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in rural decentralised electrification

FOREWORD

A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public and established in an organization operating under given procedures.

IEC/PAS 62111 was submitted by Electricité de France and has be by IEC

technical committee 82: Solar photovoltaic energy systems.

This RAS is also relevant to the activities of TC 21, Secondary TC 88,

Wind furbine systems.

The text of this PAS is based on the This P
following document: publicati y the P-
committee conhcer indj
thp"h})llow g doeume
Draft PAS (\\/Keplb\'\t onwoting
82/221/PAS < < A ( k 8\2!.2)24yR/6D

Following publication of this PAS, th mmittee or subcommittee concermed will

investjgate the possibility of transformi oan nternational Standard.

1) The|IEC (International brising all
natipnal electrot rnational
co-gperation on hd and in
addjtion to other actiyiti technical
conjmittees; any | eparatory
worK. Internationa te in this
preparation. The NEC\coha (1SO) in
accprdance i

2) Thel formal decision sible, an
intefna ) sentation
from allintere

3) Theldocumen € e form of
standards,technical reports or guides and they are accepted by the National Committees in that sense.

4) In ¢rder\to promote international unification, IEC National Committees undertake to apply IEC Int¢rnational
Stapdafds transparently to the maximum extent possible in their national and regional standards. Any divergence
between—the+tEC—Standard—and—the—ecorresponding—ratonaertegional-Standard—shat-be—eleary—indieated in the
latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any

equ

ipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights.

The

IEC shall not be held responsible for identifying any or all such patent rights.
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SPECIFICATIONS FOR THE USE OF REN IN RURAL DECENTRALISED
ELECTRIFICATION

"DRE SPECIFICATIONS"

GENERAL INTRODUCTION

June 1997

Decentralised Rural Electrification projects are now being implemented in France as well as on the
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Part C-: nical Specification of Components ;
Part D : Guide to Specification of a System for a Specific Site ;
Part E: Product Specifications (planned).

Table 1 provides a brief summary of each of the sections.
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Table 1 : List of DRE documents

Part Title
Series A : From Energy Requirements to Electrification System

A1 From the Requirements to be met to the Proposals for a Range of Electrification
Systems

A 2 |Results expected from the Process of System Design

A 3 |Contractual Framework governing the Relationships Involved

A o Lik A £ D H R Y H all 1 P
1 WUy AooUTldlIUT TUTN T TUJTUL UTOIYTT Al TTTTPICTTIICTILAUUT

Series B : Guidelines for System Design and Operation (

B Architecture of Electrification Systems . (\
B |Guidelines for Production Sub-System Design (planned) &
B3 [Guidelines for Distribution Sub-System Design (planned)< \

N

B 4 [Energy Management Guidelines
B % |Guidelines for Data Acquisition \ \\/
B 6 |Guidelines for the Protection of Persons and I?/rop/er;y f?om\E“fe\tricél Hazards
BT |Guidelines for Operation, Maintenance and Ren

Series C : Technical S\pgm{/c\thﬁ of Qorﬁp))qevft/s
Photovoltaic Array
Building-integration of Photovq(alc Arra)>s\

p

B | Wind Generator \ \\

h Electrogenerqto&et\( N v
(\ \_/

Battery /

Converter, \
( Energy\Ma(Qag\émggt

B CIimatic/aQ\d\EnV@r}{@n\ajl\Fg\sffng

'S

oY

OO0 |IO|0[0|0

Serle)s\D\\Gﬁ{d\e\o §Rec tion of a System for a Pre-Determined Site
D Mé\hod\fo\\\C%@ra\ot(\ar@ng Needs (planned)
D2 (%IQ\G{IH for Sékecting a System (planned)

D3 ?ypi\caﬁFu}\Q%na’rDescription of a Private Electrification System (planned)

D4 | Typical kunctional Description of a Public Service Electrification System : Micro
Power Stations

DA Typical Functional Description of a Public Electrification System : Micro grids

Series E : Product Specifications (planned)

The current 1997 edition will be expanded in 1998 by feedback from the application of these

recommendations to DRE systems now being implemented throughout the world, and by the
development of industrial products where the design, installation and implementation have been
based on the proposed specifications.
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The General Directives for the Use of REN for Decentralised Rural Electrification were drawn up for

EDF by :

F. ARMAND ADEME

M. COURILLON ADEME
P. COURTIADE ADEME

A. HARDION AINELEC

J. P. DESPLAT APAVE Sud Ouest

J. C. CHABAUD APEX
E. LAGET APEX

A. LAALI EDF - DER - EP - Machines
T. DEFLANDRE EDF - DER-ER-CCT
N. BUCHHEIT EDF - DER - ERMEL - ME
M. DESSOUDE EDF - DER - ERME ‘
A. DIET EDF - DER - ERMEL

C; GELIN

A. HIRIART

G. HUARD
P. MAURAS

A. SCHMITT

R. SOLER
J. ALZIEU

D.

- 8°° - Avignon Grand Delta
3DF - S°°° - Cornouaille

EDF - GDF - S°*° - Franche Comté Sud
DF - GDF - S***-ID

GENEC

GENEC

HOUVENAGHEL

JURA ENERGIE SOLAIRE

PHK Consultants
SCHNEIDER-DST-ELEC

ROCQUEMAUREL SERT

B.  LAMY SPIE ENERTRANS
J.Y. QUINETTE TECSOL

B. MONVERT TENDANCIEL

R. MISSAQOUI TRANSENERGIE
G. MOINE TRANSENERGIE
J. BILLEREY VERGNET

D. LEFEBVRE VERGNET
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riie Part A : From Energy Requirements to
Electrification System

Section 1 : From the Re
be met to the Proposal
Electrification Syste

ments to
nge of

Number of pages 14 (including appendices)

Type

Associated Document(s)

stems  for
is of user
B types of
e electrifi-

ss supply
systems, private systems and service systems.

Produced by ELECTRICITE DE FRANCE
RESEARCH AND DEVELOPMENT DiVISION
ELECTRICAL EQUIPMENT DEPARTMENT
Substations and Lines Branch
Supplies Group
1, Ave. du General de Gaulle
92141 CLAMART CEDEX - FRANCE
Telephone : 01 47 65 34 66
Fax : 0147 653218
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1. Vocation of Decentralised Rural Electrification Systems

Decentralised rural electrification systems are intended to supply electricity for use throughout rural
areas, to sites not connected to the national grid.

The type of use is, in most cases, as follows :
e isolated private dwellings,
e dwellings in village groups,

e public service (public lighting, pumping stations, health centres, places of worship, public
buildings, etc.),

cante af-craonamieactiabr Lnaorlkkabaona patnea 1o otrine Ao )
ST C S OT COUMTUTTITC At vty (VWUOUTRSTTO P S oo Ot StUTC SO toT)T

These systems can be sub-divided into three categories :
» process electrification systems (for example, pumping) ;

p private electrification systems (PES) for single users ;
» public service electrification systems (PSES) for public se

The process electrification systems and private electrification syste e two/sub-systems :
» a sub-system producing electrical energy ;
» a sub-system consuming this energy.

cating the

e modest

| installa-

0 ,\the avaifability of energy use : to be able to use energy whenever it is needed ;

¢ quality in supply which does not affect the performance nor the life expectancy of instal-
lations.

2.1 Summary of Requirements : Supply

Appendix 1 contains an analysis of consumption typical of the devices currently installed for each of
the applications mentioned in §1, and an estimated life expectancy we consider probable for these
devices. This analysis was based on our experience with PV systems in France Y and surveys of re-
quirements in Southern Mediterranean countries.

This analysis has lead us to propose separating quantitative requirements into 4 categories (see Ta-
ble 1). For each of these categories, requirements in power and in energy have been assessed on the
basis of the power specifications of equipment on the market, and on a specific number of hours use
for each application.
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Table 1 : Quantitative Requirements by Type

Category Category 2 Category 3 Category 4
e private e private e private public services
(lighting, audio-visual, (same as category 1 + (same as category 2 + (pumping stations, etc.)
etc.) refrigeration et house- washing machines, freez- and
Type of User and hold appliances) ers, DIY, etc.) . o
and and and economic activities
Type of Use low consumption public

services public services public services (motors, etc.)

e (places of worship, e | (health centres : lighting | (public lighting)

community centres, and refrigeration)

schools, public build-

ings, communications

systems)

o few devices low e afew more devices, | e a lot of equipment 3 owerful insfallations
power devices .
devices more pow- &\ surge and high de-
Basic o “flat” consumer profile erful d on supplies
Specificatipns
Probable install¢d Supply <200 W /1{0 a SM X \ > 2 kW
Average Supplief required \%QJ
over 24h <1 kWh 0,75a1, a4 kWh n x 10 k{Vh
(to satisfy exgected
electricity consymption) (‘\

Category| 1 : Private lighting. andfor audio-vi quiremeénts
Power and energy require t E/j<1000 Wh). This category includes a cerjain
proportion} of privat ing 5 esefibed as “low consumers” using lighting andg/or
audio-visyial appliances ¢ i the same type of installations. Among the latter jare
included :I:Iaces of worship res,public buildings and communications systems.
Category| 2 : Categor) ¢ i d/or household appliances
Requirements a e ma i (150W<P<500W et 750Wh<E/j<1500Wh).This category|in-
cludes a|pro ate ellings (lighting, audio-visual, refrigeration and household appli-
ances) and h-centre
Category| 3 : Categ zers and/or washing machine
Energy requirements are“more considerable (500W<P<2000W, 1500 Wh<E/j<4000Wh).This cate-
gory includes the so-called “voracious” pnvate consumers. These consumers may have freezers,
washing hay

come under the same category. In effect and dependlng on the number of I|ghts reqwred to operate
simultaneously in a village, surge demand and energy requirements in larger villages may be com-
pared with the third type of “private” user.

Category 4 : Process and micro-industry

Requirements for power and energy are very large (P>2000 W and E/j= n x 10 000 Wh). This cate-
gory includes economic activities such as micro-industry and public services' such as pumping sta-
tions.

' 1) EDF/DER HM-55/96/025 Technical Note, October 1996 : "Feedback on Photo-Electric Systems in France -
User Perception and Practice”, ORHANT |, SAADAOUI L, WAERAAS de SAINT MARTIN G.
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2.2 Proposing a Range of Power/Energy Ratios

Depending on the one hand, on how users wish to consume energy, and on the other, on their eco-
nomic situation, several levels of service can be proposed in response to the quantitative require-
ments presented in Table 1, and with the following features :

e availability of daily energy levels ;
e conditions for the consumption of this energy.

A range of energy - power ratios is provided in Table 2.

Table 2 : Energy/Power Range

Requfrements Category 1 Category 2 Category 3 Category 4

E aerage 24h <1kWh 0,754 1,5kWh 1,544k ~ n x 10 kWh

P installed <0,2 kW 0,154 0,5 kW M\ \ > 2 kW

Services offered Category 1 Category 2 éa}&x3 Gategory 4
Power Installed §\\0\\‘<\(\ >
10 W 50 W 100 W | 200 W 200 W 500V 1 ,5 kKW 2 kKW ~ 4 kW
Suppllies at P \>
max. pver 24 h 5h 3h (\ A 2h ~7-8h
Max. stistainable | 2W | 10w | 20w 4M 2\5 w 6 Wk) 4 80w | 120w | 160MW | ~1kw
supply|over 24 h

Energy supplied |50 Wh | 250 Wh | 500 Wh | |1 kW< GOB\Ah\\Lé&Wh 1kWh | 2kWh | 3kWh | 4kWh | nx10kWh
over 24h

2.3 Summary of Needs :

Eac¢h type of yailability

period for the &

Regdfa\rity\a\\d n\itué\Qf energy requirements Availability

b a ount\E/Kf electric energy over a [ e« He can do without energy at any time over this period of

ich” extends over more than one week time (for example : pumping station linked with| a water
tower)

b oquality requirement for the supply

Fvery day;-the Me)ds : e He can do without electric power for several days in the

p /several hours of electric power supply at a constant year.

voltage,
e to use some of the installations simultaneously e Cannot (or will not) do without a power supply.

With regard to the quality of the supply, user expectation will centre on the points illustrated in Ta-
ble 4.
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Table 4 : Expected quality of supply

Type of equipment Qualitative Expectations
Voltage measured at equipment (U £ AU)
bC Distortion of signal
Voltage measured at point of supply (U £ AU)
AC Frequency (F + AF)
Harmonics
cos ¢ of grid

2.4 Types of Energy Production Sub-Systems

In order tp begin the design of an electrification system for any given site, quit-

able prodjction sub-system for the level of service required has to be selected.

In the field of decentralised rural electrification (DRE), the various prodyction.sub- > practicgble

are shown in Table 5.
Table 5 : Types of production S/;b'sys\

Comments

Type of ue Sub -system | Description of production sub- /CQL\S%}
system

. REN, no storage, with RE a\@ \Pgod ion is random and depends entirely
Production S1 ability ando on availability of the REN resources

with no storage Electrogenerator set . This mode of production provides | daily
S2 olid supplies over a fixed period of time

(multi-customer systems) (\
In this case, the storage associated with
the REN is nothing more than a low cppac-

ity buffer battery. Resistance is S2, gs the
role of the battery is not to store the ehergy
produced by the REN but to stabilise the
Solid voltage for consumption and to compensate
production variations while the set is [start-
ing up.

Production ith
buffer storgge

unreliable supplies for several dgys a
year

With this mode of production, the stprage
allied to renewable energy is more flexible
than for the above solutions. Because of
the vagaries of the climate, this type of
system may not be available for s¢veral
Production yith Flexible days a year.
energy storage

S4 L REN with\erergy storage

Hybrid (REN + Electrogenerator secure supplies :
S5 set) with storage of energy

The use of the electrogenerator set elimi-
nates cuts in supplies due to climate. It
guarantees continuity of supply.

S6 Electrogenerator set with storage

The following have not been considered :
e use of electrogenerator set only for single-user systems ;

e use of electrogenerator set in public service systems operating 24 hrs a day, linking up with a
conventional power station.

The following conclusions may be drawn with regard to the various production sub-systems selected :
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e The use of renewable energy alone makes for unreliable production depending on weather
conditions.

e Use of the electrogenerator set provides a production unit which completely protects the user
from unreliable weather. It guarantees supply. In multi-user systems, used alone (S2) or in
conjunction with pseudo on-line production using REN and buffer battery (S3), it only supplies
energy over a specific period of time, thus creating rigid conditions of use. (The option of diesel
power stations operating 24 hours a day is not discussed in this document).

e Storage of energy adds flexibility for users :

¢ combined with REN alone (S4), it means the user has adequate reserves of power to
compensate for the lack of suitable natural resources. However, only over capacity from
REN and storage can guarantee continued availability of supplies for the user throughout
the year,

¢ combined with a set with or without REN production, it enables the user to,consume en-
ergy at will, without restrictions as to the period of time. btween a
{hybrid + storage} solution (S5) and a {set + storage} soluon (S6) i gither of a
political decision to use REN or of a decision to minimi perati : ntenance
costs.

2.5| Matching Decentralised Production Capacities to N : ecti Energy Production
to Match Needs

Figure 1 illustrates how the possibilities offered by the variy ) i ssible can
be matched to user requirements
W i ity, produc-
tior] based on renewable energy (REN)
w i pcause of
we suitable.
WH ing the use
of
synchro-
is[the case,
pt + REN)
solutions

y quota at
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The user needs a given power supply The user needs several hours supply of
with no quality requirement for a period of electricity at a constant voltage every day
about a week or a month with concurrent usage.

User requirements

Wil Ma ut power for

seyeral dgys a year

Cannot (will not) do
without a power supply

The user will not accept in-
flexible supplies and wishes to
use supplies 24 hrs a day

User accepts contraints
liked with the supply

12}

55

2'®

8 Ad e Flexible

5% Rigid Rigid storage Hy ;

S0 - : Set= = .
é(_g Unreliable Hybrid Hybrid brid + storage REN Flexible
g £ REN only set only coupled *+ storage REN + storage
KRS}

23 Production Production with Production

§£ without storage buffer storage with storage

* : Overproduction of REN and storage

Figure 1 : Matching production possibilities to needs in decentralised systems
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Selection of the production sub-system is carried out on the basis of the qualitative requirements in
energy availability and acceptance by the user of the constraints connected with the proposal. Sec-
ondly, the capacity of the production and distribution sub-systems must be adjusted to meet the
qualitative requirements.

Once the production sub-system matching the requirements has been selected, the type of electrifi-
cation system (single or multi-user) adopted is the economically acceptable one with respect to the
overall costs of investment, operation, maintenance and/or replacement, adapted to the required
operational timescales. Of course, other criteria must also be born in mind, environmental protection
for example.

types of
h of them
esigner.

The architectures of these systems are described in document DRE Flectrifica-
tior] Systems". The different types of decentralised electrification s e 6.
Table 6 : Types of decentralised elec
System Category Type System Descriptio Mgreement tween
s ore an and Project Contractor

Su

pplies from REN
sources

REN depéndent p uc'\r@—
tem &

omryitment to supply for x morluths out of 12,

ek out of 52, the contra
(or their equivalent in te
month week, etc.

dy

cted power
rms of results)

Priy

9

gystems (PES)

ate electrification

Private production. system

Commitment to supply :

= n days out of 365 (or n wee
weekly (or monthly) contrg

energy supply

= a contractually agreed level

ks out of 52) a
ctually agreed

f power.

(PSES)

H

micro-power station with

}nergy storage supplying a mi-
ro-grid

Hybrid micro-power station with
synchronous coupling and buffer
battery supplying a micro-grid.

Diesel micro-power station with

Commitment to supply :

= n days out of 365 (or n wee|
daily contractually agreed en
a minimum of a certain num

= a contractually agreed level q

ks out of 52) a

ergy supply for
ber of hours.

f power

Storage, supplying a micro-grid

Diesel micro-power station sup-
plying a micro-grid

Commitment to supply a contractually agreed
power supply 365 days a year over a set time-

scales between time 0 and time

1.
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As we have seen, a comparison of the features of the single and multi-user systems described may
be summarised by the main points given in Table 7.

Table 7 : Advantages and disadvantages of the single and multi-user systems proposed

Advantages Disadvantages

e the user manages his own power|e the user runs the risk of the conse-
PES systems supply. He can vary consumption quences of poor management of
from one day to the next. supplies

e guaranteed availability of a fixed|e no possibility of consuming more
supply of energy daily than the contractuall ed supply.

PEHS systems | * long-term possibility (with suitable
management systems) of saving on
a certain amount of energy without
affecting the guaranteed quota the
next day

A quantitative requirements analysis leads to the establishme io which can be
proposed|to customers for each of these systems, depending on the_n de-
vices taking up the supply. These are illustrated in Table 8.

Table 8 : Propose@@eﬂe erébr

Agreed supply | 10W | 50w | 100w | 200w Bzoobv\ 500 TKW | 1,5kW | 2kw | ~fkw

Energy supplied |50 Wh | 250 Wh | 500 Wh | 1 kWK gm \,K\/\Q>kWh 2kWh | 3kWh | 4 kWh | nx {0 kWh
over 24h

Table 9 s i ification systems. With reference to the various lev-
els of seryi :

o the
o the
o the
o the[most probable. use \for es

ification system using these production systems ;
of them.
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Table 9 : Initial review of decentralised electrification systems
Proposed produc- | Electrificatio
tion system n systems Proposed contractual agree-
Needs ments between site foreman Comments
and Project Contractor
REN St GE PES | PSES
The user needs an amount E of
electric energy over a given period
which extends over more than one ]
week (weekly or monthly) = Commitment to supply for x
There is no . . months out of 12, and y weeks
the supply. X T1 out of 52, the contracted power | The supplies| may vary depending
supplies (or their equivalent in | on the moenth|or the season

He can do terms of results) every, month,
time over thi week, etc.
example : pumping station linked
with a water tpwer)
Every day, th¢ user needs : Da v?l’@n power is cut do not
e several hpurs of electric power Clt e _?r?y .brleadkdoyvns of the

supply atfa constant voltage, system. [hisfincludes :
. to use fome of the installa- * either systgm maintenance

tions simyltaneously e adjustments to the set (if there is

X X T2 one)

He can do ¢
for several da

ithout electric power
ys in the year.

Every day, the user needs :

e several hpurs of electric power

supply atja constant voltage,

e to use $ome of the installa-
tions simultaneously

He cannot (will not) do without

power suppligs.

He hopes to| use energy

mand 24 hrs a day.

Every days, tije user needs

. several | hours of electri
power dqupply at onstant
voltage ;|

. to use som
tions simul

He can do Without

several days ih the year,

He accepts fhe restrictions o
supply durind ceftain’ hours every
day.

SE

S

itment to supply :

n days out of 365 (or n weeks
out of 52) a daily contractually
agreed energy supply for a
minimum of a certain number
of hours.

a contractually agreed level of
power

o weather cHf
consecutiv
wind) whej
storage is

The PSES m
the user savi
(from 3 to 5
the full quotd
option is of
the custome
sumption prdg
(this general
installations)3

anges (the number of
e days without sun or
re REN production +
lised

bke it possible to offer
ngs over several days
days) in the event of
not being used. This
nterest mainly where
has a variable con-
file from day to day
ly means high power

Every day, the user needs :

e several hours of electric power
supply at a constant voltage,

. to use some of the installa-
tions simultaneously

He can do without energy for
several days in a year.

He accepts to only have energy at
allocated times in the day

T6
T8

Commitment to supply a con-
tractually agreed power supply
365 days a year over a set
time-scales between time 0
and time 1.

The hybrid

system has a low

capacity buffer battery.

Periods of
inclusive  of

non availability are
maintenance and

adjustments of the set. They do not

include any
system.

breakdowns of the
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Appendix 1 : Analysis of the types of device installed for different types of usage - Domestic use

Domestic Use : Summer

Category |

(lighting and audio-

Category Il
(Category |

Category Il
(Category Il + washing

visual) + refrigeration machine, freezer & DIY)
+ household appliances)
E/j (Wh/j)| 90 | 205| 325|515 885| 975 |1085]|1175] 1735|3105 3205 | 3555
Unit Used for : | Power | Daily
Appliance | Power [ No. hrs/day | rating | supply
(W) (Wh})
bulbs 10 3 3 30 90 1 1 1 1 1
Lighting
10 6 3 60 180 1 1 1 1 1 1 1
Radio 5 1 5 5 25 1 1 1 1 1 «1\ “\ 1 1 1 1
Audio-visual TV 70 1 3 70 210 1 1 1 1 }\ 1 1 1 1 1
Video 50 1 2 50 100 1 < 1 1 1 1
~
Cold Refrjgerato [ 70 1 8 70 560 1 \* \> 1 1 1 1
r
storage Freezer 160 1 8 160 | 1280 \ 1 1 1
Hoysehold | 200 1 0,5 200 100 \// \ \'( 1 1 1 1 1
appliances (\
N —/
Labour saving| Washing | 500 1 1,5 500 750 )\/ 1 1 1 1
m4gchine
DIY 700 | 1 05 700 ﬁs? 1
/(85 175| 205 | 425 | 455 | 875 |1065]1115]1815
Category | Category Il Categpory Il
Domestic . (lighting and audio- (Category | (Category |l + washing
visual) + refrigeration machine, frgezer & DIY)
+ household appliances)
(\ 1 (Whj)| 180 | 385 | 555 | 835|975 1155|1175] 1355| 1825|2965 | 3065 | 3415
nit Used for -\ Power | Daily
Equipment wer hrs/ rating | supply
Bulbs 102, 6 30 180 1 1 1 1 1
Lighting
10 W 60 360 1 1 1 1 1 1 1
Radio 5 5 25 1 1 1 1 1 1 1 1 1 1 1
Audio-visual Y 70 1 5 70 350 1 1 1 1 1 1 1 1 1 1
Video 50 1 2 50 100 1 1 1 1 1
Refrigerato [ 70 1 6 70 420 1 1 1 1 1 1 1 1
Cold r
Storage Freezer 160 1 6 160 960 1 1 1
Household | 200 1 0,5 200 100 1 1 1 1 1 1
appliances
Labour saving| Washing | 500 1 1,5 500 750 1 1 1 1
machine
DIY 700 1 0,5 700 350 1
Pinst (W)| 30 | 65 | 105|185 | 175 205 | 425 | 455 | 875 |1065|1115]|1815
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Analysis of the types of appliances installed for different types of usage : Public

Service Usage

(examples of data for Mediterranean villages)

HEALTH CENTRE

Equipment Unit power No. Used for : Rated power Energy per day
(W) (h/day) (W) (Wh/day)
Bulbs 10 3 6 30 180
Refrigerator 70 1 8 70 560
Steriliser 400 1 0,5 400 \?m
E/day(W)rfd@\ \\9@
P e
PLACE OF WO §$
Equipment Unit power /K(s/e\lﬁt{r) Rate power Energy per day
(W) h/day) ( (Wh/day)
Bulbs 10 5\ é\ \ 30 60
Mike & ampli- 50 1% 1 50 50
fier
Q E/day (Wh/day) 110
Pinst (W) 80
Q COMMUNITY CENTRE
Equipment \Wr \/Q). Used for : Rated power Energy per day
W) (h/day) (W) (Wh/day)
\Bulbs \ 1\0\ 4 6 40 240
\r\v W o 1 5 70 350
w E/day (Wh/day) 590
Pinst (W) 110
SCHOOL
Equipment Unit power No. Used for : Rated power Energy per day
(W) (h/day) (W) (Wh/day)
Bulbs 10 6 6 60 360
E/day (Wh/day) 360
Pinst (W) 60
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Appendix 1 (end) - Analysis of the types of appliances installed
for each type of usage : Public Service Usage
PUBLIC BUILDINGS
Equipment Unit power No. Used for : Rated power Energy per day
(W) (h/day) (W) (Wh/day)
Bulbs 10 2 6 20 120
E/day(Wh/day) 120
Pinst (W) /20\
COMMUNICATIONS SYSTEM Q
Equipment Unit power No. Used for : Rat ower ﬁr gy\per d
(W) (h/day) w) \ hI
System 100 1 2 /\Q\
& Id (W\Id\ayw
/P.ryé\W) 100
PUBLIC &H
Equipment Unit powe< ssfg: Rated power Energy per day
(WK day) (W) (Wh/day)
Bulbs 14 &0 12 300 3600
E/j (Whlj) 3600
Pinst (W) 300
& PUMPING STATION
Equlpm \Unw No. Used for : Rated power Energy per day
(h/day) (W) (Wh/day)
Pump 4 12 6000 72000
E/day (Wh/day) 72000
Pinst (W) 6000
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1. Implemention of Decentralised Rural Electrification Systems

Decentralised rural electrification systems are intended to supply electricity for use throughout rural
areas, to sites not connected to the national grid.

The type of use is, in most cases, as follows :

e isolated private dwellings,
e dwellings in village groups,

e public service (public lighting, pumping stations, health centres, places of worship, public

buildings, etc.),

aaoto )

These systems can be sub-divided into three categories :

cante af-ccanamieactiuabr Oanaorleabaonae oatnea oAl oty
ST C S OT COUMTUTTITC At vty (VWUOUTRSTTO P S oo Ot StUTC SO toT)T

» process electrification systems (for example, pumping) ;
p private electrification systems (PES) for single users ;
» public service electrification systems (PSES) for public se

The process electrification systems and private electrification syste e two/sub-systems :

By convention, this section is ca
modest levels of power produced

p a user sub-sys

Finplly, documeft AT of the
isolated sites i e

» a sub-system producing electrical energy ;
» a sub-system consuming this energy.

cating the

e modest

fion circuits and electrical equipment.

proposes classifying the electricity supply pystem at

decentralised electrification systems

e NN

Description of electrification system

T1 REN production system "REN dependent”
T2 Private REN production system with energy storage
T3 Private production system with energy storage

Public Service Electrification T4

d

REN micro-power station with energy storage, supplying a micro-g,r

4 VlmYal mlaly
SyStem(roS=J7)

T5

T6

T7

Micro-power station with energy storage, supplying a micro-grid

Hybrid micro-power station with synchronous coupling and buffer battery,
supplying a micro-grid

Diesel micro-power station with storage, supplying a micro-grid

T8

Diesel micro-power station supplying a micro-grid
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2. Purpose of this Document

This document presents proposals for the information to be supplied with a dossier estimating the
capacity of a system.

While leaving individual designers free choice in the methods used for estimating the system
capacity, the aim is to establish a framework for any hypotheses applied to justify estimates of
capacity, and the type of results to be fed back to the principal in a format he can utilise.

The application by system designers of common rules governing the presentation of results should
allow any Project Supervisor to establish an objective comparison between the various offers based
on one and the same set of technical specifications,

On| the other hand, the profession must be encouraged to incorporate hnical and, leconomic

ind|cators for “good” capacity estimates so as to improve clarity in offers syb

3. |[Those Involved in Estimating Capacity

The process of estimating capacity for an installation demands itf of{ a certain

nurpber of players (see Table 2).

Care should be taken that they are required to include in4 A the informfation and
degisions they provide or are responsible for.

Table 2 : Those Involved in Estimating(Capacity
(\ A\
Nature of involvement @s%nsilﬁti@f )p\l;&ers in the process of ¢stimating
capacity
The end user of the installation EXpr\esseS\NS nesds”
The Project Supervisor ( \Def}le\s\lhe reguirements to be met
The project designer \ Eé'tabligms\ca/pacity estimate
)
4. |Points of Compariso i rs
The Project Supervi nust be givenitoolsfor comparing the various offers ; we therefor¢ propose
ind{cators whi@ Si ith their offer so as to improve clarity.
In this instance the i ental basis is provided by the establishment off technical
spgcifications for'the i ents to be met ; using this criteria the offer has to demonstrate,
by means of the ata/possible, that the estimated capacity of the productior] plant will
sat|sfy the give irements “at the right price”
In &dd at, because of uncertainty with the weather, estimates of capacity can
only be 1 ondestimated resources and that there is therefore a risk that the reality |will differ

It ig the designer’s responsibility to take account of this risk without at the same time burdening the
project with excessive “backup” costs.

This_therefore implies that a “good” capacity estimate is one which bearing in mind thel available
climatic data and the degree of uncertainty involved, minimises at the lowest possible cost the risk the
customer runs of having to do without the expected supply.

We propose that comparison of the various offers should be based on the following basic points :
¢ the hypotheses on which the capacity estimates for the energy source are based ;
e the technical data resulting from the process of estimating the capacity ;
o the measures adopted to minimise the risks of not achieving the expected levels of service ;
o the current cost of the proposed installations ;

e a guarantee from the designer covering work on subsequent deviations in performance levels
of equipment, malfunctions, costs involved after commissioning, and attributable to his work.
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This proposal should mean that designers will respect the three following provisions when presenting
their offer :

e present results and costs in accordance with a minimum list of information to be provided ;

o explain the major points they have based their proposals on : the hypotheses concerning
consumption and the weather, provision they have made to minimise the risk of cuts in the
expected levels of service.

e agree on the measures they will apply in the case of breakdowns (technical or economic) which
cannot be ascribed to weather conditions, conditions of use, conditions of installation,
maintenance or upkeep.

4.1 _Presenting Results and Costs

4.1.1 Presenting the Re sults

The results are expressed as specifications for the components i nh and as
agreements on supply for the system as a whole.
) technical specifications for the main components (see/details. i b present

photovoltaic pane

of energy supplied daily [by the
otovoltaic installation

° @el

. |nd enérato nominal power
nominal voltage

model
power
electro-generator s t . . .
daily operating period
proportion of energy supplied daily by the set

type
(\ power

type
batteries capacity as a function of the discharge rpte
no of cycles

e converter type
power

¢ agreements regarding supply

These agreements are listed in Part A1 of the present directives ; the major points can be
summarised as follows :
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Table 4 : Proposed agreements

System Category Type Description of the electrification system Proposed agreement between the
Project Contractor and the Project
Supervisor
Process supply T REN production system “REN dependent” Agreement to supply x months/12, y weeks
dependant on REN /52, the contractually agreed quantities of
energy (or the equivalent in terms of process
results) over one month, one week, etc.
T2 Private REN production system with energy Agreement to supply :
Prlvatg . storage = ndays/365 (or n weeks/52) a weekly
electrification , N sreetuety-agreed
sybtems (PES) for tut” a-eontractt g
T3 Hybrid private production system with energy quantity ot energy
storage = en level of power
T4 REN micro-power station with energy storage, :
supplying a micro-grid 52) a
of energy
5 Hybrid micro-power station with energy storage, fixed tinespan.
supplying a micro-grid power
Public Service
Igctrificati
:ye ct;er;r:(;a on Hybrid micro-power station with syn
T6 coupling and buffer battery supplyi
(PBES)
Diesel micro-p statiol h storage, sup|
a micro-grid
T7
T8 Agreement to supply a contractually agreed

level of power for n days/365, over a fixed time
period from t0 to t1

) additional indicators

Diesel micro-power station s Mro-grid
N w

le :

tion plant

arried out

prnhnhln qunnfi’rine of energy. the installation can prndlmn with the REN (*)

(month by month)

expected energy consumption (*)

(*) measured at the same point

4.1.2 Presenting the Costs

The costs supplied to the Project Supervisor must be current costs.

Rules on updating the costs are provided in Part D2 of the present Directives.
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Components of these costs are as follows :
¢ the cost of the initial investment (equipment and installation) ;

o the cost of renewal (ditto
e the operating costs (labo

);

ur and consumables) ;

e the cost of recuperation and dismantling.

4.2 Explaining the Basic Hypotheses used for Estimating Capacity

DRE-A2
June 1997

Details of the hypothetical basis for estimating capacity provide information by which the Project
Supervisor can appreciate the margins included by the designer to account for uncertainties.

4.2.1 Estimated Resources and Estil

The table below illustrates vari
corjsumption (in this case, sunli

ted Cor ption Data used to Construct the Estimated Cap

ous levels of detail in the knowledge of cusfomer and-REN resource

ght).

o Dataon consumptlo

Level 1 Very precise knowled e 0 onsump els 0 ime, with information
on the consumpt|o =f vhit@e)

Level 2 Daily consu |bué§\th Whe day on the basis of
day/night c sumptio

Level 3 Daily cons(]mpt@lth abs{ages "weekdays " and “weekends”

Level 4 ?&oﬁ}u\w{c{( n@hlyyges

Level 5

> Wu@n\@@%werages

(Tiat\a on re\OQrc/%

p  General data on sunlight

Level 1 llefuse ire sunllght sured at short intervals on a horizontal surface with ambient
teniperature d speed - direction, at a given site.

Leveh2 K \ Dall\s\un t d\?gct - diffuse components?) on a horizontal surface, at a givef site

Level 19 < Q Abe{age\rxpnw sunlight per day on a horizontal surface, at a given site

Level

veral nthly sunlight per day for a given geographical area, on a horiz
taken om an atlas or from satellite measurements)

ntal surface

ata on sunlight for the site concerned

SRR

The site is one for which general data is available

The site is "close", from a meteorological point of view, to other sites for W
data is available (except for level 4)

hich general

BN
B

The site is as described for level 4.

o Background depth for data

N years

e Site specification

Take into account local micro-climate conditions, masking effects, albedo, inclines

selected, etc.

The designer will be asked to stipulate what degree of accuracy he was working under, as each class

is said to represent a uniform consumption/resource ratio with respect to the establishment of energy
management schedules (see table 5).
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Table 5 : Class of accuracy of consumption/resource ratio

Level of detail for information on resources

Level 1 Level 2 Level 3 Level 4
Hourly records of | Daily sunlight levels | Daily sunlight levels | Daily sunlight levels (monthly
sunlight for a specific | for a specific site (monthly average) for | average) indicative of a
site a specific site specific geographical area

Information on consumption levels

Degree of coherence in the levels of detail in resource and consumption level data used as a basis for
estimating capacity

L1 very_specific knowledge of the
corjsumption rates over time L o m| O\

L2 knqwledge of daily Q Q O X
corjsumption levels (N

L3 avgrage daily consumption ] ] X
levels

L4 daily consumption, monthly O (m] \K \) p4
avgrages N

LS5 daily consumption, annual ¢ \ X) %
avgrages

Thé
asq
4.2.
Thd
caf
D
Y
Y
D
) opting for
D <etc.

0.
£

( ~
o Class N > r\e)e
o | Same([OX
O /é!ass 3

X \ Cléss t& least accurate

w cobere t data

ductivity levels adopted for the panels, as g basis for

pecify here the precise parameters he used to esfimate the

se of a set, why?

4.3 Agreement on Measures Envisaged to Correct Possible Errors in Estimated Capacity

The designer will be given the opportunity to prove whether results can be guaranteed and therefore
the applicability of the measures he undertakes to carry out if there is a recognised fault in estimates

of capacity.
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5. Proposed Procedure for Estimating Capacity

The procedures recommended for establishing an estimate of the capacity of an REN production
installation is described in the diagram below.

(Each of the stages in this process has a reference number and is the subject of notes given
immediately below the diagram.)

Diagram illustrating the process for estimating capacity

04

a2

of energy requirements

Définition

to be met

Transformation
of meteorological data
available into
applied data

Statement of economic
data to be taken into
account

05

—

S

06 |

Hypothesis for energy management and costs @

Technical options

nges.in
sel tio:‘s\

07

Y

Houlat <
lculations

0

Techu&al Spﬁciﬁcaﬁbgs required for the equipment

AN

Identification of existing
available equipment which matches

Are there
other options?

the specifications

16

P [

Changes to
initial data

Fresh calculations
if specifications differ slightly
from the desired specifications

Fresh choice of
equipment

Satisfactory
results?

Are there
other options?

yes
17

Technical specifications of the equipment finally selected

18

Results supplied to the Project Supervisor



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE-A2 -10 -
June 1997

Comments on the proposed procedures for estimating capacity

It would be desirable for stages 01 to 05 (information gathering and establishment of working
hypotheses) to be based on guidelines common to the whole of the profession.

Stages 06 to 16 provide a proposed methodology : however, the information sources and the way this
information is handled are part of the skill of each designer. We cannot here propose detailed
guidelines applicable to all.

It would also be desirable to base the form and content of the results provided at the outcome of the
procedures for estimating capacity (stages 17 and 18) on common guidelines applicable throughout

th nnnnnnnn
1ICPTOTC oSO

Stdge 01 : Definition of the energy requirements to be met (

The energy requirements to be met are described by :

e pualitative data including :

We propose that the inventory of applications included in_t 0] et out as

Existing or potential type of customer Uqumpment supplied
Type 1 private individuals chWwpment (lighting, audio-visual apd cold storage
equipmentietc
Type 4 economic activities K (m@m\%eg for professional purposes (motors, processes/ etc.)
Type 3 public services /\ p\Qc}eryl(%qument (pumping stations, street lighting, etc|)

on the type of user equipment) :

¢ direct.curre
. an'

¢ and/or

h demand

+/ the maximum power levels to be connected at the point of supply, for each type af usage

¢ the maximum level of energy available over a gi\/nn period (n g 24 hre) at each point of
supply

¢ specifications for consumption

+ the consumption profile (power and energy) for each supply point over a specific period

The relevant timespan where energy management is concerned, is one hour.

The ideal would be for the timespan used to measure consumption should be as close as
possible to this.
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If the real values at time H are not known, the values for time H-1 should be used.

* the timespan (over a given period of time) during which energy supplies must be
provided

* For this, a choice will have to be made as described in the Table 7.

