in Olsztyn. From 1 October 2013 the fleet of 11 new LNG buses entered into service in the
municipality of Olsztyn. This is the first case in Poland and also in Europe fleet of such buses in regular service.
This project was made possible thanks to the support and cooperation of buses producer (Solbus Company)
and gas supplier (Gazprom Germania Company).

7.2 Present situation in Małopolska
The situation of CNG market in Małopolska is slightly better than in Poland. There are four filling stations,
including two ones in Krakow. But there is no biomethane suppliers yet, and stable legal conditions for the
production of biogas and biomethane in the following years. Biogas market is still waiting to determine the
laws on the national level. For this reason, outlining a strategy for biomethane refuelling station has been
prepared on a general level.

7.3 External environment
7.3.1 Biomethane supply
Currently in Krakow, as in all of Małopolska, there are two main groups of producers of biogas: biogas plant at
sewage treatment plants and biogas installation on municipal waste landfills. In the closest future it is planned
to build a number of biogas plants based on substrates allowing for the production of agricultural biogas
(according to Polish definition). Probably one of the first will be a biogas plant owned by the Biogazownie
Małopolskie.
In Krakow, the biogas is produced in the sewage treatment plant "Kujawy" and on municipal landfill "Barycz",
which is operated by the MPO Krakow (MSWM - BIOMASTER Partner). Biogas from both systems is fully utilized
for the production of electricity and heat in cogeneration systems. Energy electricity is used in part for their
own use, and partly sold to the grid. The thermal energy is used in its entirety for its own purposes: in the
wastewater treatment plant to the treatment process, and in landfill for heating of technological space and
offices.
According to currently available information, none of these systems have the biomethane for supply refuelling
stations. Therefore, they have also considered other promising sources of biogas:
1. Biogas grid (biomethane): in the case of construction there must be at least one point of injection of
bioemthane into the network. All CNG stations belonging to this grid will offer a mixture of natural gas and
biogas (biomethane). In this case, the use of biomethane to power vehicles will be carried out practically
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without a decision of NGV users . In order have such case, first there must be at least one biogas plant with an
upgrading station, connected to a grid of natural gas and producing biomethane with required quality.
2. The upgraded biogas (biomethane) supplied from the treatment plant is located at the biogas plant, by
cisterns or dedicated pipeline to CNG filling stations, where it can be used as a stand-alone fuel (refuelled
separately), or be mixed with natural gas. This scenario assumes the construction of a biogas treatment at the
biogas plant, which does not have a point of injection of biogas into the gas grid.
3. Delivery of purified biogas (but containing> 10% CO2) to refuelling station, where it will be mixed with
natural gas in the proportion to:
a. Power standard NGV vehicles;
b. Supply of vehicles designed for the combustion of biogas with high CO2 content in relation to biomethane.
In the variants 2 and 3 the refuelling station can be located directly at the biogas plant or further, but at a
distance to ensure profitability of biomethane transport. In the following, we have only analysed variants 2, 3a
and 3b, as needing special attention to the design and use. In particular, two types of filling stations were
assumed:
Adapting existing CNG filling stations to supply biomethane or biogas, in such a way that they can be used
by NGV vehicles;
Construction of new filling stations in the immediate vicinity of the source of biogas: agricultural or
municipal biogas plant or alternatively municipal landfill, to meet, in the first place the own needs (own
fleet of vehicles), but also available for other users.

7.3.2 Biomethane demand
One of the most important conditions for the profitability of the operation of filling stations and the success of
the investment, is to ensure an adequate level of gas sales volumes. Taking into account the experience and the
Polish conditions where methane fuel market is still at an early stage of development, it is necessary to ensure
an adequate fleet of vehicles using the station. One way to ensure a stable gas market power is its own fleet of
vehicles and/or fleets of business partners, related to long-term contracts. In the first stage of filling stations
operation, in terms of having your own fleet of vehicles, it is possible to set its own standards for the quality of
biogas (mainly in the field of CO2) and adapting to them specific vehicles. After ensuring a stable operation of
the station (in terms of performance, security, unfailing), entrance to a wider market can begin. During this
period, a growing part of the gas can be sold as biomethane with quality comparable to natural gas to other
entities and private companies. Therefore, three main groups of customers can be summarized as:
1. Own fleet of vehicles adapted to power by purified biogas, but containing more than 10% of CO2, including
its mixtures with natural gas;
2. Own fleet or "contracted fleet" (long-term contracts) of NGVs, powered by biomethane or its mixture with
natural gas;
3. Various types of vehicles not related to station operator including private cars (station publicly available).
The group of recipients compiled above, at the same time represent the possible successive stages of
development of refuelling stations. This allows minimize and timing the investment costs related with the
construction of purification station, fuelling stations and the modernization of the fleet.
Certainly, every new point, which would be able to tank CNG/biomethane will be positively received by the
owners of NGV. However, as shown by past experience with the construction and operation of filling stations,
without ensuring a constant receipt of gas by one large or several smaller NGV fleet operators, can significantly
hinder a positive financial result of such activities.

