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PREAMBLE

Embedded Generators have been connected to the Ceylon Electricity Board {(CEB)
system under Power Purchase Agreements since 1997,

The Power Purchase Agreements between Embedded Generators and CEB are
covered by the Electricity Act of Sri Lanka, and other Regulations.

This Guide covers the requirements to be fulfilled by the Interconnection between the
Embedded Generator and the CEB system.

The Guide is in Two Parts:

Part 1 explqms the procedure to he foi!owed in making an application to develop an

embedded generator evaluation by CEB and the process of conducting acceptance
tests on the Interconnection.

Part 2 of the Guide (separately bound) explains the studies to be conducted by CEB to

© ensure the interconnection is safe, and provides guidelines for effective design and

operation of the interconnection.

This Guide does not replace or supersede any of the requirements specified in the

Electricity Act, Ceylon Electricity Board Act, E1ectﬁcity Regulations or Power Purchase
Agreements. -

ASSOCIATED DOCUMENTS AND PUBLICATIONS
1. Guidelines on Private Sector Paricipation in Small Hydro Power Development,
Ceylon Electricitypoard {current issue).

2. Standardised Agreement for Purchase of Energy, Ceylon Electricity Board (current
issue). ' -

This Guide is based on the requirements of Ceylon Electricity Board (CER), Sri Lanka,
and the conditions and constraints under which the CER system operates, The primary
intention of this Guide is to establish procedures and equipment to protect CEB
personnel, equipment and the system from any harmful effects arising out of the
interconnection and operation of Embedded Generators.

Therefore, it should not be assumed that the guidelines provided would satisfy all the
protection requirements of the Embedded Generators. No responsibility can be

accepted for any loss or damage sustained as a result of using or relying on this
Guide.

Page 6




I X B ) '

CEB Guide far Grid Interconnection of Emhedded Generators, Sri Lanka

December 2000
] " Part 1: Application, Evaluation and Interconnection Procedure

GLOSSAﬁY, DEFINITIONS AND ABBREVIATIONS
AVC: Automatic \{é)ltagé Controller

AVR: Automatic Voltage Regulator

CEB: Ceylon Electricity Bqard, a body Corporate duly constituted by Act No. 17
of 1969 of the Democratic, Socialist Republic of Sri Lanka.

Captive Generation: Generating plant available at CEB customer facitities, but
not connected in parallel with the CEB network,

Captive Line Load: Load, up to the 1¥ point of automnatic isolation, which is (or
may be) supplied by an Embedded Generator, excluding Captive Local Load.

Captive Local Load: Load within the Embedded Generator premises including
generator auxiliaries

Captive Load: The sum of Captive Line Load and Captive Local Load

Common Mode (or Cause} Tripping: Automatic removal of two or more

generating plant from the system owing to a cause that is common to both or all
the generators. .

Combined Heat and Power (CHP): A plant that generates electricity and

supplies thermal energy, typically steam. to an industrial or other heating
requirement.

EF: Earth Fault {protection)

Embedded Generator: A single generator, or a group of generators, connected
to the distribution network of the CEB, at voltages between 400 V and 33 kV.

Export of Electrical Energy: Supply of Flectrical Energy by a Generator to the
CER system.

Generating Company: A company, droup or individual who plan to connect or
has already connected an Embedded Generator to the CERB distribution network,

h . Page 7
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.

Grid Interconnection: A link between CEB Electricity ‘system and Embedded

Generator's Electricity System, made for the purpose of Exportlng or Importlng
Electrical Energy. i .

t-

Grid Substation: A CEB substation where electnca! energy at 220 kV or 132 kV
is transformed into 33 kV.

Highest (Lowest) Voltage of a System: The highest (lowest) vaiue of operating

voltage which occurs under normal operating conditions at any fime and at any
point in the system. ’

HV: High voItage exceeding 1000 V between conductors and GDO V between
conductors and earth.

Import of Electrical Energy: Receipt of Eiectricai Energy by the Embedded
Generator from the CEB system.

Interconnection Certificate: A Cerlificate |ssued by CEB to an Embedded

" Generator, after testing the interconnection.

Interconnection Voltage: The nominal voltage at which the gnd mterconnecnon
Is made.

Initial Application: The first application by an individual or Company aspiring to
develop an Embedded Generator,

Islanding: The process whereby a power system is separéted into two or more

parts, with generators supplying loads connected to some of the separated
systems. -

islanded Operation: The situation that arises when a part of the electrical

system is disconnected from the main grid and is energised by une or more
generators connected to it.

Letter of Intent (LOI): lssued by CEB to a Genera.ﬂng Company to signify

CERB's intent to purchase power from a Generating Company at a particular
locatian.

i_OM: Loss of mains (protection)

LV: Low voltage, not exceeding 1000 V between conductors and 600 V between
conductors and earth. '

Page 8 - et e
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" Neutral Point Displa'cement Voltage: The voltage between thé real or virtual
neutral point and the earth. ’

NVD: Neutral Voltage Displacement. A technique to measure the displacement
of the neutral voltage with respect to earth.

Nominal Voltage: A suitable approximate value of voltage usead to designate or
identify a System. '

OC: Over-current (protection)

OF: Over-frequency (protection)

. .

Operating Voltage: The value of the voltage‘under normal cond

itions at a given
instant and at a given point in the system.

OV: Over-voltage (protection)

Point of Common Coupling (PCC): The location of the connection between the
CEB network and the Embedded Generator; beyond which ather customer loads
may be connecled on the CEB side. The PCC may be separate from the Point of
Supply where a line is dedicated to the connection of an Embeadded Generator.

Point of Supply' {POS): The location of the connection between the CEB
network and the Embedded Generator.

Power Purchase Agreement (PPA): An agreement between the CEB and the
Generating Company for the purchase of electricity by the CEB.

ROCOQF: Rate-of-change of Frequéncy (protection}
RP: Reverse Power {protection)

SEEF: Standby Earth Fault (protection)

Spinning Reserve: The difference between the total available capacity of zll
generating sets aiready coupled to the system and their total actual loading.

Step Voltage: The difference in surface potential experienced by a person

bridging a distance of 1 m with his feet without contacting any other grounded
structure.

~ Page 9
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Touch Voltage: The potential difference between the ground potential rise
- (GPR) and the surface potential at the point where a person is standing where at
" the same time having his hands in contact with a grounded structure, GF’R

defined as the maximum voltage that a station grounding grid may attain relative

to a distant grounding point assumed to be at the potenttal of remote earth The
~ touch voltage could be from hand to hand also.

Transferred Voitage: This is a specia[ case of the touch voltage where, the
voltage is transferred into or out of the station by a conductor grounded at a
remote point or at the station ground, respectively. '

TNS system of Earthing: In this earthiné system, the supplier provides separat.e
Neutral and Protective conductors throughout the .system. The Protective
Conductor is connected to the neutral of the source. All exposed conductive
parts of a consumer’s installation: are connected to the Protective Conductor

provided by the supplier via the main earthing terminal of the consumers
installation.

TT System of Earthing: An earthing system where all exposed conductive parts
of an installation are connected to an earth electrede provided by the consumer
which is electrically independent of the Source earth. -

UV: Under-voltage (protection)

UF: Under-frequency (protection)

Voltage Level: One of the Nominal Voltage values used in a given system.
-

V3: Vector Shift {(protection) e
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1. SCOPE OF THE GUIDE

This Guide for Grid Interconnection of Embedded Generators in the Ceylon
Electricity,Board (CEB) system in Sri Lanka is a comprehensive analysis of
issues, and provides Guidelines in determining the processing of inquiries, types
of interconnections, voltages, studies required, protection requirements, and the
testing and certification procedure of Embedded Generators. General
information is also provided on interconnection protection systems and earthing.

For the purposes of this Guide, an Embedded Generator is defined as a single

generator or a group of generating pianf of total installed capacity up to 10 MW,
connected to the CEB distribution system at 33 kV or below.