Table 7 : Example of how supplies are allocated

The overall time-span Example of how supplies are allocated
_supplies are required for
24 h/24 Supplies to all customers
12h/24 Supplies to economic activities during the da )
Supplies to private persons in the eveni h)
4h/24 Supplies to private persons {\
A

For

laking the

ccupation

a definition of possi ’ short-term
demand for power.

(N
Stage 02 : Tra}@f{)rﬁ@tion y\a\(ail\allle\met}orological data into applied data

The type of me available should be specified, from as close as possible to the
inst i f energy
req

Int r all those
cor

An|i 0 provide
bad the type

illug
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Table 8 : Meteorological data used in estimating capacity
Equipment Data Corrections | Data applied
concerned Data to be collected Ideal data available made in the
calculations

¢ Average sunlight on a
horizontal surface, in kWh/m2/j

* overall average/h

*  direct

x__diffuse

pahels 0 Number of days per year no of consecutive
without sun days
¢ Masking effect status of the <
panels/h
¢ Albedo coefficient/ time of
year
baftery ¢ Temperatures : night- average/ h >

time/daytime or min/max
0 wind speed (m/s) (and height | av./mnth

wind generator

of measuring point)

¢ Average Weibull factor
distribution form

¢ Wind rose
¢ No of calm days per month

t of the current overall cost of the installation at a specific d
the_cast components illustrated in Table 9 for each scenario inv

able 9 : Proposed types of costs to be taken into account

ate, it will
olving an

he cast of design

0

nvestment costs

sources,

batteries,

protection, management, monitoring

converters,

equipment for

¢ cost of equipment

(purchases, transport,

Ltilised on site
reception  of

materials, civil engineering)

¢ technical inspection
¢ cost of project design

¢ operating costs

operations, upkeep, maintenance of equipment,

¢ cost of consumables

on site (diesel,

modification to meet new needs

contingencies

servicing demineralised water, etc.)
¢ cost of on-site services
¢ insurance
O renewals changes to equipment because of wear or| proportion of the initial costs allocated for

¢ the costs of dismantling

¢ cost of dismantling the batteries
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Stage 04 :

Inventory of constraints to be taken into account

Table 10 provides a list of constraints, the presence of which has to be checked in every case.

For each site, care should be taken to list the particular aspects taken into account when estimating

capacity.

Table 10 :

Inventory of site constraints

Type of constraint

Features to check

Features of the site which have an
impact on estimating capacity

1 Geographical environment

climatic disturbances (rain, sun,
sand, frost, etc,)

extremes of heat and humidity

access routes to the site /
access times

nature of the terrain <

position of supply point§/\

N/\
N
\

2 Biological environment

fauna

flora

3 Technical environment

type of grid"possibly™~alreadyi.in
place (ovérhead, underground)

civil)apgkneer&g /

gh@lity\s&f%st}ég t(GMngs

\Q::I @ten%\p{)ﬁé on
si

|p ent p sent

\gllvmg of
ctistomers supplied

4 Sociological environment \Q

WSto power consumption

5 Economic enviro|

\%Sﬁv(g economic activities

solvability of customers

various legal provisions

budget limit

site classification

contractual specifications

6 Lo;&\*n nméq\)
N

constraints regarding nuisance
(noise, etc.)

Stage ES\M}}\ag\gmerﬁypotheses

¢ Energy-mianagement

Mahaging energy, means checking the production REN/consumption figures and taking the

actlanwhere necessary

relevant

e in the interests of the end user (o keep as close as possible to the commitment to supply

energy)

e and inspecting the equipment for signs of ageing (so that the investment is exploited
throughout the period it was designed to cover)

Table 11 illustrates the impact which management hypotheses can have on capacity estimates

and installation.
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Table 11 : Effects of energy management hypotheses on capacity estimates and installation

Hypotheses

Effects of estimates of capacity

<

number of consecutive days without REN

<

choice of battery life

<

expected role of the electrogenerator set

— extra charging of the battery (included in the
output)

— source of emergency supply if the REN fails,

expected battery life
type of battery
power of the set

'uattcly Ul bUIIVUI_tUID
— rate of use of the set

¢ puthorised (or not) load shedding and certain
usage, under certain conditions,

0 |oad shedding priorities

0 ppecial constraints for certain usage (e.g. : high
demand for power, constraints on operating hours,
etc.

0 fonstraints on objectives affected by the life-cycle
of gquipment

¢ political will to use REN

A

fuel storage capacity ; batte

battery capacity and/or

entand battery capacity

> Cost Management

For

Ny

Depending on the customer, the
pogsibilities, and user i
objectives which the te

minimum cost of i
®  mMinimun 3
P Minimum CoS8

and

of t

installation

range of

financial
the main

e capacity

f an

Hypotheses

Effects on estimates of capacity

¢ maximum / normal / minimum life of the equipment

¢ normal / minimum maintenance

— number and complexity of the maintenance operations
involved

— frequency of maintenance operations

— rate of use of the set
O ....(extend list)

type of battery, battery capacity, management of recharging and
discharge, type of electrogenerator set

type of battery/ type of set

battery capacity and type of battery
management of recharge/discharge
model of set
model of set
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Stage 06 : Technical options

The following are covered by the term technical options :
e options with regard to architecture
¢ main layout plans of the installations designed to produce, dispatch and distribute energy
¢ the use or not of converters, if yes, how many, of what power, and how are they organised.
¢ siting and type of circuit breakers/protection

e options relating to the technical specifications of the equipment (panels, wind generator,
electrogenerator set, batteries etc.)

¢ options selected from among the possible range and which are available in equipment
already on the market.

Several repeat drafts will undoubtedly be necessary before settling on ipns to be

recommended to the Project Supervisor.

Thé

It may be that the range of choice available is very limited, particular| thevrequirement is to re-
use scribed in
[04] above).

Se analysis of the|results of
cal gainst options ¢ther than

thelinitial selection.
Retommendations :

o three phase production if the outp

pply case

f these are istribution
must be loo a
Sta
The hich have
bed stallations
wh
Thd on of the

init
The caleulations must demonstrate coherence and precision as well as an in-depth knowledige of the
engrgy-requirements and REN output.

Whatever tools are used, they must, establish basiC values on the basis the hypotheses Tisted under
Stages 01 - 06, including :

o estimated average rate of coverage for the installation (this value is taken into consideration for
lack of anything better)

o estimated level of service for the installation (to be held in reserve until another version can be
reached, since tools currently available cannot determine this value)

e budget required to obtain these values
o sensitivity of the budget to variations in these values
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Stage 08 : Analysis of Results

Analysis of the results must reach a decision on whether the technical options taken can meet
the technical and economic objectives required for the installation.

The results will be judged to be "aberrant" if any of the following criteria has not been followed :

e any of the stages 01 to 06 of the diagram illustrating the procedures for estimating the capacity
has not been followed

e the recommendations have not been adhered to
e the investment costs exceed the budget estimated or provided

Stage-09—Fxaminimatheviabititv-of-ott -

If an unfavourable conclusion is reached about the results obtained m the calculations, the
pogsibility will be examined of using other technical options to those cted/under [06] to
megt customer requirements.

If tinis is so, go to stage [10] to re-examine the technical optio 19] to re-

negotiate the initial conditions (where this is possible).

Stqge 10 : Modifying the technical options

X
Thig is a question of modifying the specifications for the architecture \or the initial estimates of
capacity for the equipment, in order to bring a new set of data inie.the calculations.

Stdge 11 : Defining the technical sp/ecﬁicatim réq{iréd (gﬁequ\i})ment

These specifications formed the initial\basis. for_the staWt (or deduction, dependipg on the
algprithms used) of acceptable technic d econemicische s, that is.....(please complele)

Stdge 12 : Identification of existing a\nd ﬁl}i{ab?b\e\qyip%ent which matches the specifications

is,“a-list will’be made of equipment which could effectively

Using the required specifications as a
i actual availability on the market and the timescales

be [used in the instgHatio
required for completion e\nstallati

Stdge 13 : Fresh §a|c@|atuor(s

Thip bcification
whe asons, is
sud peated to
est bcification

bet

AN
Stage\l~4\ Ny&\\o{ r9\sults

Thip stage Wme type as stage [08] :

The analysis of results must show to what extent the technical options exercised will qatisfy the
techhical and economic objectives of the installation.

The results will be judged to be "aberrant" if any of the following criteria has not been followed :

e any of the stages 01 to 06 of the diagram illustrating the procedures for estimating the capacity
has not been followed

¢ the recommendations have not been adhered to

o the standards have not been applied

e the investment costs exceed the budget estimated or provided

o the updated cost is not the lowest (compared with other possible solutions)
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Stage 15 : Examining the viability of other options

This stage is of the same type as stage [09]

Stage 16 : Selection of other equipment

This stage is of the same type as stage [10]

Stage 17 : Technical specifications for the equipment finally selected

These specifications are for the equipment finally selected for a scenario submitted to the Project
Supervisor.

Stdge 18 : Results supplied to the Project Supervisor

The results of the exercise for estimating capacity must provide the Project Supegmvisor with the
follpwing key information :

Table 13 : Information specific to estimating the capacity of an.installati itted to the

Project Supervisor
Wken into corjsideration
rces used for the desigp (with

Theg data on which the capacity estimate is based :

\ stimated coverage rate for the installation (jnonth by
Operational features of the installation manth)
(engrgy, power, autonomy) s autonomy of battery
N onomy of the system when supplying peak power

Ope¢rational plans of tbe\iQ;@ﬂqtion position of each piece of equipment

[7]

(\ \0/
Degcription of ain items> of\equipment to be | descriptive list of the proposed equipment
installed
[ )

investment costs

Th uired. for the-acadisition and estimated operating costs
; renewal costs

h llati N
t i stallation over distribution in time of renewals which wil| have to
yed
be made
6 eMns of the main equipment proposed

Thd ropose technical specifications for each main type of equipment (ggnerators,
batieries;“converters) which the designer can then use as a basis for recommending models for this
equipment to the Project Supervisor.
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the photovoltaic array
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Results supplied to the Project Supervisor

0 number and type of ¢ nominal voltage for the | ¢ panel surface ¢ site constraints taken
panels (in accordance panel into account
with the requirements 0
of the Charter
Standards)
¢ unitary peaking
ﬂapot\ify
Technical specifications leading to the final selection of panel m@ules
otal peaking capacity e nominal generator | e electrical Ne /si e copstraipts taken
voltage specifications | =/f(w intozaccount
6.1.p Support structure for the panels \
Results supplied to the Project Sy{{eﬁ\sor \
humber of structures | ¢ 0 no of eI i)nstallation of panels
ype of structure (roof,
btc.)
Technical specifications on which thqﬁh@)\/e%y‘ﬂowa th\e\tructure is based
e hoof e means ofattachm t\ o dirg tlth anels |e area occupied
modules/structure e angle of the pane ( North)
e materials (°/horizon) constraints taken
nto ccount
6.2| Specifications forW
6.2.f1 Wind generator
hqsu}s\s\;glle}to the Project Supervisor
Mnd-generaw I Q inahvoltage ¢ rated frequency
Fated power
Te%{mi I ecTﬁc\athhich the final selection of the wind generator is based
. adjystment system e interrupt wind speed e site constraipts taken
. . rectional system e destructive wind speed into account {04]
o start-up wind speed (to
start rotating)
6.2.p Support structure
Results supplied to the Project Supervisor
0 type of support ¢ general plan ¢ ground area covered

by the installation

Technical specifications on which the final selection of the support structures is based

type of support
height of support

e access to the pod for

maintenance

e means of attachment

e volumes of concrete
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Results supplied to the Project Supervisor

¢ model of set
(type and brand)

O set environment

¢ fuel storage method

¢ start-up
¢ operating period

Technical speci

fications on which the final selection of the electrogenerator set is based

e power in kVA
® COS®
e voltage (single/three

backup/emergency

e Reliability : normal or

type of fuel
¢ type of cooling

e environmental

e operational
constraints taken into

consideration

energy management

hase) with backup constraints taken into CoTSTAMS—aken into
e Dpperation : e speed consideration [04] consideration
o safety factors tak ¢ .
into consideration | * () 00” ; governing
(electrical, nda InRgliatien

proofing, etc)\

6.4

(plaase complete)

Specifications for the battery

\ 2

type and make)

Results supplied to the %ect Shpgﬁisq‘
AL ()

Technical specifications on which )h\(@ fi}@‘élﬁctig{ﬁ\pf th?a\pattery is based

\\/

6.5

Specifications for the converter,

Resk{ltss pli to?he\h'oiegkupervisor

model of converter

{

TS

Tec’:@icaﬁgeciﬁb&ations on%k@h{he final %ééction of the DC/DC converters is based

hominal input voltage

Fated input voltag
hominal output veltage

fated output volta

existence and calibration of
converter protection
(particularly protection
against polarity reversals)

conforms with standards

dimensions and volume

type of connegtions

respect to Joad * range of operating
e cansumption with no load temperatures
Technical spe 'ficationFﬁ{:h th\e\fipa’fselection of the DC/AC converters is based
. i o type of output signal (wave | ¢ efficiency rating as a|e conforms with standards
o form) function of the load o operating temperature
o e max relatve harmonic|e empty running range
content

hominal output voltage

hominal output frequency

e rated output voltage (for

corresponding type and %

existence of  protective
devices for converter

existence of output

dimensions and volume

type of connettions

rated output voltage

toad)
e voltages higher than rated
and duration of effect

acceptable

rated and maximum current
acceptable at output

protection for the converter

existence of a potentially
adjustable “wait” mode

Technical specifications on which the final selection of reversible DC/AC converters is based (charge

r function)

as above with the following
in addition :

max. voltage on input

minimum input voltage

e max output current

e rated output voltage

e type of load control

e existence of temperature

adjustment for load control
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6.6 Specifications for energy management

Results supplied to the Project Supervisor

Technical specifications on which the final selection of energy management is based

6.7 Specifications for couplings

Results supplied to the Project Supervisor

Technical specifications on which the final selection of couplings is based

: [ [ |

@%
o
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INTRODUCTION
There are two possible solutions for the electrification of isolated locations :
1) an extension of the grid
2) the installation of stand-alone electricity generators, especially those using renewable energy

This second solution is chosen depending on its economic viability compared with the conventional
solution of extending the grid.

A certain number of parties are involved in the electrification of isolated locations. These appear in
the rest of this document under the designations laid out in paragraph 2.

This document deals in one part with the principal general technical clauses and in the other part with

th 4 " 1 [P Joved: o 4 n nbi H 1 P T re—b. taloliala 1 | th
ercontractiuar reratonsoetwee tne—aifrerent pMaltics MVUIVEU. TS PUTPUST 151U TOlAVITOTT ueal'y e

responsibilities of each one of the parties listed below with regard to the co i hagement
and operation of stand-alone electrification installations in isolated locations. Simplified |model of
ma|ntenance contracts for power stations equipped with small wind gere S aic gene-
ratgrs are offered in document DRE - B 7 : "Guidelines for Operation{ Mai newal”. In

the[case of a mixed installation, by starting from the proposed modelsiit is xduce a con-
tragt taking both types of generator into account.

In every case a Project Contractor is appointed by the e who is
responsible for the conformity of the installation tg there are
several companies involved in the construction wg

The Project Supervisor is responsible for dec' j z 6 adopt quality assurance

prgcedures (see document DRE - A
tion").

Algo in every case a single organisat : akes charge of the operation and
majintenance of the installation. This i G srtant requirement for its continying suc-
cegsful operation.

oject Design and Implementa-

Note. - In France two situati
for the

ifitation Syndi-

res.

sponsible for
E Specifica-

2) The project is undertaken by another organisation or person and does not go through the public tender procgdures.

If it takes place in the framework of the DRE Specifications the Project Contractor appointed by the Project Supervisor is
once again responsible for the application of the provisions of the DRE specifications. In the absence of the appointment
of a Project Contractor by the Project Supervisor, one of the companies concerned if there are several of them (for
example the project planners or the designers) will take on this project management role by agreement with all the other
partners in the project.

If only one company is involved, it will undertake the project management and the responsibility for observing the provi-
sions of the DRE specifications.

In both cases, the Contractors, after the call for tenders, will install the equipment which will be under the control of an
operating company. This will be EDF, when the installation has been financed by FACE and it has been accorded con-
cession status, and could be a state organisation, an independent company or an person proprietor of an installation.

The operating company will sign a contract with a maintenance contractor which relates to maintenance and the replace-
ment of live components. This contract will naturally involve fees for its  performance.
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1. Scope of this Document

This document describes the main general technical clauses and the relationships between the dif-
ferent parties in order to define their person responsibilities clearly.

2. Definitions

Project Supervisor : this is the principal developer of the electrification project. He is responsible for
compiling the technical specification of the project and for the financing of the construction work.

Project Contractor : this is the person appointed by the Project Supervisor to ensure that the cons-
truction work is carried out as per specification. He is responsible for making sure that the installation
is darried out in accordance with the specification compiled by the Project Supe

Helis also responsible for estimating the sizing of the system in accordance . ification of
the|Project Supervisor.

Sub-contractor : responsible for certain aspects of the work as des
blished in relation to the project ; he is responsible to the Proje
tior] of his contracted jobs.

telnders pu-
ignt execu-

Operator : the organisation, operator or person in charge o perat d mainte-
narjce of the installation. In certain cases this party ma 3 ~

Majntainer : the organisation, company, operator or (person ent the main-
tenpnce of the installation.

User : the person who uses the instal

3. [Elements of the contract

During the tendering process, the constru the con sioning of the installation by an|operating
organisation or the use of this ingtaltation, thedifferent\parties must be able to check that the respon-

sibilities of the other partie

b

Some items are checked b a ocuments which are produced throughout|the entire
project (see docume / Quality Assurance for Project Design and Implementation"). In
particular, the slogi i efe taken into account for the Project Plan are glearly ex-
plained, as are the/princi oftware used. (see document DRE - A 2 : "Results|expected
fromn the Process

Some other ite F vhich relate to the electrical performance of the installatiop are pro-
vided by thie in ith which the site is equipped (see document DRE - B 5 : "Guidelines
for Data isiti

Should~an 5 not be satisfied with the performance of the installation, the documents
jusfifying t izi he instrumentation of the installation by a system of measurement, will per-

mit|the cause’of.the non-performance to be identified :

inaccurate sizing of the system

over-consumption by the customer relative to forecasts

e etc.

3.1 Contract between the Project Supervisor and the Project Contractor

The Project Supervisor must ensure that the installation undertaken by the Project Contractor on his
behalf conforms to the specification and that the sizing is correct, that is to say that it will fulfil the
performance requirements laid out in the specification.

3.2 Contract between the Project Contractor and the subcontractors

The Project Contractor must ensure that the jobs undertaken by the various subcontractors conform
to the tender documents. He is responsible for the correct sizing of the installation in regard to the
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specification. The subcontracting companies holding the tenders who carry out the installation must
provide proof to the Project Contractor of the conformity of their installation to their tender documents
with regard to performance and quality.

3.3 Contract between the Operator and the Project Supervisor

The Project Supervisor hands over to the Operator an installation which purports to be capable of
certain performance standards which are those anticipated in the specification. The Operator must
verify that the actual performance of the installation corresponds to that claimed by the Project Su-
pervisor on commissioning.

3.4 Contract between the Operator and the User

With regqrd to the final customer, the Operator of the installation guarantees the e
table 7 offldocument DRE - A 1 : "From the Requirements to be met to the Propgs
Electrificgtion Systems"). The Operator must therefore have available the necessany™i
ensure that the installation does in fact provide the User with the services e i

In return,|the User must use the installation only under the prescribed ¢
sume mofe than he stated before the capacity of the system was esti
failure it must be possible to ascertain whether the fault is a resuli6
consumption by the customer.

If a generator is part of the installation it can be put down 6 either't

new requjrement and possibly even make a surcharge
long peridds without sunshine.

4. Technical guarantees

The Projgct Contractor is responsible for th
capacity gstimation of the installati
approved
nance an

technical giuars which have a bearing on both [the
ak n orvthe basis of a functional specification
er,"and on the design, provision, installation, mainte-

The Maintainer i i L eing\the upkeep of the installations.

The vario ificati i ogether for each element of the system and for|the
system it ini ati which must be implemented. Depending on the appl|ca-
tion, the t ire i

4.1 Sizin

The resul o ults
expected R stem Design". Analysis of demand is undertaken by an mvestlgator
backed up, if the Wrector deems necessary, by a site visit which allows the particular [{mi-

tations of

The sizing pracess is carried out using computer programs or calculation methods well known in [the
professiorp, and whose principles must be clearly laid out.

4.2 Design

The design of the system must be such that it conforms to the standards and recommendations in
force : CEl, ISO, CENELEC, national standards (UTE and NF in France), ISPRA or local recommen-
dations, company specifications (such as EDF's HN in France, etc.).

In all cases, the proposed solutions must aim to obtain the best financial return on the entire equi-
pment involved in satisfying demand (generators, storage, backup, special adaptation of the electrical
appliances and promotion of successful equipment).

Performance of the system must be checkable and will be backed by guarantees.
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4.3 Equipment

Components must conform with standards and recommendations in force : CEIl, ISO, CENELEC,
national standards (UTE and NF in France), ISPRA or local recommendations, company specifica-
tions (such as EDF's HN in France, etc.) when such exist.

They must also carry extended "parts" guarantees of a minimum of 5 years for the photovoltaic mo-
dules and a minimum of 2 years for the rest of the equipment.

Note. - In France accumulator batteries for example will carry guarantees as specified in leaflet 564l published by
the Commission Centrale des Marchés publics (Central Commission for Procurement Contracts).

These items will be selected in accordance with the recommendations contained in the various
booklets of the DRE Specifications. Their manufacture will be the subject of a Quality Assurance
System designed and implemented by each manufacturer and the implementation checked by an
impartial expert. Recommendations for Quality Assurance Systems are giveh in doeumeht’IDRE - A 4
: "Quiality Assurance for Project Design and Implementation”.

4.4| Installation

The i pwing the
pro| onents in
sud bperation.
If np
Thd . The ins-
tall - - B 6 :
"Gyi ich provi-
sio
Note. - In France all such provision must be_if~conformi ith = - ’ ihstallations
rescription
The i , stem into
the issioned, technical documentation concg¢rning the
cor i a passed on to the User and the Project Supervisor.
Thé i 3 HM e documents listed in paragraph 6.
4.5
The i oject Supervisor for the provision of appropriate infofmation to
the aware of the method of operation, the day to day managgment and
thelli € e installer will also provide training for the User concerning| electrical
hazards i E’- B 6 - "Guidelines for the Protection of Persons and Property from
Eleftfi

The training<given must stress the importance of the choice of electrical appliances. Documentation
proyided to:the tsermust also contain this information.

4.6| ‘Maintenance and After-Sales Service

Maintenance and after-sales service normally covers four different levels of benefits.
1) a straightforward "parts" guarantee

2) aregular inspection visit to check on the condition of the main components which are subject to
possible premature failure (batteries, cabling, regulators etc.)

3) a "parts and labour" guarantee
4) an extended service guarantee covering "Parts, labour and service"

To these benefits must be added battery replacement if this is not already dealt within the guarantee.
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The Maintainer is responsible for communicating at regular intervals with the other parties, particu-
larly with the Operator and the User, and passing on important information relating to the functioning
of the installation.

The Operator of the installation will be warned of any incident either by a call from the User or by a
remote monitoring system in which the levels of alarm of the installation will have been pre-
programmed. He will if necessary request a visit from the Maintainer. All maintenance visits must be
entered in the installation's logbook which is kept permanently at the technical premises of the instal-
lation so that it is possible to keep track of events.

Regarding the after-sales service, the Maintainer will operate at intervals and under conditions set out
in the contract agreed with the Operator (see paragraph 5.2).

As soon
financial
cling of
their use

Note. - In France if the Operator is EDF, it will renew and recycle the batteries at its
invalved, then the former arrangements apply.

5. Contrpctual responsibilities

5.1 Responsibilities of Project Contractors

The following considerations apply to all projects for whi for-

mity with fhe regulations of the DRE specifications.

Note. - In for
prof RE
spe ictor
but

The insta
dules, win on-
tract so t has
been sub Der-
visor mu bNS
with rega lro-
ject Supe

In cases of

the DER not

specifical pSi-
gner, install ust
assume thi

In short, f ect

Contract ] or the quality of the installation and for the observation of the Spéci-

fications

Before any contracts are made, the Project Contractor must make sure that the Project Supervisor
has obtained all the necessary administrative authorisations. He agrees to observe the timescales of
the project and agrees to provide information and advice to the Users during the guarantee period.

5.2 Responsibilities of the Maintainer

The systems established to ensure proper maintenance will differ according to person circumstances.
Maintainers must put together a service proposition which will take account of all maintenance requi-
rements. Model maintenance contracts are provided in appendices 7 and 8 of document DRE - B 7
"Guidelines for Operation, Maintenance and Renewal".
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They must agree to provide service at those intervals laid down in the contract and, if applicable, as
indicated by the remote control and remote monitoring system.

They must keep a minimum stock of spares (PV modules, regulator and control devices, accessories
etc.) together with a minimum of logistical and back-up equipment (vehicle, tools, generator, staff
etc.)

5.3 Responsibilities of Project Supervisors and Users

In return for the guarantees of service, the User and/or the Project Supervisor agree that :

e they will not increase their energy requirement without the prior consent of the Project Con-
tractor or the Operator.

e Project

Contractor, the Operator and the Maintainer.
e they will honour their financial commitments.

5.4 Monitoring Procedures for Contractual Agreements

p permanent at-
the“first place thanks
ings of the gystem as
5 - "Guidelines for Data

From the very beginning, installations must be designed to pe
tachment of a metering or measuring system. Monitoring can’b
to this system which will permit all parties to have access to-a
well as the possible alarm signals and fault indicators
Acquisition").

De Operator,
sizi eans of a
rec nent.

The information must be compiled by the municated by the Maintainer to the Opera-

tor jat the prescribed intervals and in th

These data will permit g basic analysi rticular its
codfficient of under- or o ili

5.5| Consequences of B
If as a result o@t S

rantee of service’o

t the gua-
bbserved,

the analysing
the her to put
ma

If, 1 e Project
Contra roject Su-
peryi ative are entitled to take whatever steps are necessary to obtain financial
compensationy. The terms of this compensation will have been laid down when the tender was compi-
led

6. [Documentation

After the installation of the equipment the subcontractor will hand over to the Project Supervisor the
documents listed below in the language specified by the latter.

Note. - For France and its overseas departments all documents must be written in French.

The Project Supervisor is obliged to pass his documentation to the Operator to whom he hands over
the installation who in turn passes to the User the documentation necessary for the proper use of the
installation.
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6.1 Project Supervisor and Operator Documentation

The documents required by the Project Supervisor are as follows :

e the sizing results, with the number of days of accumulator capacity and an estimate of the
number of days of non-supply without recourse to a back-up generator.

e an operation manual, together with information on specific local factors at the moment of
commissioning. This manual should include :

¢ a description of how the installation works
¢ asite plan

¢ _all the standardised wiring dingmmc (qinglp wire dingmm detailed power dizgram and
detailed control diagram)

0| a description and directions for use of the principal components of the ir'sgrial

an instruction sheet for technical acceptance trials
directions for use and maintenance for all items of equipme
the installation logbook (with numbered pages)
the normal operating limits of the system

the technical specifications
the assembly instructions

the commissioning procedures

(el e > R IR R e

a list of replacement parts require
guarantee

of operation beyond the first year of |the

ators, tightening of the terminals, wa-

for assembling, adjusting, operating and

6.2 User
D

e as or electrical safety which must be observed during opgra-
tion

e shd imply for the User the main points of the instruction manual, |the

saf 3 maintenance instructions. ;

e an ith numbered pages, possibly pre-printed with space to enter the fqllo-

win

0| regular readings (voltage, battery specific gravity)

¢ Lany incidents

0 any useful comments

If the installation is modified in any way (extension, modification, maintenance etc.) the contractor for
the modification must make the documentation available.
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The "life cycle" of a stand-alone system (single user or multi-user) for the production of electricity
intended to supply an isolated location is composed of at least five principal phases :

e analysis of needs and sizing ;

e engineering and design of the installation ;

e construction and commissioning of the installation ;

¢ maintenance of the installation ;

e recycling and recovery of various items at the end of their useful life (e.g. batteries).

Qu
chd
trol
pro

For
the
Inv

Thd
the
pro|
tior]
torg

cat
ceg

Thd

Thd
of {
mu
tior]
cor
As{

Blity assurance 1S the process which, by the sysiematic establishment of_actions of-p
cking, validation, tracking (documents, written items, progress documents etc.)\brings-U

cess makes it possible for the Project Contractor,/ whgis
of the project to carry out his function more effectively
or sub-contractors.

» analysis of custome
d monitor'

Fevention,
nder con-
ation and

ractice by
ptionships

bns which
mple this
he execu-
r contrac-

and verifi-
This suc-

be learnt

e phases
ne phase
n installa-

urance of the nraintenance of the installation.

The

bering the
e Quality

b various phases involved in planning, construction and maintenance must be carried qut in con-

formity with the procedures laid down in the Quality Plan. The practices set up to assure quality ope-
ration of the installation must also conform to the contents of this Quality Plan.

The validation phase which takes place at the point of commissioning provides the opportunity to
make sure that the installation conforms to customer expectations (Project Supervisor and/or Opera-

tor

and/or end User).

The purpose of the Quality Assurance File is to keep track of all the Quality Assurance procedures
(observations, checks, verifications etc.) which have been undertaken and to provide proof that they
were in fact carried out.

It contains all the proof of the quality procedures laid down in the Quality Plan for every phase of the
design, construction and maintenance of the installation.
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To sum up, in order to provide Quality Assurance for the customer it is necessary to :
e put down in writing what has to be done ;
e actually carry out what has been written down ;
e record certain actions.

3. The participants in Quality Assurance

3.1 The adoption of Quality Assurance

The decision to submit the design and construction of an installation to a Quality Assurance process is
the responsibility of the Project Supervisor.

It is he who will request the Project Contractor appointed for the preliminary sizing,-sizing, and [the
design and construction of the installation, to put forward a Quality Plan.

Likewise he will also ask the Operator to put forward a Quality Plan for the

lation.

As a resullt of this the Project Supervisor becomes the guarantor/of quali he desiign
and condtruction of the installation.

Depending on the scale of the project, the Project Supervisor will“decide wheif not to initiate a
Quality Apsurance process. If he does decide to do so, he w ermine_ t Su-

rance degending on the type of installation concerned.
3.2 Quality Assurance in design and con

3.2.1 Preliminary sizing

Quality A
request o

the

The DRE
Relations

X' 3 : "Contractual Framework governing [the
passes on to a Project Contractor the respongibi-
lity for thq who carries the responsibility for building the quality
of the eng L works. It is he who will put forward a Quality Plap at
the reque i ts-it into practice.

This Qua
nisations

ases of design and construction, together with all the olga-
Me must also request from the material or component suppllers

the inforn ality Plan into operation.
It is desirable-that the i emselves should also set up a Quality Plan for the manufacture and
delivery d ireguif nd should provide the appropriate documentation to the Project Con-

tractor.

For exanple thé Project Contractor asks the photovoltaic modules manufacturers for the progress
documents'showing the quality standard of the units supplied and their performance data (maxinfum
power or energy capacity at 1000 Watts per m*, | and V at 1000 Watts per m®).

3.2.3 Appraisal at the time of commissioning

At the time of commissioning the Project Contractor is responsible for the presentation of the apprai-
sal of the results from the Quality Assurance procedure. The records presented will provide proof that
the installation is capable of fulfilling the needs of the customer or the end User.

3.3 Quality Assurance in maintenance

The Operator is responsible for Quality Assurance of the maintenance of the installation. However he
is not permitted to alter the Quality Plan without the assistance of the Project Contractor who will put
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forward a proposal for a Quality Plan for maintenance which is discussed with the Operator and /or

the end User.

3.4 Independent verification

This specific procedure could be adopted in the case of installations which require a very high stan-
dard of Quality Assurance, as for example certain telecommunication or data transmission installa-

tions.

This procedure is set up by a participant who is not taking an active part in the construction itself, i.e.

the Project Supervisor.

3.5lTILeﬂm.em_QLan.amali.e.s
Anpmalies are dealt with as soon as they are detected. The anomalies regist

which they are resolved are carefully logged so as to ensure their complete
appraisal at the point of commissioning more effective.
4. |Procedures

Before compiling a Quality Plan the following steps should be

p assemble the documents which relate to :
¢ the sizing (or preliminary sizing) ;

¢ the supply of materials and
¢ the construction work.

5. [Typical Quali

Context of the operatic

Organisation of th

p _Adentification of participants and implementation methods
O Project Contractor ;

operation

ered nd theln

€ necessary

and

nethod by
make the

features,

isk assess-

nentation,

¢ subcontractors ;
O suppliers ;
O etc.

e Data required for sizing and the associated documentation
¢ meteorological data used ;

particular data from the Project Supervisor ;

calculation principles ;

computer programs used

etc.

S SO
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e Progress and results in sizing
e Data required for the engineering design of the installation and associated documentation
¢ features of equipment ;
¢ design methods ;
¢ computer programs used ;
¢ etc.
e Anomalies and modifications
e Choice of suppliers and subcontractors
¢ criteria ;

¢| items to be bought in ;
¢| subcontracted aspects.
e Quality Assurance procedures relating to :
program for sizing ;
engineering design program ;
choice of suppliers ;

choice of subcontractors ;

purchase of supplies ;

(eI > R RS I o

commissioning appraisal ;
0| Quality Assurance procedures re
Tractabiljty of Quality Assurance procedure

Tables 1 o 3 should be used to record information conc
e anglysis of requirements i
e risK analysis ;
o the|recording of actio

Table I

d definition of quality objectives

Identification of participants I i Mn of requirements Quality criteria and objectives|
(customer)

< D

Table 2 : Risk analysis

Operation/tontext-of risk Factor creating risk Level and foreseeable Action for prevention of risk
consequences of risk

Table 3 : Progress and results of action taken

Task Contributor Date Results QA (yes/no) | Action planned for quality
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Introduction

One set of decentralised rural electrification systems has been defined in table 6 of document DRE -
A 1 : “Requirements to be met in providing a range of electrification systems”.

Eight types of systems have been defined and broken down into three categories :
o the electrification systems for processes (for example, for pumping) ;
o the single-user electrification systems (IES),
e the multi-user community electrification systems (CES).
The process electrification or individual electrification systems comprise only two subsystems :

one-ealactrical enaeravnroduction-sibsvetam -
OHE-EreGtHEaT-BHeTrgy—PpProauHOH-SuBSySteH—

» one user subsystem for this power.

The community electrification subsystems, on the other hand, comprise
» one electrical energy production subsystem ;

Conventionally, this part is called a “micro-power-sta
convey the modest production power level (from a few

eeking to

o a distribution subsystem for this power ;

Conventionally, this is part is called the “micr
modest transit capacity level.

bnvey the

e a user subsystem comprising distribution @
This document presents the architecture of'ei e d category.

Th O L icati are functional flow charts and not
electrical layouts.

They are extremely generahand

» a syste ution and

supplyin
The¢ aim of these Qp i€ ghout the
world, both in ¢ - f “service
projided’ as ' S mines the
scdle of th 5_€le rotection,
etc
The cut i ‘ e type of

equipment tobe used.

The limits between-the T, to Tg subsystems are shown.

These subsystems may correspond to systems run and maintained by various persons or podies. In
certain cases, the whole system is owned, run and used by the same person. This is the case, for
example, with a system such as a lighting kit with photo-voltaic (solar) panels which can be
categorised as type T,. The subsystems are fully geared for a micro-power-station, powering a micro-
grid and classed as a type T,4 system.

The persons or organisations responsible for running these systems can choose the limit which best
suits their choice of power supply for the user.
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These choices may, for example, be :
e a power supply in direct current (DC) ;
e a power supply in alternating current (AC) the inverter forming part of the production subsystem

e a power supply in both forms (alternating and direct) ;
e one single supply point (alternating or direct) ;
e several supply points.

The generator set is, specifically, an item of electricity production equipment. For the majority of
systems it is possible to envisage this element forming part of the production subsystem or user
subsystem. However, for multi-user type T, systems, it is difficult not to categorise the generator set
within the|production subsystem.

ihce
be

Likewise, [depending upon the level of service with which the system provides the
some of the systems described enable the supply of several users) som
removed.

&
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1. Scope

The present specification provides an overall view of the photovoltaic or wind-driven systems for
electrifying isolated sites and defines the operational types of these systems.

It also defines the limits between the various component subsystems.
This specification contains :
e a general presentation of the main subsystems ;
e a definition of the limits between the subsystems ;
e adescription of the various types of subsystems (see figures 1 to 12).

2, References to standards
UTE C 18-510 : 1988 and 1994, Book of general electrical safety instructi

EDF personnel handbook - Prevention of electrical risks (1991).

3. |General presentation of sub-systems for electrification of\isolated,:

An [electrification system for an isolated site can be broken down into thiee
» power production ;
» power distribution ;
o consumption (use).

3.1| Production subsystem

Thig comprises equipment for :

. - J e :

Q0 renewable engrgies 8 or wind (photo-voltaic panels, wind generators) and

¢ fossil ene as generator set fuel.
ulator batteries ;

the stor - ' i
o the convefrsion/tra on ofypower by converters :

0 ) neutral and earthing management devices.

p \the management of energy through :

0 regulators (simple control functions) ;

0 monitoring systems (developed power management functions).
e instrumentation through :

¢ gauging, storage, data processing and display equipment.

Some parts of this equipment may be installed in boxes, cupboards or other structures containing
additional functions such as ventilation or alarms.

3.2 Distribution subsystem
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The distribution subsystem comprises equipment enabling the distribution of power, in direct or
alternating current, from the production subsystem to the user subsystem. It comprises :

o distribution equipment :
¢ panels, boxes, etc.
e power transmission equipment :
¢ cables;
¢ protection ;
0 boxes.
e instrumentation equipment.

NOTE. - This subsystem has only been defined for community electrification systems (types TstQ Ts).

3.3 User subsystems

This subslystem is made up of all the equipment required for power consump
e usegr power control box ;
e intdrnal installation ;
e usgr equipment :

0| loads operating in direct current ;

0| loads operating in alternating current.

NOTE. - This subsystem may comprise a booster

4. Types of systems for the electrificatio
The systems for the electrification of isolated
T, type systems are intended for

T, and Ts|type systems are inte

T, to T type systems are

to several or even Ia@
4.1 “Solar, wind, water-powere

wer

This type tis
undesiraly (or
wind prod
Examples
Four caseés ca i - ind
generator] 3 are
as followy :

Type Figure n° Source Use

Ta 1 PV DC

T1o 2 wind generator AC

T1e 3 PV AC (conversion)

T1d 4 wind generator DC (conversion)
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Figure 2 : T4, type system

using wind and supplying power in AC
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Figure 4 : T44 type system
using wind and supplying power in DC
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4.2 Individual electrification systems : Type T, - “REN production with energy storage”

This type of system, illustrated in figure 5, is intended more for users who can only obtain electrical
energy when there is sunlight or wind. This system must therefore have a power storage unit. The
user, however, does not need a booster unit and can simply use the electricity produced from the
sources of renewable energy (PV panels and/or wind generator.

