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Abstract

Considering the necessity and need of the hour for mitigating the environmental
pollution, CNG infrastructure is the important step towards achieving the pollution free
environment. The unavailability of Natural Gas Vehicle (NGV) refueling stations (i.e.
CNG Station) constitutes one of the major barriers to the wide spread utilization of

natural gas in the transportation market.

The purpose of this project is to provide the methods and best practices for designing and

construction of Compressed Natural Gas station.

In this project total gas consumption has been calculated, to size station equipment
appropriately to meet the fleet's needs and specify the right equipment in a way that

meets all code requirements and the fueling needs.
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Chapter 1
About Company

Green Gas Limited (GGL) is a Joint Venture of GAIL (India) Limited [GAIL] and Indian
0Oil Corporation Limited [IOCL]. The “Joint Venture Agreement” was signed on May
11, 2005 and was incorporated on October 07, 2005. It has been incorporated for the
implementation of City Gas Projects for supply of Piped Natural Gas (PNG) to domestic,
commercial and industrial Consumers and Compressed Natural Gas (CNG) to automobile
consumers in the cities of Lucknow and Agra.

Vision:

To make Green Gas Limited an unparalleled natural gas distribution company, providing
eco-friendly and clean fuel to transport, domestic, commercial and industrial sectors, with
a total commitment to provide quality service to its customers.

Mission:

e To provide safe, convenient and reliable gas supply to their customers in
transport, domestic, commercial and industrial sectors.
e To provide a cleaner and environment friendly auto fuel to their clientele.
o To facilitate conversions of commercial and private vehicles to CNG through
external agencies by
1. Making available the quality kits; and
2. Creating a network of workshops to undertake reliable and speedy
conversion to CNG.

Future Plans

GGL will have UPSRTC as one of its major customers. With this in view, they are setting
up CNG Mother stations right in the bus depots of UPSRTC in Lucknow and Agra so that
on one hand CNG could be made available to UPSRTC buses through dedicated
dispensing facilities and on the other, CNG can be dispensed to public vehicles - cars,
autos, tempos, Mini buses, etc.

Recognizing the fact that vehicle owners will not convert their vehicles to CNG until and
unless CNG has been made available in adequate quantity and at many locations across
the city, GGL decided to make CNG available at multiple places and to ramp up the
availability of CNG both in terms of quantity and geographical spread. This will help in
kicking off the conversion process as well as developing the CNG demand.

They are currently focusing on:

1. Conversion of UPSRTC buses to CNG in Lucknow and Agra. For this, follow up
is being done at various levels in UP Government, Lucknow and Agra Division

1
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Commissioners, Transport Ministry, UPSRTC, UPSIDC, Ministry of
Environment, etc.

2. Creating awareness among the public about the benefits that they can derive by
switching over to CNG  fuel from the liquid fuels.

3. Creating infrastructure for supplying Piped Natural Gas (PNG) to domestic,
commercial and industrial establishments.

Business Spread

Presently, the company has taken up city gas distribution projects in the cities of
Lucknow and Agra. The operations of the company will spread to other cities of western
Uttar Pradesh and Uttaranchal, in line with the directive of Ministry of Petroleum and
Natural Gas.
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Chapter 2
Introduction

21 CNG

CNG is the short form of Compressed Natural Gas. The Natural Gas has less energy
density as compared to Liquid Fuel and hence it is compressed to over 200 Kg/cm? (g) to
250 Kg/cm? (g) pressure to make it CNG for use in the automobile sector. In its natural
form it is colourless, odourless, non-toxic and non-carcinogenic. However, this natural
gas is mixed with an odorant to add flavor similar to the odor of LPG from a domestic
cylinder so as to facilitate detection of its leakage. The typical composition and physical
properties of CNG (i.e. Compressed Natural Gas) is as follows:

Typical Composition:

Methane : 88%
Ethane : 5%
Propane : 1%
CO, : 5%
Others : 1%
Total : 100%

2.2  Physical Properties:

Non-toxic — Natural gas being lead/sulphur free, its use substantially reduces harmful
engine emissions. When natural gas burns completely, it gives out carbon dioxide and
water vapour - the very components we give out while breathing.

Lighter than air — Natural gas being lighter than air, will rise above ground level and
disperse in the atmosphere, in the case of a leakage.

Colourless — Natural Gas is available in the gaseous state, and is colourless.

Odourless — The gas in its natural form is odourless, however, ethyl mercaptan is later
added as odorant so as to detect its leakage.

23  Advantages and Disadvantages of CNG:
The advantages of CNG include:

* Very low particulate emissions

* Low emissions of airborne toxins

* Negligible emissions of oxides of sulfur (SOx)

* More quiet operation, having less vibrations and less odor than the equivalent diesel
engines.
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Disadvantages of CNG are:

 Much more expensive distribution and storage
« Higher vehicle cost

e Shorter driving range

e Much heavier fuel tank

2.4 Pollution reduction in CNG fueled vehicle:

The use of CNG in vehicles has lead to considerable reduction in air pollution as is
evident from the following data:

A Autorickshaw - Three wheelers:
(Emission in gram/Km)

Bajaj Three wheeler | Pollutants Petrol CNG % Reduction
HC 3.26 1.26 63.19
CcO 548 1.57 71.35
c02 4744 27.60 41.82
NOx 0.25 0.20 20.00

Source: Bajaj Auto, the manufacturer of three wheelers

B. Passenger Cars:
(Emission in gram/Km)

Pollutants Petrol CNG % Reduction
Maruti Omni cO 19.79 .55 97
HC 1.14 1.02 11
Maruti Gypsy CcO 4.94 0.59 88
e HC 1.86 1.42 24
Premier Padmini CcO 18.38 0.94 95
s HC 2.83 2.03 28
Premier 118NE__ CcO 156 2.04 87
HC 2.57 1.92 25
Ambassador CcO 52.16 0.78 08
HC 6.37 433 32