The Guide is intended to be followed by all Generating Cb_mpanies operating/
building Embedded Generators o be connected to the CEB network in Sri

Lanka_, imespective of whether the Generating Company sells or intends to sell
electricity to the CEB.

This Guide does not replace or sdpersede any of the requirements specifiad in

the Electricity Act, Ceylon Electricity Board Act, Electricity Regulations or Power
Purchase Agreements,

-
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2. INTRODUCTION TO THE GUIDE

2.1 Mandatory Requirement

This Guide specifies mandatory requirements to be satisfied by Embedded
Generaters connected to the CEB network in Sri Lanka.

2.2 Guidelines for Design, Testing and Operation

In addition to specifying the mandatory requirements, this Guide provides useful
information to Generating Companies and CEB. in the design and acceptance
testing of the grid Interconnection of Embedded Generators.

Protection equipment and systems specified in the Guide are for the protection
of the grid interconnection only. There will also be requirements for other types

of protection systems to protect the Embedded Generators, which are not
specified in the Guide.

2.3 Capacity and Interconnection Voltage . -

Requirements specified in this Guide are applicable to all Embedded Generatars .
with 2 maximum installed capacity up to and including 10 MW, and for
connection to CEB networks at or below 33 kV. For tha purpose of this Guide,
the 10 MW limit should be understood as the total installed generating capacity

‘connected to the network through a single Point of Supply. The total generating
capacity may consist of several generators.

-

2.4 Higher Capacities, Voltages and Upgrades

When the total instalied generating capacily at the Point of Supply exceeds
10 MW, either al the time of first interconnection of the Embedded Generator or
as a resuit of an upgrade, the requirements of this Guide will no longer be
directly relevant. Similarly, when the interconnaction is. at a voltage higher than
33 kV, this Guide may not be directly applicable. Such requirements will be

specified by CEB on a case by case basis, or wili be baséd_on other prevailing
requirements, standards or Guides.

Ay s
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', 2.5 CEB's Discretion to Waive the Requirem ents

The General Manager of CEB may waive any one or several of the requirérhents
of this Guide for any Embedded Generator under any one or several of the
following conditions.

(a) The Embedded Generator is designated to serve a short-term, emergency
requirement of the CEB to ensure continuity of electricity supply

(b} The Embedded Generator is of exceptionally small capacity. Typical units
that qualify for exemption are small solar-electric inverter-type Embedded
Generators rated up to 5§ kW. :

(c) The Embedded Generator is specifically for short-term research purposes

in case (b) above (embedded generators of excéptionally small capacity), such
interconnections are out of the scope of this Guide, and a separate type approval
requirement wilt be implemented by the CEB.

in any event, no Embeddead Generator of types (@) and (c) shall operate-in the
CEB system without the minimum protection requirements of,
« Over and under voltage .

» Over and under frequency _
+ Islanding Mitigation Protection for Embedded Generators larger than 1 MwW

2.6 Requirements Limited to Embedded Generators

The requirements of this Guide will not be applicable for generators which do not
fall into the category of Embedded Generators, as defined above in Section 2.3
and explained Section 3 of this Guide.

-

2.7 Designated Officers

The Generél Manager of CEB will designaie a Competent Officer to:
-« Witness that the requireménis of this Guide are fulfilied at the time of first
interconnection, and _
« Coordinate with the Generating Company whe have the responsibility to
ensure that the requirements are adhered to 6n a continuous basis.

Page 13
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3:"EMBEDDED GENERATION

3.1 What is Embedded Generation?

Embedded generators are typically small and medium sized generatoré v‘uhich
are connected to the distribution system. There may also be captive loads The

interconnection voltage would be 400 Vor 11kV or 33kV.

Embedded generation is being encouraged to utilise energy resources avajlable
across the country. These resources consist mainly of hydro power schemes,

but will also include Combined Heat and Power (CHP), wind power and possibly
other sources of generation.

It is expected that there will be a significant increase in the amount of embedded
generation capacity which will make a useful contribution to the CEB grid. It is

expected that the contribution of embedded generation will exceed 15% of the
minimum demand on the CEB grid by 2020.

3.2 Embedded Generators in a Distribution N etwork

Due to the nature of the connection of Embedded Generators, and often the

source: of their energy supply, the security, or firmpess, of their generation

capacity may be lower than that of conventional power plants connected to the
transmission system.

“

In Sri Lanka, there is a high frequency of distribution line outages caused by fine
fauits as well as load shedding. The generation capacity of any generators
connected to a distribution line that is subject to an outage will then be fost to the
grid system as @’ whole. The distribution line load will also be lost during an
outage so there will only be a net loss of generation capacity to the grid system if
there was a net export of power from the distribution line before the outage.

A line that is disconnected may suffer an abnormal- and unexpected load current
until the disconnected generators restart. This may have protection implications
and also requires the CEB to maintain a constant assessment of true ling load.

3.3 Islanded Operation

For the purpose of this Guide, islanded aperation is the situation that arises
when a part of the electrical system is disconnected from the main grid and is
energised by the embedded generation connected to it. For embedded
generaters connected to a distribution line, this situation will probably be caused

Fage T4 - e e e - RN




. CEB Guide for Grid lnterconngc[ion of Embe&ded Generators, Sri Lanka

December 2000

Part 1 Application, Evaluation and Interconneclion Procedure

3.4 Grid System Security

3.5 Availability of Capacity

by the disconnection of a distribution line from a grid sub station due to a fault on
the distribution line. ' - :

Islanded operation can improve the 'avaifability of the electricity supply to
consumers connectad to a distribution system, if the islanded system can he
safely left in service and operated within the statutory limits of supply.
Assessment for a typical embedded generation scenario in the CER system
clearly indicates that the cost and complexity of delivering an islanded supply
with acceptable risk is not justified by the benefits in terms of supply availability.

In view of this, this Guide pre-supposes that prolonged islanded operation in the
CEB system is unsafe and should be prevented by suitable means of protection.

Details of Islanded operation detection and protection are given in Sections 6 to
8 in Part 2 of the Guide. .

it is anticipated that embedded generation will eventually contribute in excess of

15% of the CES& grid capacity. This Guide is therefore written on the basis that

generation connected in accordance with this Guide will be a significant element
in securing the grid system.

The background to this Guide is the present instability of the CER grid due to
insufficient generation capacity and inadequate spinning reserve to respond to

* the loss of single large generators, or generator groups, upon single contingency

faults. Protection methods and settings, and generation capacity limits stated in
the Guide are based on the present positio

n and will be reviewed periodically as
the system develops. ) '

The impact on grid stability of generator security is a major consideration in the

selection of istanding protection, which is discussed in Sections 5 to 7 in Part 2
of the Guide.

-

There is no central control, or dispatch of Embedded Generators. Generation
plant power output is controlled by the operator and connection availability. Plant
will usually be run at the maximum power available from the power source.

The requirement for some central control of embedded generation capacity will

be reviewed when the total embedded generation capacity exceeds 10% of the

—————
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total minimum grid load. At this time there wiil be some experience of the effecls
of embedded generation on grid stability, security and management.

At run of river hydro and wind power installations, there is no control over power
availability. The developer wilt usually run the plant at maximum available
capacity which is implemented automatically. It is possible for the plant to be run.

.at below available 'ca;ﬁacity, though this cleardy leads to an imposed loss of

revenue for the Generating Company.

At CHP plants, there is some control of electrical output. However, there will be
an optimum electrical generation for a particular heat foad. Operation away from
this point will impose a reduction in eff'icit?ncy and increase in cost of generation.

Al a biomass-fired generation plant, there is control,of electrical output. There
will be constraints on the rate of change of output and storage requirements.
Operation at below maximum available capacity will impose a reduction in
efficiency and increase in cost of generation. '

At a landfill gas powered generation plant, only limited control of gas is possible.
Some profiling of output can be achieved to increase value (ie increase output at
peak load periods) but large quantities of gas cannot be siored.

