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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 4: System selection and design

FOREWORD

2015

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC ris\to p

prising
romote
Ids. To
ations,

Teghnical Reports, Publicly Available Specifications (PAS) and Guides (hereafters referred to ap “IEC

rnmental organizations liaising with the IEC also participate in this preparatioh) IEC collaborates
the International Organization for Standardization (ISO) in accordance, with conditions determi

nterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC Natiehal Committees undertake to apply IEC Publi
tranisparently to the maximum extent possible in their national and regional publications. Any dive
betyveen any IEC Publication and the corresponding{national or regional publication shall be clearly indidg
the|latter.

5) IE(Q itself does not provide any attestation -of/conformity. Independent certification bodies provide cor]
asspssment services and, in some areas, -access to |IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

6) Al

7) No [iability shall attach to IEC or its directors, employees, servants or agents including individual expe
meinbers of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq
expenses arising out of the" publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

isers should ensure that they have-the latest edition of this publication.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable forthe correct application of this publication.

9) Attgntion is drawn to the possibility that some of the elements of this IEC Publication may be the su
patent right$\ MEC shall not be held responsible for identifying any or all such patent rights.
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The main;~task of IEC technical committees is to prepare International Standarg
excehm&mﬁm&mn&mmmw i i i icat

specification when

hnical

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

despite repeated efforts, or

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

is the

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 second edition cancels and replaces the first edition issued in 2005. It constitutes a
technical revision.

The main technical changes with regard to the previous edition are as follows:

redefine the maximum AC voltage from 500 V to 1 000 V, the maximum DC voltage from
750 V to 1 500 V;

removal of the limitation of 100 kVA system size. Hence the removal of the word “small” in
the title and related references in this technical specification.

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

The tg

Full inf
the re

This g

A list
for re
websi

xt of this technical specification is based on the following documents:
Enquiry draft Report on voting
82/949/DTS 82/1000A/RVC

ublication has been drafted in accordance with the ISOAEC Directives, Part 2.

pf all parts in the IEC 62257 series, published undér the general titte Recommend|
hewable energy and hybrid systems for rural glectrification, can be found on th
fe.

Futurg standards in this series will carry the new, general title as cited above. Titles of e
stand

The ¢
the s
relate

trg
re
Wi

re

ards in this series will be updated at the'time of the next edition.

ability date indicated on thelEC website under "http://webstore.iec.ch" in thg
i to the specific publication. At"this date, the publication will be

nsformed into an International standard,

confirmed,

hdrawn,

blaced by a.revised edition, or

anmpended.

A bilin

gual version of this publication may be issued at a later date.

formation on the voting for the approval of this technical specification can be foyind in
port on voting indicated in the above table.

ations
e |[EC

isting

ommittee has decided that the contents of this publication will remain unchanged until

data
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INTRODUCTION

The IEC 62257 series 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 AC voltage
below 1 000 V and DC voltage below 1 500 V.

These documents are recommendations:

e to choose the right system for the right place;

e to dnclgn the system;

o to|operate and maintain the system.

Thesq documents are focused only on rural electrification concentrating on but,not’spedific to
develpping countries. They should not be considered as all inclusive to rural‘€lectrifigation.
The documents try to promote the use of renewable energies in rural elegtrification; they do
not dgal with clean mechanisms developments at this time (CO, emissian, learbon credit], etc.).
Further developments in this field could be introduced in future steps.

This fonsistent set of documents is best considered as a- whole with different| parts
corregponding to items for safety, sustainability of systems aiming at the lowest life cyclg cost
as popsible. One of the main objectives is to provide the minimum sufficient requirements,
relevgnt to the field of application that is: renewable energy.and hybrid off-grid systems.
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RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 4: System selection and design

cope

y the

rpose of this part of IEC 62257 is to provide a method to assist project centractofs and

while

ing the identified needs, such as those described in IEC TS 62257-2)IEC TS 62257-2
es the needs of the users and the different power system architectlres which clan be
or meeting these needs. In relation to the needs of the different participants [o the
t, functional requirements that shall be achieved by the production and distribution

pct the equipment or component able to fulfil the functional requirements are listed

electrification system, some information is collected and monitored.

lormative references

bd references,” the latest edition of the referenced document (including
iments) applies.

S 62257-2:2015, Recommendations for renewable energy and hybrid systems fof
fication — Part 2: From requirements to a range of electrification systems

e 7 is dedicated to defining the(parameters and specifying rules for data acquisition.

use 5, energy management rules to be considered are described. These are key issues
as thgy have a great influence on the sizing of the electrification system.

pants

bw and facilitate the management of the ‘micro-power plant and the maintenance [of the

t and

any

rural

IEC TS 62257-3:2015, Recommendations for renewable energy and hybrid systems for rural
electrification — Part 3: Project development and management

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

renewable energy

RE
energ

y from a source that is not depleted when used
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3.2
hybrid system
multi-sources system with at least two different kind of technologies

3.3

dispatchable power system

power system considered dispatchable if delivered power is available at any specified time,
e.g diesel generator

3.4

non-dispatchable power system
poweSyStem consigdered non-gispatcirable system whemn it 1S Tesource dependent and yhose
powell might not be available at a specified time, e.g solar grid connected system

3.5
storage
storage of energy produced by one of the generators of the system~and which c@n be
reconyerted through the system into electricity

3.6
rural mini-power plant
powel plant that produces less than 100 kVA through the use\of a single resource or hybrid
system

3.7
rural mini-grid
grid that transfers a capacity level less than 100 kVA and powered by a micro-power plant

3.8
individual electrification system
IES
microjpower plant system that supplies electricity to one consumption point usually With a
single{ energy resource point

3.9
collegtive electrification system
CES
microtpower plant and\micro-grid that supplies electricity to multiple consumption points|using
a single or multiple.energy resource points

3.10
isolated site
electr|c ,characteristic to define a specific location not currently connected to a national/
regionjakgrid

3.11

remote site

remote area

geographic characteristic to define a specific location far from developed infrastructures,
specifically energy distribution

4 Functional requirements of production and distribution subsystems

4.1 General

The purpose of Clause 4 is to provide a method for describing the results to be achieved by
electrification systems for isolated sites as defined in IEC TS 62257-2. It describes the
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characteristics expected from these installations based on production of electricity from

renewable and/or fossil energy sources.

This stage of defining the expected results of production precedes the technical dimensioning

and details engineering stages.

4.2 Overall needs to be satisfied

4.21 Main factors to be considered

Figure 1 illustrates the main factors influencing the design of the micro-power plant.

Technical factors involved
in the system
implementation

Economic factors involved in
the system implementation

System design

International/national/local
regulations and technical
standard requirements

4.2.2 Needs and characteristies to be considered

For dach of the factors depicted in Figure 1, detailed needs or characteristics
considered shall be identified. These needs and characteristics are defined in Tables 1t

Site characteristics

IEC

Figure 1 — Factors.involved in the design of a system

to be
D 4.
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Table 1 — Technical factors — needs or characteristics to be considered

Nature of participant Needs or characteristics

Project developer/owner Compliance with the general specification and relevant standards.

Efficient use of energy (demand side management).

Project Easiest possible implementation: limited constraints in terms of transportation
implementer/subcontractor | means and lifting apparatus.

Technology compatible with limited skills of local manpower.
Limited installation work duration on field.

Standardized equipment.

Operalor Simple operational rules to cope with possible limited skills of local operatifg
agents.

Simple mounting tools.
Reliable equipment.
Simple management rules.

Clear and unambiguous contractual rules not liable to ledd-to”situations of dispute
or litigation.

Relevant technical choices/customer management.

Limited spare parts variety.

Maintg¢nance contractor Reliable and easy-to replace on site equipment.

Limited spare parts variety.

Differgnt users/loads Types of energy services (see IEC{TSv62257-2:2015, Annex B).

Table 2 — Economic factors — needs and characteristics to be considered

Nature of participant Needs or characteristics

Projedt developer/owner Balance betweenyinitial capital costs and operational costs to make the proje¢t
profitable and, sustainable.

Projedt implementer Balance bgtween equipment cost (purchase and installation) and specified leyel of
reliability.

Subcagntractor To make a correct living while fulfilling the project implementer’s requirements.

Operaftor Qperational costs as low as possible.

Maintg¢nance 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 quality,

for the agreed price.
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Table 3 — Site characteristics

General
characteristics
of site

Detailed characteristics

Comments

Geographical

Weather statistics (T°,

General information about the standard conditions at the site.

environment humidity, wind, precipitation,
etc.)
Climate and severe weather or | The characteristics of the climate at the site will affect the
other local hazards design of the system and the nature of its constituent
equipment.
One may mention:
L erperdiure Uillelellbt}b,
e hygrometry differences;
e rainfall and snowfall;
e superimposed loads on structures (caused by |wind,
cyclones, frost, etc.);
e pollution (sand, salt, dust, other pollutant wastes).
Energy resources Definition of local energy resources;~-Se€e Table 4 for furfher
details.
Means of access to and General access to the site, bridges road conditions and ease
around the site of access around the site (Streets, rivers, etc.) will affecf the
difficulty in crossing obstacles and anticipating changes|in the
micro distribution networky etc.
Nature of soil (geological This affects the type\of structure (overhead or buried pojwer
environment) lines) to be set.up/and the execution of certain installatipns
(for example, grounding system depending on the resistiyely
characteristies of the ground and system foundations).
Geographical distribution of This is @ major factor in the cost of the distribution
the user points infrastructures. The scatter or concentration of the user
points;/their probable evolution (near or remote) time-wige
and space-wise, will affect choices concerning the topolpgy of
the distribution network.
Humap Distance to/between homes /
environment loads — production system
Type of homes /loads
Acceptable noisge-level
Acceptable waste disposal
level
Type of building to house the
rural miero-power plant
Biologjical Fauna
environment
Flora
Type of tree cover
Technjcal 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

Equipment restrictions

Local technical skills level

Soil resistivity
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environment

for.