7.3.3 Existing regulations
The existing legislation in Poland practically do not promote the use of methane fuel. Enlarging of NGV fleet,
especially buses by the cities of Rzeszow, Tarnow, Gdynia and Radom are the result of the previous
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advantageous experience with the use of CNG powered vehicles, in terms of cost and the wider environment
(reduction of noise, emissions of particulate exhaust, etc.).
The planned excise taxation of CNG from 1 November 2013 causes a strong protest from users of this fuel, in
particular from the NGV bus operators. So far, however, the Government is adamant. The amount of the excise
duty will be higher than 10% of the current price of natural gas (CNG).
These actions, together with the systematic closure of CNG stations by the largest operator (PGNiG), as well as
difficulties and high costs of small "backyard" methane compressors, are increasingly discouraging NGV
owners. Without a change in this policy, it is unlikely that the CNG market, and in the future also biomethane,
could develop dynamically.

7.3.4 Economic and investments aspects
Profitability of the construction and operation of filling stations depends heavily on the price and quantity of
fuel sold. The cost of biomethane consists of both biogas production and cleaning costs, cost of biogas
purification to desired methane content, as well as cost of biomethane transport to the filling stations. The
most severe concerns are the costs for purification. Still, nobody has built this kind of installation in Poland
commercially. Installations from foreign companies are usually very expensive and do not fit local conditions.
The offered solutions of Polish companies are still waiting for the commercial implementation.
The planned CNG/biomethane filling stations must be closely correlated to the amount of sold gas. At the initial
stage of development of the methane market (where Poland and Małopolska still are), it is necessary to ensure
that constant amount of fuel being received by a fleet of vehicles "tied" to the station. This can be an own fleet
or owned by another company, but under contract obligating to purchase a certain amount of fuel. Only a small
part of the performance (up to about 30%) will be allocated to external customers - private or business. These
proportions may change with the increasing popularity of the station, and thus the amount of gas sold to
external customers.
Many filling stations belonging to PGNiG are at the break-even or at a loss, because they were designed with a
refuelling efficiency which is far below the actual sales. The analysis carried out in 2009 to 30 CNG stations
operating at that time, shows that the average value for all was only 27%. Only two had efficiency above 70%,
and up to 8 - less than 10%. The situation has not yet being radically improved, as evidenced by new
information concerning closing CNG stations by the company. This shows how destructive to the profitability of
such an investment who is the oversize in relation to the initial needs. Therefore, instead of building a fuelling
station, it is better to start with a smaller capacity and increase its efficiency (and therefore fixed costs)
successively, as far as sourcing gas customers.
Virtually all CNG stations in Poland are based on gas from the gas grid. Biogas and biomethane will have to be
transported in tank trucks. This situation can be changed only when there arise installations injection of biogas
(biomethane) into the gas grid or when biogas plants will be built in close proximity to the cities where it is
easier for purchasers of the fuel.
Road transport involves additional costs and logistical problems, and combined with the costs of biogas
production, purification and compression, can lead to a significant increase of the biomethane prices in relation
to the current price of CNG. This method of distribution and use of biogas/biomethane cannot count on any
support. So far, support for the so-called brown certificates can only be obtained for biogas injected into the
natural gas grid.

7.3.5 Neighbouring
At this stage, there are several locations for biomethane refuelling stations. Both in the case of extension of the
existing filling stations, or by building a new station, it is necessary to provide adequate infrastructure related
to the storage of biomethane in accordance with applicable regulations. This applies above all the
requirements for the location of individual elements of the station. For the planned facilities there should be
designate specific zones of explosion hazard in accordance with Standard ZN-G-8101 as well, "The project of
national rules for the design, construction, installation, check-ups, starting up and operation of natural gas
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fuelling stations". Applied technology associated with refuelling of gas will affect the area through the
limitations of determining explosion hazard zones, provide the required distance from buildings and in areas
related to the issue of noise.
At the same time the location of stations should provide for convenient refuelling by vehicles of various types
and sizes to take into account the time required for filling the tanks of varying capacity.

7.4 Technical pre-conditions
The determination of the size of the station is based on the expected performance of the quantity of fuel sold,
the number and types of consumers, as well as required technical parameters of the station. The most
important parameters that should be considered include:
• refuelling time;
• expected efficiency;
• the required power for the installed equipment;
• number of simultaneously refuelled vehicles;
• tanks size of compressed natural gas (CNG and CBG magazine);
• the type of distributors and compressors.
It is preferred at the design stage to plan the possibility of increasing the efficiency of filling in the future.
Filling station designed for operating its own fleet of vehicles working in fixed hours can only be equipped with
a system for slow refuelling. Open access refuelling station, designed also to refuel other vehicles can be
adapted only for fast refuelling, and also have two separate systems - fast and slow refuelling.
The choice of refuelling system and installation efficiency is strongly dependent on both the size of their own or
contracted fleet and the expected number of foreign vehicles refuelled. A good option can be the distribution
of the investment in time and the gradual expansion of the station as far as sourcing gas customers.
Filling station should be equipped with the appropriate device class together with in modern measurement and
control systems for protection against electrostatic discharge and gas leak.
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8. STRATEGY FOR FILLING STATIONS IN TRENTINO PROVINCE
8.1 Present situation in Italy
In Italy the production and use of biomethane is not yet ruled, in particular lacking the regulatory, technical and
economic framework. Due to this absence, hereinafter reference is to the refuelling italian system concerning
natural gas.
The legislative Decree n. 1/2012 provided rules for the development of infrastructures, including the promotion
of fuel distribution, in particular for natural gas and biomethane.
Italy has the major number of CNG filling station in all Europe countries (table below). Actually there are about
957 filling stations distributed in the country: 55.2 % in the north, 28.4% in the centre and 16.4% in the
southern of Italy. Only 34 CNG filling stations (3.5 % of the total) are operating along the highway route and 52
are open 24/24h (5.4% of the total). In the 2012 the average price of the CNG sold in the Italian market was
about 0.992 €/kg.
Country regions

