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“‘BIRD PROTECTION AND NATURAL PROTECTED AREAS
CONSERVATION SYSTEM FOR M.V. ELECTRICAL OVERHEALINES
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TYPESC367/0EBAV & C3670 EBA
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1. INTRODUCTION

ENVERTEC’s commitment to supply our customeop quality products, services and solutiondhas
been always present in this company’s mission.

For that we deeply trust in the knowledge, experéisd experience of our own staff but we alsoifesl
mandatory to establish a really close relationstih our customers, in order to know their real dge
and with our suppliers, in order to obtain the dabiresults. And those relationships must be based
trust, professionalism and search of a common tbga@ quality and competitive product accordhe t
final customer’s needs so that the result is pabfé and fruitful for every involved party.

Considering that philosophy this document preseINYERTEC's feasible solution to improve natural
protected areas conservation kgducing both, bird electrocution and fire risks, and enhancing
continuity andreliability of power supply.

The proposed solution is part of the deep relahignbetweerENVERTEC and our main partner in the
polymeric insulator industry, the manufactu@ON ELECTRIC INSTALLATION Co. Ltd.

2. OBJECT AND SCOPE OF THE SYSTEM

The proposed system fits in the gen®&BNVERTEC's objective to provide specific feasible solutidns
concrete problems in the field of electrical powepply.

This system was developed in order to introducewa tool toprevent birds from electrocution and
better protect selected natural areasrdgucing fire risks caused by discharges on medium voltage
overhead electrical lines due Ibard collisions or nearbyegetation Additionally this system works in
order to reduce the risk of outages and improviregcontinuity of the power supply service.

The introduced system complies with existing maoigagélectrical and environmental regulations and it
is suitable for medium voltage overhead lines upadV.

Figure 1. Polymeric Insulators Type C3670EBAV and CEHA.

3. DESCRIPTION OF ENVERTEC’s SYSTEM W‘

The introduced system, shown in the figure 1 belsvibased on the use of our specific in-house deslig
polymeric insulators type C3670EBAV (see element number 1 in figure 1 below). In addithe
system can be reinforced by using our polymericlatsrs type C3670EBA (see element number 2 in
figure 1 below) in order to hold the loose conr@acttivhen it is advisable, for instance in windy area
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1. C3670EBAV INSULATOR. 4.JOINT R-16.
2. C3670EB AINSULATOR. 5. ANCHORING CLAMP.
3. BOND GN 6. SUSPENSION CLAMP.

Figure 2. Bird protection and Natural Protected Ar€anservation System.

The design, layout and characteristics of the etésn@nd materials involved in this development maide
it a really suitable and viable solution which feas unique and significant improvements versusroth
currently used alternatives.

Figure 3.

Picture of installed Bird Protection
System based on Insulator types
C3670EBAYV and C3670EBA
and additional bird protection
devices by ENVERTEC.
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Polimeric insulators type C3670EBAV:

C3670EBAYV insulators were design and developedrtvige a unique and better alternative to the
existing systems used to try to avoid electrocutibbulky protected birds in electrical overheaddmen
voltage lines.
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Figure 4. Polimeric Insulator Type C3670EBAV.

Rated characteristics:

Mechanical characteristics:

Density:

Hardness:

Breakdown tension:

Break lengthening:

Tear resistance:

Specified mechanical load:

Dimensional characteristics:

Leakage distance:
Dry arcing distance:
Insulator length, L:

Max. Diameter of insulating zone:

Core diameter:
Min. Thickness of silicone body:

Electrical characteristics:

Rated voltage, Uy:
Material highest voltage, Un:
LI withstand voltage, U;:

>1,1+0.5g/lem?®.
=43 + 3 Shore A.
>5+0,5 N/mm?.
> 400 + 50 %.
=20 + 3 N/mm.
70 KkN.

1 300 +10/- 0 mm.
1 000 mm.

1104 +10/- 0 mm.
D: 85 mm.

18 mm.

4.5 mm.

30 kV
36 kV
200 kV

Wet power frequency withstand voltage, Us: 80 kV

Tracking resistance:
Voltaic arc resistance:

2Clase1A4,5
= 2,5 kAs
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Other characteristics:

LOI (Limitating Oxigen Index): =25 %
Assigned pollution level: 4 (IV - Very high pollution).

Comparing bird-protection system based onC3670EBAYV insulator (figure 5) with other existing
solutions (figures 6a and 6b) it is easy to makietloe advantages of the ENVERTEC's system because
of thelonger totally insulated part due to asingle body insulatorinstead of several parts made up of
metal to only increase distances but no insulatagability.

Advantagesof theC3670EBAYV insulator based-on system rely on the following geints:

o Totally insulated length: > 1 000 mm The proposed solution provides a significant otida of
active zones (warning area) in favor of a much éiggsulated area. That significantly increases
the protection whehulky birds perch on the line.

o0 Single-boby chainvs several elements joint together enables themsyi:

Reduce mechanical problemandbreakdownsin joints and links.
Quicker and simplier setup

50 % off weight insulator type C3670EBAV weighs98 Kg vs 5.50 Kgwhich is the weight
of a 24 kV polymeric insulator + bird-protectiontemsion.