General
characteristics Detailed characteristics Comments
of site
Sociological Energy needs of customers How much energy will consumers need and be willing to pay

Energy consumption habits

Load profiles for the community.

Type of clientele

Distribution by a grid will take place on the basis of:

Sociological criteria (rules of society, living habits).

Economic criteria combining the grid and the rural micro-
power plant shall cost less than the sum of isolated
individual production/distribution facilities whilst providing
the same service.

Technical criteria (a guaranteed level of service{security,

etc.).

Econg
enviro|

mic Cost of fuel delivered to site

nment - -
Cost of technical services

Economic environments in
place

Solvability of customers

Tariff basis for service

Table 4 — Regulations and requirements to.be considered

Regulatory area

References

Procu

ement quality

Electr

cal safety

Distrih

ution conditions

Buildi

gs Generation/distribution

Fuel s

torage

Fuel t

ansport

Local

Environmental impact

Classi

fied site

Misce

laneous decrees

Possil

ility of recycling equiptment

Produ

Ction/distribution specification

Impor

duties

Regul

htory authorities

Local

abornrequirements

To be filled for each project

4.3

Introduction to subsystems

An electrification system shall be considered as a subsystem if it fulfills the following functions:

a) ensuring a power supply service (production subsystem);

and

b) providing an electric power distribution service (distribution subsystem);

and

c) providing a service to the user (demand subsystem);

whilst at the same time complying with constraints (acting on all subsystems);

1)

individual
subsystems:

Electrification Systems

(IES) for

single users/loads

incorporate two
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2)

e an electrical power production subsystem,
e a demand subsystem for utilizing this electrical power.

collective Electrification Systems (CES) for multiple users incorporate
subsystems:

e an electrical power production subsystem (rural micro-power plant);
e a distribution grid for sharing this power to individual users (rural micro-grid);

e a demand subsystem including home wiring and user’s electrical appliances
individual users.

three

for all

same

Vvidual

Thes cuthovctame mav, carrkaconand ta ovotame anaratad Aand maintainad by diffarant rsons
9 .uuvv]vkvllls: LA 4 vvllvervllv: U Oy OUTOUTTITY UPUTOTOU OTTO TTTAITItan To U Dy UToTOTTC O9

or bodies. In certain cases, the entire system may be owned, operated and used by the

personf.

4.4 |Functional description of a production subsystem

4.4.1 General

The function of a production subsystem is to supply electric power and, energy to an indi

custofner or a combination of permanent customers. This genérating subsystem sh

all be

capaljle of fulfilling its mission, despite contingencies of availability of the renewable and/or

fossil | energy sources supplying it and by managing the {consumption patterns (
customners.
The t¢chnical objectives assigned to such an installation can be summarised in the foll

esse

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

e if {|REN” sources are used:

442

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

Ensurjng a powe&r supply service consisting of:

a) Ge

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

ial points:

to give precedence to use of RENAwhere 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 le
service when REN are_not-available or sufficient.

Detailed functions to be achieved by a production subsystem

nerating electric power

f the

owing

vel of

This function embodies everything needed to produce electric power corresponding to the
necessary characteristics of voltage, frequency, harmonics, power and consumption of the
customers, according to the needed quality of service (IEC TS 62257-2).

Thi
.
.
.

s function covers:

energy conversion from primary energies;

energy storage (when applicable);

electric conversion from d.c. to a.c. (if necessary);

energy measurement.

Given proper supply and maintenance of the system, it can be designed to meet all of the

loa

ds and electrical needs required by the community in an affordable manner.

b) Providing electric power to the distribution subsystem
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Following the production of energy, this function ensures that the energy is provided to the
interface with the collective or individual distribution system with respect to the contractual
requirements.

Managing energy

In principle, the quantity of energy that can be consumed by the users is not unlimited
owing to the very existence and contingencies of availability of primary energy (solar
radiation, fuel, etc.) and the storage capacities of this energy.

Accordingly, it is important to manage the use of resources provided in order:

e to optimise the use of the available energy,

° tonraeserve-the enaeravstored-in the hast wav (minimum laosses)
~ JdJ PARY 7

e | to control energy flows available to the best interest of the customers (immgdiate
energy needs) and equipment (long service life of the installation),

¢ | to minimise the use of fossil resources, when applicable.

THis requires:

¢ [ management of the energy production/storage;

¢ [ management of the energy storage/distribution;

¢ [ management of the energy production/distribution;

¢ | management of the genset operation “on/off” (when applicable).
Prpviding 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.

Each |criterion shall be developed in~ofder to express the quantitative objectives [to be

obtairled for the sites studied.

The information should be presented in accordance with the general model given in Anng¢x A.

4.5

4.5.1 Detailed functions to be achieved by a distribution subsystem

Providing an electric power distribution service consisting of:

a)

b)

c)

Functional description of a distribution subsystem

(or rural micro-grid)

Cannecting the rural micro-power plant to the application points

THis\fGnction groups together everything needed to ensure that the terminal applifation
points are supplied from the rural micro-power plant energy supply point, whilst adapting
to the energy requirements of the different types of customer (individuals, economic
activities, local collective authorities, public lighting, etc.).

Methods should be put in place to account for and monitor rural micro-grid distribution
losses.

Not degrading the level of quality

The availability and supply quality objectives shall be taken in to consideration when
designing the rural micro-grid.

Including protection to the micro-power plant as needed to ensure safe operation
Protection should be added to:

e Protect the micro-power plant from a harmful short circuit or other electrical impacts to
the extent possible.
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d)

e)

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

It is impossible here to recommend any general quantitative objectives (performance leve

e Localize the impact of short circuits or system overloads so that the whole micro-power
plant and all other clients are not interrupted.

Executing the decisions of the rural micro-grid manager (load-shedding)

This function describes what the rural micro-grid shall do to comply with the management
rules adopted when the rural micro-grid management system also includes an automatic
function, in order to guarantee that energy is provided to the users. This shall be
completed while ensuring 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:

o [ allow any agreed changes;

¢ | switch on/off circuits connected to the genset (when applicable);
o [ switch off circuits according to priority rules;

e | provide information to the operator.

Managing compliance with the user’s contract

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

THe use of advanced monitoring and accounting devices.¢an greatly assist in forcigng the
compliance of contract.

n
N

The dssential task will hence be to define gualitative objectives (performance criteria) in a

functipnal specification before determining the'technical dimensions of the system.

Each [criterion shall be developed to express the results to be obtained for the system type

studied.

A typ|cal tool for describing~functional characteristics of a rural micro-grid is indicajed in
Annex B in the form of functions/performance sheet concerning how to connect the rural

microipower 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 satisfied, the architecture of a rural

microtgrid withbe constructed on the basis of the following criteria:

THesnumber of energy delivery points;

The number of principal and secondary trunk feeders determined in the light of the
distribution of the users at the site, the maximum dimensions of the lines, and system
losses.

The possibility of having a certain number of opening points available, enabling all or part
of the rural micro-power plant rural micro-grid to be isolated.

As for dimensioning, this will be determined on the basis of such characteristics as:

The quality level (IEC TS 62257-2) of energy to be distributed;

The apparent predictable maximum power of the receivers to be supplied at each delivery
point (peak power);

The service quality agreed with the users, in particular the maximum voltage drop, which
should not exceed a certain value between the interface with the rural micro-power plant
and the customers;


https://iecnorm.com/api/?name=a765a860f4fb7cdb2a81db2f90e25bfc

- 18 — IEC TS 62257-4:2015 © IEC 2015

e The mechanical constraints in the environment concerned.

Figure 2 is a functional diagram of a radial structure for a rural micro-grid.

Micro-power plant

Interface
micro-power plant/micro-grid

/ (single or three phases)

Individual
connections

Secondary lines

User

User

Main line k

IEC
Figure 2 — Functional diagram of a radial structure for rural micro-grid

4.6 |Functional description of a demand subsystem

Detailed functions to be achieved by a demand subsystem (or rural micro-grid):

Providing an electric power to applications consisting of:

a) Inferfacing-with the distribution system

THis function groups everything needed to ensure that the user installation is supplied
frgm/the’ distribution system, including functions relevant with the contractual comm|tment
sulch.ds payment or metering system.

b) Distributing energy to the appliances

Here are included all the electric functions able to provide, switch on/off electricity 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 example).