CNG Filling station

Highway filling station

Open 24h

Average price

VALLE D'AOSTA
PIEMONTE
LOMBARDIA
TRENTINO-ALTO ADIGE
VENETO
FRIULI-VENEZIA GIULIA
LIGURIA
EMILIA-ROMAGNA
Total northern Italy
Percentage of the total
TOSCANA
UMBRIA
MARCHE
LAZIO
ABRUZZO
Total central Italy
Percentage of the total
MOLISE
CAMPANIA
CALABRIA
PUGLIA
BASILICATA
SICILIA
Total southern Italy
Percentage of the total

2
69
137
15
127
3
7
168
528
55.2%
92
29
81
50
20
272
28.4%
3
58
9
56
7
24
157
16.4%

0
3
8
0
1
0
0
9
21
61.8%
3
0
0
7
0
10
29.4%
0
1
0
0
0
2
3
8.8%

0
1
5
0
1
0
0
11
18
34.6%
5
4
1
5
0
15
28.8%
0
7
0
5
0
7
19
36.5%

0.977 €/kg
0.976 €/kg
1.043 €/kg
0.982 €/kg
1.006 €/kg
1.008 €/kg
0.990 €/kg

957

34

52

0.992 €/kg

Total Italy

Table 4: number and distribution of the CNG filling station in Italy
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0.992
0.970
1.000
0.989
0.990
1.027

€/kg
€/kg
€/kg
€/kg
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€/kg

[Dxx Title of the Report]

North of Italy
528 CNG filling
stations

Centre of Italy
272 CNG filling
stations

South of Italy
157 CNG filling
stations

Figure 12: Distribution of the CNG filling station in Italy

8.2 Present situation in Trentino Province
Today in Trentino Province there are only four CNG stations operating, three along the valley of the Adige, and
one decentralized (Roncegno). None of the other areas are currently served.
PAT (Trento Province) has identified CNG as a strategic path in order to achieve the goal of a green Province
capable to attract tourism and assure high standards and quality of life.
Since 2008 Trentino Province allows the installation of domestic, low pressure NG refuelling systems; with this
kind of devices, it is possible to fill up cars at home or at workplaces; these easy-to-install and small dimension
devices can be connected to the domestic low-pressure gas pipeline and to the 220w power and supply should
be an optimized solution for company’s fleets or little municipalities’ needs in absence of public filling stations
in the surrounding.
The Provincial Law n. 17/2010 provided, for the distribution of fuels, rules for road and motorways filling
stations, CNG self refuelling systems, incentives to promote the increase of refuelling infrastructures for CNG
and other environmental friendly fuels.
The Provincial Executive Regulation 18-93/2012 defined minimal requirements for the stations, rules for the
self refuelling for CNG and LPG, and a minimum target of 17 filling stations on the entire Province.
The Resolution of the Province Government 2136/2012 established as required conditions:
The presence of naturals gas in the filling stations network;
A functioning pressure of at least 5 bar;
A cost of connection in charge of companies not over 140,000 €.
In accordance with a strategy of continuous improvement of provided services and pursue of an environmental
friendly policy for use of renewable resources, Autostrada del Brennero S.p.A., the company owner of the
national concession for the A22 motorway along the axis Brenner / Modena (north-south), has planned, and
partially already realised, the implementation in the next 2 years of 12 (6 +6) of natural gas fuelling stations
along the motorway; 4 (2 + 2) of them are located in the Trentino Province.
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8.3 External environment
8.3.1 Biomethane supply
The use of biomethane as fuel for transport in Italy has not yet been developed due to the lack of a regulatory
framework. However, the use of natural gas for vehicles is rapidly growing and constantly tends to increase: the
number of natural gas filling stations has doubled over the last 5 years up to 957. This trend has been helped by
the placing on the market of new passenger car models in recent years.
However, a new legislation is being discussed that will allow the placing on the network even beyond its use as
biofuel. Among the various options discussed in this new legislation, there will be the possibility of having a
filling station connected directly to the plant of biogas, the use of trucks or the connection to the national grid.

