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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 4: System selection and design

FOREWORD

Thqg International Electrotechnical Commission (IEC) is a worldwide organization for s ization~eonjprising
all [national electrotechnical committees (IEC National Committees). The obje i romote
intdrnational co-operation on all questions concerning standardization in the electfical and™® ectr ic fI€|dS. To
this| end and in addition to other activities, IEC publishes International Standard i¢ations,
Tedhnical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides 5 “IEC
Pulllication(s)”). Their preparation is entrusted to technical committees; any prested
in the subject dealt with may participate in this preparatory work. d non-
governmental organizations liaising with the IEC also participate in ikj closely
withh the International Organization for Standardization (ISO) in actco ined by
agrgement between the two organizations.
The formal decisions or agreements of IEC on technical matt possible, an international
conlsensus of opinion on the relevant subjects since eac € ee has representation from all
intdrested IEC National Committees.
IEQ Publications have the form of recom ational
Corpmittees in that sense. While all reasépabl of IEC
Puljlications is accurate, or any
misjnterpretation by any end user.
In ications
trar] rgence
bet iqated in
the
IEQ or any
equi
All
No [li rts and
me age or
oth s) and
exp| er |IEC
Pugli
Attq ions is
indi
AttgntionNjs dra AR £y th bject of
patent rightS\IE€*shaN not\e held responsible for identifying any or all such patent rights.

The main-task o C technical committees is to prepare International Standards. In

tighal’circumstances, a technical committee may propose the publication of a technical

The required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

The subject is still under technical development or where, for any other reason, th
the future but no immediate possibility of an agreement on an International Standard.

ere is

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62257-4, which is a technical specification, has been prepared by IEC tec
committee 82: Solar photovoltaic energy systems.

hnical
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This document is based on IEC/PAS 62111(1999); it cancels and replaces the relevant
of IEC/PAS 62111.

This technical specification is to be used in conjunction with IEC 62257 series.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/369/DTS 82/389/RVC

Full information on the voting for the approval of this standard can be found_in the rep
votind indicated in the above table.

This gublication has been drafted in accordance with the ISO/IEC Dij

IEC 6R257 consists of the following parts, under the general ti
renewable energy and hybrid systems for rural electrifications
Part 1 General introduction to rural electrification
Part 2: From requirements to a range of electrificd
Part 3: Project development and management
Part 4: System selection and desig
Part 9: Protection against electrical ha
Part §:
Part 7:
Part §:
Part 9:
Part 10:
Part 1[1:
Part 12:
Part 13:

aras

The compnittes eCi t the contents of this publication will remain unchange
\ ¢ e indicated on the IEC web site under "http://webstore.iec.
the dgta related tot eCific publication. At this date, the publication will be

e trgnsformed in
* regonfirmed,

o withdrawn

+ replaced by a revised edition, or
* amended.

International standard,

A bilingual edition of this publication may be issued at a later date.

1 Under consideration.

parts

prt on

small

1 until
ch" in
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INTRODUCTION

The IEC 62257 series of documents intends to provide to different players involved in rural
electrification projects (such as project implementers, project contractors, project supervisors,
installers, etc.) documents for the setting up of renewable energy and hybrid systems with a.c.
nominal voltage below 500 V d.c. nominal voltage below 750 V and nominal power below
100 kVA.

These documents are recommendations:

- to

choose the right system for the right place,

- to
- to

These
devel
docun
deal

This
correg

releva

The p
projed
match

design the system,
operate and maintain the system.

bping countries. They shall not be considered as all inclusive
nents try to promote the use of Renewable energies in
vith clean mechanisms developments at this time (C@

urpose of this part of IEC 62257 j
t developers to select and de
ing the identified ne

documents are focused only on rural electrification concentr

ific to

parts
bst as
hents,
tems.

s and
while
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 4: System selection and design

1 Scope

This part o provides a method for describing the resulis to be_achieved by the
electrffication system independently of the technical solutions that could bé implemented,.

IEC 6R257-2 assessed the needs of the users and the different poWwe ctures
which|can be used for meeting these needs.

In relation to the needs of the different participants to the prgje s that
shall be achieved by the production and distribution subsys

In Clguse 5, energy management rules to be consid ibed.\These are key issues
as thqy have a great influence on the sizing of th

In Clquse 6, the information that shatl be “pro sizing process to allqw the
partic|pants to select the equipment or ill the functional requirements
are ligted.

To allpw and facilitate the of the
wholg| electrification syster e 7 is

2 N|ormative

The fpllowing refg
For dated referen
the referenced do ding any amendment) applies.

IEC 6p2 }w endations for small renewable energy and hybrid systems
electrification : : Geheral introduction to rural electrification

IEC 6R257-2; Recommendations for small renewable energy and hybrid systems
electrificdation — Part 2: From requirements to a range of electrification systems

are indispensable for the application of this docyment.
cited applies. For updated references, the last edifion of

fon rural

fon rural

IEC 62257-3, Recommendations for small renewable energy and hybrid systems
electrification — Part 3: Project development and management

IEC 62257-4, Recommendations for small renewable energy and hybrid systems
electrification — Part 4: System selection and design

IEC 62257-5, Recommendations for small renewable energy and hybrid systems
electrification — Part 5: Protection against electrical hazards

IEC 62257-6, Recommendations for small renewable energy and hybrid systems
electrification — Part 6: Acceptance, operation, maintenance and replacement

for rural

for rural

for rural

for rural
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IEC 62257-7, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 7: Technical specifications: generators 2

IEC 62257-8, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 8: Technical specifications: batteries and converters 2

IEC 62257-9, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 9: Technical specifications: integrated systems 2

IEC 62257-10, Recommendations for small renewable energy and hybrid systems for rural

electr

IEC 6
electr|

IEC 6
electr|

IEC 6
electr|

3 T

The f

of the

3.1
REN
renew

3.2
hybri
multi-

3.3
dispa
a sou
time

EXAMH

£5 FH Im} £ 4.0 = L. H L H o+ FH
noadarorit rdart rTU. 1TCTUrrmmedr o uIimiiedtivrio. TITCTY Y TIiiarraycr

P257-12, Recommendations for small renewable energ
fication — Part 12: Appliances 2

P257-13, Recommendations for small renewabl
fication — Part 13: Other topics 2

erms and definitions

bllowing referenced documents areNindi € application of this docy
undated references, the latest 4

ea different kind of technologies

LE; a genset is a dispatchable system, REN generator is usually a non dispatchable power system.

rural

rural

rural

ment.
dition

bcified

3.4

non dispatchable power system
a non dispatchable system is resource dependent; power might not be available at a specified

time

3.5

storage
storage of energy produced by one of the generator of the system and which can be
reconverted through the system to electricity

2 Under consideration.
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3.6

rural micro-power plant

power plant that produces less than 50 kVA through the use of a single resource or hybrid
system

3.7
rural micro-grid
grid that transfers a capacity level less than 50 kVA and powered by a micro-power plant

3.8

Individual Electrification System
IES
microtpower plant system that supplies electricity to one consumption p
singlel energy resource point

with a

3.9
Collegtive Electrification System
CES
microtpower plant and micro-grid that supplies electricity to
a sindle or multiple energy resource points

ptioh points|using

3.10
isolafed site

electrlc characteristic to define a sp
regional grid

ional/

3.11
remote site/area
geogrpphic characteristi

4 Fpunctional r:qure
4.1 Preliminaries

The p
electrffi

chara
renew

tures,

o’provide a method for describing the results to be achieved by
solated sites as defined in IEC 62257-2. It describes the
bhese installations based on production of electricity] from

This s s i expected results of production precedes the technical dimensjoning
and d ing

4.2 |Qverall needs to be satisfied

4.2.1 The main factors to be considered

The Figure 1 illustrates the main factors influencing the design of the micro-power plant.
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Technical factors involved in
the system implementation

Economic factors involved in
the system implementation

System design

/N

International/national/local
regulations and technical
standard requirements

Site charagteristic

IEC 1050/09

TS 62257-4 O IEC:2005(E)

4.2.2 Needs and characteristics to be consider
For dach of the factors depicted in Figure ds or’ characteristics [fo be
considlered shall be identified. These meeds cs are defined in the following
four tables.
1) Technical factors: needs or char ristics\to considered
Nature of participant \ \ Ne}({ characteristics
Project|developer/owner C plla e with t eneﬁlep ification and relevant standards.
f\Qﬁme t use erg d side management).
Project ‘ i mp mentation: limited constraints in term of transportation njeans
implemfenter/subco O
e with limited skills of local manpower
stallatign work duration on field
ized equipment
Operatpr \ ims}gy?erational rules to cope with possible limited skills of local operating ggents.
Simple mounting tools.
liable equipment.
Simple management rules.
Clear and unambiguous contractual rules not liable to lead to situations of disgute or

litigation.

Relevant technical choices/customer management.

Limited spare parts variety.

Maintenance contractor

Reliable and easy-to replace on site equipment.

Limited spare parts variety.

Different users/loads

Types of energy services (see IEC 62257-2, Annex B).
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Economic factors: needs and characteristics to be considered

Nature of participant

Needs or characteristics

Project developer/owner

Balance between initial capital costs and operational costs to make the project
profitable and sustainable.

Project implementer

Balance between equipment cost (purchase and installation) and specified level of

reliability.
Subcontractor To make a correct living while fulfilling the project implementer’s requirements.
Operator Operational costs as low as possible.

Maintenance contractor

To have an economically viable activity while fulfilling the operator’s requirements.

The different users/loads Available services promised (lighting, TV, etc.) at the contractual level of gualjty, for
the agreed price.
3) Slite characteristics /\<\\ (\«
Gelneral \>
charagteristics Detailed characteristics omments
of site

Geongphical
enviroriment

\%tails.