Source: Emission fests conducted by GAIL (India) Ltd., one of the promoter companies
of IGL and the supplier of Natural Gas

C. Diesel Buses:
(Emission in gram/KWH)
Pollutants Diesel CNG % Reduction
Ashok Leyland HC 1.68 1.4 16.67
cO 4.5 3.77 19.37
NOx 13.73 8.0 41.77
Particulate 0.125* 0.0029* 97.68
Matter

*Ingm/ km
Source: Ashok Leyland, the manufacturer of buses

Table 1

4
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2.5 CNG Station:

Natural gas vehicle refueling stations differ significantly from their conventional liquid
fuel counterparts. As opposed to the relatively simple task of storing a liquid fuel at near
atmospheric pressure and pumping that liquid fuel to the vehicle, natural gas refueling
stations are able to take a relatively low pressure gas and compress that gas to high
pressures for storage at the refueling station and/or on the vehicle. Older CNG refueling
stations were typically designed to deliver gas for on-board storage applications up to
2400 psig. Newer refueling stations typically operate at pressures greater that 3600 psig
to service vehicles with maximum on-board storage pressures of 3000 psig.

2.6  Type of CNG Station:
There are four types of CNG Station:

Mother Station: Mother Stations are connected to pipeline and have high compression
capacity. These stations supply CNG to both vehicles and daughter stations (through
mobile cascades). Typically they have the facility of filling all types of vehicles-
buses/autos/cars. In mother station there is heavy investment towards compressor,
dispensers, cascades, pipelines, tubing etc.

Forage
Cascide

"Weter'
Comprssor | =
|

.. CHG Vehizie
"y AT

Figurel. Mother CNG Station
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Online Station: CNG vehicle storage cylinders need to be filled at a pressure of 200bars.
“On line Stations” are equipped with a compressor of relatively small capacity, which
compresses pipeline gas to the pressure of 250 bars for dispensing CNG to the vehicle
cylinder. The investment in a station is midway between daughter station and mother

station.

Daughter Station: The “Daughter Station” dispenses CNG using mobile cascades. These
mobile cascades at daughter station are replaced when pressure falls and pressure
depleted mobile cascades is refilled at the “Mother Station”. The investment in a daughter
station is least among all types of CNG station. There is reduction in storage pressure
drops, the refueling time increase, while the quality of CNG dispensed to vehicle also
decreases.

. et
(1)

Figure2. Daughter CNG Station

Daughter-Booster Station: Installing a booster compressor can eliminate drawbacks of
daughter stations. The mobile cascade can be connected to the dispensing system through
a booster. Daughter booster (compressor) is designed to take variable suction pressure
and discharge at constant pressure of 200 bars to the vehicle being filled with CNG. The
investment in daughter booster station is slightly higher than that of daughter station.
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Another Classification:

Fast Fill:

Fast Fill stations primarily utilize gas drawn from a storage bank prev10usly filled by the
compressor, rather than direct from the compressor. The speed of fill is comparable to
petrol or diesel and is typlcally found on public forecourts. This method is always used
where the exact volume of gas in each vehicle must be quantified.

GASMETER '
« COMPAR
- CAGHONLE ,PNORITY

— R '

DISPENSER

Figure3. Fast Fill CNG Station
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Time Fill:

With time fill posts the vehicle is refuelled directly from the compressor without the need
for storage cylinders. Refuelling is therefore slower and more suited for vehicles left
overnight at a depot, such as buses. With time fill posts the quantity of fuel dispensed into
each vehicle is not easily monitored and therefore time fill is unsuitable for public
refuelling stations.

POST
FILL

POsST
FILL

Figure 4. Time Fill CNG Station

2.7  Refueling station configuration:

Typical NGV refueling stations consist of a compressor, ground (station) storage, and a
dispenser. In actuality the NGV refueling station configuration will be dictated by the
application. For instance, a refueling station for a large urban bus fleet will be configured
and look substantially different from that of a small light duty vehicle fleet or a public
refueling station. Components for an NGV refueling station include the compressor(s),
drives (either electric motor or internal combustion gas engine), unloading tank, all
piping, fittings, valves, gas conditioning, control elements, ground storage and the

refueling dispenser. A more complete components list for a typical NGV refueling station
is presented in Table 2.
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Table 2. Typical NGV Refueling Station Components

Compressor(s)

Drive(s), Electric or Gas IC Engine
Fast-Fill Dispenser and Slow-Fill Dispensers
Fast-Fill Fully Metered

Pipe, Valves & Fitting

Ancillary vessels

Instrumentation

Electrical Interconnect

Lightning / Static Protection
Pressure Regulators (Dome Load)
Storage Cascades (Both DOT and ASME)
Flow Limiters

Fire Detection System

Electrical Requirements

General

Electric Equipment

Lighting & Appliance Panel
Compressor Motor

Control Panel

Annunciator Panel

Junction Boxes

Conduits

Conductors

Grounding

Lighting Fixtures

Design specifications requirements must be taken into consideration all applicable codes
and standards from organizations such as OISD, NFPA, DOT, ASME and ANSI for

refueling stations.