8.3.2 Biomethane demand
As mentioned above, the Italian market for passenger cars powered by natural gas, which can also be powered
by biomethane, is very strong. The table below shows the number of cars per type of power supply.
Regione

Gasoline

Diesel fuel

CNG

LPG

Electric

TOTAL

“Green
vehicles
” (%)

CNG
on the
total
(%)

CNG on
green
vehicle
(%)

PIEMONTE

1,551,769

1,050,038

30,932

173,352

135

2,806,226

7.28%

1.10%

15.13%

VALLE D'AOSTA

68,340

71,503

712

3,728

8

144,291

3.08%

0.49%

16.01%

LOMBARDIA

3,464,553

2,108,776

53,666

247,548

365

5,874,908

5.13%

0.91%

17.80%

TRENTINO ALTO
ADIGE
VENETO

300,459

256,743

3,303

20,431

32

580,968

4.09%

0.57%

13.90%

1,529,288

1,170,667

74,296

195,145

78

2,969,474

9.08%

2.50%

27.57%

FRIULI VENEZIA
GIULIA
LIGURIA

505,975

245,223

2,309

16,285

21

769,813

2.42%

0.30%

12.40%

521,937

294,773

7,053

21,051

31

844,845

3.33%

0.83%

25.07%

EMILIA
ROMAGNA
Total northern
Italy
% of the total

1,355,051

953,133

183,028

241,901

211

2,733,324

15.55%

6.70%

43.05%

9,297,372

6,150,856

355,299

919,441

881

16,723,849

7.63%

2.12%

27.85%

46.1%

42.5%

52.2%

51.8%

46.0%

45.1%

TOSCANA

1,318,654

928,313

64,173

102,028

157

2,413,325

6.89%

2.66%

38.58%

UMBRIA

302,412

257,409

25,213

28,095

14

613,143

8.70%

4.11%

47.28%

MARCHE

460,424

397,108

94,789

45,795

22

998,138

14.09%

9.50%

67.41%

LAZIO

2,081,310

1,603,770

23,954

173,855

361

3,883,250

5.10%

0.62%

12.09%

ABRUZZO

419,055

370,453

15,855

45,798

19

851,180

7.25%

1.86%

25.71%

Total central
Italy
% of the total

4,581,855

3,557,053

223,984

395,571

573

8,759,036

7.08%

2.56%

36.12%

22.7%

24.6%

32.9%

22.3%

29.9%

23.6%

MOLISE

88,432

99,773

3,933

9,056

2

201,196

6.46%

1.95%

30.27%

CAMPANIA

1,800,602

1,374,195

46,272

188,012

120

3,409,201

6.88%

1.36%

19.74%

PUGLIA

1,138,181

1,014,407

35,455

99,141

82

2,287,266

5.89%

1.55%

26.33%

BASILICATA

167,096

172,603

2,950

11,761

3

354,413

4.15%

0.83%

20.05%

CALABRIA

637,021

538,248

2,388

32,345

30

1,210,032

2.87%

0.20%

6.87%

SICILIA

1,846,971

1,194,058

10,261

94,136

209

3,145,635

3.33%

0.33%

9.81%

SARDEGNA

595,052

381,273

406

26,555

16

1,003,302

2.69%

0.04%

1.50%

Total southern
Italy
% of the total

6,273,355

4,774,557

101,665

461,006

462

11,611,045

4.85%

0.88%

18.05%

31.1%

33.0%

14.9%

26.0%

24.1%

31.3%

TOTAL

20,152,582

14,482,466

680,948

1,776,018

1,916

37,093,930

6.63%

1.84%

27.69%

54.33%

39.04%

1.84%

4.79%

0.01%

100%

Table 5: Number and distribution in Italy of the green car fed with different fuels
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In Italy, on a total fleet of 37,093,930 cars, there are 34,635,048 (93.37% of the total) a petrol or diesel cars
(source: elaboration of Federpneus on data Automobile Club of Italy, 2012). The alternative fuelled cars (CNG,
LPG-Liquid Petroleum gas or electric) circulating in Italy are 2,458,882, which corresponds to 6.63% of the park:
680.949 CNG, 1,776,019 LPG and 1,917 electric. Considering the regional data, the region where the
percentage of eco-friendly cars is greater is the Emilia Romagna (15.55%), followed by Marche (14.09%) and
Veneto (9.08%). Elaboration also show that the LPG-powered cars in Italy are 1,776,018 (4.79% of the fleet),
CNG-powered cars are 680,994 (the 1, 84% of the fleet) and the electric ones are 1.916 (0.01% of the fleet). The
CNG cars account for 27.7% of the green cars circulating in Italy: 52.2% of methane cars circulating in the north
of Italy, 32.9% in the centre of Italy and 14.9% in the south of Italy.

8.3.3 Existing regulations
The Italian main regulation for commercial (CNG) refuelling station is the Ministerial Decree of 24/05/2002
It defines all technical rules for design, construction and operation of commercial (and privates) CNG Refuelling
Systems in terms of construction, safety, functional requirements of buildings and devices, including internal
and external distances.
In addition to that, local and National regulations related to the location of the plants have to be taken in
account.
Moreover a regulation issued on May 2012 DM 30.04.12 – Apparecchi erogazione metano per autotrazione:
norme prevenzione incendi (GU n. 115 del 18-5-2012) defines rules and characteristics for installation of
domestic, low pressure NG refueling systems just for personal use (important: selling is not allowed).