CEB may need to disconnect or reduce the output of an embedded generator
during abnormal grid conditions in order to maintain safe operation of the grid
system. This will be of occasional short time periods only.

Page
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4. CONTEXT

“Some infarmation and recommendations in the Guide are dependent on the
relative magnitudes of network peak demand, minimum demand, size of
Embedded Generatars and the future scenario. This section describes features
of the CEB network relevant to the recommendations in this Guide. '

A typical CEB distribution systemm with embedded generators is shown in
Figure 1. '

4.1 Grid Capacity, Embedded Generation and System Load

The CEB grid by mid-200C has about 1700 MW of major generating plant and
about 10 MW of Embedded Generation in operation. Most Embedded
Generation is small hydroelectric, except for one wind power plant and a few
biomass-based Combined Heat and Power (CHP) Plants. The system peak
demand is about 1300 MW and the minimum load is about 600 MW.

4.2 System Reliability and Stability .

Most embedded generators are expected to be connected to long overhead
radial lines, where the frequency of disconnection-is high. Daily disconnections
are not uncommon. Furthermore, the CEB system experiences major frequency
excursions, répid rates of frequency dips and under f'requency load shedding.

4.3 Future Capacity, Load and Embedded G enerators

Qver a period of 20 years, the system maximum demand is expected to increase
_. _to about 5000 MW, and the minimum load by then would be about 2000 MW. It
is expected that about 200 MW of small hydroelectric plant will be developed
over the next few years, and a significant amount of wind and Combined Heat
and Power plant may be developed. By year 2020, a reascnable estimate would
be a total of 300 MW of Embedded Generatars in the CEB system. The total

capacity of embedded generation is expected to be less than 6% of the peak
load, and about 15% of the minimum load.

if there is a faster pace of development of embedded generation, CEB will
review the Guide accordingly. "

- Fage 17
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Figure 1 - A Typical CEB Distribution System W|th Embedded
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4.4 Types of Connection

Embedded generating plants covered in this Guide are of two types.

4.4.1 Embedded Generators with a Substantial Captiv'e Local Load

These generators will regularly operate in paraliel with the CEB network, but
supply the power requirements of a localised industrial or other facility. The
. Embedded Generator and the load, when considered together, may either be a.
net importer or a net exporte'r of electric energy from the CEB. Usually, there will
" be no special transmission or distribution lines built for the specific purpose of
connectihg the Embedded Generator. The connection will be through the point of
supply from the CEB to the captive local load.

Hydroelectric power plants located within tea factories and bior_nass‘-fired power
plants located in sugar industries are examples of this type of Embedded
Generator. _ -

The agreements, if any, between the Embedded Generator and the captive local
load, are beyond the scope of this Guide. This Guide.applies at the Point of
Supply to the CEB network. )

4.4.2 Embedded Generators with Minimal Captive Local Load

These are Embedded Generators specifically built to hamess a source of
energy, usually a renewable source of energy. These generators are typically
connected to the CEB network through a dedicated line. Typically, there will be
no other customér loads between the Point of Common~ Coupling and the

Embedded Generator. The Embedded Generator is always operated in paraliel
with the CEB network. : )

There are several embedded hydroelectric power plants and a wind power plant
presently in operation, with minimal captive local load. This mimnimal captive local
load supplies the requirements of the Generating Plant only.

4.4.3 Separate Agreement Required to import Energy

Embedded Generators should enter into a Service Agreement with CEB for the
import of energy from the CEB system.

" Page 19
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-4.5 Capacities

Most Embedded Generators presertly in operation in Sri Lanka are below 2 MW.
With several small hydroelectric sites with higher -potential, Embedded
Generators in the 1 — & MW range will be operational within the next few years.
" Similarly, new biomass-fired power plants and new wind power plants, are
expected to be in the range up to 10 MW.
Embedded generators larger than 10 MW are also possible at a few of the small
hydroelectric sites and at prospective wood-fired thermal power plants. Larger
wind power plants over 10 MW may also be a reality.

4.6 Locations

Embedded Generators are typically located away from grid substations of the
CEB. Often there are long lines, supported on concrete poles or steel pylons,
between the Embedded Generator and the nearest grid substation or distribution
line. ' '

Typically there are only a few customer loads on these lines, mostly supplies to
households or small commercial purposes.

4.7 Distribution System Arrangement

The typical system arrangement in the CEB was shown in Figure 1. The
recommendations in this Guide should be understood in the context of the
conditions and constraints under which the CEB eleclric power system operates.
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5. PROCEDURAL ISSUES

A flowchart showing the application process -up to commercial operation is
shown in Figure 2.

5.1 Initial Application_

5.1.1 Information {o be Provided

A Generating Company planning to build an Embedded Generator, or to connect

-an existing generating facility, shall initially apply to CEB. This application shall

be in the form of a letter, which, in the minimum, explains the following:

a) Name and address of the promoter (and Generating Company or other
Company name)

b) Proposed location of the Embedded Generator

.¢) Prmary Energy Source (hydre, biomass, wind, etc.)

d) Details of the Primary Source (summary.stream flow data, biomass
availability data, wind potential estimates, etc.)

e} Expected rated capacity and annual energy contribution to CER network

fy Expected costs and sources of finance (for new developments)

9) Expected construction duration (for new developments)
h) Financial information

The form of this Initial Application is given in Annex 1.

For hydroeleclri/c power plants, additional information listed in "Guidelines on

Private Participation in Small Hydro Power Development” should also be
provided,

For power plants other than hydroelectric, additional information listed in any
other relevant CEB Guidelines should also be provided,

5.1.2 Processing Duration

CEB would respond to an Initial Application within a reasonable time. to
acknowledge receipt, to request more - information or by the issue of an LOI. CEB

will also complete the process of evaluation of an Initial Application within a

reasonable time from the date of ihe Initiai Application.
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Figure 2 - Procedural Flow Chart of Embedded Generator Connection
‘ Process - |

Initial Inquiry (Section 5.1)

¥
CEEB Preliminary
Interconnection Studies

- ) ¢ K K
Information from CEB to - Discussions between CEB :
Generating Company and Generatilng- Company | -

(Section 10.2 and Annex 3) Y
[ssue of LOI (Section 5,3)

4

Information from Generating | .
Company to CEB -
(Section 10.2 and Annex 3) - : -

h

r

CEB Detailed |
Studies (S

nterconnection
ection 5.4)

Generating Company
Proposes Protection
Requirements

Generating Company
Proposes Protection Test
Procedures

4
CEB agrees on Protection
Requirements
(Section 18)

[

Signing of PPA
{Section 5.5)

Y

Protection Te

CEB agrees Interconnection

(Section 9)

st Procedures

Protecti

Undertake Interéonnection

L {Section 9)

on Tests

h 4

Cert

CEDB Issues Interconnection

ificate

Y

Commerci

—
al Operation

Page 22



CEB Guide for Grid Interconnection of Embedded Generators, Sri Lanka December 2000

Part 1:

5.2 Site _Refereh‘ce Number

Application, Evaluation and Interconnection Procedure

b

- After a preliminary review of the basic feasibility of the proposed de_velopmen'i

and interconnection, CEB shall allocate a Site Reference Number to the Inquiry.
This number will be used to refer to the Site in all subsequent documentation
about the interconnection, including the LO!, Power Purchase Agreemetit or any

other Agreement, Interconnection Certificate and the 'Interconnection Test
Record.

5.3 Letter of Intent

5.3.1

CEB, after receiving the initial application shall examine the site, the possible
points of interconnection, status of the network, and if satisfied about the

feasibility of the proposed Interconnection, shall issue a Letter of Intent (LOI) to
. . -
the Generating Company.

The Form of the LOl is given in Annex 2.