Compressor:

Compressors are the largest single cost item in the refueling system. Compressors used
for high pressure ratio service are almost exclusively of the reciprocating type. The basic
reciprocating compressor is a single cylinder compressing gas on only one side of the
piston, referred to as single-acting. Double-acting reciprocating compressors use both
sides (strokes) of the piston to perform alternating compressions in the same cylinder per
crankshaft revolution. Reciprocating compressors used for high pressure natural gas
service can be defined further as crosshead or trunk-piston compressors. The trunk piston
design, as shown in Figure 1, relies solely on the piston rings to prevent the escape of
high pressure gas to the crankshaft/connecting rod casing. In a crosshead design as
presented in Figure 1, a separate crosshead linked to the connecting rod is used with a
piston rod linked to the piston.
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Teunk piston Design Crosshead Design

- Piston Rod

v — Crosshead
< |

v N
\
-

y

7S\

O \VL/ )
- /

—

Figure 5. Trunk and crosshead design compressor

This provides a straight-line motion to the piston rod and simplifies sealing. This
arrangement minimizes the likelihood of combustible gas leakage to the
crankshaft/connecting rod housing. Other design characteristics of reciprocating
compressors include lubricated and non-lubricated designs, as well as air-cooled and
water-cooled designs. At high output pressures (above 3000 psig) lubricated compressors
are typically specified. For reciprocating units designed for high pressure service,
multiple stages are required. The compression ratio per stage is generally limited to 4,
although small-sized units are designed with compression ratios of 8 or higher.
Compressors designed for compressed natural gas service (< 3,600 psig) typically have 4
or 5 stages. In some machines, double-acting pistons are used in the first stages and
single-acting in the higher pressure stages.

Compressors are also classified in terms of duty cycle. Typically, only moderate and
heavy duty machines would be used for CNG refueling station service. Moderate duty
machines are designed for reliable service over a reasonable service life where
continuous, full-load, long-duration service is not required. Although moderate duty
machines may be capable of operating under these conditions, their maintenance costs
will increase dramatically over time, compared to use in their intended duty. Moderate
duty machines can be of the trunk piston or crosshead design. Vertical or "Y" type trunk
piston units are most often lubricated from the crankcase, air cooled, and operate at
higher speeds than heavy duty machines. These factors contribute to higher operating
temperatures and more rapid wear and deposit formations on valves and other parts.
Larger moderate duty machines are typically of the crosshead variety. The principle
distinguishing factor between these and heavy duty machines is that they operate at
higher speeds. Heavy duty machines are typically of the crosshead type with entirely
separate and well-controlled cylinder lubrication, water-cooled cylinders, and low
operating speeds.

Distinguishing between moderate and heavy duty machines is an important factor in
determining station compressor life and operating and maintenance costs. For example, a

10
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heavy-duty, crosshead reciprocating compressor operating at low speed may have a rated
capacity of 300 SCF/min. That same compressor operating at a higher speed could have a
capacity of 500 SCF/min. However, in this application that same machine would have a
reduced service life and higher operating costs and would as such be rated a moderate
duty machine.

Specifying a compressor for refueling station application is much more difficult than just
specifying the input and output pressures, type and service rating. A typical partial
detailed compressor specification as prepared by the Brooklyn Union Gas Co. is
presented below.

"Vendor shall furnish a natural gas compressor capable of compressing natural gas from
an inlet pressure of 5 psig to a discharge pressure of 3600 psig at 70°F. Compression
shall take place in various stages and after each stage gas shall be cooled and condensate
removed prior to delivery to the next stage or final discharge.

Vendor shall specify method of cooling the gas after each compression stage. For a water
cooled compressor, the coolant system shall be of a closed loop design, since no
continuous water supply will be available.

Compressor shall operate in an environment whose design temperature is 0°F to 100°F.
The system will be installed outdoors with suitable weather protection and shall be
unmanned. Each cylinder shall be protected for overpressure by means of a pressure
relief valve set at no more than 10% above the design pressure of the cylinder. The
discharge of the relief valve shall be piped to a common vent stack. Each relief valve
shall be tagged with its rated setting. The vent stack shall conform to NFPA Std #68
latest edition Guide for Explosive Venting.

As a minimum, the compressor shall be equipped with check valves for the discharge,
inlet solenoid-operated shut off valve, hand operated valve, pulsation cylinder suction
with a pressure relief valve, low pressure drop filters and an approved stainless steel
braided flexible connector between the inlet gas piping and the compressor inlet pulsation
cylinder. The solenoid valve shall be of explosion-proof design rated for service intended.

All solenoid valves shall be UL approved. The compressor shall also be equipped with a
condensate collection tank capable of collecting all condensate removed after each
compression stage. The condensate tank shall be equipped, as a minimum, with a level
indicator, drain valve, regulator, solenoid valves, and relief valves. The tank contents
shall also be protected against freezing of condensed liquid.

Condensate blow down shall be of a closed loop design. The compressor package shall be
equipped with a methanol injection system (or approved equivalent), including but not
limited to storage tank with sight glass, tubing, valves, and drip injector to prevent
formation of hydrates in the gas.

All drive belts shall be of the antistatic design and shall be equipped with OSHA
approved belt guards. The compressor shall be equipped with inlet pressure and
temperature gauges and gauges to indicate the suction pressure and final discharge

11
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pressure gauge. The pressure gauges used shall be oil-filled, calibrated in pounds per
square inch gauge and equipped with a pulsation damper and a valve to facilitate removal
for calibration. The gauge valve shall be rated for the applicable pressure service. The
temperature gauges shall be calibrated in degrees Fahrenheit.

The compressor shall also be equipped with a crankcase oil pressure switch to prevent
over pressurization of the crankcase. The pressure switch shall be set to automatically
shut down the system in the event that pressure in the crankcase exceeds the design
pressure.

