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SUMMARY
In this draft document there is presented a generic natural gas refuelling station as it is permitted in Italy. In the next versions improvements concerning the prescription in force in the other EU Countries should be added.

The purpose of this document is to use the natural gas technical description as an example for the determination of hazardous zones in a CNG refuelling station taking as reference method the one contained/explained in the Italian Guide CEI 31-35 (2001), “Electrical apparatus for explosive atmospheres, Guide for classification of hazardous areas – Guide to the application of the Norm CEI EN 60079-10 (CEI 31-30) Classification of hazardous areas”.
NOTE:

This technical description has been elaborated with the help of the Italian Fire Brigade as it is the authority involved for permission in the field of fuel distribution/dispensing. It is a general case of CNG refuelling station.
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1.0 Introduction

The natural gas refuelling station can be realized in two different configurations, depending on the way the CNG is supplied to the station:

1. CNG Station fed by public distribution pipeline;
2. CNG station fed by tube trailer.

For this kind of stations here are the main components:

1. CNG Station fed by public distribution pipeline:
· local for gas measurement and pressure reduction as it arrives from the public pipeline;
· compression unit;

· storage;

· one or more automatic CNG dispenser;

· box for the emergency tube trailer (this unit, even if allowed by the actual Italian norms, in general is not present on-site because of the great safety distances it requires) ;

· local for accessory services (offices, sales to the public, stores, hygienic services, car washing units; restaurant and bar, etc.).

2. CNG station fed by tube trailer:
· one or more boxes for the tube trailers;

· compression unit;

· storage;

· one or more automatic CNG dispenser;

· local for accessory services (offices, sales to the public, stores, hygienic services, car washing units; restaurant and bar, etc.).
2.0 Some terms and definitions
Line of high pressure: 
part of the natural gas plant between the compressor unit or the connection point to the tube trailer and the dispensing unit to the vehicle.
Line of low pressure:
part of the natural gas plant between the general interception device of the station and the inlet to the compressor unit.
Local:
structures in which are located the main equipments of the station.
Local safety of 1st degree:
it is achieved the 1st degree of protection of a local of the station when the constructive characteristics are able to guarantee, in case of burst/explosion, the containment of the materials both lateral and upward.
Local safety of 2nd degree:
it is achieved the 2nd degree of protection of a local of the station when the constructive characteristics are able to guarantee, in case of burst/explosion, the containment of the materials only on the lateral sides.
3.0 Italian CNG refueling stations: main components and process description
In the following paragraph there are presented the main station components and the process description of a generic CNG refueling station as it is permitted in Italy. It should be once more underlined that the contribution from the other HySafe Partners will be added in the next versions of this draft document.
3.1. Local for gas measurement and pressure reduction
In this local the natural gas, arriving from the public distribution pipeline, is measured and in case purified prior to be delivered to the station compression units.

This local may have constructive characteristics of 1st or 2nd grade and in any case it can have one or two of the four sides completely open at the only condition that such openings are not faced toward zones where might be present extraneous people (different from operators or other authorized persons).
Local with 1st degree of protection: to give to the local safety characteristics of 1st degree, all the walls must be of reinforced concrete and with a minimum thickness of 15 cm.

For the sides faced to other parts of the gas plant, the walls must have a thickness of at least 20 cm and they must not have openings. Only the holes for the connections (electrical and pipings) with the other components of the station are allowed.
The roof of the local must be of steel or reinforced concrete beam elements or of steel or reinforced concrete continuous slab, and able to guarantee, in case of burst/explosion, the upward containment of the materials. In the case of continuous slab roof, some openings must be foreseen in order to guarantee the natural ventilation of the local. The total area of the openings must be equal at least to 1/10 of the plant area of the local.
Local with 2nd degree of protection: to give to the local safety characteristics of 2nd degree, all the perimeter walls must be of bricks or reinforced concrete and with a minimum thickness of 15 cm. It is allowed also the use of a different non combustible material proved that it has the same mechanical resistance. The roof must be light and made of non combustible materials.
Moreover some openings must be foreseen in order to guarantee the natural ventilation of the local and the total area of the openings must be equal at least to 1/10 of the plant area of the local.