Signifficantly reduce labour cost by setting up (setup of the insulator with the aiet
extension for warning area is not required anymang) maintenance.

o Economical solution For instance the price of a C3670EBAV insula®20 % lower than the
price of a 24 kV / 70 kN polymeric insulator ane tlequired bird-protection extension.

All that leads to a really technically-adapted, vwement and feasible solution.

Bird Protection
Solution based on
Insulator Type

C3670EBAV. (
\V)_‘ I

Figure 5. W 1.000mm "9 Totallyinsulated area

| =
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Figure 6a.

Bird Protection
Solution based on
Short polymeric

Insulator.

Figure 6b.

Bird Protection
Solution based on
Short polymeric
Insulator.
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Polimeric insulators type C3670EBA:

C3670EBA insulators are the perfect partner of latsus type C3670EBAV to complete our bird
protection system making it safer and more reliabll type of situations.
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Figure 7. Polymeric insulator Type C3670EBA.

Rated characteristics:

Mechanical characteristics:

Density: >1,1+0.5g/cm?®.
Hardness: =43 + 3 Shore A.
Breakdown tension: >5+0,5 N/mm?.
Break lengthening: 2 400 %= 50 %.
Tear resistance: =20+ 3 N/mm.
Specified mechanical load: 70 kN.

Dimensional characteristics:

Leakage distance: 980 mm.

Dry arcing distance: 415 mm.
Insulator length, L: 568 +10/- 10 mm.
Max. Diameter of insulating zone, D: 125 mm.

Core diameter: 18 mm.

Min. Thickness of silicone body: 3 mm.
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Rated voltage, Up: 30 kV

Material highest voltage, Up: 36 kV

LI withstand voltage, U;: 200 kV

Wet power frequency withstand voltage, Us: 80 kV
Tracking resistance: =2Clase 1A 45
Voltaic arc resistance: = 2,5 kAs

Other characteristics:

LOI (Limitating Oxigen Index): =25 %
Assigned pollution level: 3 (Il - High pollution).

Additional advantages: Quality in Product and Qualty in Service

Additional advantages of our system came from oay wf doing things. lENVERTEC quality of
product and service is an on-going concern.

Quality of the product:

Our deep relationship with our main polymeric imdat supplierCAON enables us to define and
monitor specific features and characteristics ininsulators.

The core of all our insulators and then typ€S670EBAV andC3670EBA insulators are produced with
dielectric epoxy resin strengthened with fiber glas which is acid penetration resistant. Furthermore
joint between the insulatmore and themetal fittings is carried out by means of amght-point radial
compression process. That way we get insulators withmachanical resistancebigger than 70 kN
(obtained mean values80 kN) and there are no problems concerning insulatakatown (especially in
core-metal fittings joints).

Insulator core is covered with a typE'V polymeric silicone rubber sheathwhich undergoes a 200 °C
vulcanization process. This material is a dieledyer withHc2 hydrophobic levelwhich supplies an
outstanding behavior in hydrolysis and saline emnmnents. The quality of the material is also reicéd
by a mean sheatthickness of 4.5 mm This product has passed all the required desightgpe tests
including the 5 000 hours ageing and artificiallpiodn tests in reputable independent laboratofiésit
enables us to guarantee our insulators for overygear time.

Our type C3670EBAV insulators are designed with a long leakage distamhich together with the
quality of the material stops the dielectric capgbloss of the insulators due to environmentatiag.
That wayless maintenanceactivities are required and they can be sepaiatéche so thathey do not
bother nesting and breeding periods of birds.

The whole set of rated characteristics of our iasuwk are properly put to the test. Every insulatis to
undergo the specified settaktsaccording to our Quality System and the applic&ndard.
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 DESIGN AND TYPE TESTING IN EXTERNAL LABORATORIES.

CAON performed successful design and type tests afsalhsulators according to the required
IEC Standards.

ENVERTEC sees to it thaCAON performs type tests in independent accreditedrédboes
which are signatories of ILAC — Mutual Recognitidigreement among National Accreditation
Bodies throughout the worldhifp://www.ilac.org/index.php?id=321

SomeCAON testing suppliers are the following:

- Testing and Certification Center oKIHARI ” (http://www.xihari.com) — China -. Accredited
by the China National Accreditation Service (CNAi& L0223) to ISO 17025:2005, General
Requirements for the Competence of Testing and@dion Laboratories, for the competence
of testing in the required tests. Besides, the riatboy is entitled to operate as a Testing
Laboratory under the responsibility of TUV RheirdaiterCert Kft., MEEI Division as
National Certification Body and to carry out tegtiwithin the IECEE CB Scheme for all its
scope (seaww.iecee.ordor further information).