The compressor shall also be equipped with the following automatic shut down features:
Low suction pressure High suction pressure High oil temperature Low oil pressure High
motor temperature High discharge pressure High discharge temperature High crankcase
pressure

Vendor shall specify in the proposal the limits of the aforementioned settings. Local
visual shutdown fault indications for each shall be provided in the central panel. Contacts
for remote indications shall also be provided.

Compressor shall also be equipped with a "run time" hour meter on the control panel.
Control panel shall include all local indications including all gauges.

Vendor shall hydrostatically proof test the compressor at one and one half times the
maximum operating pressure for a period of not less than thirty (30) minutes. If feasible,
an engineer designated by the Utility shall witness this test. Vendor shall submit to the
Utility a notarized affidavit attesting to such a satisfactory proof test. All electrical
components shall be as specified in the Electrical Section of this specification."

The compressor and drive unit represents the most expensive single component within
the refueling station. Figure 3 presents compressor capital cost estimates for units in the
250 to 2000 SCF/min size range. This size range is representative of the largest
compressor stations which would service heavy duty applications such as large urban bus

fleets.

Natural gas engines used to drive compressors are generally two to three times more
costly than equivalently sized electric motors. Capital costs for natural gas engines
become more competitive with electric motors as horsepower requirements increase,
while lower horsepower applications strongly favor electric motors. Depending on local
electric and gas rates as well as environmental factors, gas engine drives would become
competitive in applications requiring more than 100 HP.

Ground Storage:

Refueling stations which utilize ground storage of compressed gas often do so in a
cascade manner. Storage operation by cascade involves individually-actuated storage
vessels controlled by valves switched in sequence. Cascade storage works on the
principle that multiple independent banks of vessels can more efficiently fill a vehicle
than bulk storage, or operation of total storage capacity as a unit at a common pressure. In

12
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cascade storage operation the compressor fills the ground storage vessels, which in turn
fill the vehicle storage cylinders, drawing in order from the lowest to the highest pressure
ground storage vessels, as the pressures vary with time. A single maximum pressure can
be set for the storage facility, or each bank's maximum pressure can be individually
defined. Refueling station storage of compressed gas is an option for fleets that wish to
reduce compression requirements.

Ground storage vessels can be constructed to either DOT or ASME code. DOT ground
storage vessels typically have a 500 SCF capacity at 3600 psig. Typical large ASME type
storage vessels have storage capacities of over 10,000 SCF each. These seamless pressure
vessels are designed for natural gas service and do not require any periodic recertification
as would be the case for DOT type ground storage vessels.

Dispenser:

Dispenser costs for NGV applications vary according to the number of hoses and the
necessity for metering. For example, a two-position fill post assembly without metering is
roughly $1000. State-of-the-art in high pressure natural gas metering is represented by
Coriolis mass flow meters. A two-hose dispenser with mass flow metering approaches
$20,000.This increases the total cost for a two-hose dispenser with mass flow metering
and readouts for total quantity, unit price, and total sale amount, such as would be
suitable for a public refueling station, to as much as $25,000.

Figure 6 Dispenser

13
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Chapter 3
Codes and Regulations

3.1  OISD (Oil Industry Safety Directorate) 179

Scope

This standard lays down the minimum safety requirements at installations handling
Natural Gas for dispensing into vehicles and minimum checks required in the vehicles by
Refuelling stations. This standard does not certify the fitness of vehicles either for CNG
use or otherwise. Further, this standard only supplements the existing statutory
regulations and in no way supercedes them. The statutory regulations must be followed

as applicable.

Approval Required

The systems and components of CNG facility(s) are required to be certified for CNG use
and marked accordingly by applicable statutory authority or his agent. The various
components of the CNG system which need such certification/ approval are given below:

a) Cylinders

b) Pressure relief devices including pressure relief valves

C) Pressure gauges

d) Pressure regulators

e) All parts under pressure carrying CNG/NG including valves.
f) Hose and hose connections

g) Vehicle fuelling connections

h) Electrical equipment related to CNG systems

Layouts and Inter Distances

e Inter-distances between various equipment, storage cylinders/ cascade etc. shall
be as per Table - I, II.

e Safety distances not indicated above should be as approved by Chief Controller of
Explosives on case to case basis after due consideration of all influencing factors.

e When inside a MS-HSD Service Station, the CNG storage and dispensing
facilities shall be located in an isolated area not interfering in the vehicular
movement on the drive way and not coming within the hazardous areas of
petroleum facilities as prescribed in the Fourth schedule of the Petroleum Rules,
1976. The CNG facilities shall not be located beneath electric power lines or
where exposed by their failure.

14
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e The fencing may be limited up to the dispensing unit to avoid obstruction in the
driveway if the required clear space is available thereafter within the service
station premises. The dispensing unit may also be located farther from the fence
enclosure on a separate pedestal observing the minimum safety clearance
mentioned in Table II.

Table 3

TABLE -1

INTER DISTANCES
FROM BUILDINGS AND OUTER BOUNDARIES TO GAS STORAGE UNITS

Total capacity Min.
of gas storage units distance from
(In liters) buildings and boundaries
(In Meters)
M )
Upto 4500 2.5
4500 to 10000 4.0
10000 to 100000 10.0

NOTE: If on the side (s) towards the boundary of the installation, the clearance as above
is not available, the same may be reduced to 2 meters provided a 4 H-FRR RCC wall of
adequate height and length covering the cylinder cascades is constructed at the boundary
and adequate clear space is available on the other side of the wall.