3.2. Compression unit
Below the gas measurement local, the natural gas is delivered to the station compression unit that is located inside another local. In this local the small storage units for the pressure pulse balance, must have a capacity equal at maximum to 300 Nm3.
Also this local may have constructive characteristics of 1st or 2nd degree. This characteristic are the same listed for the gas measurement local.
The devices for the interception of the flow and the venting of the inlet lines to the compression units and venting of the lines to the dispensing units are located outside the local, in a protected location that is readily accessible y the operator.
3.3. Storage units
The compressed natural gas (CNG) might be delivered directly to the dispensing system or stored in several units in order to perform the refueling operation through a cascade method.

The local for the storage units must be constructed only with protection characteristic of 1st degree. For these characteristic see the Paragraph 3.1.
The openings must be screened by structures in reinforced concrete, with thickness of 15 cm, or in steel, in order to prevent in case of burst/explosion the projection of fragments outside the local.
If the local contains units with total capacity greater than 3 000 Nm3 of gas, it must be divided in box; each of these boxes can house at maximum 3 000 Nm3 of gas.
3.4. Boxes for the tube trailers
In the CNG stations fed by the public pipeline, the tube trailer can be used as emergency unit in case of temporary interruption of the gas flow; but in general they are not present because of the great safety distances they require (the high risk they introduce).
However, the tube trailer at the station has to be located in a box that may have constructive characteristics of 1st or 2nd degree. These characteristics are quite different from the ones analysed for the locals of the gas measurement system, the compression unit and the storage units.

For the achievement of both the 1st and 2nd degree of protection, the box must have the 2 side walls in reinforced concrete with thickness at least of 15 cm and height at least of 1 m greater than the maximum height of the storage units on-board the tube trailer. Moreover the length of these walls, at both sides, must be at least 1 m longer than the tube trailer.
Box with 1st degree of protection: the roof of the box must be of steel or reinforced concrete beam elements or of steel or reinforced concrete continuous slab, and able to guarantee, in case of burst/explosion, the upward containment of the materials. No opening must be made faced to others gas plant systems and the walls faced to other gas plants systems must have a minimum thickness of 20 cm.
Box with 2nd degree of protection: the box cannot have the roof or it has to be light and made of non combustible materials.
3.5. Pipelines
The high pressure pipelines have to be buried in culverts at a deep of at least 0.50 m; the welded connections must be located in such a way that it is possible to perform periodic inspections. 

Those pipelines that are connected to the dispensing unit, must be anchored to the dispenser’s base and must have a check valve (to prevent excess flow) near the anchorage point.
All the vent/discharge lines must be realized in special pipeline and delivered in atmosphere in a safe area. The superior extremity of the manifold has to be located at a height not less than 2.50 m from the ground and protected through a flame arrestor device in stainless steel.
3.6. Automatic CNG dispenser
The CNG dispenser is a “stand-alone” unit that consists of an enclosure where the measurement and regulation devices are located. The refueling procedure can be done receiving the natural gas directly from the compression unit or through a cascade method (CNG from the storage units). In any case the refueling operation is done by an operator always present at the station during the opening times to the public.
The maximum dispensing pressure is 220 bar and it is controlled by an automatic pressure measurement device that in case of overpressure blocks the refueling procedure and opens the vent line to the atmosphere. The vent line to the atmosphere discharges the gas at a minimum height of 2.50 m from the ground in a safe location and it is protected through a flame arrestor device in stainless steel.
The connection between the gas dispenser and the delivery gas pipeline is realized through a valve that prevents the excess of flow. Moreover above the dispensing unit of gas to the vehicle, there is a valve of no flow-back. All the dispensing units are grounded and have a check valve at their base.