The domestic loads must be equipment which is adapted to a low-voltage supply (24 Vpc or 230 Vac).
The system must, if possible, take into account the specific restrictions of direct current : points,
protection devices, earthing, etc.

The user equipment powered may be :
e exclusively direct current ;

» exclusively alternating current ;
o both types.

RRRR
RRRR
BRI
[l d]s]

RRRR

RRERR
KRR

)
7@

Equipment

N

Client
site

User
subsysten

Figure 5 : T, type system
REN production (PV and/or wind-powered) with energy storage and power supply in DC and/or AC
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4.3 Individual electrification systems : Type T; - “Hybrid production (REN + diesel) with
energy storage”

This type of system, illustrated in figure 6, meets energy requirements, phase-shifted or otherwise, in
relation to the periods of production for renewable energy sources (solar and/or wind). The presence
of a booster unit enables the user to receive power in the event of unfavourable weather conditions
which would have led to an exhaustion of reserve supply or an over-sizing of the system.

Two types of operation can be powered (DC and AC). If the two types co-exist, this presupposes two
different distribution circuits.

The AC use is normally powered by storage batteries using an inverter. The reasons for starting up
the generator set may, for example, be :

¢ perjodical recharging of batteries (upkeep, equalisation charge) ;
e obl|gatory use of batteries, following notification of “battery low” from the po

¢ need to power an item of user equipment whilst the system is unavailable:

Advantage can thus be taken of the unit in order occasionally to supply a dedica e ere
is no wisH or it is not possible to power it from renewable energy sourcesg

The uses |powered can be :
e in direct current ;

¢ in glternating current. In this case, AC functions may 3 \ bf a
system failure. The uses may not be powered simultane ble
Engrgy system ;

e using both. AC type operations can e ba as

stated for the previous case ;

e using both types to which one altern ed.

Under these circumstances, in additi ing
types, the unit can power a dedicated\op . This operation, which is too powerful to| be
powered by the REN system, wi i d by the booster unit.
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Figure 6 : T;type system

With storage, booster unit, power supply in DC and/or AC

and possible use dedicated to generator set
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4.4 Community electrification systems : Type T, - “REN micro-power-station powering a
micro-grid”

The T4 type systems, illustrated in figure 7, are REN micro-power-stations with energy storage
powering a micro-grid for supplying energy to several or even a large number of users, in a
concentrated rural environment (groups of houses, hamlets).

The production subsystem comprises the generators (photo-voltaic and/or wind-driven), the
distribution switchboards enabling the grid output and the converters enabling power supply under
standard voltages (in general 230 V AC).

The distribution subsystem comprises the outputs connected to the production system distribution
switchboards, the overhead lines and the underground cables and the user power supply boxes. It is

organised-ma radiat structureittustrated-by theftow chartbetow—

The uder subsystem begins at the terminal boxes situated downstream from the ower-supply
box and domprises the user installations and equipment exclusively in AC.

Micro-power unit

Main lin
(single @e- hase)

Supply points

Secondary line (single-phase)

(Single or three-
phase)

Branch-off point
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REN micro-power-station powering a micro-grid

Figure 7 : T, type system
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4.5 Community electrification systems : Type Ts - “Hybrid micro-power-station (REN + diesel)
with energy storage powering a micro-grid”

The Ts type systems, illustrated in figure 8, are hybrid micro-power-stations (REN + diesel) with
energy storage powering a micro-grid intended to supply energy to several or even a large number of
users, in a concentrated rural environment (hamlets, villages). They comprise a booster source the
minimum function of which is to ensure, on a periodic basis, an equalisation charging of the batteries.

The presence of the booster unit also enables certain outlets of some importance to the community to
be backed up (e.g. vaccine cooler and dispensary, school, economic and trade activities, community
resources such as drinking water or irrigation). The number of uses backed up influences the size of
the booster source and partly determines the level of service provided by the micro-power-station.

and
to back up

Activities v ; ; -
non backed up activities may vary according to requirements and tends, in certai
either a maximum number of activities or none at all.

The distribution and user subsystems are structured in the same way as T4 t

Equipment

"]
<]

Distribution

¢

subsystem

|

Figure 8 : T5 type system

Hybrid micro-power-station powering micro-grid
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4.6 Community electrification systems : Type T, - “Diesel micro-power-station powering a
micro-grid with synchronous coupling to REN production”

Te type systems, illustrated in figures 9 and 10, are diesel micro-power-stations with synchronous
coupling to production using renewable energy sources. The production subsystem comprises a buffer
battery the role of which is to set the input voltage from the inverter in order to facilitate coupling and
enable the system to be powered when the unit is operating.

These systems feed AC resources.

There are two scenarios, depending upon whether the renewable energy production source is PV
panels (Tg, system) or a wind-powered generator (Tg, System).

The_distribution and user subsystems are structured in the same way as T4 type systems.

BERRE
RRRR
RRRR
BERRR

@

Distribution
subsystem

N

User

subsystem

—

]

Figure 9 : Ts, type system

«—1+

Diesel micro-power-station with synchronous coupling to solar production, powering a micro-grid
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Figure 10 : Tgy, type system

Diesel micro-power-station with synchronous coupling to wind-driven system, powering a micro-grid
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4.7 Community electrification systems : Type T; - “Diesel micro-power-station with energy
storage powering a micro-grid”

T; type systems, illustrated in figure 11, are diesel micro-power-stations with energy storage
powering a micro-grid. The only power source is a generator set which powers the grid directly and
simultaneously charges a battery. In general, the unit operates during pre-defined time slots. The
battery provides the systems with an autonomy outside the unit’s operating hours.

The distribution and user subsystems are structured in the same way as T, type systems.

a @

"o—

Equipment
site

—

Production
subsystem

PR
<

N

GV 7
) i :
\/};Ziiﬁi;“’“ Client
N
T

—

Figure 11 : T; type system

Diesel micro-power-station with storage powering a micro-grid
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4.8 Community electrification systems : Type Tg - “Diesel micro-power-station powering a
micro-grid”

The Tg type systems, illustrated in figure 12, are diesel micro-power-stations powering a micro-grid.
The only source of energy is a generator set which supplies the grid directly. In general, the unit
operates during pre-defined time slots.

The distribution and user subsystems are structured in the same way as T, type systems.

© q

Equipment

: site

Production
subsystem

\
[

"o

Client
site

User

subsystem _l_T
S T

Figure 12 : Tg type system

Diesel micro-power-station powering a micro-grid
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5. Limits between the production, distribution and user subsystems The limits between the
various production, distribution and user subsystems are shown in figures 1 to 12.

The various operators, where there are several of them, may choose the respective action zone limits
which suit them best in relation the priorities they have set :

e one single point of supply ;

e several points of supply ;

e power supply in DC ;

e power supply in AC ;

e booster unit belonging to the user subsystem ;

n
ClLlo.

NOJTE. - The supply under standard voltage to be defined (24 Vpc, 230 Vac, for example) der certain
circimstances, the use of certain converters by the production subsystem opera

The design of the systems must enable, during the operations, the{observance of\the
imposed by the texts in force in the countries under consideration er, failing, this,\the.rule

sdfety rules

the
NO F C 18-510
andg
6.
A s f isolated
sitg
Table 1 : Summary of the features o i : ificati solated
Type of Synchronous Use
system andlor wind Conversion coupling RE / unit Dedicated
nerat DC | AC AC
Prpcess % > #* #*
powering T1b \/%\ S~ f%
systems T #* * ke
us)i,[g REN T4 #* * #*
Sinte-u er T2 R \ #* * l F
sy| te@ \r:;\ Xﬁ% * * 3 % *
Ta A * * 1&
Ts # A # # 1% 2
Multi-user Tea #* * #* #* 1&
systems Too * * * * * e
T, #* # # a#
Ts * #*

(% : equipment present)
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Managing energy in an electricity production system utilising renewable energy sources involves the
performance of a certain number of functions described below.

Managing to ensure adequacy of resources and demand

Managing energy in a stand-alone system involves balancing the production of sources using
renewable energy with consumption, in other words matching resources with energy requirements and
responding as a result. This system of management must be operated in the interests of the end-user
in order to reconcile as far as possible the undertakings made by the competent intervener with
respect to the services provided (Project Supervisor, Project Contractor, Operator).

En

Ma
ren

Ensuring long service life of equipment

Ma

Couraging the use of renewable energies

naging energy in a stand-alone system involves exercising preferén
ewable energy in order to minimum consumption of fossil fuels.

preduction using

pment, |n

d amount
ent of the
sed.

s need to
copardise

is limited ;

of energy

other words promoting equipment safety in terms of continuity
from the investment throughout the design life of the equipm
Mapaging the amount of energy
Mahaging energy in a stand-alone system involve
of ¢nergy supplied by a system utilising\renewah erefore involves managem
dis{ribution of this amount of energy be a collective system is U
Consequently, a certain number of pre en in order to manage the amount of
engrgy that is available and which can
In & single-user system alt in supply after a certain length of time
The user very quickly lea
In @ multi-user syste ower station linked to a micro-grid), measure
be taken to conserv e benefit of the greatest number and to not j
theljoint mstal rly possible, for example

» the grid is™on period of time daily, and the power for each user i

in this cagseé i during”which the grid is live which restricts the amount

available to each user and the amount of energy that he can
of time. Depending on the sizing of the installation this amount

ervice but
consume
of energy

In a system which produces electricity from Renewable Energy (REN) sources, therefore, it is vital
that loads that are the most economical possible in terms of energy consumption are used and that all

the

resources in terms of Energy Demand Management (EDM) techniques are implemented.
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Managing the quality of the product electricity

Energy management therefore involves managing the quality of the product electricity, supplied to the
user. The criteria for defining this quality are :

e the voltage value and its range of variation ;

o the ripple rate for direct voltage ;

¢ the frequency and range of variation in the case of alternating voltage ;
e the harmonics rate in the case of alternating voltage.

The harmonics rate of an alternating signal supplied to the user depends directly on the quality of the

DC.-AC. converter (pseudo-sinusoidal or sinusoidal) or on the generating plant used. The quality of
the signal supplied must be suitable for the loads used. The designer of a system must thereford be
sure to vgrify this point.

2. Effect of energy management scenarios on system sizing

Table 1 summarises the impact of energy management scenarios on t

Table 1 : Effect of energy management scenarios onthe

Management scenarios

Number of ¢lays without renewable energy

Role of the

e bogster charge (part played j
balance sheet)

benerating plant

e emprgency supply in the eyent of
or éxceptional period without REN, exceeding the sizin

scgnarios
UM

e standard or industrial quality

LFL uel storage capacity

Rate of gen

erating plant

X

Sizing of the generator utilising REN

Sizing of the batteries

Cut-off of p

bwer to consumer equipment.or users :
e power cut-off authorisation;
prig ritis/aﬂ‘aqo ower cul ffs

Battery capacity
generating plant power

Power congtrai imﬁs&b%i@r@ellations ;
e op¢rating hourss Battery capacity
o tak|ng-up ofpower, etc. Sizing of the DC-AC. converter
Equipment peryice.life Quality of components and materials selected

Energy manager design

3. Effect of costs hypothesis and technical solutions choices on system sizing

The results of the sizing work must enable an acceptable compromise to be reached in each case,
taking into account :

investment costs ;
operating costs ;
maintenance costs ;
renewal costs.
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All these costs must be considered within the context of a discounted costing which discounts not only
the various costs mentioned above but also the number of kWh produced during the life of the
installation. This enables the cost of the kWh produced by the installation to be defined and the
various technical solutions to be compared.

The methods used for the technical and economic costing are described in document D2 : “System
selection aids”.

The scenarios for these costings must be specified by the Project Supervisor and in particular the
discount rate to be used. The discounted costing is the responsibility of the Project Contractor.

The_technical choices flow largely from the fixed cost targets specified by the orderer or the Project
Supervisor of the installation.

By technical choices is understood :
» choice of architecture :
¢ flow chart for organising the installation designed to produce isf e’ pgwer ;

¢ distribution of AC. or DC. power, therefore pres ter (type,
power, output signal sinusoidal or otherwise) ;

localisation of cut-off points for manoeuvring a

e on the
Re e Project
Suyj et by the
Prg nding the
bed j the best
qud
Tal hoices on
the

anagement scenarios on system sizing

Effect on sizing

Component quality
Quality of the product (electricity) sypplied
Type of battery

Battery capacity

Equipment.maintenance policy :

Ability of the generator to charge the batteries

o _seffing-up of maintenance structures ;

Quality of the algorithms for energy

. - . . ) _
training and skills of maintenance personnel ; management and batteries

e type of maintenance (preventive, curative) ;

T f ti lant
stock of parts, etc. ype of generafing plan

Type of consumer equipment (robustness,

Component and equipment renewal policy : energy consumption, etc.)

e structure for taking delivery of installations ;

e renewal policy, frequency, preventive, curative, etc.
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Introduction

This specification describes the measurements that need to be taken by the data acquisition
equipment installed in systems for the electrification of isolated sites by solar power or wind
generators. This specification must be consulted in conjunction with specifications A1 : “Requirements
to be met when submitting the proposal for a range of electrification systems” and B4 : “Rules for
energy management”, together with which this specification enables a range of seven energy
managers and four types of data acquisition equipment suitable for the various types of system and
requirement to be defined.

@C@
o
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1. Scope of application

This specification defines the information to be provided for data acquisition in the systems specified
for the electrification of isolated sites.

2. Definitions et abbreviations

Wind generator : system designed to convert the kinetic energy of wind into electrical energy.

REN : renewable energy (wind, sun, etc.).

PV generator : array of solar modules.

Generatihg set : source of alternative electrical energy with a heat engine copstituting eithdr a
booster of a stand-by.

Production : set of production equipment (PV generator, wind generator, gengefe

Storage | set of accumulator batteries (state-of-the-art technology). This [ e or
more setqd of batteries connected in parallel (battery sub-set).

Consumer equipment : consumer equipment supplied by the i
consumel equipment :

e stand-by AC : a.c. consumer equipment that can k
corjverters, or by the generating set.

¢ non-standby AC : 'his
corjsumer equipment can be isolated fro e i rgy
stofage in the batteries.

e stand-by DC : d.c. consumer equipmen or
by the generating set via rectifiers.
e non-stand by DC : d.c. dted

from the power source i
e REN pseudo-batte

longer necessary to ¢
AC : alterpating curr@
DC : diregt current.
E+ : total radiated po
Igat : battgry curré

Iren : currend

lgr : currept emitted-byth érating set.

lug : currént flowing threugh equipment or consumer equipment (direct : Ipc or alternating : Iac). [t is
measured within the conflnes of the production installation and the distribution or consumer
installatiop. lln

ter : generating set powering-up time

Te:r : generating set operating time.

Ug.: : voltage measured at the battery terminals

Uenr : voltage at the REN source terminals (PV generator, wind generator).
Ug, : voltage at the generating set terminals.

Uuti : supply voltage for the consumer equipment (direct : Upc or alternating : Uac). Alternatively, it is
the converter output voltage.

Vmoy : @verage wind speed at a height of 10 m (m/s).
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W;s.: : amount of energy stored in the battery (charge).
W, : generating set production(generating set coverage rate).
Whreelle : €nergy actually produced by the REN sources (solar and/or wind power).

Wr, : energy that can be produced in theory by the installation given the REN resources (solar and/or
wind power). It is the energy that could have been produced by the installation if the controls had not
interrupted the battery charge when the batteries were being charged.

Wy : energy consumed by the consumer equipment (DC and/or AC).

Ogat : battery temperature.

3. |[Information to be supplied

Four types of information may be required for a stand-alone installation sypplying an\isolated site with

elegtrical energy :

o that required in order to ensure the proper functioning of the.i i of the energy
manager with which the installation is equipped ;

p that required to verify compliance with the contracts.between “he Vvarious jihtervepers (see
document DRE - A3 : “Contractual framework for relations with in

o that destined for the user to enable him to utilise his’i

o that required for maintenance and diagnostics purp

A fifth set of information to extend knowledge of the ¢ f an_installation can be added. This
. i / ‘Y

typg of information is not dealt wi cial_devices will be used [for these
requirements.

3.1 Energy manager

The energy manage ¢ 0 al”variables associated with the statug and the
opgration of the installation, i i ke decisions regarding the production and supply

of energy in ac i -defined level of quality of service whilst ensuring long service
life|of the equ@r i ification for energy managers (see document DRE - C7 :
“Enfergy managers” functions that they must perform. Table 1 shows the information the

datp acquisition
The function n

o the energy manager to enable it to perform its [functions.
in the said specification.
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: Information required by the energy manager

Function no.

Function description

Information required by the
energy manager

Information to be provided by the

data acquisition system

1 Management of energy flows in the production - storage links
e Voltage at the REN generator
. terminals : Ugnr
111019 |Links between REN|® Battery charge status : W _
source and storage o (Schedule) e Current emitted by the REN
source : |ren
e Schedule /\
i i the
o Battery charge status : Wpat
Generating set - battery ilg set
1.10t0 1.12 | link * (Schedule)
itted by the
nerating set : lgr
¢ “Generating set operating [time :
G
2 Management of energ flo}hs\ the orag\e\ consumer equipment links
Storage - stand-by or non | e Battery char status : e Voltage at the consumer
2.1to2.6| |standby AC/DC consumer equipment terminals : Uy
equipment links )
e Consumer equipment cufrent :
. lutil
Voltage limitation\a \{
2.3 and 2.4 itg?ggy n Voltag the consumer|e Voltage at the consumer
2.7 and 2.9 , . quipment terminals : Uy equipment terminals : Uy
equipmen e/rrmn\
Battery charge status : Wpyy | ® Voltage at the REN generator
terminals : Ugnr
2.9and 2.19 e REN producible energy
e Current emitted by the| REN
source : lgnr
3 \M\aég\}nt of energy flows in the production - consumer equipment links
\> Voltage at the generatirlg set
terminals : Ugr
Generating set - standby E duced b h )
3.1 and 3.4 “\JAc/DC consumer | ¢ Energy ~produced by theje Current emitted by| the
equipment links generatmg-set - vvar generatng Set 7 Igr
e Generating set operating time :
Ter
4 Management of the generating set start/stop commands
) o Battery charge status : Wyat | @ All data for What, (see above)
41t04.2 Generating set start, stop

e (Schedule)

Schedule



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

-7- DRE -B 5
June 1997

3.2 Installation operator

His needs are varied and are summarised in table 2. They relate to compliance with the contract and
assistance with diagnostics and maintenance. The operator wishes to verify compliance of installation
performance with that specified by the sizing. There may be three main reasons for a deficiency of
energy in the installation :

e breakdown (converter, for example) ;
e production deficiency due to installation failure or poor weather conditions ;
e _excessive consumption by the user.

In gertain instances the operator must be able to teletransmit this information’as well as commands to
thelinstallation. The data acquisition system must therefore be able to ¢ i elephone
linkl in these cases.
Table 2 : Information required by the(op\erto
Requirement \In\%rnkition required

Compliance with thyc‘cnt%et\\ \\/
Wn capability |of the

stallation : Wty

stallation production :

Vetification of compliance of installation performa \ the~sizing
specified * Wigelle
* WGr
Q\ Battery charge status : Wgat
N
Check for compliance qf th Wided for| e Consumption of energy by fhe user :
by [the sizing and defined i peraterfuser_“cohtract” (see W ati

dogument DRE - A3 [ mework-for relations with

intgrveners”) e Consumption history

bi{g/n\\os\tic}}and maintenance assistance

o Battery charge status : Wg

Kn
car ¢ I|dentification of breakdown$
Dig e Production history

e Breakdown history

3.3| Installation user

The user of the installation may be interested in the technical monitoring of his installation and the
management of energy resources. At the very least he wishes to profit by this and will want to be
warned in the event of a risk of energy deficiency and of any event which might jeopardise his
consumption plans. Table 3 summarises the necessary information. The information concerns
compliance with the contract and assistance with use.
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Table 3 : Information required by the user

Requirement Information required

Compliance with the contract

Verification of compliance of installation performance with the sizing|e REN production : Wieeie

specified and as promised by the operator/concessionaire .
e Gen. set production : Wer

Assistance with use

Warniffg—ofany event which might jeopardise his energy consumption [e Identification

plans.

Knowledge of the available energy and potential for consumption.
Warning of risks of energy deficiency

Information on how best to use the installation and manage energy
resourices

4. Information to be provided

TabIeI 1 to 3 enable a list to be draw
nature gnd extent of the information to be supplie i $n
the addressee, relate to the type of installati i e

23
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Utilisation of the information supplied

Information to be supplied Energy Operational assistance
management Assistance
with
“Contract” Diagnostics utilisation
monitoring
maintenance
Usat Voltage at the battery terminals )
Igat Battery current (and direction) (@) /’
0sat | Battery temperature (®) /\\
Uenr | REN source voltage ) (
lEnr REN source current ) \
Ucr Generating set voltage ) \\
lor Generating set current P \
Uuti Consumer equipment supply voltage (DC and/or \>
AC) 9
luti Consumer equipment supply current -DC an O )
AC
tor Generating set powering-up time °
Ter Generating set operating time ( . \0>
Identification of breakdg@s{(ar}ems@&\ \ ) ) °
Wz, | Battery charge statﬁ N -~ y/ ° o °
Whreele | REN source produ@ion \ ) ) ) )
Wm  |REN sourc@ro}juct'on capéQiliQ\ ° ° °
Wear | Generating set od\s\'von\@s\coye%qe/r)ate) ° ° °
Wuyui | Energy con um c szment (bC ) )
and/or W
RE}l\r})Quctlon sto ° ° (@)
REN\WKMM y history ° ° (@)
Consumption hlst\q'y (day, month, year) ) ° (@)
Breakdown hiM ° L (®)
Battery charge status history ° (@)
Generating set production history ° L (®)

(® : compulsory information, (®) : optional information)
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4.1 Information concerning the type of system

Table 5 provides useful information for each type of system (see document DRE - A1 : Requirements
to be met when submitting the proposal for a range of electrification systems”).

Table 5 : Information required for the various types of installation

Type of system

Information required Ty | To | Ta | Ts4 Te | T7 | Ts
Usat | Yettageatthe-battery-terminets . = = .
lgat E}Sattery current (and direction) (®) | (@) | (®) (®)
OBat ElBattery temperature (®) | (@ | (o) ) {\ (\\

Uenr | REN source voltage (@) o o ®

Ts

.
(%)

@)

lenk | IREN source current ° ° ° \
o
®)

o

N
Usr Senerating set voltage e \ \ i i
X
lor Generating set current ® ®
Uuii Consumer equipment supply voltage (DC| ® (®) (o () (®) (®)
and/or AC) (\
. N N
luti onsumer equipment supply current ® L L] L °
nd/or AC
tar Senerating set powering-up time rA L] o ° °
Tar Senerating set operating/ﬁhqg \ \ ° ° ° °
Identification of breaﬂ@@ov\v}ﬁk w (®) 5 ] . ° ° ° °
Weat | Battery charge /s\tatug \ ° ° ° ° °
Whreelle | REN source gng}choik (@) o ® ® ®

W | REN source prpqﬁ&tio};\;pxqility (@) o ® hd ®

W Benerating\se%QrcMJ\cﬁQn\?(querage) hd g g L

Wuti | fnergy ¢ nsM eWer equipment . . . ° ° °
DC and/or AC).per-day) month, year

REN\proguc nw ® | (® | ® | (® | (o

REN prodlm\ca%bility history (®) | (®) | (@) | (®) | (o)

Corisumption history (day, month, year) (®) | (®) | (o) | (o) (®) | |(®)
Breakdown nistory ®) | (&) | (&) | (&) | (®) (®) 1 (o)
Battery charge status history (®) | (®) | (®) [ (@) (®)
Generating set production history (®) (®) (®) | (9)

(® : compulsory information, (®) : optional information)

Note. - Energy management for the type 1¢ system is being designed. The data to be acquired will therefore be
specified at a later date.
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5. Range of data acquisition systems

From the information required for the various types of electrification system a range of 4 types of data
acquisition as shown in table 6 can be defined.

Table 6 : Range of data acquisition systems

Type of data acquisition
system
Information required M, | M; [ Mg | My | M;
Ugat Voltage at the battery terminals /‘\ o Ly
lsat | Battery current (and direction) \k.k (.\)\ (®
OBat | Battery temperature < \Q) (\.\k \(\3
Uenr | REN source voltage \({\K \. K
lenr REN source current N D s\ \./
Usr | Generating set voltage o ®
lr Generating set current N ° o
Uuti | Consumer equipment supply voltage g&gan%or Aé G ® (o) (o) (o] | (®)
M| ] MM
luti Consumer equipment supply cﬁent\s\\e@d/o C) ° ® o o
tor Generating set powering-up t&ne N o o o
Ter | Generating s%}e@tipﬁ%e\ \> . ® ® ®
Identificati&\ofbgala\om \) (@) | ® ® ® o
What Bat/té?y\chg{ge sta\tL;s o ® b
Wreelle REMyr@e&s@Quc}@Q (®) ® b
W, REI}I/}\\V:@ p\s\\ﬂ'{)n cagpility (®) | @ °
W, | Gene tl\qupm\dqctlon (rate of coverage) * b i
Wy ergxo the consumer equipment (DC and/or o * o *
(‘\ day onth year
\Q& pr M history (®) | (®) | (o)
RMction capability history (®) | (®) | (o)
Consumption history (day, month, year) (®) | (®) | (® (®)
Breakdown history (®) | (@) | (®) | (®) | (®)
Battery charge status history (®) | (®) | (@)
Generating set production history (®) | (o) | (®)

(® : compulsory information, (®) : optional information)

(1) The managers of types Gab, Gap, Gaq and Gap have this option (see document DRE - B7 : "Rules for
operation, maintenance and renewal")
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6. Correspondence between ranges of data acquisition systems, energy managers and types
of system

Table 7 shows the correspondence between the range of data acquisition systems, the range of
energy managers and the type of installation. The option for teletransmitting commands and/or
information may be envisaged for each type of energy manager.

Table 7 : Correspondence between ranges of data acquisition systems, energy managers and
types of system

Type of data acquisition

Type of manager Type of installation M, M, ma\ M,

Gy T4 4 (™
G2a T2, Ty <’\
Gap T2, T <
Gsa Ts \ .\
Gsp
Gic
Gsdq
Gia
G

5]

(® :jlcompulsory informati

(1) :[consumer equipment voltage

7. Data cquisitioné?te
Four essegntial functions” mus
described above :

e measurement of p

ion
entative of the status and operation of the installation ;

e progessing (Of meas order to compile data patterns of the status and operation of|the
installation ;

capgble of utilising.

For each|item.of information table 8 shows the type of function that the data acquisition system
must perfprm:

The characteristics of the various items of information to be gathered are shown in the function
sheets in appendix 1.
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Table 8 : Type of functions to be implemented in the data acquisition system

Functions to be performed

Information required s:g?t N:;avs;:aem:: ‘ pm?:;zing St;’;ﬂf:f Return of
information
Ugat | Voltage at the battery terminals A1l L] ®
lsat | Battery current (and direction) A2 (@) (@)
Ogat | Battery temperature A3 (@) (\ (®)
Uenr | REN source voltage A4 (] B Q\ )
lenr | REN source current A5 ° ®
Uer | [Generating set voltage A6 0\ \\ ®
lar (Generating set current A7 \\ \) °
Uui | [Consumer equipment supply voltage (DC and/or Aé Q \ \> )
AC) A
luti Consumer equipment supply currenW@ % < @ )\> )
AC)
tor (Senerating set powering-up time /& \9\10 ° )
Ter | [Generating set operating/tiqne \ Q\ N ° )
N
dentification of bree‘@o\vb@\( V [ [ )
Wagat | Battery charge statt& \ [ [ [
Whreelle | REN source%r\,d> ﬁ\/\ ° ° )
W | REN source Q/B\\cwrk\my ° ] )
Wer oenerat%r@\se\\p{ é\céx\ réﬁsxof coverage) o ° °
E En o] ed b)&: consumer equipment [ ) [ [
nd/ C) day, month, year
Battery ch \e status history A12 ] o )
REN'\production history A13 ] [ )
ENproduction capability history ATZ L v °
Generating set production history A15 ° ° °
Consumption history (day, month, year) A16 ° ° )
Breakdown history A17 ] ° )

(® : compulsory information, (®) : optional information)
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8. Conditions of service

Being prepared

8.1 Conditions of storage

Being prepared.

9. Electrical characteristics

Being prepared.

10. Design characteristics

@%
B
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Appendix A : (normative) Data acquisition function sheets
Sheet A1 : BATTERY VOLTAGE

Information to be supplied Performance to be achieved
Function to be Action Performance criteria Levels Comments
performed
Measuring range 1,5V to 3 V per element | Measuring frequency :
Accuracy 0.5 % sufficient to detect :
iati f1Vonth
Measurement | Usat Measuring frequency 1 min \tgz?taerly\}(;)ltage onthe
or the valde of the
(\ }e@ery charge status
Flag Ugat maxi Calculating frequency 1 min Q
Prockssing (counter) Test period 0to24h
Flag Ugat min Calculating frequency 1 min
(counter) Test period @4{ \
Last value Ugat Number of values XA NS
Starage U . stored
Bat maxi
. St fi .
Usa min orage requer(cy\ Xrym\
Last value Ugat Type of retu Loéét/di play
Ugat maxi Tra ission to
Refurn . manager
Ugat min
“ Teletransmission
N N )\/
M &ﬂ\é\ﬂ& “BATTERY CURRENT
Information t<o\b/e>|:y'{)<xided Performance to be achieved
Functipn to be cti \rfémance criteria Levels Comments
performed (\
Measuring range -100 A to +200 A Measuring frequency
05 % identical tg battery
Measyremen o7 voltage mg¢asurement
Accuracy 1 min
Measuring frequency 1 min
Measuring frequency
Processing
Storage
Module Igat Local display
Return Direction lgat Transmission to
manager
Teletransmission
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Sheet A3 : BATTERY TEMPERATURE

Copyright (C) 1997, EDF

Information to be supplied

Performance to be achieved

Function to be Action Performance criteria Levels Comments
performed
Measuring range -30°Cto + 50 °C Measuring  frequency
Measurement | Temperature 6gat Accuracy 05 % identical to  battery
o e voltage measurement
I\/Innellring frnnlllpnm/ 1 min
Processing /\
Storage N &N
Local display
Return Temperature Ogat Transmissio

manage
Teletranglls\sm\ \

Sheet A4 : REN sou @ \>

Informattion to be supplied

\Pe orm nc&t)) q\e/chleved
\I:euei/

Function to bd Action Performance criteria Comments|
performed
Measuring ge 0-500 V depending | Measuring frequenc
< on REN source sufficient to detect
Measurement | U
ER Acclirac 5%
suring freguenc 1 min the value of the battqry
charge status
\/ x/\ The REN only charge the | In certain cases this|is
Processing Compare UEnR a{U\\ battery if Ugnr > Ugat Ugqr after conversio
Storage
Return \ Transmission to manager

RN

heet A5 : REN SOURCE CURRENT

Informhtion to be Wd>

Performance to be achieved

Function to bd Action Performance criteria Levels Comment
performed sl
Measuring range | 0-100 A depending on REN | Measuring frequency
source sufficient to detect
Measurement |
ER Accuracy 0,5%
Measuring frequency 1 min the value of the battery
charge status
Processing
Storage
Return Transmission to the

manager
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Sheet A6 : BOOSTER GENERATOR VOLTAGE
Information to be supplied Performance to be achieved
Function to be Action Performance criteria Levels Comments
performed
Measurement Measuring range 0-400 V | Measuring frequency
sufficient to detect
Uer Accuracy 0,5%
InV‘ICGQUI ;I Iy fl C\{UGI I\Jy 1 III;II thC VG:UC )f the battery
charge'stgtus
Procgssing A ]
Stgrage
Return Transmissi \Qo\
manager

Sheet A7 BOOSTER GEN ATNW

Information to be provided

to be achieved

oman
)

N

Functipn to be Action Pérformance criteria els Comments
performed
MeaSuring 0-100 A depending on | Measuring frequency
EN source sufficient [to detect the
Measurement | lor N«Aﬁt@m 59% value of| the battery
Measuring fregquency, ° charge stdtus
~ min

Processing

Stgrage

(
DR

Refturn

/\

Transmission to manager

ee

8 »CONSUMER EQUIPMENT SUPPLY VOLTAGE

omato o B provied

Performance to be achieved

Functipn to be ction Performance criteria Levels Comments
performed
Measyrement Measuring range 12, 24, 48V DC and 230V
T AC
Accuracy 0,5 Yo
Ui Measuring frequency 1 min Measuring frequency
sufficient for disconnection
without damage of the loads
in the event of surge or
undervoltage
Processing
Storage
Return Consumer equipment Type of return Transmission to manager Disconnection of consumer

supply voltage

equipment in the event of

surge or undervoltage
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Appendix A (cont)
Sheet A9 : CONSUMER EQUIPMENT SUPPLY CURRENT

Information to be provided Performance to be achieved
Function to be Action Performance criteria Levels Comments
performed
Measuring range 0/100 A depending on
Measurement | luti installation
Accuracy 0,5 %
Measuring frequency 1 min
Processing
Storage /\
Return Consumer equipment | Type of return Transmission

supply current manager

X

e
Sheet A10 : BOOSTER GENERAT% Oﬁ@?ING P

Information to be provided (\P (}orméncg\} Mhleved

Function to He Action Performan \b\ \Leveré Comments$
performed

Measuremerit | tor Measuring time ()\s/
accufacy ™~
N

Processing ~

Storage

manager coupling after poyvering-

Return Generatin% eb\@ Transmission to For generating sqt
time i

up
S\h ;QSTER GENERATOR OPERATING TIME

Information\teQMV}t@d\) Performance to be achieved
Function to He tion Performance criteria Levels Comment$
performed
Measuremert |\ 7., Accuracy 10 s
Processing
Storage
Return Generating set operating | Type of return Transmission to For minimising
time manager generating set operating
time
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Appendix A12 : BATTERY CHARGE STATUS HISTORY
Information to be provided Performance to be achieved
Function to be Action Performance criteria Levels Comments

performed

Ubat

Measuring range
Accuracy

Measuring frequency

1,5 to 3 V per element
0,5 %

sufficient to detect :

Measurement

IBat

Measuring range
Accuracy

Measuring frequency

variation of 0,1 V in
battery voltage

D

Processing

Determine the charge
status

Compare with
reference charge
status :
- equalised

- full

Deviation from actual
charge status

charge status

le nh

Depending on algorithm
used :

battery voltage, energy
balance sheet

Sta raQ%k«

Number of values
stored

Number of times per
month, or 2x12 values

For a maximum period
of 1 year

Assists maintenance
and diagngstics, by
comparing with the
production| value and
the consumption value

Rerurn

Battery charge status
for transmission to

Transmission to
manager

For each measurement

manager

Battery charge status
to assist use

Type of return

Local display

Assists use

(complemented by
indication of
instantaneous
consumption)
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Sheet A13 : REN SOURCE PRODUCTION HISTORY

Copyright (C) 1997, EDF

Information to be provided

Performance to be achieved

Function to be Action Performance criteria Levels Comments
performed
Uenr Measuring range 0/12 to 0/400 V dep. on
REN source
Accuracy 0,5 %
Measuring frequency Sufficient to obtain
accuracy to within 1%
for determining the
amount of energy
produced
determined acc.
to the data acquisition
Measuremert ranges (determing the
Pmayfor each type¢)
lEnr Measuring range
Accuracy
Measuring\frequenc
] Calculate energy Mracy inre ti(}tg \‘I/‘;o
Processing| | produced each th ‘jenergyastuall
Lproduc
Energy d ach | Number.of W Last 18 values To provide the ogerator
Storage month stored with a margin forjannual
retrieval of the values
\/ Local display value by
Return The stored valu e of return value
Local loading
N Remote loading
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Sheet A14 : HISTORY OF REN SOURCE PRODUCTION CAPABILITY
Information to be provided Performance to be achieved
Function to be Action Performance criteria Levels Comments

performed

UEenr

Measuring range

Accuracy

0/12 to 0/400 V dep. on
REN source

0,5 %

Measurement

lEnrR

Measuring frequency

Measuring range

Accuracy

Measuring frequien

Sufficient to obtain
accuracy to within
when determini
amount of e
produced

Tobe detg¢rmined dep.
ata agquisition
ranges (dgtermine the

Pmax for egch type)

Lproduced
Processing | Calculate mo 1%
energy production
capability
1% This information is for

'@ e
instan
prod;{m

ility

the energy manager

Stdrage

Lcap
-N)A%ber of values

stored

Last 18 values

To providg the operator
with a maigin for annual
retrieval of the values

Return

ability
Monthl ductign
%a&ilit of.enierg
NY

Instantaneous

Type of return

Type of return

Local display value by
value

Local loading
Remote loading

Transmission to energy

] 4 lailik
MPIUUUCUUIT Capduliity

manager
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Sheet A (cont)
Fiche A15 : BOOSTER GENERATOR PRODUCTION HISTORY

Information to be provided Performance to be achieved
Function to be Action Performance criteria Levels Comments
performed
Measurement | Ug: Measuring range 0-12 to 0-400 V dep. on
REN source
Accuracy 0,5 %
Measuring frequency Sufficient to obtain

accuracy to within 1%
when determining the
amount of energy
produced

determined acc.
to the data acquisition
ranges (determing the
Pmayfor each type¢

lar Measuring range 0-100 A

~

Accuracy

Measuring frequency,

Processing| | Calculate monthly Accuracy in relation\to
energy production \eQer y actually produced

AV

Return Stored val e of return

Local display value by
value

N
Energy produce umb vatugs Last 18 val To provide operagor with
Storage monthly red as values a margin for annyal
\% retrieval of the values

Local loading

/\ Remote loading

\
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Sheet A16 : CONSUMER EQUIPMENT ENERGY CONSUMPTION HISTORY
Information to be provided Performance to be achieved
Function to be Action Performance criteria Levels Comments
performed
Uuti Measuring range 0/12 to 0/400 V dep. on
REN sources
Accuracy 0,5 %
Measuring frequency Sufficient to obtain
accuracy to within
when determini e
amount of e Q
Measyrement produced
luti Measuring range Tobe detgrmined acc.
o the datg acquisition

range (determine the
Pmax for egch type)

Acglra
Measuring frequenc
Lproduced
Calculate the rgy 1% Aids use y comparing
consumed sifice with daily energy
theoretically available
Processing
1%

C te_the monthly

energy‘consumption

Compile corjsumption
history.

“Contract’|verification

Stqg rag<§

INY
on ener
S ion

Number of values
stored

Last 18 values

To provide gperator with a
margin for ahnual retrieval of
the values

I\Wnergy

consumption

Local display value by
value

Local loading

Return

Energy consumed
since O h

Type of return

Remote loading

Local display

Information so that the user
know where he is up to in
terms of his potential daily
consumption
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Appendix A (end)
Sheet A17 : CONSUMER EQUIPMENT ENERGY CONSUMPTION HISTORY

Information to be provided Performance to be achieved

Function to be Action Performance criteria Levels Comments
performed

Measurement

Processing

Storage

Return (\

NOTE. - sheet A17 will be completed when the work on document DRE-B 7 : “Rules fo eration,\maintenarnce and

renewal” is complete.
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Introduction

Decentralised rural electrification systems are intended to supply electricity for users located in rural

are

as on sites not connected to the national grid.