Weather statistics (T°, humidity, [ General informati ta\dar conh/mns at the site.
wind, precipitation,...)
Climate and severe weather or i e alma zh\/he site will affect the
other local hazards the dnature of its constituent
loads on structures (caused by wind,
<\ (sand, salt, dust, other pollutant wastes)
Energy r}\urﬁi\ initien of local energy resources. See Table 4 fof further

véneral access to the site, bridges road conditions and ease

the distribution network.

ean of ccess {o antharound
of access around the site (streets, rivers, etc.) will affect the
difficulty in crossing obstacles and anticipating changgs in the
micro distribution network, etc.
Na re of soil(ge OM This affects the type of structure (overhead or burief power
iranment) lines) to be set up and the execution of certain installations
(for example grounding system depending on the registively
characteristics of the ground and system foundations)
\égog p aJdistribution of the This is a major factor in the cost of the dis}ribution
user points infrastructures. The scatter or concentration of the user
points, their probable evolution (near or remote) time-wise
and space-wise, will affect choices concerning the topplogy of

Human

Distance-telbetween-homes

environment

/loads — production system

Type of homes /loads

Acceptable noise level

Acceptable waste disposal level

Type of building to house the
rural micro-power plant

Biological
environment

Fauna

Flora

Type of tree cover
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General
characteristics Detailed characteristics Comments
of site
Technical Type of grid in place, if any
environment (overhead, buried)

Civil engineering

Quality of existing building This may be either an ally or an enemy as regards to certain
solutions for providing supports for conductors (the physical
quality of the building, its height, etc.)

Possible local maintenance at
Site

Available telecommunication
facilities
N

Equipment restrictions /\ \

Local technical skills level \ \/

Soil resistivity \ \ \ )

Socioldgical Energy needs of customers How much energy@lleNéed de be willing tp pay for.

environiment
Energy consumption habits Load profileWﬂgﬁy.\

Type of clientele

Ry

icro-
dividual
ame

rity,

Econorpic Cost of fuel eI|v\F&:d to site

environiment
Costo te a serV|

S

S}l\ b|||t ofc tom S

ar|ﬁ\\\s f&Qe?w:\/

4) Regul%oﬁsﬁg\@ts to be considered

ory ar a References

\@Eﬁre rf\nT\quéI ity
~/

Electriqal safety.

Distribgtion, cenditions

B 'Id' L F'H Laliadeilo it LE L. £ N H TAY
uildings: Eenerationtdistribution Hto—befi ofr-eaeh-projeet)

Fuel storage

Fuel transport

Local environmental impact

Classified site

Miscellaneous decrees

Possibility of recycling equipment

Production/distribution specification

Import duties

Regulatory authorities

Local labor requirements
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4.3 Introduction to subsystems
An electrification system shall be considered as a system

Ensuring a power supply service (production subsystem)

and

Providing an electric power distribution service (distribution subsystem)

and

Providing a service to the user (demand subsystem)

whilst|at the same time

Complying with constraints (acting on all subsystems)

— an electrical power production subsystem,

— a demand subsystem for utilizing this electrical power.

Collegtive Electrification Systems (CES) for multiple usérs TRcorp

— a |demand subsystem including
inglividual users.

Thesq subsystems may correspond to\syst opera nd maintained by different pgrsons
or bodies. In certain caseg; the eptire systernamay be\ owned, operated and used by the|same
persof.
4.4 Functionalfes \ an subsystem
4.41 General
The fdinction of a/production sub is to supply electric power and energy to an individual
customer or ga_combinati ermanent customers. This generating subsystem shpll be
capable of fylfilling \ issi despite contingencies of availability of the renewable and/or
fossil| eng 3 ihg it and by managing the consumption patterns ¢f the
custom

jectives assigned to such an installation can be summarised in the following

The trTchnicaI ob

essential points:

— to|produce and store the energy in a cost effective manner,

— if “REN” sources are used:
« to give precedence to use of REN where they are locally available,

« to store energy from the REN sources whenever they are available,

* to use the back-up energy sources (generator sets) to meet the specified level of

service when REN are not available or sufficient.
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Detailed functions to be achieved by a production subsystem

a functional view point, a production subsystem is a system capable of:

Ensuring a power supply service

Consi

sting of:

1) Generating electric power

The different sources and architectures are described in IEC 62257-2.

This function embodies everything needed to produce electric power corresponding to the

of the

n
CuU

TH

2) Pr
Fg

re

3) Managing energy

In
oW
ra

ok

caccary charactarictine Af vynltana froniianoy harmanine nowwar and ~anciimntinn
ot e Totrteo— oot g e reoguerc e o oo P oYW eTa oot troTt

vvvvvv y A | b
stomers, according to the needed quality of service (IEC 62257-2).

is function covers:

energy conversion from primary energies;
energy storage (when applicable);
electric conversion from d.c. to a.c. (if necessary);

energy measurement.

uirements.

o, \management of the energy production/storage;

of the

to the
actual

mited
(solar

ediate

PY manacement of the enerav storaae/distribution:
J g J J 7

e management of the energy production/distribution;

e management of the genset operation “on/off” (when applicable).

4) Providing information on the operating condition of the installation

The installation is required to provide the users and operators with the information they
need to control energy production and consumption in their own interests, and where
applicable, that of the community.
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4.4

.3

Detailed performances criteria to be achieved by a production subsystem

Each criteria shall be developed in order to express the quantitative objectives to be obtained
for the sites studied.

The information should be presented in accordance with the general model given in Annex A.

4.5

4.5

Provi

consiy

2)

3)

4)

5)

A

Functional description of a distribution subsystem

Detailed functions to be achieved by a distribution subsystem (or rural micro-

grid)

Th
po
to
ac

Methods should be put in place to account

[o}:

fing an electric power distribution service

ting of:

ints are supplied from the rural micro-power plant
the energy requirements of the different types

bSES.

cation
apting
nomic

bution

Not degrading the level of quality

THe availability and supply qualit when

dgsigning the rural micro-grid.

Including protection s needed to ensure safe operation

Prptection should 3

e | Protect t icro cts to
the exten i

e | Localize thenn bower
plant and

Executing the ~> ion

ThHis£un ement

rules ad matic

fupction, Jn to guarantee that energy is provided to the users. This shall be

completed.white_insuring the long service of the production subsystem equipment.

THe design of the rural micro-grid shall permit modification of its configuration according to

decisions based on information given by the energy management system.

That means:

e allow any agreed changes;

e switch on/off circuits connected to the genset (when applicable);

e switch off circuits according to priority rules;

e provide information to the operator.

Managing compliance with the user’s contract

It shall be possible to apply commercial rules in conjunction with the technical service of
making electricity available (connect/disconnect the users under contractual rules).

The use of advanced monitoring and accounting devices can greatly assist in forcing the

co

mpliance of contract.
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4.5.2 Detailed performances criteria to be achieved by a distribution subsystem

It is impossible here to recommend any general quantitative objectives (performance levels).

The essential task will hence be to define qualitative objectives (performance criteria) in a
functional specification before determining the technical dimensions of the system.

Each criteria shall be developed to express the results to be obtained for the system type
studied.

A typical tool for describing functional characteristics of a rural micro-grid is indicated in

AnneX B in the form of functions/performance sheet concerning how to_connect thel rural

microtpower plant to the application points.

Each fural micro-grid entails aspects specific to the site concerned.

Depending on the characteristics of the needs to be satisfi i rural

microtgrid will be constructed on the basis of the following criteria

e THe number of energy delivery points;

THe number of principal and secondary trunk/feed d in the light of the
digtribution of the users at the site, the maximum }dj ystem
logses.

» THe possibility of having a certain r part
of i i i

As for

e THe quality level (IEC"¢

« THe apparent predi livery
pdint (peak power)

« THe service which
sh plant
an

« TH

Figure rid.
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4.6

Detail

Provi

Consi

1)

2)

4.7

Micro-power plant

Interface
micro-power plant/micro-grid

In

THi

fra
su

Distributing enefgy to the appliances

Hd

/ (single or three phases)

Individual ]
connections Secondary lines

User

Main line \
ﬁ\\K
N\ AN ‘

%rj\ ialk structure for rural micro-grid
d m

Figure 2 — Functional diagram

re‘dre included all the electric functions able to provide, switch on/off electricity

1/05

pplied
tment

from

the distribution system interface to the final user’s application.

NOTE In some projects, this function could include the supply of the appliances (such as lamps for exa

Constraints to be complied with by production distribution and demand
subsystems

1) Matching the characteristics of the site

mple).

This function signifies all constraints, such as geographical, technical, economic or
sociological, as well as human factors specific to the site that the design and performance

of

the facilities to be set up will have to satisfy.
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2)

3)

4)

5)

5

5.1

In

This Clause 5_descr
choicgs that gheyNmyp

Figuret
operati

“REN” powergd\ s
management is @’

possilble condition

-18 - TS 62257-4 O IEC:2005(E)

Ensuring protection of persons and assets

The equipment shall be designed to control risks to individuals, operators or third parties.
In addition, they shall be protected from the faults that may occur on the different parts of

the installation.

Minimizing special maintenance to make energy available
That means:

* making easy installation;

« facilitating operating conditions;

o

| facilitating dismantling;
| facilitating expansion.

Far reasons of cost, it is imperative that the installation can cg
reqiuiring frequent intervention by specialists.

Complying with regulations

THis function groups together all the technical
ingtallation shall comply to be usable.

This specification stipulates the «i

Enpergy manageme

General

ithout

airts to which the

L It is

nergy
e best

hnical

in the
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A system governed by regulations

| Energy management

\ 4
REN Energy Energy Energy Electricity User supply
— generation storage conversion distribution
Other energy
resources Elll';lgy PlU\-:u\at;Ull
| Safety /\\ |(_
A\

5.2

To

below|

1)

2)

3)

4)

5)

manage energy in REN systems,

Adequate management of resour¢es and

Tq manage energy in an isolated sy
prpduction from rene
resources match the
management is negex

of[the entity prqviding
be complete@w

Giving precede

Energy managy a olated system is to give precedence to generation
rewewabl nergies i to reduce consumption of fossil energy and lower s

Maximisi ervice life and performance of equipment

Managing'energy

equipment has been designed

an isolated system also involves ensuring a long service life f|
equipment. Thissentails giving precedence to equipment protection in relation to supy
that«the’ capital investment is used correctly throughout the service life for whig

IEC 1(

ed system

considered, as des

52/05

cribed

verall
ot the
This

itments

ghould

from
ystem

or the
ly, so
h the

Managing the storage system

Quality of battery management has a very high impact on battery life, on the system’s

level of performance, and life cycle cost.