3.7. Control and shut-down systems
The dispensing pressure can’t be higher that 220 bar; at the refueling stations in which the compression is realized at pressures higher than 220 bar, the pipeline to the dispenser is equipped with a device that limits the pressure to a value of 220 bar.

It also has to be insured with proper equipments, that the maximum established pressure of exercise is not overcome. To such purpose, after the compression unit at the beginning of the pipelines that deliver the natural gas to the dispensing units, besides the principal instrument of reduction of the pressure, there is installed a safety device (i.e. 2nd in series pressure reducer, device for the block of the flow, safety valve, etc.), that intervenes before the pressure has overcome the maximum established value of exercise.

At the refueling stations in which the compression is realized at pressures smaller than 220 bar, the pipeline to the dispenser is equipped with devices for the automatic block of the compressors (besides the one installed inside the compressors) as the pressure become higher than 220 bar.

The emergency shut down system is activated by emergency button, manually rearmed, located near the local of the compressor, near the refueling area and at the station main office. This system:
· Perform the total isolation of the pipeline to the dispensing units through valve (with remote control) located downstream each storage units that have a gas capacity higher than 50 Nm3.

· Perform the total isolation of the low pressure pipelines from the inlet to the compressor;

· Perform the total deactivation of all the electrical circuits, with the exception of the ones necessary for the safety systems.
4.0 CNG refueling station reference case: system specifications and main parameters quantification
In this paragraph there is described the CNG refueling station taken as the reference case for the hazardous zone classification process; the P&I of the station is presented in figure 1.
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Figure 1: P&I of the CNG refueling station reference case
The natural gas arrives from the public pipeline; the area of the CNG refueling station starts from the pressure reduction, measurement and purification units below a general interception valve.

The gas after the measurements is fed to a medium pressure compression unit and then to a high pressure compression unit.

The refueling starts first with a cascade procedure from the medium pressure storage units (line A of the P&I); then it ends through the high pressure compression line (line B of the P&I).
The maximum pressure at the dispenser is fixed by law at 220 bar.

NOTE that in this reference case it is not foreseen the tube trailer.
4.1. Local for gas measurement and pressure reduction
The gas measurement unit is placed inside a box with design characteristic of 1st degree of protection (the constructive characteristics of the local are able to guarantee, in case of burst/explosion, the containment of the materials both lateral and upward) and natural ventilation.

Also the gas pressure reduction unit is located inside a box with design characteristic of 1st degree of protection and natural ventilation.

As the natural gas arrives from the public pipeline at an average pressure of about 2-3 bar, the pressure reduction unit is bypassed and it is automatically activated if the pressure of the gas becomes higher than 3.5 bar.

Box of the pressure reduction unit

· Pressure:
2-3 bar

· Check valves:
4
· Instrument valves:
3
· Filters:
1

· Safety valves:
2
· Flange connections:
10

· Location:
inside a box

· Volume:
5 m3
· Openings:
see figure 2
· Vent line:
1 (H=3 m from the ground level)

· Internal safety distance:
0 m (towards the other components of the gas station)

· External safety distance:
10 m
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Figure 2: CNG pressure reduction box: openings
Box of the gas measurement unit

· Type of measurement:
volumetric with variable p and T and processor for the volume integration and automatic correction of p and T.

· Pressure:
2-3 bar

· Check valves:
5
· Instrument valves:
2
· Safety valves:
1
· Flange connections:
12
· Location:
inside a box

· Volume:
8 m3 

· Openings:
see figure 3

· Vent line:
1 (H=3 m from the ground level)

· Internal safety distance:
0 m (towards the other components of the gas station)

· External safety distance:
10 m
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Figure 3: CNG gas measurement box: openings
4.2. Medium pressure compression unit and buffer tanks box
The compressor is placed inside a box with design characteristic of 1st degree of protection (the constructive characteristics of the local is able to guarantee, in case of burst/explosion, the containment of the materials both lateral and upward) and natural ventilation.

In the same box of this compression unit there are placed 18 buffer tanks divided in 2 groups. One group delivers the gas to the dispenser; the 1st phase of the refueling is made through a cascade procedure.