4.7 Constraints to be complied with by production distribution and demand
subsystems

a) Matching the characteristics of the site

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.

b) Ensuring protection of persons and assets
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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.

c) Minimizing special maintenance to make energy available

That means:

Fdg

re

d) Cgd
TH
ing

e) Cd
TH

5 E

5.1

In RE

mana

This

Figure
opera

making easy installation;
facilitating operating conditions;
facilitating maintenance;

facilitating dismantling;

facilitating expansion.

General

ion of the system.

mplying with regulations

mplying with the operator and user duties

hergy management rules

A system governed by regulations

Energy management

r reasons of cost, it is imperative that the installation can continue to operate without
quiring frequent intervention by specialists.

is function groups together all the technical and legal constraints to which the
tallation shall comply to be usable.

is specification stipulates the rights and obligations of- thé operator and users| It is
gdnerally drawn up by the national and/or regional institutienal authority.

EN  powered systems, the availability.‘of resource can vary considerably. Hnergy
jement is particularly vital in providing\the service promised to the user under th¢ best
possible conditions without jeopardising the*operating life of the equipment.

Clause 5 describes the impact of energy management assumptions and the technical
choices that they imply on system/sizing.

3 illustrates the role. of“energy management and safety as transverse functions fin the

REN Energy User supply
— generation
-
Other energy i
resources Energy production

f

A system in accordance with the site characteristics

IEC

Figure 3 — Functional impact of energy management and safety
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5.2 Functional description for an energy management of an isolated system

To manage energy in REN systems, a number of functions shall be considered, as described
below:

a) Adequate management of resources and needs

To manage energy in an isolated system, consideration shall be given to the overall
production from renewable energy sources and energy consumption, ensuring that the
resources match the demand for energy, then taking the appropriate action. This
management is necessary in order to comply as closely as possible with the commitments
of the entity providing the services (the project developer and operator). This task should
be r‘nmplpfpd in the best interest of the 1iser

b) Giving precedence to the use of renewable energies

Erlergy management in an isolated system is to give precedence to generation from
repewable energies in order to reduce consumption of fossil energy and{\lower slystem
operating cost.

c) Maximising service life and performance of equipment

Managing energy in an isolated system also involves ensuring a. long service life fpr the
equipment. This entails giving precedence to equipment protection/in relation to supply, so
that the capital investment is used correctly throughout the, service life for whigh the
equipment has been designed.

d) Managing the storage system

Quality of battery management has a very high impact on battery life, on the sygtem’s
leyel of performance, and life cycle cost.

e) MInaging the available quantity of energy
M

¢ [ maximising the use of the available REN, which is generally limited,

naging energy in an isolated REN system>consists in:

¢ [ optimising the sharing of the available quantity of electrical energy produced from the
REN, amongst the different users or appliances.

In|la single-user system, over;consumption will interrupt supply. The user quickly |earns
how to use the energy of the(system correctly.

Inla multi-user system (for-example, a rural micro-power plant associated to a rural micro-
grld), steps shall be_taken to preserve the store of energy to the benefit of the greatest
number and avoidsjeopardising the common installation. Clearly, several solutior]s are
pdssible, for example:

o | The grid jstlive 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 gnergy
distributed.

o | The-grid is live for a considerable period during the day, resulting in better sprvice
quality, but requiring both the power available to each user and the quantity of gnergy
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 managed over one or
several days.

e An appropriate tariff structure is implemented to limit energy consumption or allow for
the expansion of the system from revenues of large energy consumers. A step or
graduated tariff is recommended to provide low cost power to customers but charge
higher consumers for further system expansion.

In systems comprising electrochemical storage, energy management also entails taking
the necessary steps to replenish the energy stored. In systems powered by running
exposure to renewable energy resources, sometimes referred to as direct drive devices,
storage is generally in the form of the energy product, water in pumping application or ice
in ice production systems.

f) Managing the quality of the electricity produced
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The final factor in energy management is that of controlling the quality of the electricity

de

livered to the user. The following are the criteria defining this quality:

voltage level and its variation range,

d.c. voltage ripple,

a.c. frequency and its voltage variation range,

harmonic ratio for an a.c. voltage, which depends directly on the quality of the in

verter

(pseudo-sine wave or sine wave) or generator used and shall be appropriate for the

devices used. Accordingly, the designer of the system shall check this condition.

Clause 6 describes the impact of the energy management assumptions on system sizing.

5.3

Accor
electr
make

6 Ekpected results from the sizing process

6.1

Claus

While

objecllive is to define a framework of assumptions within which sizing can be desg

includ

Comnpon rules for the presentation of results should be applied by plant designers, s
oject developer can objectively compare the various offers related to this specificaftion.

any p

Claus

possible for the offers to be easily'compared.

Demand side management

ding to the limited quantity of energy produced by any micro-power system gene
city from REN, it is mandatory to use high efficiency, low consumption appliance
use of all energy demand control resources readily available.

Overview

each designer may freely choose the specific. method used for sizing a systen

ing the type of documentation to be forwarded to the project developer.

e 6 gives transparent technijcalrand economic criteria for "suitable" sizing, thus ma

rating
s and

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

n, the
ribed,

b that

King it

6.2 |[Participants in the.sizing process
A plant sizing process requires a number of active participants, see Table 5.
Specifl attentian—shall be exercised in order to request these participants to provide the
projedt with information/decisions they hold or are responsible for.
Table 5 — Participants in the sizing process
Nature of participants Liabilities of the participants along the sizing process

User Expresses electricity demand needs

Project developer Defines the requirements to be fulfilled

Engineering consultant Assists the project developer in specifying the project and reviewing design

proposals

Project implementer Establishes proper design and sizing

6.3 Elements for comparing various design proposals

All design proposals should be based on the same general specifications.
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The different design proposals should be compared on the basis of the following essential
points:

o all

assumptions used for preparing the design proposals;

e technical specification and energy predictions resulting from the sizing process;

e provisions made to reduce the risk of system outages;

e discounted costs of the proposed equipment;

e eV

e sy

idence, provided the designer of the credibility of the design calculations;

stem class identification;

e de€

e ot

e
6.4
6.4.1

Subcl
provid

The p

. gj‘r;eral commitment to supply the amount of enefgy required to meet the needs
u

e as
e de€

o te

e energy outputs;

e CO

e do

6.4.2

Thesg
points

To siz
owner

signer experience in the field;

her criteria that may be specific to the project or the developer far, ex
nvironmental impact”.

Frameworks for proposal

General

ed as part of the project development documentation.

foposal should contain the following information:

rs;
sumptions retaining to demand and renewable resource data;
scription of any severe weather events.and previsions made to reduce the risk of g

chnical specification;

sts including all economic assumptions used;

cumentation of design watranty.

General commitments to supply

commitments( are presented in IEC TS 62257-2, but can be summarized as
in Table 7.

e the production subsystems, the project implementer should consult with the g
to determine a set of relevant indicators.

hmple

huse 6.4.2 provides an outline for the types and quality ofAnfermation that shouyld be

pf the

utage;

major

roject

Some

e US

exalmplies Oor inese Mdicators are.

ers’ power “satisfaction factor"

Plant sizing is committed to a probability of production versus available energy. At any
time specified by the user, they will be supplied with a specified power and amount of
energy time and whenever required, complying with predetermined assumptions of power
requirements.

e Arate of forecast coverage of REN investments

This rate of coverage is as follows:
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Probable quantity of energy this plant can produce through RENs |
Quantity of energy desired to be consumed }

(month by month)

e Other criteria could also be considered, depending of the perspective of the different
participants involved in the project, as suggested in Table 6.

Table 6 — Perspectives to be considered

Perspective
Criteria
Project developer Owner Operator User
Techrjical System provides System operates for | System is easy to Power is available
request level of the desired operate and maintain when wanted.or
service equipment life specifiedyin)confract
Finanfial Design is in Positive cash flow System minimizes Price lof energy (s
accordance with will exist to cover non technical losses affardable
financial resources replacement cost and promotes easy
and operating cost service.
in accordance with
the business plan To be_able to operate
in a given budget
Contractual Power will be System is installed Ownership and Power is supplidd in
supplied through the | and operating financial_structure of accordance with
design life correctly the project’is clear agreements
and secure
Envirgnmental Project is Project is oW, adverse system No long term
environmentally environmentally environmental impact negative
sound sound environmental irhpact
Sociological Project is Social benefits: Acceptability of the Development of [local
sustainable health, system by the activities
education,etc: customers o )
Limited negative
impact on quality of
life

1 Measurements made from the same point.
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Table 7 — 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 X T, N/A | Commitment to supply:
of process over a given . .
period; no quality requirement e process result defined for a period
of one month, one week, for a
number of » months out of 12, n
weeks out of 52 or n days out of
365
Every|day, X X T, T,.C | Commitment to supply:
user wWould like to have e the quantity of subscribed
multip|e hour energy supply at power/energy defined)for a pgriod
constgnt voltages with several of one month, oneywe€k, for &
appliahces on, simultaneously number of n months out of 13, n
weeks out of §2'or n days ouf of
365
and
accepils a lack of energy
becaupe of adverse climatic
condit|ons
Every|day, €ommitment to supply:
user would like to have X X T, T,.C7 | o the quantity of subscribed
multip|e hour energy supply at power/energy defined for a period
constgnt voltages with several of one month, one week, forl a
appliahces on, simultaneously number of n» months out of 12, n
weeks out of 52 or n days olit of
and 5| Ts. 365
requirgs energy even in X X 2! T, e service availability over fixed time
adverge climatic conditions periods
and X X Te:l Te.C
accep}s to have energy only
during| defined periods in the
day

Every|day,

user would like to have

energy 24h/day

Samersolutions, but different sizing and

operating conditions

e same as above, but

e 24 h service availability

6.4.3 Assumptions and classification of input

A presentatioh_of the type and quality of the data used in the sizing process allows the groject
develpper to.assess the margin of uncertainty associated with this process. These, conlbined

with

o site (Table 8);

e consumption (Table 9);

e resources (Tables 10, 11 and 12).

owing
Jn and

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.