Period of Validity

A Letter of Intent (LOY issued to a Generating Company shall be valid for a
period of six(6) months from the date of the LOl. At the sole discretion of CEB,

the validity of the LOI may be extended six (6) months at a time, for a maximum
of two (2) years from the date of the LOI. ' ‘

if the Gen'erating Company does not apply for a Power Purchase Agreement
(PPA)} before the validity of the LOI expires, CEB may issue an LOl to a different
Company for the same site, '

5.3.2 Reservation of the Source e

The LOI in the case of sites operating on hydréelectric or wind power, of any
other primary source of energy which is site-specific by way of its availability, will
also imply the exclusivity of the site assigned to the Generating Company, within
the period of validity of the LOI. However, it is the responsibility of the
Generating Company to obtain the necessary approvals and rights to use the

primary energy source fram the owners of the site, Local Authorities and other
regulatory agencies.
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Figure 3 - Typicél Single Line Drawing of Embedded Generator
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5 3.3 Reservation of Network Capacnty

The LOI does not necessarly imply that network capacﬂy is reserved for the
Embedded Generator throughout the period of validity of the LOI.

5.3.4 Point of ln_terconnection

The LO! shall specify the Point of Common Coupling and the Point of Supply, fo

enable the Generating Company to develop the cost estimates for the
mterconnechon

5.4 Exchange of information about the Intercdnnectipn

5.4.1 From Generating Company to the CEB

Within the period of validity of the LOI, and when the detailed specification of the

. Embedded Generator are being prepared, the Generating Company shall submit
to CERB, the Technical Data about the Embedded Genérat_or, shown in Annex 3.
CEB may request additional, reasonably required, informatien frem the
Generating Company, over and above those included in Annex 3.

The Generating Company shall provide a single-line drawing of the electrical
system of the Embedded Generating plant up to and including the Point of

Supply. All protection relays and associated instrument transformers shall also
" be shown on the single-line drawing.

" A typical single-line drawing is shown in Figure 3.

The Generating Company shall also provide CEB with the proposed settings of
alt praotection relays and switchgear. ]

5.4.2 From CEB to the Generating Company

Following the issue of an LO! and after receiving the information shown in
Annex 3, CEB, after satisfying itself that the detailed design of the Embedded
Generator is in progress, shall conduct the necessary studies, including those

explained in Section 1 of Part 2 of the Guide, and provide the required
infermation te the Generating Company.
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5.5 The Power Purchase Agreement

" A Power Purchase Agreement (PPA) shaI[ be signed between the Generating:

Company and the CEB before commericement of Commerc.la! Operat[on of the
Embedded Generator.

If the Generating Company does not intend to supply electric energy to the CEB
too, a PPA shall be signed with the necessary amendments.

The PPA shall specify that the Interconnection should follow the requirements
specified in this Guide, and that an Interconnection Certificate shall be obtained
prior to Commercial Operation of the Embedded Generator.

5.6 O;jerational information to be Provided

Embedded Generators are usually not within the purview of the Dispatch Control
of CEB. However, Embedded Generators shall provide the following information
to CEB on an annual basis, within the period of a valid PPA.

The aim of providing this information is for CEB to establish a database to assist
in their planning of system operation, transmission and distribution.

-

At the end of each year of operation,

(a} Net energy export to the CEB network in kWh

{b) Maximum and minimum net power export in kw

(c) List of outages, with date, time, duration, probable cause (identifying
whether external or internal), damages (if any)

{d) Planned outages {purpose, date, duration} over three calendar months
ahead ..~

n

(e) Expected date of reconnection if there are long term outages, partiat or total,
at the time of submission of information.

In addition to the above information, obligations to provide an annual forecast of -

the operation of the Embedded Generator, specified in the PPA. should be
fulfilled.

On Embedded Generators larger than 3 MW: provide information monthly, within
a month from the last day of each calendar month.

On Embedded Generators equal to or iess than 3 MW: provide information
annually, within one month from the end of the calendar year.
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5.7 Costs of Interconnection

- 5.7.1 Direct Costs of interconnection and Studies

Costs of all equipment, protection’, systems, transformers, switchgear and

transmission line(s), as specified in this Guide, and the costs incurred by the
CEB in developing/providing site-specific Technical  Data about the

_Interconnection, shall be borne by the Generating Company.

All distribution lines and equipment on the. CEB-side of the Point of Supply shall
be owned, Operated and maintained by the CEB.

5.7.2 Costs of Network-side Modifications

As a result of Interconnection of Embedded Generators, it is possible that certain

~modifications or upgrades may be required on circuit breakérs, other switchgear

or transformers located at a GEB substation.

Any costs of modifications or upgrades to the CEB side of the Point of Supply
shall be bome by the Generating Company. However, CEB shall own, cperate -
and maintain such modifications and upgrades after the interconnection.

5.8 Metering

5.8.1 Metering to be at the Point of Supply

Energy and other metering required to measure the power transfer between the
CEB and the Embedded generator shall normally be at the Point of Supply. An
alternative metering point may be agreed between CEB and the Generating
Company. This agreement may include an allowance for the increase or
reduction in losses to CEB due to the change in the metering location. -

The.ty;')e and accuracy of the meters shall be similar to those of the CEB used to
meter CEB's bulk customers,

5.8.2 Metering Equipment Costs

The initial cosls of metering equipment shall be borne by the Generaling
Company. The meters and metering equipment shall be procured. owned,
operated and maintained by CEB.
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6. IMPLEMENTATION OF THE GUIDE

6.1 CEB to Implement the Guide .

CEB will implement the requirements of this Guide where an Embedded
Generator is connected to CEB network. '

CEB reserves the right to disconnect Embedded Generators that do not conform
to the requirements specified in this Guide,

6.2 Revisions

-~

This Guide may be revised by the CEB from time .to time, and it is the
responsibility of Embedded Generators to ensure that the Grid Interconnection
complies with the latest version of the Guide,

Any costs incurred by the Generating Company in complying w:th the revisions
to the Guide shall be borne by the Generating Company
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7. ErFeECTIVE DATE
7.1 Effective Date

The reguirements of the Guide will be mandatory for all Embedded Generators
connected to the CEB network for the first time, from 1% January 2001
onwards, subject to the provisions in Sections 7.2 and 7.3.

Embedded Generators shall be connected to and/or operate in paralle! with the

CEB system only with a valid Interconnection Certificate, subject to the
provisions in Sections 7.2 and 7.3, '

7.2 Generators Under Construction by the E{fective Date

All Embedded Generators under construction (_rﬁeaning that they have never
been connected to the CEB network for Commercial operation under a Power
Purchase Agreement, and that construction has commenced and orders have

been placed for protection equipment) as of 1% January 2001, shall comply with
the requirements of this Guide from 1% January 2003.

If such an Embedded Generator is ready -for interconnection between
1% January 2001 and 1% January 2003, the technical feasibility of such
interconnection that violates any of the requirements of this Guide will be
determined by the General Manager of CEB, and approval granted to operate
without an Interconnection Certificate untit 1% January 2003, Until then the
minimum protection requirements shall be,

« Qver and under voltage
+ QOver and under frequency
» Loss of Mains Protection

7.3 Generators in Operation by the Effective Date

For Embedded Generators in commercial operation as of 1% January 2001, the
General Manager of CEB or his aulhorised staff shall conduct the required tests
within 2 period of twelve (12) months from 1% January 2001. Any deviations

from the requirements of the Guide will be notified to the respective Generating
. Companies in writing.