15
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Table 4
TABLE - I

INTER DISTANCES BETWEEN VARIOUS FACILITIES OF NATURAL GAS

HANDLING AT INSTALLATION

Distance from 1 2 3 4 5 6 7

(In meters)

1.CNG - 3 2 3 6 6 T-1
Compressor (Min-3)

2.CNG 3 - 2 4 6 4 -Do-
Dispensing unit

3. Storage 2 2 - T-1 T-1 T-1 -Do-
Cascade (Min.6)  (Min. 4)

4, Outer boundary 3 4 T-1 - 6 4 -Do-
Wall/ CLF

5.MS/HSD 6 6 T-1 6 - 6 -Do-
Dispenser (Min. 6)

6. Vent of MS/HSD 6 4 T-1 4 6 - 6
W/ g storage tank

7. Filling pointof ~ T-1  T-1 T-1 T-1 T-1 6 -
MS/HSD (Min-3) (Min-3) (Min-3) (Min-3) (Min-3) :

NOTES :

i) T-I denotes Table-I

i) Distances shown as “—” shall be any distance necessary for operational
convenience.
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A suitable curbing platform shall be provided at the base of the dispensing unit to
prevent vehicles from coming too near the unit.

A CNG cascade having cylinders of total water capacity not exceeding 4500 liters
can be mounted on top of the compressor super structure. The assembly shall
observe 3-meter clearance around and also from the dispensing unit. This can be
reduced to 2 meter as per Note- I of Table — I.

CNG Storage system (Static):

The cascade having horizontal cylinders and sited parallel to other cascade,
cylinder fittings should be arranged so that they do not face cylinder fittings of
other cascade.

Cylinder installed horizontally in a cascade shall be separated from another
cylinder in the cascade by a distance of not less than 30 mm.

Cascade with horizontal cylinders shall have the valves fitted on the same side
within the cascade opposite to the refuelling point and arranged in a manner that
any gas leakage is discharged upwards.

Cascade/bulk units shall be installed on a firm, compacted, well-drained non-
combustible foundation. This foundation may be in the form of a plinth with the
raised edge at 2 M from the front and sides of the cascade forming a kerb upto
which vehicles should be permitted. The cascade shall be securely anchored to
prevent floating in case flooding is anticipated.

Gas storage facility shall be protected from the effects of the weather by a roof or
canopy designed to facilitate the dispersion of free or escaped gas and shall not

permit gas to be trapped.

Adequate means shall be provided to prevent the flow or accumulation of
flammable or combustible liquids under containers such as by grading, pads or
diversion curbs.

CNG Storage system (Mobile):

Only dedicated trailer, truck or any other vehicle to be used for transportation of
CNG storage units. These units should have lugs fitted for lifting and in no case
magnetic device to be used for lifting purposes.

The vehicle with the cascade there on, shall be placed with easy access and egress
on a low platform or hard compacted ground, which shall extend to atleast another
one meter on all sides and this platform or hard ground shall be under a light roof
or canopy.

For other inter-distances refer Table I, II, above.
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The trailers/ vehicle carrying CNG should be made immovable by application of
brake and wheel choke prior initiation of filling or dispensing operation.

CYLINDERS

The cylinders and their fittings for CNG use shall be designed, manufactured,
tested including hydrostatic stretch test at a pressure in full conformity to IS:7285
and Gas Cylinder Rules, 1981, considering the maximum allowable operating
pressure of 250 kg/ Sq.cm.g.

These cylinders are to be permanently and clearly marked for “CNG only” and
also labeled "CNG ONLY" in letter at least 25 mm high in contrasting colour in a
location which shall be visible after installation.

The cylinder shall be fabricated from steel. However, cylinders with composite
materials may be considered after the establishment of its suitability and approval
of the Chief Controller of Explosives.

The cylinders shall be re-examined and re-tested every five years and in
accordance with Gas Cylinder Rules, 1981 by a competent person with due
markings. No cylinder shall be used which has not been duly re-tested as

indicated.

Cylinders shall be painted white to reduce solar heating effect and protect it from
atmospheric corrosion.

CNG Piping

All rigid piping, tubing, fittings and other piping components shall conform to the
recommendations of ANSI B 31.3. All the elements of piping should be designed
for the full range of pressures, temperatures and loading to which they may be
subjected with a factor of safety of at least 4 based on the minimum specified
tensile strength at 20 deg. C.

Gaskets, packing and any other materials used shall be compatible with natural
gas and its service conditions.

All the piping and tubing shall have minimum turns with adequate provision for
expansion, contraction, jarring, vibration and settling. Exterior piping may be
either buried with suitable corrosion protection or installed 30 cm. above the
ground level with supports and protection against mechanical and corrosive
damage.

Rigid pipelines shall have welded joints between their respective components.
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e All the piping and tubing shall withstand a pressure equal to that of safety relief
device and tested accordingly after assembly. The testing to be done by inert gas,
in case natural gas is used the suitable safety measures to be adhered to.

Valves

e A minimum of four shut off valves shall be fitted between the gas storage unit and
vehicle refuelling filling nozzle as explained below:

a) Each CNG storage unit to have quick action isolation valve in the steel supply
pipe immediately adjacent to such storage unit to enable isolation of individual
storage unit. These valves shall be within fencing of storage unit.

b) Master shut off valve with locking arrangement in close position, shall be
installed in steel outlet pipe outside but immediately adjacent to the gas storage
unit to isolate all downstream equipment from the gas storage unit. This valve
shall be outside the fencing.

¢) A quick action emergency and isolation shut off valve shall be installed near
dispensing unit with easy approach and to remain closed when refuelling is not
being done.

d) A vehicle refuelling shut off valve shall be installed for each flexible vehicle
refuelling hose to control the refuelling operation and shall have venting
provision to allow for the bleeding of the residual high pressure gas after
refuelling is complete.

e All these valves and other elements of piping shall be suitable for the full range of
pressure and temperature to which they may be subjected. These valves are to
have permanent marking for service rating etc.