These users are, in the majority of cases, as follows :

The

The

The community electrification systems (MHS), on the

Thd
chd
haZ

The
inst

¢ individual isolated houses ;
e groups of houses comprising villages ;

e community services (public lighting, pumping, health centres, places of worship, administrative

buildings, etc.)
e economic activities (workshops, small industries, etc.)

bse systems can be classified into three categories :

p electrification systems for processes (for example, pumping) ;
p single-user individual electrification systems, also called Single
» multi-user community electrification systems, also called Multi

» one electrical energy production subsystem ;
p one user subsystem for this power.

» one electrical energy production subsyster

traditionally, this is called a “mi
capacity level ;

racteristics of de
ards in ins
bse proposal S

odest

Sit

expected
electrical

pment of
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1. General aspects

1.1 Summary of the types of electrification systems

In table 6 of document DRE - A 1 : "From the Requirements to be met to the Proposals for a Range of
Electrification Systems", it is proposed that decentralised rural electrification systems be classified
into eight types.

1, 2 and 3 type systems are dedicated to a single user (e.g. isolated house, isolated process, etc.) and
are SHS types.

Systems types 4 to 8 are intended to supply several users from a community production micro-power
station and are MHS types.

1.2| Effects of electric current - Protection of persons

Any person who touches a metallic element through which electric curr is (passing will [receive a
dis¢charge which is more or less dangerous according to the circumsta S n be fatal
in mumerous cases, in particular when the current returns directl ) virlg passed
through the human body.

The causes of accidents are numerous : yipment ng electrical
protection (EP) conductor, connection flexes in poor conditi Jefe i ¢ ity| electrical

ins{allation, inept operations or makeshift DIY work (failure to¢ 3 s).

In a domestic environment, the household appliance 2 in_aCci ision sets
and lighting equipment.

By | definition, any accident resultihg fro icity~ rification. iffcation is
electrocution.

1.2|1 Effects of current passing through the hum

The dangers incurred by, 5 i Aelectri i entially on
its Intensity and flow time.

Givlen that this current i vel of the

contact voltage/applie it passes
through the hum

Thip relationship i e impedance depends upon the most probable trajectory of
thelfault current ) nt of entry, point of exit), the moisture level of the skin and the
environmenta ions lar with regard to the presence of water which may [ffect the
corjditions<o A he person and the earth. Finally it also depends upon the frejuency of
the|curre

1.21.1 EHf : ating current (between 15 and 100 Hz)

The effeets. of~alternhating current depend upon the level reached by the fault currgnt which
determines the various thresholds. These thresholds correspond to the zone limits which fappear in
thel figure 1 (flow time in relation to the current) which has been prepared by a group gf medical
experts, physiologists and electricians from the 1EC.

Zone @ is limited to the perception threshold.

The perception threshold is the minimum current level which causes a sensation for the person
through whom the current is passing. This threshold is around 0.5 mA.

In this zone, the passage of the current is not perceived.
Zone @ is limited by the non-release threshold.

The non-release threshold is the maximum level of current whereby a person holding electrodes can
release them.
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In this zone, the current is perceived but does not cause any reaction. It may cause a slight, more or
less violent and localised jolt which disappears in a more or less short space of time.

Current passing through body (in mA)
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N

Zone @ is Iimi arfibrillation threshold.

In this zone, the“pe oldi of equipment cannot release it because of the phgnomenon
of the electrical tefa ion(¢ nuscles. The electrical tetanisation lasts as long as the person
remains in cont i ent but does not result in after-effects subsequent to the intefruption of
the|current

If tetanei i dént in the muscles of the thorax, it may cause the person to stop
bregthing. 3 ictim collapses and suddenly loses consciousness, this is the résult of a
tetanisati [

Under these-cireumstances, it is necessary for contact to be a minimum of three minutes inj order for
the|outsetof asphyxia to lead to a condition of apparent death. If, on the other hand, the ppssage of
the| cufrent is interrupted within the following two or three minutes, the victim resumes [breathing
Sp ||ta||cuu°=y Glld yUIICIa“y TICLUUVTIT O VUIy quu.,}\:y

In zone @ the passage of the current may cause a ventricular fibrillation of the heart and
to cardiac arrest.

may lead

The ventricular fibrillation of the heart is a condition whereby the fibres of the cardiac muscle contract
uncontrollably.

This condition leads to the complete cessation of the physiological action of the heart which no longer
fulfils its role as a pump, i.e. it becomes incapable of driving the oxygenated blood around the body,
in particular in terms of the brain.

The halting of the blood circulation essentially entails a loss of consciousness and subsequent
cessation of breathing leading to a state of apparent death.
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Within the domain of the protection of persons against electric shocks, only the risk of electrocution
resulting from the ventricular fibrillation of the heart is taken into consideration.

Experiments carried out essentially on animals have enabled the possibility of establishing curve S in
figure 1. This curve, located in zone @ defines the maximum flow time for the current in relation to the
current passing through the body, to ensure safety under statistically reasonable conditions.

To summarise, the consequences of an electric current passing through the body are comprised in
table 1.

Table 1 : Effects of current passing through the body

Intensity of fault current Physiological effects
1A cardiac arrest
75 mA irreversible cardiac fibriIIati{n\t\hrgﬁpld

30 mA respiratory paralysis thrg\shh@\

10 mA muscle contractior«tehnjga\ti&q)
N

0.5 mA extremely slightt Sensation,.-

1.2{1.2 Effects of direct current

Dirgct current appears to be less dangerous tha
relgase hand-held conducting elemenis with dipect

difficult to

With direct current, the ventricular fibrilla

1.2]1.3 Thermal effects

Another significant electric 7 rns are extremely frequent in domestic and
abqve all industrial accide

There are two types 0

o the arc bufn which i \ ed by the intense heat radiated from an elecijric arc,
o the elec | electrical burn, caused by the passing of the current
through the b may lead to irreversible internal physical injuries.
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Current passing through the body (in mA)
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1es under the effects of direct current

enter into contact with grounds which have been agcidentally
erally subsequent to faulty insulation.

anel, etc.

bn, these
they are

nt flowing
through the fault and the ground meets the earth, either through a protection conductor or the person
entering into contact with it.

The feature of an indirect contact is that the fault current never flows fully through the human body.

There are two types of protection measures used against indirect contact.
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1.2.2.1 Protection without cut off of supply

This protection is effected :
e by using Very Low Voltage (VLV) ;
o through the electrical separation of the circuits ;
e by using class Il type equipment ;
e through additional insulation of the installation ;
e through the removal or interposing of obstacles ;
e through equipotential connections not linked to the earth.

NDD Dk ' 4l I} n 'y P 2 4 1
1.4 <.« TTUCLUHOTT TITOUyrT autUlTiatlc Lut=uIT U sUpply

Prgtection through the automatic cut-off of supply becomes necessary whe
mepsures are, in practice, only local.

It oply effectively occurs subject to two conditions :

1. all the grounds and all the conductive elements which are acce
and linked to the earth.
Two simultaneously accessible grounds must be linked

1.2|3 Protection against direct contact
Di

The live elements may
printed circuit.

rect contact is when a person (or do

The current may flo

b either fr

ingle-phase load ;

be considered as an insulation fault.

The ¢ is the absence or non-influence of a protective conduc
anglysjs~of protection inst\direct contact to be implemented.
Regardless © neutral’ system, with direct contact, the current returning to the source i

pagsing throtigh the\human body.

There are\severahtypes of measures which can be implemented to protect persons aga

corjtact. (cf. French standard NF C 15-100).

ér via the human body - under these circumsta

g earth and then the source, via the human body - un

protective

nected

nection.

tching off
subject a

D V under

ments.

acks of a

nces, the

der these

for in the

s the one

nst direct

1.2.3.1 Provision rendering direct contact not dangerous

The use of Very Low Voltage (VLV), restricted to 25V, is the only applicable provision.

It has the disadvantage of imposing operating restrictions and can only convey low power levels.
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1.2.3.2 Implementation of preventive measures

These preventive measures are intended to put live elements out of reach by :
e insulating the live elements : insulating casing for equipment, insulating the exterior of the

conductor ;

e the provision of barriers or casing : boxes or cases with a minimum protection grade of IP2x or
IP xxB ;

e removal in order to put out of reach : partial protection used principally on electrical service
sites.

However, in spite of the implementation of the preceding provisions, some installations or the
environment around the installations, may comprise specific_hazards : insulation which may be
defective (conductive fence, use of equipment in poor condition, DIY ¢makeshift work), etc.),
protective conductor absence or cut off., etc.

It if necessary here to define additional protection.

This additional protection comprises highly sensitive differential-resjidua iCeS < 30 mA)
which ensure the protection of persons by detecting and cutting off the 3 it gceurs.

1.3| Protection of property
1.3{1 Protection against the effects of lightning - gen

1.3}]1.1 Fundamental rules and principl

Lightning acts in two different ways d ndirectly.

o direct strikes which create mechanieal d potential
throughout the stru i roe pointof impact ;
p indirect strikes which are (at the source-of logalised overvoltage and which may cauge remote

NOJE. - Overvolti ge ¢ e or inductive coupling.

) Resista C sfrikes the ground near the installation and part of the
grid of the installation through the earthing of the latter.

Y :\the lighining strikes the ground near the installation angd causes
i he-conductors through magnetic coupling.
The electremagnetic s created may have a serious impact on the structures and gquipment
installed i

These vari a the systems may spread in 3 fundamental ways : through conduction,
radjation and

For each of these~modes of propagation a series of protective measures should thus be ¢nvisaged
(sultable rules and measures) in order to limit their effects to levels imposed by the safety of persons,

tr\n oralibhvy of ac et AnAratiane anA tha ~~cto
IS ooty O Cqup ittt OpCatornoanittnc—COotoT

" REE n° 4 (April 1996). Lightning protection for ground installations, methods of implementation.

Michel BAUCHET
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The designing of a protection system against the effects of lightning must respect three fundamental
rules.

e The uniqueness and equipotential nature of the earth grid
This rule is required to limit the differences in potential at the various points on a site.
It is applied by :
¢ interconnecting all the local earth grids,

¢ connecting to the earth, over the shortest distance, at the entry point of each building, all
the conductive pipes and conductors (power, telecommunications) entering therein and, in
particular, the cable screens.

Thae uniaueness-and-sauibotantial naturae-of the-around-arid
+HE-tHHGHE R SHE-8gtHPoteRHa—HattH —Re-grodha-gHa-

This ground grid must be interconnected with the earth grid.

This rule is applied by :
¢

nnections

1.3}1.2 Implementation of protective

The development of a protection system-wi it hs2.
ing.
n. It shall

5, etc.) ;
joints for

vironment

C Closely as
possibkleiio the

buildings and equipment to be protected.

1.3|2 ,Rrotection against the effects of lightning in REN-based installations

The_practical development of protective systems depends upon the nature of the structures to be
protected.

For the electrification of isolated sites, the principal considerations are wind generators, photovoltaic
(PV) (solar) panels and overhead transmission line grids.

In relation to the keraunic level (thunderstorm potential) of the sites concerned, the protection of
buildings should be envisaged.

% International standard IEC 1024-1 (1990). Protection of structures against lightning. Part one: general

principles.
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1.3.2.1 Principle

The principle adopted comprises :
¢ the systematic, at minimum, interconnection of the grounds,
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e deciding, should the case arise, to adopt specific additional measures by applying the decision
criteria taking into account the value of the materials to be protected, their sensitivity, the need

for their availability and the risk of the structures being struck by lightning,

e in the case of additional protection having to be installed, the measures which must be

adopted.
These measures and the related costs are listed in table 2.

1.3{2.2 Interconnection of grounds

Standards applicable

IEG 1000-5-1 : 1997, Guide to installation and current attenuation. Sec
IEG 1000-5-2 : 1997, Guide to installation and current attenuatiori Sectio

The wind generator and panel frames must be earthed thro
triahgular crossbrace and with a value under 10 Q at 50

These earth connections must be linked to the earth/co
othgr installation equipment.

In general, with LV installations, other
been provided for at the design stage.

In {his case, two earth connections coexi
effected by the installer at the beginning,
earth connection in the forn

These earth connections’e
In the building, the

conductor PE. i

htning protection and costs

derations

abling

form of a
using the
has rarely
ponnection

‘lightning”

brotection

Lightningﬁzas\gm Recommended measures

Cost of|solution (*)

Direc} strike ast \of-blades installation of a lightning conductor and protection using
metallic) of the wind gel tor Iightning arresters in terms of the wind generator

20t0o 30 kF F

Direct strikes V a frames installation of a guard wire and lightning arrester under direct
current
(no guard wire if the PV array is in the collector cone of a wind
generator)

to be spdcified

Lightping striking the Wd close to the | additional lightning arrester at the entry point of the charger 3kFF
wind penérator - installation connection
Lightmi | 2 KE F /lightning
PV array - installation connection. (LA) at the control entry point : arrester

- 1 LA between + and -

- 1 LA between + and earth

- 1 LA between - and earth
Protection of production installation against | if sine inverter : panel lightning arrester on distribution panel 500 FF
overvoltage from lightning spreading from
the micro-grid otherwise lightning arrester with internal spark gap

800 FF

Protection of user equipment against | if sine inverter : panel lightning arrester on user panel or 500 FF / item
overvoltage from lightning spreading from | individual protected points 300 FF / point
the micro-grid otherwise lightning arrester with internal spark gap 800 FF / item

(*) the costs comprises supply and installation
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The grounds of metallic structures (wind generator, PV array frame, equipment site, water grid,
telephone grid, gas grid.) must be earthed and linked to the earth connection on the equipment site.

1.3.

2.3 Definition parameters for lightning arresters

The significant parameters in the definition of lightning arresters are as follows :

e Up = level of protection for nominal current (see figure 3) ;

Uc = permanent operating voltage which must be chosen equal at least to over 10% of the grid

voltage (between phase and PE or PEN) and which is normally 1.5 times the grid voltage
(example for Uc = 400 V, Up = 1.5kV). Under the neutral system TT, a differential current

protection must be added ;

The
evd
the

The
Zn(

1.3

1.3

b4 inominm (un 8126 vvavc) =—Standardised-vatues—26 RAY,
very rare) ;
¢ Imax (on 8/20 wave). Characterises the power performance o

Figure 3

2.4 .4 )Standards applicable

NF

C17-100-1987 Protection-againstlightning - Lightning-conductor-installations— Rules;

.5 kA but

er.

i.e. in the

(SiC or

directly

NF C 17-102 : 1995, Protection against lightning - Protection of structures and exposed zones against
lightning using lightning conductor with disruptive discharge device ;

IEC 1024-1: 1990 ;
IEC 1024-1-2.

Publications NF C 17-100 and 17-102 provide the decision criteria for installing protection through
lightning conductors.

Publication IEC 1024-1, article 3.2, enables the calculation of the safety distance ensuring complete
isolation between the earth descent of a lightning conductor and the live conductors of the wind
generator.
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Publication IEC 1024-1-2 enables an estimate of the overvoltage evident at a given point (between
the mast and the electrical circuit of the wind generator) and, should the need arise, whether or not to
position a protective lightning conductor at this point.

1.3.2.4.2 Principle of protection adopted

The application of standards NF C 17-100 and 17-102 means that it can be decided whether or not it
is worth protecting the installation below the wind generator through the installation of a lightning
conductor at the top of the latter, taking into account the data relating to :

e the lightning potential of the site ;
e its geographical location ;

) 1 4 vl ) " "
U1 LONTUIUT SUTTalT U U1IT ycTriclh atur 1Tiast,

o the price of the equipment to be protected.

If the installation of a lightning conductor is necessary® (cost 10 to 20,000 i t\be installed at
the|top of the mast.

Publication IEC 1024-1 enables the determining of the safety distz e Hescent is
totglly isolated from the live conductors. In the case of a wind it i that this
disfance will never guarantee satisfactory isolation.

It i thus necessary to make additional provisions.

If the alternative electrical circuit is in TN-C syste it will be
negessary :
. bottom of
3 ch phase
and the neutral ;
> generator
connecting each p
The decision criteria for installing i ublication
IEC 1024 ‘ e checked
If t it will be
neq
ting each
butral and

stall a three-phase 20 kA lightning arrester in terms of the wind |generator
h phase to the earth descent and a single-phase 20 kA lightning arrester
connecting the neutral to the earth descent.

The decision criteria for installing this lightning arrester can be obtained by applying dublication
IEC 1024-1-2 to calculate the overvoltage which may appear at this point. It should be checked
as to whether or not this is compatible with the isolation of the circuit.

® It is not usual to fit small machines with lightning conductors even if they are not supplied with a rudder (naturally free-moving
orientable wind generator) or if the rudder is lower than the blades.

There has never been any known deterioration subsequent to possible lightning striking the structures of these wind generators.

The problem is different for large machines with controlled orientation where the blades may be fitted with metallic conductors for this
purpose.

As a general rule, lightning is not a concern for the mechanics and the structures and rarely for the electro-mechanics. The problems
concern the electronics where applicable.
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1.3.2.4.3 Cost of protection

The cost of protection is shown in table 3.

-14 -

Table 3 : Cost of protection

Copyright (C) 1997, EDF

Neutral system Protection components Cost of components TOTAL

lightning conductor 20 to 30,000 F 26 to 36,000
TN-C 1 three-phase LA 3,000 FF FF
1 three-phase LA (possible) |3 g0 F
neutral-mast connection ’
Iighfning conductor 20 to Qn’ﬂﬁﬂ EE 33 o A’Rﬁﬂﬂ E
1 three-phase LA 4,000 FF
TT 1 single-phase LA 2,500 FF

1 possible three-phase LA 4,000 FF
1 possible single-phase LA 2,500 FF /\ x

1.3{2.5 Protection of the installation against lightning striking the/sup

pogition the PV array inside the wind generator’s collector cone.

against direct strikes from lightning.

proyisions :

(see figure 4).

p installation of an extended wire

protective wire

rray\rrame

7 it is sUfficient to
protected

following
the panel

ules between the positive
and earth

Figure 4 Protection of a photovoltaic array

1.3.2.6 Protection of the installation against lightning near conductors connecting the PV array or
wind generator to the installation

1.3.2.6.1 Standards applicable

NF C 17-100 : 1987, Protection against lightning - Lightning conductor installations : Rules ;

NF C 17-102 : 1995, Protection against lightning - Protection of structures and exposed zones against
lightning using disruptive discharge lightning conductor ;
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UTE C 15-443 : LV electrical installations - Practical guide - Protection of LV electrical installations
against overvoltage of atmospheric origin - choice and installation of lightning arresters.

The above standards offer a decision criteria regarding the possibility of protection against
overvoltage. They take into account the density of the site’s lightning potential, the geographical
position of the constructions, the length of the overhead connection (where applicable), the value of
the equipment to be protected, its sensitivity and the importance of its availability.

1.3.2.6.2 Equipment site - wind generator connection

If this connection has to be protected, the following provisions shall be implemented :
o if the alternating grid is subject to TT neutral mode this requires :

0 a three-phase lightning arrester between phases and earin erther side of the
connection, i.e. one LA in terms of the wind generator (protectioh already provided for in

the case of lightning striking the mast directly and one LA at the entry_pointienthe¢ charger.
Price = 1,000 FF
¢ a single-phase lightning arrester between neutral and\ ean eithe de of the

connection. Provision has already been made for the wind

generator side for protection against lightning striking
» the alternating grid is subject to TN-C neutral mode.

0 a three-phase lightning arrester betwee on both sid¢s of the
connection, i.e. one LA in terms of the wijnd g or (pratectjon already provided for in
the event of lightning striking the ma i at the entry point on the

1.3]2.6.3 PV array - equipment site co
If this connection has to be protected, t

a djrect current lightning arrester i i m‘ sides, i.e. at the exit point from the mofules and
the| entry point on the céntrohunit. Proyisjon*has already been made for the lightning arrester at the
exi{ point on the mod i gainst direct strikes from lightning.

1.3]2.7 Protection o
(direct strikes y
1.3{2.7.1 Standards

The standards ‘helow  dffer~a decision criteria regarding the opportunity for protection against
ovarvoltage.

er equipment against lightning striking the micro-grid

NF|CA7-1Q0\; 19 rotection against lightning - Lightning conductor installations : Rules ;

NF|C 17-102¢ , Protection against lightning - Protection of structures and exposed zong¢s against
lightning using-a disryptive discharge lightning conductor ;

UTE 15-443 : LV electrical installations - Practical guide - Protection of LV electrical ingtallations
against.overvoltage of atmospheric origin -choice and installation of lighting arresters.

They take into account the density of the site’s lightning potential, the geographical position of the
constructions, the length of the overhead connections (where applicable), the value of the equipment
to be protected, its sensitivity and the importance of its availability.
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1.3.2.7.2 Principle of protection
If applying the standards leads to deciding to adopt protection, the following provisions shall be
implemented :
e installation of a panel lightning arrester (500 FF) in terms of the production installation
distribution panel ;

¢ installation of a panel lightning arrester (500 FF / user item) in terms of the user equipment
entry panel or the equipment with individual protected points (300 FF / point).

1.3.3 Protection against overcharge

Overcharge is usually a low overcurrent mostly due to an excessive number of circuits on one
disfribution subsystem or too many Iems ol equipment on one user_subsystem,| powered
simultaneously.

Prgtection against overcharge is ensured through fuses and circuit brea

The rules on protection against overcharge are summarised below a e system

figyre 5.

ction against overcharge

Wh

ks = 1.31 for fuses with assigned current I, < 10 A,

ks = 1.21 for fuses with assigned current 10 A <[, <25 A,

ks = 1.10 for fuses with assigned current |, > 25 A,

For a circuit breaker ks = 1.

The assigned or control current |, of the protective device must satisfy the following two conditions :
e it must be at minimum equal to the operating current Ig of the circuit which it is protecting ;

e it must not be in excess of the acceptable current Iz in the circuit conductors, the latter being
affected by a coefficient which takes into account the nature of the protective device and the
correction factors which may be necessary.

* The assigned current is the current by which the heating conditions and melting characteristics are determined.
® The traditional operating current (or melting factor) for a fuse is the current ensuring the fusion of a fuse within a maximum time
equal to the traditional time which is generally one hour.
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These two rules are summarised in table 4.
Table 4

Protection using fuses

Protection using circuit breakers

> g

I, < 1,f

In practice, the assigned current of the protective device (fuse or circuit breaker) is chosen according

to the first rule (T, = Tg), whilst the second rule determines the cross-section of the circuit confluctors.
1.3{4 Protection against short-circuiting
A dhort-circuit is an overcurrent which can reach a highly significantdev b to faults
betiveen conductors of different polarities.
Prgtection against short-circuiting is ensured by fuses and circuit b
The rules of protection against short-circuiting are as follow.

p the cut-off power of the protective device musi7at minimun ed short-

circuit current at the point of its installation ;
o the operating time of the protective device rictions of
the circuit conductors it is protec
Regardless of the nature of the prot following
eqyations :
WhHhere
lpc maxirr@u ff by the protective device (cut-off power) ;
lcc hhax : maximum § i the installation point of the protective device ;
t: otective device ;
(P9 : iction of circuit conductors ;
vhich’depends on the nature of the conductors and their insulation,|is usually
)anufacturers.

lec hin ort-circuit current in the protected circuit, generally the single-phase short-circuit
curfent atithe end-o
The .second condition (thermal risk of conductors) is automatically satisfied when the protective
deee—ens both—protection—against-overcharges—and-protection—against-short-ciretiting and it is

not necessary to check it.

On the other hand, the checking of the thermal restrictions of conductors is necessary in the following

cases :
[ )
protecting ;

the neutral conductor or the protection conductor (PE) has a smaller cross-section th
the phase conductors ; however, if this cross-section is not under half that of t
conductors, this checking is not required.

the protective device against overcharges is not installed at the beginning of the circuit it is

an that of
he phase
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The checking of thermal restrictions varies according to whether the protective device is a fuse or a
circuit breaker.

The methods are described in the standards (cf. NF C 15-100 § 434.3.2, § 533.1, § 543.1) or the
manufacturers’ documents.

1.4 Types of system earthing (neutral systems) specified

Under alternating current, the expression “neutral system” depicts the situation of an electrical
installation in relation to the earth potential. Given that this situation only concerns neutral, the
standards use the expression “earth connection layouts °.

The configuration of the earth connection layouts determines a certain number of conditions

coreerming thedesigrm, inmstattatiormandronming of theetectricatmstattations:
Alth igh Voltage
(H\
By
1.4
Acq em is¢ erised by two parafneters ;
Thd . \ situation
parameters. For each parameter, th & C strated in
table 5.°
NO
earthing of
the power

® « HV and LV neutral systems » Claude Rémond, J35 Cahier Technique (Technical Specifications) n°20 / June
1995
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Table 5 : Earth connections

TN
thrg

TN
PE

Tal
res
sul

First letter
neutral situation T
Second letter (Direct earth connection)
grounds situation

M\ L1

X L2

X L3

~ N

T
(Earth point connection)
o |
LG
= = \
o L1 r‘(\ L1
= & =N L2
= D, ~ L
N = [SREN NN N
\ \ PE
(Neutral connection) (\ \ @
e DO
4 }7 A

C system : in which neutral and “protecti
ughout the system (is called the PE

conductor).

ing into account|i
Liltant protection
ject to stud

2 TT system

ne earth.point on the installation A and the neutral earth point B.

conductor

called the

ation and
not been

uted, the
ing a PE

re6’.

uctor, the

" this diagram is strictly transposable with three-phase user subsystems and for a single-phase system.
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The

Taki

ger

In

differential-residua

6 W

Frame-
Earth

A Flow of fault current

with Up : nominal main voltage

(the terminal loop is left out using a remote eq

current protection devices (DR) (cf. annex 3). The circuit breaker D
ill énsure the best selectivity.

rth)
current is
ents.

sured by
I in figure

Un

fer certaimconditions, cut-off tanm beensured—using fuses or circuit breakers wittratov

current, provided that the resistances of the earth connections are low.

nominal

In the case of direct contact, the flow of the fault current is effected in accordance with the figure 7.

The fault loop comprises the generator G, the phase conductor, the human body, contact with the
earth and the neutral earth connection B.
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The strength of the fault current is equal to :
I Y%
47 R, +R,+Rg
with Uy : nominal voltage (phase voltage) U= 230V
Ry : resistance of human body Ry= 1500 Q
Ra : resistance of the earth
at the fault point Ra= 100 Q
Rg : resistance of the neutral
earth connection Rg = 100 Q excess values)

we |obtain : 14 = 0.135 A.

The resultant contact voltage then exceeds 200 V.

fault current [g
D1

Figure 7 : Direct contact fault current in TT system

When the provisions rendering direct contact non dangerous (use of very low voltage) or the
preventive measures intended to put the live elements permanently or safely out of reach (insulation,
barriers or casing, removal or obstacles) additional protection must be used.

The same applies when the installations or environmental conditions of the installations present

specific hazards (conductive fence, use of equipment in poor condition, etc.).

The additional protection comprises highly sensitive differential-residual current devices (I, < 30 mA).
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With TT system, there is no specific requirement regarding the continuity of the neutral conductor and

the

grid extensions can be effected without calculating the lengths of the line.

This system does not require permanent monitoring during operation but the maintenance and
inspection of the earth connection are the responsibility of the users.

This is the simplest solution at the design and installation stage.

1.4.3 TN-C system

In this system, the neutral conductor and protection conductor are merged and form the PEN
conductor. This conductor may be earthed regularly in the distribution subsystem.

Th

source neutral and PEN conductor are directly connected to the earth, the user grou

nds being

link

Thi
sed

Thd
as
(co

In t
The

ed to the PEN conductor.

5 system is only acceptable if the distribution subsystem PEN cond

tion of 10 mm?2.

 flow of the neutral currents through the conductive elements of th q
purce of fires and also of disturbing voltage drops for sensiti tlin_the\user s
mputers, medical equipment).

 fault loop comprises the generator G, the phase ¢conductor;thé-fault and the PEN cond(

1 LA (\

A Flow of fault current E (o

he event of an insulation fault, the fault current is effectedy e with)the figure § .

ym Cross-

nds may be

ubsystem
8

ctor.

Figure 8 : Insulation fault current in TN-C system

® this diagram is strictly transposable with three-phase user subsystems and for a single-phase system.
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The strength of the fault current, which is a short-circuit current between phase and neutral, is equal

to:

- Uo

ly=—-"—
d
Zon + Zpen

whereU, : phase

voltage

Z,n : impedance of the phase conductor

Zpen : impedance of the conductor PEN

The strength of this fault current may reach extremely significant levels with a increased risk of
causing fires and disruption.

It m
If th

Thi

Thd
car

Prg
and
tert
TN

TN}S system.
In the case o@c

ay be sufficient to ensure the operation of the overcurrent protection deviges:

e following is ensured :
» in the case of protection using fuses : Iy <> I, (I; : fuse melting factor in

ried out :

o at the design stage through calcu
» on putting into operation ;
» periodically through gauging (eve

3 ibution subsystem.

ninal distribution not be reduced ; it is thus necessary 1

cified, for

must be

tection using differential-resi 3y be necessary for circuits of significant length
pérsons against indirect contact in terms of the

go on to

e fault current may be effected in accordance with the

figure 9°.

The fault loop €o : or G, the phase conductor, the human body, contagt with the
earth conne : | h connection B. This loop may also be created through a nearby
earth connectio ctor PEN but the human body is still crossed by all the fault qurrent.
As|in AT ) 4.2) the strength of this current still reaches levels which are dangerous for
hurmanbeing

Moreover, W provisions rendering direct contact non dangerous (use of very low vpltage) or
preventive. measurés intended to put the live elements permanently and safely out|of reach

(ins

mu

5t be used

ulation, barriers or casing, removal or obstacles) cannot be implemented, additional protection

The same is applicable when installations or the environmental conditions of installations present
specific hazards (conductive fence, use of equipment in poor conditions, etc.).

Additional protection comprises highly sensitive differential-residual current devices (14, < 30 mA).

In general, TN system is the simplest to implement because it does not require an earth connection in

the

user subsystem.

Moreover, using TN-C system enables the saving of a pole on the equipment and the frame earthing
conductor.

NOTE. - It is the distributor’s responsibility to ensure the continuity of the conductor PEN without cut-off.
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/\ Flow of fault current

In [TN-C system, the nction. A
conductor PEN must dge must
be preated be ’

1.4/4 TN-S syste

In this system the ately.

The source’neu nected to
the|ea

Theree

In the case ©fyan ins the figure
10 [°.

The faultToop comprises the generator G, the phase conductor, the fault and the conductor PE.°

® this diagram is strictly transposable with three-phase user subsystems and for a single-phase system.
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Erame

Earth A | —
? Y'/\(

A Flow of fault current

The

voltage
the phase conductor
Thd ' ' t may reach considerable levels and be a significant risk in fhe cause
of f 1d di
It i re the operation of the overcurrent protection devices.
By ame precautions and imposing the same inspection restrictions as per TN{C system

(see 1,4.3); this layout will not require any other automatic cut-off devices.

Giveh,"however, that the loop impedance of the user subsystem circuits cannot be reduced, protection
using differential-residual current devices is recommended.

In the case of direct contact, the flow of the fault current is effected in accordance with the figure 11.1°

10 this diagram is strictly transposable with three-phase user subsystems and for a single-phase subsystem.
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e e PE

Frame
Earth

/\ Flow of fault current

The fault loop comprises,_thengéenerato conductor, the human body, contagt with the

earth and the neutral garth>connection B.

As|in TT or TN-C syst 4 2%and\1.4.31.4.3) the strength of this current stil] reaches
dangerously hi 1. bei

reover, when p Sl dering_difect contact non dangerous (use of very low veltage) or
of reach
protection

nt specific

mA).

S system is obligatory for cables with cross-sections <10 mm? Cu or <16 mm? Al and the
cor|ddetor PE must not be cut off.

1.4.5 Combination of TN-C and TN-S systems
TN-C and TN-S systems may be used in the same installation.
TN-C system must obligatorily be above TN-S system.

An example of the combination of these two layouts appears in figure 12.
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TN-C TN-S
N\ I L1
= ; L2
= i 3
/ I N
PE
| L
: 1] — 11
, mpmam

1.4/6 Use of a double-coil transformer

With TN-S system, the installation of a double- coiI
eff¢cted in accordance with the flow chart in figur;

a user subsystermn may be

Figure 13 : TN-S system with transformer

NOJTE.“ A subsequent more in-depth analysis of the fault diagrams may enable the possibility of spgcifying the
characteristics and obligations relating to the use of a double-coil transformer.
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1.4.7 Summary tables

Table 7 summarises the main characteristics of the components of a system and the restrictions to be
observed in relation to the various earth connection layouts.

Table 6 : Summary

Characteristics TT TN-C TN-S Insulator-type
transformer
Cross-section of neutral conductor any > 10 mm? any
Protection of neutral conductor no prohibited no
except where except where Under study
ON < Oph ON < Oph
Cuyt-off possible through no yes es
oyercurrent protection devices
Conditions governing the protection of persons against dire
(at the source of the user subsystem)
Differential-residual current obligatory prohibited ommended
prptection
- control lan < > DO :
RA RA
Fdses no yes ) y! Under|study

- control Sy

Circuit breaker no 6 yes
- control (\ I < lg
Conditions governing the p ion 0 ersoWdirect contact
(att ource ft use ubsystem)

Highly sensitive differential-residual
cyrrent protection recommende: recommended Understudy
M <30mA RN )

Where :

Tah cordance

Table 7 : Conductors to be protected

Single-phase circuits Three-phase circuits
system hase + neutral (3 phases + neutral)
earthing ® )
Protected conductors Cut off conductors Protected conductors Cut off conductors
T 1 1 3(4)* 3
TN-C 1 1 3 3
TN-S 1 1 3(4)* 3
™) An overcurrent detection system on the neutral conductor is required if the cross section of this

conductor is less than that of the phase conductors and if the protective device does not ensure the
protection of the neutral conductor against thermal restrictions.
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2. Implementation protection according to system

The various systems corresponding to the types defined in the document DRE - B 1 : "Architecture of
Electrification Systems", are represented and described on the following pages.

The representation uses a semi-operational diagram where the operating elements correspond to the
obligatory minimum requirements for maintenance operations (see document DRE - B 7 : "Guidelines
for Operation, Maintenance and Renewal").

The combination of an operating element, as represented, and a protection function may lead both to
the definition of a single item of equipment (circuit breaker, for example) and a choice of combination
of several different items of equipment (switch + fuses, for example).

Observing all the functions. the solution to be adopted will essentially depend upon the technical and
ecgnomic criteria to be defined for each installation with the Project Supervis

@%

23
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Copio oo s v
WG JLilLe.
= |umee MEE9
MVME 9MR@
USRMM MU MM
MMMM MMMM
bonding 7 . = \, =
&)

ot ] e = - -

Equipment
site

Bt TRy MY

DC 1[N Selectivity of
loads loads short-circuit
protection
(1) One or the other depending on wire cross-section . y AC
Overload protection [ P [ 1]

De
(2) Optional device E':TA-]
(3) Alf of the overcharge protection devices are optional

Nota : The equipment’s possible internal protections have not been taken into account

Figure 14 : System type T1,
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Equipotential J.‘CD— L

bonding = L] 141 =
@ b o
= - Equipment
_ o \ P site
Equipment site’s 5
equipotential : QE% :
| \lr i
=i-l
Wil
' .Y H
oy
v
------ /-\a"“"' Selectivity of
loads short-circuit
protection

(1) Optional device 0 . >
verload protection | P
{2) All of the overcharge protection devices are optional o i

Nota : The equipment's possible internal protections have not been taken into account

ek
anns

Figure 15 : System type T1,
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| -
Equipotential
bonding
3)

Equipment |
site

m
=
=
=
3
@
S
-
L.

b > e e o

Selectivity of
short-circuit
protection

(1) One or the other depending on wire cross-section . v oc AC

, ) Overload protection (1Al [T
{2) Optional device

{3) All of the overcharge protection devices are optional E]Z]
Nota: The equipment's possibie internal protections have not been taken into account CE [:B__l

Figure 16 : System type T1.
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Equipotential
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@)
= i Equipment
. . i site
Equipment site’s g
equipotential '
bonding ]
Selectivity of
short=citcoit—
protection
DC AC

{1) Optional device

Overload protection %
(2) All of the overcharge protection devices are optional P [V

Nata : The equipment’s passible internal protections have not been taken into account

deH
aums

Figure 17 : System type T14


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE - B 6 _34 -
June 1997

Battery enclosures i

]

i . closu

f _ — ! grounding links '

: Liuney gegg| | LA

; -~ |gz@E gge@| | =

i YEEY pEEM| |

i Ll ge]o) ueeg| | = L
Equipotential | v B o n v B =

bonding i "I = (5,> = [5%

m
13

2

CE |

T
i
i
1
i
i
i
I
i
i
i
i
t
i
i
1
i

@ T8 -~
Ch:
T e | < N

i Coupling LT EE@ X Equipment

Equipment site’s | panel - S site
equipotential | A
onding | >
M 4

— J_ Production

sub-system
@
|
N\
l

=

&

)
1

]

I

|

]

]

1

1

I

t

t

1

|

)

]

i

1

= i
Over | Qverdischary i
protection protection '
t

I

]

1

]

1

!

I

1

t

)

I

]

1

r

t

]

i

x Y OV ¥ o ¥

jonction jonction
panel panel

{Tid Protection against indirect contay
[CJd] Protection against direct contact

Overload protaction

Selectivity of
short-circuit
protection

(1) Device that could serve a cut-oft point in case of non-payement oc A
{2){4) Depending on junction pane! device can be upstream or downstream
(3)  One or the other depending on wire cross-section
(5)  Optionai gevice DQ :E][:m
Nota: The equipment's possible internal protections have not been taken into account Clo C1

Figure 18 : System type T2
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Figure 19 : System type T3
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Nota: The eguipment's possible internal protections have not been taken into account

Figure 20 : System type T4
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Figure 21 : System type T5
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Figure 22 : System type T6,
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Figure 23 : System type T6,
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Figure 24 : System type T7
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Figure 25 : System type T8
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Annex 1 : Earth connections

1. Definitions and characteristics

1.1.

In accordance with French standard NF C 15-100

Earth connection : conductive body or series of conductive bodies, in close contact with the ground

and ensuring an electrical connection to it.

Types which may be used :

ditches.

The type and depth of burying system for earth connections must be such that the desiccation of the

rods or tubes, strips or wires, plates, strips at the base of foundation

gro|

The
me

The
con

1.2
The

2. (
2.1
The

The
bui

The
mo

ndand freezing do notincrease the Tesistance of the earth conmnection over the timit st

b equipment used and the installation of earth connections must be s
chanical damage resulting from corrosion.

b design of the earthing system must take into account the
nection’s resistance as a result of corrosion.

In accordance with French standard NF C 17-100

25 mm?, in fir
> Or solld@ [
firm contact w

h of around 1 m in trenches dug for this purpose.

sture should preferably be used.

ulated.

withstand

the earth

deneral 30
:mductors

section of

b mMm2, in

er buried at the base of foundation ditches during the constructjon of the

can retain

2.2

Underground foil plates

In practice 0.5 m x 1 m rectangular plates or 1 m square plates are used and buried vertically so that

the

centre of the plate is at a depth of around 1 m.