The requirements of the Guide may be waived by CEB for existing Embedded
Generators for the lifetime of their protection systems. The Generating
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Companies'may then obtain exemption from certain requirements of this Guide
and obtain an Interconnection Certificate. :

The minimum protection requireménts,of such generators are,
+ Qver and under voltage

» Over and under frequency

« Loss of Mains Protection

- 7.4 Final Date for Compliance

In any event, no Embedded Generator that does not have an Interconnection
Certificate, shall be connected or remain connected to the CEB network in Sri
Lanka beyond 1% January 2003. : ,
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'8. INTERCONNECTION CERTIFICATE

8.1 CEB to Issue the Certificate

CEB shali issue an Interconnection Certificate after the tests required in this
Guide are performed.: '

8.2 Form of Interconnection Certificate

The Form of the Interconnection Certificate is given in Annex 4. The
Embedded Generator Test Record of the Form given in Annex 5 should be
attached to the Interconnection Certificate. The Originals of the Interconnection
Test Certificate and the Embedded Generator Test Record shall be retained a
"the address shown in the Interconnection Cerificate’and the Test Record. -

8.3 Validity

The Interconnection Certificate is valid for a period of three (3) years from the
dale of the Embedded Generator Test Record. after which, the Embedded

-Generator shall arrange a fresh Test o be conducted and request CEB for a
fresh Interconnection Certificate to be issued.

-

CEB reserves the right to inspect the protection systems of the interconnection,
any time within the validity of an Interconnection Certificate.

8.4 Designated Officers

CEB will designate an Officer or Officers to witness the interconnection tests
specified in this Guide, and to issue an Interconnection Certificate. CEB may
also designate one or several third party cerdification bodies or individuals to
perform the necessary inspection and testing, and to witness the tests, and to
recommend to CEB about the issue of the interconnection Certificate.

8.5 Testing and Acceptance Procedure

Testing and Acceptance Procedures are explained in Section 9.

8.6 Costs and Fees of Interconnection Tests and Certificate

The cost of conducting the Interconnection Tests either by the CEB or their
designated third parly certification bodies or individuals, wil be met by the
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'9. TESTING AND ACCEPTANCE PROCEDURES *

9.1 General

This section of the Guide covers: !

« guidelines for testing and acceptance

= information requirements before testing

+ “personnel requirements and test witnessing
» standard form to be completed

9.2 Responsibilities and Witnessing

The Generating Company will nominate a qualified person to act as their
representative for protection inspection and testing. -

The General Manager, CEB will nominate a qualified person to act as the CEB
representative o witness protection testing. This person will coordinate with the

Generating Company representative, to agree test procedures and equipment to
be used for the testing.

It is the responsibility of the Generating Company representative, to organise,
agree procedures with the CEB and undertake protection equipment testing. The

Generating Company may use staff and equipment provided by CEB, or a third
party, to assistin the tests,

Prior to testing, the Generating Company representative will certify by signature

that, -

(i) the earthing system conforms to the provisions in this Guide and other
relevant standards. T e

(i) the design and implementation of the generation and protection system
complies with the requirements of the Guide, and any protection specified
in the PPA.

D)} the generating systern is safe to operate and complies with all the
relevant requirements for electrical installations.

{iv) the commissioning tests have been completed, including all CT and VT
ratio testing.

iLis the responsibility of the Generaling Company representative to provide and.
complete the tast forms.
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The Generating Company representatwe should give as much notice as possible
of the requirement for testtng CEB shall make a suitable representative .

available within four (4) weeks of notice by the Generatlng Company that testing
is required.

Testing is to be withessed by the CEB representatwe The CEB representative i is
to certify by signature that the protection tests were witnessed as successful.

9.3 Test Procedures

The test procedures shall be proposed by the Generating Company. They will be

agreed between the Generating Company‘ representative and the CEB
representative prior to the testing day.

The procedures will be designed to demonstr&;tg the op’eration of all the

protection functions required by this Guide and specified in the PPA between the
Generating Company and the CEB.

The procedures will include, as appropriate:

* FEarthing System

« Secondary injection of test voltages and currents into test relays and the
operation of the relays observed

+ Demonstration that the operation of a protectlon relay opens, or lnh:bits the
closure of the appropriate breaker or contactor,

"+ Primary current injection tests, where practical, to demonstrate the operation
and ratio of CTs.

s Other tests as required. For example earth resistance, insulation resistance,
contact resistance.

A single line drawing of the installation showing the main power connections,
breakers, contactors, protection VTs, CTs and protection relays shall be

provided by the Generating Company to the CEB prior to the test day. A copy of
this drawing is to be maintained at the site.

A detailed protection arrangement drawing shall also be provided by the
Generating Company.

The test equipment used for measurements during testing shall be su:tably
calibrated and have a valid calibration certificate.
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The Embedded Generator Test Record to be comp!eled for acceptance testlng
and subsequent tests is given in Annex 5.

»

9.4 Test Intervals

The required grid connection protection is to be tested at the following times;

i}  Prior to acceptance of new generation plant for connection to the grid,
Short term connection may be allowed to set up and test the protection
equipment. o

i) Re-testing at intervals of no greater than three years to enable a new
Interconnection Certificate to be issued,

iii)) Following any significant change in generation or protection equipment. -

iv) Following any maintenance or repair, which mvo[ved the dlsccnnectlon or
rearrangement of any protection equipment.

When re-testing is undertaken, the protection seftings set at the original
commissioning shall be entered on the test record form.

9.5 Records

A written record in the form of Embedded Generator Test Record {Annex 5) shall
be maintained by the Generating Company. The storage location of this original
record shall be slated on the Test Record. A copy of this Test Record shall be
provided to the CEB. The Test Record will cover all the tests required.
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ANNEX 1- FORM OF INITIAL APPLICATION
- Date:

General Manager
Ceylon Electricity Board.

Initial Application to Build an Embedded Generating Plant

~ Viwe submit this Initial Application to express my/our desire to develop, construct,

- connect to the CEB network and operate an Embedded Generating Plant, the details
of which are given below. :

(a) Name and address of the promoter (Generaling or other Company name, if any)

{b) Proposed location of the Embedded Generator (attach maps exiracts of prewous
reports, etc., to identify the Iocatlon grid reference) ~

(¢} Primary Energy Source (hydro, biomass, wind, etc.)

(d) Details of the Primary Source {summary stream fiow data, biomass availability
data, wind potential estimales, etc))

(e} Expected rated ca pacity and annual energy contribution to the CEB network

() Types of Captive Loads (such as a tea factory, Cofmpany residential ioads), if any,
and the daily maximum and minimum demand of such captive loads.

{(9) Expected cost of the Embedded Generating Plant and expected sources of finance

(n} List available project information (Pre-feésibiiity study, Feasibility study,
Conceptual design, Detailed Design, Drawings)

e =

(i) Expected construction duration

(1} Financial information, including a cash flow statement for the term of the PPA, if
relevant. All costs should be estimated and any assumpticns made shall be stated.

we agree to provide any further information required by CER to process this Initial
Application.

Yours truly,

[Name (and Company, if any))
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~ Part 1; Appiication, Evaluation and interconnection Pracedure

ANNEX 2- FORM OF THE LETTER OF INTENT

Date:
Generating Company Name and Address:

Embedded Generating Plant Name and Address:
Site Reference Nurnber:

Letter of Intent

This refers to your Initial Application dated [date of initial application),
expressing your desire to develop the Embedded Generaling Plant described
above. The proposed Embedded Generating Piant has been aliocated the Site
Reference Number shown above, which should be used in alt future
correspondence with CEB and documentation about the Plant.

Details of the Embedded Generating Plant are the following:
{location, Province, District, land ownership. details, map references and any
other information useful to clearly identify the site]

The primary source of energy-efthe Embedded Generating Plant: [hydro,
wind, biomass ({specify the type such as saw dust, paddy husk, wood), elc.]

The Point of Supply (POS) locationis | ]

The Point of Common Coupling (PCC) locationis{ ]

-

CEB is pleased to inform you that we are agreeable 1o purchase electrical
energy from the proposed Embedded Generating Plant (hereafter referred to as
the Plant), subject to the Terms and Conditions shown below.
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Part 1: Application,'Evaluation and interconnection Procedure

1.

