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GE 1-116

ON-BOARD CNG FUEL SYSTEM
INSTALLATION AND TESTING

MINIMUM TECHNICAL AND SAFETY REQUIREMENTS
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PART I

1. Consulted background and standards

a) “Installation of compressed natural gas fuel systems and containers on
highway vehicles and requirements for refueling stations”  – CANADA -
October 1982.

b) “Reglamento al codice della strada - Dispositivi de alimentazione con
combustibili in pressione o gassosi”  ITALY Ed. 1978.

2. Purpose

These standards and specifications aim at defining the characteristics of CNG
storage cylinders to be mounted in motor vehicles using CNG in their
propulsion system, their fittings and those corresponding to the carburetion
system. The requirements to comply with during configuration and mounting,
the tests and verifications to be performed on the system and on the motor
vehicle and the feature enabling the identification of motor vehicles fitted with
CNG equipment are also defined by these standards.

3. Scope

3.1 The provisions contained in these standards and specifications are
applicable to motor vehicles fitted with fixed CNG cylinders; suitable
for refueling at compression and refueling stations.

3.2 They shall apply to converted motor vehicles: liquid hydrocarbons –
CNG.

3.3 They shall apply to motor vehicles designed to use exclusively CNG in
their propulsion system or to original motor vehicles that have been
modified.

3.4 The fuel to be used shall be Natural gas with a predominance of
methane in its content.

Depending on the gas fields, treatment plants in operation and
transported product mixes, percentages vary for each component;
however, in the case of inert gases (CO2+N2), water and sulfur free,
(already odorized gas), averages remain within the maximum limit.

Two very different specific compositions are used to illustrate the point:
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Components Composition 1 Composition 2

Methane (CH4 ) 95% 86%
Ethane (C2 H6 ) 0.05% 5.2%
Propane, Butane and Higher 0.50% 7.4%
N2 2.7% 0.7%
CO2 1.8% 0.5%
H.C.V 8,950 Kcal/m3 9,750 Kcal/m3

Gravity(air= 1) 0.572 0.650
Wobbe Index (not corrected) 11,900 12,110

Maximum inert content = (CO2 + N2 )�����

Maximum free sulfur content = 50 mg/ m3

Maximum water content = 113 mg/ m3

Practically all the compositions yield as a result, gases which Wobbe index that do
not differ from one another in more than 400 - 500 units; that is to say, totally
interchangeable compositions.

4. General specifications

4.1 The cylinders to be installed in a motor vehicle for feeding the
carburetion system with CNG shall be of a model approved by Gas
del Estado

4.1.1 They shall comply with what is set forth in the Standard, Code or
specification used and with all the corresponding requirements stated
in these technical and safety Standards and specifications.

4.2 Motor vehicles carburetion system may be either dedicated (CNG) or
bi-fuel. In this last case, the original fuel system for liquid fuel shall be
complemented with the necessary components: cylinders, valves,
tubing, couplings, pressure regulator, gas-air mixer, etc.; and the
selector system shall be equipped  with solenoid valves, so that the
vehicle can alternatively operate with CNG, regulated at the required
value according to the gas-air mixer design.

4.4 All the carburetion system components shall be of type approved by
Gas del Estado, and shall comply with 1-117 standard (Technical
standard for components designed to operate with CNG in motor
vehicles carburetion systems and operation requirements) or other
equivalent Standards that might be accepted by Gas del Estado.
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The components may be reinstalled in another motor vehicle,
provided they are in good use and operation conditions.

4.4 Installation of CNG cylinders in the motor vehicle shall be fixed. The
use of interchangeable containers shall not be allowed.

The filling capacity shall be indicated by gauge pressure and shall not
exceed 200 bar M at a temperature of 21 ± 1°C.

4.5 Any fitting, component, equipment or material used in one installation
must be of approved type and capacity to meet the use requirements.

PART II

1. Installation of On-Board CNG Fuel System

1.1. CNG Cylinders

1.1.1 CNG  cylinders to install in the motor vehicle must:

a)  Be constructed to operate at a normal pressure of 200 Bar
b)  Be approved by Gas del Estado
c)  Not be modified nor altered, once installed

1.1.2 Components of CNG cylinders

1.1.2.1 Pressure relief safety device

Every CNG steel cylinder shall have in one or both ends, depending on
its length, a combined safety device: pressure burst disc of 340 ± 34
bar and fusible plug to melt at nominal 100°C ± 4°C.

When cylinder length is no more than 1.65 m (thread is not considered),
the safety device shall be placed in the operating valve provided with
each cylinder.
Cylinders larger than 1.65 m must be fitted with a calibrated orifice at
one end and a threaded part with the already described combined
safety device.

1.1.2.2 Pressure Gauge

a) Every CNG fuel system shall be fitted with a pressure gauge indicating
storage pressure, and complying with the requirements of GE 1-117
Standard or a similar one approved by Gas del Estado.
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b) The pressure gauge shall be placed next to the filling nozzle, so that it
remains visible during the refueling operation. High pressure tubes shall
not be allowed inside the enclosure. Every load indicator placed in the
enclosure shall be an electric analog instrument.

1.1.2.3 Check valve

The cylinder filling system in the vehicle must be fitted with a check
valve in order to avoid the gas flow returning from the cylinder to the
filling connection.

1.1.2.4 Material Compatibility

Fittings directly mounted on the cylinders must be electrochemically
compatible with the CNG cylinder material.

1.1.3 Installation of CNG cylinders on motor vehicles

1.1.3.1 A CNG container shall never be installed on the vehicle roof or in the
engine compartment

1.1.3.2 A CNG container must be installed:

a)  Permanently and adequately fixed to avoid displacement, slippage or
rotation.

b)  So as to avoid unnecessary stresses on containers and on fittings.
c)  Such as to avoid serious weakening of the vehicle structure. If the

motor vehicle manufacturer considers it should be reinforced, the
specific components must be added in the location and with the
characteristics he indicates.

d)  So that the necessary strength to separate the container from the
vehicle is not lower than:

1) Twenty times the weight of the full container, longitudinal to the
motor vehicle.

2) Eight times the weight of the full container, in any other direction.

1.1.3.3 It shall be considered that requirements of provision 1.1.3.2 are
complied with, if the installation fulfills the following requirements:

a)  For containers of up to 110 kg
They shall be fixed to the vehicle with at least two iron straps of 30
mm minimum width and enough thickness so to confer it a resistance
equivalent to a 90 mm2 section of a common steel bar; 10 mm
diameter bolts shall be used
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b)  For containers over 110 kg
They shall be fixed to the vehicle with at least two iron straps of 45
mm minimum width and enough thickness so as to confer it a
resistance equivalent to a 225 mm2 section of a common steel bar.
12 mm diameter bolts shall be used.

c)  When more than two iron straps are used, the total area of their
                                section shall be at least equal to that of the two iron straps
                                mentioned above.

d)  When the container is fixed to the motor vehicle by means of
                               brackets and bolts, at least four steel bolts of equivalent resistance
                               shall be used.

1.1.3.4 The axle loads resulting from the motor vehicle own weight plus the
CNG equipment and the useful load (that may differ from the original
one) must not exceed the ones specified by the vehicle manufacturer.

1.1.3.5 When a container is located in a compartment that has been designed
or that may be used for passenger transport:

a) The end of the cylinder containing the valve and other fittings must be
locked in a strong gas-tight housing venting outside the vehicle.

b) The container must be installed according to provisions 1.1.3.2, 1.1.3.3
and 1.1.3.4.

c) The burst disc must vent directly outside the vehicle through a steel tube.

1.1.3.6 When a container is located in a compartment that has not been
designed or that may not be used for passenger transport:

a) The end of the cylinder containing the valve and other fittings must be
locked in a gas-tight housing that shall vent outside the vehicle or else,
the compartment must be sealed compared to that of the passenger, and
must have a ventilation opening with a free area of at least 1100 mm2

located at the highest possible place.

b) The container must be installed according to provisions 1.1.3.2, 1.1.3.3
and 1.1.3.4.

c) The burst disc must vent directly outside the vehicle through a steel tube.
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As an alternative for discharging gas to the atmosphere, as set forth in
items 1.1.3.5 and 1.1.3.6:

a) Self-extinguishable, non-flammable flexible bags may be used.  They
shall be protected or otherwise installed in locations where they are safe
from damage caused by objects, abrasion, etc.

b) They shall exhaust gas to the external lower part of the vehicle, through
semi rigid tubes of identical material used in a) with a section of at least
1100 mm2. They shall not discharge on the fender area.