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

N is a number of years and M is a number of months that shall be specified. The length of the
history of the data should be representative of the expected lifetime of the system.

Historical data are data of sufficient nlllalify to_assess inter years r‘hangnc in weather patterns.

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

Table 8 — Knowledge of site

Site topography

Levdl 1 Exact location of site including but not limited to:

. Topographical map with a resolution of at least a 1:24 000 of the‘surrounding area including
10 m elevation resolution.

. Exact location of each of the load points through GIS plotting; detailed maps or aerial phojos.

. Specific understanding of the vegetation of the area around the site including but not limitgd to
photos.

Levdl 2 | Exact location of site including but not limited to:

. Topographical map with a resolution of at leasta 1:50 000 of the surrounding area including
25 m elevation resolution.

. Spatial layout of the community based on measurements or informal mapping techniques.

. General understanding of the vegetation of the area around the site.

Levdl 3 | Exact location of site including but netlimited to:

. Topographical map with a resalution of at least a 1:100 000 of the surrounding area including
50 m elevation resolution,

. No information of the spatial layout of the community and load centers.

. No understanding-of.the vegetation of the area around the site.

Levdl 4 | Very low resolution map with minor topographical information such as internationally available fata
sets with 1 km resolution.

Site climate

Levdl 1 Monthly information on site temperature, humidity, rainfall, snowfall, days of ground fog and other
environmental conditions. Data includes monthly averages as well as maximum and minimum Malues
for alkrelevant parameters.

Levdl 2 | Seasoenal information on site temperature, humidity, rainfall, snowfall, days of ground fog and dqther
environmental conditions. Data includes seasonal averages as well as maximum and minimum
values for all relevant parameters.

Levdl3 Yearly information on site temperature, humidity, rainfall, snowfall, days of ground fog and othdr
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 9 — 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
Leyel 1 _Historical change in load usage or community growth. Detailed understanding of planed, oagl
increases.
Leyel 2 Estimate of load or population increase.
Leyel 3 Basic understanding of load increase.
Table 10 — Knowledge of resources: data accuracy levels
Data
Sun Wind Hydro Biomass
Levell1 | Global,Direct and 15 min average wind | Run of river: hourly Feedstock specifigation
Diffuse Irradiation speed records of flow rate, including BTU valde,
measured at a fine measurements. watendepth, water moisture content, pulk

hourly frequency, over
a horizontal surface,
with ambient
temperature, wind
speed and direction.

Measured at a height

to provide
unobstructed
exposure to the
windward direetion.

Wind measurement at
two heights recording
maximum, minimum

and.standard

déviation of readings.

15 min average
measurements of
wind direction.

Measurement of

ambient temperature

and barometric
pressure
recommended.

tarbidity. Seasonal
description of water
quality and debris.

Standard: daily records
of volumetric flow rate
and water turbidity.
Values for storage
capacity, head height,
pipe length. Seasonal
description of water
quality and debris.

and specific stock
density.
Chemical/mineral
makeup (proximat
analysis), stock si
and storability
characteristics of
biomass fuel. Quahtity
available per week.

<

Levell 2

Daity~global irradiation
over a horizontal
surface.

15 min average wind
speed measurements
at a height to provide

unobstructed

Run of river: daily
records of flow rate and
water depth. Seasonal
description of water

Feedstock specifigation,
quantity available |per
month.

exposure 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.
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Data

Sun

Wind

Hydro

Biomass

Level 3

Average daily global
irradiation over a
horizontal surface.

Hourly average wind
speed measurements
taken at 1 s intervals.

e Measured at a height
to provide
unobstructed
exposure to the
windward direction.

¢ Wind measurement at
twao hnighfe rnr‘nrding

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

Standard: seasonal
records of volumetric
flow rate, water
turbidity, general water

Feedstock specification,
Quantity available per
season.

maximum, minimum
and standard
deviation of readings.

Hourly average
measurements of wind
direction.

aatity-and-cebriss
Values for storage
capacity, head height,
pipe length.

Levell 4

Average monthly
global irradiation over
a horizontal surface.

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

Hourly average
measurements of wind
direction.

Levell 5

Periodic sample of wind
speed and direction
throughout every day,
such as on a 3 h basis.
Common at most airpprts:

Levell 6

Periodic sample of‘wind
speed and direction
throughout thé“daylight
hours of every day, such
as three fecordings per
day. Alsorcommon at er
airports.

Levell 7

Monthly average of wind
speed.

Levell 8

Yearly average wind
speed.
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Table 11 — Knowledge of resources: data retained for considered site

Data
Sun Wind Hydro Biomass
Case 1 At the approximate At the approximate At the approximate At the approximate
location for the location for the system location for the system location for the system
system installation at | installation at the installation at the installation at the
the considered site. 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
with the same general | the same general air
characteristics. flow characteristics.
Case B At a location removed | At a location removed
from the considered from the considered site
site but where but where correlations
correlations can be can be made to the
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 f 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 flow
characteristics is characteristics is
expected. expected.
Case p At a location removed
from the considered site
and where accurate
correlations can not.be
made
Table 12 — Knowledge of resources: range of data history
Data
Sun Wind Hydro Biomass
Record 1 | M consecutive months of data collected on site with N years of historical data what can be useq in a
general correlation.
Record 2 | M consecutive/months of data 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), Tables 13 |to 24

indicate\‘the technical specifications that will lead the project implementer to reconmend

equipment types to the project developer. It is expected that this list is provided as a general
guide, as different types of information 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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Characteristics for a photovoltaic array

1 Photovoltaic modules

See Table 13.

Table 13 — Characteristics for photovoltaic modules

Information to be forwarded to the project developer

Quant

Modul
Surfad

Site c

ity and type of modules (complying with the standard requirements of the general specification)

Unit peak power:

e rated voltage:
e of modules:

nstraints accounted for:

Technical characteristics leading to the final choice of panel modules

Total
Gener|

Electr

Site c

eak power:
ptor rated voltage:
cal characteristics 7 = f(V):

nstraints accounted for:

6.4.5.

See T

A Modules supporting structure

able 14.

Table 14 — Characteristics for modules supporting structure

Information to be forwarded to the project developer

Numb
Type
Numb

Impler

er of structures:

f structure (roofing, etc.):

br of panels:

henting the photovoltaic pangl field:
Typical distance between arrays:

Minimum distance-bgtween array and ground:

JTechnical characteristics leading to the final choice of structures

Numb
Materi
Ancho|

Incling

br of modulesistructure:
al:
Fing method:

of'panels (°/horizon):

Degree of incline variability:

Orientation of panels (°/North):

Degree of orientation variability:

Site constraints accounted for:

Surfac

e to be reserved:

Tracking axis if applicable:

Snow loading (if applicable):

Wind loading:
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6.4.6 Characteristics for wind turbines
6.4.6.1 Wind turbine

See Table 15.

Table 15 — 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:

Manufpcturer name and part number:

Technical characteristics leading to the final choice of wind turbines

Helix/fotor diameter:

Number of blades:

Power| curve:

Contrgl system:

Orientption system:

Start yp wind speed (rotation):
Cut ot wind speed:

Destryction wind speed:

Site constraints accounted for:

6.4.6.p Wind turbine structure or_tower support

See Tjable 16.

Table 16 —=_Characteristics for wind turbine structure

Information to be forwarded to the project developer

Type ¢f tower:
Generpl plan:
Overall site laydut)dimensions:

Manufpcturer eertification:

Technical characteristics leading to the final choice of supporting structures

Means for access for maintenance:
Anchoring 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 17.

Table 17 — Characteristics for the generator set

Information to be forwarded to the project developer

Generator type (brand and model number):

Voltage and frequency:

Start yp method:

Generptor housing:

Fuel type:

Standby or prime power specification:
Unit dimensions:

Unit weight:

Rated|power (kW):

Numbegr of phases:

Technical characteristics leading to the final choice of the generator

Cost:
Powern (kVA):

Operation voltage range:

Nominal voltage:

Operation frequency range:

Nominal frequency:

Fuel cpnsumption at varying power levels:
Speed:
Powerl factor:

Cooling type:

Goverpor type:

Envirgnmental constraintsand housing:

Safety| constraints¢including fault detection and safety measure specification:
Operafing constraints of unit:

Installption{constraints, characteristics and instructions:

Speciffcation of meters and controls included in unit:

Overall dimensions and weight:
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Table 18 — Characteristics for micro hydro turbines

Information to be forwarded to the project developer

Output power:

Conng

Manufacture:
Model number:
Technical characteristics leading to the final choice of hydro turbine
Nominal flow rate:
Flow rpte range:
Unit ppwer curve versus flow rate:
Nominfal output frequency:
Maximjum and minimum head requirements:
Cost:
Total harmonics distortion:
Powerl factor allowed:
Frequency regulation:
Contrqller type:
Safety| features and fault protection:
Input flow protection:
Operafing temperature range:
Overal|l dimensions and weight:
Installption constraints, characteristics and instrugtions:

ction and wire diagram:
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6.4.9 Characteristics for biomass generators

See Table 19.