The plates have a minimum thickness of 2 mm if they are copper and a minimum of 3 mm if they are
galvanised steel.
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2.3. Vertical rods

These can be :

e or copper bars with a minimum diameter of 15 mm ;

of copper of appropriate thickness.

3. Recommended solution
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either galvanised steel pipes with a minimum external diameter of 25 mm ;
or galvanised mild steel cross-sections with a minimum side dimension of 6 mm ;

or steel bars with a minimum diameter of 15 mm, galvanised or covered with an adherent layer

The best solution comprises a loop at the base of a foundation ditch installed during the construction

of 4
Thi

he buildings.

5 solution is, in fact, particularly advantageous as :

o it does not require any additional earth excavation work ;
» it is installed at a depth which, in general, avoids being subject to
p it ensures effective adherence to the ground ;

p it makes practically the maximum use of the surfac minimum
resistance level for the earth connection which can be obtainedwith
p the resistance level obtained generally ensures‘the pro tem, with
the differential circuit breakers for control panels in(accorda bree ;
p it can be used, from the beginning of the constructj ection for
the site installations.
It is advisable to connect to the earth con onductive
elements of the construction, both in terms o rcements.
These connections enable, on the on nce of the
earthing of the ground of all the
grounds and conductive
Fon the lightning protecti , the solution comprises creating an equipotential
mephing at 15 m.stag i buried conductors.
This meshing < - inim of 2 conductors to the system earth connecfion unit -

pro

tection conduct
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Annex 2 : The overhead and underground micro-grids
Calculation charts for determining the calibre of protection systems
(under study)
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Annex 3 : Guide to the choice of circuit breakers and differential circuit breakers

In an alternating current installation comprising cable and user equipment, a circuit breaker positioned
immediately upstream must :

e protect the line for all overcurrents up to the short-circuit current ;

ensure the protection of persons against indirect contact in the case of a TN-type neutral

system. With a TT neutral system, this protection must be ensured using a differential-residual

current device.

In order to do this, the choice of a circuit breaker must be made in relation to :

For
1. (
1.1

The
a th

Thd
1.2

1.3
The
int
The

The
fron
ma
ind
The

ThI
Th

ti 1T b; Idl dbtl:l ;Dt;bb Uf t; 1T yl |u' Ul VV; I;bi 1 It ;b ;I |bta“cu' B
p the continuity of service desired ;
p the rules of protection to be observed ;
a direct current grid, see chapter 5.

5rid characteristics

Voltage

 cable Iine{ig

b value of thi rfe
n the rating,
y be significa

equipment.

hases for

e grid.

nt flowing

calculated
wer factor
feeder) or

Its

hould be noted that the fypn of conductor or cable used for the line and the method of fitt

g (within

a pipe or visible) thus influences the maximum acceptable intensity on the calibre of the circuit

bre

aker.

The characteristics of thermal release switches on a circuit breaker are sensitive to the ambient
temperature. The reference temperature is often, depending upon the manufacturers and type of
circuit breaker, 30 C or 40°C.

For greater ambient operating temperatures, provision must thus be made for re-sizing the circuit

bre

aker. There are variations of around 10% for a temperature of 50°C.

Some individual branch circuit breakers are temperature-balanced. Other circuit breakers are
tropicalised.
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If a circuit breaker is selected from a catalogue, it is thus necessary to study the manufacturer’s list of
specifications closely.
1.4. Cut-off power level

A circuit breakers cut-off power level must at least be equal to the three-phase or single-phase short-
circuit current which is likely to be present at the point where it is installed.

A simple calculation formula enables the determination of the three-phase short-circuit current I, at a
given point :

Iee _ U, where : U, = inter-phase rated voltage
\/g % (Z R,-) N (2 X,.) >R, = sum of the resistances upstream
> X, = sum of the reactances. upstream

The resistances and reactances being expressed in mQ, the curre

The usual cut-off power levels are as follows :
o around 100 kA for a LV distribution circuit breaker ;

» 4,5KA (on cos ¢ = 0.7 in accordance with French standard wo-phase
and 8 kA for three-phase (in accordance with French/stanc individual
branch circuit breaker ;

o 3 kA (in accordance with EN 60-898) for a circ

NOJTE. - Regardless of the make and type of circuit breaker selg¢ it [ re that it is
suitpble for carrying out the sectioning func (12’ on x

iqn.

1.8] Number of poles

The number of poles cut off depends between

the|cross-section of the phase conductors sordance with table 1.

T eutr. nductor cross-section
N

System earthing ribute Cross-section of Cut-off Conditions
7\ ctors conductors

,&prﬁs\esA 3 ph.

p\@eutral Sn = Spn 3ph.or3
ph. + N
TT or TN- \Qh>e + Neutral Sk = Sph ph. or
ph. + N
'3 phases + Neutral SN < Sphn 3 ph. 1+2+3+4
3 phases + Neutral Sk < Sph 3ph.+N [1+2+3

3 phases + PEN SN = Sph 3 ph.
TN-C 3 phases + PEN Sn < Sph 3 ph. 1+2+3+4
1 phase + PEN SN = Spn ph.

According to the characteristics of the installation the conditions posed are as follows :

® Condition 1
The cross-section of the conductors is > 16 mm?2 Cu or > 25 mm? Al.

® (Condition 2
The power input between phases and neutral is < 10% of the total power conveyed by the line.

® (Condition 3
The maximum current liable to flow into the neutral is under its acceptable current.
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® Condition 4
The neutral conductor is protected against short-circuits through the provisions adopted for the
phases.

NOTE. - IT system, which is not likely to be used for decentralised rural installations, has not been covered within
the framework of this study.

2. Continuity of service

With regard to the obligations governing continuity of service, for a given grid, there may be a
tendency to choose circuit breakers with a release trigger curve which ensures a well-defined
selectivity. "

2.1l Release curve

A dircuit breaker releases an overcharge when in one or several of the cond the line below,

the[current exceeds a given level over a certain period of time.
Two operational zones can be distinguished (figure 1 @) :

o in the high-voltage current zones (short-circuit) the releas [ agnetic” system
; this is practically instantaneous at around 20 to 25 ms;

system ; [the more

triggered zon

B |
CurveB..... 3 In 51, -
Curve C ...... 51In 10 In
>
Figure-1-Releasecurves

A release curve is defined according to the adjustment levels of the thermal circuit breaker and the
magnetic circuit breaker.

The ideal release curve should be similar to the one shown in figure 1 @.

In reality, there is an adjustment range (manufacturing tolerance) set by the standards or by the
manufacturer for each type of curve. This is why, for each type of curve, 2 operating limits A and B
(figure 1 @) are shown.

" According to the definition given in French standard NF C 15 - 100 & 537-2


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE -B 6 -48 -
June 1997

Between these limits, the release is ensured either by the thermal circuit breaker or the magnetic

circuit breaker.

The curves shown in figure 1 (respond to European standard EN 60898 on circuit breakers for

domestic and similar installations.

Curves B, C and D in accordance with standard IEC 947-2 correspond more to circuit breakers for

industrial use.

U and L type curves in accordance with standards NF C 61-400 and NF C 63-120 correspond to

circuit breakers which may meet more specific requirements, for example :
e avoiding untimely switch releases for weak current points ;

allowina for the nrotection of naersans under nautral svystam TN for sianificant lanaths
J ~ ~ J J J

f cable.

The usual circuit breakers mostly operate in accordance with curve C (release leve

10 |,).

When the downstream line to be protected comprises significant lengths
to yse circuit breakers which respond to curve B (release level bet

2.2 Selectivity

Selectivity is the co-ordination of the automatic cut-off devi
car] be eliminated by the circuit breaker immediately abe

between 5 |, and

necessary

h the grid,

To [meet this definition, it only requires two circuit breakérs positioned_in cascade form to| have the

opgrating curves to cover this.

To |effect total vertical selectivity, th i € S d in cascade form must fulfil the

follpwing conditions :
o the relationship between the confrol'threshold

O > 1.6 for a distribution installatiof
i ionwithdiffe | circuit breakers.

If th

The i i ble to the use of differential circuit breakers.

: Selectivity of circuit breakers

50 ms for

8 ﬁcuiﬁ)&aﬁgr l}p@tfeam Circuit breaker downstream Selectivity

2\ <1500 mA 30 mA partial
§OO}QAWpe S 30 mA instantaneous total
\30@ mA 500 mA not ensured

300 mA time-delayed 50 ms 30 mA instantaneous total
500 mA 300 mA not ensured

3. Rules on protection

3.1. Protection for persons against indirect contact

The protection measures against indirect contact using automatic power cut-off depend on the neutral

system chosen.
3.1.1. TT system

In TT system, the protection is ensured by differential-residual current devices linked to the earth

connection to which the grounds of the electrical equipment are connected.
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The strength of the fault current must be sufficient to ensure the operation of the differential current
device. The assigned differential-residual current |, of the device must, at maximum, be equal to the

quotient of the traditional limit voltage U, through the resistance R, of the earth connection of the
grounds protected :

50
Iy, <— forU, =50V

In this equation the figures are drawn from table 3.

Table 3 : Assigned differential-residual current

Rain Q lyn in A
<50 1 \
<100 05 N
<167 03\
<300 0.
<500 003\ W

For individual branch circuit breakers, the usual sensitivi
o mA for calibres from 10 to 60 A ;
o A for calibres from 30 to 60 A. The latter ective) or time-delayed tq 50 ms.
For LV distribution circuit breaker

» A or 3 A for calibres from 10 to
OtHer calibres are available in manufac
3.1}]2. TN system

In TN system the prote ion ™ol persos agalnst i i i ercurrent

It ig, however, +4) is lower

thap that of th

The level of Ig i he circuit
brepker increa

The manufact i i i ich indi , - i cable, the
makimum length forwhich a. cire

3.2

The only p s the use

of highly sensitive differential-residual current devices <30 mA.

This_measure is to be adopted when there is no protection conductor and, in general, regardless of
theltypé of neutral system

It is effective in the case of preventive measures failing in the majority of cases of dangerous contact
encountered.

This protection may be ensured for one or several circuits supplying part of an installation (or several
small installations).

It should be recalled, however, that highly sensitive differential devices may be triggered off for
leakage current <15 mA.

When the equipment powered has leakage current, the sum of which may exceed this level,
measures must be taken to avoid the operation of differential devices in the absence of an insulation
fault.
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These measures may comprise :

¢ limiting the number of sockets, items of equipment or circuits protected by the same differential
device ;

e using class Il equipment ;

e using equipment comprising galvanic separation such as double-coil transformers or inverters
which localise the leakage currents at the circuits powered by their secondary systems ;

¢ individually powering a socket or each item of equipment using a circuit isolating transformer.

NOTE. - The leakage current of a class | item of equipment is, under normal conditions, around 0.5 to 1 mA. It
may reach 3.5 mA or 1 mA per kilowatt with age.

3.3 _Protection ag.qincf fire risks

A differential device with a differential operating current < 500 mA may
protection against fire risks.

contributente| ensuring

It will operate in effect prior to the sum of the installation’s leakagé ¢ the level
corjsidered to be the maximum liable to cause a fire.

These devices effectively enable the monitoring of an installatio if the risks

of fire caused through complex faults.

The most common circuit breakers used here are thosewi S b eshold of 300 mA. They
are|available in all ranges of calibres.

3.4| Protection of cables

Thi
Al
Thi

Thi acity to allow through, on short-circuit, only
ac s

system of cables made of CU or
ow which this cable can withstand.

WH i an gi i cturers’ catalogues should be consultgd.

eration by

Thi ave adopted three types of differential devices, type AC, type A and type

With type-AC the_rélease is ensured by sinusoidal alternating differential currents, whether they
increase.slowly or are applied abruptly.

Tr\r difforantial daovieac Af thic fuyna Arn criidahls fAar Aamactics tnctallatinne 11 vwhin the DC
|Ce—aHeretar—GewHeesS—o—tS—type—atre—StHaptie—o—GomMEeSHE—RStaattoRS—HH—WHHET

components generated by the user equipment are weak and have practically no influence on their
operation.

4.1.2. Type A

With type A the release is ensured by alternating differential currents and for direct differential
currents powered whether they increase slowly or are applied abruptly.

The differential devices of this type may be necessary in installations where computer and electronics
equipment are installed, above all in the case of power electronics.
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4.1.3. Type B
With type B the release is ensured for pure direct differential currents.
4.2. Untimely release actions

An untimely release action is any triggering of a differential-residual (DR) current protection device in
the presence of a leakage current which presents no danger to persons or property.

These untimely release actions are generally due to transitory leakage currents flowing to the earth
through a high operating capacity. They may occur intermittently, at random, often when a circuit is
switched on and sometimes on cut-off.

They are essentially caused by three aspects :

» atmospheric overvoltage ;

p oOperating overvoltage ;
p the switching on of circuits presenting a high capacity with the ea

To|limit untimely release actions which may damage the credibi S ith all the
corjsequences which this entails, the choice of a circuit breaker which are
protected against this risk.

4.3| Installation of lightning arresters.

For the regions concerned, the choice of a circuit brea b facilitate

thelinstallation of a panel type lightning arrester.
5. Circuit breakers for a direct curren

The choice of type of circuit breake
esdentially on the following criteria :

o the nominal current enabling th

depends

o the rated voltage ehabling ¢ i hich must

»  the maximum st f the cut-

off power |evel
o the typ'd.

The grid can be :

» either eartheqd 3 s earthed

5.1

The numbergf.poles which must operate in the cut-off depends on the nominal voltage ang the type
of grid. These peles, positioned in series on one polarity, are activated simultaneously.

In & direet current grid with an earthed polarity, a pole can be positioned on the earthed polarity to
enjure the sectioning.

5.2. Calculation of the short-circuit current.

The short-circuit current at the terminals of an accumulator battery is calculated by applying the
following equation :

short-circuit current at the terminals of the battery

maximum discharge voltage (battery 100% charged)

internal resistance equivalent to all the elements

(figure generally given by the manufacturer in relation to the capacity
in ampere-hours of the battery)

V, where : |

R; R;
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5.3. Choice of a circuit breaker

The choice of a circuit breaker is made with reference to the information given in the manufacturers’
catalogues.

There are usually nominal current circuit breakers varying between 10 A and 250 A for voltages of
from 24 V to 500 V.

6. Generator set protection circuit breakers

Generator sets are almost always fitted with their protection device. This equipment, adapted to the
characteristics of the generator it is protecting, must not be modified.

Where necessary, (use of recovery equipment, for example), the choice of a circuit breaker must be
mape SubsSequent to cafcutating the short=circuit current at the generator terminats using -

| In where : | = short-circuit current at the gene
cc = X I,  =nominal current at nominal power
d X4 = transitory reactance betweg
The low short-circuit current level of the generator requires th S W, magneticcircuit preaker.
The choice of circuit breaker is made by referring to the™i ati i facturers’

catplogues which offer the appropriate equipment.

Particular attention should be paid to circuit breakers
acdeptable level of selectivity.

5

pserve an
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Annex 4 : Guide to choice of other protective equipment (under study)
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Annex 5 : Recommendations on the characteristics of generators and power equipment

1. General points

Generator sets and converters (see document DRE - C 6 : “Converter’ ) must be fitted with internal
protection devices against short-circuiting and overcharges (where applicable) adapted to their
characteristics.

The protective devices positioned immediately upstream from the outlet points on this equipment can
only also serve as protection for the downstream cable line if the latter has a cross-section which is
adapted to the maximum current conveyed.

Under study

2. Generator sets
Undgler study

3. Photo-voltaic panels
Undgler study

4. Vind generators
Undgler study

5. Batteries

Undler study
6. Converters
Undgler study



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

-55- DRE-B 6
June 1997

Annex 6 : Safety and prevention training for operators and user information

1. Rules on operating installations
Under study

2. Rules on installation at user sites
2.1. General case

Under study

2.2. Rules on installation at single-user sites

Unglerstudy

3. Correct use of public and private equipment and installations

@%

Undgler study

23
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1. Lightning arresters

Under study.

Copyright (C) 1997, EDF
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Annex 7 : Practical rules on sizing
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1. Scope

The scope of this document is to describe the “correct operating” rules to be used by the various
parties involved in the specification, design and implementation of decentralised rural electrification
systems.

These rules concern the Operation, Maintenance and Renewal of the installations (which we shall
call R. O. M. R. for convenience).

The aim is to propose that the trade adopt a process, methodology and even organisation to be
implemented so that the operating, maintenance and renovation of installations are carried out under
the best possible technical and economic conditions.

It also offers simplified maintenance contract models for installations fitted with photovoltajc or wind
generators. In the case of a combined system, it is easy to produce a ct model,| from the
mofels offered, which will cover both types of generator.

2. |General aspects

2.1 Summary of types of systems

The decentralised rural electrification systems are intended t ipment located in rural

areps on sites not connected to national grids.

These systems can be classified into three categories/:

o @ 9
3 0 @
c 3 0O
=9Q 9
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w

o 28
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With a view to meeting the various p tity, eight
types of systems for decentralised ru document
DRE - A 1 : "From the reguirements_to ystems").
It ig advisable to include t ations.

” working order of the installation
orking order = "the installation provides all the expected service characteristics)
operation of the installation
Qpetatiol N running = effecting operations on electrical circuits (changes to configuration )

. 0sing, in the case of irregular operation, the causes of the faults
. ervicing = carrying out operations to restart the machine, subsequent to an “unforeseen” brepkdown
* repairing = restoring the defective equipment

guaranteeing safety during operations on the installation
All operations seeking to :

Maintenance e avoid breakdowns = maintaining the installation in “normal” working order
e avoid the deterioration of the equipment in terms of its use throughout the service life for which it has been
designed
All operations governing :
Renewal o the replacement of equipment at the end of its “normal” service life

e upgrading the nature of the equipment installed in order to respond to the development of power requirements
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2.2 Hypothesis upon which the proposed R. O. M. R. rules are based.

2.2.1 Responsibility for system operated
A system may be operated :
o either directly by the user who is then responsible for all the R. O. M. R. operations ;

e or by an operator who is responsible for R. O. M. R.

2.2.2 Rules adopted for setting operating limits on an installation

In the case whara tha covuctam ic thao rocnancihilithy of an Anaratar thaora ara limitc \which oot the
dSEe—WRere—He—SySte—is5—r f pPoeRsSioht ty—o+—aH—opeiate—rere—at HARS—AHHE—56t

operating|domains accessible to the operator and/or user.

There arg, at the end of the document, charts specifying these limits (electrica ent

access limits).

2.2.3 Poer supply service commitments

To meet the various power requirements at which they are aimed,
to attain the results objectives summarised in the key points givensi
"From thg requirements to be met to the proposal for a range

ighed

The resdurces allocated to operation and maintenance of

commitméents undertaken with the Project Supervisor.

2.2.4 Chpice of a neutral system

The choig the

size of p of

service.

Recommendations are issued in_do € ion

of person i

This stat¢s that, in be

implemented : syste

For MHS

e with sy vith
the us

e with sy

2.2.5 Prg of parties responsible for R. O. M. R.

Various parties . may be_called upon to carry out work on the installation. The following table specifies
the area ¢f responsibility of each of these parties and a single person may assume several roles (see
table 2).
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Table 2 : Areas of responsibility for R. O. M. R. operatives

DRE-B7
June 1997

Nature of operative

Responsibilities in relation to R. 0. M. R

The Project Supervisor

R. rules and levels, in order to ensure this service.

From the definition of the service to be provided, they set the R. O. M.

The Installer (or sub Contractor)

They carry out the installation in accordance with
Contractor's specifications

the Project

The Operator (client representative)

“satisfactory for operation”. They are then responsible fo
R. O. M. R. rules on the ground.

On acceptance of the work, the Operator issues their agreement -

r applying the

The Maintenance administrator

They undertake to ensure the services whi
forms :

h may take

— “parts” guarantee

— regular inspections intended to

— “parts and workforce” guarantee

— ‘“parts, workforce,Operati

intervals, the parties concerne
of any significant’ i I

installati ument
| 'governifg, the relat'onsg?gp

the following

ion of the main

es guarantee

, at regular
tor and User,
order of the
al framework

The User

nformation to

gency switch-

With regard more spetifica

carfied out by automa
The Maintena C
or e duly qualified
Thd

3.

The
usq

3.1

3. 111 \Function of a type 1 system

bns to be
S.

al context

3 “single-
r study.

The type 1 system is intended to power a process under the following conditions :
e The process requires a given quantity of power, over a given period in excess of a day (week

or month) ;

e There are no requirements governing quality of supply ;
e |t can go without power at any point over this period of time

(e.g. pumping for a water tower) provided that the expected results of the process over the

period are attained.



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE-B7 -6-
June 1997

3.1.2 Hypotheses upon which the proposed rules are based

3.1.2.1 System operation and responsibility

This type of system may be operated :

o either directly by the User who is then fully responsible for R. O. M. R. operations on the
equipment required for the process as a whole ;

e or by another operative, appointed by the User

3.1.2.2 Production system limits

In this sygtem, no equipment access limits have been set for operations.

The corresponding electrical layout is shown below.
3.1.2.3 Yervice level commitments

In this type of system, the production subsystem enables the suppl
of 52, of the quantity of power subscribed over a month, a week.

This quartity of power may, in certain cases, be negotiated i

3.1.2.4 Neutral system Q
The neutral system adopted is as follows : x
AC Section f A ngection

TT/()W\TN \ \ \egn\éar‘[h polarity
N

3.1.3 Geperal circuit diagrg

Several ¢lectrical layouts to
production sources an e to
be equipged (see simplifig ion

systems").

3.1.4 Ge
Tables 3
The pract]
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3.2 R. O. M. R. rules for type 2 systems

3.2.1 Function of a type 2 system

the type 2 system is a single-user system. Its function is to meet the power requirements defined as
follows :

o the user requires several hours power each day at constant voltage ;
e the user has several loads and wishes to be able to use them simultaneously some of the time ;
e the user has AC and/or DC loads.

3.2r2—Hypottieses upor WHICH e proposed Tules are based

3.2|]2.1 Operation and responsibility for system :

This type of system may be operated :

p either by the User who manages the consumption (within the’s ho is thus

responsible for elementary maintenance operations ;
o or by an Operator who thus works within the limits of th

3.2{2.2 Production system limits

In t S limit the
op¢grational domain of the licence holder ; e to which
only the operator has access.

Hoyever, the production system limit pa from the
cuttoff element located on the User site

» a DC distribution

3.2[2.3 Service leve

In this type of i latip C c it of 52, a
daily (or monthly)quant power subscribed, in the knowledge that the user is limited by a max.
suf

3.2
The

DC Section

TL orst\) Possible choice between floating potential or earth polarity if there |s galvanic
insulation in the converter - otherwise floating potential

3.2.3 General circuit layout

The corresponding circuit diagram can be found in figure 5 of document DRE - B 1 : "Architecture of
electrification systems".

3.2.4 General R. O. M. R. conditions for a type 2 system

Tables 5 and 6 show the expected results of R. O. M. R. operations on type 2 systems

The practical methods of execution are specified in technical annexes 1 to 6.
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3.3 R. O. M. R. rules for type 3 systems

3.3.1 Function of a type 3 system

A type 3 system is a single-user system the function of which is to meet the power requirements
characterised by the following elements :
e The user needs an average daily quantity of power ;
e The user’'s consumption may vary considerably from one day to the next ;
e The user will not go without power on certain days ;
e The user needs power at any time during the day ;
e The user has AC and DC loads.

3.3.2 Hypotheses upon which the proposed rules are based

3.3.2.1 Responsibilities for the installation
In this type of installation

¢ | the User manages the consumption (within the storage limit ava for

elementary maintenance operations.

¢| an Operator is responsible for the R. O. M. the

3.3.2.2 Hroduction system limits

In the cage where the responsibility for the system lies 3 the
licence holder’s operational domain ; these € nly
the Opergtor has access.

However,| the production sys the

cut-off elgment located on tf

e an AC distribution bo
e albC distributiar

e a gpnerator set boa

The cqrrespondingci ) mn below.

3.3.2.3 Hervice {eve

In this type ‘ i roduction system must enable a power supply over n days out of 65
or n weeks ou 2 witheut the consumption restriction imposed by the user, within the limits ¢f a
max. power level:

3.3.2.4 Neutral system

It should be-recalled that. in the majority of cases. the charger powered by the generator set will be
fitted with galvanic insulation (see document DRE - B 6 “Protection of persons and property”).

The neutral system adopted is as follows :

AC Section DC Section

TT or TNS Floating potential or earth polarity (*)

(*) Choice dependant upon type of converter used (see document DRE - B 6 “Protection of persons
and property”).
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3.3.3 General circuit layout
The corresponding circuit diagram can be found in figure 6 of document DRE - B 1 : "Architecture of
electrification systems".
3.3.4 General R. O. M. R. conditions for a type 3 system
Tables 7 and 8 show the expected results of R. O. M. R. operations on type 3 systems

The practical methods of execution are specified in technical annexes 1 to 6.
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3.4 R. O. M. R. rules for type 4 system
(under study)

3.5 R. O. M. R. rules for type 5 system
(under study)

3.6 R. O. M. R. rules for type 6 system
(under study)

3.7 R. O. M. R. rules for type 7 system
(under study)

Copyright (C) 1997, EDF

3.8 R. O| M. R. rules for type 8 system
(under stydy)
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Annex 1 - Procedures for acceptance of equipment

Equipment acceptance procedures divide into 10 files :

File 0 Identification of the installation

File 1 Acceptance of photovoltaic array

File 2 Acceptance of wind generators

File 3 Acceptance of battery

File 4 Acceptance of gauging and control equipment
File 5 Acceptance of converters

File 6 Acceptance of distribution boards

File 7 Acceptance of generator set

File 8 Acceptance of loads

File 9 Observations and approval

@%
o
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Annex 1 - File 0 : Identification of the installation

Proposed identification for a type 1, 2 or 3 system

Name of site or user :

Telephone no. of site or user :

Name of Project Supervisor :

Telephone no. of Project Supervisor :

ate system put into operation :

Date battery put into operation : A

Reak power / battery capacity installed (C100) : \

Rated voltage : X \
AN
nstaller or assembler : \ \\/

elephone no. of installer :

(
ate of inspection : /{ x
N

lame of inspector : \

Z 1 ]

9,
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Annex 1 - File 1 : Acceptance of photovoltaic array

Photovoltaic array Reference Observations Comments

Value compliant | non compliant

unit peak power Attach person files with Pmax,
Imax and Vmax

technology

number

Panels manufacturer

reference

aspect

sealing on branch boxes

presence of by-pass diodes

orientauort

Assembly |angle / horizontal

possible masking sking-chart if fequired.

Type of structure

structural material

solidity
screw and bolt material \
Structures | corrosion resistance \ \
anti-theft device XX
quality of fittings ) >
quality of anchoring devices /\ )

earthing /\ > / ( R

N_J

Wiring Re re\s Observations Comments
] Val com@iant non compliant

type of cable
cross-section
Module length  \_
intefconnection |wiring on “drip’

s
p%t\ect)le\)’n oK(he conﬁe\ction
fitting o{/(he\sQﬁfféqion

L—\
U

type/ofcable
cro\sg-se\c\ti&\
Junction bo, Ength \

module <numb§r\ \
cdnnéction. hrot&ﬁqn of c&\nections
i gbf\cﬁn@;;tfons

[RUMber Sf\boxes

nuW branches per box

AR diode characteristics

Junction box |inspection of diodes

sealing of box and cable routing

securing of terminal units

protection of contacts (grease)
quality of box fitting
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Annex 1 - File 1 (contd.) : Acceptance of photovoltaic array (contd.)

wiring (contd.)

Reference

Observations

Value

compliant

non compliant

Comments

Vco and Icc according to branch

Vco Icc

branch 1

branch 2

branch 3

branch 4

branch 5

branch 6

branch 7

branch 8

Reference sunshine level

(W/m2)

Inspection of
wiring according

to no-load branch

branch 9

branch 10

branch 11

branch 12

branch 13

branch 14

branch 15

branch 16

branch 17

branch 18

branch 19

b
|

branch 20

generator total

A

A

Regulator /
solar array

connections

type of cable

cross-section

length

1T

number of connections

a

protection of connections

N

—

existence of Iightning,ar?th/eKQ

fitting of conpe’éﬁgns\

fall in voltage\@ge}r | m%{.

Vand | according{o rebtklat&\
{

Reference sunshing level

input 1 (W/m2)
Inspection of | | input 2
wiring according | input 3<
to charge input 4 N NN \
regulator input 1hp\ut 5 \
point input\G\ o
generator thtal\
typé of cable
Cross-section
Battery / fength
regulator number of connections
connections  |protection of connections

fitting of connections

fall in voltage at max. discharge |
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Annex 1 - File 2 : Acceptance of wind generators
Wind generators Reference Observations Comments
Value compliant | non compliant

23

@C@
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Copyright (C) 1997, EDF

Accumulator battery

Reference
Value

Observations

compliant

non compliant

Comments

Type

type of battery
manufacturer (battery plate)

Characteristics
and
condition

rated voltage

rated voltage according to element

capacity according to element C100)

number of elements

cleanliness of elements

condition of connections (securing)

level of electrolyte

legibility of levels

presence of deposits in tanks

Inspection
of the battery

voltage and density according to
element

Velt delt

element 1

element 2

element 3

element 4

element 5

element 6

element 7

element 8

element 9

element 10

element 11

element 12

element 13

)

element 14

element 15 \K

element 16

VT F

element 17

element 18/\

element 19

element 20

element 21

elemgn/t 2\2\

gement23 X~

\Qlem

batﬁﬂ\totgﬁ(voﬁa\ge\and’ﬂ/loy d)

ambient %mp\eratu?g

Battery wiripg
layout chaft

Accessories

presence of de}simeter/hydrometer

presence of thermometer

Presence of eye-Tnse

Battery room
or box

location and access

danger indication signs

ventilation

thermal insulation

acid retainer tank

safety locking of site
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Annex 1 - File 4 : Acceptance of gauging and control equipment
Gauging and control equipment Reference Observations Comments
Value compliant non compliant

Place

of installation

location and access

visibility and legibility

ventilation of casing

lighting of equipment site

Type

manufacturer

reference

rated voltage

serial number

presence of general diagram

identification of terminal box

Charge

control

maximum current acceptable

forced charge threshold

upper threshold

A—]

charge reconnection threshold

upper alarm threshold

upper alarm disappearance threshold

presence of upper control inspection

points

specific voltage gauge cable

Disch
limitg

arge
tion

maximum current acceptable

limit threshold

user reconnection threshold

lower alarm threshold

P

lower alarm disappearance threshold

Inspectid

N points

solar array current gauge

user current gauge

(

battery voltage gauge.

Readings
of the insf
or display;
linked to

the regula

lon the condition
ection points

P

for

Da
acqui

fa
ition

Ah/Wh productio aug\e\(
Ah/Wh consumption‘'gauge

manufacturer I

reference, \

ratedg@ltaﬁ <

serial numpér



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

DRE-B7
JUNE 1997

-28 -

Annex 1 - File 5 : Acceptance of converters

Copyright (C) 1997, EDF

Converters

Reference

Value

Observations

compliant

non compliant

Comments

Inverter

manufacturer

reference

serial number

rating (power)

peak power and duration

rated input voltage

input voltage range

rated output voltage

outoutvoltaaeranaa.
i “‘-':1 I

peak power and duration

nominal output frequency

output frequency range

type of output signal (wave)

no-load consumption

own protection

adjustable “monitoring” mode

DC/DC
Converter

manufacturer

/7/

reference

serial number

power

DY

no-load consumption

own protection

AC/DC
rectifier

converter

manufacturer

reference

ik

serial number

rating (power) N

peak power and dur#t%xk

rated input voltage \

input voltag%qar}é’e

rated output voltqée

output voltac\;e/réQﬁa\

rate of rggdu}{ripbke

peak gg)wer\aaq\{ura\'\on

perced consurptey

ou preston

adjustable ‘?ﬁonit}x(in&'\rﬁode
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Annex 1 - File 6 : Acceptance of distribution boards
Distribution boards Reference Observations Comments
Value compliant non compliant

location and access

visibility

max. intensity

earth polarity

solar array sectioning

battery sectioning
control power supply sectioning

general power supply sectioning

solar array protection type

Genefal
VLV (TBT)
Boarfl

battery protection type

user equipment protection type

protection against direct contact

internal cable cross-section

internal cable identification

terminal box identification

presence of recharge fuse

V

IP grade of VLV box

presence of diagram

4
7

location and access

()

(

protection against indirect contact

AN

VLVS

VLVP equipotential adaptation

VLVF protection measure

L. V. and VLV insulation (

sectioning

protection against ove@argé\ (

7%

protection against/}ﬁ@ct &)Qtact‘ N\

neutral earthing L

cable idefitification >

terminal box-idertt 'cét'@\

IP grade of)z\v\box

presence of dia\&rz}n\

pection|of the voltage

in tel

oflthe loads

(cooler, flyorescent

ighting input point

Check the|value of the drop

in voltage i the cables
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Annex 1 - File 7 : Acceptance of the generator set

Generator set Reference Observations Comments

Value compliant non compliant

manufacturer

type
reference

Generator power

set output voltage

protections

source inverter

protective circuit breaker

general cut-off including GS

manufacturer

type ( N

Charger nominal charge current (

presence of voltage control

length of battery connection \

cross-section of battery connection \

&
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Annex 1 - File 8 : Acceptance of loads
Loads Reference Observations Comments
Value compliant non compliant
Lighting
ratings (power)
phi cosine (strip lamps, LBC)
refrigerator type
capacity
insulation quality
Cold compressor power
freezer type
capacity
insulation quality A
compressor power \
N\
&
o
X
Other loads ( ( (7 /\ \/
(pymps, o ( \ N\ )\
molors,.) \/

—

-
RN
N
\

TV
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Annex 1 - File 9 : Observations and approvals

Observations of user

A\
NN

Obsefvations of Project Supervisor - Any compliance operations reguired. s

S
NN _~

xature of Signature of Signature of

Project Licence holder Assignee
Contractor

Prepdred in :

Si

gnature of

Project
Syperviso
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Annex 2 - Fault search algorithms

Fault search procedures divide into 8 files :

File 1 Fault searches on type 1 installations

File 2 Fault searches on type 2 installations

File 3 Fault searches on type 3 installations

File 4 Fault searches on type 4 installations (under study)
File 5 Fault searches on type 5 installations (under study)
File 6 Fault searches on type 6 installations (under study)
File 7 Fault searches on type 7 installations (under

File 8 Fault searches on type 8 installations (undé
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Annex 2 - File 1 : Fault searches on type 1 installations

Diagram 1 : Analysis of probable causes of faults

(example of “solar-powered” water pumping type process)

Absence of user
equipment water

Copyright (C) 1997, EDF

Float in good condition

full Check
Caontents of tank pipne
- valve control
empty
- too low -
Drilling level Drilling problem
= &Q
_ /\

yes

Sun standby

|%
repair.eénnecti
AN

)

Repair pump connections,

clean inlet filter,
replace pump

inspect cables,

connections

Faulty inverter

Presence of voltage

yes

Inspect cables,

at module outle

Fault
in module field

connections

Inspect electrical
safety



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

-35-

Copyright (C) 1997, EDF

Annex 2 - File 2 : Fault searches on type installations

Diagram 1 : Analysis diagram relating to clauses in operator/client contract

Client call = power unavailable
on DC or AC circuits

DRE-B7
June 1997

no

Consumption profile =

N

Assumption [

draft contract ?
programmation = profile
contract ?

Weather conditions

W57

e

nstallation fault

N\

See diagram 2

no

* off

Assumption

Size error
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Annex 2 - File 2 (cont) : Fault searches on type 2 installations
Diagram 2 : Diagram analysing probable causes of installation faults
Type 2 (AC user equipment)
Absence of AC voltage in user equipment
Assumptions :
AC circuit breaker ? > - f ?I?-a-s‘.a(.j ...... r\
e Overchargel N
e leakto eart{\ (
et
Test Upag low inverter input DC

9,

voltage < Upin ?

Assumptions :

e short-circuit

Repair

Test Upat low

m&%&% / Assumptions :

ba

ery uncoupled

charge control
(HSupper threshold)

e inverter problem
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Annex 2 - File 2 (contd.) : Fault searches on type 2 installations

Diagram 2a : Diagram analysing probable causes of installation faults

Type 2 (DC user equipment)

Absence of DC voltage
in user equipment

released Assumption

® overcharge /\\

N
SRR

DC circuit breaker ?

Aspumption
yes Discharge limite

4 no

low cut-off le; ® shortircuit
yes

n

\>Problem resolved Repair

Ch{
U bat

Assyimption

e over-cqnsumpti
e under-produgction

X
S

) PR,

e charge
problen
e battery
Aking no
Lot Ll i 2
Low Upay test GRS
yes
Assumption Assumption Assumption
® connections ® charge limiter problem ® problem with
e discharge limiter ® Dbattery problem connections
problem ® power relay problem
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Annex 2 - File 2 (end) : Fault searches on type 2 installations

Diagram 3 : Inspection of battery stocks

Available power source

Copyright (C) 1997, EDF

Charging

through source

of battery

Densities/voltages
of elements

différent

Replace

N

Y
of\ ive ele 67\ (if < 2°years)
AL \@
o N\ RS

Checking of
ection

Stock
replacement
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Annex 2 - File 3 : Fault searches on type 3 installations

Diagram 1 : Diagram analysing observance of operator /client contract clauses

Client call = power
unavailable on DC or AC
circuits

Consumption profile =
draft contract ?

Assumyi\@ \/\ Assumption : or Assumption :
Nt > Installation fault Size error
X

See diagram 2
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Annex 2 - File 3 (contd.) : Fault searches in type 3 installations

Diagram 2 : Diagram analysing probable causes of installation faults

Type 3 (AC user equipment)

Absence of AC voltage in user equipment

Assuéptika\
AC circuit breaker ? released '\\\
e Oyercharge

o . leakto eag

P

locked

Inverter inp \
voltage < Upin

r cut-o

Low Upatery test

yes Assumptions :

e  Short-circuit

Repair

Problem resolved

N

@a&pﬁons : Assumptions :

e  battery uncoupled )
o charge control e inverter problem

(HS upper threshold)
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Annex 2 - File 3 (contd.) : Fault searches on type 3 installations
Diagram 2a : Diagram analysing probable causes of installation faults
Type 3 (DC user equipment)
Absence of DC voltage
in user equipment
released Assumption
DC circuit breaker
® overcharge
locked l <
Power cut-off
\\
\‘ Assurmption

ChecKing
U bat < U min ?

yes

Assumption

over-congumption
under-prgduction

charge cqntr
problem

3

Low U blatt test

Discharge limiter under
low cut-off ?

D

no
Checking

® shoyt-circuit

@Iem resolved

Repair

U bat < U min ?

N

Assumption

connections

discharge limiter
problem

yes

-/

Assumption

® charge limiter problem
® battery problem

Assumption

® problem with
connections

® power relay problem
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Annex 2 - File 3 (cont) : Fault searches on type 3 installations

Diagram 3 : Inspection of battery stocks

Available power source

If source = GS, see file "GS recharge test"

Charging of battery through
source

N

Rmm i<
AN

5 Chwection

AN

différent

Densities/voltages
of elements

Stock replacement

ears)
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Annex 2 - File 3 (contd.) : Fault searches on type 3 installations

Diagram 4 : Battery recharge test for a generator set

Start-up of generator

Assumption
| no
e ou\tlputa\:’c)) fage ® generator set fault
yes
[ ]
[ ]
Battery density gauge

o

.
.