The Plant shall be built by [name of ‘individual or Company], and shall

remain under your ownership until such time the Plant enters Commercial
Operation.

This Letter of intent is not transferable, without the written consent of the
CEB. -

It at any time you decide not to proceed with development of the proposed
Plant, you shali promptly inform the CEB about your decision. '

The Plat shali be designed, built, commissioned and operated to satisty the
Standards and Requirements determined by the CEB.

The design, construction, testing, commissioning and operation of the
interconnection of the Plant with the CEB network shall be according to the
requirements and procedure specified in the "CEB Guide for Grid

Interconnection of Embedded Generators, Sri Lanka" (hereailier

referred to as the Guide). A copy of the Guide will be provided to you upon
reguest.

-

. The physicat location of the Point of Supply, at which the CEB shall meter

and receive the Plant output, is shown in the attached single-line diagram.

. The physical location of the Point of Common Coupling, beyond which other

CEB customers may be connected, is also shown in the attached single-line
diagram.

The CEB shall design and build the facilities {(including transmission lines,
distribution lines, switchgear and protection) required for the interconnection
on the Utility-side of the Point of Supply. The CEB may also authorise some
or all the facilities required for the interconnection to be built by you,
according the CEB standards and other [EC Standards. -

. The CEB shall assist you to obtain any rights of way or easements reguired

to build the interconnection facilities, including the transmission line.
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- 10.The costs of all facilities explained in 8 above and the cost of any rights of
way to be secured, shall be borne by you.

11.All equipment and transmission fine(s) on the CEB side of the Point of
_  Supply shall be maintained by the CEB.

12, [Tariff information to be defined by the CEB].

13. This Letter of Intent is valid for a peried of six (6) months (unless extended
as stipulated in the Guide), durihg which period you should submit to the
CEB the Feasibility Study and an outline plan for the construction of the
Plant. You should also provide the CEB the information required to preceed
with studies required to specify the requirements for the interconnection.

14.A Power Purchase Agreemént (PPA) shall be signed between {name of

individual or Generating Company] and the CEB, within the period of validity
of this LOI, as extended by the CEB.

15. THE CEB reserves the right to examine the detailed designs of the Plant

and equipment, and the facilities required for the interconnection with the
CEB network.

16. Commissioning tests of the Plant will be conducted by you, at your
expense, and the CEB shall be notified when such tests are conducted.

17.Cornmissioning tests of the Interconnection facilities (without actually.
making an interconnection) shall be conducted by you, at your expense,

and the CEB shall be notified when such tests are conducted, and may
attend such tests.

18.Tests on the Interconnection between the Plant and the CEB network

shall be conducted by [Generating Company] and witnessed by CEB, as
specified in the Guide. The costs of such tests shall be borne by you.

19.1t would be your sole responsibilily to obtain all the necessary approvals for
the construction of the Plant and Interconnection facilities from the relevant
Government and other agencies. These may include, bul not limited to,
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Part 1: Appiication, Evaluation-and Interconnection Procedure

Central Environmental Auihority, Previncial Environmenta! Authorities, LocaI:5

Authorities, National Water Supply and Drainage Board and the Imgat[on
Department

20.1t will be necessary for you to obtain a license from the [name of Ministry
supervising the subject of electricity or other Regulatory Agency] to
generate and sell electricity to the CEB prior to commengement of
construction of the Plant.

21.Any costs incurred by Iyou in the fulfillment of requirements specified in this

letter e_re at your scle risk and expense, with no claim whatsoever on the
CEB.

-~

: 22,'The delailed feasibility report and the plan for construction, including the
' design details, should be submitted to the CEB within six (6) months of the
date of this LOL.

23.The progress of the project should be reported to the CEB every three (3)
months from the date of this LO!.

Yours truly,

General Manager, CEB.
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ANNEX 3 - FORMS OF INFORMATION TO BE EXCHANGED
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CEg Guide for. Grid Interconnection of Embedded Generators, Sd Lanka December 2000 .
Part 1: Application, Evaluation and Interconnection Procedure

Information to be Provided by the CEB
to the Generating Company .

!
Rt N PSP i

This information shall include the planned (or prospective)' fault levels expected __
by the CEB in 10 years from the time of connection application.

Site Name —
Site Reference NUMDber ..o e

Location

Generating Company Name ...l

Contact e e e e e e ' .

Point of Supply {(location) ...............

Maximum fault fevels (for equipment selection and earthing de51gn)
Network design symmetrical fault leve! (KA or MVA) ...

Peak asymmetrical fault level at half cycle (kA)
3-phase symmetrical fault leve! at half cycle (M\_);A OrKA) v

X/R ratio for 3 phase symmetrical fault ...

1-phase to earth fault level (kA) (neglecting earth system resistances)

T om

X/R ratio for 1-phase to earth fault  (neglecting earth system resistances)

Mintimum fault levels (for protection design):
3-phase steady slate symmetrical fault level (MVA or kA)

X/R ratio for 3 phase symmetrical fault ... . .

1-phase to earth fault level (kA) (Neglecting earth system resistances)

XIR ratio for 1-phase to earth fault (neglecting earth system resistances)
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Part 1: Application, Evaluation and Intercennéction Procedure

Information to be Provided by the Generating 5ompany
to the CEB

Synchronous Generators with an',in's_talled capécity a};:ove 500 kw
Site Name
Location
Site Reference Nurnber
Generating Company Name..................._

Contact

Paint of Supply (location) ...

Maximum export capacity
Maximum import capacity
Fower factor operating range LT D R

Generator {for each synchronous generator):

Terminal voltage (kV)

Machine rating (MVA) ............. .. ... .

Stator resistance (pu) ... .. tolerance % ...
Sub-transient reactance (pu)
Transient reactance (pu)

......................... tolerance % ... ..
......................... tolerance %

Synchronous reactance {(pu) ... talerance % ..........
Sub-transient time constant (ms)........................ tolerance (ms) ..........
iransient time constant (ms) srevecs .. lolerance (ms) L.

Transformer (for each generator transformer);
Rating (MVA) ’

Reactance (pu) tolerance % .......
Resistance (pu) ............. ... ... tolerance % .......
Voltage Ratio ... ... vector group ...... ...

Cable or Line between the Generator and Point of Common Coupling
where this cabling distance exceeds 50 metres
Voltage (V) .......oon0 .

Reactance (Chm) ......... Resistance (Ohm)

FPage A3: 3



CEB Guide for Grid lnte_rconnection of Embedded Generators, S Lanka December 2000
Part 1: Application, Evaluation and Interconnection F’rocedUre

- Information to be Provided by the Generatmg Company
to the CEB -

~ Synchronous Genazrators with an installed capacity below 500 kW

Site Name .
- Location .

Site reference

Generating Company Name..........o.ooovvvnii

Contact

Point of Supply (]ocatio-n}...,....._,......
Maximum export capacity (kW) ...............
Maximum import capacity (kW) ..............
Power factor cperating range ................

Generator {for each synchronous generatori:
Terminal_ voltage (kV) ................

Machine rating (MVA) ................

Stator resistance (pu) ................

Transformer {for each generator transformery;
Rating (MVA) ............

Reactance (puw) ... ... ...

Resistance (pu)

Voltage Ratio  ........................ . Vectorgroup ... ...........

Cable or Line between the generator and Point of Common Couphng where
this cabling distance exceeds 50 metres
Voltage ........ ...

Reaclance (Ohm) ................ Resistance (Ohm)
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Part 1: Application, Evaluation and Interconnection Procedure

ANNEX 4- FORM OF INTERCONNECTION CERTIFICATE
Interconnection Certificate

Issued on: Valid from: [date of Test Record] ‘
‘ Until: [date three years from Test Recordj]

Generating Company Name and Address:
Embedded Generating Plant Name and Address:

Site Reference Number:

-

This is to certify that upon a request made by [Generating C(v)mpany]. Ceylon_ Electricity
Board (CEB) has conducted the necessary inspection and testing of the interconnection of
[name of embedded generating plant], to CEB network, on [date].