Table 19 — Characteristics for biomass generators

Information to be forwarded to the project developer

Fuel type:
Startup/backup fossil fuel type:

Output power (kW):

Thermjal output:
Manufpcture:

Modellnumber:

Technical characteristics leading to the final choice of biomass generator

Operation voltage range:

Nominal voltage:

Operation frequency range:

Nominal frequency:

Power] factor:

Minimpm load:

Startup fossil fuel fraction:

Fuel curve, fuel conversion and required intake:
Maximum biomass fuel moisture content:

Maximjum gas particulate count:

Turndpwn ratio:

Biomajss cold startup time:

Mixed|fuel startup time:

Envirgnmental constraints and housing:

Safety| constraints including fault detection and safety measure specification:
Operating constraints of unit:

User ipterface/controls:

Installption constraintsSy.characteristics and instructions:

Speciffcation of meters and controls included in unit:

Overal|l dimensions and weight:

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 fulfil
the functions called out for all devices. See Table 20.
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Table 20 — Characteristics for power converters

Information to be forwarded to the project developer

Type of power conversion:

Output power:

Specification of control panel:

Nominal frequency output (as appropriate):
Manufacture:

Model number:

Technical characteristics leading to the final choice of d ¢ /d ¢ converters and transformers

Nominal input voltage:

Input Yyoltage range:

Nominfal output voltage:

Outpug voltage range:

Maximum current:

Unit efficiency versus load or current:

Energy consumption at zero load:

Safety| features and/or system protection:

Existepce and calibration of converter protection (against reverse polaritycin‘particular):
Confofmity to applicable standards:

Operating temperature range:

Overal|l dimensions and weight:

Installption constraints, characteristics and instructions:

Conngction and wire diagram

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

Same|as above, additionally:

Operation frequency range:

Nominal frequency:

Unit efficiency by conversion power:
Continuous a.c. output power:

Maximum a.c. output power and time:
Outpug signal waveform (pulse and shape):
Voltage regulation

Peak ¢fficiency:

Total harmanics 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:
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Altitude limits
Type of grounding:

Ground fault protection:

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 Joltage protection:
Chargp controller algorithm:

Existepce of temperature correction for charge control:

6.4.11 Characteristics for the load manager/meter

This device controls energy flow to different loads and allows confrel of different elegtrical
loads] See Table 21.

Table 21 — Characteristics for load manager/meter

Information to be forwarded to the projéct developer

Measyred parameters:
Operations manual:

System control features:

Technical characteristics leading to the final choice of energy managers

Contrql options:

Voltage range:

Current range:

Load disconnect voltage range and-number:
Powernrequirements:

Measyrement accuracy:

Safety| features, disconngects and/or unit protection:
Overal|l dimensions_and‘weight:

Installption constraints, characteristics and instructions:

Conngction and“wire diagram:

6.4.12— Characteristics for systemn controiiers

System controllers provide an 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 22.
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Table 22 — 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 controller

Control parameters:
Unit power:

User interface specification:

Contrgtparameters—amdcapabitities:

Fault ¢detection capabilities:

System monitoring and logging capabilities:

Contrqller type (PLC manufacture and model):
Equipfnent communications requirements:

Remofe access capabilities/description:

Operating temperature range:

Overal|l dimensions and weight:

Installption constraints, characteristics and instructions:

Conngction and wire diagram:

6.4.13 Characteristics for batteries

See Tjable 23.

Table 23 — Characteristics for batteries

Information to be forwarded to the project developer

Batterl classification (Lead Acid; Nickel Cadmium, etc.):

Maintgnance classification (standard; Jow'maintenance or maintenance free):
Storade capacity (Ah) at specified discharge current:

Nominjal battery voltage:

Manufpcturer:

Part nhmber:

Expecfed replacement interval:

Technical characteristics leading to the final choice of battery

Cost:

Batterltype (floaded 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 24.

Table 24 — Characteristics for links and wiring

Information to be forwarded to the project developer

Quantity and material specification

Type approval
Cost

= PR — PR ’ I PR P e PN
revhmmoar ThdlrdaCLlCTIoUuts TCauirty tu e Tiiar LUt UT TITIRS

Cross|section
Insulajion material
Insulation level

Wire material

Tempgrature rating

Multi dtranded/solid

Multi qr single wire cable

Cableltype (armed, shielded, waterproof, etc.)

6.4.15

Energy outputs

See Tjables 25 to 27.

Table 25 — Energy outputifrom renewable energies

Energy source Associated Installed Energy Voltage Frequency | Expected energy
electrical capacity type outpu
ener v Hz
ay (a.c. or
generator d.c.) kWh/yepr
Sun Photovoltaic kWc To be To be defined | To be defined | To be defingd for
panels (PV) defined for | for each for each each projec
each project project
project
Water Microhydraulic | kVA
power plant
Biomdss Gas\plant kVA
Wind Wind turbine kVA

Table 26 — Energy output from fossil energies

Energy source Associated Installed Energy Voltage Frequency Expected energy
electrical capacity type output
energy
generator kWh/year
Fuel (gas-oil, Generator set kVA a.c. To be defined | To be defined | To be defined for
motor spirit, for each for each each project
gas, etc.) project project
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Table 27 — Energy output from storage

Storage Type Capacity Power Energy Voltage
type
Batteries
Hydrogen
Fly whee

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 dnv.a mlanner
clearly understood by the parties involved. Costs will be broken down into four areds.
e initial investment cost (equipment, infrastructure and installation);

e operating costs (labour and expendable materials);

e replacement costs (equipment and installation);

e regovery and dismantling costs.

It shopld be noted that all cost calculations differ depending on the party for whom the¢ cost
calculptions are being provided. A user who is leasing a specific system will not need to| know
the battery replacement cost as this may be the responsibility of the lease issuer and thus
only the monthly service fee need be provide to thelcohsumer. The purchaser of a complete
system will however, want to understand all of therassociated costs over the system [ife to
compare this to other electrification options.

Costs|supplied to the user should be provided'in at least four formats:

e yefarly cash flow;

e tofal life cycle cost;

e leyelized cost of energy;

¢ anhualized maintenance, eperating, and replacement expense.
Formylas for each of these concepts, taken from the eye of the system owner, are provigled in

Annex D. Formulas for-other important financial terms more applicable to the system from a
busingss prospective.are also provided in Annex D.

All these costS shall be considered in calculating the actualised discounted cost, depregiating
not oply the=different costs mentioned above, but also the income from sale of gnergy
throughout_the life of the installation. This will enable the depreciated difference (income —
cost) {o\be compared for the different technical solutions studied.

6.4.17 Design warranty

A warranty of the design of the power system is an important factor but unfortunately very
hard to collect and validate. This is generally due to the structure of the project, the specific
criteria that are used in the design process and the fact that the input to the design process
(renewable resource information) is highly variable. Determining that the micro-power plant is
operating is an easy assessment, knowing that it can produce the specified amount of energy
in 10 years is almost impossible. Although obtaining a design warranty stating that the system
was designed to provide a specified load given specified renewable input should be obtained,
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 power systems is provided in Clause 6 of IEC TS 62257-3:2015.
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6.4.18 Steps to reduce the impact of climatic hazards on system performance

Steps shall be taken 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.

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

6.5 |Proposal for a sizing process

The design and component sizing of hybrid power systems require an @nderstanding of|many
confligting and overlapping criteria. In some cases the solution is, quite easy, in otherg it is
much|more complicated. To add to the difficulties, usually there is\not the time to complete
detailed assessments for each individual system and so a (basic methodology shall be
adoptpd to simplify the process to allow for rapid implementation. In general, there dre six
basic ftechnical criteria that have great impact on the design-of systems:

e the load to be met in the community/household;

e the natural resources available close to the community/ household;
e the cost of diesel or alternative fuel;

e cost of the different technology options;

e if the system could be community, based, the layout of the community and the cpst of
pgwer distribution materials;

o finmally, although not specifically” technical, the level of technical ability availabhle to
fagilitate service and repair.of system and its components.

To digcuss each of these items independently is beyond the scope of this part of IEC §2257,
but clearly with the consideration of each of these interlocked issues, the problem cgn get
quite [complex. Of initial*importance, and likely the hardest part of the whole process, is
obtairling accurate data for the above criteria so that informed decisions can be made.