Managing the available quantity of energy

Managing energy in an isolated REN system consists in:

* maximising the use of the available REN, which is generally limited,

» optimising the sharing of the available quantity of electrical energy produced from the
REN, amongst the different users or appliances.
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In a single-user system, over-consumption will interrupt supply. The user quickly learns
how to use the energy of the system correctly.

In @ multi-user system (for example, a rural micro-power plant associated to a rural micro-
grid), steps shall be taken to preserve the store of energy to the benefit of the greatest
number and avoid jeopardising the common installation. Clearly, several solutions are
possible, for example:

e The grid is live only during a certain time periods and the power of each user is limited;
in this case, it is the time the network is live that limits the quantity of energy

distributed.
« the grid is live for a considerable period during the day, resulting in better service
Lt baat HH batl tk Hall 4+ L. il it £
quallt_y, Jul IU\.{UIIIIIB UL Uunre P\JVVUI AVdliidavuIiC U TAUIT UoTIl diitu uuIre unIILILy Ul nergy

the user can consume to be limited during a certain period of time. Depending)on the

dimensions of the installation, this quantity of energy can be r ne or
several days.

e | An appropriate tariff structure is implemented to limit energy const i bw for
the expansion of the system from revenues of large ¢ X' step or
graduated tariff is recommended to provide low cost s but
charge higher consumers for further system expansion

In|systems comprising electrochemical storage, ene 9 gem ils taking

the 2 . nning

exjposure to renewable energy resources, sometimeg 38 di i vices,
stprage is generally in the form of the energ 9 i ication |or ice
infice production systems.

6) Managing the quality of the electrici
THe final factor in energy management— ) i i tricity

dellivered to the user. The follo

. a.c.freq@
e [ harmonic ratig

(pseudo-sing W

hich depends directly on the quality of the inyverter
or generator used and shall be appropnate fpr the

Clpuse 6 ik act of the energy management assumptions on system sizing.

53 |D

Accorfding to the itgd quantity of energy produced by any micro-power system genegrating
electr|city frem RENY/it is mandatory to use high efficiency, low consumption appliancegs and
make |use ‘of all energy demand control resources readily available.

6 Expected results from the sizing process

6.1 Introduction

Clause 6 presents recommendations relative to the information to be provided in a sizing data
report.

While each designer may freely choose the specific method used for sizing a system, the
objective is to define a framework of assumptions within which sizing can be described,
including the type of documentation to be forwarded to the Project developer.


https://iecnorm.com/api/?name=1447c0eeebbe4c17c777015c4d791f1b

TS 62257-4 O IEC:2005(E) -21-

Common rules for the presentation of results should be applied by plant designers, so that
any Project developer can objectively compare the various offers related to this specification.

Clause 6 gives transparent technical and economic criteria for "suitable" sizing, thus making it
possible for the offers to be easily compared.

6.2 Participants in the sizing process

A plant sizing process requires a number of active participants, see Table 1.

Special attention shall bhe exercised in order to request these nqr’ririnsm’rc ta nrn\/i e the

projegt with information/decisions they hold or are responsible for.
Table 1 — Participants in the sizing proce/s\<(\

Nature of participants Liabilities of the partlmpants/aio\\{he \k@ ;}o\ce\sg
User Expresses electricity demand needs
Projedt developer Defines the requirements to be fulfilled \ \
Engingering consultant Assists the project developmr&:t\mﬁ reviewing defsign
proposals
Projedt implementer Establishes proper de?zrgn\ nd | ng/\

6.3 |[Elements for comparing vario

All depign proposals should be based

The different design pro 3 N i i gential
points:

— alllassumptions useé
— teghnical sp i
— prbvisi

- dig
- eV
- sy
— dgsi
— ot

“

ample

6.4
6.4.1 General

Subclause 6.4.2 provides an outline for the types and quality of information that should be
provided as part of the project development documentation.

The proposal should contain the following information:

general commitment to supply the amount of energy required to meet the needs of the
users;

assumptions retaining to demand and renewable resource data;

description of any severe weather events and previsions made to reduce the risk of outage;

technical specification;
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— energy outputs;
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— costs including all economic assumptions used;

— documentation of design warranty.

6.4.2

General commitments to supply

TS 62257-4 O IEC:2005(E)

These commitments are presented in IEC 62257-2, but can be summarized as major points in

Table 3.

To size the production subsystems, the project implementer should consult with the project

owne

todetermime—asetof retevamtimdicators:

Some|examples of these indicators are:

e users’ power “satisfaction factor"

Plant sizing is committed to a probability of production ve

tinme specified by the user, they will be supplied with a secme power '8

energy time and whenever required, complying with préde
refjuirements.

e A rate of forecast coverage of REN investments

This rate of coverage is as follows:
Probable quantity of energy tl(t<>lqnt

é;t(p>duc th

‘ENs 3

Quantity of energy

(month by month)

. ther criteria could
pdrticipants involved i

[able 2 — Perspect

tobe coansu

Table 2.

t any
unt of
pbower

infg of the perspective of the different

NZAS N

Perspective

Criteria
PWQt <kv\el er J\\\/éwner Operator User
Technidal prquide \[Sg,ﬁem operates for System is easy to Power is availdble
eq velof e desired operate and maintain when wanted of
\ equipment life specified in contract
Financipl Positive cash flow System minimizes non Price of energy| is
will exist to cover technical losses and affordable
replacement cost promotes easy service.
and operating cost in
accordance with the | 10 Pbe able to operate
business plan in a given budget
Contraqtual Power will be System is installed Ownership and Power is suppl ed in
auppiicd ‘lilluuyil “IU dlluI Upcld‘lilly I’illdllbidi a‘uuu‘lulc UI’ dbbUIUdIIbU VVII. 1
design life correctly the project is clear and | agreements
secure
Environmental Project is Project is Low adverse system No long term negative
environmentally environmentally environmental impact environmental impact
sound sound
Sociological Project is Social benefits: Acceptability of the Development of local
sustainable health, education,... system by the activities

customers

Limited negative
impact on quality of
life

3 Measurements made from the same point.
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Table 3 — Commitments indicators

Requirement Proposed production Electrification Proposals for contractual
subsystem system commitments between suppliers,
operators and users (when
REN Storage | Genset IES CES applicable)
User requests a given result of [ X Tyl N/A Commitment to supply:

process over a given period; no

quality requirement » process result defined for a period of

one month, one week, for a number
of n months out of 12, n weeks out of
52 or n days out of 365

Every day, X X T,.1 T,.C Commitment to supply:

user would like to have multiple

hour enefgy supply at constant eriod of
voltages |with several humber
appliancg¢s on, simultaneously ks out of
and

accepts a lack of energy

because [of adverse climatic

conditions

Every da, W to supply:

user would like to have multiple | X X Tal 3, oX_the ntity of subscribed

hour enefgy supply at constant ower/energy defined for a|period
voltages |with several one month, one week, for a

number of n months out of 12, n
weeks out of 52 or n days qut of
365

appliancg¢s on, simultaneously
and

requires gnergy even in X X « service availability over fixg¢d time
adverse glimatic conditions periods
and /\&-\

accepts fo have energy only
during dgfined periods in the
day

Every daly, \/

user would like to have y
24h/day 2\

e same as above, but

e 24 hour service availability

6.4.3

A pregentatj e and quality of the data used in the sizing process allows the groject
develpper to argin of uncertainty associated with this process. These, combined
with the design assumptions allow a careful review of the designer’s work. The following
tableq pravide a classification structure for the different data used in most system design and
sizing| processes. These data are relative to:

— site (Table 4);
— consumption (Table 5);
— resources (Table 6, 7 and 8).

Different kinds of information are used to characterize these data.

For the site and consumption data, the designer shall be asked to detail the level of data used
in the design process.
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For the resource data, the designer shall be asked to detail the level, case and record of data
used in the design process.

Level: the technical quality of the data used in the sizing process.

Case: the geographic relevance of the data for the specific site.

Record: the length of the data history used in the sizing process; records are the same for all
technologies.

Nis a

nuUmber of years and M 15 a number of months that shattbe specified._The fengtijof the
history of the data should be representative of the expected lifetime of the

Historical data are data of sufficient quality to assess inter years change patterns.

Weather statistics: only provides a multi-year average data.

Table 4 — Knowledge of s}x

Site topography \ \\/

Level

Exact location of site including but not limited to:

. Topographical map with a resolution of at
10 m elevation resolution.

. Exact location of each of th

photos.

>

Level

. Spatial la

e community on measurements or informal mapping techniques.
. General ynde K:;\tgget

Level B

g of
\1\m/éd to:

Exact Igcatign op site ingfudi
. Topogr i } solution of at least a 1:100 000 of the surrounding area includjng

. Mu erstanding okthe vegetation of the area around the site.

Level #

%/i&lqowk&&ut}k\nxm}g/wﬁh minor topographical information such as internationally available gata
ts Wi i

|thﬁ\km resglution.

Site climate

Level

Mon inforrqation on site temperature, humidity, rainfall, snowfall, days of ground fog and otHer
enwiron tal’conditions. Data includes monthly averages as well as maximum and minimum values

forall relevant parameters.

™~

Level

Seasonal information on site temperature humidity, rainfall, snowfall, days of ground fog and other

tal P2 HH Dat Liadl L Ll & I
efvironrrentaleonditons—Data-reludesseaserataveragesas-wetasmexdrmurmanrdmirtram-values

for all relevant parameters.

Level 3

Yearly information on site temperature, humidity, rainfall, snowfall, days of ground fog and other
environmental conditions. Data includes averages as well as maximum and minimum values for all
relevant parameters.

Level 4

No specific or unconfirmed understanding or of site climatic information.

Site hazards

Level 1

Detailed information on the yearly occurrences of hazards such as floods, lightning, hail, high wind
events, tornados, tropical storms, hurricanes, typhoons, sandstorms, and icing events. Data would
include number of events, seasonal characteristics and historical maximum values for threats present
to the local area.

Level 2

Basic information on the yearly occurrences of hazards such as floods, lightning, hail, high wind
events, tornados, tropical storms, hurricanes, typhoons, sandstorms, and icing events. Data would
include average number of events per year.