Figure 63: typical configuration of domestic refuelling system

8.3.4 Neighbouring
The installation of natural gas filling station in Italy has never created problems of social acceptability. Many
regions of Northern Italy have placed traffic limitation in the cities of large size and in some periods of the year
for cars powered by traditional fuels (diesel and petrol), while they allow cars fuelled with natural gas to
circulate every time without any restriction. This is due to their low dust emissions and toxic gases on the
health of citizens. This advantage is often the reason that determines the choice to buy a car powered by
natural gas.
On the other hand, there are a lot of cases of protests by rural citizens, who are afraid for their safety, about
the use of old deposits of natural gas as a temporary storage of the gas network.
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8.3.5 Economic and investments aspects
At present it is estimated that for the construction of a dispensing unit of natural gas the construction costs are
around 300-400,000 € (excluding authorization costs), to be added to the conventional refueling station costs.
At Trentino level, the resolution of the Provincial Government 2136/2012 provided incentives until 75% of the
costs for the filling station with a maximum of 400,000 €.

8.4 Technical pre-conditions
The main problems noticed during the design and construction of new CNG refuelling plants are:
• Distance from high pressure grid (mainly SNAM species pipeline) in order to minimize compression costs
and to remain competitive with petrol cost;
• Layout of the plant in accordance with safety regulation;
• DISTANCES of compression zone from motorways, buildings, electricity lines (15meters by high voltage, 8
meters from low voltage lines);
• PUMPS MULTIPRODUCT: they are possible, but not self-serviced and no simultaneous delivery of natural
gas and other fuel pump on the same pump (even on different side). In the Bolzano Province, which, in
terms of safety regulations, has a certain grade of autonomy, a pilot plant has been realized with a 24/24h
self-service supply device;
• In general it is more difficult to improve an existing filling station by introducing methane than to realize a
new one due to high costs for space reorganization and safety devices;
• COSTS, in order to maintain the competitiveness with prices at the pump.
In Italy, unlike other countries of the European Union, the natural gas network is highly developed and the use
of CNG as vehicles fuel is considered as a normal option for decades.
The cost-effectiveness on setting up a new CNG refueling plant is closely linked to the number of CNG vehicles
and the location (proximity to other distributors).
In general, before constructing a station a dealer must:
• consult the regional fuels plan in order to verify the possibility to open a CNG-only refueling plant or a
Multidispenser is strictly required;
• check out the proximity of other large service stations;
• realise a deep analysis of the local road traffic: the choice to travel with natural gas is typical of high kmrange travelers and so it is important to place the service station on main connection lines;
• verify the proximity to the NG transport grid; in order to avoid high compression costs, the proximity to
high pressure gas network is mandatory (from 5-10 to 60-70 bar );
• for the delivery of CNG, safety regulations required a surface of at least 800-1000 m2 and therefore the
cost of the soil can affect significantly the cost of investment.
The authorization process is quite complex and require long times and involves several different institutions; a
normal authorization average time is estimated between 6 months and 2 years (depending on the complexity
of the plant and the location) and may includes:
• municipal certification of eligibility of the site;
• authorization of the Local fire Dept.;
• authorization based on the municipal plan fuels;
• building permits;
• conformity certifications for devices and the complete plant;
• several commissioning and start up test certificates issued by various inspection authority or third parties.
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9. REGIONAL SPECIFIC ACTIVITIES
To be able to use the biomethane as fuel the project partners will develop for each region a strategy for gas
filling station infrastructures, including business plans for the gas filling stations that are planned to be built in
each region. Below follow a short summary from the regional specific activities together with action plans,
which have been discussed in each regional network. Comments and view-point of the stakeholders of the four
regions have been implemented in each strategy.

9.1 Norfolk County, UK
An action plan has been realised which looks at a variety of issues which will be faced when developing a gas
filling station on two Norse Commercial Services depots. They look in detail at the location, design and the type
of system that would be appropriate as well as potential suppliers. It also includes a timing chart to enable
project planning and monitoring which has been summarised in the below table. Also some indicative costs for
a filling station are included although the final costs will only be known once a full tendering process has been
carried out.

9.1.1 Business and Action plan
Section 5.3.5 above covers the financial aspects of the project which are core to the business plan. The project
would be developed by a private sector organisation on behalf of Norse. It would be important to ensure that
whilst progressing, the filling station that there was also progress on moving some of the vehicle fleet over to
gas. Currently the finances do not enable progress to be made on the business plan. This is as a result of the
operating costs of the vehicles being significantly higher on gas than they are on a conventional diesel.
Work needs to be done to understand these reasons and how best to enable the gas vehicles to become more
competitive.
The timing of the action plan to supply two depots is as follows:
Action

Timescale

Business plan written to convert existing fleet to gas (Norse)

By end of September 2013

Business plan approved by Norse Board

By end of November 2013

Specification drawn up with information on requirements (Norse)

By end of March 2014

Specification put out to tender (Norse)