There| are many. tools that have been created to assist in the design and sizing of power
systems. Some’ of these are software based, others, like the example shown in Anrnex E,
describe da design philosophy that can be followed. There have also been a number of pooks
written.‘oh the process as well as several periodicals that can be referenced. Thg only
reCO IIICIIth;UII that wvdarll bU IIIGdU ;II thlo tGUhIII\JG: Dpculflbatlull ;D that fUI Glly IIIGjUI }.fOJeCt
or implementation, a method for the design and sizing of the system be developed or adopted.
This methodology should then be tested in a few initial locations and lessons incorporated
before being put into general practice.

6.6 Impact of design assumptions on system sizing and cost

This subclause deals with design assumptions other than resources and demand data
addressed in 6.4. These design assumptions cover different aspects such as level of service,
equipment life, maintenance and replacement assumptions.

Table 28 summarizes the impact of energy management assumptions on the dimensions of an
installation and the impact of level of service on the sizing of an installation.
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Table 28 - 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
e back-up (participation in the annual total energy)

e emergency supply in the event of a component

Power of the set

fajling or an exceptional period without REN going
bgyond the design dimensioning assumptions

Type of set:
Py mataor :Inirit
e diesel

e normal or industrial quality

Rate df use of the set

Fuel storage capacity
Dimensions of generator using REN

Dimensions of batteries

Applicption or user load-shedding assumptions
e |lopd-shedding authorisation

e lopd-shedding hierarchy

Capacity of batteries

Power of set

constraints set by certain applications:
e operating time slots

e power calls, etc.

Power of-bdtteries

Dimensions of inverter

Service life of equipment

Quality of components and equipment chosen

Power management design

The qutcome of sizing is to reach an:atcceptable compromise for each project, taking into

consiz[eration:
i

e initial investment/capital costsy

e operating and general maintenance costs,

e component replacement/renewal costs,

e regycling/dismantling costs.

Specific calculation® methods are described in 6.4.16 and Annex D. The assumptions for

ting thesg costs and in particular the discount rate to be applied shall be determirled by

roject

er.

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

e system 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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e 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 29 summarises the main consequences of technical/economic choices in determining

syste ei7ing This list is not anlr_\rnhnnei\/n

[able 29 — Incidence of cost management assumptions on system dimenSiong

Life span, maintenance and replacement Impact on sizing
assumptions
Intended equipment life span: Quality of components
e short (5 years) Quality of electricity supplied
e ngrmal (10 years) Battery type

* lopg (15-20 years) Battery capacity

Equipment maintenance policy: Battery charging capacity of generator

*  sqtting up maintenance structures Quality of €nergy management and battery algorithms

e tr@ining and capability of maintenance agents Type of.geherator set

* type of maintenance (preventive, remedial) Type‘of equipment used (robustness/ reliability, ehergy

e stpck of spares parts, etc. consumption, etc.)
Comppnents and equipment replacement policy:
e inptallation take-over structure

e rejplacement frequency, preventive maintenance,
cqrrective maintenance, etc., policy

6.7 Guarantee of results

The designer shall be in @ position to exhibit guaranteed results, hence the actual natpre of
steps |he intends to make-should a sizing or performance failure be evidenced.

7 Djata acquisition rules for system management

7.1 Overview

Automatie’or manual energy management requires information about the current operation of
the power system. It Is iImportant to understand the information needed to manage the system
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.

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
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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

llation

e information intended to ensure satisfactory operation of the installation and its gnergy
management system,

¢ information intended to verify that the contracts between the different parnties involved are
complied with (see IEC TS 62257-3),

e information intended for the user to enable him/her to make good use of His/her
ingtallation,

¢ information intended for maintenance and troubleshooting of the power system,

e information for scientific analysis.
The r¢cipients of this information are:

e the¢ energy manager or system control circuitry,
e the operator of the installation,

o the user.

To mget these needs, monitoring system$’aim to measure physical data or system stateg and,

when [collected, processes to provide-status of the operating conditions. In certain casesg, data
may glso be stored for the different recipients described above.

Differgnt types of power systems use different data processing functions that can be Idcated
on a pingle or on several individual pieces of equipment, depending on the manufacturers
design.

Genefally, the caontroel of hybrid power systems is quite simple, as most component$ of a
powel system dre controlled independently and tied to the battery bank voltage for gnergy
management.( Hybrid power systems rarely have a single supervisory controller or gnergy
manager that*controls all aspects of the power system operation. Subclauses 7.3.2 to| 7.3.5
introdpce,\the detailed information needed and relevant data that are to be collecfed to
elabofate’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.

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:

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

o ‘“on/off” orders for the genset (when applicable),
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The main questions of interest for the energy manager are:

e How much energy is available from the power system?

e How much energy is needed by the user(s) of the system?

e How much of produced energy, in excess versus demand, can be stored in the battery

ba

nk?

The energy manager shall monitor the physical magnitudes involved in the operating status of
the power system. This allows decisions concerning production and supply of energy while

ensur|ng a long service lite of the equipment.
Table|30 gives the information required by the energy manager to operate properly. Next to
this ligt of information is the list of the data to be collected.
NOTE | Because of the complexity of individual controlled components, this technical |specification ddes not
describe inter-component control mechanisms, only intra-component control parameters' Different combinafions of
the datla above, either monitored directly or indirectly will give the energy managing\system the ability t¢ direct
power flow in order to meet the load, if possible.
Table 30 - Information required by the energy manager)and data to collect
Mana Name of function Information needed by the Information the monitoring
ger energy manager system shall provid
func+
tion
No.
1) Management of energy flows- in production — storage
1.1 Battery charging by REN sources or by | Energy-stored in batteries: Voltage across battery
the generator set (in case of diesel Egat terminals: Ug,,
rural micro-plant)
1.2 Non battery overload Battery current: I,
1.3 Optimization of the power of the P\/ Voltage across genset
generators as a function of irradiance terminals: Ugg
1.4 Equalization load (programmed day) Current put out by the genfset:
Igr
1.5 Control of direction.@f-circulation of the Genset running time: T3,
current in the links_sources-storage
2) Management of energy flows in storage — loads
2.1 Power supply for backed up a.c./d.c. Energy stored in batteries: Voltage across loads termjnals:
loads Egat Uutil
Current in loads: 7,
Loads running time
22 OilUU‘U‘;IIy uf IUaL:i\UUI up 4.C. U1 UI.L:. ‘VIU:tayv aCTUSS buttGly
loads terminals: Ug,,
2.3 Maximum voltage limitation at terminals | Voltage across loads
of backed up a.c. or d.c. loads terminals: U,
2.4 Holding of minimum voltage at
terminals of backed up a.c. users
2.5 Power supply to non-backed up a.c. or | Energy stored in batteries: Voltage across loads terminals:
d.c. loads EBat UUti|
Current in loads: 7,
2.6 Shedding of non-backed up a.c. or d.c. Loads running time
loads
2.7 Maximum voltage limitation at terminals | Voltage across loads Voltage across loads terminals:

of non backed up a.c. or d.c. loads

terminals: Uil

UUtiI
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Mana- Name of function Information needed by the Information the monitoring
ger energy manager system shall provide
func-
tion
No.
2.8 Holding of minimum voltage at

terminals of non-backed up a.c. loads

3) Management of energy flows in production — loads

3.1 Power supply to backed up a.c. loads Energy produced by the VoIta_lge across genset
from the generator set genset: E terminals: Ugg
Energy produced by all REN | Current put out by the genset:
devices E,y Ip
3.2 Break in power-supply to backed up Genset running time: Tgg
a.c. loads from the generator set
3.3 Power supply to battery-less loads Energy stored in batteries: Voltage across REN-genefator:
Bat Uren
3.4 Shedding of battery-less loads Energy theoretically Outputreurrent of the REN
producible REN: Eq, sources ey

4) Management of genset on/off orders

4.1 Start generator set Energy stored in batteries: All data for Eg,, as above

Egat I,;, (for management of high
Energy produced by all REN [ level power demand:
devices Eggy

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 afe
(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)

7.3.3 Information to provide to the operator and relevant data to be collected

The operater~of the installation needs several types of information, summarised in Tablle 31,
which| concerns compliance with the contract and assistance in troubleshootindg and
maintenance. The operator shall check that the performance capabilities of the installation are
indeemﬁomng
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 can have three main causes:
— failures of equipment,
— lack of production,

— over consumption by the user.

NOTE 2 The designer will have the opportunity to implement a data acquisition system that is either a fixed piece
of equipment or a temporary system that can be removed after an initial break in period in the case of operational
questions. In addition, a monitoring system that only addresses areas of concern, such as system power production,
can be installed on a permanent basis.
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Table 31 - Information required by the operator and data to collect

Requirement

Information to provide to
the operator

Requisite data

Requested informat

ion: compliance with the contract

Check that the performance capabilities of the
installation comply with the system design

Theoretical energy
production REN: E;,

Actual system energy
production

Resource measurement at site:

VAvg.1' TAmb' GT, VFIow

Production of specific
generation components: E\yigs
EGR‘ EPV EH){dror Gen Fuel,
Genset running time: Tgg

Troub

leshooting in the event of failure

Checkrtiratthe energy consumption Hmits USer energy consumption. Z0nl
provided for by the equipment dimensioning and | £,
definef in operator/user "contract" are complied
with
Checklthat specific components meet initial Inverter and battery Igat, Ugat: Linys Luths Uutil
requirgments efficiencies are as specified
Uy, Freqi/Rower factor,
Energy output of energy harmopic distortion
producers meet
requirements for voltage and
frequency
Requested information: assistance in troubleshooting ,and maintenance
Knowlpdge of the operating conditions of the Fault identification
installgtion before conducting any maintenance
work

State of chargeof/the
batteries: Eg,;

Voltage across battery
terminals, Uggy,

Battery current: Iz,

Battery temperature g,

Pastrecord of the
production; logged data

Key system parameters: g
above parameters

Past record of the failures

System logbook

7.3.4

The in
to rec
count
mainl

Information to provide-to the user and relevant data to be collected

Table 32 — Information required by the user and data to collect

stallation user wishes to make the best possible use of his/her installation and will wish
eive prior warning.in the event of a risk of lack of energy and any other event liable to
br his/her consumption. To do so, the user needs information as shown in Tabje 32,
the state oficharge of the batteries.