CNG Hoses

e Internally braided, electrically continuous, non-metallic and metallic hoses
resistant to corrosion and suitable to the natural gas service may be used for CNG
service in the downstream of emergency and isolation shut off valve.

e These flexible hoses and their connections shall be suitable for most severe
pressure and temperature service condition expected with a burst pressure of at
least four times the maximum working pressure.

o The flexible hoses with their connections shall be tested after assembly and prior

to use to atleast two times the working pressure and also tested to a pneumatic
pressure of atleast 400 bar under water. Thereafter, all the hoses shall be
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examined visually and tested for leaks with soapsuds or equivalent at an interval
not exceeding one year. Hoses shall be rejected and destroyed in the event of any
leakage. These tests are to be recorded and such records shall be available at
installations at all times.

e Flexible hoses shall have permanent marking indicating the manufacturer's name/
identification, working pressure and suitability for use with CNG.

Pressure Gauges

e Every CNG storage unit including each cascade or bulk storage tank shall be
provided with a suitable pressure gauge directly in communication with them.

e The CNG storage unit shall have an opening not to exceed 1.4-mm diameter at the
connection where pressure gauge is mounted.

o The pressure gauge shall have dial graduated to read approximately double the
operating pressure but in no case less than 1.2 times the pressure at which
pressure relief valve is set to function.

e All pressure gauges in the installation shall be tested and calibrated atleast once a
year and records maintained.

Compressor Station

e The piping and its fittings upto the battery limit of CNG installation shall conform
to ANSI B 31.8 or equivalent.

e Compressor shall be designed for use in CNG service and for the pressures and
temperature to which it may be subjected under normal operating conditions
conforming to API 618/ API 813 or equivalent standard and Flame proof electric
motor and associated fittings should conform to IS:2148 suitable for class I
division I group II area.

e Compressor shall be fitted with the following minimum devices :

a) Pressure relief valves on inlet and all stages to prevent pressure build up above the
predetermined set point.

b) High discharge temperature shut down

c¢) High cooling water temperature switch fitted to cooling water return line to shut
the compressor in the event of a fault.

d) High, inlet, inter stage & discharge pressures shut down.
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e) Low lube oil pressure shut down

f) Low cooling water flow switch fitted to the cooling water return line to shut the
compressor in the event of fault.

g) A remote isolation switch for emergency shut down to be provided with manual
reset at control panel.

e Compressor shall be provided atleast the following clear and permanent markings
readily accessible and easy to read in the installed position :

a) Manufacturer's name

b) Model

c) Serial No./ month & year of manufacture
d) Certificate of approval no.

e) Rated capacity (cubic meter per hour)

f) Operating speed (RPM)
g) Required driving power( in kW)

h) Maximum & minimum supply pressures
i) Maximum outlet pressure
i) Certification for Natural Gas use

e A compressor and its all fittings shall be tested for compliance of relevant
standard suitable for CNG use by a competent person/ agency prior to installation.

Pressure Relief Devices

e Safety Relief Devices may consist of either burst disc or safety relief valve and
should conform to the requirements of OISD-STD-132.

e Safety relief devices shall be installed with unobstructed full size discharge to a
safe place on bulk tanks and cylinders in the vertical position with suitable rain
caps. These devices should have their outlet arranged in a manner so that in case
of emergency a high-pressure gas escapes from these should not directly hit on
operators/ persons in the close vicinity.

e Cylinder should have safety relief devices fitted in conformity to the Gas Cylinder
Rules.

e Piping shall be protected by safety relief devices in conformity to OISD-STD-
132.

o Safety re}ief valves shall have a locking arrangement to prevent tempering by
unauthorized persons. Any adjustments to the safety relief valve shall be made by
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manufacturer or a competent person. These valves should have a permanent tag
indicating pressure setting, date of re-setting/ setting and capacity.

e All safety relief devices shall be tested at least once a year for proper operations
and records to be maintained.

e All the safety relief devices shall have manufacturer's permanent marking
indicating following :

a) Set pressure to start discharge
b) Discharge capacity in CuM / min.

e No shut off valves shall be installed between the safety relief device and the gas
storage unit or bulk tank.

e All natural gas devices not otherwise specifically mentioned shall be constructed
and installed to provide a safety equivalent to those other parts of the system.

e Gas detectors interlocked with compressor cut out switch in the electrical system
of the compressor are to be installed which would automatically switch off the
unit in case of major gas leak.

Dispensing Unit

o Dispensers shall be installed on a suitable foundation observing the minimum
safety distances etc. as given in 6.0 above. Dispensing unit to be protected
against possible damage by vehicular movement.

o The flexible hoses fitted on the dispenser shall be mechanically and electrically
continuous. The design, material and construction of hoses shall be suitable for
CNG and shall withstand not less than four times the maximum working pressure
of the system.

e The dispensing unit shall be of a type approved by the Chief Controller of
Explosives / Statutory Authorities.
Electrical Equipment
e All electrical wiring and equipment, gas storage dispensing unit located in

hazardous area Division I and II shall be in accordance with the Indian Electricity
Rules, Gas Cylinder Rules, 1S:5572 (Part 1), NFPA - 52.
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The earthing at the installation, protection against ignition arising out of static,
lightning and stray currents shall be as described in OISD-STD-110 and further
maintained as per the guidelines given in OISD-STD-137.

3.2  National Fire Protection Association (NFPA) 52

Scope

e Most widely used standards in the CNG industry.
e Deals with siting and setback issues.
o Establishes electrical rating requirement.

e Defines the boundary of hazardous areas.

Note: Not universally adopted.