By end of April 2014

Tenders received and assessed (Norse)

By end of June 2014

Company Commissioned to build stations (Norse)

By end of July 2014

Stations constructed and operational

By end of October 2014

9.2 Skåne Region, Sweden
The project targets small rural municipalities which are too small to set up investments by themselves. The
project aims at setting up long term finance modelsand funds which will align private and public sector
investment to support an extension of the regional gas grids and gas filling stations infrastructure investment.
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Given the different starting points within the region, and the importance of this as a barrier to use of
biomethane as a transport fuel where CNG/biomethane infrastructure is not well developed, this is an issue of
high priority in the region. In Skåne there are today 28 gas filling stations. The aim is to reach 180 by the year of
2020. However the increase in number of gas filling stations is going very slow and has stopped in some parts
of the region. Therefore there is an urgent need to identify and develop a strategy to stimulate the
development of more filling stations. The activities focus on analysis and suggestion of the potential to develop
the gas filling infrastructure, benchmark and development of a strategy plan for the coming years for 80
stations, of which 50 new ones.

9.2.1 Business and Action plan
Cooperative solutions with shared ownership, as well as other forms of PPP (public private partnerships)
solutions are planned to be applied in the continuing expansion of the infrastructure for gas filling stations in
the region. Municipalities and energy companies, but also other stakeholders, need to collaborate in this work.
Especially in less attractive locations, public involvement is essential and imperative for market expansion.
The continued development should be supported by a strong regional co-ordinating authority or forum. Region
Skåne has been suggested to fill this role, which includes marketing, broad and extensive dissemination of
knowledge and control. Region Skåne could work as a facilitator in the realization of a growing number of PPP
solutions at the local level. In this context, regional ownership (passively or more operational) cannot be
excluded. With these efforts, the region can strengthen its position in the emerging biogas industry both
nationally and in an international perspective.
The purpose of the public operators' involvement cannot primarily be profit making. Instead, interaction should
be initiated with focus on the public good. In an early stage, a clear plan regarding when and how to pull out
from the effort should be defined in an exit strategy and allow for a more efficient market to take over the
development on their own.
A regional investment subsidy could be considered, because profitability in the short term is limited due to the
low demand. Launching an investment grant can be a relatively easy way to stimulate the development of
infrastructure, which can have a psychological effect in increased credibility among potential customers.
Public support in the work of an infrastructure development should be complemented by analyse, process and
generate demand. Here, public actors at both regional and local level play a major role. This means that wide
extensive communication efforts should be implemented. In combination with the expansion of new filling
stations, clear guidelines for marketing and canvassing should be defined. Again, it may be appropriate to
provide project management and campaign support from the public side.
Finally, it is crucial to note that in every case where an establishment of a gas filling station is under
consideration, a feasibility study is mandatory to define the business model, organisational structure and
financing solution. There is no simple solution that can be applied to any establishment.
Action

Timescale

Region Skåne develops a political strategy

Autumn 2013

The regional network in Action Plan for Biogas identifies stakeholders and form a gas filling

Spring 2014

station financial network (PPP)
Feasibility study for gas filling stations in Skåne by regional network

Spring 2014

Regional network prepares and mobilizes for investment in gas infrastructure in Skåne

Autumn 2014
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9.3 Małopolska Region, Poland
The situation in the development of CNG and biomethane market is very difficult and uncertain, both in
Małopolska region and in the whole country. Expected for more than three years, the Act ruling the renewable
energy market in Poland are still at the stage of new projects and changes. The current situation is such that in
Poland:
• No works at any installation producing biomethane, apart from a few pilot-scale;
• Biomethane can not count on any support other than forcing distribution model to a network;
• CNG market is in regression (decreasing the number of filling stations).
However, observing slowly and consistently growing market of biogas production gives some chances for faster
development in the future. There is an high potential for Poland in this area and needs such as waste
management also confirm this perspective.
Analyzing the current situation, the focus was, on one hand, on the most realistic capabilities in the near future
(like advanced building of biogas plant about 100 km from Krakow), and, on the other hand, on the target
model resulting from the real needs.. The development strategy of filling stations like currently being
developed in the business plan tries to take into account concerns and uncertainty about the future situation.