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: Icr: UReN: IREN

Instantaneous energy available

Indication of instantaneous
availability of energy

Same as above
Current load: Iy, Uy

Knowledge of the risk not to have energy
available

Predicted energy availability
based on current conditions

Same as above
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7.3.5 Summary of the information required

Table 33 summarises the list of the required information and the assigned destinations.

Table 33 — Summary of the needed information

Assigned destinations
Operator
Required information
q Energy | compliance | Troubleshooting/ User
manager with maintenance
contract
Instantp- Uytil Voltage across loads (@) ®
neous | terminals
informgtion
Quality of power output °
Fault identification ° ™
Egat Energy stored in the batteries ) )
Ech pat State of charge of the ° ®
batteries
Etot Total energy production. ) ®
Eren: Egen
R ds
ruencn?rrwg " | Ereal Energy produced by REN (®) ® °
days Ety, Energy theoretically ® ()
producible from REN
Egr Energy produced by the (®) °
genset
Eyti Energy consumed by loads ) ®
(d.c. and/or a.c.)
Environmental conditions (®) )
Running time of the genset (®) ° ®
Past production from(REN () [ o)
record
Past possiblespreduction ° ° o)
from REN récord
Past ti d
Past ast consumption recor ° ) o)
record Pasf fault record o)
Past state of charge of the ° o)
batteries record
Past production from genset ) ° o)
record
L4 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.

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 project implementation.

7.4 Data to be collected

In relation to the different needs of information as introduced above, Table 34 lists the
minimum data that should be collected from the power system.
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Table 34 — Minimum set of data to be collected

Data

Ugat Voltage at battery terminals °

Ipat Battery current (and direction) ®

Osat Battery temperature (@)
Uren REN sources voltage (@)
IREN REN sources current — for each renewable device is appropriate and desired. [}
Usr Generator set voltage (@)
Igr Generator set current |O
Uytil Applications supply voltage (d.c. and/or a.c.) |0

Tyt d.c. and/or a.c. applications supply current |0
e'GRr Genset starting status (|0)
eGR Genset operating status (IO)
GEn fudi Genset fuel consumption (|0)
tBat Battery temperature (|0)
tAmb Ambient temperature (|0)
TGr Generator set running time I.

[ ] nformation required as a minimum to allow the management of the system.

(®) [Information required for a better comfort or a better accliracy in the management of the system.

NOTE| This table introduces a list considered as a minimum. It is always possible to obtain more informatipn (for
examygle for a more accurate management, for scieptific purpose, or validation). But, in a lot of situgtions,
especijally in developing countries, minimum cost is a’key point to be considered.
As shpwn in Table 35, the amount of Useful information needed is in direct relation with the

complexity of the system to be managed and thus the system classification.

This t

system to the sophistication of the power system.

(Ident

fication of the Systems refers to the classification defined in IEC TS 62257-2).

bble encourages the system designer to adapt the sophistication of the data acqujsition
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Table 35 — Relationship between required information and system architecture

Systems
Required information T, T, T, Ty Ts Te
Instantaneous | Uyy Applications supply voltage (d.c. and/or a.c.) (@) [ ° ° ° °
information
Fault identification (@) (@) (@) (@) (®) | (@)
Egat Energy stored in the batteries L] L L
Ech pat | State of charge of the batteries L L4
Records—on Epoo Energy produced by REN (®) [J [ ®
running days | g Energy theoretically producible from REN (®) ° ° °
Egr Energy produced by the genset L L L L
E il Energy consumed by loads (d.c. and/or a.c.) L] ° L] L]
Running time of the genset ® o o o
Past production from REN record (@) (@) (®) (®)
Past possible production from REN record (@) (@) (@) (@)
Past consumption record (@) (@) (@) (®)] | (@)
Past records
Past fault record (@) (®) | (®) | (&) | (@) | (®)
Past state of charge of the batteries record (@) (@) (@) (®)] | (@)
Past production from genset record (@) (@) (@) | (@)
7.5 |Operating conditions, electrical and engineering requirements for data
acquisition
For ctirrent and voltage measurements, it,is-advised to take averaged measurementg over
10 mip together with the minimum and maximum values throughout the day.
Prote¢tion performances (criteria IP)'should be more strict.
The dpta acquisition system shall be powered by the electrification system as a load or|by an
indepgndent power system. If supplied by the power system, the data acquisition system
shouldl not disturb any «lectrical characteristics of the system. Energy consumption pf the
DAS ghould be as low (@s possible:
Less than 5 % ofythe average daily produced energy, for power systems with Wp < 500 V.
Less fhan,2°% of the average daily produced energy, for power systems with Wp > 500 VY.
Any faduls—of—the—data—ascquisition—system——shal—-have—ro—influenrce—en—the—menitered—power

system. Reliability of the installation shall be the same with or without operation of the data
acquisition system.
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Annex A
(informative)

Example for detailed performance criteria and levels
for a production subsystem

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 as given in

Table[ATbetow:

Thable A.1 — Detailed performance criteria and levels for a production subsystem

X. FU‘JCTION

X|.Y. sub-function

Performance criteria

Performance levels

Remarks

. S¢rvices rendered

e Constraints complied
with

Indicators selected to
qualify the ability of a
solution to render the
services expected or to
comply with the constraint

Quantitative requirements
(within the criteria
defined) guided by the
“market” to be satisfied

The fpllowing Table A.2 gives an example illustrating&function 1.1 for a T3.C systen

IEC TP 62257-2):

Table A.2 — Typical example of Table A.1

(see

1. GENERATION*OF ELECTRIC POWER

Sub-function

Performance crijteria

Performance levels

Remarks

1.1 Prpduction of electrical
energy from primary
energies

e d.c. energy-ta be
producedper day

in Wh/ day

1.1.1 from solar energy

e shareJof total energy
to pe provided

&, ‘peak power

» nominal voltage

e direction of circulation
of current in link

o etc.

in Wh/day in Wc

ind.c. V

panels to battery: anti-
return diode in each
branch

1.1.2 ffrom(fossil energy
(genellator set plus charger)

e share of total energy
to be provided

in Wh/day (d.c.)

1.1.2. +-Generating-an-a-c

voltage from the set

1.1.2.2 Converting the a.c.
voltage of the set into d.c.
voltage

etc.

- MPUWTT
e voltage
e frequency

e fuel autonomy
e characteristics

e nominal current

e charger efficiency

e voltage

e internal consumption
e load management

o etc.

i sp an
MrAN VA, CUOS W v,U
ina.c.V+10 %
inHz £ 2 Hz

in month (0,25 | tank
per kVAh)

three-phase or single-
phase

in A

>90 %
inV+2%
in Wh/day

etc.
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Annex B
(informative)

for a distribution subsystem

IEC TS 62257-4:2015 © IEC 2015

The information presented should be in accordance with the following model as given in Table

B.1:

Table B.1 — Detailed performance criteria and levels for a distribution subsystem

X. FUNCTION

Y. sub-function

Performance criteria

Performance levels

Remarkjs

X

e Services rendered
C
w

th

bnstraints 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 by the
“market” to be satisfied

Hereinafter is an example of an element of the detailed “functional specification for the

follow

ng function: connecting the power plant to the application points, see Table B.2.

Table B.2 — Typical example\of Table B.2

1. TO

CONNECT THE PRODUCTION SOURCES TO THE APPLICATION POINTS

sub-function

Performance criteria

Performance levels

Remarks

11. T
micro

b connect to the rural
power plant

Total transmission
capacity

1.2. T
micro

b distribute the rural
power plant supply

Number of-off takes

(characteristics of site)

1.3.T
to the

b transmit the energy
application points

Transmission
capacity of each main
trunk line

Total length of
network

(characteristics of site)

14.T

b distribute the energy
transmitted at locaklevel

Transmission
capacity of each
secondary trunk line

Number of secondary
trunk lines

Number of customers
per branch point

(characteristics of site)

1.5. To enable energy
transmission to be
interrupted

Number of cut-
off/control points

(characteristics of site)

1.6. To connect up to the
application points

Number of customers
per offtake

Number of application
points

(characteristics of site)
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Annex C
(informative)

Example framework for proposal specificationz2

Project name: Isla Tac

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

C.1 | Knowledge of site

(refer|to Table 8 in the text)

Site topography

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

e Topographical map with a resolution of at least a 1:24 000 of the&urrounding area including
10 m elevation resolution.

e Exact location of each of the load points through GIS plotting, detailed maps or aerial phqtos.

e Specific understanding of the vegetation of the area around the site including but not limi{ed to
photos.