0 Check

S | @ charger

N \Vzng time

Battery density T ? Inspection of battery stocks

Additional waiting and
density back-up

Charge switch-off on density
OK
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Annex 2 - File 3 (contd.) : Fault searches on type 3 installations

Diagram 5 : Low voltage battery test

Battery voltage < lower
authorised threshold

U<Ug

Indication
anomaly ?

0

Assumption of fault (A Assumption of fault

regulator
— lower threshold poorly adjusted
— relay blockage on user equipment

— regulator gauge failure

. Check working order of regulator :
€CK conSumplion ¢ lower threshold

e power relays
\ e voltage gauge

If the regulator is operating correctly, check the
See section “contd. 1” possibility of a voltage gauge error

of diagranT5 s checkthe gauge e
e check the gauge head
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Annex 2 - File 3 (contd.) : Fault searches on type 3 installations

Diagram 5 (contd. 1) : Low voltage battery test

Check consumption

yes no

CUI Surt |pt;u| 1
in excess of projected
consumption ?

Assumption of fault

e temporary over-consumption

L]
@?
g
?<
:

Switch on the regulator in forced operation

Expect battery recharge :
e either through modules
e or external charger

NSANY

no

there been
sunshine

\'{Ass?méion of fault

Check photovoltaic

" profuction
\ poor weather conditions
: : \\
Restoration“of supply and;disappe: }{e of
anomalyrindication
no yes
Weak voltage
Continue charging until Assumption of fault See contd. 2
equalisation — of diagram 5
e battery at end of service life,

elements short-circuiting

Inspection of battery stock
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Annex 2 - File 3 (contd.) : Fault searches on type 3 installations

Diagram 5 (contd. 2) : Low voltage battery test

Check photovoltaic
production

Y/ . no
= ZeTo daity modute

production ?

Assumption of fault

e | wiring: modules disconnected
e | modules : totally destroyed

o |regulator: relay blockage on
module disconnection, power
relays destroyed

e | protection : A.R. diodes all
faulty, fuses burnt out

e | external : blackout of modules

indication "wprning

Assumption ¢f fault

e regulator : hpper
threshold
incorrectly pdjusted

yes Have the panels

been blacke ?

AN

een blacked out ?

Assumptipn of fault \%m tiow Assumption of fault Assumption of fault
AN A
» / . .
o externallcause: e erlay e external cause; e.g.  regulator:
R ’d N bleckage on module snow. sand. ... destruction of a
€.g.. snow, sand.., dis¢onnection, power ’ ’ module relay
ays destroyed e protection: A R.

e protection : A.R. diode faulty, fuse
diodes all faulty, burnt out or circuit
circuit hreakers uncover the modules breaker trinned

uncover themodares tripped or fuses burnt e batteries/module
out wiring : one branch

e wiring: is in open circuit
disconnected e modules : damaged,
modules end of service life

e modules : totally
destroyed

Carry out follow-up
inspection
see “contd. 3”
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Annex 2 - File 3 (end) : Fault searching for type 3 installations

Diagram 5 (contd. 3) : Low voltage battery test

Garry-out-follow—~up

inspections

Check the regulator module
relays

j
ALHD
If 6 regulator

correctly ck thesmodule
protectiontdevic

Q If the Mon devices are
K, check the
,B attery/module wiring

If the wiring is OK, check the
condition of the modules

If the modules are OK,
inspect the battery stocks
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Annex 3 : Equipment maintenance operations

The maintenance procedures for equipment divide into 7 files :

File 1 Maintenance of photovoltaic array

File 2 Maintenance of wind generators (under study)
File 3 Maintenance of battery

File 4 Maintenance of gauging and control equipment
File 5 Maintenance of converters (under study)

File 6 Maintenance of distribution boards

File 7 Maintenance of generator set

Any operations on equipment must observe the stipulations of annex 4.

@%
o
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Annex 4 : Operating and maintenance methods

The operating and maintenance methods divide into 8 files :

File 1
File 2
File 3
File 4
File 5

Operating and maintenance methods for type 1 installations
Operating and maintenance methods for type 2 installations (under study)
Operating and maintenance methods for type 3 installations
Operating and maintenance methods for type 4 installations (under study)

Operating and maintenance methods for type 5 installations (under study)

File 6
File 7
File 8

Operating and maintenance methods for type 6 installations

Operating and maintenance methods for type 7 installation

Operating and maintenance methods for type 8 install

&
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Annex 4 - File 1 : Operating and maintenance methods for type 1 installations

The operation and maintenance of type 1 installations cover all operations on the constructions which

constitute

them, regardless of their nature.

These operations may comprise work of an electrical nature, work of a non-electrical nature, interventions,
manoeuvres, measuring, tests, inspections and operations specific to certain constructions.

These operating methods describe and illustrate the rules to be applied for the overall control of the
equipment. They should be combined with the diagrams shown in chapter 3.1 of this document.

Type 1 installations can, in the main, operate either :

¢ with photovoltaic panels and direct current equipment (type T1,) ;

be carried

No isolat
conductof

the const
2. Rules

out with the equipment switched on.

on of part of an installation must carried o
s on a terminal.

bf instruction for type T4, installation

e Ex
o Loy

2.1. Bran
The in

#* |solatio
1

a b~ ODN

ip
The conslructions concerned are ei : %

a-Low voltage (E
v Voltage (LV) in

cover'the array branch concerned ;
check'the absence of voltage on the terminals above the sectioning equipment.

off.

, ...) Mmay

ng power

r through

#* Repair

. uncover the array branch concerned ;
. check for the presence of voltage at the terminals above the sectioning equipment (value and

polarity) ;
unlock and close the sectioning equipment on the array branch concerned ;
unlock and close the cut-off equipment on the array concerned.
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2.2. Photovoltaic array

The installation parts concerned are : a module, a complete panel or an entire array and the cable
connection.
#* |solation

1. switch off and lock the cut-off device of the array concerned located in the equipment casing
immediately above the power controller ;

2. check the presence of voltage on the terminals above the cut-off device ;
3. cover the array concerned ;
4. check for the absence of voltage on the terminals above the cut-off device.
# Repair
1] uncover the array concerned ;
2] check for the presence of voltage on the terminals above the cut-off de
3| unlock and close the cut-off equipment on the array concerned.

bolarity)

2.3. Cable connection between the cut-off device and an item of section S o idated to a
photoyoltaic array branch
#* |solatigdn

1] switch off and lock the cut-off device of the array
immediately above the power controller ;

2] switch off and lock the sectioning equipment concerned ;
3] check for the absence of voltage on bve@ cut
1] unlock and switch on the sectioning equipme

2| unlock and switch on the cut-off equipment conce
2.4 Sectipning equipment dedicated to-a.bra woltaic array

e equipmegnt casing

#* Repair

# |solatign
1] switch off and lock\the i ice ‘of the array concerned located in the equipmgnt casing
immediat@ -
2| switch off D stiohing equipment of all the branches of the array concerned,

3] cover the branc

4) check for t on the terminals above the sectioning device.
# Repair
1] u
2] check ford ce of voltage on the terminals above the cut-off device (value and polarity)

3] unlocki@nd switch on the cut-off equipment on the array concerned.

2.5 Powzr controller

# |solatidn

1. switch off and lock the cut-off device of the photovoltaic arrays located in the equipment casing
immediately above the power controller ;

2. switch off and lock the sectioning equipment located in the sectioning equipment immediately
below the power controller ;

1. check for the absence of voltage on the terminals above and below the power controller.

#* Repair
1. unlock and switch on the sectioning equipment concerned ;
2. unlock and switch on the cut-off equipment on the photovoltaic arrays concerned.
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3. Instruction rules on type T, installation equipment
The constructions concerned are Low Voltage (LV) alternating current in type with : 50 V < Un (500 V.
3.1. Wind generator with or without a dedicated sectioning device

The installation parts concerned are the wind generator, the possible dedicated sectioning device and the
connection cable
#* |solation
1. reduce the speed of and switch off the wind generator (a wind generator must not run light) ;
2. implement the locking brake ;
3. lock the locking brake ;
4

dala o ff a laalc tlo £ oFff o P | ol o Ll H 4 H H d'tl
SWILLIT UIT dl'Tu TUUR  UTC CUTTUITT UTVILT VUTIUTITTITU TULALTU T U1 TUYUITPITTICTIU Uabllly LI e Ia ey

above the power controller ;

5] check for the absence of voltage on the terminals above the cut-off dévi
# Repair
1] unlock and switch on the cut-off device concerned ;
2] unlock the locking brake ;

3] remove the locking brake.

3.2. Power controller

#* |solatign
1] reduce the speed of and switch off the wind ¢ enerator must not run light) ;
2] implement the locking brake ;
3] lock the locking brake ;

4] switch off and lock the cut-off deVice concerng cated in the equipment casing immediately
controller ;

Iocat in the equipment casing below the power
6] check for the abs

#* Repair Q
1] switch off, ifsrie - 2 evices on the AC user equipment ;

5] switch off and loc

4. Instrugtion rules for type T installation equipment

The consE]ructions concerned are either :
e evgn'difect current Extra-Low voltage (ELV) in type with : Un (120 V ;
e even direct current Low Voltage (LV) in type with : 120 V < Un (750 V,

with regard to some,

or alternating current Low Voltage (LV) in type with : 50 V < Un (500 V for others.
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4.1. Branch of photovoltaic array with dedicated sectioning equipment

The in

stallation parts concerned are : a module, complete panel or entire branch.

# |solation

1.

SN

# Repair
1
2

3
4

4.2. Photovoltaic array

The in
cable

# |solatio
1

2
3
4
#* Repair
1
2
3

4.3. ConI

a br

#* |solatio

immediately above the power controller ;

switch off and lock the sectioning device on the branch of the array concerned ;
check for the presence of voltage on the terminals above the sectioning device ;
cover the branch of the array concerned ;

check for the absence of voltage on the terminals above the sectioning device.

DRE-B7
June 1997

switch off and lock the cut-off device of the array concerned located in the equipment casing

uncover the branch of the array concerned ;

check for the presence of voltage on the terminals above the sectiohing
polarity) ;

stallation parts concerned are : a module, a compl

>

cover the array concerned ;
check for the absence of voltage

check for ﬁg;g ~
unlock an i

check for the absence of voltage on the terminals above the cut-off device.

quipment (

value and

onnection

nt casing

bolarity) ;

licated to

mediately

4.4. Bran

. uncover the array concerned ;
. check for the presence of voltage on the terminals above the cut-off device (value and polarity)
. unlock and switch on the cut-off device on the array concerned.

ch of photovoltaic array with dedicated sectioning equipment

The installation parts concerned are : a module, complete panel or entire branch.
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#* |solation
1. switch off and lock the cut-off device of the array concerned located in the equipment casing
immediately above the power controller ;
2. switch off and lock the sectioning devices on the branches of the array concerned ;
3. cover the branch of the array concerned ;
4. check for the absence of voltage on the terminals above the sectioning device.
#* Repair
1. uncover the branch of the array concerned ;
2. unlock and switch on the sectioning equipment on all branches of the array concerned ;
3. unlock and switch on the cut-off device on the array concerned.
4.5. Powér controller
#* |solatign
1] switch off and lock the cut-off device of the photovoltaic arrays ed in the
equipment casing immediately above the power controller ;
2] switch off and lock the sectioning equipment located in the \ mediafely below
the power controller ;
3
#* Repair
1
2
4.6. DC/AC converter (inverter)
#* |solatign
1 mediately
above the power co
2| switch off and lock\the bove the
inverter ;
3 below the

5. Instrud

switch off and
inverter ; <}
discharge thé ¢

tion rules for type T,y installation equipment

The constructions concerned are either :
. ev H . . : ;

e even direct current Low Voltage (LV) in type with : 120 V < Un (750 V,

with regard to some,

or alternating current Low Voltage (LV) in type with : 50 V < Un (500 V for others.
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5.1. Wind generator with or without a dedicated sectioning device

The installation parts concerned are the wind generator, the possible dedicated sectioning device and the
connection cable

# |solation

1.

rowoN

reduce the speed of and switch off the wind generator (a wind generator must not run light) ;
implement the locking brake ;
lock the locking brake ;

switch off and lock the cut-off device concerned located in the equipment casing immediately
above the power controller ;

check for the absence of voltage on the terminals above the cut-off device.

3.2. Power controller

#* |solatio
1

2
3
4

6
#* Repair

5.3. AC/0

#* |solatio
1

n

unlock and switch on the cut-off device concerned ;
unlock the locking brake ;
remove the locking brake.

reduce the speed of and switch off the wind generato ~ jht) ;
implement the locking brake ;
lock the locking brake ;

switch off and lock the cut-off de
above the power controller ;

switch off and lock the sectionin i in the~equipment casing below the power
controller ;

check for the absenc

mediately

switch off, if nece

unlock an i
unlock an

unlock the lock

e DC user equipment ;
ice concerned ;

reduce ed of and switch off the wind generator (a wind generator must not run light) ;
implement thetocking brake ;
lockthe locking brake ;

2
3
4

i

6.

7.
8.
# Repair
1.
2.
3.

. switch off and focK the cut-off devices concerned focated i the equipment casing immediately

above the power controller ;
switch off and lock the sectioning device in the equipment casing immediately above the rectifier

switch off and lock the sectioning device(s) in the equipment casing immediately below the
rectifier ;

discharge the condensers in the DC section of the rectifier ;
check for the absence of voltage on the terminals above and below the rectifier.

switch off, if necessary, the cut-off devices on the DC user equipment,
unlock and switch on the sectioning device located immediately above the rectifier ;
unlock and switch on the sectioning device(s) located immediately below the rectifier ;
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unlock and switch on the cut-off device concerned ;

unlock the locking brake ;

remove the locking brake ;

switch on the cut-off equipment on the DC installations as necessary.

No ok~
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The operation and maintenance of type 3 installations cover all operations on the constructions which
constitute them, regardless of their nature.

These operations may comprise work of an electrical nature, work of a non-electrical nature, interventions,
manoeuvres, measuring, tests, inspections and operations specific to certain constructions.

These operating methods describe and illustrate the rules to be applied for the overall control of the
equipment, the changing of the operating layout and cut-off for non-payment. They should be combined with
the diagrams shown in chapter 3.13 of this document.

1. Rules

The cons

e evgn direct current Extra-Low voltage (ELV) with : Un (120 V ;
¢ altgrnating current Low Voltage (LV) with : 50 V < Un <500 V ;
¢ evgn direct current Low Voltage (LV) with : 120 V < Un (750 V.

Work of an electrical and non-electrical nature is normally carried out wit

of instruction for equipment

ruotione concarnad ara aithar -
oot =4 TCCTT Tre-Crtrer—

Breakdown repair operations are normally carried out with the equipm

be carried out with the equipment switched on.

No isolat

conductofs on a terminal.

the const

on of part of an installation must carried ou

1.1. Branich of photovoltaic array with a dedic

The inptallation parts concernec

# |solatio

>

polarity);
unleck and switch on the sectioning equipment on the branch of the array concerned ;

off.

, ...) Mmay

ng power

r through

above the

yalue and

unlock and switch on the cut-off equipment of the array cancerned

1.2. Photovoltaic array

The installation parts concerned are : a module, a complete panel or an entire array and
connection.

#* |solation

1.

2.
3.

regulator in the equipment casing ;

check the presence of voltage on the terminals above the cut-off device ;
cover the array concerned ;

check for the absence of voltage on the terminals above the cut-off device.

the cable

switch off and lock the cut-off device of the array concerned located immediately above charge
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#* Repair
1. uncover the array concerned ;
2. check for the presence of voltage on the terminals above the cut-off device (value and polarity)
3. unlock and switch on the cut-off equipment on the array concerned.
1.3 Cable connection between the cut-off device and an item of sectioning equipment dedicated to a
photovoltaic array branch
#* |solation

1. switch off and lock the cut-off device of the array concerned located immediately above the
charge regulator in the equipment casing ;

2. switch off and lock the sectioning equipment concerned ;

3 eheekfor-the-absence-of-voliage-en-theterminals-above-the-eut-offdeviee:
# Repair
1] unlock and switch on the sectioning equipment concerned
2] unlock and switch on the cut-off equipment concerned

1.4 Sectipning equipment dedicated to a branch of photovoltaic arra

#* |solatio
1

>

2
3
4
#* Repair
1
2
3

1.5. Wind

The ingtallation p e and the
connegtion cable
# |solatign
1 jht) ;
2
3
4 regulator
5
#* Repair

1 unlaek and cvaiteh ANl tha ~ it ~
ook oYW - Ot Sut O

2. unlock the locking brake ;
3. remove the locking brake.
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1.6. Battery

%S

olation
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June 1997

1. switch off and lock the cut-off devices of the photovoltaic arrays located immediately above the

charge regulator in the equipment casing ;

2. switch off and lock the sectioning device of the photovoltaic arrays located in the coupling board’
below the charge regulator ;
3. switch off and lock the sectioning equipment of the battery located in the equipment casing.
#* Repair
1. unlock and switch on the sectioning equipment of the battery located in the equipment casing ;
2. unlock and switch on the sectioning equipment of the photovoltaic arrays located in the coupling
board ;
3| check for the presence of voltage on the terminals below the cut-off de f thephotovoltaic
arrays located immediately above the charge regulator in the equipmént
4) unlock and switch on the cut-off device on the photovoltaic arrays:
1.7. Charge regulator
#* |solatign
1] switch off and lock the cut-off devices on the photovolta bbove the
charge regulator in the equipment casing ;
2] switch off and lock the sectioning equipment o coupling
board below the charge regulator ;
3] switch off the charge regulator g
4] check for the absence of voltage on the\tern [
#* Repair
1] switch on the charge regulator gauge ¢
2] unlock and switch coupling
board above the cha
3| unlock and swit¢ ely above
the charge regula
1According tonc 0
1.8. AC/OC converter o Wil
#* |solatign
1] reduce the jht) ;
2]
3] lock
4] switch fier in the
equipment easin
5] switeh off and lock the sectioning device of the wind generator located in the coupling board
below the rectifier ;
6. check for the absence of voltage on the terminals above and below the rectifier ;
7. switch off the possible gauge circuit ;
8. discharge the DC converter section condensers.
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#* Repair
1. switch on the possible gauge circuit ;
2. unlock and switch on the sectioning device on the wind generator located in the coupling board
below the rectifier ;
3. unlock and switch on the cut-off device on the wind generator located immediately above the
rectifier in the equipment casing ;
4. unlock the locking brake ;

5. remove the locking brake.

1.9. AC/DC converter on the generator set (battery charger)

#* |solation

1
2

3
4
5
#* Repair
1
2

1.10 Cou

#* |solatio
1

switch off and lock the cut-off device of the generator set located immediately above it

in the equipment casing ;

switch off and lock the sectioning device of the generator set locat
the rectifier ;

check for the absence of voltage on the terminals above and
switch off the possible gauge circuit ;
discharge the DC section condensers of the charger.

switch on the possible gauge circuit ;

unlock and switch on the sectioning device
below the rectifier ;

unlock and switch on the cut-off de
equipment casing ;

pling board

n

switch o @
the chargereguk

impltement thedocking brake ;

lock the locking brake ;

e rectifier

ard below

ing board

fier in the

Is located
ely above

coupling

generator

© © N o

switch off and lock the cut-off device of the wind generator immediately above the rect
equipment casing ;

fier in the

10.check for the absence of voltage on the terminals above the sectioning equipment of the wind

generator located in the coupling board ;

11.check for the absence of voltage on the terminals above the sectioning equipment of the

photovoltaic arrays located in the coupling table ;

12.switch off and lock the sectioning device of the battery located in the equipment casing ;
13.check for the absence of voltage below the coupling board.
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unlock and switch on the sectioning device of the battery located in the equipment casing ;
unlock and switch on the cut-off device of the wind generator located immediately above the

rectifier in the equipment casing ;
unlock the locking brake of the wind generator ;
remove the locking brake ;

unlock and switch on the cut-off device of the generator set located immediately above the

rectifier in the equipment casing ;

unlock and switch on the sectioning device of the photovoltaic arrays located in the coupling

board below the charge regulator ;
check for the presence of voltage on the terminals below the cut-off devices of the p

otovoltaic

1.11 DC/A

#* |solatio
1

2

arrays located immediately above the charge regulator in the equipment

unlock and switch on the cut-off devices of the photovoltaic arrays ;

unlock and switch on the sectioning devices of the power supph
located in the equipment casing.

\C converter (inverter)

n

switch off and lock the sectioning
below the charge regulator ;

check for the & egrminals above the sectioning equipme

generator set located’in\th i d;
reduce th itchhoff\the'wind generator ;
implement the i 8J;

rectifier in the\equiipm asing ;

P.check bsence of voltage on the terminals above the sectioning equipmg
photevoltaic.arrays located in the coupling board ;

B.switch off and lock the sectioning equipment of the battery located in the equipment cas

C boards

ed in the
quipment
ely above

ing board

nerator set located immediately above the

nt of the

).switch devices on the wind generator located immediately above the

the wind

nt of the

ng;

check far the ahsence of \/nltngn helow the cal |p|ing hoard

15.switch off and lock the sectioning device located immediately above the inverter ;
16.discharge the condensers in the DC section of the inverter ;
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3.

i

unlock and switch on the sectioning device located immediately above the inverter ;
unlock and switch on the sectioning device of the battery in the equipment casing ;

rectifier in the equipment casing ;
unlock the locking brake of the wind generator ;
remove the locking brake ;

rectifier in the equipment casing ;

board below the charge regulator :

unlock and switch on the cut-off device of the wind generator located immediately above the

unlock and switch on the cut-off device of the generator set located immediately above the

unlock and switch on the sectioning device of the photovoltaic arrays located in the coupling

check for the presence of voltage on the terminals below the cut-off devices.of the'ph
arrays located immediately above the charge regulator in the equipment casing

unlock and switch on the cut-off devices in the photovoltaic arrays

otovoltaic

10.switch on the cut-off equipment on the DC board power supply located casing ;
11.unlock and switch on the cut-off device of the AC board power quipment
casing
Note. - In prder to maintain the power supply of the DC board during ope power the
safety equjpment, for example), it is possible to reconnect the batteyy to 0 10 of the
“Repair” phase.
It is, however, necessary to carry out operations 2 and pair by in
following the entire procedure.
2. Changgs to the operating layout
The chanpes to the operating layout are made from the ard located in the user site. The inter-locking
devices of the cut-off equipment on the GS adopted,
under no [circumstances can the r enewable
energy-based production instal
The basiq operating layout js ted solely
from the nenewable e
The corresponding pﬁ
The powsgr supply of t applied.

AC/DC converter
coupling board

Generator set Inverter

AC board
'

Dedicated
v user
equipment

Figure 1 : Position of the GS board cut-off equipment in the basic operational layout
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2.1. Power supply of the AC board from the generator set alone

This configuration may be required through the unavailability of the renewable energy-based production
installation for work, maintenance operations or cut-off for non payment.

The corresponding position of the GS board cut-off equipment is shown in figure 2.

AC/DC converter
coupling board

Generator set Inverter

AC board
A

v | Dedicate
user
equipment

Figure P : Position of the GS board cut-off equipment for

2.2. Battery charging and possible powerii

This configuration may be used when thet
renewgble energy sources are unavailable

In rela
The cq

Generator sét Inverter
\ a AC board

oo
o—|

v | Dedicated
user
equipment

Figure 3 : Position of the GS board cut-off equipment for charging the battery from the GS alone
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2.3 Powering the AC board and charging the battery
This configuration comprises the two preceding configurations simultaneously.

The corresponding position of the cut-off equipment of the GS board is shown in figure 4.

AC/DC converter
coupling board

Generator set Inverter

AC board
A

oo

v | Dedicated
user
equipment

By agre hs, other
configura

They sho

3. Cut-ofi

Cut-off fo positioned
above thg

This cut-gff equipme

The equipment casing j or square
for a box). It must be @ S : circumstances without the operator being forced to enfer private
property.

The re-sq c an only be carried out from the cut-off equipment by an equally

authorise
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Annex 5 : Operating methods for testing the condition of equipment (under study)
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Annex 6 : Analysis procedure for service provision compliance

The analysis of the compliance of the service provided comprises :
¢ the checking of the dynamic operation of the installation on acceptance

o the checking of the observance of the contractual engagements in the event of a complaint on the
part of the clients.

[ ]
1. Dynamic operation of the installation on acceptance

This paragraph is covered by the annex on acceptance tests for installations.

2. Obseryance of contractual engagements in the event of a complaint onthe par e clignts
Table 4 of document DRE - A2 : "Expected results of the sizing process of a syst \ ontractual
engagements between the Project Supervisor and the Project Supervise i - ious types of

systems defined for the installation categories.

The checking of the observance of the engagements presuppo he ‘capahility of preparing an energy
balance report for the period covered by the contract. The a i etailed in
table 7 in|relation to the type of system.
Table 1 : Checking of the observarnc
Type of
system
e Comparison between the wee tth power gauged with that defined |n the
] contract.
1 This comparis qunre terl er consumed through the renewable gnergy

powerg;\ process or gauging.t results om the process, e.g. water metering.
T2 Comp riso en t ower gauged with that defined in the contract.
h| comparison requiresimetering of the AC power and DC power consumed by the client

client

T3 bower
m the
then
to be
educted ffom the total DC power consumed.
T4 to bedefined
T5 to be defined

T7 to be defined
T8 to be defined

P
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1. Scope of application

This document defines the main specifications to be met by photovoltaic arrays used for providing
power at isolated locations.

The photovoltaic arrays involved consist of photovoltaic modules with neither concentrator nor
reflector.

2. Reference standards and regulations

2.1 Standards established by the CEI

CEIl 68-2-1 : 1990, Fundamental climatic and mechanical strength tests - 2nd Part - Tests - Test A :
Cold (NF CZ0-70T7;

CEIl 68-212 : 1974, 1976, Fundamental climatic and mechanical strength tests
Test B : Ory heat (NF C 20-702) ;

CEI 68-243 : 1969, Fundamental climatic and mechanical strength tests - 2nd Part S bCa :
Continuodis humid heat test (NF C 20-703) ;

CEI 68-24{11 : 1981, Fundamental climatic and mechanical strength ie
Salt mist (NF C 20-711) ;

CEl 68-2{13 : 1983, Fundamental climatic and mechanical stréngth M :
Low atmaspheric pressure (NF C 20-713) ;

CEIl 68-2{14 : 1984, 1986, Fundamental clim A ' ts -
Test N : Tlemperature variations (NF C 20-714)

CEIl 68-2121 : 1983, 1991, 1992, Fundamental clima g i rt -
Tests - Test U : Strength of outputs and fixing-devices(INF

CEIl 68-2{30 : 1980, 1985, Fundamental climati ] ts -
Test Db gnd guide : Cyclic hurgid t

CEI 68-2138 : 1974, Funda
Z/AD : Cgmposite cyclic tempe

CEIl 68-2161 : 1991,
Z/ABDM 1] Climatic se CE
CEIl 167 :({1964, Measufe

CEIl 529 :|11/89

CEl 695-2-1 :
(NF C 20{45¢

CEI721-2-1 : 19
conditiong occurring’i

est

est

ide

ntal
nature : Temperature and humidity (NF C 20-000) ;

CEIl 891 [ 1987, 1992, Procedures for corrections according to temperature and irradiance to| be
applied tq the’measured I-V characteristics of crystalline silicon photovoltaic devices (NF C 57-104
02/1995) ;

CEIl 904-1 : 1987, Photovoltaic devices - 1st part : Measurement of current-voltage characteristics of
solar photovoltaic devices (NF C 57-321) ;

CEI 904-3 : 1989, Photovoltaic devices - 3rd part : Measurement principles for solar photovoltaic (PV)
devices for surface use, including reference data for spectral irradiance (NF C 57-323) ;

CEIl 904-4 : 1994, Photovoltaic devices ;

CEl 904-5 : 1993, Photovoltaic devices - 5th part : Determination of equivalent cell temperature
(ECT) of photovoltaic devices (PV) by the open circuit voltage method (NF C 57-325 de 09/1996) ;
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CEIl 904-6 : 1994 Photovoltaic devices - 6th part : Requirements relating to solar reference modules
(NF C 57-326 de 09/1996) ;

CEl 904-7 : 1995, Photovoltaic devices - 7" part : Calculation of mismatch error for spectral
responses in tests on a photovoltaic device ;

CEl 904-8 : 1995, Photovoltaic devices - 8" part : Guide for measuring spectral response of a
photovoltaic device (PV)

CEI 904-9 : 1995, Photovoltaic devices - 9™ part : Requirements for operation of solar stimulators ;

CEI 1006 : 1991, Test methods for establishing vitreous transition temperature of electrical insulating
materials (NF EN 61006) ;

CE—t173—08/1992,Protectiomagainst voltage —surges o photovottaic(Pv)—emergy production
systems- Guide (NF EN 61173, classification C 57-331) ;

CEJ 1194 : 12/1994, Descriptive parameters of independent photovoltaic &

7-300) ;

CE|] 1215 : 04/1993, photovoltaic modules (PV) in crystalline silicon Yo Bstria plications -
Qualification of design and certification ;

CE| 1277 : 1995, Surface-based photovoltaic systems (PV) -

CE| 1646 : 1996, Thin film photovoltaic modules (PV)
degign and certification ;

CE

CEJ 1721 : 03/1995, Sensitivity of a photovolta al impact
(resistance to impact test) ;

CE] 1829 : 03/1995, crystalline silicon pF i 3 ement of
chdracteristics I-V on site.

ication of

2.2| ISO standards
ISQ 62 : 01/1980, Plastics = Dete

NF|EN ISO 75-1 a
(NA T 51-005)
ISQ 178 : 05/19

1SQ

ISd
products (

NF|I1SQ 1240\; rtical test
pieges in‘sontast with a.small flame as the ignition source (NF T 51-072) ;

ISQ 3451150 , Plastics - Determination of ash content (NF T 51-040) ;

NF|ENJISO 4589-3 :11/1996, Plastics - Determination of burning behavior at mean oxygfen index
(NALT251-071-3) ;

ISO 7111 : 02/1987, Plastics - Thermogravimetry of polymers - Method using temperature study.

hder load

D) ;

m cellular

2.3 French standards set by the UTE

NF C 15-100 : 05/1991, 12/1994, 12/1995, Low voltage electrical installations. Rules ;
UTE C 18 510 : 11/1988, update 1991, Set of general electrical safety instructions ;
UTE C 18 530 : 05/1990, Electrical safety instruction booklet for authorised personnel ;

NF C 32-102-1 a 4 : 12/1993, Conductors and rubber-insulated cables with maximum rated voltage of
450/750V - Parts 1to 4 ;
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NF C 32-321 : 10/1982, 04/1993, Conductors and insulated cables for installations - Rigid cables,
insulated with cross-linked polyethylene, with polyvinyl chloride protective sleeve - Series U-1000
R2V ;

NF C 32-322 : 04/1982 et 07/1988 et 11/1993, Rigid conductors insulated with cross-linked
polyethylene, with reinforced polyvinyl chloride protective sleeve - Series U-1000 RVFV ;

NF EN 50102 : 06/1995, (classification NF C 20-015) Protection grades provided by electrical
equipment coverings against external mechanical impacts (Code IK) ;

NF C 57-100 : 07/1986, Direct transformation of solar energy to electrical energy - Photovoltaic
modules for terrestrial applications - Generic standard ;

UTE C 57-100 : 01/1985, 04/1986 et 10/1990, Direct transformation of solar energy to electrical
energy - Photovoltaic modules for terrestrial applications - Set of particular specifieations relatingh to
standard NF C 57-100 ;

NF C 57-101 :
Intermediate standard ;

NF C 57-102 :
Intermediate standard ;

NF C 57-103 :
Intermediate standard ;

NF C 57-104 : 02/95, Procedures for corrections accordi ing fo tempé i i be
applied tq the measured |-V characteristics of crystalline silico 91,
CEI 891 {1987 and modification 1 - 1992) ;

UTE C 57-300 : 05/1987, Descriptive paramete

NF C 57-821 : 08/94, Photovoltaic devices - fst part : i istics
of solar photovoltaic devices (NF EN 60904- 98

NF C 57-322 : 08/94, Photovgltai evi : Requi i hce
modules NF EN 60904-2, ;

NF C 57-823 : 08/94, Photovo 2\ 3 art : Measurement principles for solar photovol
devices (PV) for ter se, | i itradiance reference data (NF EN 60904-3,
904-3 - 1989) ;

faic
CEIl

NF C 57-331 rgy
production - Guide (Nk E

NF C 57-332 : 94,
CEI 1194- 199

NF EN 6p5 ings
(Code IP);

NF EN 61173 - : (classification UTE C 57-331) Protection against voltage surges|on

photovoItTic systems (PV) for energy production - Guide (CEI 1173).

2.4 Regulatory texts applicable in France

Decree 88-1056, 14 November 1988, relating to worker protection in establishments using electrical
currents

Circular DRT 89-2, 6 February 1989, Application of decree 88-1056.

3. Definitions

Solar cell : basic photovoltaic device which generates electricity when exposed to solar radiation.
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Module array : mechanical assembly of modules or panels, with their supporting structure, apart from
foundations, steering devices and thermal control devices, or others of this type, connected together
to form a direct current generating unit.

Photovoltaic array : set of all the solar module arrays forming part of a given photovoltaic system.

Load current (I,) : current supplied by the photovoltaic generator, for a particular temperature and
irradiance in a load connected to its terminals.

Short-circuit current (Isc) : output current from a photovoltaic generator under short-circuit
conditions for a particular temperature and irradiance.

Bypass diode(s) : diode(s) connected in the direction of current flow from one side to another of one
or more cells_maodules or panels _to allow current to be shunted from these cells_modules o panels.

Blacking diode : diode connected in series with the module or pane br panels
cor|cerned, to prevent a reverse current in these modules or panels. It ntegrated
intq the modules or panels concerned.

Stgqndard test conditions (STC) : reference values for the temperature of'a m he i Tdiance in
the|plane of a module and the spectral distribution, used for indo ] ure of the
mofgule : 25 °C (2 °C, irradiance in the plane of the modules ;

Energy irradiance (E) : at a point on the surface, quotien ; ) ement on
the|surface, by the area of that element. Unit : Watt p :

Solar reference irradiance : solar irradiance standard
CE]} 904-3.

Airl mass (AM) : length of the path\trav e Earth's
atmosphere expressed as a multiple of\the a’point at sea level when the sun is
vertical to this point.

Module : smallest asse from the
enyironment.

Panel : group of modu g 2 ted into a
unit of an assembly S

Load power (
a pprticular tempéra

connected to the terminals of a photovoltaic generator for
mely P, =V x I,.

Maximum ref : Rs) : for standard test conditions STC, Ps corresponds to the] electrical
power whic ecin upply. The voltage and current pair Vs and Is correspopd to this
power Ps.

Nomina ati otovoltaic cell temperature (NOCT) : average stabilised cel] junction
tempera 3] d.for the following operating conditions of the module concerned : opgn circuit,
energy irradiance 800 V.m™, ambient temperature 20 °C, windspeed 1 m.s™.

the|cell, 'or deduced from measurement of Voc or after thermal distribution calculations. It djffers only
sli"htly from the temperature on the expased surface of the cell

Ju']\ction temperatare (T)) : temperature measured by a thermal sensor in contact with the rear of

Ambient temperature (T..;) : calm air temperature measured beneath the module at a distance from
it equal to its largest dimension at least.

Open circuit voltage (Voc) : voltage present at the terminals of a photovoltaic generator off load
(open circuit) at a particular temperature and irradiance

Load Voltage (V,) : voltage appearing at the terminals of a load connected to a photovoltaic
generator for a particular temperature and irradiance.
4. Symbols and abbreviations

ELV : Extra-Low Voltage, whose nominal value is no more than 120 V in smoothed direct current.
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SELV : Safety Extra-Low Voltage, providing power to installations in which :

1) all the active parts are separated from the active parts of any other installation by class Il
isolation (double or reinforced) ;

2) the active parts are isolated from earth, as well as from any other protective conductor
belonging to other installations.

PELYV : Protection Extra-Low Voltage which meets condition 1) of PELV but not 2).
FELV : Functional Extra-Low Voltage for installations powered by ELV but which do not meet the
conditions of PELV, nor those of SELV.

5. Climatic conditions

The climgtic stresses for long-term use of the photovoltaic array are those defined in-standard\{CEI

1215. The climate under consideration are those general climates which include air
climates, ppart from extremely cold and extremely hot conditions.
The naturally-occurring environmental conditions are as defined in standard\CEl 7 gives

the extreme absolute values of temperature and humidity shown in tabl

Table|1 : Extreme absolute values of temperature and humj
climates, according to CEl 721-

Low High Max temperature(fo I\Molute

temperature | temperature which r/h. ) C humidity
(°C) (°C) (°C) (g-m”)
-60 +45 /& QV\ 40

6. Constructional conditions Q

6.1 Photovoltaic modules
The photgvoltaic mo

and CEl| 1646. Th \
introuvable..

NOTE. - I
slightly diff
standards.

fication conditions defined in standards CEIl 1215
summarised in item Erreur! Source du renvoi

bnly
NF

They mus
- temp|
- relati
- windspeed up to 190’ km/h (gusts) ;
- contiptious driving wind or hail (hailstones <25 mm) ;
- salt atmosphere.

The modules should be suitable for installation without a frame, so that they may be built into a roof
easily, if necessary. All other characteristics and the guarantee remain unchanged. In this event, in
order to avoid having to carry out work on their underside, modules are accepted without connecting
unit, but with output cable connected to the module by a sealed, molded unit. This device must be
pull-resistant.

During the first ten years of operation, any drop in power of more than 10 % or the appearance of any
faults as stated in the CCE Specifications n° 503 requires that the modules concerned should be
replaced.
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6.2 Photovoltaic array

The parameters required for characterisation of a photovoltaic array, its operation and its
performance at a given site are described in standard CEI 1194 (or UTE C 57-300).

The photovoltaic array consists of modules or panels assembled on metal supporting structures which
are then fixed at the installation site concerned (roof, concrete slab, etc.). All the modules forming the
photovoltaic array are identical or interchangeable.

The modules are connected together to provided one or more sections whose overall voltage is the
nominal operating voltage.

Only modules manufactured using the same manufacturlng techniques may be used, though they
d h

ground.

The rules to be observed in constructing assembly and support 3 th otovoltaic
mogfules for this installation are described in the specification "Intégrati a ~ Uf. part 12
of the General Directives).

6.2.f1 Installation of photovoltaic array on roof

WhHere the photovoltaic array is to be installed on the air-gap of at Idast 5 cm,
mugt be maintained between the roof and the unde (Cf. part 12 of th¢ General
Dirgctives). In this case, and if the x odules have\-a ing~box on the rear sufface, the
frameworks must be able to pivot to « rSide. This is not applicable if the
mogules are built into the roof, instead i normal roofing. Care must be taken with
waferproofing of the roof.

6.2.

6.2.2.1 Mounting structure

The junction between th i j [ i en against
galyanic corro%;(

The frames are i modules.
Theft-proof screw

6.2.