1.1.3.7 According to provision 1.1.3.1, a container located outside the vehicle
must:

a) Be installed according to what is set forth in items 1.1.3.2 and 1.1.3.3.
b) Not projecting beyond the highest point of the vehicle.
c) Not projecting beyond the sides of the vehicle
d) Not projecting beyond the front axis.
e) Have container connections and valves protected against damage

caused by contact with stationary objects or objects thrown up from the
road.

f) Be located at least 50 mm from the pipe or gas exhaust system.
g) When longitudinally installed, it must adequately absorb any impact and

transmit it to the vehicle structure.
h) Neither affecting nor altering the driving feature of the vehicle.

1.1.3.8 When a container is installed between the motor vehicle axles, the
minimum distance to the floor, considering the vehicle filled with the
maximum load, calculated as of the cylinder or any other fitting, the
lowest one, must not be less than:

a) 175 mm, for vehicles which distance between axles is less than or equal
to 3175 mm.

b) 225 mm, for vehicles which distance between axles is more than 3175
mm.

1.1.3.9 When a container is installed behind the rear axle and below the
structure, the minimum distance to the floor, considering the vehicle
filled with the  maximum load, calculated as of the cylinder or any other
fitting, the lowest one, must not be less than:

a) 200 mm, and for vehicles with rear protrusion, up to 1125 mm
b) 0.18 times the distance between the central line of the back axle and the

central line of the container bottom, provided this one is installed more
than 1125 mm behind the central line of the back axle.

1.1.4 Tubing, fuel lines and hoses of the carburetion system

1.1.4.1 They must be constructed so as to withstand a pressure of:
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a) 4 (four) times the working pressure when located upstream of the first
regulation stage.

b) 5 (five) times the working pressure when located downstream of the first
regulation stage.

1.1.4.2 The material to be used shall be resistant to the chemical action of gas
and to operating conditions. It shall comply with ANSI B 31-3 or similar
regulations.

1.1.4.3 It must be of adequate size so as to provide the required gas flow
according to the characteristics of the motor vehicle in which the system
is used.

1.1.4.4 Fuel lines and components must be clean cut and free from debris
resulting from threading, flakes or any other type of dirt or flaw.

1.1.4.5 The ends of fuel lines and tubing must be carefully reamed.

1.1.4.6 Fuel lines and fittings shall be safely mounted, fixed and secured such
as to compensate vibrations, by means of metal clamps, galvanized or
protected by any other system or treatment. They may be fastened with
nylon bands or any other product of identical resistance and neutral
reaction.

               The distance among fastening devices shall not exceed 600 mm.

1.1.4.7 CNG delivery lines follow the shortest, most practical path between the
cylinders and the gas-air mixer, compatible with their flexibility and must
be protected against damages or ruptures caused by collisions,
overstresses or friction wear.

                They must have a lining when necessary.

1.1.4.8 They shall not be located in exhaust pipes and shall be made of
corrosion-resistant material or adequately treated so as to guarantee
their good performance in corrosive environments.

1.1.4.9 Joints and connections

a) Steel cylinder tapered thread. It shall be female, conic, metric type
according to N/DIN 477 or N/ UNI 339 or N/BS 341 or IRAM 2539 or
non-metric type according to N/ ANSI B-57.1

b) Valve thread for steel cylinder thread. It shall be male, conic, metric
type according to N/DIN 477 or N/ UNI 339 or N/BS 341 or IRAM
2539 or non metric type according to N/ ANSI B-57.1

c) Thread in the outlet valve indicated in b) shall be female, cylindrical,
internal, of 12 mm x 1 according to N/DIN 2353 or UNI 4535-64 or
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SAE J 403-H with an external thread male bushing, and an opening
which diameter shall depend on the tube used and on the
intermediate double conic part.

d) Tapered thread in aluminum cylinders. It shall comply with regulation
CGA 1125-12 UNF-2 A

1.1.4.9.1 When a sealant is required, it shall only be applied to the male thread
of the fuel line and must be approved according to the requirements
of a recognized international standard.

1.1.4.10 The following is prohibited:

a) Connections located in areas that are difficult to access
b) Location of tubing or fuel lines in places where gas may accumulate

due to undetected releases.
c) Connection of bushings and use of different materials like brass or

steel.
d) Joints using pipes that contain a right and a left thread on the same

part
e) Bending of pipes or tubes when such operation weakens those

elements.
f) Joints with closed nipples or nipples close to one another.
g) Cuts in the structure that reduce their resistance for the installation of

fuel lines, tubing or hoses, and altering the design aim.
h) Repairs of flaws in CNG line. Flawed elements must be replaced.

1.1.5 Carburetion system components

Manual valves, fuel selectors, solenoid valves, check valves, inlet
valves for refueling, automatic shut off valves, pressure regulators and
gas-air mixers / carburetors used as CNG carburetion system
components, must comply with the requirements specified in standard
GE 1-117 or other equivalent standard approved by Gas del Estado.

1.1.5.1 A manual valve must be installed in a place that may isolate the cylinder
(cylinders) from the rest of the system. It must be protected against
shock or collisions.

1.1.5.2 An automatic valve must be installed downstream the manual valve so
as to prevent the flow of gas to the carburetor when the motor is idle or
not ignited.

1.1.5.3 In the case of bi-fuel motor vehicles, the fuel selection system shall be
installed in the most practical way and as close to the point of injection
as possible, being easily accessed from the driver’s seat.
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1.1.5.3.1 These vehicles shall be fitted in their gasoline line with an automatic
valve which when shut off prevents the flow of liquid to the carburetor
if its line is connected to CNG supply

1.1.5.4 A pressure regulator must be installed safely and in an easy to access
location. It must be protected against shocks, excessive heat and
electrical equipment and installations.

1.2 Required tests

1.2.1 To be carried out by CNG Fuel System Suppliers

CNG Fuel System Suppliers shall perform the tests indicated in item 3.5.1
of GE 1-115

1.2.2 To be carried out at Installation Workshops

1.2.2.1 After mounting the CNG Fuel System on the motor vehicle as indicated
in the corresponding scheme, by the CNG Fuel System Supplier,
verification is carried out through a leak test at 200 bar, using air or inert
gases up to the regulator outlet, so as to ensure there are no gas leaks
through the connections. Verification shall be performed with twice the
regulated pressure in the low pressure section.

1.2.2.2 Once gas-tightness of the connections has been verified, the workshop
manager shall fill the cylinders with CNG after purging air in the system
with inert gas and shall give the user a driving demo. He will obviously
start the engine, drive the car at different gears, press and release the
accelerator on several occasions and alternatively change from liquid to
gas fuel and vice versa.

NOTE: Specifications set forth in 3.6.2.1 a) of GE N° 1-115 apply to item 1.1.2.1
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ANNEX “A”
PUBLIC PASSENGER TRANSPORT

1. PURPOSE

1.1 To determine the additional safety conditions for motor vehicles using
Compressed Natural Gas (CNG) as fuel in their propulsion system, included
in the Regulation for the Permit of Passenger Public Transport, last version,
issued by the Transport Under Secretariat.

2. GENERAL ASPECTS

2.1 Modifications in new and used motor vehicles
Vehicle modifications to allow the use of CNG, regardless of whether the
unit is in use or has just come out of the factory, must agree with the
Regulation for the Permit of Passengers Public Transport, and provincial
and municipal regulations in force.

2.2 Equipment for the use of CNG in Passengers Public Transport units.
Assembly of the components mentioned in subsection 1.2.1 of G. E. 1-115
standard with added components and with the necessary technology for the
adequate conversion and operation of the units, completely in accordance
with the regulations stated in 2.1

2.3 CNG Fuel System Supplier for the use of compressed natural gas in
Passengers Public Transport units.
Physical or legal entity who assembles the different components integrating
the CNG equipment in Passengers Public Transport units, and complies
with what is indicated in standard GE N°1-115, subsections 1.2 and 3.5.

2.4 Responsible persons in Public Transport companies.
Apart from the duties of each CNG user, Public Transport companies must
keep a record of periodical reviews performed on converted units. To this
effect, they shall appoint responsible persons to record the reviews carried
out on each unit, to ensure that they are carried out at authorized
workshops, and to control repair works that may or may not be related to the
CNG system.