CEB is satisfied that fembedded generating planﬁ] complies with the mandatory

requiréments specified in the "CEB Guide for Grid Interconnection of Embedded Generating
Plants, Sri Lanka" [dated (state date of the Guide}).

The Embedded Generator Test Record is attached.

Exemptions, waivers or conditions allowed by CEB are listed below.

(signed by Gereral Manager
of CEB or Authorised Nominee)

The originals of this Interconnection Cerificate and the attachment are retained al-
{Generating Company name and address or
Embedded Generating Plant name ang address)

—— e L
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CEB Guide (ar Grid Intercenhection of Embedded Generzators, Sri Lanka " December 2000

Part 1: Application, Evaluation and Interconnection Procedure
ANNEX 5 — EMBEDDED GENERATOR TEST RECORD

Note: Full details are required of all generators to be tested, A separate copy of this form
- shali be used for each generator. ' '

1. Site Information
| Site Reference Number.......................

Generator identification or number (if more than one generator at the siie)

2. Generating Company Details:
Name and Address: -

.
Telephone Mumbers and Contact Person
The original of this document is stored at: . e
3. CEB Details:
Name and Address of Contact Person: -
4. Names of Representatives
Generating Company representative
NEME e
Designation .................... ‘
Manufacturer’'s Representative (optional) Name ...
Designation ............. ... .
CEB Witnessing Engineer -
Name ...
Designation ...
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€8 Guide for Grid Interconnection of Embedded Generators, Sri Lank _December2000 -
Part 1: Appiication, Evaluation and Interconnection Procedure : -
- 5. CEB Supply Details ]
- Voltage :

Maximum Fault Levél
Peint of Common Coupling location '
Point of Supply location

6. Generating Plant Details

Type (synchronous, asynchronous, invertery ... -

Manufacturer
Serial No‘_

Rated: ) .
Voltage (V)

Currént (A)

Frequency (Hz) .

Power Factor ' -

Capacity (kVA)

Output Winding Delta or Star

Earthing arrangement

7. Protection details .
Check availability of single line drawing and protection drawings 1 e

8. AVR and Power Factor Control

Record details of the mode agreed for the generator AVR and Power Factor conirol
operation or constraints placed on ouiput,

......................................................................................................................................

.......................................................................................................................................




CE8 Guide for Grid Interconnection of Emaedded Generators, 51 Lanka

December 2000

Part 1: Application, Evaluation and Interconnection Procedure
- 9. Installation inspection;
Measured earth resistance from commissioning: .. ohm
Earth continuity checked . tick

(Generating Company to provide & cemmissioning or test record)

Earth bonding of all equipment is satisfactory
{(Main bonding viewed by Witnessing Engineer)

Generator neutral éarthed in isolated mode

Generator neutral disconnected when connected to the grid

-~

View rating and settings of main breakers and fuses

Generator isolating switch is locable in the QFF position,

and provides suitable safe isolation

r—_ tick

tick

tick

tick

tick

If this is the first acceptance test of the plant following construction and

commissioning, or following major maintenance or upgrading, the Witnessing

Engineer should have sight of all appropriate .commissioning test documentation.
Particularly relating to interconnection protection relays and their sensing CTs and

VTs, as appropriate

Nominal Voltage for test and measurement

g o

1 tick

Y

{calcutate the nomipal test voltage from the HY voltage and the transformer ratio, if
this is an HV connection. For an LV connection, the nominal test voltage is 230V)
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Part 1. Application, Evaluation and Interconnection Pracedure :

10. Protection Relay Tests

Identify which interconnection protection relays have been specified and fitted.
List here the interconnection protection functions that have been implemented, and
the maximum and minimum relay operation levels, that have been specified for this

site. The levels will be those specified in the Guide unless by other agreement.
For example:

“Rocof ........ Hz/second” *Undervoitage ........ V., overvoltage ... Y

= Complete the tripping tests of the protection relays and record the test results on
the following pages. '

* The testing is to demonstrate the operation of the interconnection protection relays
as required by the Guide. :

= The testing is not intended to verify detailed relay performance such as levels of
pick up and drop off.

= The generator should be off and isolated during the following tests on
Interconnection Protection.

Operation Time Recording

* The operating time for each relay test shall be recorded.
< The operating time of the relay shall be measured, including any delay set in the

©mem—e—

relay.

= If practi.ca], the operaling time should be measured as far as the auxiliary contacts
on the appropriate breaker, and include any time delay units oc other features.
= The time being measured for each test shall be recorded with each test.

*  The total maximum tripping time specified in the Guide includes the operation time
of the appropriate breaker, '

The breaker operating time is: ... .. ... ms (from commissioning tests)
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Part 1 Application, Evaluation and intérconnection Procedure ;

EMBEDDED GENERATOR PROT ECT!ON CALIBRAT{ON AND TRIPPING TE"‘TS

- December 2000

OVERVOLTAGE :
MANUFACTURER ... TYPE‘
SERIAL NUMBER .............., S _
MEASURED PRESENT SETTING VALUES TRIP SEQUENCE
VALUES AT FIRST RECORDED AT THE AND
ACCEPTANCE* . PRESENT TEST INDICATIONS
Line or Voit Time Volt Time Volt Time
phase {ms) {ms) (ms)
tasted ’
R-N OR
R-Y
Y-NOR
Y-B -
B-N OR
B-R

* Show designed values, if the present test is the first Acceptance Test.

UNDERVOLTAGE
MANUFACTURER TYPE ... ..
SERIAL NUMBER
I MEASURED PRESENT SETTING - VALUES TRIP SEQUENCE
VALUES AT FIRST RECORDED AT THE AND
ACCEPTANCE* PRESENT TEST INDICATIONS
Lire or Volt Time Voli Time Volt Time
phase (ms} {ms) (ms)
tesied
R-N OR
®-Y
Y-N QR
Y-BB -
B-N OR
B-R

* Show dasigned values, if the present test is the first Acceplance Tes(,

TIME MEASUREMENT
State what time is being measured, e.g. relay only or relay and breaker auxiliary™

MEASURING EQUIPMENT

Type

Calibration Certificate:

YES/NO

Page A5: 5



PR T v dwian e Mah e
o e Rl R S TR e
L . .
. .
.

O |

CEB Guide for Grid lnter::onnection of Embedded Generators, S Lanka December 2000
Part 1: Application, Evaluation and Interconnection Procedure _ ;
.o . o
“OVERFREQUENCY : y s
MANUFACTURER ................... TYPE (ot
SERIAL NUMBER ..o,
MEASURED PRESENT VALUES TRIP SEQUENCE AND
VALUES AT FIRST SETTING RECORDED AT - INDICATIONS
_ - ACCEPTANCE" THE PRESENT L .
: TEST
Hz Time Hz [ Time Hz Time 4
(ms) {ms) {ms)
PHASE
TESTED
-

* Show désigned values, if the present test is the first Acceptance Test.

UNDERFREQUENCY
MANUFACTURER ..o TYPE oo
- SERIAL NUMBER ...
MEASURED PRESENT VALUES TRIP SEQUENCE AND
VALUES AT FIRST SETTING RECORDED AT INDICATIONS
ACCEPTANCE* THE PRESENT
TEST
Hz Time Hz Time Hz Time
S ‘ (mns) (ros) (ms)
PHASE
TESTED

" Show designed values, if the present test is the first Acceptance Test,

TIME MEASUREMENT

Slate what time is beiny measured, e.g. "relay only” or ‘relay and breaker auxiliary”

MEASURING EQUIPMENT

Calibration Centificate:

e —

YES/NQ

Serial number




CEB Guide for Grid Intarconnection of Embedded Generators, Sri Lanka

. December 2000
Part 1: Application, Evaluation and Intercennection Procedure -
LOSS OF MAINS (1) (IF APPLICABLE) ~
LOSS OF MAINS FUNCTION s MANUFACTURER e e
TYPE ... SERIAL NUMBER et e
’ . TRIP
MEASURED PRESENT SETTING VALUES RECORDED SEQUENCE
VALUES AT FIRST ' AT THE PRESENT AND
ACCEPTANCE® TEST INDICATIONS
Hz/s or Time Hzls or Time Hzls or’ Timme
PHASE angle Delay angle Delay angls Delay
degrees {ms) degrees (ms) degrees (ms) g
L

- Show designed values, if the present test is the first Acceplance Test.
TIME MEASUREMENT

State what time is Being measureq, €.g. “relay only” or ‘relay and breaker auxiliary”

MEASURING EQUIPMENT

Type ...