- Laboratorio Central Oficial de Electrotecnia,COE — F2I2” (http://www.f2i2.nej — Spain -.
Accredited by the Spanish National AccreditationdBo(ENAC, file LE-192) to ISO
17025:2005, General Requirements for the CompeteoiceTesting and Calibration
Laboratories, for the competence of testing inrdopiired tests. Besides, LCOE is depositary
of the Spanish national high voltage standards kvhgsures tests are performed counting on
top level metrological traceability.

- Laboratorio de Pruebas de Equipos y MaterialegE - LAPEM ” (http://www.cfe.gob.m)) —
México -. Mexican national laboratory Accredited thye Mexican National Accreditation
Service (EMA, several files, e.g. EE-0132-012/11owgr testing-, EE-0159-005/12 —
metrology-) to ISO 17025:2005, General Requiremdotsthe Competence of Testing and
Calibration Laboratories, for the competence dingsn the required tests.

- STRI AB laboratory (Sweden)hitp://www.stri.se/index.pl?id=2189 for 5 000 hour-long
climatic ageing tests.

* ROUTINE AND SAMPLING TESTING IN OWN MANUFACTURHERRBORATORIES

In addition to internal quality control tests andeasurements carried out during production
process,CAON performs in their own laboratories the specifieditme and sampling tests
according to the corresponding Standard.

Internal testing activity is done by qualified teatal staff of the manufacturer’'s Quality Control
Department, an€AON has the required testing and measurement systeohs those tests. All
quality control measurement devices are maintaiaed calibrated in accredited external
laboratories according to a suitable maintenandecahbration schedule.
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Verification of. Specified Mechanical Load Test.
Creepage Distance.

Metal fittings Test Calibration of internal couplings.
Cantilever Test (kN).

Galvanizing Test Dimensional Test. Dielectric Tests(AC, lightning impulse)

Figure 8. Testing activity in CAON premises as pdQuality Control Assurance.

Quality in service:

ENVERTEC'’s philosophy has developed in our relationshiphw@AON by means of undertaking
concrete actions to produENVERTEC-CAON polymeric insulators.

In ENVERTEC we closely work with the manufacturer in matteitse Imaterials, design, quality,
reporting and traceability from raw materials te gtustomer through our Plan to Control and Quality
Supplies.

Our Plan is underpinned by two main ideas:

1) Close collaboration and communication with manufacturer, in favour of participatory and
constructive decision making processes.

2) Surveillance andcontrol of manufacturer’s/supplier’s activity on each proiilon process stage.
Implementation of those principles is carried optieeans of specific measures like the following:
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* More detailed marking on each supplied insulator, indelible and inclgdadditional data not
mandatory according to applicable regulation:

o0 Batch number written on the surface of each insulator. This batomber is always related to
ENVERTEC'’s order reference in order to keep traceabilitydemcontrol during life of
insulator.

o Manufacturing month (only year is mandatory according to standards).

Caon LOT XXXX
36/70EBAV
36 kV 70 kN
Month / Yea

-

Figure 9. More comprehensive marking on insulatomsase traceability.

* Package optimization:

0 Making it mucheasierto identify the materiafrom the outside by defining the data that have
to be included on external marking like brand, typeoduct description, batch number, year,
customer’s referencé name, external packing volume, handling instariand preservation.

o Double packing systemso that each wooden crate or external packages Isoiche cardboard
boxes with insulators inside. Three or sets ofdhpgeces are allocated in each box tightly held
and separated by shaped polyurethane pieces wtasifonce material integrity during
transportation and subsequent delivery to finatidason and storage / installation.

Figure 10. Insulator packaging.

» Specific documentation for each order / delivery
Each order is delivered with a comprehensive reipoltiding the following information:

o Information related to production process of thevded product:

- Control of certification, accreditation and/or rgodion validity;
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Monitor changes in production center and verifmatof proper production conditions for
the material to be delivered;

Supply references of the same type of product;

Traceability of suppliers of raw materials, compatse and/or subcontracted services or
products used to manufacture the insulator battie tdelivered.

List of testing and measurement equipment usechéyntanufacturer to carry out internal
quality control activities as well as routine arangpling tests in their premises.

Calibration schedule of those measurement devitgsygstems. Suitability assessment.

o Information related the provided product:

List of raw material suppliers;

Batch number of each raw material,

Marking on each insulator;

Production procedure of the product including estelp of the process;
Internal quality control activity;

Design and/or type test reports in accredited iaddpnt laboratories;
Routine and sampling test reports in manufactutaberatories.
Result and validity of tests is based on:

Applied Standard, specification and/or test procedu

Testing equipment and their calibration state;

Measurement correction factors considering calinatresults of the used measuring
equipment;

Test uncertainty budget for tests performed in Mfegsturer’s laboratories.

This Plan and its implementation enaBIRVERTEC to supply unique and detailed information about
the traceability and quality of both production process and product, and frawheio reception to
delivery. Moreover, that traceability chain may dmsily extended to the life-cycle of the produdeaf
delivery by implementing simple communication linkgh our customers.

Reliable Solutions & Trusted
Products for MV - HV Electrical
Networks.

Whole Development of Specific Solutions.
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