3. ADDITIONAL MODIFICATIONS TO STANDARD GE Nr 1-116

3.1 Mounting of cylinders

3.1.a. When the cylinders are located between the motor vehicle axles, the
minimum distance to the floor, calculated as of the low part of the CNG
system, considering the vehicle filled with the maximum load settled by the
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manufacturer, may not fall below 300 mm, nor be placed on the lowest part
of the car body.

3.1.b.  When the cylinders are located behind the vehicle back axle, considering
the vehicle filled with the maximum allowed load, their extreme planes must
be placed at a distance that shall not be less than 500 mm from the extreme
edge of the car body and above the unit’s fleet angle, depending on the
height of the back bumper, determined by the legislation in force.

3.1.c.  For the protection of cylinders located according to 3.1b against impacts
and in crossings of paved drainage, railroads, and roads, or objects in roads,
two adequate resistance supports must be provided in the lower part of the
equipment.

3.1.d. Storage must be divided into sets of no more than four (4) connected
cylinders in parallel and each set must be connected to a valve manifold.

3.1.e. An automatic valve shall be placed in the joint between the valve manifold
and the main tubing, blocking gas leaks in case of tubing system ruptures.

3.1.f. The assembly of the set of no more than four cylinders according to figure
#2, is done to allow the operation of excess flow valves of cylinders, in case
a rupture is produced in any of the pipes joining the cylinder to the valve
manifold.

3.1.g.  If cylinders need to be connected in another layout, it must be done in
compliance with the safety level of the system proposed by this annex.

3.1.h.  Minimum distance between the cylinders and the lateral part of the motor
vehicle body must not be lower than 100 mm.

3.1.i. Cylinders shall be mounted with supports to withstand stresses equivalent to
8 times the weight of the full container, in any direction.

3.1.j. Supports shall be fixed on each end with two bolts which size allows each of
them to withstand the full joint load.
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3.2. Tubing and Fittings

3.2.a.  Valves, tubing and other fittings fixed in the lower part of the motor vehicle
shall be mechanically protected against impact or wheel particles.

3.2.b.  The critical sections of valve and fittings through which fluid flow must be
verified so that filling and consumption of CNG are not affected by the
different services provided to the motor vehicle.

3.2.c.  The fueling valve shall be safely located in the engine area or at the right
size of the vehicle’s body, at a distance of not less than 250 mm from its
outer edge.

3.2.d.  In case of valves, filling nozzles, fittings or other parts fixed on sides of the
chassis, they shall be placed at a distance of not less than 250 mm from the
outer part of the vehicle’s body and shall contain reinforced structures
ensuring the protection of the CNG equipment installation.

3.2.e.  In case another filling system is proposed, its approval shall be subject to
design assessment and operational reliability.
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3.3 Motor vehicle body

3.3.a.  The CNG system shall be isolated from the Passengers or load
compartment, in a gas-tight enclosure.

3.3.b.  The side flaps must be ventilated by means of grids or fixed openings on
both sides of the car body, at a maximum distance of 120 mm below the
floor, along the whole length of the cylinders, in order to avoid the gas
accumulation in case of leaks.  (See Figure N°1)

3.3.c.  The same criteria must be applied to the engine area in all the vehicle’s
width locating the ventilation in the highest part of the engine span
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3.4 Electrical system

Batteries shall be located in an area where its electrolyte does not sparge any
CNG circuit component and does not produce short circuits between cables
and terminals that may make the system peril.

3.5 Engine

Whether a motor vehicle’s conversion to use natural gas in its propulsion
system implies modifying its engine or not, it must be ensured during the
approved type tests that the operation is fully reliable.

3.5.1 Exhaust gases temperature.
Adding to what has been set forth in point 7 of section 3.5.1 of GE N° 1-115
Standard, in the CNG converted engines operation tests, verifications shall be
performed to ensure that the maximum temperatures of exhaust gases do not
exceed the limits recommended by engine manufacturers, considering that
high temperatures not only damage material in hot areas of the engine, but
also increase the emission of pollutants in exhaust escape.

4. CONVERSION WORKSHOPS FOR CNG EQUIPMENT TO BE INSTALLED IN
PASSENGERS PUBLIC TRANSPORT UNITS.

4.1 Installation workshops
Workshops certified to convert equipment to be installed in Passenger Public
Transport units using this equipment in their propulsion system shall directly
depend on the companies that manufacture this type of equipment.

4.2 Guarantee
Once the equipment has been mounted and all the safety issues have been
reviewed, the CNG Fuel System Supplier shall provide the motor vehicle
owner a guarantee covering the CNG equipment.
This guarantee shall remain open for the first 15000 km and shall be
completed by the technical responsible once all the safety items have been
supervised.
The vehicle owner will also receive a certificate and an operation and
maintenance manual.

4.3 Tools
Workshops shall be equipped with installations and tools as the ones
recommended in Standard GE N° 1-115, subsections 3.6.1 to 3.6.5 and the
test elements required by standard GE N° 1-116.

4.4 Workshop layout
Workshops layout shall be designed with the following different areas:

a) CNG fixing elements construction and welding area
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b) Conversion kits mounting area
c) Engine adaptation or modification area
d) Converted motor vehicles maintenance area
e) Testing area

4.5 Equipment
The minimum equipment required at these workshops, besides the equipment
required by standard G.E. N°1-115 shall consist of the following:

a) Air compressor (working pressure: 7 bar)
b) Assembly of inert gas cylinders
c) Hydrostatic pump (minimum test pressure: 300 bar)
d) Assembly with minimum hoist capacity of 500 kg
e) Inspection pit
f) Oxyacetylene and static electric welder

4.6 Personnel
The Installation workshop personnel must comply at least, with the following
requirements:
The CNG Fuel System Supplier’s technical supervisor shall be fully
responsible for his own conversion workshop and for possible third party
owned workshops contractually related to him for the mounting of CNG
equipment.
The technical supervisor and experts in some of the following fields shall run
these workshops:

Mechanical technician
Electromechanical technician
Motor vehicle technician
Technician in aeronautics, naval expert or equivalent

Experts must be certified by Gas del Estado and must have received training
courses on CNG, delivered by the technical expert.

Mounting lines must be integrated by qualified workers and assistants
accrediting specific training in CNG

5. HYDROSTATIC TEST

Once the CNG Fuel System has been fully mounted, if a leak test at 200 bar
cannot be performed according to section 1.2.2 of Standard GE 1-116, a
hydrostatic test shall be performed with the following procedure:

5.1. Filling of the whole system with CNG, including cylinders, with N2 to 4 bar
pressure gauge through the fueling valve, ensuring there are no leaks.

5.2. Storage cylinder shutting of valves.
5.3. Slow disconnection of the CNG regulator high pressure inlet connection, to

allow venting of N2 in the tubing system.



17

5.4. Through the disconnected high pressure connection, hydraulic liquid (water)
is injected and pressure is slowly increased until it reaches the test pressure
of 300 bar at many stages, maintaining the system pressurized for 5
minutes and verifying the absence of leaks and alterations in the installation.

5.5. Slow reduction of pressure and subsequent purging of the fuel lines,
removing hydraulic liquid by means of N2 remaining in the cylinders,
ensuring that the pressure inside the cylinders is equalized at a slightly
higher value than that of atmospheric pressure, to prevent air from entering
the system.

5.6. Careful reinstallation of the high pressure connection to the regulator and
any other connection that needs to be activated to completely eliminate
hydraulic fluid.

5.7. When the first CNG tank fill is performed, the absence of leaks throughout
the whole installation must be verified, including the low pressure stage and
carburetor, before igniting the engine.

6. TECHNICAL DOCUMENTATION
CNG Fuel System Suppliers for Passengers Public Transport units that use
CNG in their propulsion system must submit the following technical
documentation.

6.1. In addition to what is included in section 4.5, standard G.E 1-115, the
following technical documentation must be submitted to GAS DEL ESTADO
for each vehicle type:

a) Plan of cylinders layout with fixing details
b) Lay out of tubes and fittings, identifying installation supports and

protective devices.
c) Details of foreseen gas tight housing, ventilation and vents.

6.2. According to what is stated by the Regulation for the Permit of Passengers
Public Transport Vehicles, for each CNG modified or new vehicle model, the
following certifications must be obtained.