Site climate

Level 2 Seasonal information on site temperature, humidity; rainfall, snowfall, days of ground fog and|other
environmental conditions. Data includes seasonal*averages as well as maximum and minimun
values for all relevant parameters.

Site'hazards

Level 2 Basic information on the yearly occurrences of hazards such as floods, lightning, hail, high wihd
events, tornados, tropical storms,hdfricanes, typhoons, sandstorms, and icing events. Data would
include average number of eventsiper year.

C.2 | Knowledge of consumption data

(referfto Table 9 in the téxt)

Expected energy consumptions

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

Change in consumption

LevFI 2 | Estimate of load or population increase

2 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of the products named in this annex.



https://iecnorm.com/api/?name=a765a860f4fb7cdb2a81db2f90e25bfc

- 52 - IEC TS 62257-4:2015 © IEC 2015

C.3 Knowledge of resources

(refer to Tables 10 to 12 in the text)

General data

Sun Wind Hydro Biomass
(not applicable) (not applicable)

Level 1

Level 2 | Daily global irradiation over a
horizontal surface for a given

site.

Lev4l 3

LevJI 4 Hourly average wind
speed measurements at a
height to provide
unobstructed exposure to
the windward direction.
Hourly average
measurements of wind
direction.

Levql 5

Lev4l 6

Lev4l 7

Levdl 8

Data retained for considered site
Cas¢ 1

Case¢ 2 Climate wise, the site is
similar to other sites whose
general data are available
(except level 4).

Cas¢ 3 At a location removed
from the considered site
but where correlations can
be made to the
considered site using
either mathematical
formulations or proven
resource mapping
techniques.

Cas¢ 4

Case¢ 5

Range of data history

Recofd 4 ) M consecutive months of data
collected an site with N 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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C.4 Technical characteristics for the main equipment proposed

C.41 Photovoltaic modules

(refer to Table 13)

Information to be forwarded to the project developer

PV determined to not be applicable for this application

C.4.2 Modules supporting structure

(refer]to Table 14)

Information to be forwarded to the project developer

PV dejermined to not be applicable for this application

C.5 | Characteristics for wind turbines

C.5.1 Wind turbine

(refer|to Table 15)

Information to be forwarded to the project developer

Type ¢f power output: Rectified d.c.

Rated|power: 7,5 kW

Rated|voltage: 48 V d.c.

Rated|wind speed: 13,8 m/s

Rated|frequency: N/A

Manufcturer part number: Bergey Windpower — EXCEL-R

Technical charactéristics leading to the final choice of wind turbines

Helix/IRotor diameter: 7 m

Number of blades: 3

Power| curve: (see attachment3)

Contrgl system: rectified\controller

Orientption systemipassive yaw with tail boom
Start yp wind speed (rotation): 3,1 m/s

Cut oJt wind speed: N/A

Destryctien/wind speed: 54 m/s

Site constraints accounted for

3 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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C.5.2 Structure support

(refer to Table 16)

Information to be forwarded to the project developer

Type of tower: guyed lattice tower
General plan: see attached specifications
Overall site layout dimensions: see attached specifications

Manufacturer certification: Rohn Industries

T Jorrors el mriaind 1 ' ) e T £ " " "
reCTCar Ciar acteTStecS eadtiTg 1o tre tiar Ciorce o SuppoTrtmyg-Structures

Meanq for access to maintenance: climbable tower, tower tilts down for major turbine maintenance

Anchofring method: concrete anchors per manufacturer's specification

Foundjtion design: concrete anchors per manufacturer's specification

C.6 | Characteristics for the generator set

(refer]to Table 17)

Information to be forwarded to the project‘developer

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

Start yp method: automatic

Generptor housing: none

Fuel type: diesel

Standby or prime power specification: prime

Unit dimensions:

Unit weight:

Rated|Power (kW): 14 kW

numbgr of phases: 3 phase

Technical characteristics leading to the final choice of the generator

Cost: $16 000

Power (kVA): 17,5 kVA

Operation voltage<ange: 200 to 240 V a.c.
Nominal voltage»220 V a.c.

Operation krequency range: 46 to 54 Hz

Nominal ‘Erequency: 50 Hz

Fuel consumption at varying power levels

Speed: 1 500 RPM

Power factor: 0,8 nominal

Cooling type: water

Governor type

Environmental constraints and housing: indoor use only

Safety constraints including fault detection and safety measure specification: over temperature and over speed
Operating constraints of unit: none

Installation constraints, characteristics and instructions: none

Specification of meters and controls included in unit: none
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C.7 Characteristics for micro hydro turbine

(refer to Table 18)

Information to be forwarded to the project developer

Micro hydro determined to not be applicable for this application

C.8 Characteristics for biomass generators

(refer te—Fable—33

Information to be forwarded to the project developer

Biomalss determined to not be applicable for this application

C.9 | Characteristics for power converters

(refer|to Table 20)

Information to be forwarded to the project developer

Type ¢f power conversion: solid state power converter
Outpug power: 4,5 kW

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

Model|number: SW4548E

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

Nominfal input voltage: 48 V d.c.

Input yoltage range: (42 to 56) V d.c.

Nominal output voltage: 220 V a.c,

Outpug voltage range: 220 V a.c.

Operation Frequency range™50 Hz

Nominal Frequency: 50 Hz

Maximum current: A37-A d.c.

Unit efficiency Versus load or current: Maximum 96 %, see attachment
Energy consumption at zero load: 17 W

Safety| features and/or system protection: Over/under voltage, over temperature, over current

Existence and calibration of converter protection (against reverse polarity in particular): no
Conformity to applicable standards: yes — USA: UL designation

Operating temperature range: —40 °C to 60 °C

Overall dimensions and weight: 38 cm x 57 cm x 23 cm: 63 kg

Installation constraints, characteristics and instructions: see attachment

Connection and wire diagram: see attachment
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Unit efficiency by conversion power: see attachment
Continuous a.c. output power: 14 A a.c.

Maximum a.c. output power and time: 34 A a.c., 1 min
Output signal waveform (pulse and shape): sine wave
Voltage regulation: yes

Peak Efficiency: 96 %

Total harmonics distortion: (3 to 5) %

Power Factor Allowed: -1 to 1

Frequency regulation: £0,04 %

Maximjum allowable pass through current from a.c. loads (if any): 60 A

Power| versus efficiency curve: see attachment

Evolutjon of throughput versus load: see attachment

Invertgr electrical protection: see attachment

Outpuf protection including short protection and breaker speed: see attachment
d.c. disconnect 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:

Maximjum input voltage: 66 V d.c.

Input yoltage: 220 V a.c.

Unit efficiency versus conversion power curve: see attachment
Input frequency: 50 Hz

Over Joltage protection: yes

Chargg controller algorithm: three stage

Existepce of temperature correction for charge control: yes

C.10| Characteristics for load manager/meter

(refer]to Table 21)

Information to be forwarded to the project developer

pd

pt applicable for\this application
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C.11 Characteristics for system controllers

(refer to Table 22)

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

Technical characteristics leading to the final choice of system controller

Contragl pnramnfnrc' see-attachment

Unit ppwer: not applicable

User ipterface specification: not applicable

Contrql parameters and capabilities

Fault detection capabilities

Systerm monitoring and logging capabilities: none

Contrgller type (PLC manufacture and model): not applicable
Equipfnent communications requirements: not applicable
Remofe access capabilities/description: none

Operating temperature range: see above

Overal|l dimensions and weight: not applicable

Installption constraints, characteristics and instructions: see attachment

Conngction and wire diagram: not applicable

C.12| Characteristics for battery

(refer|to Table 23)

Informationto be forwarded to the project developer

Batterl classification (Lead Acid; Nickel Cadmium, etc): flat plate lead acid
Maintgnance classification (Standard, low maintenance or maintenance free): standard
Storade capacity (Ah) at specified discharge current: 1 024 Ah

Nominal battery voltage:'2/V d.c.

Manufpcturer: SEC industrial

Part npmber: 6:M100-17

Expecfed replacement interval: 6 years

Technical characteristics leading to the final choice of batteries

Cost: $350 USD
Battery type (flooded, tubular, absorbed glass-mat, etc.): flooded
Nominal battery capacity at different discharge currents: see attachment

Operational characteristics of battery at standard operating temperatures for the considered site:
see attachment

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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C.13 Energy outputs

C.13.1 From renewable energies

(refer to Table 25)

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.,
Biomass Not applicable 0 0,(
Wind Wind turbines 2 x 7,5 kW d.c. 48 N/A 32 560,0
Storage Batteries 100,6 kWh d.c. 48 N/A N/A
C.13.2 From fossil energies
(refer|to Table 26)
Enpergy source Associated Installed Energy Voltage Frequency Expedted
electrical capacity type energy qutput
energy \Y Hz
generator kWh/year
Diesel Generator set 17,5 kVA a.c 240 50 Hz 16 06p,0
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