Electrical Installations

Location Division Extend of
classified area
Containers  (Other 2 Within 10 ft. of
than mounted fuel container.

supply containers)
Area  containing
compressor and
ancillary equipment

outdoors 2 Up to 15 ft. from
equipment
indoors 2 Up to 15 ft. from
equipment
Table 5
Location Division Extend of classified area
Dispensing equipment
Outdoors 1 Inside dispenser enclosure.
2 From 0 to 5 ft. from the
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dispenser.
Indoors | 1 Inside dispenser enclosure.
2 Entire room with adequate
ventilation
Table 6
Location Division Extend of classified area
Discharge from relief 1 5 ft. in all direction from point source
valve or vents.
2 Beyond 5 ft. but within 15 ft. in all directions
from point of discharge.
Valves, flanges or none Unclassified.
screwed fittings.
Discharge from relief 1 15 ft.
valves within 15
degrees of the line of
discharge.
Table 7

33 National Fire Protection Association (NPFA) 70

Scope
e Classifies according to the likelihood of a particular hazardous or flammable
material being presented in a given location.
e Gives equipments electrical classification.
o Gives electrical wiring requirements.

e Defines the classification of hazardous area.
Hazardous Locations — classes
Class 1: Flammable liquids, gases or vapor.
Class 2: Combustible or electrically conductive dust.

Class 3: Easily ignitable fibers or flyings.
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Hazardous Locations — Division
Division 1:
A location where flammable mixture exists in the atmosphere under normal operating

conditions, or exists frequently because of repair or maintenance, or as a result of a faulty

operation.

Division 2:
A location where risk of explosion is reduced because the flammable material is confined
with in a close containers or systems. The flammable mixture may be present

infrequently in the atmosphere under abnormal operating conditions, or as a result of

equipment malfunction.

Hazardous Locations — Groups
Group A
Atmosphere containing acetylene.

Group B

Atmosphere containing butadiene, ethylene oxide, hydrogen (or gases or vapor equivalent
in hazard to hydrogen, such as manufactured gas) or propylene oxide.

Group C
Atmosphere  containing acetaldehyde, cyclopropane, diethyl ether, ethylene,

unsymmetrical dimenthyl hydrazine or other gases or vapor of equivalent hazard.

Group D

Atmosphere containing acetone, acrylonitrile, alcohol, ammonia, benzene, benzol,
butane, ethylene dichloride, gasoline, hexane, isoprene, lacquer solvent vapors, naphtha,

natural gas, propane, propylene, styrene, or other gases or vapor of equivalent hazard.

Class 1, Division 1, Group D

A location where natural gas is present all the time, or which may be present as a result of
faulty operation of the equipment. It is assumed that the equipment releases the enough
gas into the surrounding atmosphere to create the ignitable mixture. Although the
ignitable mixture is usually not present in the actual practice but the designer is forced to

assume that this is true, and design accordingly.

25




CNG Station Design

Class 1, Division 2, Group D
A location where natural gas is normally contained in tanks, pipes, etc. and can only

escape into the surrounding atmosphere under abnormal circumstances such as equipment
failure.

General Purpose
An area is classified as general purpose in an area that cannot have a concentration of

natural gas present that can form an ignitable mixture. As a result no extraordinary means

need to be include in the design of any electrical systems in the area.
3.4  Other Codes

AGANGV 1,2,3,and 4

NGV 1 Requirements for Natural Gas Vehicle (NGV) refueling connection devices.
NGYV 2 Basis requirements of type 3 natural gas fuel containers (vehicle cylinder).
NGV 3 Natural Gas Fuel System components and conversion system.

NGY 4 Fueling station Equipment.

AGANGV 4

AGA NGV 4.1
NGV Dispensing Systems.

AGA NGV 4.2
Hoses for Natural Gas Vehicles and Dispensing Systems.

AGA NGV 44
Breakaway Devices for Natural Gas Dispensing Hoses and Systems.

AGA NGV 4.6 . '
High Pressure Manually Operated Valves for Natural Gas Dispensing System

AGA NGV 4.7 . .
Automatic High Pressure Operated Valves for Natural Gas Dispensing System

AGA NGV 4.8 o
Natural Gas Vehicle Fueling Station Compressor Guidelines.
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Chapter 4
Design Methodology Adopted

4.1  Chronological Set Up Of CNG Stations:
(@  Survey And Projection Of Vehicles :

e For survey and market study for the projection of vehicles, average
forecasting method has been incorporated .(see annexure 1)
e Based on the NGV projections gas consumption scenario has been calculated.

(‘annexure 1)

(b)  Implication Dependence Of CNG Infrastructure :

Taking a serious view of the Supreme Court directives and the reports of Lucknow being
counted among the most polluted city in the country. State govt. has worked out plan to
combat the pollution. The progress of CNG infrastructure in Lucknow till date was
excruciatingly painful due to non implication of CNG as mandatory for Lucknow city.
With the SC’s directive and NOC from state govt. for CNG infrastructure development

GGL has taken pace in full swing.

The proposed CNG stations will be specified to Indian standard OISD 179 or equivalent.

4.2  Assumptions:

(1)  The CNG station in all options is based on three lines, fast fill system.
(2)  The area of each proposed CNG site is assumed to be approximately

30 m * 36 m.
(3)  The extension of steel grid to a CNG is assumed to be not more than 1 km.

(4)  Based on the existing local operation and conditions , it is assumed that station

Compressors will operate 16 hrs/day. L
(5)  The gas supply to the station is taken from the steel grid pipeline at 26 to 15 barg.

(6) It has been assumed that the proposed CNG station would require associated
station infrastructure which includes shelter over the dispensers, station
attendant’s building with amenities, concrete apron and driveways.