7. APPROVED TYPE PERMIT
Permit of each unit model (Approved type) shall strictly comply with point 3.5.1
of standard G.E N° 1-115, especially considering:

Frame
Brake system
Suspension system

The professional representing the CNG Fuel System Supplier, must submit the
technical reports and corresponding verifications performed at their own
workshops or at third party ones. Once this documentation is approved, the
pertinent certificate of conformance shall be issued.
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8. POLLUTANTS

Atmosphere pollutants are: carbon monoxide (CO), Hydrocarbons (HC),
Nitrogen Oxides (NOx) expressed as (NO2), suspension particles and fumes of
vehicles with diesel engines (diesel and CNG) or spark ignited (gasoline or
CNG)

The methods for assessing atmospheric pollutants shall be established by
competent National, Provincial or Municipal agencies.

9. POLLUTION LEVELS

9.1. Level resulting from the homologation of new engines or engines
converted to use CNG.

Atmosphere generated by exhaust gases from new or modified engines
using CNG must not exceed the maximum limits accepted in the Air Quality
Standards stipulated by Law N° 20.284/73 of Preservation of air resources
and in the code of Environmental Pollution Prevention of the Buenos Aires
Municipality (ordinance Nr. 39025, May 31st, 1983)

9.2. Acceptable levels

Pollutants
Suspension particles
C.A.P.C 0.500 mg/m3

C.A.P.L 0.150 mg/m3

Carbon monoxide (CO)
C.A.P.C 15.0 mg/m3

C.A.P.L 3.0 mg/m3

Nitrogen Oxides (NO2)
C.A.P.C 0.4 mg/m3

C.A.P.L 0.1 mg/m3

C.A.P.C: Acceptable concentration for short periods.
It is the concentration of pollutants which value shall not be exceeded in 20
consecutive minutes that may affect the health and assets of the
community
C.A.P.L: Acceptable concentration for long periods.
It is the concentration of pollutants which value shall not be exceeded in 24
consecutive hours that may affect the health and assets of the community.
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9.3. Requirements to drive on public roads
Any CNG new or converted motor vehicle shall not be able to circulate along
public roads if it does not comply with the following limits of emission through
the exhaust pipe or ventilation case, calculated in slowed mode (ralenti).
Carbon monoxide (CO) = 4.5% maximum in exhaust gas volumes
Hydrocarbons (HC) = 0.15% maximum in mass weight of fuel used by the
engine
Black fumes = Maximum opacity of six (6) of the Bacharach scale

9.4. Acceptable levels for each component must be periodically inspected by the
pertinent authority while technological improvements achieve their reduction
and optimize the air quality.



20

5(62/87,21������$11(;����VWDQGDUG�*(�1�������

$'/$�/�'
7R�WKLV�HIIHFW�ZH�VKDOO�FRQVLGHU�-XO\������DV�D�EDVLV��DQG�DV�FXUUHQW�LQGH[��WKH�RQH
FRUUHVSRQGLQJ�WR�WKH�VHFRQG�PRQWK��SUHYLRXV�WR�SD\PHQW�GDWH�

$87+25,=('�6,*1$785(�$1'�6($/

&(57,),&$7,21�)520�1$7,21$/�25�3529,1&,$/�$87+25,7,(6�+$9,1*
-85,6',&7,21�

5(62/87,21������81'(5�6(&5(7$5,$7�2)�(1(5*<�

3DVVHQJHU�3XEOLF�7UDQVSRUW���6DIHW\�6WDQGDUGV�IRU�WKH�XVH�RI�&RPSUHVVHG�1DWXUDO
*DV���$SSURYDO�

'DWH��2FWREHU���������
,VVXDQFH��%��2��������

/DZV�TXRWHG�� ODZ�1����������;;;,,,�%�������RUG����������0XQLFLSDOLW\���;/,,,�%�
�����

�� 7R�DSSURYH�DQQH[�1����3DVVHQJHU�3XEOLF�7UDQVSRUW��LQFOXGHG�LQ�VWDQGDUG�*(
1���� ���� ��0LQLPXP� WHFKQLFDO� DQG� VDIHW\� VSHFLILFDWLRQV� DQG� VWDQGDUGV� IRU
PRXQWLQJ�&1*�HTXLSPHQW�LQ�PRWRU�YHKLFOHV�DQG�PHWKRGV�RI�WHVWLQJ�LQFOXGHG
LQ�$QQH[���RI�WKDW�VSHFLILFDWLRQ�

�� 7KH� ZRUNJURXS� IRU� 1DWXUDO� JDV� LPSOHPHQWDWLRQ� LQ� 7UDQVSRUW�� IRUPHG� E\
UHVROXWLRQ� ������� PXVW� FRPSLOH� WKH� H[SHULHQFHV� DQG� REVHUYDWLRQV� DULVLQJ
IURP� WKH� XVH� RI� WKHVH� VWDQGDUGV� DQG� VXJJHVW� WKH� PRGLILFDWLRQV� LW� GHHPV
FRQYHQLHQW�

�� &RPPXQLFDWH��HWF����$UDR]

$11(;����VWDQGDUG�*(�1������
3$66(1*(5�38%/,&�75$163257

�� 385326(

��� 7R� GHWHUPLQH� WKH� DGGLWLRQDO� VDIHW\� FRQGLWLRQV� IRU� PRWRU� YHKLFOHV� XVLQJ
&RPSUHVVHG�1DWXUDO�*DV��&1*��DV�IXHO�LQ�WKHLU�SURSXOVLRQ�V\VWHP��LQFOXGHG
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LQ�WKH�5HJXODWLRQ�IRU�WKH�3HUPLW�RI�3DVVHQJHU�3XEOLF�7UDQVSRUW��ODVW�YHUVLRQ�
LVVXHG�E\�WKH�7UDQVSRUW�8QGHU�6HFUHWDULDW�

�� *(1(5$/�$63(&76

��� 0RGLILFDWLRQV�LQ�QHZ�DQG�XVHG�PRWRU�YHKLFOHV
9HKLFOH�PRGLILFDWLRQV� WR� DOORZ� WKH� XVH� RI� &1*�� UHJDUGOHVV� RI� ZKHWKHU� WKH
XQLW� LV� LQ� XVH� RU� KDV� MXVW� FRPH� RXW� RI� WKH� IDFWRU\�� PXVW� DJUHH� ZLWK� WKH
5HJXODWLRQ�IRU�WKH�3HUPLW�RI�3DVVHQJHUV�3XEOLF�7UDQVSRUW��DQG�SURYLQFLDO�DQG
PXQLFLSDO�UHJXODWLRQV�LQ�IRUFH�

��� &1*�)XHO�6\VWHP�IRU�3DVVHQJHUV�3XEOLF�7UDQVSRUW�XQLWV�
&RPSRQHQWV�DVVHPEOHG�DV�D�V\VWHP�GHVFULEHG�LQ�VXEVHFWLRQ�������RI�*��(�
������VWDQGDUG�ZLWK�DGGHG�FRPSRQHQWV�DQG�ZLWK�WKH�QHFHVVDU\�WHFKQRORJ\
IRU�WKH�DGHTXDWH�&1*�FRQYHUVLRQ�DQG�RSHUDWLRQ�RI�WKH�XQLWV��FRPSOHWHO\�LQ
DFFRUGDQFH�ZLWK�WKH�UHJXODWLRQV�VWDWHG�LQ����

��� &1*� )XHO� 6\VWHP� 6XSSOLHU� IRU� WKH� XVH� RI� FRPSUHVVHG� QDWXUDO� JDV� LQ
3DVVHQJHUV�3XEOLF�7UDQVSRUW�XQLWV�
3K\VLFDO�RU�OHJDO�HQWLW\�ZKR�DVVHPEOHV�WKH�GLIIHUHQW�FRPSRQHQWV�LQWHJUDWLQJ
WKH�&1*�)XHO� 6\VWHP� IRU� 3DVVHQJHUV� 3XEOLF� 7UDQVSRUW� XQLWV�� DQG� FRPSOLHV
ZLWK�ZKDW�LV�LQGLFDWHG�LQ�VWDQGDUG�*(�1��������VXEVHFWLRQV�����DQG�����

��� 5HVSRQVLEOH�SHUVRQV�LQ�3XEOLF�7UDQVSRUW�FRPSDQLHV�
$SDUW� IURP�WKH�GXWLHV�RI�HDFK�&1*�XVHU��3XEOLF�7UDQVSRUW�FRPSDQLHV�PXVW
NHHS� D� UHFRUG� RI� SHULRGLFDO� LQVSHFWLRQV� SHUIRUPHG� RQ� &1*� XQLWV�� 7R� WKLV
HIIHFW�� WKH\� VKDOO� DSSRLQW� UHVSRQVLEOH� SHUVRQV� WR� UHFRUG� WKH� LQVSHFWLRQV
FDUULHG�RXW�RQ�HDFK�XQLW�� WR�HQVXUH�WKDW�WKH\�DUH�FDUULHG�RXW�DW�DXWKRUL]HG
ZRUNVKRSV��DQG�WR�FRQWURO�UHSDLU�ZRUNV�WKDW�PD\�RU�PD\�QRW�EH�UHODWHG�WR
WKH�&1*�)XHO�6\VWHP�

���$'',7,21$/�02',),&$7,216�72�67$1'$5'�*(�1�������

��� 0RXQWLQJ�RI�F\OLQGHUV

����N� :KHQ� WKH� F\OLQGHUV� DUH� ORFDWHG� EHWZHHQ� WKH� PRWRU� YHKLFOH� D[OHV�� WKH
PLQLPXP� GLVWDQFH� WR� WKH� IORRU�� FDOFXODWHG� DV� RI� WKH� ORZ� SDUW� RI� WKH� &1*
V\VWHP�� FRQVLGHULQJ� WKH� YHKLFOH� ORDGHG�ZLWK� WKH�PD[LPXP� ORDG� VHWWOHG� E\
WKH�PDQXIDFWXUHU��VKDOO�QRW�IDOO�EHORZ�����PP��QRU�EH�SODFHG�RQ�WKH�ORZHVW
SDUW�RI�WKH�YHKLFOH�ERG\�

����O� �:KHQ� WKH� F\OLQGHUV� DUH� ORFDWHG� EHKLQG� WKH� YHKLFOH� EDFN� D[OH�� FRQVLGHULQJ
WKH� YHKLFOH� ORDGHG� ZLWK� WKH� PD[LPXP� DOORZHG� ORDG�� WKHLU� H[WUHPH� SODQHV
PXVW�EH�SODFHG�DW�D�GLVWDQFH�WKDW�VKDOO�QRW�EH� OHVV�WKDQ�����PP�IURP�WKH
H[WUHPH� HGJH� RI� WKH� FDU� ERG\� DQG� DERYH� WKH� XQLW¶V� GHSDUWXUH� DQJOH�
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GHSHQGLQJ�RQ�WKH�KHLJKW�RI�WKH�EDFN�EXPSHU��GHWHUPLQHG�E\�WKH�OHJLVODWLRQ
LQ�IRUFH�

����P� �7ZR�DGHTXDWH� UHVLVWDQW�SURILOH�EDUV�PXVW�EH�SURYLGHG� LQ� WKH� ORZHU
SDUW� RI� WKH� HTXLSPHQW� IRU� WKH� SURWHFWLRQ� RI� F\OLQGHUV� ORFDWHG� DFFRUGLQJ� WR
���E�� DJDLQVW� LPSDFWV� DQG� LQ� FURVVLQJV� RI� SDYHG� GLWFKHV�� UDLOURDGV�� DQG
URDGV��RU�REMHFWV�LQ�URDGV�

����Q� 6WRUDJH� PXVW� EH� GLYLGHG� LQWR� VHWV� RI� QR� PRUH� WKDQ� IRXU� ���� FRQQHFWHG
F\OLQGHUV�LQ�SDUDOOHO�DQG�HDFK�VHW�PXVW�EH�FRQQHFWHG�WR�D�PDQLIROG�EORFN�

����R� $Q�DXWRPDWLF�YDOYH�VKDOO�EH�SODFHG�LQ�WKH�MRLQW�EHWZHHQ�WKH�PDQLIROG�EORFN
DQG� WKH�PDLQ� WXELQJ�� IRU� WKH� SXUSRVH� RI� VKXWWLQJ� RII� JDV� IORZ� LQ� FDVH� RI
WXELQJ�V\VWHP�UXSWXUH�

����S� 7KH�PRXQWLQJ�RI�WKH�VHW�RI�QR�PRUH�WKDQ�IRXU�F\OLQGHUV�DFFRUGLQJ�WR�ILJXUH
����LQ�FDVH�D�UXSWXUH�LV�SURGXFHG�LQ�DQ\�RI�WKH�SLSHV�MRLQLQJ�WKH�F\OLQGHU�WR
WKH�PDQLIROG�EORFN�� LV�GRQH�WR�DOORZ� WKH�RSHUDWLRQ�RI� F\OLQGHUV�H[FHVV� IORZ
YDOYHV�

����T� � ,I� F\OLQGHUV� QHHG� WR� EH� FRQQHFWHG� LQ� DQRWKHU� OD\RXW�� LW� PXVW� EH� GRQH� LQ
FRPSOLDQFH�ZLWK�WKH�VDIHW\�OHYHO�RI�WKH�V\VWHP�SURSRVHG�E\�WKLV�DQQH[�

����U� �0LQLPXP�GLVWDQFH�EHWZHHQ�WKH�F\OLQGHUV�DQG�WKH�ODWHUDO�SDUW�RI�WKH�YHKLFOH
ERG\�PXVW�QRW�EH�ORZHU�WKDQ�����PP�

����V� &\OLQGHUV�VKDOO�EH�HTXLSSHG�ZLWK�DQFKRUDJH�VXSSRUWV� WR�ZLWKVWDQG� VWUHVVHV
HTXLYDOHQW�WR���WLPHV�WKH�ZHLJKW�RI�WKH�IXOO�FRQWDLQHU��LQ�DQ\�GLUHFWLRQ�

����W� $QFKRUDJH� VXSSRUW� VKDOO� EH� IL[HG�ZLWK� WZR�EROWV�ZKLFK� VL]H� DOORZV� HDFK� RI
WKHP�WR�ZLWKVWDQG�WKH�IXOO�MRLQW�ORDG�

�����7XELQJ�DQG�)LWWLQJV

����I� � 9DOYHV�� WXELQJ� DQG� RWKHU� ILWWLQJV� IL[HG� EHORZ� WKH� YHKLFOH� IORRU� VKDOO� EH
PHFKDQLFDOO\� SURWHFWHG� DJDLQVW� LPSDFW� RI� SDUWLFOHV� WKURZQ� WKURXJK� WKH
ZKHHOV

����J� � 7KH� FULWLFDO� DUHDV� RI� YDOYH� DQG� ILWWLQJV� WKURXJK�ZKLFK� IOXLG� IORZV�PXVW� EH
YHULILHG� VR� WKDW� ILOOLQJ� DQG� FRQVXPSWLRQ� RI� &1*� DUH� QRW� DIIHFWHG� E\� WKH
UXQQLQJ�UHTXLUHPHQWV�

����K� �7KH�ILOOLQJ�YDOYH�VKDOO�EH�VDIHO\� ORFDWHG�� LQ� WKH�HQJLQH�DUHD�RU�DW� WKH�ULJKW
VL]H�RI� WKH�YHKLFOH¶V�ERG\��DW� D�GLVWDQFH�RI�QRW� OHVV� WKDQ�����PP� IURP� LWV
RXWHU�HGJH�

����L� � ,Q�FDVH�RI�YDOYHV�� ILOOLQJ� LQOHW�� ILWWLQJV�RU�RWKHU�SDUWV� IL[HG�RQ� VLGHV�RI� WKH
FKDVVLV��WKH\�VKDOO�EH�SODFHG�DW�D�GLVWDQFH�RI�QRW�OHVV�WKDQ�����PP�IURP�WKH
RXWHU� SDUW� RI� WKH� YHKLFOH¶V� ERG\� DQG� VKDOO� FRQWDLQ� UHLQIRUFHG� VWUXFWXUHV
HQVXULQJ�WKH�SURWHFWLRQ�RI�WKH�&1*�)XHO�6\VWHP�LQVWDOODWLRQ�

����M� �,Q�FDVH�DQRWKHU�ILOOLQJ�V\VWHP�LV�SURSRVHG�� LWV�DSSURYDO�VKDOO�EH�VXEMHFW�WR
GHVLJQ�DVVHVVPHQW�DQG�RSHUDWLRQDO�UHOLDELOLW\�
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����9HKLFOH�ERG\

����G� �7KH�SODFH�ZKHUH� WKH�&1*�)XHO�6\VWHP� LV� ORFDWHG� VKDOO� EH� WLJKW� UHJDUGLQJ
WKH�SDVVHQJHUV�RU�ORDG�FRPSDUWPHQW�

����H� �7KH�ORZHU�ERG\�VLGH�PXVW�EH�YHQWLODWHG�E\�PHDQV�RI�JULGV�RU�IL[HG�RSHQLQJV
RQ�ERWK�VLGHV�RI�WKH�YHKLFOH�ERG\��DW�D�PD[LPXP�GLVWDQFH�RI�����PP�EHORZ
WKH�YHKLFOH�IORRU��DORQJ�WKH�ZKROH�OHQJWK�RI�WKH�F\OLQGHUV�� LQ�RUGHU�WR�DYRLG
WKH�JDV�DFFXPXODWLRQ�LQ�FDVH�RI��OHDNV����6HH�)LJXUH�1���

����I� � 7KH� VDPH� FULWHULD� VKDOO� EH� DSSOLHG� WR� WKH� HQJLQH� DUHD� LQ� DOO� WKH� YHKLFOH¶V
ZLGWK�ORFDWLQJ�WKH�YHQWLODWLRQ�LQ�WKH�KLJKHVW�SDUW�RI�WKH�HQJLQH�FRPSDUWPHQW
LQVSHFWLRQ�GRRU

����(OHFWULFDO�V\VWHP

%DWWHULHV�VKDOO�EH�ORFDWHG�LQ�DQ�DUHD�ZKHUH�LWV�HOHFWURO\WH�GRHV�QRW�VSDUJH�DQ\
&1*� FLUFXLW� FRPSRQHQW� DQG� GRHV� QRW� SURGXFH� VKRUW� FLUFXLWV� EHWZHHQ� FDEOHV
DQG�WHUPLQDOV�WKDW�PD\�PDNH�WKH�V\VWHP�IDLO�

����(QJLQH

3URYLGHG�D�PRWRU�YHKLFOH¶V�&1*�FRQYHUVLRQ�LPSOLHV�PRGLI\LQJ�LWV�HQJLQH�RU�QRW�
LW�PXVW�EH�HQVXUHG�GXULQJ�WKH�DSSURYHG�W\SH�WHVWV�WKDW� WKH�RSHUDWLRQ� LV� IXOO\
UHOLDEOH�

������([KDXVW�JDVHV�WHPSHUDWXUH�
$GGLQJ�WR�ZKDW�KDV�EHHQ�VHW�IRUWK�LQ�SRLQW���RI�VHFWLRQ�������RI�*(�1�������
6WDQGDUG� DERXW� &1*� HQJLQH¶V� SHUIRUPDQFH� WHVWV�� YHULILFDWLRQV� VKDOO� EH
SHUIRUPHG�WR�HQVXUH�WKDW�WKH�PD[LPXP�WHPSHUDWXUHV�RI�H[KDXVW�JDVHV�GR�QRW
H[FHHG� WKH� OLPLWV� UHFRPPHQGHG� E\� HQJLQH� PDQXIDFWXUHUV�� FRQVLGHULQJ� WKDW
KLJK� WHPSHUDWXUHV�QRW�RQO\�GDPDJH�PDWHULDO� LQ�KRW�DUHDV�RI� WKH�HQJLQH��EXW
DOVR�LQFUHDVH�WKH�HPLVVLRQ�RI�FRQWDPLQDQWV�LQ�H[KDXVW�JDVHV�

��� &1*� )8(/� 6<67(0� ,167$//$7,21� :25.6+236� )25� 3$66(1*(56� 38%/,&
75$163257�81,76�

����&1*�)XHO�6\VWHP�6XSSOLHU�2ZQHG�,QVWDOODWLRQ�ZRUNVKRSV�
,QVWDOODWLRQ�ZRUNVKRSV�IRU�&1*�3DVVHQJHU�3XEOLF�7UDQVSRUW�XQLWV�VKDOO�GLUHFWO\
GHSHQG�RQ�WKH�&1*�)XHO�6\VWHP�6XSSOLHU�
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����*XDUDQWHH
2QFH�WKH�HTXLSPHQW�KDV�EHHQ�PRXQWHG�DQG�DOO�WKH�VDIHW\�UHTXLUHPHQWV�KDYH
EHHQ�FKHFNHG��WKH�&1*�)XHO�6\VWHP�6XSSOLHU�VKDOO�SURYLGH� WKH�PRWRU�YHKLFOH
RZQHU�D�JXDUDQWHH�FRYHULQJ�WKH�&1*�HTXLSPHQW�
7KLV�JXDUDQWHH�VKDOO�UHPDLQ�RSHQ�IRU�WKH�ILUVW��������NP�DQG�VKDOO�EH�FORVHG
E\�WKH�WHFKQLFDO�UHVSRQVLEOH�RQFH�DOO�WKH�VDIHW\�LWHPV�KDYH�EHHQ�VXSHUYLVHG�
7KH� YHKLFOH� RZQHU� ZLOO� DOVR� UHFHLYH� D� FHUWLILFDWH� DQG� DQ� RSHUDWLRQ� DQG
PDLQWHQDQFH�PDQXDO�

����7RROV
:RUNVKRSV� VKDOO� EH� HTXLSSHG� ZLWK� LQVWDOODWLRQV� DQG� WRROV� DV� WKH� RQHV
UHFRPPHQGHG� LQ� 6WDQGDUG�*(�1�� ������� VXEVHFWLRQV� ������ WR� ������ DQG� WKH
WHVW�HOHPHQWV�UHTXLUHG�E\�VWDQGDUG�*(�1��������

����,QVWDOODWLRQ�ZRUNVKRS�OD\RXW
:RUNVKRS�DUHD�VKDOO�EH�GLYLGHG�LQWR�GLIIHUHQW�VHFWLRQV�
��&1*�IXHO�V\VWHP�IL[LQJ�HOHPHQWV�FRQVWUXFWLRQ�DUHD��DQG�ZHOGLQJ�DUHD�
��&1*�)XHO�6\VWHP�PRXQWLQJ�DUHD
��(QJLQH�DGDSWDWLRQ�RU�PRGLILFDWLRQ�DUHD
��&RQYHUWHG�PRWRU�YHKLFOHV�PDLQWHQDQFH�DUHD
��7HVWLQJ�DUHD

����(TXLSPHQW
7KH�PLQLPXP�HTXLSPHQW�UHTXLUHG�DW�WKHVH�ZRUNVKRSV��EHVLGHV�WKH�HTXLSPHQW
UHTXLUHG�E\�VWDQGDUG�*�(��1�������VKDOO�FRQVLVW�RI�WKH�IROORZLQJ�

��$LU�FRPSUHVVRU��ZRUNLQJ�SUHVVXUH����EDU�
��,QHUW�JDV�F\OLQGHUV
��+\GURVWDWLF�SXPS��PLQLPXP�WHVW�SUHVVXUH������EDU�

�������+RLVW�ZLWK�PLQLPXP�����.J�OLIWLQJ�FDSDFLW\�
�������,QVSHFWLRQ�SLW

��2[\DFHW\OHQH�WRUFK�DQG�VWDWLF�HOHFWULF�ZHOGLQJ�HTXLSPHQW�

����3HUVRQQHO
7KH�FRQYHUVLRQ�ZRUNVKRS�SHUVRQQHO�PXVW�FRPSO\�DW� OHDVW��ZLWK� WKH� IROORZLQJ
UHTXLUHPHQWV�
7KH�&1*�)XHO�6\VWHP�6XSSOLHU� WHFKQLFDO� VXSHUYLVRU� VKDOO� EH� IXOO\� UHVSRQVLEOH
IRU� KLV� RZQHG� FRQYHUVLRQ� ZRUNVKRS� DQG� IRU� SRVVLEOH� WKLUG� SDUW\� ZRUNVKRSV
FRQWUDFWXDOO\�UHODWHG�WR�KLP��IRU�WKH�PRXQWLQJ�RI�&1*�)XHO�6\VWHPV�
7KH�WHFKQLFDO�VXSHUYLVRU�DQG�H[SHUWV� LQ�VRPH�RI�WKH�IROORZLQJ�ILHOGV�VKDOO� UXQ
WKHVH�ZRUNVKRSV�

0HFKDQLFDO�WHFKQLFLDQ
(OHFWURPHFKDQLFDO�WHFKQLFLDQ
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0RWRU�YHKLFOH�WHFKQLFLDQ
7HFKQLFLDQ�LQ�DHURQDXWLFV��QDYDO�H[SHUW�RU�HTXLYDOHQW

([SHUWV�PXVW�EH�FHUWLILHG�E\�*DV�GHO�(VWDGR�DQG�PXVW�KDYH�UHFHLYHG�WUDLQLQJ
FRXUVHV�RQ�&1*��GHOLYHUHG�E\�WKH�7HFKQLFDO�5HSUHVHQWDWLYH�

$VVHPEO\� OLQHV� PXVW� EH� LQWHJUDWHG� E\� TXDOLILHG� ZRUNHUV� DQG� DVVLVWDQWV
DFFUHGLWLQJ�VSHFLILF�WUDLQLQJ�LQ�&1*�

�� +<'5267$7,&�7(67

2QFH�WKH�&1*�)XHO�6\VWHP�KDV�EHHQ� IXOO\� LQVWDOOHG�� LI�D� OHDN� WHVW� DW�����EDU
FDQQRW�EH�SHUIRUPHG�LQ�DFFRUGDQFH�WR�VHFWLRQ�������RI�6WDQGDUG�*(�1��������
D�K\GURVWDWLF�WHVW�VKDOO�EH�SHUIRUPHG�ZLWK�WKH�IROORZLQJ�SURFHGXUH�

���� )LOOLQJ�RI�WKH�ZKROH�V\VWHP�ZLWK�&1*�� LQFOXGLQJ�F\OLQGHUV��ZLWK�1�� WR���EDU
SUHVVXUH�JDXJH�WKURXJK�WKH�ILOOLQJ�YDOYH��HQVXULQJ�WKHUH�DUH�QR�OHDNV�

���� 6WRUDJH�F\OLQGHU�YDOYHV�FORVHG�
����� 6ORZ�GLVFRQQHFWLRQ�RI�WKH�&1*�UHJXODWRU�KLJK�SUHVVXUH� LQOHW�FRQQHFWLRQ��WR

DOORZ�YHQWLQJ�RI�1��LQ�WKH�WXELQJ�V\VWHP�
����� 7KURXJK� WKH� GLVFRQQHFWHG� KLJK� SUHVVXUH� FRQQHFWLRQ�� K\GURVWDWLF� OLTXLG� LV

LQMHFWHG�DQG�SUHVVXUH�LV�VORZO\�LQFUHDVHG�XQWLO�LW�UHDFKHV�WKH�WHVW�SUHVVXUH�RI
����EDU�DW�PDQ\�VWDJHV��PDLQWDLQLQJ�IRU���PLQXWHV�WKH�V\VWHP�SUHVVXUL]HG
DQG�YHULI\LQJ�WKH�DEVHQFH�RI�OHDNV�DQG�DOWHUDWLRQV�LQ�WKH�LQVWDOODWLRQ�

����� 6ORZ� UHGXFWLRQ� RI� SUHVVXUH� DQG� VXEVHTXHQW� SXUJLQJ� RI� WKH� IXHO� OLQHV�
UHPRYLQJ�OLTXLG�E\�PHDQV�RI�1��UHPDLQLQJ�LQ�WKH�F\OLQGHUV��HQVXULQJ�WKDW�WKH
SUHVVXUH�LQVLGH�WKH�F\OLQGHUV�LV�HTXDOL]HG�DW�D�VOLJKWO\�KLJKHU�YDOXH�WKDQ�WKDW
RI�DWPRVSKHULF�SUHVVXUH��WR�SUHYHQW�DLU�IURP�HQWHULQJ�WKH�V\VWHP�

����� &DUHIXO� UHLQVWDOODWLRQ�RI� WKH�KLJK�SUHVVXUH� FRQQHFWLRQ� WR� WKH� UHJXODWRU� DQG
DQ\� RWKHU� FRQQHFWLRQ� WKDW� QHHGV� WR� EH� DFWLYDWHG� WR� FRPSOHWHO\� HOLPLQDWH
K\GURVWDWLF�IOXLG�

����� :KHQ�WKH�ILUVW�&1*�WDQN�ILOO� LV�SHUIRUPHG��WKH�DEVHQFH�RI� OHDNV�WKURXJKRXW
WKH�ZKROH�LQVWDOODWLRQ�PXVW�EH�YHULILHG��LQFOXGLQJ�WKH�ORZ�SUHVVXUH�VWDJH�DQG
FDUEXUHWRU��EHIRUH�LJQLWLQJ�WKH�HQJLQH�

���7(&+1,&$/�'2&80(17$7,21
&1*�)XHO�6\VWHP�6XSSOLHU�IRU�3DVVHQJHUV�3XEOLF�7UDQVSRUW�XQLWV�WKDW�XVH�&1*
LQ�WKHLU�SURSXOVLRQ�V\VWHP�VKDOO�VXEPLW�WKH�IROORZLQJ�WHFKQLFDO�GRFXPHQWDWLRQ�

���� 7KH� IROORZLQJ� WHFKQLFDO� GRFXPHQWDWLRQ� PXVW� EH� VXEPLWWHG� WR� *$6� '(/
(67$'2�6(�IRU�HDFK�YHKLFOH�W\SH��LQ�DGGLWLRQ�WR�ZKDW�LV�LQFOXGHG�LQ�VHFWLRQ
�����VWDQGDUG�*�(�������

G� 3ODQ�RI�F\OLQGHUV�OD\RXW�ZLWK�IL[LQJ�GHWDLOV
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H� /D\RXW� RI� WXEHV� DQG� ILWWLQJV�� LGHQWLI\LQJ� LQVWDOODWLRQ� VXSSRUWV� DQG
SURWHFWLYH�GHYLFHV�

I� 'HWDLOV�RI�WLJKWQHVV��YHQWLODWLRQ�DQG�YHQWV�

���� $FFRUGLQJ�WR�ZKDW�LV�VWDWHG�E\�WKH�5HJXODWLRQ�IRU�WKH�3HUPLW�RI�3DVVHQJHUV
3XEOLF�7UDQVSRUW�9HKLFOHV��IRU�HDFK�&1*�PRGLILHG�RU�QHZ�YHKLFOH�PRGHO��WKH
IROORZLQJ�FHUWLILFDWLRQV�PXVW�EH�REWDLQHG�

���$33529('�7<3(�3(50,7
3HUPLW� RI� HDFK� XQLW� PRGHO� �$SSURYHG� W\SH�� VKDOO� VWULFWO\� FRPSO\� ZLWK� SRLQW
������RI�VWDQGDUG�*�(�1���������HVSHFLDOO\�FRQVLGHULQJ�

)UDPH
������%UDNH�V\VWHP
������6XVSHQVLRQ�V\VWHP

7KH�SURIHVVLRQDO�UHSUHVHQWLQJ�WKH�&1*�)XHO�6\VWHP�6XSSOLHU�PXVW�VXEPLW�WKH
WHFKQLFDO� UHSRUWV� DQG� FRUUHVSRQGLQJ� YHULILFDWLRQV� SHUIRUPHG� DW� WKHLU� RZQ
ZRUNVKRSV� RU� DW� KLUHG� RQHV�� 2QFH� WKLV� GRFXPHQWDWLRQ� LV� DSSURYHG�� WKH
SHUWLQHQW�FHUWLILFDWH�RI�FRQIRUPDQFH�VKDOO�EH�LVVXHG�

���$,5�&217$0,1$176

$LU� FRQWDPLQDQWV� FRQVLGHUHG�DUH� FDUERQ�PRQR[LGH� �&2���+\GURFDUERQV� �+&��
1LWURJHQ� 2[LGHV� �12[�� H[SUHVVHG� DV� �12���� SDUWLFXODWH� PDWWHU� DQG� VPRNH
HPLWWHG�E\�YHKLFOHV�ZLWK�GLHVHO�HQJLQHV��GLHVHO�DQG�&1*��RU�VSDUN�LJQLWHG�RQHV
�JDVROLQH�RU�&1*�

3HUWLQHQW�1DWLRQDO��3URYLQFLDO�RU�/RFDO�DJHQFLHV�VKDOO�LVVXH�WKH�DLU�FRQWDPLQDQWV
DVVHVVPHQW�PHWKRGV�

���$,5�32//87,21�/(9(/6

���� $ERXW�HQYLURQPHQWDO�FRQWURO

(QYLURQPHQW�DIIHFWHG�E\�H[KDXVW�JDVHV�IURP�QHZ�RU�PRGLILHG�&1*�HQJLQHV
VKDOO� QRW� H[FHHG� WKH� PD[LPXP� DOORZDEOH� OLPLWV� UXOHG� E\� WKH� $LU� 4XDOLW\
6WDQGDUGV�VWLSXODWHG�LQ�3UHVHUYDWLRQ�RI�$LU�5HVRXUFHV�/DZ�1������������DQG
LQ�WKH�%XHQRV�$LUHV�&LW\�(QYLURQPHQWDO�3ROOXWLRQ�3UHYHQWLRQ�&RGH��RUGLQDQFH
1U���������0D\���VW�������
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���� $FFHSWDEOH�OHYHOV