Level 3

No specific or unconfirmed understanding or of site climatic information.
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Table 5 — Knowledge of consumption data

Expected energy consumptions

Level 1 Very accurate knowledge of the consumption and time domain including specific loads, frequency

and duration of use on a daily level (complete detailed load profile).

Level 2 Daily consumption with at least the day/night portion distributed over the day.

Level 3 Daily consumption, with average of week days and average of weekend days.

Level 4 Daily consumption, monthly average.

Level 5 Daily consumption, yearly average.

Change in consumption

Level 1 Historical change in load usage or community growth. Detailed understanding of\nlaned-lgag

increases.

Level % Estimate of load or population increase. /\\ &

Level 3 Basic understanding of load increase. \ \ )

Table 6 — Knowledge of resources: dan
Data / \
Sun Wind Biomass|

Level 1 | Diffusion and direction | « 15 min avexage win Feedstock specif|cation
components measured speed nts. including BTU vajue,
at a fine hourly moisture content] bulk
frequency, over a ¢ Measured and specific stoc
horizontal surface, with to provi density.
ambient temperature, unobstricted Exposu Chemical/minera
wind speed and to the windwa o makeup (proximate
direction ectiog. ndard: daily records | 5 5gis), stock dize and

. Went at volumetric flow rate storability characleristics
. and water turbidity. of biomass fuel. Quantity
Values for storage available per wegk.
capacity, head height,
pipe length. Seasonal
description of water
s quality and debris.
. easurement of
ambient temperature
and barometric
pressure
recommended.

Level 4 | Daily sun'shine 15 min average wind Run of river: daily Feedstock specif|cation,
irradiation overa speed measurements |records of flow rate and | quantity availablg per
herizontal surface. at a height to provide | water depth. Seasonal month.

unobstructed exposure | description of water

to the windward
direction.

15 min average
measurements of wind
direction.

Measurement of
ambient temperature
and barometric
pressure
recommended.

quality and debris.

Standard: monthly
records of volumetric
flow rate and water
turbidity. Values for
storage capacity, head
height, pipe length.



https://iecnorm.com/api/?name=1447c0eeebbe4c17c777015c4d791f1b

— 26—

TS 62257-4 O IEC:2005(E)

Table 6 (continued)

Data

Sun

Wind

Hydro

Biomass

Level 3

Average daily sunshine
over a horizontal
surface.

Hourly average wind
speed measurements
taken at 1 s intervals.

* Measured at a height
to provide
unobstructed exposure
to the windward

~H tH

Run of river: monthly
records of flow rate,
water depth, water
turbidity. Seasonal
description of water
quality and debris.

Standard: seasonal

racorde—of volumaetric

Feedstock specification,
Quantity available per
season.

HeetoR-

¢ Wind measurement at
two heights recording
maximum, minimum
and standard deviation
of readings.

Hourly average
measurements of wind
direction.

flow rate, water turbidity,
general water quality

and debris. Values for
storage capacity, he

height, pipe lengthy

Level 4

Average monthly
sunshine over a
horizontal surface.

Hourly average wind
speed measurements at a
height to provide
unobstructed exposure tg
the windward direction.

Hourly avefage
measuremen
direction.

of win

Level §

Level §

Level 7

<
N
QB

B

Monthly average of wind
§Q9\éd.

Level §

Yearly average wind

speed.

SO
N
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Table 7 —- Knowledge of resources: data retained for considered site

Data
Sun Wind Hydro Biomass
Case 1 At the approximate At the approximate location | At the approximate At the approximate
location for the system | for the system installation at | location for the system location for the system
installation at the the considered site. installation at the installation at the
considered site. considered site. considered site.
Case 2 | At a location in very At a location in very
close proximity to the close proximity to the
considered site and considered site and with
Htha th 1 k. 1
with-the-same-gereral—the-same-generat-ai
characteristics. flow characterlst|cs
Case B At a location removed At a location removed
from the considered site | from the considered site
but where correlations but where correlations
can be made to the can be made to the
considered site using considered site using
either mathematical either mathematical
formulations or proven formulations or proven
resource mapping resource mapping
techniques. techniques.
Case # At a location removed | At a location removed
from the considered from the considered site
site but with similar but with the same
solar irradiation general air >
characteristics is characte StIC
expected. expected
Case p At a locatio
from the c n5|dered si
and where acc
corr ion can A
M e %ources range of data history
Data
|nd | Hydro Biomass|
Record onsecwtive Ynohths 0 da}\eel’écted on site with N years of historical data what can be used |n a
geng/a%\so\ latiQfy;
Record 2 /M\o secg\}\mo hs (}f\d/ta collected on site with N years of weather statistics.
6.4.4 Technical characteristics for the main equipment proposed
For epch (type of primary equipment (generators, batteries, converters), the Tables 9(to 20

|nd|c e\the technical speC|f|cat|ons that WI|| lead the prOJect |mplementer to recom

guide, as different types of mformatlon will be needed for different sizing and analysis
methods. The specified information would be provided to the project developer as part of the
system design process.
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6.4.5 Characteristics for a photovoltaic array
6.4.5.1 Photovoltaic modules

See Table 9.

Table 9 — Characteristics for photovoltaic modules

Information to be forwarded to the project developer

Quantity and type of modules (complying with the standard requirements of the general specification)
Unit peak power:

Mogule rated voltage:
Number of modules:

Sufface of each modules (m?):
Sitg constraints accounted for: /\

Technical characteristics leading to the final choice of 93*3@ }n\od\u{es

o

Tofal peak power: \ \)
Geperator rated voltage:

Elgctrical characteristics I = f(V):

Site constraints accounted for: /\

6.4.5.R Modules supporting structure

See Tjable 10.

Table 10 —N(Zfé‘ﬂi s%od § supporting structure

[\Inf&@at‘i‘on@\ke fc\m{wme Project developer

<

Nupmber of structures:
Type of structurin etc.):

Number of panels:

Implementing thw oltarspane| field:

Techmigal él@ra?t‘eﬁstics leading to the final choice of structures

jree Of Incline vartability:

Orientation of panels (°/North):

Degree of orientation variability:
Site constraints accounted for:
Surface to be reserved:

Tracking axis if applicable:
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6.4.6 Characteristics for wind turbines
6.4.6.1 Wind turbine

See Table 11.

Table 11 — Characteristics for the wind turbine

Information to be forwarded to the project developer

Type of power output:
Rated power:

Rated voltage:
Rated wind speed:

Rated frequency:
Mahufacturer name and part number: /\

Technical characteristics leading to the final choice of)m@ t rbi}»gs

Helix/rotor diameter: \ \)

Nupmber of blades:
Poyer curve:
Coptrol system:
Orientation system:

Stdrt up wind speed (rotation):
Cut out wind speed:
Destruction wind speed:

Site¢ constraints accounted for:

6.4.6.p Wind turbi

See Tjable 12. C

\I‘S\th@al characteristics leading to the final choice of supporting structures

Mepns, for access for maintenance:
Ang¢haring method:

Foundation design specification:
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6.4.7 Characteristics for the generator set

This provides specification for any fossil fueled generator that is capable of starting at any
time, either manually or in an automated fashion.

See Table 13.

Table 13 — Characteristics for the generator set

Information to be forwarded to the project developer

Generator type (brand and model number):

Voltage and frequency:

Start up method:

Geperator housing:

Fugl type:

Standby or prime power specification:
Unit dimensions:

Unit weight:

Rafed power (kW):

Number of phases:

Technical characteristics leading to}h.g ﬁnal&h}gic?\ of\t*k@ ge\neétor

Cogt:

Power (kVA):

Op¢ration voltage range:
Norpinal voltage:

Op¢ration frequency range:

Norpinal frequency:
Fugl consumption at varying pe
Spded:

Power factor:
Coqling type:
Goyernor type:
EnJironmental ¢
Safpty constrai
Op¢rating ¢
Insfall
Spqcific

Ovgrall dimensigns and weight:
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6.4.8 Characteristics for micro hydro turbines

See Table 14.

Table 14 — Characteristics for micro hydro turbines

Information to be forwarded to the project developer

Output power:
Manufacture:
Model number:

Technical-characteristicsleadina-to-the-finalchoice-of-hvdro-turbine
) 24

Nofninal flow rate:
F
Un{t power curve versus flow rate:

ow rate range:

Nofninal output frequency:

Makimum and minimum head requirements:
Cost:

Tofal harmonics distortion:

Poyer factor allowed:

Frgquency regulation:

Conptroller type:

Salety features and fault protection:

Input flow protection:

Opkgrating temperature range:

Overall dimensions and weight:

Insfallation constraints, chara terlstlcs and

=

]

V)

<

Copnection and wire d|agr

e
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6.4.9 Characteristics for biomass generators

See Table 15.

Table 15 — Characteristics for biomass generators

Information to be forwarded to the project developer

Fuel type:
Startup/backup fossil fuel type:
Output power (kW):

Thermal output:
Mahufacture:
Mogel number:

Technical characteristics leading to the final choice of biomass/g\émerato(r\

Opkgration voltage range:
Nofninal voltage:

Opkgration frequency range:
Nofninal frequency:

Poyver factor:

Mirfimum load:

S
Fugl curve, fuel conversion and required inja

—

drtup fossil fuel fraction:

Makimum biomass fuel moisture content:
Makimum gas particulate count:
Tundown ratio:

B
Mixed fuel startup time:

gmass cold startup time:

Enyironmental constraint
Safety constraints includ

Opkgrating constra
Usér interface/contrals:

Installation constraj

€easure specification:

Spegcification of Mete
Overall dime}(&i{@s nd\weight:

=
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6.4.10 Characteristics for power converters

Power converters allow power to be converter between a.c. and d.c. busses or busses at
different voltages. Units that combine two or more component functions are expected to fulfill
the functions called out for all devices. See Table 16.