Co .|They are
degi

Co odules or
par

In 4ll caSes, cable glands are used for cable entries and exits on the underside of the boxes.

The covers and closing panels of these boxes are fitted with suitable devices (locks, speciflc screws,
etc.) to hold them firmly in their "closed" position.

6.2.3.1 Connection boxes

Modules are connected together by electrical connection boxes, or intermediate connection units
when modules do not have their own connection boxes.

These boxes shall have :
- protection level IP55, in accordance with standard CEI 529 (NF EN 60529) ;
- protection level IK09, in accordance with standard NF EN 50102.
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6.2.3.2 Junction boxes

Sections are individually connected to interconnection boxes which connect them in parallel. The
branches are separated by a diode series on each section.

Wiring at a nominal voltage of 12 or 24 V does not have parallel diodes.

6.2.3.3 Blocking diode

The blocking function is intended to prevent the discharge of the batteries in the photovoltaic array.
This function is provided by a diode selected for its low direct voltage drop characteristics.

For a photovoltaic array with a small number of modules (< 6), the blocking diode is normally placed
in the regulator. In all other cases, it is placed in the junction box described in 6.2.3.2.

6.2.3.4 Cables

All connecting cables for outdoor use comply with the standards suitable hnd

environment conditions required by the installation site concerned :
- series NF C 32-102 ;

- NF d 32-321;

- NF d 32-322.
Their indjvidual section is determined according to the ru i ‘ ~giving partictlar
attention [to the stresses of voltage drops between the photovoltaic/ ar d the power cortrol
system, which drop must not 3 % of the nominal volta ative values for‘a current of not less
than 0.7 times the short circuit current set by @

6.2.3.5 Eldctrical hazard plate
If the phqtovoltaic array supplies a nominal han 60 V, an appropriate information
plate must be placed on the outside of the bo
6.2.3.6 Neitral point of the photovoltaic arra

The neutral point of the pho i ¢ in_part 11 of the General Directives (protection
of peoplejand propertyi
6.2.3.7 Grounding of frame:

All the metal frames cofm ing structure of the photovoltaic array shall be individuglly

grounded|via a specifi sonddctor, whose section shall be equal to that of each of jthe
output cohductors K aic array, with a minimum of 16 mm?Z.

6.2.4 Screws 3

All screws and\{ittings shall_be unaffected by natural conditions, or shall be protected agajnst
atmospheric damage. The\screws must be fitted with lock-washers or other devices to prevent their
release.

6.2.5 Protdction’ against birdlife

Suitable devices shall be installed on the photovoltaic array to reduce marking caused by bird
droppings.

6.2.6 Protection against wind-borne sand and ground-living animals.

To restrict the effects of wind-borne sand and ground-living animals, the photovoltaic array shall be
installed at a suitable height above the ground, between 1.5 and 2 m.

6.3 Service life

The service life for the environmental conditions (transport, storage, use) compliant with those for
which the equipment has been specified, is counted from delivery by the Supplier.
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The level of rust, after 10 years, shall be less than the degree of rust of value Ri, defined by the
reference plate in standard ISO 4628/3 or less than the degree of value Re; defined by plate 8 of the
European scale of degrees of rusting for rust-proof paint finishes.

6.3.2 Synthetic materials

For synthetic materials, the service life, criteria and acceptance thresholds are as defined by the tests
used in this specification.

Synthetic materials, apart from elastomers, used to produce a photovoltaic array shall have passed

the

tests described in the following standards :

ol 407

6.4

the

6.5

CEH67—futt-isotationresistance(NF€-26=2
L CEl 695-2-1 : fire behavior ;

. CEIl 1006 : thermal endurance ;

L ISO 62 : establishing water absorption ;

L NF EN ISO 75-1 a 75-3 : bending under load ;
- 1ISO 178 : bending characteristics ;

- 1ISO 179 : impact resistance ;

- 1ISO 1183 : establishing density ;

t NF ISO 1210 : fire behavior ;

L 1ISO 3451-1 : ash content ;

- NF EN ISO 4589-3 : oxygen index;

L type or reference
- serial nu

- date and placé

put conductor (colour code possible) ;
stem for which the module is suitable.

The

6.5.

1 indelibly

the serial

i with the
assembly

1 General constructional characteristics

The D | shall include :

- the list of components used and their source, their name and location plan ;
- the list of materials used, source and temperature and fire behavior.
- drawings required for visual inspection and testing.

least the
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6.5.2 Functional characteristics of the photovoltaic array

The ID shall supply :
- a user manual for the photovoltaic array ;
- an installation manual for the photovoltaic array (power supply, connections, etc.).

6.5.3 Electrical constructional characteristics of the photovoltaic array

The ID shall provide or indicate :
- references to standards concerned ;
- description of the model(s) of module ;
- the type of semi-conductor :
- the c]imate category ;
- the bpx, dimensions, weight, output markings ;
- the number of cells comprising the module ;
- the limit values of ambient temperature, junction temperature, wind,
- the number of cells linked by a bypass diode ;
- essetial electrical characteristics :

- power supplied by a given output voltage, junction te
mass,

adiance and| air

- short-circuit current ;
- hominal current ;
- hominal voltage ;
-ther

- list of circuits connected to ) f ‘ hin
the grray ;

- the ppsition of the conne

- dielegtric insulati

- list of protections.

6.5.4 MecH

The ID sh
- dime
- floor
- referq
- fixing
- prote
- instaltat

6.5.5 Testfile

The test file provides the methods and results of standard tests performed by the manufacturer for
investigation or certification, and also the results of tests performed by users or independent
laboratories, with references for the test laboratory.

Standard acceptance tests are those performed on the prototypes and/or first production models.
They may be repeated, as a whole or in part, at the Purchaser's request.


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

6.6

Copyright (C) 1997, EDF

-13-

Quality assurance procedure

DRE-C 1
June 1997

The ID shall give the list of components in the equipment manufactured using Centralised Quality
Control, or Quality Assurance.

It must also contain copies of the confirmation and/or certification certificates supplied by the
Standards Committee or identified test laboratories.

The manufacturer must describe, in the ID, the checks carried out before and during manufacture
(checks on components and on raw materials).

The description of these operations relates to :

7.
The

Sanction

Any

Nofe : Investigation tests may be perfor

8.1

In ¢
sta
tes

- sampling procedures ;

testand measurement methods

- sanctions applied.

Standard acceptance procedure

b standard acceptance procedure for the equipment includes :
- Study of its compliance with the ID ;
- performance of standard acceptance tests.

equipment which does not pass all the tests is rejected.

Standard tests

rder to be accepted,
ndards CEI 1215, C

: -

ave passed the test procedure de|
721. Table 2 gives a chronological

scribed in
ist of the



https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE - C 1 -14 -
June 1997
Table 2 : Tests on photovoltaic modules
TEST STANDARD TEST CONDITIONS
Appearance conditions other than the following major visual defects may be accepted :
- torn, cracked or broken surfaces
-in a cell, a crack, whose propagation may isolate more than 10 % of the surface of
Visual inspection the cell of the electrical circuit of the module
CEl 1215 - bubbling, or delamination forming a continuous path between any part of the
CEl 1646 electrical circuit and the edge of the module
NFC 57-100 - loss of mechanical continuity causing damage to the insulation and/or operation of
the module
Performanee-in-6F6 CelHemperatare—25-6— i..udimaee—1-9994Ahmi\M%h-Fefefeﬁeeepeetﬁal-dﬁtﬁbution of
solar irradiance according to CEIl 904-3
Insulption 1000 V DC + twice the system voltage at STC for 1 min
Temperature| coefficients CEI 1215
CEl 1646 /\
NOCT Total solar irradiance : 800 W.m ; ambient t \20°C swindspeed’- 1|m.s”
gE: 1625411(53 [BY cr12a2racteristics according to CEl 904-1 w erature NOCT; irradignce 800
Performange in NOCT NFC 57-100 W.m™ “ with reference spectral dlstnbzt(oﬁs{ ce
Performancp under low |-V characteristics according to ith NI te W: 25 °C ; irradignce :
irradiance CEI1215 | 200 W.m?? i itradi
CEl 1646 Total energy exposure : 60 kWh. 2
Exposure in|natural site (\ /\
Performance with local heating CEl 1215 5 expostres of\1 h irra\éia ce 1.00Q W\mﬂin st case localised heating
CEIl 1646
NFC 57-100
uv CEl 1215 under study
CEIl 1646 10 cycles of +85 °C;\85 % RHat -40°C (CEI 68-2-38, test Z/AD)
Humidity - freeze
Humid heat |(continuous) \Q

°C, 85 % RM,(CEI 68-2-3, test Ca)
Sof-40 °C at +85 °C (CEI 68-2-14, test Nb)

Therma| cycles
Strength ¢f outputs g to.CEIl 68-2-21, test U
Twigting ion/s 1.2 degree
Mechanical load ycles iform load of 2400 Pa applied for 1 h successively on the front then rear
surface
Hai| or hail stoné moving at 23 m.s™, directed at 11 points of impact or pendulum test
Impact }ardened steel ball pendulum ((40 mm, hardness R62), height of drop 1 m
AN
Salt mig\\ Duration 96 h, angle 15 to 30° (CEI 68-2-11, test Ka)
Duration 96 h, temperature 85 °C £2 °C (CEl 68-2-2, test Bb)
Dry heat NFC 57-100 | According to CEl 68-2-61, sequence Z/ABDM : dry heat 85 °C +2 (CEI 68-2-2, {est Bb),
Climatic gomposite then humid heat (CEI 68-2-30, test Db), then cold -40 °C +2 (CEI 68-2-1, test Ap) and
tow-atrmespherie-pressurefrequired{CEHS-2-43test———
Prolonged exposure to light Exposure from 800 to 1 000 W.m to stabilisation of Prax within +2 %
radiation
Annealing CEI 1646 Prolonged exposure to thermal radiation at 85 °C to stabilisation of Pnax within £2 %

Leakage current in humid
environment

Water spraying on outputs, and immersion of the edge with application of 500 VV DC to
determine leakage current

8.2 Tests on photovoltaic array

After installation of the photovoltaic array, its current voltage characteristics shall be measured on
site, according to the procedure described in standard CEl 1829.

Other tests under study.
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9. Operating conditions on a photovoltaic array

Under study.
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INTRODUCTION

In the past few years, the number of photovoltaic installations in buildings has been increasing in
neighbouring countries, mainly Switzerland and Germany. The problem of integrating photovoltaic
installations into the architecture of a building is highlighted in the European program "Solar house"
from Joule Il and is the subject of task 16 of the "Solar heating & cooling program" of the International
Energy Agency. Several European manufacturers (mainly German) have subsidiaries or distributors
in France and are beginning projects there.

Table 1 : A new approach to fitting photovoltaic modules in urban sites coexists with the old

approach
Isolated Site Urb;n\
Building existing new
Motivatjon of main contractor | need for electricity architectur: \s\rg%{\v&g

Design function of need functioP/of\\e\ \\\tegtthk\ar(

Type of installation independent collectors on tors b |\$to e Mng shell
supports linked to a frame \

Principle operator photovoltaic company Mpan or manufacturer
The prob the
situation $ vas
necessary on
professional standards in this subject 1. This was done
The requi faic
modules pn a building by the in\ to
installation of the collectors|\.it wa i ' ms
and the bui se 3 ard
for practidg
The desig is a
function ¢ are
treated ag
The text sign
rules and i in

REEF or

1"Frame-mounted photovoltaic systems ", Cahiers du CSTB 2230, April 1988
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Scope of application

This specification defines rules for incorporating photovoltaic modules into buildings.

2,

2.1

Standard references

Standards established by the ISO

ISO 2813 : 1994, Paint and varnish - Determination of specula reflection of non-metallic paint layers

20

°C, 60 °C and 85 °C;

ISO 7599 : 1993, Anodisation of aluminium and its alloys - General specifications for anodic layers on

alu

3.

3.1

3.1.
NF

forming - technical delivery conditions (NF EN 10142) ;

NF
pro

A
Re

NF
allg

NF
NF
PO

NF
cor

NF
abqd

NF
ins
con
NF
ins
ton
NF

minium ;

French standards

AFNOR standards

1 Standards

A 36-321 : 12/96, Hot-dip galvanised continuous-proce

A 91-121 : 08/87, Galvanisation by immersion i
ducts in iron, steel, cast iron ;

91-122 : 08/87, Metallic coatihg

>rfotection against corrosion and preservations
med windows ;

Ilation ~ investigation method for measuring in situ against airborne noise of premises wi
pad-traffic noise ;

5 for cold

- finished

steel -

and their

bf surface

omplaints

d building
noise of

d building
h respect

S 31-057 T 1U/8Z, Verincation of acoustic quality ot bulldings ;

3.1.2 Unified Technical Documents

DTU 33.1 Lightweight frontages (coming out shortly)
DTU 39 : 05/93, Mirrors - glazing

Schedule of technical clauses (NF P 78-201-1) ;
Schedule of special clauses (NF P 78-201-2) ;
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DTU 40.11 : 05/93, Slate tile roof
Statement of works (NF P 32-201-1)
Schedule of special clauses (NF P 32-201-2) ;

DTU 40.12 : 05/93, Asbestos-cement slate tile roof
Schedule of technical clauses (NF P 33-202-1) ;
Schedule of special clauses (NF P 33-202-2) ;

DTU 40.14 : 05/93, Bituminised shingle roof
Schedule of technical clauses (NF P 39-201-1) ;
Schedule of special clauses (NF P 39-201-2) :

Copyright (C) 1997, EDF

DTU 40.2/1 : 06/79, Terracotta grooved or sliding roof tiles
Statement of works ;
Schedyle of special clauses ;

DTU 40.2R : 05/93, Curved terracotta roof tiles
Scheduyle of technical clauses (NF P 31-201-1) ;
Schedyle of special clauses (NF P 31-201-2) ;

DTU 40.28 : 09/96, Flat terracotta roof tiles
Statement of works (NF P 31-204-1) ;
Schedyle of special clauses (NF P 31-204-2) ;

DTU 40.24 : Concrete sliding or longitudinal®g d es
Schedule of technical clauses (NF P 31-20

Schedule of special clauses (NF P 31-207,

DTU 40.25 : Flat concrete roof ti
Sched
Sched

DTU 40.3
Sched

DTU 40.
galvanise

Schedule of-technicalctauses (P 34-205-1) ;

Schedule of special clauses (P 34-205-2) ;

DTU 49:36— TRi T Mg, pre-
Schedule of technical clauses (NF P 34-206-1) ;
Schedule of special clauses (NF P 34-206-2) ;

DTU 43.1 : 07/94, Waterproofing of flat roofs with masonry load-bearing elements
Statement of works (NF P 84-204-1) ;
Schedule of special clauses (NF P 84-204-2) ;
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DTU 43.2 : 05/93, Waterproofing of roofs with masonry load-bearing elements, with slope of at least
5%

Schedule of technical clauses (NF P 84-205-1) ;

Schedule of special clauses (NF P 84-205-2) ;

DTU 43.3 : 06/95, Roofing in ribbed sheet steel with waterproof coating
Statement of works (NFP 84-206-1) ;
Schedule of special clauses (NFP 84-206-2) ;
DTU 43.4 : 05/93, Roofs with wooden load-bearing elements and panels from wood with waterproof
coating
Schedule of technical clauses (NF P 84-207-1 + addendum of 12/95) ;
Schedule of special clauses (NF P 84-207-2) ;

DTU 59.1 : 10/94, Building paintwork
Schedule of technical clauses (NF P 74-201-1) ;

Schedule of special clauses (NF P 74-201-2) ;

DTU 65.12 : 05/93, Construction of flat solar collectors Wi
production of hot water for domestic use.

Schedule of technical clauses (NF P 50-601-1) ;
Schedule of special clauses (NF P 50-601-2) ;
DTU 95.1 : 05/93, Construction of /buildings

majntenance and cleaning of frontag
of works (NF P 95-201) ;

ation” for hegting and

pods for
Btatement

3.2 Standards produced by UTE
NF|C 15-100 : 05/1991,

UTE C 57-100 : 01/1985, ¢ 090, Dj i electrical
engrgy - Photovoltaic mec i ificati elating to

stahdard NF C@O
NF|C 57-101 : 98

zones -
Intermediate standa

NF|C 57-102 8 tovoltai i icati i i zones -
Intermediate :

NF|C zones -
Interrf

NF|C 57-104x; ce to be
applied to-the n asred I-V characteristics of crystalline silicon photovoltaic devices (NF BN 60891,

CE| 891).

3.3 Design rules
Rules NV 65 : 01/94, Rules defining the effects of snow on constructions (DTU P 06-002) ;
Rules N 84 : Actions of snow on constructions (DTU P 06-006) ;

Rules PS-MI 89 : 03/95, revised 1992, Earthquake-resistant construction of private houses and similar
buildings. Scope. Design. Execution. (NF P 06-014) ;

Rules CB 71 : Design rules for wooden frameworks (DTU P 21-701) ;
Rules CM 66 : Design rules for steel constructions (DTU P 22-701) ;
Rules AL : 07/76, Design rules for aluminium alloy frameworks (DTU P 22-702) ;
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Rules Th-K 77 : 01/90, Design rules for effective thermal characteristics of construction walls (DTU P
50-702).
3.4 CSTB Documents

CHEVALIER J.L., FILLOUX A., LYONNET C., "Frame-mounted photovoltaic systems", Cahiers du
CSTB 2230, delivery 288, April 1988 ;

"UEATc technical guide for Approval of insulation systems for external frontages with mineral
coatings", Cahiers du CSTB 2602, delivery 331, July-August 1992 ;

" UEATc technical guide for Approval of external glued glazing", Cahiers du CSTB 2655, delivery
339, May 1993.Legislative and regulatory texts

Decree the
conditiong of volume Il of the labour regulations (heading Il : rds
particular| steps for protection and health applicable to establishments whos$e 0 brm
building work, public work, and all other work relating to buildings.. Modified\and s ow by
decrees §1-989 of 30 October 1981, 92-767 of 29 July 1992, 93-41 of 11 [ of
29 December 1994 and 95-608 of 6 May 1995 (J.O. of 23 Januar , 5
November 1981, 7 August 1992, 13 January 1993, 31 December 19

Decree 75-848 of 26 August 1975 relating to safety of personnel a b of
electrical qument for use within certain voltage limits. Modified b ber

1981 (J.

Notificati n relating to application of decree 75-848,

use W|th|r

ging
lay

Decree 88-
Health, s
electrical
1995) ;

Fire prote
1603, 199

Decree 9

ure

Fire prg
(J.O. dep

Fire protection : di e public (ERP) : general texts (J.O. department, brochure 1477
1993) ;

Very tall huildings:Fi ion (J.O. department, brochure 1536 , 1993) ;

prevention. Legislative and regulatory texts

17

4. DEFINITIONS

Independent(collectors : independent collectors are fixed to the outside of the building With
supports.| They do not provide any enclosure or covering function ; these are building equipnient
components.

Integrated collectors : integrated collectors are components of the building shell, either the roof or
the frontage. They do provide an enclosing or covering function.

This distinction between elements which are part of the building shell and elements which are
equipment means that, among other consequences, integrated collectors are included in the ten-year
guarantee, while independent collectors can only have a two year operating guarantee. Another
consequence is that part of the cost of the collectors is included in the building shell, or even in the
heating system, in the case of "multifunction" modules, which reduces proportionately the initial cost
of the photovoltaic generator.
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The implementation conditions for the photovoltaic modules are summarised in table 2.

Table 2 - Implementation of building-integrated photovoltaics

Photovoltaic modules

Independent

Integrated

Installation
configurations

« on sloping roof with covering of discontinuous elements
« on flat roof or roof covered with waterproof coating

« fixed to a wall without external insulation

« fixed to a wall with external insulation

» component of sloping roof with covering of

discontinuous elements

» component of glass roof

« opaque outside wall of a filling of a curtain wall

« fixed to a light frontage
« balcony shade or sun-canopy

* more or less

s element of an

« full thickness of 4 more or less
« collectors on balcony railing opaq
. claﬁrg\g crete wall
E@uipment collectors, supports P\/\ghgh\gleh\@nts
Rules relating to function or performance of collectors : ule reﬁhﬂg t fun&]‘er/mr perfoqmance of
- exposure to sun Q e
- cooling of collectors re’to sun
Rules relating to safety : - coRling of collectors
- stability (fixing of supports) g to safety
- electrical hazard - stability
- safety of worker: - impacts
- fire

Implementation Rules

Rules relating to retention of functiona cteristics. of

building shell :
- maintenance of roof or facade

NN

- electrical hazard
- intrusion, explosion
- safety in use

Rules relating to habitability :
- stability

- waterproofing and airtightness

- hygrothermal comfort
- acoustic comfort

- appearance

- health

Rules relating to durability :

- accidental impacts
- maintenance

- hygrothermal

- occurrence of

- solar protections

R

Indepen

6.1

N

nt modules

Installation configurations

b) independen
¢) independen
d) independen
e) independen
f) modules on
g) modules on

t modules on flat roof or waterproofed roof ;

t modules fixed to a non-insulated outside wall ;
t modules to an insulated outside wall ;

t modules fixed to a light frontage ;

balcony shade or sun-canopy ;

balcony railing.

) indapnndnnf modules on clnping roof covered in discontinuous elements ;
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6.2 Collectors

The photovoltaic modules are the subject of test standards and specification sheets intended to
guarantee their suitability for use (standards NF C 57-100, NF C 57-101, NF C 57-102 and NF C 57-
103).

6.3 Supports and fixing components

Supports and fixing components shall be suitably protected against corrosion, for example :
- paint protection defined in DTU 59.1 "Painting" ;
- hot-dip galvanised steel defined by standard NF A 91-121 at 600 g/m2 ;
- continuous-process galvanised sheet steel, defined by standard NF A 36-321, cla

- zinc{coated steel defined by standard NF A 91-201, Zn 120 (apart from i ofy-mafline
envifonments : Zn 200 or Zn Al 120) ;

- alumjnium alloy ;
- stainless steel (mainly for screws and fittings).

Support dalculations are performed according to the relevant rules :
- Ruleg CB 71 (DTU P 21-701 - wooden frameworks) ;
- Rules CM 66 (DTU P 22-701 - steel constructions) ;
- Ruleg Al (DTU P 22-702 - aluminium alloy frameworks

6.4 Implementation rules

A distinct i 5 e collectors, those relating to
safety an i ics of the building shell.

6.4.1 Fund|
Two parg i idi rS in the performance of the collectors.
These ardg g of the collectors on the other.

Exposure on\ their, orientation, their gradient and any shadows| In
some ca$ ' artsson a flat roof - the collectors may be oriented to|the
south, wit g ' over the year, and all shade avoided.

In other ¢ i huilding frontage, for example - orientation and gradient of [the
collectors imi here may be some shadow, but this may be permissiple,
bearing ir}

The perfd oltai€ modules depends on their temperature. To give some idea of
the order|o ing the collector temperature by 10 degrees increases the collegted

power by the temperature of a collector insulated on its underside may exceed [the
ambient femperature~by about fifty degrees, this difference is easily halved if the rear surfacg is
ventilated| giving,a powenrinhcrease of more than 10 %.

It is therefore-strongly recommended that natural or forced ventilation is used to cool the undersid¢ of
the collectors. Independent collectors shall be naturally ventilated by wind and thermal draft. In all
configurations, an air-gap of at least 5 cm should be kept behind the modules.

6.4.2 Rules related to safety

6.4.2.1 Safety of workers

Installation of the collectors, maintenance operations on them or on parts of the roof or building
fagade which they cover shall always be performed in accordance with the conditions of the decree of
8 January 1965 on general safety rules for workers, and those of the decree of 14 November 1988
regarding protection of workers in establishments using electrical currents.
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Workers installing photovoltaic modules on the roof or fagcade of a building are mainly exposed to
risks of falling and of electrocution. The first risk is not specific to this type of installation but it should
be mentioned ; independent collectors shall not actually be installed by building workers (roofers
aware of safety rules on a roof, for example).

Risk of electrocution is specific to photovoltaic installations. Collectors are powered up as soon as
they are exposed to light. It is recommended that modules should not be connected until they are all
in place. The level of care taken during this operation shall depend on the voltages concerned,
because of the number of modules in series. The module field could be covered, but this is not
normally necessary.

6.4.2.2 User safety

Usgr safety is not threatened in principle by correctly installed, independent phetovoltaic mddules. As
a reminder, we can mentioned the specific risks (outside the scope of t ument, “elating to

collector installation) of photovoltaic installations in isolated sites, whic batteries
located in residential premises.

6.4.B Rules relating to retention of functional characteristics of the building shell

6.4.B.1 Maintenance of roof or building fagade

Collectors on or in front of an element of the shell shou e 9 i element.
The frequency of maintenance operations on the building shell déep ) ment and
the|site ; i 2 1 tors on or
in ffont of an element of the shell may encourage . i f rubbish,

and therefore require more frequent mai

is denerally the case on flat roofs or on ildi ¢ i is different

Or fthe collectors do block br sloping
roofs when the collec | required
is therefore re d collector.
Removal is p fic tool is
required and there i
6.4.B.2 Retention of waterpro
a) independent-modules-or
The beams if
Fequi y 21 of the
5chedute 3 rs on the

roofing

The,'supports penetrate the roofing in accordance with the various roofing DTUs, DTU 40.11 to
10.36 (see illustration on figure 22 of schedule CSTB 2230).

b) independent modules on flat-roofing or waterproofed roofing :

Installation work for collector supports shall be carried out in accordance with DTU 43.1 and 43.2,
for a roof whose load-bearing component is made of concrete, or DTU 43.3 or 43.4, for a roof
whose load-bearing component is not concrete ;

In general, penetration of the roof is avoided. The collector support is anchored in a concrete
block, for ballast, placed on the waterproofing with an intervening layer (expanded polystyrene, for

example) whose density is at least 25 kg/m2 with a minimum thickness of 3 cm (see illustration on
figure 1e of DTU 65.12).
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This solution is permitted if the gradient of the roof is less than 5%. The overload on the

waterproofing shall be no more than 1 N/cm? bearing in mind the weight itself and climatic
overloads. The concrete mass shall be movable, with no need for lifting gear, to allow the
waterproof covering to be repaired if necessary.

¢) independent modules fixed to a non-insulated outside wall :

The supports are fixed to the wall, either by penetrating screws or, more often, by metal brackets
fastened to the wall. The strength of the fastenings is determined either according to the known
values for heavyweight aggregate concrete walls or by tests in situ.

d) independent modules fixed to an insulated outside wall

The supports—are—sitherfixed-to-thewall-as—above—or-to-the secondarn/framework—with-the
OPPP 7 B4 7

agreerment of the designer.

The external coating is penetrated according to the code of practice for a trad the

technical notification for a non-traditional system.
e) indepepdent modules fixed to a light building frontage

The sUpports are fixed to the secondary framework of the light fronta e the
designer

f) modules on balcony shade or sun-canopy
Depenlding on the type of facade concerned, one of the
g) modulgs on balcony railing

Collectors are installed instead of, and in C F P
01-012 "Dimensions of handrails. Safety rules\Sta drails”". In applying this standard,
collectprs are classed as narrow handrails
7. Integrated collectors

Integration consists of using ‘ ension and composition, as a roofing or
cladding g¢lement, or as a more or. less opa i 5 of a light fagade.

7.2 Equipment

Integrated Callectors are parts of the building shell, acting as an enclosing or roofing part. They [are
included intheter Fyear-guarantee:

They are non-traditional roofing or fagade elements, which shall therefore be covered by the relevant
technical Recommendation :

- by specialist Group n° 5 (roofs, roofing, waterproofing) if they are roofing elements ;

- by Group n° 2 (construction, fagades and light panels) if they are light facade elements ;

- by Group n° 7 (additional waterproofing and insulation products and systems for vertical walls) if
these are attached cladding elements.

Bearing in mind, however, the innovative nature of the techniques for integrating photovoltaic
modules into the building shell, the ATEx procedure (experimental technical evaluation) is the best to
use in the first place. ATEXx is located upstream of the technical Recommendation, and is intended to
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assist the initial experimental operations for a new technique. Many ATEXx also cover the use of glass
in the building shell (fagcades, glass roofs).

7.3 Design and implementation rules

There are two types of rules to follow : those relating to the photovoltaic function (see 6.4.1) and
those relating to the building shell function (see 6.4.2 to 7.3.4). These are mainly included in the
DTUs relating to the roof and the fagcade, mentioned in section 0. As regards light facades, a DTU
(33.1) is presently being drawn up. The content of sections 6.4.2 to 7.3.4 are inspired by the draft of
this DTU.

7.3.1 Rules relating to operation or performance of the collectors

Twp parameters relating to installation are deciding factors in the performe collectors.
These are exposure to the sun on the one hand, and cooling of the collectors

Exposure to sun of the collectors depends on their orientation, their gradient and an a S.

For integration on the roof or building frontage, orientation and grad tors shall
probably not be optimal, but this may be permissible, bearing i i i t and the
"mIIti-functionaI" nature of the collectors.

The performance of the photovoltaic modules depends on irten 2 Y i e idea of
the| order of magnitude, dropping the collector tempere ir collected
power by about 5 %. Since the temperature of a collg [ ) i i xceed the
ampient temperature by about fifty degrees, thi i i ¢ i surface is
veritilated giving a power increase of more than 10 %.

It ig therefore strongly recommended that na i Herside of
the|collectors. A ventilated air-gap (in th S€ O pt behind
the|modules. Forced ventilation using ; it wi Ip in heat
recpvery.

When making provisional perfofmance\calctiati ic i ion, sideration
mugt be given to the cooling\method\0 ; , iri ivi effect of

temperature on existing\pe . € , i [ , willl allow the
effgct of the moitin
7.3.2 Rules relatin, afe
7.3.p.1 Stability

The photoydltaic co of the shell shall not break down or deteriorate under all the gperations
which may\ cause resulting from weight, atmospheric agents, stresses genefated and
suffered b nai ture, and operating loads on the roof or the fagade.

ormal stresses, according to NV rules (section 3.1.), the mechanical sfrength is
satisfied and distortion (bending, twisting, movements of support) of the framework elements,
joinery and filling are such that the fillings are held in place at all times and the perfofmance of

tha watarnraof claddinas-is-not comnpromised-—:
tHe-WateHplrooHcaaaiRgs1sRot+-6emMproliseda—

- under all extreme stresses according to NV rules(section 3.1.), the photovoltaic component of the
shell shall not be put "out of service", always according to the same rules.

The mechanical stresses, either permanent or momentary, must be determined, as well as their
possible combinations, and then verifications made to ensure that the effects of each stress or
combination of stresses does not exceed permitted values.

The stresses to be considered are : weight, wind and snow, variations in temperature and humidity,
operating loads, earthquake, and as required, in general, any stress such as that on the main
structure (operating overload, differential settlement, vibration, etc.).
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7.3.2.1.1 Effects of wind and snow

Values of pressure, depressions and vibrations caused by the action of wind are calculated by
applying current rules in force (DTU 39, rules NV 65) defining the effects of wind on constructions or
determined by measurements in a wind tunnel, where conditions of exposure, height and/or the shape
of the building do not allow these rules to be applied.

Loads caused by snow must be considered for roofs and any fittings on the building fagade. The
design rules applicable are the snow rules N 84.

7.3.2.1.2 Effect of variations of temperature and humidity

By exemptiomfronT Totes AL anmd—CM—and—toevatuatethe effects—om dimensions—of vartationy of
temperatyre and humidity, the limiting temperatures of materials to be considered are ~20°Cyand +
80°C, subject to climatic conditions or particular circumstances.

Dimensiopal variations in elements, and the resulting clearances, accom i sembly [are
evaluated by reference to experience, and if necessary, by calculation. Mo a iation
(of around 50°C) in the temperature of the outside wall, resulting/for>exa jed
insolation|followed by a sudden downpour should not cause any prgblems on the p Ass

roof.

Some copstruction conditions, those relating to air-gaps, eve
opaque glass for example, need the range of extreme te
ground t¢ be established. The consequences, especi
waterprogf cladding, must be considered, bothras reg

or breathing, behind non-
hich_may be reached on [the
ion, filter components, and

7.3.2.1.3 | Effects of operating loads
These arg static or dynamic temporary loads
For loads|from human pressure

Pods and|cleaning equipment are covered in xcéptional dynamic loads, or pressure other

than human on the wall, must.be specified™b

7.3.2.1.4 | Effects ofq
There is |no specific te { ke protection requirements for structures are |the
responsitjility of the maif be supported by application of the PS 69 rules.

NOTE : Ne¢w rules, PS 89, are € which may be applied to support requests of Main Contracfors.
These new rules shall be hen the application decrees are published.

The decree 91- kes the new earthquake areas of France official, and shows that,
in considering.ea thquake isk, buildings, equipment and installations are divided into two categorjes,
called nofmal risk i S

Preventafjve me&asures~aon/normal risk buildings are covered by the application decree signed on 16
August 1992, This decree defines, in particular, the classification rules for new, so-called normal fisk
buildings,| the“construction rules to be applied to these buildings and the date of application of these
rules. The decree of 10 May 1993 covers special risk installations.

7.3.2.1.5 Combination of stresses

In order to verify constraints by calculation, combinations are made according to rules CM166 for
steel and AL 76 for aluminium. For general verification of bending and movement, and subject to
particular specifications, weight, wind and snow, if any, shall be combined. In the particular case of
the effects of earthquakes, the combination of stresses must comply with the specific regulatory texts.

It is then necessary to check that the effects of each stress or combination of stresses does not
exceed the permitted values for mechanical strength and distortion.
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The mechanical strength of the fagcade or glass roof elements and connecting components is
confirmed by application of rules AL 76 and CM 66. For stresses, the characteristic stress under
extreme wind conditions, bearing in mind the weightings for calculating rules CM 66 or AL 76, shall be
less than the elastic limit. The admissible bending of secondary structures and frameworks shall be
1/300™ of the range, at a pressure PN corresponding to the resulting unitary action under normal
pressure, bearing in mind local action, depending on the location concerned. Moreover, DTU 39 must
be observed when calculating thickness of glass. For constructions not covered by regulations, in the
sense of the NV rules, refer to section 6.4. of these rules.

7.3.2.2 Safety in the event of impacts

Personnel safety must always be ensured in the event of exceptional impacts arising from normal
000 . . )

Under the effect of these exceptional impacts called "safety impacts" the photovoltaic €Component of

the[shell, within the regulation safety height, may be damaged, but any dé ustinot jeopardise,
in particular, the safety of persons (not being the cause of the impa er infernal on external,
ampng others, caused by the dropping of blunt or cutting debris, or ite i e serious
injury to these people. After this impact, there is no longer any rec . sdfety to be

engured by this structure. The person causing the impact should ‘ ' de.

A requirement is applicable for a residual protection in the of impact
energy which components must be capable of resisting -302. The
energy level depends on the position of the structure j yone.
NOJTE. - The main contractor is recommended, for lig sed to very
severe accidental impacts (vehicles, mobilex effects of
thege impacts.

7.3.R.3 Fire protection

In the event of fire, the occupants mut be z i i 5t be able
to pe transported without s i S i jecti aterial or
dis¢harge of toxic gases.

Quality rules are to > . ple these
rulgs may be s{:ﬁy i ingon Whether the building is for residential use or is an E.R.P.
The¢ materials discharge
shg

Toxi otovoltaic
cor

The fi limited to
one

The

Thd heutd, depending on the types of building or activity involved, comply with the rules in
forg¢e s brochures of the official Journal n°1477 (E.R.P.), n°1540 (general and various textg), n°1536
(Vgry~Tall Buildings), n°1603 (residential buildings), and labour laws.

7.3.2.4 Electrical safety

The occupants should not suffer any bodily injury which may result from the use of the electrical
installations under conditions which may reasonably be expected.

Unless otherwise specified, metal parts of the photovoltaic components of the shell are not earthed.

Electrical equipment, fitted on or in photovoltaic components of the shell, must be chosen according
to service conditions and external influences specified in section 32 and section 512 of standard NF C
15-100.
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The choice of electrical ducting shall comply with the regulations in force (section 521 of standard NF
C 15-100) particularly for ducting embedded in the walls. Electrical ducting may not pass from floor to
floor through the facade.

7.3.2.5 Security measures against intrusion or explosion

Unless otherwise specified, the photovoltaic component of the shell is not involved in safety of goods
and persons against deliberate attacks. It is therefore not intended to resist either intrusion or stresses
caused by explosions or vandalism.

7.3.2.6 Safety in use

Normal cleaning and maintenance operations should cause no risk to operators or third parties.

For clearing and maintenance equipment, the pod for example, user safety be
achieved py design of the facades, and depends on the conditions of use of the
Safety in Lise of glazed parts is supported by application of the regulatory texts
7.3.3 Rules relating to habitability
7.3.3.1 Airftightness and waterproofing
The building shell, under the conditions relating to implementation~e i ind effectg of
stress listed in 7.3.2, must ensure waterproofing and air-tigl etwee internal and extefnal
environments. The concept of air-tightness is understood as a limitationo permeability, that is control
of unavojdable air flow (therefore including dust, show, irisect/penetration, etc.), and thaf of
waterprodfing is considered to be the absence ist ¢ [ e to
the user, pnd elements of both the fagcade orthe glass f i uld
be damaged by this.
If the phatovoltaic component is a sloping roof i ra
cladding ¢lement, only the wate i i ies. K it\s the
glass roof, air permeability is i
7.3.3.1.1 [ Air permeability
The wall,| when subj ide
environment caused ir uld
not cause intake of an aj

- reduce the comfért o

- repregsent a s
At a prespure~P1 ‘of sulting unitary action corresponding to normal pressure, without
consideripgdocalacti eability must be no more than 1.5 m*h.m% At a pressure P2 equdl to
the resulling uni i ofresponding to normal pressure, without considering local actigns,
permeability must(be ore than 4 m%h.m?. These performance levels are to be considered under
both posifive and negativepressure.

The air perméability performance may only be evaluated by reference to an approved classificatiorp or
by conventiomatbenchrtests:

7.3.3.1.2 Waterproofing

The fagade or the roof is designed such that, subject to a pressure difference P3 corresponding to
50% of the pressure equal to the resulting unitary action corresponding to normal pressure, without
considering local actions, it remains proof against rain, with the criteria required listed below :

- internal areas accessible to the user are not dampened by rain water ;
- the thermal characteristics, air permeability, mechanical strength are not degraded ;

- the parts of materials of the fagade or glass roof which could be degraded by a rapid drop in
temperature associated with standing water are properly drained.
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Performances are to be considered only under pressure. The waterproofing performance can only be
evaluated by reference to an approved classification and/or tests, or by conventional bench tests.

7.3.3.2 Hygrothermal comfort

7.3.3.2.1 Thermal comfort

The design and realisation of the building shell, must contribute to the energy saving requirement and
the overall thermal insulation of the building.

The photovoltaic components of the shell in their contribution, must comply with the thermal
regulations in force (design rules in the C.S.T.B.'s R.E.E.F.).

7.3|3.2.2 Condensation

The internal walls must remain within a humidification level, above At e\comfort of the
ocdupants would be compromised.

Co gated and
properly ventilated or air-conditioned, must be limited.

Condensation is directly linked to the effective internal hygro [ .Mhe stafement of
works shall therefore specify the hygrothermal operating condition tf ilding, and the external

temperatures to be considered.