Difficulties for Developing CNG Infrastructure:
The following difficulties are faced in developing CNG infrastructure:

¢ Limited natural gas allocation leading to delay in management decisions on
expenditure commitment.

 Uncertainty about conversion of vehicles & CNG demand.
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Lack of indigenous technology.

Capital intensive project — a mother station cost would be 5-6 times the cost of a
petrol pump & pipeline need to be placed in place

Infrastructural constraints (Electricity, land etc.)

Delay in getting permission from statutory authorities

Objection from local people , encroachment

Low storage capacity of on board cylinders, thus requiring frequent refills.

Factors influencing the success of CNG Project:

Government commitment to the program.

Sustainable economic advantage over liquid fuels.

Appropriate CNG technologies.

Appropriate program management.

OEM support.

Safety of CNG vehicles and CNG economic are key factors that determine the
success of CNG program.

Factors That Cause Delays / Uncertainty In The Project Plan:

(1) CNG Demand

All project plans are based on the demand of the product . The CNG expansion plan may
become unviable if the predicted or assumed demand does not materialize.

(2) Gas Allocation

Natural gas is the basic feedstock for CNG. Unless there is firm gas allocation, no project
plans can be drawn out.

(3) Land Allocation

CNG stations require land for installing the equipment like compressors, dispensers,
cascades and the maneuvering area. The land acquisition requires multi-stage approvals
combine with site surveys etc. Additionally there may be unforeseen problems like
encroachment/ land not available in area / size of land not appropriate location/
inappropriate location / public objection etc.

(4) Delayed Permission or Approvals

CNG stations being run on Natural Gas need to follow certain safety guidelines. Central
committee on explosives is the approving agency for this purpose. The mother stations
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need to be connected to the pipeline for which the permission for right of way is required
from the concerned authorities such as PWD, RAILWAYS, LMC etc.
(5) Foreign Suppliers

Majorities of suppliers of CNG related equipments are in foreign countries. Moreover the
equipment is not available of the shelf; it is custom made according to the requirement if
the customer. The commissioning of the CNG station is heavily dependent on the timely
delivery of this equipment.

(6) Capital Intensive Project

A mother station cost would be 5-6 times the cost of petrol pumps and pipelines need to
be in place.
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Chapter 5
Civil Infrastructure

5.1  Requirements for Design and Installation:

For CNG filling station, the corresponding safety distances shall be
taken into account.

Basements are prohibited. Higher floors shall only be allowed for
vehicles parking purposes.

In the case of open to the public service stations, permitted vehicle
accesses and direction of flow of traffic shall be taken into account.

It shall count with the  approval of the national, provincial or
municipal authority having jurisdiction as may correspond.

It shall comply with the Industrial Hygiene and Safety law Nr. 19587
and P.ENN (National Executive Power) Decree Nr. 2407/83 “safety
standard for service station and other fuel dispensing outlets”.
Elements not related to the business activity shall not be stored in the
service station facilities.

Service station party walls shall be of solid masonry with at least 3m.
Height and 0.30 m thickness. Rural service stations located not
populated areas may not require those walls (near building located as
of 100 m from service station perimeter), provided there is no
regulation in force in that respect.

A CNG dispensing outlet may be added to a typical service station,
only if the site dimensions allow the compliance with the minimum
safety.

52  Minimum Safety Distances:

Installation shall be located within safety distances according to the following minimum
distances. According to the maximum allowed height for the building construction in the
district of the premises but, if the building next to it is higher, then the latter case applies.

Note: Masonry or concrete wall, 0.50 m higher than compressor and / or storage and
more than 1.00 m, length exceeding each and with a minimum 3 hour resistance shall be
constructed. It shall count with labyrinthine accesses. Distances shall be measured from
the outer border of its parameter wall.
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References Distances (in meters)
Storage Volume (water liters)

Upto From For
4000 4000 — 10000 >=10000
Storage and compressor Enclosures
Site party walls and own facilities 5 5 10
Ground floor front property wall 3 3 3
Upper floor front property line
- 4 or more storey building for 10 10 10
More than 150 persons
- Dispensers ' 5 5 5
- Open flames 3 3 3
Dispensers
Front property line 4 4 4
High way and Road side 6 6 6
Own premises 3 3 3
Side party wall and own premises entrance 5 5 5
Open flame 5 5 5
Liquid fuel storage
(Loading and / or discharge outlets) 5 5 5
Table 8

53 Installation Components And Equipments :

General Aspects:

() CNG storage shall be installed within the compressor enclosure or in the similar
enclosure.

(b)  Equipment installation for avoiding hydrate formation in very cold areas shall be
analyzed.

(©) CNG storage tanks shall be capable of operating at a working pressure of 250 bars
and shall comply with the requirements of A.SM.E Code SECTION VIII, Div. I
(American Society of Mechanical Engineers code) or any other code accepted by gas Del
Estado. They shall be approved by a certification entity recognized by the authorities
having jurisdiction. They shall include a safety valve which pressure is set to discharge
at 15% to 20% above maximum working pressure. Safety valve shall have the capacity of
releasing the maximum flow rate supply, either from the suction regulator valve or from
the compressor as the case may be. Connection unions and flanges shall be suitable for
tank operating pressure and their installation shall be fitted to the requirements of the
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construction standard or code applied. The tank exposed to internal pressure shall neither
be welded nor altered. Only support plates or brackets may be welded. Interconnections
between tanks and compressors shall have differential movement and vibration
compensation.

Mounting of CNG tanks:

Tanks mounting shall be such as to avoid concentration of excessive load on the supports.
Tank supports s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>