9.3.1 Business and Action plan
Business plan for the construction or upgrading of CNG filling stations / biomethane in Małopolska, which is
currently being prepared, will be based on the following assumptions:
1)
Variants
Three variants of construction gas filling stations will be considered:
o Station located in the neighbourhood of a biogas plant with purification system for biomethane
production; designed to refuel the local fleet of NGV, and also agricultural machines;
o Expansion of existing CNG fuelling stations, located in Krakow, by adding the possibility of
refuelling by biomethane or a mixture with CNG. Biomethane will be delivered by trucks;
o Filling station located in municipal fleet depot, designed for both refuelling municipal
CNG/biomethane fleet and other NGV - open for public.
2)
Biomethane sources
Potential sources of a gas filling station located in Krakow has been described above. Currently biogas is
produced in a wastewater treatment plant and also derived from the landfill. In both cases, all the biogas is
used for electricity production.
It is therefore necessary to look for sources of biogas somewhere else. The biogas production that is most
suitable to use, due to the time of delivery of biogas, seems to be a biogas plant, which being built at a livestock
farm in the village Wielopole, about 90 km from Kraków city center. Probably there is a biogas surplus at the
plant, because not all biogas will be used for electricity generation, and that gas can be used as fuel. However,
the target source of biomethane for the city, especially for municipal and public transport vehicles, should be a
municipal biogas plant, working on the basis of municipal organic waste.
3)
Refuelling system
Depending on the type of installation, where biomethane will be produced, and also the distance to the filling
station there are three possible options for biomethane delivery:
o Compression of biomethane to the pressure of 25-30 MPa in bundles of cylinders and delivering
them to the bus depot, where the gas partly will be used to direct refuelling of vehicles, and partly
to the CNG storage of a filling station.
o Compression of biomethane into 3-5 bar pressure and send it by pipeline from a biogas plant, to a
refuelling station at the depot, where it will be used to refuel municipal vehicles.
o Liquefaction of biomethane at the place of manufacture, and deliver it in liquefied form to the
refuelling station. There the gas can be used to refuel vehicles as LBG, or support the methane
compression process.
4)
Refuelling vehicles
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In the case of construction filling stations who are publicly accessible, or expanding an existing station with
facilities for refuelling biomethane, or a mixture with CNG, the station will be equipped with a high-speed
refuelling system. The gas filling station located in the depot will have two independent systems: slow fill of the
fleet of municipal vehicles, that will be refuelled outside working hours, as well as a fast fill refuelling system for
vehicles from outside or optional refuelling of own vehicles.
Action

Timescale

Assumption of business plan to build and operate biomethane filling station (AGH-

By end of October 2013

UST)
Specification drawn up with information on requirements according to the new

By end of March 2014

regulations (AGH-UST)
Preparing a business plan based on more precise assumptions (new regulations and

By end of March 2014

conditions) (AGH-UST)
Talks and activities for the launch of the construction of biomethane refueling

By end of July 2014

station in Małopolska (AGH-UST)

9.4 Trentino Province, Italy
In consideration of the only one biogas plant actually in operation in Trentino having a suitable size to a
possible exploitation of biomethane, a feasibility study was carried out with the technical support of SAFE (a
company specialised in biogas business) to assess the typology of upgrading plant, size, surface needed,
investment and running costs. The only context in Trentino Province that, to date, could accommodate a
biomethane filling station is the anaerobic digestion plant site at Cadino, in the municipality of Faedo.
As for the Primiero Valley site, becuase the preliminary project of the biogas plant showed several criticalities
(further explained within the forthcoming D3.3), the gas filling station was not taken into consideration.
The plant of Cadino was started in the winter of 2012/2013, and receives about half of the total organic
fraction of municipal waste of the Province. The managers of the plant, despite not having yet been able to
concretely assess this possibility, have identified adequate space within the site to accommodate a possible
upgrading system (intended to treat the biogas produced in excess and not directed to CHP) and a filling station
to fuel the company's fleet. In order to understand the approximate costs of such an intervention a detailed
quote from an equipment manufacturer was required. The identified company boasts the construction of a
similar facility in Italy, which is currently running and fuels its own fleet.
The full technical-economic analysis is reproduced within the D3.3 (in progress). It also contains the features
and prices of the filling station. The drafting of a real business plan in a context like the Italian one - which still
awaits the approval of a national standard for biomethane as well as the definition of the incentive scheme and
excise duties - would appear an end in itself, which would provide little useful information than the mere
knowledge of the cost of implementation.
The distributor of compressed natural gas model ESP11/1 characterized by n. 1 connection and no. 1 mass flow
meter, measures the actual mass of gas (Kg) provided in the vehicle regardless of the values of pressure,
temperature and density. This distributor has obtained by the Italian Central Metric Agency formal recognition
of compliance with the legislation in force in Italy, and, by Ordinance of the Ministry of Industry, is definitively
admitted to the metric verification and legalization.
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Specifications:
1
2
3
3.1
3.2
4
5
5.1
5.2
5.3
6
7
8
8.1
8.2

n. of connections
lines
flow
max (kg/min)
min (kg/min)
precision between min and max
Pressures
Maximum for fueling (bar)
Hydraulic test (bar)
Fueling stop (bar)
Operating temperature (°C)
Gas density (Kg/m3)
Power supply
Electrical voltage (V)
frequency

1
1
16
0.3
± 1%
250
330
220
-10 / +40
0.65 – 0.85
220
50

Table 6: Main characteristics of the refuelling system

Provided hydraulic elements:
• Gas filter;
• Solenoid valve;
• mass flow meter with interface;
• three-way valve for fuelling and recovery;
• piping system for connection of various elements and connections;
• hose for charge connections;
• hose for gas recovery.
Safety and control devices:
• self-diagnosis;
• block for maximum gas flow;
• block for minimum gas flow (adjustable);
• pressure transducer to stop;
• valves for the isolation of the gas;
• operating lights (red / green);
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•
•
•

display (price per kg, amount to be paid, delivered quantity);
excess flow valve;
break-away valves.