The 2nd group delivers the gas to the high pressure compression unit to complete the refueling.

· Compressor:

4-stage type

· Pressure:

3-190 bar

· Flow rate:

700 m3/h maximum
· Buffer tanks:

9 tanks; 900 liters in total at 190 bar maximum
· Safety valves:

3

· Check valves:

10
· Instrument valves:
5
· Flange connections:
30

· Location:

inside a box

· Openings:

1 openings in the roof, total area 1.3 m2(see figure 4). 2 openings in the front side, 3.50 x 0.3 m2 each.
· Volume:
32.4 m3
· Vent line:

1 (H=3 m from the ground level)

· Internal safety distance:
0 m (towards the other components of the gas station)

· External safety distance:
20 m
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Figure 4: CNG compressor’s box: openings
4.3. High pressure compression unit and buffer tanks box

The high pressure compressor is placed inside a box with design characteristic of 1st degree of protection (the constructive characteristics of the local is able to guarantee, in case of burst/explosion, the containment of the materials both lateral and upward) and natural ventilation.

In the same box of this compression unit there are placed 12 buffer tanks.
· Compressor:

1-stage type

· Pressure:

140-250 bar

· Flow rate:

650 m3/h maximum
· Buffer tanks:

15 tanks; 1200 liters in total at 250 bar maximum

· Safety valves:

2
· Check valves:

3
· Instrument valves:
3
· Flange connections:
10

· Location:

inside a box

· Openings:

1 openings in the roof, total area 1.3 m2(see figure XXX). 2 openings in the front side, 3.50 x 0.3 m2 each.

· Volume:
32.4 m3
· Vent line:

1 (H=3 m from the ground level)

· Internal safety distance:
0 m (towards the other components of the gas station)

· External safety distance:
20 m

4.4. Automatic CNG dispensers

The CNG dispensers are located in an open environment. There are 2 dispensing units, each with two flexible hoses for the car refueling of public cars.

NOTE: the self service refueling operation it is not allowed.

Here are listed the main characteristic of the dispensing units:

· Dispensing units:
2
· Flexible hoses per unit:
2
· Breakaway coupling:
4 (one per flexible hose)
· Filter:
1 per dispenser
· Regulation valves:

8
· Check valves:
4 (2 per dispensing unit)
· Design parameters:

· Natural gas density:
0.65 – 0.85 kg/Sm3
· Natural gas flow:
0.06 - 77 kg/min
· Pressure:
50 – 220 bar
· Minimum quantity supplied:
5 kg

· Dispenser location:
open environment; all the equipment inside the dispenser housing
· Internal volume:
Zone 1 (as per certification)
· Openings:
2 opening: 45 x 45 cm2 & 30 x 45 cm2 (see figure 9 & 10)
· Internal safety distance:
8 m (towards the other components of the gas station)

· External safety distance:
20 m

· Certification:
(x II 3 G 
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Figure 5: CNG refueling connection
[image: image6.jpg]



Figure 6: Break-away coupling of the dispenser flexible hose 
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Figure 7: CNG dispenser certification
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Figure 8: CNG dispenser_ Internal view: Zone 1
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Figure 9: CNG dispenser_ opening
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Figure 10: CNG dispenser_ opening

4.5. Pipings

· From public gas pipeline to the compressor inlet:

· Type:

carbon steel API 5LX A 105 – DN 80

· Pressure:

maximum 3 bar

· Location:
buried in culverts at a deep of at least 0.50 m

· From the compressor outlet to the dispensers:

· Type:
stainless steel ASTM A 269 TP 316 L – DN 25

· Pressure:
maximum 250 bar

· Connections:
flared fittings (37°)

· Location:
buried in culverts at a deep of at least 0.50 m
________________________________________________________________________________

CNG Generic Refueling Station_Rev.01

Page 2/19

[image: image11.jpg][image: image12.jpg]


[image: image13.jpg]