Calibration Cer'i.i‘fi‘f;'ai.£é; ' YES!NO

LOSS OF MAINS (2) (IF APPLICABLE]

LOSS OF MAINS FUNCTION

Segial number ...

e MANUFACTURER ...

TYPE .. ... SERIALNUMBER ... ...
[ ; [
MEASURED PRESENT SETTING VALUES RECORDED TRIP
VALUES AT FIRST : AT THE PRESENT SEQUENCE
ACCEPTANCE*" TEST AND
: INDICATIONS
Hz/s or Time Hz/s or Time HzisgrJ  Time
PHASE aingle Detay angle Dezlay angle Delay
| degrees (ms) degrees _{ms) degrees {mhs)
]
* Show designed values, i t

TimME MEASUREMENT

State what time is being measured. e.g.

MEASURING EQUIPMENT

Type ...

Calibration Cerdificate: YES/NQ

he present test is ihe ficst Acceplance Test

Seria! number

“relay only” or “relay and breaker auxiliary™

Page AS:

7



. .Part1 Application, Evaluation and Intercennaction Procedure

 MANUFACTURER .o TYPE.......

Pag JW'“““T“"‘—-ﬂ---u—--~_~————-_-——---.u__..,...m

CEB Guide for Grid Interéonnection of Embedded Generators, Sri Lanka

LOSS OF MAINS REVERSE VAR (IF APPLICABLE) = -

SERIAL NUMBER .......oo.o.vooee e
LT e
MEASURED PRESENT - VALUES RECORDER © OTRIP - faii| st
VALUES AT FIRST SETTING AT THE PRESENT SEOUENCE 4
ACCEPTANCE* TEST - AND.#H: L
INDICATIONS .4~ o
PHASE | kvAr Time | kVAr Time KVAr | Time SRR B
(s) {s) (s) b i
-~ .
* Show designed values, if the present testis the first Accepfance Test, i
TIME MEASUREMENT _ - RANS
State what time is being measured, £.9. relay only or relay and breaker auxiliary" ;
MEASURING EQUIPMENT _
Type .. e Sefialnumber L
Calibration Certificate: YES/NO
LOSS OF MAINS INTERTRIP {IF APPLICABLE)
Ensure Inter-trip details are shown on the S:ng!e Line and Protection Drawmgs tick
Check existence of suitable voltage barriers on trip signal systems, S
if a;};propriate tick

Record deiails below, or on atlached sheeis no. | .. of each Inter-trip arrangement.

Operate intertrip from remote location and check signal and operation of the trip D tick
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CEB Guide for Grid Interconnection of Embedded Generators, Srf Lanka

December 2000
Part 1: Application, Evaluation and Interconnr:ection Frocedures
NEUTRAL VOLTAGE DISPLACEN_TENT (NVD) (IF APPLICABLE)
MANUFACTURER ...........c.cc.icucceccennnrr. TYPE :
SERIALNUMBER ......oooovvne i f
Test to be undertaken with NVD relay disconnected from VTs
. PRESENT VALUES
MEASURED - BETTING RECORDED AT TRIP SEQUENCE i
VALUES AT . THE PRESENT . AND
COMMISSIONING* : TEST ' INDICATIONS
SECONDARY Volt . Time Voit Time Volt Time
INJECTED {s) : {s) ()
VOLTAGE
TO -
OPERATE

" Show designed vaiues, if the present test is the first Acceptance Tes!.

TIME MEASUREMENT _
State what time is being measured, for example “relay only” or ‘relay and breaker auxiliary”

MEASURING EQUIPMENT 3 | “
TYPe Serialnumber ... ...

NVD VT Operation _
Demonstration of Operation of NVD

- e ——

To demonstrate the operation of the NVD protection, the supply to the NVD detection VTs
should be removed on the HY side. :

Each phase should be disconnected in turn. Disconnection may he achieved by removing the

HV fuse feéding the VT. When a phase is removed the NVD should operate and the
breaker(s) tripped.

Red phase Tick
Yellow phase | Tick -
Blue phase | Tick

An experienced qualified person should undertake the removal of HV fuses.

I the above test results are acceptable to the CEB Witnessing Engineer, the Generator may
now be synchronised and connected to the grid

- Page A5: 9



CEB Guide for Grid interconnéction of Embedded Generators, Sri Lanka December 2000
Part 1: Application, Evaluation angd Intercorinection Procedure '

11. Synchronisation of Machine

Synchronisation method: " Auto/Manual

Check commissioning test record of grid and machine phase rotation

- or undertake test now . l _ I tick
12. Voitage Fiuctuation at Sychronisation
System Voltage R-N or R-Y Y-N or Y-B B-N or B-R
Generator OFF '
Generator
connacted

The voltage fluctuation should not exceed 3% at the Point of Cornmon Coupling.

Machine load currents during this test
R e A A B A

- Voltage measuring equipment N
Type Seriai number ... .. :

Current measuring equipment

TYP® v Serial number ..

13. Loss of Phase Protection

With the machine running and in paraliel with the CEB system, remave each phass
supply in turn, followed by a 3-phase disconnection. This test may be undertaken at
any power level. Disconnection may not be effective at low power levels, in which
tase, restrictions on minimum sustained generator output may be made.

‘Red Phase , E Tick

Yellow Phase ; Tick Ne generator should stop and
N further operation be disablad until |

Blue Phase Tick the grid or the relay is reset,

3 Phase F Tick

14.  Loss of Tripping and Auxiliary Supplies

Prove all protection is ‘'fai) safe’ by de-energising the protection relay power supplies

Machine should shutdown and be unable to restan

until the pdwer supply is restored |:| Tick
(Alternatively alarm to be made dead)

EITY R
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Part 1: Application, Evaluation and Interconnection Procedure

15.

CERTIFICATION o ' -

On behalf of [the Generating Company], | certify that the generating equipment in the
above has been installed and tested, and complies with the requirements of the CEB
Guide for Grid Interconnection of Embedded Generators, Sri Lanlfa

Signature - ..ocieieeiivnns

© Name:

Designation

Date

D L

On behalf of Ceylon Eieclricity Board, | certify that | have witnessed the above tests.
SIGNature e e et -

Name:

Designation

| Date._ - -

Excepiions

i\lotes

(a)

(b)

{c}

(d)

Details of any restrictions on power output.

Detalls of abnormal loads. -

Note of changes or aclions requasted.

Indications of any future changes. . :
Record details of any power, voltage or current fluctuations.

Continue on a separate sheet if required and state number of sheets here

. ek‘;ra pages attached.

These tests are to safeguard the CEB system. They do not cerlify that the whole

instaflation has been tested, or meels the requ.rements of the Wiring Reguiations, or
any statutory requirements.

The overveltage znd undervoltage protection should be tasted using an external
variahble vollage supply.

Where the frequency of the plant is dependent on the mains frequency, an external

vasiable frequency signal generator, wilh suitable voltage and curent output should be

used for the under and over frequency protection tests,

The loss of mains protection should be tested by application of a frequency ramp ofr
step frequency change, in accordance with the manufacturer’s instructions.
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