Table 16 — Characteristics for power converters

Information to be forwarded to the project developer

Type of power conversion:
Output power:

Spegcification of control panel:

Nofinal frequency output (as appropriate):
Mahufacture:

Mogdel number:

Technical characteristics leading to the final choice of d.c./d.c. coyﬁs@}\arﬁ(tr\astoMeN

Nofninal input voltage:
Input voltage range:
Nofninal output voltage:
Ouijput voltage range:
Makimum current:

Unit efficiency versus load or current:
Engrgy consumption at zero load:

Safety features and/or system protection:
Existence and calibration of converter protection (agai e _polarity in particular):
Copformity to applicable standards:

Opkgrating temperature ran
Overall dimensions and weig

Insfallation constraints, charagtexistics and\
Copnection and yﬂ‘e\di ram

\T/e&mn&l chargagter%{'kcs NMto the final choice of d.c./a.c. inverter
: N

Sar
Op
No
Uni
Cornti
Maxi
Out
Voljage regulation:

Pegk efficiency:
Total harmonics distortion:

Power factor allowed:

Frequency regulation:

Maximum allowable pass through current from a.c. loads (if any):
Power versus efficiency curve:

Evolution of throughput versus load:

Consumption at zero load:

Inverter electrical protection:

Output protection including short protection and breaker speed:
d.c. disconnect breaker:

Standby mode and standby power consumption:

Altitude limits
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Table 16 (continued)

Technical characteristics leading to the final choice of a.c./d.c. power rectifier

Same as above, additionally:
Maximum input voltage:
Input voltage:
Unit efficiency versus conversion power curve:
Input frequency range:
Over voltage protection:
Charge controller algorithm:

Existence of temperature correction for charge control:

6.4.11 Characteristics for the load manager/meter

loads] See Table 17.

Table 17 — Characteristics for load

ctrical

Information to be forwarded to ﬂ}é pr9,u%:t c%(el\pe\

Mepsured parameters:
Opgrations manual: Q
Sygtem control features:

<

Technical characteristics Ie)Lng\s\\e\flnéN{hmce hergy managers

Coptrol options:
Voltage range:

Cufrent range:
Load disconnect voltage
Poyer requirements:
Mepsurement a@ :
Safety features, (o]

Overall dimensions

Insfallation constfain

Co mection}ﬁ‘d\wi

R
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6.4.12 Characteristics for system controllers
System controllers provide a over riding structure that ensures that given proper operation,

the power system operates smoothly and in a unified manner. Depending on system size and
complexity, system controllers can be either relatively simple or very complex. See Table 18.

Table 18 — Characteristics for system controllers

Information to be forwarded to the project developer

Measured output and conditions:
Operations manual/user interface description:

Technical characteristics leading to the final choice of system controue'r\

Coptrol parameters:

Un{t power:

Usér interface specification:

Coftrol parameters and capabilities:

Fadilt detection capabilities:

Sygtem monitoring and logging capabilities:
C

]

Copnection and wire diagram:

htroller type (PLC manufacture and model):
Eqliipment communications requirements:
Remote access capabilities/description:
Opkgrating temperature range:
Overall dimensions and weight:
Installation constraints, characteristics and instructignss
\
6.4.13 Characteristics for batterie Q

See Tjable 19.

/\ \iQfo?ht@tio\n/to\t;e forwarded to the project developer

- NtskelL.€admium etc):

Part number
Expectédreplacement interval:

Technical characteristics leading to the final choice of battery

Cost:

Battery type (flooded, tubular, absorbed glass-mat etc):

Nominal battery capacity at different discharge currents:

Operational characteristics of battery at standard operating temperatures for the considered site:
Voltage charge and discharge characteristics for the battery:

Approximate battery internal resistance:

Cycles to failure information for various battery depth of discharges:

Battery terminal/lug type and location:

Casing material:

Battery dimensions and weight:
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6.4.14 Characteristics for links and wiring

See Table 20.

Table 20 — Characteristics for links and wiring

Information to be forwarded to the project developer

Quantity and material specification
Type approval
Cost

Technical characteristics leading to the final choice of links

Crpss section
Inqulation material
Inqulation level
Wire material
Temperature rating
MdIti stranded/solid

MdIti or single wire cable
Caple type (armed, shielded, waterproof, etc.)

6.4.13 Energy outputs
See Tlables 21 to 23. G

Table 21 — Energy output™r renewable energies

>\V'4tage Frequency

\% Hz

Energy source Associate Installed
electric capacit
energy
genermir N (N

Expected gnergy
output

kWh/ygar

To be defined | To be defined
for each for each
project project

Sun Phetovoltaic
5

To be defingd for
each project

Water Mic drautic VA
pepenpit

Biomags as Ia}\ A

Wind Wind ygpire WA

\ \Tage 22 — Energy output from fossil energies

Energly solrce Associated Installed Energy Voltage Frequency Expected gnergy
electrical capacity type outpuyt
energy
generator KWhiyear
Fuel (gas-oil, Generator set kVA a.c. To be defined | To be defined | To be defined for
motor spirit, gas, for each for each each project
etc.) project project

Table 23 — Energy output from storage

Storage Type Capacity Power Energy Voltage
type
Batteries
Hydrogen
Fly wheel
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An example system specification and data quality assessment is provided in Annex C.

6.4.16 Presentation of the costs

It is important that the costs associated with the project should be presented in a manner
clearly understood by the parties involved. Costs will be broken down into four areas.

— initial investment cost (equipment, infrastructure and installation);

— operating costs (labour and expendable materials);

— replacement costs (equipment and installation);

- re

It should be noted that all cost calculations differ depending on the p e cost
calculations are being provided. A user who is leasing a specific syste il know
the battery replacement cost as this may be the responsibility of the iS3 ng thus
only the monthly service fee need be provide to the consumer. The a hplete

system will however, want to understand all of the associated \ life to
compare this to other electrification options.

Costs|supplied to the user should be provided in at lea

— yejarly cash flow;

— tofal life cycle cost;

— leyelized cost of energy;
— annualized maintenance, operating, an

Equations for each of these concepts,\tak S 2 vided
in Anpex D. Equations for/Other iprpartant fig berms more applicable to the system from
a bus|ness prospective are i

All the¢se costs shall be iating
not oply the di nt ’ nergy
throughout the i TAf allation. ThisYwill enable the depreciated difference (income —
cost) fo be compared '

6.4.17

A wairan BS| power system is an important factor but unfortunately very
hard fo <ollest and i . This is generally due to the structure of the project, the specific
criterip tha NS ek design process and the fact that the input to the design process
formation) is highly variable. Determining that the micro-power plant is
operaling issan easy_assessment, knowing that it can produce the specified amount of gnergy
in 10 years_ is almost impossible. Although obtaining a design warranty stating that the slystem
was desighed to provide a specified load given specified renewable input should be obthined,
it is much more important to know that the organization doing the design has experience in
the field of hybrid power systems. It would also be appropriate to have individuals with
experience review any proposals or system designs provided by third party organizations.
More information on tests for small power systems is provided in Clause 6 of IEC 62257-3,
relevant tests for renewable energy electrification systems.

6.4.18 Steps to reduce the impact of climatic hazards on system performance

Steps shall be made to reduce the impact of climatic variability by detailing the level of
resource and demand information available and their effect on the variability of the service
delivered. An effort shall be made to ensure that appropriate data is used for the design. It is
expected that the designer will provide a reference to the process used in the design and
sizing of the system.
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6.4.19 Presentation of the environmental and social impact

List of items concerning the environmental impact assessment will be produced.

6.4.20 Presentation of the socio economic impact assessment

The fi

6.5

nal design shall be checked in the light of previous socio-economic studies.

Proposal for a sizing process

The design and component sizing of hybrid power systems, both large and small, require an

under,
easy,
time

methgdology shall be adopted to simplify the process to allow for ré

gener
— th

- th
- th

— cost of the different technology options;

- if

pgwer distribution materials;

fa

To dis
but cl
quite

obtain

There|
syste
descr
writte
recon
a met
shoul
gener

6.6

Q’rsmriing of many nnnflir‘fing and n\/nrlalnlning criteria_In some cases the solution |

quite

in others it is much more complicated. To add to the difficulties, usya
to complete detailed assessments for each individual syst

al, there are six basic technical criteria that have great impact6

b load to be met in the community/household;
b natural resources available close to the community/ heuse
b cost of diesel or alternative fuel;

the system could be community based, the

veral periodicals that can be referenced. Thg
this text is that for any major project or implemen
ing of the system be developed or adopted. This methog

This Clatse deals with design assumptions other than resources and demand data addr|

in 6.4

ot the
basic

ipn. In

tems:

pst of

ble to

2257,
n get
ss, is

bower
ex E,
books

only
ation,

ology
it into

essed

These design assumptions cover different aspects such as level of service. equi

ment

life, maintenance and replacement assumptions.

Table 24 summarizes the impact of energy management assumptions on the dimensions of an

install

ation and the impact of level of service on the sizing of an installation.
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Table 24 - Incidence of energy management assumptions on system sizing

Level of service assumptions Incidence on sizing

Number of days without renewable energies Battery autonomy

Battery cycling choice
Battery type

REN generator dimensions for charging the batteries

Function of generator set Power of the set
¢ back-up (participation in the annual total energy) Type of set:
« emgrgency supply in the event of a component * motor spirit
failijng or an exceptional period without REN going )
beypnd the design dimensioning assumptions * diesel
¢ normal or industrial qu/a'i'\ (\
Rate qf use of the set Fuel storage capacity \)
Dimensions of ge g-RE
Dimensions g/b\a{e ies \,
Applicption or user load-shedding assumptions \ \)
* loadl-shedding authorisation Capagity of battexies
* loadl-shedding hierarchy F}D\Ke of se

Energ
* op§

* pow

A\,

constraints set by certain applications; \ Q

rating time slots owex.of \batteries
er calls, etc. ensions of inverter

Servic

e life of equipment mponents and equipment chosen
(\ f\ ower anagement design

The d

ceptable compromise for each project, taking into

consi

Speci
calcul
the p
imple

utcome of gigin
eration:

ic calcwlation yetHods are described in 6.4.16 and Annex D. The assumptiops for
ting these~costg and in particular the discount rate to be applied shall be determirjed by
oject,'developer. Calculating the system costs is the responsibility of the gdroject
énter in cooperation with system contractors.

Most of the technical choices shall follow from the cost targets set by the project developer.