The electrical load of the dispenser (indicative) is 0.25 kw, while the indicative costs of the fuelling station is
13,000 €.

9.4.1 Business and Action plan
There are several critical elements for the development of refuelling infrastructures of CNG (and biomethane),
in particular:
• High investment costs with return periods that are too long even in the presence of economic incentives
made available:
incentives made available by the P.A.T. were not used because addressed to oil companies and
managers;
activation of the incentives provided by art. 66 of L.P. 17/2010 which considers also the costs of
management of the station;
• Permanent regulatory constraints outside the scope of the construction of new stations of fuel
distribution:
operating rules - Obligation to supply only by manager (DL 24/05/2002);
urban compatibility of the plants - each municipality decides autonomously;
authorization of accesses - the Road Code;
•
Difficulty in finding suitable areas for the installation of new stations:
territorial structure not favourable - highly urbanized valley;
areas without methane - LNG as possible alternative (but excessive costs);
• Market failure:
the presence of an excessive number of filling stations with quantities of fuel dispensed too below the
threshold of returns have not generate the closure of these plants but the abandonment from the
operator.
Considering criticalities mentioned above and the standing situation (also due to Provincial elections in
Trentino on October 2013), the Action Plan is delayed and intended to be defined by April 2014.
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10.

CONCLUSIONS

The development of a market for biomethane as a vehicle fuel differs among the BIOMASTER countries.
Generally the development of filling stations faces many difficulties in the four regions. Part of the current
problem is that the development and ownership of the gas filling stations is carried out by the biogas
producers, and not by the fuel providers. Another difficulty is that developing filling stations is rather expensive
and hence the interest does not increase in order to favour a broader distribution of smaller filling stations
throughout the region. The distribution of biomethane through the gas grid could be helpful in this regard. The
developed strategies include technical and financial assessment of the options including innovative solutions to
small scale refuelling.
In such a situation, the challenge on the vehicle and fuel market is particularly hard. There are already very well
developed and competitive systems based on petrol and diesel. In most cases where new technologies are
developed these meet either a need that has not previously been satisfied or offer a significantly more
competitive solution to a problem than existing technologies. For gas, there are no such advantages, implying
that it may require more focused communication with customers to create volume growth of gas vehicles and
gas. The development of new technology requires decades of investment and early use of innovators and early
adopters before they bear fruit in the form of cost savings and economic growth. It is only when they have
been used by early adopters in a couple of decades that the technology drops so low in price that it becomes
accessible to the common users.
There are different starting points and barriers within the four regions to use biomethane as a transport fuel as
CNG/biomethane infrastructure is not well developed.
The UK has a very limited, geographically spread amount of CNG refuelling stations. There are four privately
operated stations with restricted third part access and nine facilities with the potential for third party access. In
Norfolk the project activities focus on the filling of two NCS depots sufficient to supply at least 10 % of the NCS
fleet with biomethane initially (130 vehicles). Because there is currently no substantial use of natural gas as a
vehicle fuel, it is necessary to identify potential systems and suppliers of refuelling equipment and determine
the most appropriate combination for use according to the specific needs of the NCC/NCS vehicle fleet and the
desire to grow the use within the fleet over a 7 years’ timescale.
In Sweden there are today 141 public filling stations, 28 of these are located in the Skåne region. These are
mainly established in affiliation to the gas grid or nearby biogas production units. In most of the stations pure
biomethane can be chosen, or at least a certain percentage can be guaranteed, for example 50% of
biomethane. The aim in Skåne is to reach the amount of 180 gas filling stations by year 2020. However the
increase in number of gas filling stations is going very slow and has stopped in some parts of the region, which
is why the development of a regional strategy is of utmost importance.
In Poland at present there are 24 public CNG stations which is highly insufficient. The trend is unfavourable as
in 2011 there were more than 30 filling stations. The situation of CNG market in Malopolska is slightly better
than in Poland. There are four filling stations, including two in the city of Krakow. But there are no biomethane
suppliers as yet, and there is a lack of stable legal conditions for the production of biogas and biomethane in
the following years. From January 2012 until today, eight stations have been closed. This indicates not only a
stagnation but even regression of the Polish CNG market. So far, no station was established offering
biomethane, mainly because it is not yet produced in Poland. The current production of biogas is earmarked
entirely for the use of electricity and heat. However, despite a difficult situation on the market the number of
biogas plants is increasing.
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In Italy the production and use of biomethane is lacking a regulatory, technical and economic framework.
Concerning natural gas, Italy has the major number of CNG filling station in Europe. Actually there are about
957 filling stations in the country. Moreover Trentino is the first Province in Italy where it is possible to
implement the “home filling system” for CNG vehicles. The system enables CNG vehicle filling at home during
night by fuelling directly from the local grid. Today in Trentino Province there are only four CNG stations
operating. Trento Province, has identified CNG as a strategic path in order to achieve the goal of a green
province capable of attracting tourists and assure high standards and a quality of living. The local strategy aims
to target 17 new filling stations in the province in the next years that will cover areas not yet served.
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