&RQWDPLQDQWV &�$�3�& &�$�3�/

3DUWLFXODWH�PDWWHU ������PJ�P� ������PJ�P�

&DUERQ�PRQR[LGH��&2� �����PJ�P� ����PJ�P�

1LWURJHQ�2[LGHV��12[� ����PJ�P� ����PJ�P�

6XOIXU�GLR[LGH��62� ����PJ�P� �����PJ�P�

/HDG��3E� �����PJ�P� �����PJ�P�

2]RQH�R[LGDQW��2�� ����PJ�P� �����PJ�P�

&�$�3�&��$FFHSWDEOH�FRQFHQWUDWLRQ�IRU�VKRUW�SHULRGV�
,W�LV�WKH�OLPLW�FRQFHQWUDWLRQ�RI�SROOXWDQWV�LQ����FRQVHFXWLYH�PLQXWHV�LQWHUYDO
RI�WLPH�WKDW�PD\�DIIHFW�WKH�KHDOWK�DQG�DVVHWV�RI�WKH�FRPPXQLW\�
&�$�3�/��$FFHSWDEOH�FRQFHQWUDWLRQ�IRU�ORQJ�SHULRGV�
,W� LV� WKH� OLPLW� FRQFHQWUDWLRQ� RI� FRQWDPLQDQWV� LQ� ��� FRQVHFXWLYH� KRXUV
LQWHUYDO�RI�WLPH�WKDW�PD\�DIIHFW�WKH�KHDOWK�DQG�DVVHWV�RI�WKH�FRPPXQLW\�

���� 'ULYLQJ��UHTXLUHPHQWV�RQ�SXEOLF�URDGV

$Q\�&1*�QHZ�RU�FRQYHUWHG�PRWRU�YHKLFOH�VKDOO�QRW�EH�DEOH�WR�FLUFXODWH�DORQJ
SXEOLF� URDGV� LI� LW� GRHV� QRW� FRPSO\� ZLWK� H[KDXVW� SLSH� RU� IURP� YHQWLODWLRQ
FUDQNFDVH�HPLVVLRQ�OLPLWV��FDOFXODWHG�LQ�UDOHQWL�PRGH�
&DUERQ�PRQR[LGH��&2�� �����PD[LPXP�LQ�H[KDXVW�JDV�YROXPHV
+\GURFDUERQV��+&�� ��������PD[LPXP�LQ�PDVV�ZHLJKW�RI�IXHO�XVHG�E\�WKH
HQJLQH
%ODFN�VPRNH� �0D[LPXP�RSDFLW\�RI�IRXU�����RI�WKH�%DFKDUDFK�VFDOH

���� $FFHSWDEOH�OHYHOV�IRU�HDFK�FRPSRQHQW�PXVW�EH�SHULRGLFDOO\�UHYLHZHG�E\�WKH
SHUWLQHQW� DXWKRULW\� SURYLGHG� WHFKQRORJLFDO� LPSURYHPHQWV� DFKLHYH� WKHLU
UHGXFWLRQ�DQG�RSWLPL]H�WKH�DLU�TXDOLW\�

���� 0RWRU�9HKLFOHV�ZLWK�GLHVHO�HQJLQH

$Q\�PRWRU�YHKLFOH�IHG�ZLWK�GXDO�IXHO�GLHVHO�DQG�&1*�FLUFXODWLQJ�DORQJ�SXEOLF
URDGV� VKDOO� QRW� H[KDXVW� EODFN� VPRNH� HTXLYDOHQW� WR� �� RU� KLJKHU� RI� WKH
%DFKDUDFK� VFDOH�� )RU� FRQWURO� SXUSRVHV�� WKH� ORFDO� DXWKRULWLHV� SHUWLQHQW
SUDFWLFH�SURFHGXUHV�VKDOO�DSSO\�
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����� 6SDUN�LJQLWHG�PRWRU�YHKLFOHV

/RFDO� KRPRORJDWLRQ� UHTXLUHPHQWV� VKDOO� EH� FRPSOLHG�ZLWK� DQ\� &1*�QHZ� RU
FRQYHUWHG�PRWRU�YHKLFOH��LQ�DFFRUGDQFH�WR�%XHQRV�$LUHV�&LW\�(QYLURQPHQWDO
3ROOXWLRQ�3UHYHQWLRQ�&RGH�DV�D�JXLGDQFH��RQFH�IXOILOOLQJ�WKH�PDQXIDFWXUHU�RU
LPSRUWHU¶V� UHTXLUHG� SURFHGXUHV� RI� DGMXVWPHQW�� WXQLQJ� DQG� YHULILFDWLRQV�
EHIRUH�WKH�YHKLFOH�LV�GHOLYHUHG�WR�WKH�XVHU�

����� 7HVWV

7\SH� ,� WHVW�� $LU� FRQWDPLQDQW� H[KDXVW� JDVHV� HYDOXDWLRQ�� E\� WHVWLQJ� D
VLPXODWHG�SUHGHWHUPLQHG�FLUFXLW�LQ�DQ�LQWHQVLYH�WUDIILF�XUEDQ�DUHD��DIWHU�FROG
LJQLWLRQ�

7\SH�,,�WHVW��&2��HPLVVLRQ�LQ�UDOHQWL�PRGH�HYDOXDWLRQ�

7\SH�,,,�WHVW��+&�FUDQNFDVH�HPLVVLRQ�

7KH�PHWKRGV�RI�JDV�FROOHFWLRQ�DQG�DQDO\VLV�PXVW�EH� WKRVH�VHW� IRUWK� LQ� WKH
SUHYLRXVO\� PHQWLRQHG� FRGH�� &DUERQ� PRQR[LGH�� K\GURFDUERQV� DQG� QLWURJHQ
R[LGH�PDVVHV�PXVW�QRW�H[FHHG�WKH�YDOXHV�RI�WKH�IROORZLQJ�WDEOH��GHSHQGLQJ
RQ�WKH�UHIHUHQFH�ZHLJKW��3U��RI�HDFK�YHKLFOH�

3U 12��0DVV &2�0DVV +&�0DVV
.J JUDPV���WHVW JUDPV���WHVW JUDPV��WHVW

3U������ �� �� ���

��������� �� �� ���

���������� �� �� ���

����������� �� ��� ���

����������� �� ��� ���

����������� ���� ��� ���

����������� �� ��� ���

����������� ���� ��� ����

�������3U �� ��� ����

&1*�FRQYHUWHG�YHKLFOH�VKDOO�EH�WHVWHG�RQ�D�G\QDPRPHWULF�EHQFK�ILWWHG�ZLWK
EUDNH� V\VWHP� DQG� LQHUWLD�ZKHHO�� $� FRQWLQXRXV� WRWDOL]LQJ� ���PLQXWH� WHVW� RI
IRXU� F\FOHV� VKDOO� EH� SHUIRUPHG�� (DFK� F\FOH� LQFOXGHV� ��� GLIIHUHQW� PRGHV
�UDOHQWL��DFFHOHUDWLRQ��VWDELOL]HG�VSHHG�DQG�VSHHG�GRZQ�

([KDXVW� JDVHV� VKDOO� EH� FROOHFWHG� LQ� RQH�RU�PRUH�EDJV� GXULQJ� WKH� WHVW� DQG
VKDOO�EH�DQDO\]HG�RQFH�WKH�ILOOLQJ�LV�FRPSOHWHG�
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��� �����3HUPDQHQW�$GYLVRU\�&RPPLWWHH

$�3HUPDQHQW�$GYLVRU\�&RPPLWWHH��PDGH�XS�RI�0�2�6�3��0LQLVWU\�RI�:RUNV
DQG�3XEOLF�6HUYLFHV��UHSUHVHQWDWLYHV�IURP�WKH�8QGHU�VHFUHWDULDWV�RI�(QHUJ\
DQG�7UDQVSRUW��*DV�GHO�(VWDGR�6�(��0XQLFLSDOLGDG�GH�OD�FLXGDG�GH�%XHQRV
$LUHV�DQG�&1*�)XHO�6\VWHP�6XSSOLHUV�IRU�&1*�3DVVHQJHU�3XEOLF�WUDQVSRUW�
VKDOO�GHDO�ZLWK�DOO�WKH�LVVXHV�LQGLFDWHG�LQ�WKLV�VWDQGDUG�
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