The term “technical choices” represents the type and quality of the proposed system:

stem type and architecture:

the organisation and structure of the installation that is to generate and distribute the
energy,

energy distribution in a.c. or d.c. form, and the quality of the supply (type, power, wave
form; sinusoidal, square or other),

location of system operation break or isolating points and types of switchgear,

electrical protection systems (fuses, circuit-breakers).
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— quality of the components and technical characteristics (photovoltaic modules, wind-
powered generator, batteries, generator set) from amongst the equipment available on the
market.

Several iterations may be necessary before arriving at the best compromise to be proposed to
the project developer. The range of choice may also be restricted if the budget set by the
Project developer is too inflexible, in which case it will no longer be a matter of finding the
best technical/economic compromise but of finding the best quality service rendered for a
given target cost.

Table 25 summarises the main consequences of technical/economic choices in determining
syste Qi7ing This list is not r‘nmlnrphpnci\/p

[able 25 — Incidence of cost management assumptions on sy dimensions
Life spgn, maintenance and replacement assumptions Im ct\)\N\iziﬁ \

Intended equipment life span: Quality of compon
. shofrt (5 years)

. norfnal (10 years)

. long (15-20 years)
Equipment maintenance policy:
«  setfing up maintenance structures hms
» traiping and capability of maintenance agents
* typ¢ of maintenance (preventive, remedial) nergy
. sto¢k of spares parts, etc.
Componpents and equipment re
. installation take-over stryctur

. replacement frequency,
corfective maintemce,

ure of

operation, in other words, which power system parameters should be monitored to obtain
information about current operation. Clause 7 describes the minimum requirements to perform
this specific task. Complementary information may also be required for scientific or validation
purposes.

This topic is of importance in the system design process as it relates specifically to the final
power system configuration and performance.
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7.2 General

In Clause 7, the specification describes the minimum set of measurements to be made by the
data acquisition equipment installed in systems for electrification of remote sites by renewable
energy based isolated electrification systems. Clause 7 describes first information required by
the different components involved in operation of the system and then lists data that shall be
collected to provide this information.

Without considering any specific technical solutions, system designs or where the data
acquisition equipment shall be implemented, the document aims to list the different
measurements that shall be obtained to manage the power system properly.

7.3 |Levels of data acquisition and data necessity.

7.3.1 General

Five tiypes of information may be needed for the management o us Mstallation

intended to provide electric power to remote sites:

— information intended to ensure satisfactory operatioriof the\i alati i nergy
management system,

— information intended to verify that the contracts N parties involved are
complied with (see IEC 62257-3),

— information intended for the usg
ingtallation,

is/her

The r¢cipients of this inforqatio

— theé energy manage
— the operator
— the user.

To meget these n s and,

when |collected , data
may glso be stored

Different ty g cated
on a pingle 0 turers

design.

NOTE | Generally, the control of small hybrid power systems is quite simple, as most components of a power
systemp_are controlled independently and tied to the battery bank voltage for energy management. Small hybrid
power systems rarely have a single supervisory controller or energy manager that controls all aspects of the power
system operation. Subclauses 7.3.2 to 7.3.5 introduce the detailed information needed and relevant data that
should be collected to elaborate this information.

7.3.2 Information to provide to the "Energy manager" and relevant data to be
collected

The functional specification of the energy managers and/or control systems indicates the
detailed functions to be fulfilled.
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The main function of this equipment is to automatically manage operating conditions of the

electrification system; which means that it shall be able to manage:

— energy flows between "production" and "storage",
— energy flows between "storage" and "loads",

— energy flows between "production" and "loads",
— “on/off” orders for the genset (when applicable),
— information.

The main questions of interest for the energy manager are:

— Haow much energy is available from the power system?
— Hgw much energy is needed by the user(s) of the system?
— How much of produced energy, in excess versus demand, ca

ka’?

The ehergy manager shall monitor the physical magnitudes i
the power system. This allows decisions concerning pro8
ensur|ng a long service life of the equipment.

Table|26 gives the information required by the enekgy
this ligt of information is the list of the data to be

NOTE | Because of the complexity of individual coqt

component control mechanisms, only intra-component coqtrol para
either monitored directly or indirectly will allow 9
to meet the load, if possible.

Table 26 — Ian i

y.the emergy manager an

attery

tus of
while

ext to

inter-
g above,
in order

d data to collect

Mangger me f func @mation needed by the Information the monitofing
function energy manager system shall provide
N

1) \VK \gsment\ty energy flows in production — stora

ge

1.1 s or | Energy stored in batteries: Vol

Egat terminals: Uggt

1.2 < Mtt%/erlo d Battery current: Iz ¢

tage across battery

the current in the links sources-
storage

1.3 éno oMpower of the PV Voltage across genset
gener ors as\a function of terminals: Ugr
ifrradianc

1.4 Equalization load (programmed Current put out by the genset:
day) Igp

1.5 Control of direction of circulation of Genset running time: Tgg
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Table 26 (continued)

Manager Name of function Information needed by the Information the monitoring
function energy manager system shall provide
ND
2) Management of energy flows in storage — loads
2.1 Power supply for backed up Energy stored in batteries: Voltage across loads terminals:
a.c./d.c. loads Egat Uil
Current in loads: Iy
Loads running time
2.2 Shedding of backed up a.c. or d.c. Voltage across battery
loads terminals: Ug
2.3 Maximum voltage limitation at Voltage across loads
terminals of backed up a.c. or d.c. terminals: Uyy;
loads
2.4 Holding of minimum voltage at
terminals of backed up a.c. users
2.5 Power supply to non-backed up a.c. | Energy stored in batteriesy inals:
or d.c. loads Egat
2.6 Shedding of non-backed up a.c. or
d.c. loads a
2.7 Maximum voltage limitation at Voltage across loads ternpinals:
terminals of non backed up a.c. or util
d.c. loads (\
2.8 Holding of minimum voltage at
terminals of non-backed up a.c.
loads
3) y@nagement A\f en&\rg?\(low\s\in\p\r/o/duction — loads
3. Power supply tX backed up\asc\ d by the Voltage across genset
loads from the genexator set terminals: Uggr
duced by all REN [ Current put out by the genset:
devices EREN [GR
3.p Break 40 power<upply €0 ba edbp\ Genset running time: Tgg
a.c. loadsArom\il enerator-s
3.8 Power s to batterklessToadsY | Energy stored in batteries: Voltage across REN genefator:
<\ Egat Uren
3.4 S dding\&\%at ry-lass Joads Energy theoretically Output current of the REN
N producible REN: Eqy, source: Iggn
\ \ > 4) Management of genset on/off orders
4. Startgenerator sat Energy stored in batteries: All data for Eg,; as above
Egat Iy (for management of high
Energy produced by all REN | level power demand:
devices Ergyn
4.2 STOp generator set
5) Information management
5.1 Supplied by the instrumentation
5.2 Supplied by the operator
5.3 Return information to the actuators (These management and communication functions are
(information relating to the possible if original measured data are processed )
management decisions)
5.4 Return information to the operator
( information relating to the
management decisions)
5.5 Return information to the user
(information relating to the
management decisions)
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7.3.3 Information to provide to the "operator” and relevant data to be collected

The operator of the installation needs several types of information, summarised in Table 8,
which concerns compliance with the contract and assistance in troubleshooting and
maintenance. The operator shall check that the performance capabilities of the installation are
indeed those declared by the system design, equipment specification and commissioning
documentation. The analysis of the system operating parameters may also allow the owner to
assess system efficiency improvements and more effectively troubleshoot problems with
system operation.

NOTE 1 Energy deficiency in the installation may have three main causes:

— failurps—of-equipment,

— lack ¢f production,

— over fonsumption by the user.

NOTE P The designer will have the opportunity to implement a data acquisition s H piece
of equipment or a temporarily system that can be removed after an initial break in geri € pefational
questigns. In addition, a monitoring system that only addresses areas of conc Huction,
may bd installed on a permanent basis.

Requirement Information/to provide to Requisite data
the pperator

Requested infom}qtion: c%fliég\se/w/th /h\e\ cor}b@ct

Check tHat the performance capabilities of the }m/cti Resource measurement at site:

installatipn comply with the system design Vavg.1s Tambs GT, VEjow

Production of specific geperation
components: Eyg, Egr, 4pv

Eyyaro, Gen Fuel, Genset|running
time: TgR ...

NN

Check that the energy consumptio imiﬁ\\provided W consumption: E il
for by the equipment dimensipni i
operatorfuser "contract" are gomptedwt

Check that specific cen & meet {iti Mer and battery Igat: Ugat® {inv: Lutii» Uutil

requirements fficiencies are as specified
y Uyiir» Freq, Power factor,

Energy output of energy harmonic distortion
producers meet requirements
for voltage and frequency

& R}qlk\\stéq irﬁ“e{m?ion: assistance in troubleshooting and maintenance
. ~N

Knowledpe ©&f the opera eondiKjons of the Fault identification
installatipn before i aintenance
work
State of charge of the Voltage across battery tefminals,
batteries: Eggt Ugat
Battery current: I,
Battery temperature g,
Trouble shooting in the event of failure Past record of the production; | Key system parameters: all
logged data above parameters
Past record of the failures System logbook

7.3.4 Information to provide to the "user” and relevant data to be collected

The installation user wishes to make the best possible use of his/her installation and will wish
to receive prior warning in the event of a risk of lack of energy and any other event liable to
counter his/her consumption. To do so, the user needs information as shown in Table 28,
mainly the state of charge of the batteries.
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Table 28 - Information required by the user and data to collect

Requirement

Information to provide to
the user

Requisite data

Energy available

State of charge of the
batteries: Eggt

Energy production; Ergy,
Egen

Voltage measured across the
terminals of the battery, Ugy;

Battery current: I,
Battery temperature g,

Operation and production of
specific generation component:

Ugr: IGr, UReN: IREN

Laali 41 £ 4 4
moareato—or mMStantanetous

fa) b
wame-aS—aoove

Instantapeetus-enrergy-aveiable

availability of energy

Currenmm, Ugil

Knowledpe of the risk not to have energy available | Predicted energy availability

based on current conditions

Sa
2\

S apove

7.3.5 Summary of the information required

Table|29 summarises the list of the required information a

Table 29 — Summary of the ngeded i

SS

ormation

%

ed destinations.

(\\// /\Ass\i*g\ed destinations
Operator
Required information etg
‘ynpllance Trouble User
makRager th contract shooting/
maintenance
Instanta- Uutil Voltage across loads terminal W ®
neous
informatign .
Quallm Nver\s\utput ) °
Faultlide ation \ ® ®
Egat %rg}stored{'}] t}e\ba?ttﬂiex\/ [ ) ®
Ech bat \S{)éwge the\bgtte}y ° °
Etot enexgy (productio Z/EN [} [
EGe
Records pn
running ERey/\ er p\m{iuc by REN (@) ° °
days h \nﬁ heo?é(,oély producible ) )
N RE
%’\ \ E}\{aWduced by the genset (®) °
E iy Energy consumed by loads (d.c. [} [
d/or a.c.)
Environmental conditions (®) ®
leninc time of the genset (.) ) )
Past production from REN record ® ® (®)
Past possible production from REN ® ® (@)
record
Past Past consumption record ® ® (@)
records Past fault record (®)
Past state of charge of the ® (@)
batteries record
Past production from genset record ° ° (@)
L] Information required as a minimum to allow the management of the system.

(®)

Information required for a better comfort or a better accuracy in the management of the system.
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7.3.6 Scientific data collection

Scientific data collection would require the collection of data from almost every parameter
possible to allow the analysis of every system operating condition. Although this level of data
analysis may be useful on a very limited basis for very large implementation projects, Annex F
includes a description of performance monitoring and scientific data acquisition systems for
reference and use.

7.4 Data to be collected

In relation to the different needs of information as introduced above, Table 30 lists the
minimum data that should be collected from the power system.

Table 30 — Minimum set of data to be collecte

(N
Data (\ \ \
Ugat Voltage at battery terminals \

Ipat Battery current (and direction) \ \ \ \/ ®
AN

G ot Battery temperature \ \\ > (®)
[ WA

Uren REN sources voltage (®)
IReN REN sources current — for each renewable d/ev'\cle\is}p ro riak@ndMed. ®
Usr Generator set voltage /\ A > ( Q ‘\> (@)
Igr Generator set current ®
Uyl Applications supply voltage (d.c@/or aN °

Tyt d.c. and/or a.c. ap)KIications sup}\|y c&r%\ \/ o

€'GR Genset starting tat}s\( \) \\) (®)

eGRrR Genset opefating Qt‘s{us (\ \/ (®)

GEn fuel GenWl &gnsum@\ > (®)

IBat BattM }Ktu/r\e \ (@)

tAmb Am bieyt’\t\}aqpeﬁwre \x (@)

Tor Gener\cxgorX{et\m\nnNi%\/ °

L] Ipformati req}’ﬁ%s mikimu to allow the management of the system.
(®) | foéa%& quired-for apetter comfort or a better accuracy in the management of the system.

NOTE | This table intkod Mt considered as a minimum. It is always possible to obtain more informatiop (for
example for a maresaccurate management, for scientific purpose, or validation). But, in a lot of situations,
C

especidlly in developi ntries, minimum cost is a key requirement.

As shewn—in—Fable—34—thea g ¥
complexity of the system to be managed and thus the

system classification.

This table encourage the system designer to adapt the sophistication of the data acquisition
system to the sophistication of the power system.

(Identification of the systems refers to the classification defined in IEC 62257-2).
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Table 31 — Relationship between required information and system architecture

Systems
Required information T, T, T3 T, Ts Te
lniitf?)rr]:::t?gﬁs Uil Applications supply voltage (d.c. and/or a.c.) | (®) ° ° ° . °
Fault identification (@) (@) (@) (®) (®) (®)
Epat Energy stored in the batteries L] L L]
Ech pat | State of charge of the batteries L L4
Records on | EReal Energy produced by REN (@) [ L] °
running days Ety, Energy theoretically producible from REN (®) L] 0/‘ d
Egr Energy produced by the genset 0\ ® [ ]
Eytir Energy consumed by loads (d.c. and/or a.c.) /\ L] \‘\ \{
Running time of the genset \0 \ 0) L]
Past production from REN record (o)< (}*)\ (k\)\ \Q)
Past possible production from REN record (@ (0‘% }0) (@)
bast rhoords Past consumption record ) N/ (@) (@) (®)
Past fault record [ A O [ Yo | @) | 0 | (o
Past state of charge of the batterie?’ré\c rd A o) (@) (@) (@) (@)
Past production from qén}xtrezo/ra\ % ( U \/ (@) (@) (®) (®)
\/
7.5 |Operating conditions, electrical ar%gi requirements for data
acquisition
For cpirrent and voltage < i 's_advised to take averaged measurementg over
10 mip together with t i Raximum values throughout the day.
Proteg¢tion perfor 2 hotd be more strict.
The dpta acquisifion sy S) shrall be powered by the electrification system as a Ipad or
by an indep E S . If supplied by the power system, the data acqujsition
system should no I Wy efectrical characteristics of the system. Energy consumpiion of
the DAS sh ;
Less than 5 %<qf the qverage daily produced energy, for power systems with Wp <500 W
Less ]han 2'% of the average daily produced energy, for power systems with Wp >500 W

Any faults of the data acquisition system shall have no influence on the monitored power
system. Reliability of the installation shall be the same with or without operation of the data
acquisition system.
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x A
ative)

Example for detailed performance criteria and levels
for a production subsystem

TS 62257-4 © IEC:2005(E)

Referring to the functional description list, each function shall be developed in order to
express the objectives to be obtained for the sites studied.

The information presented should be in accordance with the following model:
X. FUNCTION AN N
X]Y. sub-function Performance criteria Performance level \Naﬁ(ﬁ
e Ser)ices rendered Indicators selected to Quantitative requir
. . qualify the ability of a (within the criteri
» Constraints complied solution to render the guided by the ‘market” to Y\

with

services expected or to

be satisfied

comply with the constraint

The following table gives an example illustratin

IEC 6p257-2):

functio

(see

1. GENERATION QF

(\ AN
ELEETRIGPOWER

Sub-function

Performance cxiteri

\WWWIS

Remarks

1.1 Production of electrical
energy|from primary
energigds

1.1.1 from solar energy

&\

<\<\

e d.c. energy tq be
. &\ ale \rbyt\o

W/day

in Wp
ind.c. V

panels to battery: anti-
return diode in each
branch

1.1.2 Ffom fossﬂine\rg%
(generd tor;et\pl s cherg

. hare>of total energy to
bexprovided

in Wh/day (d.c.)

1.1.2.1|Gé rati\ng{ \
se’

voltagel from

1.1.2.2
voltage

Converting the a.c.
of'the set inta d ¢

\-> power

e frequency

voltage

e fuel autonomy

in kVA, cos ¢ = 0,8
ina.c.V+10 %
inHz + 2 Hz

in month (0,25 | tank
per kVAh)

voltage

etc..

e characteristics

e nominal current

e charger efficiency

e voltage

e internal consumption
e |oad management

e etc.

triree-priase or billglb‘-
phase

in A

>90 %
inV+2%
in Wh/day

etc.
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Annex B
(informative)

Example for detailed performance criteria and levels
for a distribution subsystem

The following is the model used to present the information:

X. FUN

CTION

X.

Y. sub-function

Performance criteria

Performance levels

Remar

KS

. Se

. Cg
with

rvices rendered

nstraints complied

Indicators chosen to
qualify the ability of a
solution to render the
service expected or to
comply with the constraint

Quantitative requirements (in_the
criterion defined) guided b

“market” to be satisfied<\

h

q

Heread
“To cq

fter is an example of an element of the detailed functional p%ti Me fun

nnect the powerplant to the application points”.

ction:

micro-

1. TO GONNECT THE PRODUCTION SOURCES TO THE APPLICATION POINTS~ )
sub-furction ¢ Performance criteri%‘ﬁw?éc@ve5 Remarks
1.1. To|connect to the rural e Total transmissio

capacity

bower plant

SN

1.2. To
micro-

distribute the rural
bower plant supply

1.3. To
to the

transmit the energy
hpplication points

¢ Number of <ff tal&es\

%&B’istics of site)
ch

(
( cteristics of site)

1.4. To

distribute the~ener
transniitted at Ioc

e mber of customers

penbranch point

(characteristics of site)

1.5. To

en eherg N
transnjission t
interrTlLted \

. Mmber of cut-
off/control points

(characteristics of site)

1.6. To
applica

connect(up.to the
tion points

¢« Number of customers
per offtake
Number of application
points

(characteristics of site)
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Annex C
(informative)

Example framework for proposal specification

Project name: Isla Tac

Project location: Island of Tac in the Chiloe Region of Southern Chile

Knowledge of site
(refer to Table 4 in the text)

Site topography < \ B

Level 1 Exact location of site including but not limited to:
ndingarea including

ps or aerial phptos.

* Topographical map with a resolution of at least a 1:
10 m elevation resolution.

« Exact location of each of the load points throu

* Specific understanding of the vegetation of the @réa aro

to photos. \ A
Siegtmad” [0 D
Levdl 2 Seasonal information on site temperature, hu 'dity,Wnowfall, days of ground fog and
other environmental conditions. ta Mngludes ason erages as well as maximunl and
minimum values for all relevant parameters®
\ Sﬁ{e}a\zahs\\/

Levdl 2 Basic information on the(yearly~Nqc urrM hazards such as floods, lightning, hail, high| wind
events, tornados, opical storms, Rutkicanes, typhoons, sandstorms, and icing events. Data yould
include average numker of @E\ts p

: w of consumption data

<\ (refer to Table 5 in the text)

< \ \ >Expected energy consumptions
Levelg/wy W}npti\\n wim at least the day/night portion distributed over the day

Change in consumption

LeVel 2 | ESM of>oad or population increase

ncluding but not limited
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Knowledge of resources

(refer to Tables 6 to 8 in the text)

General data

Wind

Hydro
(not applicable)

Biomass
(not applicable)

Level 1
Level 2 Daily sunshine irradiation over
a horizontal surface for a
gi\/nn site
Level 3
Level 4 Hourly average wind
speed measurements at a
height to provide
unobstructed exposure to
the windward direction.
Hourly average
measurements of wind
direction.
Level 5 / \
Level 6 /\\ / Q
Level 7 A2 AN
Level 8 \ \ /
Data retaine)d/ﬁ)r c&né’%r}ksite
Case 1 \ (\
Case 2 Climate wise, the site i \_)
similar to other siteg whose
general data are avaitable
(except level 4).
Case 3 ion rémoved from
idered site but
herencoyfelations can be
madeNo the considered
ite ysing either
mathematical formulations
or proven resource
mapping techniques.
Case 4 & \ \ \
Case 5 & \
D% Range of data history
Record 1 | M. consecutive months of data
i ith v vears
of historical data what can be
used in a general correlation.
Record 2 6 months of data with

2 years of historical data
what can be used in a
general correlation.
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Technical characteristics for the main equipment proposed
Photovoltaic modules (refer to Table 9)

Information to be forwarded to the project developer

PV determined to not be applicable for this application

Modules supporting structure (refer to Table 10)

Information to be forwarded to the project developer

PV determined to not be applicable for this application

Chargcteristics for wind turbines

Wind |turbine (refer to Table 11) <\

Information to be forwarded to the project de\@lop}l\ \ \ S

Type of power output: Rectified d.c. )
Rated power: 7,5 kW

Rafed voltage: 48 V d.c.

Rated wind speed: 13,8 m/s

Rated frequency: N/A
Mahufacturer part number: Bergey Windpowerx EXZELMR

Technical characteristic@@ad\mg\m\the\‘iqal cNice of)‘/ind turbines

Helix/Rotor diameter: 7 m
Number of blades: 3

Poyer curve: (see attachm

Coptrol system: rectified contcoller
Orientation system: paspi
Stdrt up wind spegd (ro

Cuf out wind speed: N/A
Destruction wind sp d
Site constralnts

Struct {s{gﬂo\ﬂk\&e 12)

\\y?formatlon to be forwarded to the Project developer

Type of tower™guyed lattice tower
Geperal plan: see attached specifications

Overallssite layout dimensions: see attached specifications

M akufaetrer-cortification—Reobh—tHrdustres

Technical characteristics leading to the final choice of supporting structures

Means for access to maintenance: climbable tower, tower tilts down for major turbine maintenance
Anchoring method: concrete anchors per manufacturer's specification
Foundation design: concrete anchors per manufacturer's specification

4 In this annex, the reference “see attachment” means that such an attachment (specific to each project) should
be provided by the project implementer.
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Characteristics for the generator set (refer to Table 13)

Information to be forwarded to the project developer

Generator type (brand and model number): F.G. Wilson Ltd.
Voltage and frequency: 220 V a.c., 50 Hz

Start up method: automatic

Generator housing: none

Fuel type: diesel

Standby or prime power specification: prime

Unit dimensions:

Unit weight:
Rated Power (kW): 14 kW
numbef of phases: 3 phase /\
Technical characteristics leading to the final choice of the égne}QtB\ )

Cost: §16 000 \
Power|(kVA): 17,5 kVA
Operafion voltage range: 200 to 240 V a.c.

Nomingl voltage: 220 V a.c.

Operatiion Frequency range: 46 to 54 Hz

Nomingl Frequency: 50 Hz

Fuel consumption at varying power levels
Speed| 1 500 RPM

Powerf{factor: 0,8 nominal

Cooling type: water

Governor type

Enviropmental constraints and

Safety|constraints i@ng
Operatiing constraints :
Installgtion constraintg;

Specification of meters a

NN

ero ydro turbine (refer to Table 14)

\ Information to be forwarded to the project developer

Miqro hydro deterwto not be applicable for this application

Characteristics for biomass generators (refer to Table 15)

Information to be forwarded to the project developer

Biomass determined to not be applicable for this application
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Characteristics for power converters (refer to Table 16)

Information to be forwarded to the Project developer

Type of power conversion: solid state power converter
Output power: 4,5 kW

Specification of control panel: see attachment
Nominal frequency output (as appropriate): 50 Hz
Manufacture: Trace Engineering

Model number: SW4548E

Technical characteristics leading to the final choice of d.c./a.c. inverter

Nominal input voltage: 48 V d.c.

Input voltage range: (42 to 56) V d.c.
Nofinal output voltage: 220 V a.c.
Oufput voltage range: 220 V a.c.

Opgration Frequency range: 50 Hz

Nofinal Frequency: 50 Hz

Makimum current: 137 A d.c.

Unft efficiency versus load or current: Maximum 96 %, see attachme
Engrgy consumption at zero load: 17 W
Salety features and/or system protection: Over/under voltag current
Existence and calibration of converter protection (against relerse pplarityii

Copformity to applicable standards: yes — U

Opgrating temperature range: —40 °C to 6
Overall dimensions and weight: 38 cm x 57 C
Insfallation constraints, characteristics and j
Connection and wire diagram: see attachm

Unif efficiency by conversioprpower:
Corjtinuous a.c. output powers
Maximum a.c. output powex and

Ouftput signal waveform
Voljage regulati

Pegk Efficiency: 96 %
Total harmonics g¢i
Power Factor Allowed:
Frepuency

Evqlution of thegoughpuy verSus load: see attachment

Invérter electrical protection: see attachment

Output,profection including short protection and breaker speed: see attachment
d.c] diseonnect breaker: no

Altitude limits: 5 000 m

Technical characteristics leading to the final choice of a.c./d.c. power rectifier

Same as above, additionally:
Maximum input voltage: 66 V d.c.
Input voltage: 220 V a.c.
Unit efficiency versus conversion power curve: see attachment
Input frequency: 50 Hz
Over voltage protection: yes
Charge controller algorithm: three stage
Existence of temperature correction for charge control: yes
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Characteristics for load manager/meter (refer to Table 17)

Information to be forwarded to the project developer

Not applicable for this application

Characteristics for system controllers (refer to Table 18)

Information to be forwarded to the project developer

Incorporated into system power converter
Measured output and conditions: battery voltage
Operations manual/user interface description: see attachment

lechnical characteristics leading to the Tinal choliCe of system controlier

Coptrol parameters: see attachment

Unft power: not applicable

Usér interface specification: not applicable

Coptrol parameters and capabilities

Fadilt detection capabilities

Sygtem monitoring and logging capabilities: none

Coptroller type (PLC manufacture and model): not applicable

Equipment communications requirements: not applicable

Remote access capabilities/description: none

Opgrating temperature range: see above

Overall dimensions and weight: not applicable

Installation constraints, characteristics and tnstructions: see\attac

<

Copnection and wire diagram: not applicable

Chargcteristics for batte{Nafe//fS{ng\\>

N Ihfqrmétlon to be\k)\ﬁ\@'ded to h(e project developer
i i c)\:ﬂa‘t/plate lead acid

Battdry classification (Legd Agi kel

Main or maintenance free): standard
Stora ifi i 21024 Ah

Nom

Man

Part

Expe

\ \\?‘ecwcal}ﬁaracteristics leading to the final choice of batteries

Cost: $350 N \')
Batftery type fflgoded, tubular, absorbed glass-mat etc): flooded

Nominal battery c

acity at different discharge currents: see attachment

Opkgrational characteristics of battery at standard operating temperatures for the considered site: see
attgchment

Voltage charge and discharge characteristics for the battery: see attachment
Approximate battery internal resistance: see attachment

Cycles to failure information for various battery depth of discharges: see attachment
Battery terminal/lug type and location: top, tab

Casing material: metal

Battery dimensions and weight: 13 cm x 15 cm x 66 cm
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From renewable energies (refer to Table 21)

TS 62257-4 O IEC:2005(E)

Energy source Associated Installed Energy Voltage Frequency Expected
electrical energy capacity type Energy
generator v Hz output
kWh/year
Sun Not applicable 0 0,0
Water Not applicable 0 0,0
Biomass Not applicable 0 0,0
Wind Wind turbines 2 x 7,5 kW d.c. 48 /N/A 32 50,0
Storage Batteries 100,6 kWh d.c. 48 N/A
Fram fossil energies (refer to Table 22) \\ \\)
Engrgy source Associated Installed Energy oI reque cy Expected
electrical energy capacity type Energy|output
generator
kWh/year
Diesel Generatorset | 17,5kvA | —ak. [[/ 240 50 Hz 16 05,0

9

N

)
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Annex D
(informative)

Equation for costs calculations

D.1  Yearly cash flow

A yearly cash flow predicts the expenses that are expected each year of the project. This
predigtion will enable the user to determine what the yearly outlay of funds is to be expected.
This ip given for each year (n) by adding up the expected yearly expen s showhn,[in the
followjng equation.

C(n) =Cs(n) +Co(n) +Cm(n) +Cr(n) +Cd —Cs( [D.1]
wherg

C is the system cost in year () and in the absence of.ncy 3 ystem cash
flow.

Cs: |Any capital cost of the associated project billeg/in ye This, ms id in [full in
the first year of the project or spread out through fj equipment using|loans
over the life of the project. If fmancmg is usea th's clude both equity and
debt payments as well as any initis i e first year of the project.

Co: [Operational cost of the power system_i . i$ would entail all consumable

elements required for operation fuel, oil, distilled water for

batteries, replacement fuses, etc

Cm: system incurred or expected|to be
incurred in year (n L Qi ce d fers from operation expense in thiat the
expenses supply_upk i ikely occur at least annually. Expenses can
include personn j 5 gtem inspections

Cr: [Replacemerit\co ponents> expected in year (n), generally for itemp that
occur less quen diesel
engines.

Cd ling cost associated with the project, usually only applicgble in

Cs:

Cr: aNs in

D.2 | Calculation-of total life cycle cost

The totattifetyctecostattowsthedetermimatiomrofthe—whoteprojectcost,mdependent of

project life or the variation between initial expenses and operational expenses. It allows an
even assessment of the costs of different energy options. The total life cycle cost is calculated
by summing up the expected yearly expenses of the project, returned to the present value of
the expense.

TLCC=§: ) . G — 2 — s e CNN [D.2]
= (1+d)" (1+4d) (1+d) (1+d) (1+d)
where
C is the cost in year n (Equation D.1).
N is the total number of years in the project.

d is the annual discount rate (based on the value for the specific country under
consideration).
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