If these details are not available, the following internal conditions e’ used in the desjgn of the
phatovoltaic component of the shell :

Beflore stabilisation of the main structure(concrete c.ya higher level of relative humidity in
the|air may temporarily cause greater fon-

Un specified, whng ¥ thermal resistance is used (less than 0.05
m?} e acondensation>water collecting device must be inclyded.

7.3.

Thé >hthat; bearing in mind the links to the main structure :
uilding shall not be excessively annoying for the odcupants ;
shall be adequately deadened so that it is not intolerable for

all be caused by the structure when subject to normal internal and

It ig ed\t these ‘walls comply with the acoustic requirements if they are in accordance with
regulati in<fe ee of 6 October 1978 modified by the decree of 23 February 1983, relating
to 4 ic_insulation of residential buildings against noise for the internal space, and standards NF S
3-0[10, NF\S'31-054/NF S 31-055, NF S 31-057).

7.3.B.4\. "Appearance

The external walls shall have a normal appearance both outside and inside, without visible abnormal
complexity, with respect to that requested by the call for tenders. The continuous lines shall be
suitably straight. The appearance of the shell of a building and its durability may not be judged
without reference to its normal maintenance (see 7.3.4).

The appearance of the anodised aluminium shall meet all the specifications of standard ISO 7599.
Unless specifically required otherwise, the reflectance of the anodised aluminium measured
according to standard 1ISO12813 at 60° shall be between 13 and 21. Deviations in shade of the
anodised aluminium shall correspond as a maximum to grade 3 on the grey scale, according to
document ISO R 105/1, part 2.
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Reflectance of enamelled products shall be measured according to Standard ISO 2813 at an angle of
60°. There are 3 possible categories for this reflectance :

- Category 1: 0 - 30 + 45 units
- Category 2 : 30 - 70 = 7 units
- Category 3: 70 - 100 = 10 units

Anodised and enamelled products shall comply with Standard NF P 24-351. Current certifications for
anodised and enamelled products are QUALANOD and QUALICOAT.

Evaluation of the quality of appearance of other products, especially glazing used for the fagade,
depends on these products and shall be made according to the stated criteria for these products. This
evaluatio i

7.3.3.5 Health

The component materials of the photovoltaic components of the shell sha
normal operational conditions, noxious gases, radiation or noxious dust
independently or together (composite fillings for example), a suitabl
normal dperational conditions, and especially under the influence
temperatyre.

7.3.4 Rules relating to durability

Bearing in mind normal degradation factors (corrosion, i ] ¢.) and with normal
maintenance and use (impacts resulting from i tcthe hall retain all its qualities
resulting from the previously-mentioned funetions safety_ahd habitability, throughout
the life span normally expected, according tothe type i

A photovoltaic component of the shell must retai i ional characteristics (component parts
and fixings), including its appearance and p At t be a cause of excessive nuisapce
to the ogcupant, under the effe : hout exceptions, arising from normal
occupation.

7.3.4.1 Ac¢idental impact

The requirement wit taic
component of the she : as
"performgnce conservatio

The energy level of the shock, whi and
shall comply with standa P in

the buildi

7.3.4.2 Mdintena
The photgvoltaic. modules shall be maintained according to the manual provided by the manufactuter.

The photpvoltaic: component of the shell shall be regularly maintained, to retain its qualitied of
appearangeidn order to do this, annual cleaning is recommended.

7.3.4.3 Hygrothermal

Some constructional conditions, for example those requiring ventilated or breathing air gaps behind
non-opaque glazing, require the maximum temperature levels which may be reached in sunshine to
be determined. The consequences, especially for the insulation and the filling elements, shall be
considered from the point of view of security requirements and durability requirements.
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1. Scope

The present specifications apply to electrogenerator sets intended for emergency or backup use in
installations for the electrification of isolated sites.

Its aim is to provide users with the appropriate levels of reliability and safety in this equipment
throughout its estimated service life.

It applies to any electrogenerator set powered by a combustion engine, having a low-voltage output
with a nominal output power between 1 kW and 50 kW, and intended to provide electrical power to
isolated sites used in the systems whose typologies are described in Part 2 of the Quality Charter.

anual of
ructions or design specifications.

Compliance with this document does not absolve any person, organisation or_corpgration] from the
responsibility of complying with all other appropriate regulations.

NOJTE. - Certain provisions contained in this document arise from standardisa ] ati or French
level. In the latter case, an explicit statement to that effect is made bV s must be
observed.

2. |References to regulations and standards

2.1 ISO Norms

ISQ 3046-1 : . Normal
refe

1S hethods.
ISQ 3046-3 : 3 : Test
mepsurements.

ISQ 4628/3 : 1982, Pa shes, - Evalua i i surfaces -
Designation of the in i in i esignation

of the degree of rustir

ISP 8528-1 ¢ %
con i ines

ctrogenerator sets driven by reciprocating| internal-
haracteristics and performance (E 37-301).

ISQ : ) e [ pent electrogenerator sets driven by reciprocating| internal-
cor ine

ISQ : 9 4 ng-current electrogenerator sets driven by reciprocating| internal-
combu engi 3 :"Alternators for electrogenerator sets (E 37-303).

ISQ Alternating-current electrogenerator sets driven by reciprocating internal-
combustion(engines Part 4 : Control and switching equipment (E 37-304).

ISQ 85285 : 09794, Alternating-current electrogenerator sets driven by reciprocating internal-
combustion engines - Part 5 : Electrogenerator sets (E 37-305).

ISO 8528-6 : 09/94, Alternating-current electrogenerator sets driven by reciprocating internal-
combustion engines - Part 6 : Testing methods (E 37-306).

ISO 8528-7 : 08/95, Alternating-current electrogenerator sets driven by reciprocating internal-
combustion engines - Part 7 : Technical declarations for specification and design (E 37-307).

2.2 IEC Norms

IEC 364 (series) : Low-voltage electrical installations Regulations (NF C 15-100 and HD 384 series).

IEC 529 : 1989, Degrees of protection procured by envelopes (IP Code) (NF EN 60529, classification
NF C 20-010).
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IEC 536 : 1976, 1992, Low-voltage electrical equipment. Protection against electric shock. Safety
regulations (NF C 20-030).

IEC 34-1 : Electrical rotating machines - Assigned characteristics and operating characteristics (10th
edition 1996-11).

IEC 34-2 : Methods for the determination of the losses and output of electrical rotating machines
based on testing (excluding machines for traction vehicles).

IEC 34-5 : Classification of the degrees of protection procured by the envelopes of electrical rotating
machines (IP code).

IEC 34-6 : Methods of cooling rotating machines.

IEC 34-7 —Ciassificatiomof the—structuratstrapes—andmounting—arrangementsfor efectricatTotating

machines| (IM Code).

IEC 34-8 | Extremity and direction-of-rotation markings of rotating machines.

IEC 34-9 | Electrical rotating machines - Noise limits.

IEC 34-14 : Mechanical vibrations of certain machines with axis height gxce 3 €4 € m -

Measurerment, evaluation and limits of vibrational intensity.
IEC 34-16-1 : Systems of excitation for synchronous machines. C ion
1991-02).

IEC 34-16-2 : Systems of excitation for synchronous machin ¢ of
grids (first edition 1991-02).

IEC 34-16-3 : Systems of excitation for syn
edition 1996-01).

IEC 34-22 Electrical rotating machines -
engines with pistons (1996).

IEC 38 N

IEC 72-1 eleetrical/rotating machines - Part 1 : Designatiof of
bodies be i

IEC 245
450/750V

IEC 287 (

IEC 439-
derived a

IEC 364 :
IEC 529 :

IEC 721-2-1 1982"Classification of environmental conditions - Second part Environmental conditipns
present il nature - Temperature and humidity (NF C 20-000).

IEC 947-1—1988tow-voltage—equipment—=Firstpart———GeneralTegutations (NF—EN—860947-1,
classification C 63-001).

IEC 1000 : Electromagnetic compatibility.

First

ion

ing

es-

IEC CISPR 11 : 1990 : Limits and measurement methods for the characteristics of industrial, scientific
and medical (ISM) equipment subjected to radiofrequency electromagnetic interference.

IEC 1024-1 : 1990 : Protection of structures against lightning - First part : General principles.

2.3 CEN and CENELEC Norms

EN 12601 pr : 09/96, Electrogenerator sets driven by reciprocating internal-combustion engines -
safety (AFNOR draft : E 37-351).
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2.4 Regulations applicable in France

2.4.1 Laws

76-663 of 19 July 1976, relating to installations classified for the protection of the environment.

2.4.2 Decrees

88-1056 of 14 November 1988 relating to the protection of workers in establishments using electrical
currents.

93-1412 of 29 December 1993 relating to the general provisions applicable to installations classified
for the protection of the environment subject to declaration under the heading 2925.

2.413 Orders

25 June 1980 approving the general provisions of the safety regulation<agains i€ f fire and
panic in establishments admitting the public (see 2.2 for the norm UTE

2 January 1986 relating to the limitation of the sound levehk of i emitted by
elegtrogenerator sets (EEC Directive 84/536).
2.414 Circulars

DRIT 89-2 of 6/2/89, as amended on 29 July 1994 m nsure the
protection of workers in establishments using electrical curre B-1056).
2.415 Other regulatory texts

Teghnical specifications of the Groupe d'f
Electroniques (GPEMMEE) [Study Gr
Eqlipment]

des Matériels Mécaniques, Elegtriques et
ats for Mechanical, Electrical and Electronic

2.5 Norms applicable in

2.5/1 AFNOR Norms

XP|E 37-309 ¢ pts driven
by reciprocating inte

NF|I1SO 8528- S ati driven by
rec|procating inte 5 st ance.
NF|1SO 8528-2 (classiii driven by
rec|procating.internal

NF|1SO™8 3 Si driven by
rec|procating-

NF|1SO8528-4 (ctassification E 37-304) 09/94 : Alternating-current electrogenerator sets [driven by
rec|procating internal-combustion engines - Part 4 : Control and switching equipment.

NF ISO 8528-5 (classification E 37-305) 09/94 : Alternating-current electrogenerator sets driven by
reciprocating internal-combustion engines - Part 5 : Electrogenerator sets.

NF ISO 8528-6 (classification E 37-306) 09/94 : Alternating-current electrogenerator sets driven by
reciprocating internal-combustion engines - Part 6 : Test methods.

NF ISO 8528-7 (classification E 37-307) 08/95 : Alternating-current electrogenerator sets driven by
reciprocating internal-combustion engines - Part 7 : Technical declaration for specification and
design.
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2.5.2 UTE Norms

UTE C 12-201 : 4/92, 2/96, Official texts relating to protection against the risks of fire and panic in
establishments admitting the public (extracts concerning electrical installations (see 2.4.3 for Order of
25 June 1980).

NF C 15-100 : 05/1991, 12/1994, 12/1995, Low-voltage electrical installations. Regulations.
UTE C 15-401 concerning installations of combustion-engine groups - generators. Practical guide.

NF EN 50102 : 6/95, Degrees of protection procured by the envelopes of electrical equipment against
external mechanical impact. IK Code. (NF C 20-015).

NF C 15-100 0579 tow-voitage efectricat mstatiations—Regutations (equivatent to tEC-346-amdHD
384).

UTE C 18 510 Collection of general safety instructions relating to electricity.

UTE C 18 530 Electrical safety notes intended for qualified personnel.

NF C 32-
not exceg

NF C 32-
cross-link|

NF C 32-
chloride p

NF EN 60
NF EN 60
NF C 51-

NF C 51-
with keying".

NF C 51-110 February 1977 "E
NF C 51-111 “Electrot
machines|' (equivalent\to’the
NF C 51-112 Novembe
losses an

hge

by

nyl

ries

ing

the

NF EN 6 5 Of
protection
NF C 51- ing

arrangem

NF C 51-118 February "Electrical rotating machines - part 8 : Extremity and direction-of-rotation
markings [of#etating machines.

NF EN 60034-9(ctassification C 5 1-119)~Etectrical Totating machines - Ninth part — noise fimits
(equivalent to IEC 34-9).

NF EN 61000 : Electromagnetic compatibility.

3. Definitions

Environmental conditions : Characteristics of the environment (altitude, temperature, humidity etc.)
that may affect performance.

Lifetime : Effective operating time taking account of the probability of the occurrence of a
catastrophic failure.

Assigned frequency : ratio of the assigned power to the apparent assigned power.
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Electrogenerator set : equipment producing electrical energy with the aid of a fossil fuel ; it consists
mainly of a reciprocating internal-combustion engine producing mechanical energy, a generator
converting the mechanical energy into electrical energy, and components for mechanical
transmission, support and mounting.

Scheduled maintenance : Preventive maintenance performed in accordance with a laid-down plan.
Unscheduled maintenance : Necessary maintenance in addition to that provided for in advance.

Assigned power (apparent assigned or nominal power) : Maximum apparent electrical power
continuously provided by a electrogenerator set in accordance with its specifications and under
normal operating conditions. It is expressed in VA (voltamperes) or, more commonly, in kKVA.

Assi tinuously
provided by a electrogenerator set in accordance with its specifications and-und operating

Assigned reactive power : vector difference between apparent assigne 3 ivel assigned
power, expressed in VAR.

Assigned voltage : voltage between phases at the alternator 4
and assigned power.

frequency

Assigned speed of rotation : speed of rotation requi
vol{age at the assigned frequency.

4. |[Symbols and abbreviations

GS|: Standby electrogenerator set.
5. [Conditions related to the environme

5.1 Normal reference conditions

The reference environm , erator set
in grder to define its assi i p28-1, are
as follows.

Engine : the ' engine in
acdordance with the

e lotal barom

Alternator.;-the_following conditions apply for the definition of the apparent assigned power of the
altgrnator,in accordance with the norms NF C 51-111 and NF ISO 8528-3 (France) or IEC| 34-1 and
IS 8528-3 (international) :

e ambilent air temperature below 4U°C (0T3K) ;|

e cooling air temperature below 40°C (313 K) ;
e cooling water temperature below 25°C (298 K) ;
¢ altitude less than 1000 m above sea level.
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Control and switching equipment : the following normal reference conditions apply for the
adjustment of the control and switching equipment, in accordance with the norms NF C 64-439-1
(France) or IEC 439-1 (International) :

e maximum temporary ambient temperature : 40°C (313K) ;
¢ relative humidity : 50% at 40°C (313 K) ;
o altitude less than 2000 m above sea level.

5.2 Normal extreme conditions

The extreme reference environmental conditions applicable to the main components of a
electrogenerator set are as follows

Engine : the extreme conditions for the use of the engine in accordance with the r
follows : tp be completed (if a usable reference document exists)

as

¢ total barometric pressure : minimum 100kPa (1000 mbar), maximum.,
e air femperature : from...°C t0...°C ;
e relative humidity : from..% to.. % ;
¢ temperature of coolant for the supercharging air : from..°C to

D
>
o
S
3
7
Z
@}

Alternatadr : the extreme conditions for the use of the altern
51-111 (Hrance) or IEC 34-1 (international) are as follows :

e ampient air temperature : between -15°C and +4
60QVA and between 0°C and +40°C for ines lesg’than 600VA ;

o tenjperature of the cooling air : as for ambient a
e tenjperature of cooling water between +5°
o altifjude less than 1000 m above sea |

eds

These cohditions should be cofisid fe itio the
installation of the electrogenerat

Any forespeable operating ¢
equipment (excessive di

the technical specificatior
5.3 Site conditions

The site ¢onditions Jer v : i its
mode of iphstallation, ma & i the
Contractdr 2 3 the
Contractdr and any .\

5.3.1 Climatic conditi

The Confractor’must inform the Manufacturer of the electrogenerator set of the upper and lower
extreme |ambient temperatures and the conditions of relative humidity under which [the
electrogenerator set must operate, no matter what its mode of installation.

When the site conditions are unknown, and unless otherwise specified, the following nominal site
conditions should be used (see NF ISO 8528-1) :

o total barometric pressure 89.9kPa (1000 mbar) ;

e air temperature 25°C (298 K) ;

¢ relative humidity 30% ;

o temperature of coolant for the supercharging air 25°C (298 K).

The external climatic conditions shall be notified in all cases to the Manufacturer of the
electrogenerator set, whether this be installed indoors or outdoors.
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The default conditions to be taken into consideration are as follows :
e variations in normal operating temperature of the system from -10°C to +40°C ;
e maximum relative humidity 95 % ;

e atmospheric composition equivalent to that of an unpolluted continental atmosphere ;

e altitude less than 1000 m.

DRE-C4
June 1997

NOTE. - In the absence of a normative reference specific to electrogenerator sets, the latter specifications are
those used to define the normal external conditions for wind generators (see document DRE - C 3 "Wind

generator”)

5.3 2 Other environmental conditions -

The Contractor must inform the Manufacturer of the electrogenerator set of the 0
corlditions affecting the design, dimensions and maintenance of thé\electrog
acdordance with the norm NF 1SO 8528-1 :

p altitude (if over 1000 m) ;

» presence of sand, dust or other physical pollutants of th
set

» marine environment (electrogenerator sets operating
» shock and vibrations (earth tremors, presence of‘anotherro
o presence of chemical pollution.

No| minimum specification is given
corlditions.

6. [Performance and constructional 2

6.1| Regulations for de

the|draft norm CEN

o the startgzx:%e
» normal o

» manual or,a

the following :

protection against direct and indirect contact ;
e oise ;

The¢ safety regulations to be use i onstruction of a electrogenerator set ar

ironmental

br set in

generator

fonmental

e those of

e emissions of gas and particles ;
e oil changes;
e etc.

6.2 Conditions of use - Classification of electrogenerator sets

6.2.1 Conditions of use

The two main types of use of electrogenerator sets that are described in Part 2 of the Quality Charter

are single-user (type-T3 topology) and small power station (type-T4 topology) systems.

11
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In these two topological categories, electrogenerator sets are used for the following purposes :
e solely for charging secondary batteries ;

o for charging batteries and standby power supply for all or part of AC loads and for the supply of
dedicated AC loads.

The nature of the utilisation of the standby electrogenerator set must be clearly identified by the
Contractor and notified to the supplier.

6.2.2 Classification of services

Electrogenerator sets are classified by the service they provide. These services, of which there are
four, define—an ernpfghln power for an annual number of rllnning hours. Thny are shown in Table 1.

Table 1 : Classification of electrogenerator sets /\(\
N

Service A B C < \Q
Power maximum variable continuous vafiab vari thé
continuous
Number of hours unlimited 4 000 2\0%\ > 500
Ov{zrload no 10 % single-hOL}f/ KJ\ONn -ho% no
Nuj|ber of 24 24 ~\\_| 1 .
hours/day 6

* . to belstudied case by case (emergency, peak smoothin etc.\/

6.2.3 Clg %
The clasq orm ISO 8528-1 (article 7). The following clasges
are used i sntcompilation of specifications :

Class G1 is such that only minor voltage or frequepcy

constrain ind other electrically simple loads) ;

Class G2 ich\th ; acteristics required are virtually the same as thosd on
the publid a uatio emporary fluctuations in voltage and frequency can be
accepted h

Class G3 : utilisati i equipment supplied may impose stringent requirements ag to
frequency e aye ~Melecommunications and loads controlled by thyristors (batfery

chargers)
NOTE. - C tringent, which is applicable to computer systems, is not used in this context.

The defadlt application class used here is G1 or G2?

The (normalised) reference load conditions are defined by the norm IEC 34-1 article 6.2.2 : they
correspondttoaquasitineartoad;,e—one-which—

e when supplied with a perfectly sinusoidal voltage consumes a current whose instantaneous value
never deviates by more than 5% from the fundamental waveform ;

e when supplied with a balanced three-phase voltage system, neither the negative nor the
homopolar component exceeds 5% of the positive component.

These conditions enable the assigned power of the alternator of the electrogenerator set to be defined
to allow compliance with the supplied voltage conditions specified below. If the electrogenerator set
load does not comply with these criteria, the Contractor must so inform the Supplier of the
electrogenerator set so that they correctly dimension the alternator in electrical and thermal terms. In
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fact a non-sinusoidal current tends to deform the voltage supplied by the electrogenerator set and to
create additional losses in the alternator which lead to additional heating of the windings.

As a general rule, battery chargers do not respect the criterion of the reference load (the current
absorbed is not sinusoidal). In consequence the current characteristics of chargers must be notified
very precisely to the supplier of the electrogenerator set.

Several modes of operation can be envisaged for standby electrogenerator sets, in accordance with
the norm I1SO 8528-1 :

e used alone : the electrogenerator set operates without direct connection to another source of
energy ;

e coupled (grouped in parallel) : in this mode of operation, two or more electrogenerator set are

electrically connected ;
p on the grid : operate for the supply of a public distribution grid ; this does not
apply to the present document.
6.24 Technical definition of the standby electrogenerator set
It i$ therefore the responsibility of the Contractor to define p ditions of
utilisation of a standby electrogenerator set :
» the environmental conditions ;
o the maximum useful power levels and the correg ading ;
o the characteristics of the electrical loads harmonic
content of current etc.).
The technical declarations for the spesifi ended by
the|norm NF ISO 8528-7 (or ISO 8528-
o the Contractor shall express ying with
Annexe A to the norm NF I1SO 8:
» The specification ufacturer of the electrogenerator set and the Contractor
shall be expressed in i rcomplying with Annexe C to the norm NF ISO $528-7 (or
ISO 8528-7 respecti
Since the ass@? ‘ iohs ¢ ogenerator set are usually defined for the nprmalised
reference condi ecifiedN [ , it is therefore necessary for the effective envifonmental
conditions of use,o erator’set to be clearly defined. It must be noted in particular that,
beyond the re ditions (temperature of 25°C and pressure <100kPa), it is nedessary to
proyvide for a ifica e-power of the engine.
6.3 A
The assigned dimensi defining a electrogenerator set are as follows :
>
o the assignedfrequency ;
o the assigned power and the corresponding regime of operation in compliance with|the norm

o the class of application ;

e the assigned current ;

e the assigned power factor ;

e the maximum ambient temperature ;
e the maximum altitude for utilisation ;
o the nature of the fuel.

13
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6.4 Characteristics of the voltage supplied by the electrogenerator set

The voltage supplied by the electrogenerator set to power a reference load complies with the norms
IEC 34-22 and NF ISO 8528-3 (ISO 8528-3), depending on the application class (G1, G2 or G3).

The main performance figures for a generating-set alternator in the application class G1 supplying a
reference load and powered at the assigned speed are as follows :

e voltage deviation in continuous operation : <5% ;
e maximum potential drop under transient conditions : <30% ;

e maximum transient overvoltage : <35% ;

e maximum time for restoration of voltage : 2.5s ;

e maxinum voltage unbalance : 1% ;
e harmopic factor of phase voltages : <8%.

If the loagl of the electrogenerator set does not display the characteristics.of a xéfe the
specificatjons for the voltage supplied by the electrogenerator i Jefi by
agreement between the Contractor and the supplier of the elgctrogeneratar”set i for
battery-charging applications.

6.5 Noise emissions

Where ndise emissions are concerned, elect stic

power of airborne noise shown in Table 2!

Table 2 : Acceptable acousti

Electrical power of elettroge to\\ cce M acoustic power level
set (dB (A)/1 pW)
®) N

P (2kV 102
2k }’\ 240 KVA 100

Respect fpr these limi uir\grgofa sound baffle.

r of the electrogenerator set comply with the norms NF |[EN

electrogenerator sets

The nois¢ e

60034-9 or C i gnal) as a function of its mode of cooling and its assigned speed of
rotation.

NOTE. - |The future’norm \ISO 8528-10 will deal with the measurement of the airborne noise from
electrogengrator-sets.

6.6 Chanacteristics of the combustion engine

™ In France, the limiting levels were fixed by the Order of 2 January 1986 (EEC Directive 84/536).
Note: This Order imposes a specific marking indicating acoustic power level in A-weighted decibels.


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

15 DRE-C4
June 1997

6.6.1 Nature

The engines of electrogenerator sets are reciprocating internal-combustion engines and are of two
types :

- compression-ignition engines ;

- spark-ignition engines.
Unless specified by the Contractor, the nature of the engine is selected by the Supplier of the
electrogenerator set.
6.6.2 Fuel

The fuel used by the electrogenerator set shall display an ignition point greaterthe to 55°C.

The nature of the fuel to be used is specified by the Supplier of the electroge

If the Contractor wishes to impose or exclude a particular type of fue
of the electrogenerator set.

e supplier

6.6|3 Fuel tank

The electrogenerator set shall be provided with a fuel tank ha 3 ed on the
follpwing criterion :

A return pipe shall be provided from the

6.6|4 Exhaust

Hof parts (exhaust pipes) must be put

6.7| Characteristics of the a

The alternator of th O 8528-3

intgrnational) and 1EC

It i3 defined by
negessary, for peéa

Maximum altitude.

For coentinuous service, the heating of the stator and rotor windings of the alternator comply with the
limit values of the norm IEC 34-1 depending on the mode of cooling and the insulation class of the

insulating materials.

For continuous peak service, the heating of the stator and rotor windings of the alternator comply with
the limit values of the norm IEC 34-22.

When used on a load that draws a non-sinusoidal current (battery charger, low-power lamps), the
alternator dimensions shall be such that the heating of the stator and rotor windings does not exceed
the limit values corresponding to the insulation class of the insulating materials defined by the norms
NFC 51-111, IEC 34-1 and IEC 34-22, for all regimes of utilisation specified in the environmental
conditions. Moreover, the electrical dimensions of the alternator must take account of the presence in
the utilisation grid of a significant proportion of electrical motors, particularly asynchronous motors.

15
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The alternator has the capacity for an occasional overvoltage in compliance with the norm IEC 34-1,
i.e. 1.5 times the assigned current for 30 s.

The alternator is capable of bearing a short-circuit at its terminals for a sufficient time to allow the
operation of protective arrangements (ISO 8528-3 art. 10)

Rotating parts shall be protected by casings.

6.8 Mode of intervention and control

The modes of intervention and control involved in the operation of a electrogenerator set are normally
as follows :

e starting ;

e mohitoring ;
¢ regulation of voltage and frequency ;
e switching ;

e stopping.
These may be entirely or partially manual or automatic.

Intervention periods (starting and loading) for a electrogenerator
They shall be agreed with the Supplier of the electrogenerator set:

hry.

6.9 Means of starting

Various starting means can be used, depending on and

application of the electrogenerator set ;
e mefhanical means (manual starting) ;
e elegtrical means (electric starting motar) ;
e pngumatic means (injectio S e cylinders, or pneumatic starting engirfe).

Where electrical starting i
should be placed as close

admium accumulator batteries (optionally)
ator set with a protective cover.

6.10 Control and s

The electfical control and itchi i ms
NF 1SO 8p28-4, NF EIN'609

The electfical protection

6.11 Vibrati

The Manpfactu > e e ne,
coupling, |generato ), the vibration characteristics throughout the normal operating zone
sufficiently distant:fro range of critical values.

The vibratiofis due to other parts of the electrogenerator set (exhaust) should be taken into account.

The limits on the vibrations of the alternator comply with the norm IEC 34-14.

6.12 Configuration of the electrogenerator set, mounting and types of installation

The possible types of configuration for a electrogenerator set are as follows (cf. NF ISO 8528-1) :
A : without chassis ;
B : with chassis ;
C : with chassis, control and switching equipment and integral auxiliaries ;
D : C with soundproof cover ;
E : C with integral conveyor system or mounted on a trailer.


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

17

DRE-C4

June 1997

Several types of mounting can be envisaged for a electrogenerator set and chosen by agreement
between the Contractor and the supplier of the electrogenerator set (cf. norm NF ISO 8528-1) :

e rigid mounting ;

e elastic mounting ;

o totally elastic mounting ;

e semi-elastic mounting ;

e mounting on anti-vibration arrangement.

The nature of the link between the engine and the alternator is defined by the supplier of the
electrogenerator set.

Se
857

The
the

6.1

1SQ

a. H

eral modes can be envisaged for the Instalfation of the electrogenerator set (cf. norl
81):

p indoor installation ;

o outdoor installation with weather protection ;
» open-air installation.

b choice of a weather-protected outdoor or open-air mode
Contractor and the Supplier of the electrogenerator set.

ust agreed

3 Marking

8528-5:

Flectrogenerator set :
g

p the reference and na

type of ﬂti g regime ;
p the class efapplication in npliance with 1ISO 85281 :1993 ;

the assigned current ;
o the mass.

b. Engire

17

NF ISO

between

norm NF

o the assigned powep¢ 3 set in kW, and a statement of the corr¢sponding
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c. Alternator :

e the alternator must bear an indicator plate complying with the norms NF C 51-111 (IEC 34-1
international) and 34-22, containing at least the following information :

¢ the name or trade mark of the manufacturer ;
serial number and machine code ;

year of manufacture ;

reference norm ;

degree of protection of envelopes (IP code) ;
thermal classification or heating limit ;

type of service (S1to S10) ;
assigned power ;

assigned voltage ;

assigned frequency ;
assigned current ;

assigned speed of rotation ;
assigned power factor ;
maximum altitude for utilisation ;
maximum ambient temperature ;
direction of rotation (if unique).

(el v >R e R e e IR R R e R R A v/

d. Switch{off equipment

6.14 Lifetime

Electrogeherator sets are desig
6.14.1 Lifetime of painted

The degre¢e of rusting of.t
defined by the refer

by plate § of the Europé

Ri2
hed

6.14.2 L

A sheathi
o aftg ing
foll 1%

per
o aftg € not
spqil aesthetic appearance. This provision also applies to coloured materials in the ground

codgt:

6.14.3 Lifetime of synthetic materials

For synthetic materials, the lifetime, criteria and acceptance thresholds are those defined by the tests
contained in the present specification.

6.15 Earth connection

At the time of manufacture, the electrogenerator set and its cabinet are fitted with an equipotential
connection between all components, connected to a connecting point on the chassis of the
electrogenerator set.
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6.16 Maintenance and periodic checks
Scheduled maintenance operation (nature and frequency) are defined by the supplier of the
electrogenerator set and notified to the user.
6.17 Documentation
The Manufacturer of the electrogenerator set should provide the following with each machine :
¢ the instruction manual for the operator ;

e the maintenance manual, which will include the maintenance requirements ;

e the documentation, that includes overall plans, electrical diagrams, specifications and
instructions for assembly, installation and setting up.

This documentation must state details relating to loads, weights, lifting lugs, and the specifi¢|tools and
procedures required for maintenance, installation and operation of the electragenera
Mahuals must be produced in French for electrogenerator sets installe language
thal can be read and understood by operators for electrogenerator set ntries.
The documentation should include the following points :
Forn installation :
p details of specific tools, equipment and arrangern pment for
safe installation ;
p instructions for correct lubrication and the iti components before taking into
service ;
o the assembly procedures recom
p identification of critical fasteners and t and other
recommendations ;
» a set of plans relating
» a complete diagra
Fon operation :
p  limits on i c
o proceduresforqperationa
> 1 H o S
For
>
3 > used ;
» procedures forunscheduled and emergency maintenance ;
» diagnostic procedures and a guide to fault tracing.

7.

7.1 French regulations

Under the safety regulations of 25 June 1980 (see Book Il, Chapter V), premises containing
electrogenerator sets are classified in France as boiler plant.

Electrogenerator sets must not be located in a boiler room or premises directly accessible to the
public.

19


https://iecnorm.com/api/?name=db1ce61ebce9105b49416f2a9498e4e3

Copyright (C) 1997, EDF

DRE-C4 20
June 1997

7.2 Mode of installation

Several modes can be envisaged for the installation of the electrogenerator set (cf. norm NF ISO
8528-1) :

e indoors : electrogenerator set located in a building and therefore not exposed to direct effects
of weather ; minimum and maximum temperatures of the room should be taken into account ;

e outdoors, with weather protection : installation in a protective enclosure or under crude shelter ;
¢ in the open air : electrogenerator set entirely exposed to weathering.

The installation and implementation of the electrogenerator set are the responsibility of the
Contractor.

7.3 Civilengineering works
The civil engineering works shall permit easy introduction of the equipment.
Electrical [ducts (for cables) and mechanical ducts (for fluids) shall be sep
An anchoring block weighing one and one-half times the weight of th erat be
provided, [supported by an insulator or rubber blocks.
Metal fittipgs shall be connected to earth.
A source pf water and a drain for it shall be provided.
7.4 Ventilation
The prenjises in which the electrogenerato is_In i ctly
supplied ith air for combustion and for cooling nd intain th ithin [the
ambient temperature limits for which it has be
The air gonsumption of the elg i . , [the
following yalues may serve as @ refe
The crosg-section of the air|in as
follows :

e elegtrogenera

e elegtrogenerator sef

e spged in jackets:

- Exampl

The ventflation o ises i i is i Lich
dimension as to c ith\the limits on acceptable ambient temperature for the electrogenerator
set, engine and gen , 'under all specified conditions of use and environmental conditions.
To achieVe this, the Supplier of the electrogenerator set shall notify the Contractor of all information
necessary fof,the thermal dimensioning of the premises accommodating the electrogenerator set :

o losses via the exhaust (radiated heat) ;
e engine losses evacuated by the radiator ;

o losses directly emitted to the surroundings (losses from the alternator, convection losses of the
engine).
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7.5 Exhaust of burnt gases
Combustion gases must be exhausted directly to the exterior of the premises.

The cross-section of the piping for exhausting the burnt gases can be determined by the following

calculation :
diameter in cm = \kKVA*12

The chosen diameter shall be the nearest standard diameter.

This piping may be thermally insulated or otherwise and may be made in stainless or ordinary steel.

7.6| Storage of fuel

The premises containin% the electrogenerator set must not be used for the \storage of-fuel éxceeding

an pmount of 500 litres'?.

A ¢ontainer with a capacity of 600 litres shall therefore be inst » i higusing the
elegtrogenerator set.

If the quantity stored exceeds 500 litres, storage must bé-effecte: ecific”premisps®. The
follpwing points shall be respected :

» double wall if the tank is buried ;
» anchoring to a block weighing 1 200 kg per 1 000 li
o vent pipe taken to a high point ;

7.7| Electrical conn

The conditions‘ i ectrogenerator sets, particularly as regards protectign against
indlrect contact and tt 8 th_connections, are given in the document on the prgtection of
per : 1

Thd

Em ytionsto an_installation normally powered from another source must be effected via
aN event the

acdi

7.7]

Forn compact versions of electrogenerator sets, no cable between the electrogenerator set and its
contrals should he provided In the case of a plprtmgpnpmfnr set with a separate cahinet| a 19x1.5
mm? cable should be provided for the transmission of controls and commands, a 2x6 mm? cable for
charging the battery, and a 4x4 mm? cable for preheating.

Power cables shall be thermally dimensioned (the short-circuit power of a electrogenerator set is only
three times its nominal power) in accordance with Table 3, which shows the cross-section of
connecting cables for a three-phase 230/400 V electrogenerator set, a cable length of 10 m and an
ambient temperature of 40°C.

@ In France, safety regulation of 25 June 1980 (article EL 10 )
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Table 3 : Cross-section of power cables
Power (kVA) Section / phase (mm?) Power (kVA) Section / phase (mm?)
20 and 30 6 300 2x 150

40 16 325 2x 150

50 16 350 2x 185

60 25 400 2 x 240

80 35 450 2 x 240

100 50 500 3x185

125 70 550 3 x240

150 95 600

175 120 650

200 150 700

225 185 750

250 240 800

275 240 850
7.7.2 Eafthing
The earth connection shall be made in accordance with the
protection| of persons and goods (DIGELEC, part 11).

All metal
e the
e ts
e tan
e cal
o fitti

masses shall be connected to the e
electrogenerator set ;
cabinet, if any ;

ks and pipes ;

le ducts and metal cavering plate
ngs.

7.8 Noise nuisanc&@
Electrogeperator sets besuch or must be installed in such a way that they

not causdg

be inhabited premises

The perfg

e fulllconcrete.walls 30 to 45 dBA ;
e noise screening'by shea 30 to 50 dBA ;
e soyndproefed doar 15t0 43 dBA ;
e exhaust'silencer 9to 32 dBA;
e soundprecfeevers 20-eBA—

e wall coverings 10 to 40 dBA.

7.9 Special provisions

do

WS

In the case of establishments admitting the public, the walls of the premises accommodating the
electrogenerator set shall be fire-retarding for two hours.

A stop device that cuts off the fuel supply shall be accessible from the outside of the premises.

Fire-fighting means (extinguisher and container of sand) shall be provided.

Access doors shall open outwards and shall be fitted with anti-panic devices.
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7.10 Auxiliary equipment

7.10.1 Auxiliary equipment for monitoring

This auxiliary equipment has no control linked with the running of the electrogenerator set, but
ensures it is kept ready :

e preheating ;

e battery charging ;

e lighting ;

e heating of premises (if any) ;

r‘nmlnrnccnr

7.10.2 Auxiliary equipment for operation

Thip auxiliary equipment operates simultaneously with the electrogene

p air cooler (electric motor for driving the fan when it is no ne of the

electrogenerator set) ;
o room fan (if any) ;
o pump for untreated water.

7.11 Pneumatic starting

WH
suy

A d
dur

sor and a

he device

7.1

Tra
acq

ffected in

7.1

Thé installation_supplies the operator with the technical documents relating to the
insf & {

i€Cing and maintenance of the installation (cleaning and replacement of filters,
ondary batteries etc.)

8. [Type-acceptance procedure

TheType acceptance procedure for the equipment includes the following .
e examination of its conformity with the Identification Dossier ;
o the performance of type acceptance tests.

Penalty
Any equipment not satisfying all tests is rejected.

NOTE - Investigative tests may be carried out in the context of the acceptance procedure.

23
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8.1 Identification Dossier

The purpose of the Identification Dossier is to guarantee conformity of the supplied equipment with
that which underwent type testing. The level of detail goes down to the subassemblies composing the
equipment.

The Identification Dossier contains references and an index to enable the handling of updates. It
contains at least the documents and information described in this chapter.
8.1.1 General constructional characteristics

The Identification Dossier must include the following :

o the|plans necessary for visual examination and the performance of tests ;

¢ alist of the components used and their origin, nomenclature and location pla
¢ a list of the materials used, their origin and capability of withstanding tempe

8.1.2 Functional characteristics

The Identffication Dossier must include the following :
e a nptice about the use of the electrogenerator set ;

e a dpssier for the installation of the electrogenerator se ens, ‘assembly etc

~

8.1.3 Eldctrical constructional characteristics

The Identjfication Dossier must provide or st
o the|essential electrical characteristics :
assigned and maximum power ;
assigned voltage ;
assigned frequenc
assigned current
assigned
short-circ

(SR R RS R IR e

e eng

e ali hin
the

o the

o refd

¢ a list and. diagrams of the electrical circuits defined as independent ;

o thelinsulation resistance between each electrically independent circuit or set ;

o thellevel of dielectric insulation (50 Hz and shock 1.2/50 ps) ;

e alist of fuses ;
e protection indices of the envelopes of the main components ;
¢ limit values of ambient temperature.
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8.1.4 Mechanical constructional characteristics
The ldentification Dossier must provide or state the following :
¢ the dimensions and weight of the equipment (in total and for each subassembly) ;
o floor plan;
¢ the reference position in normal operation ;
e the fixing device ;
¢ the installation and connection plan.
8.2 Test dossier
The test dossier provides the modes and results of the type testing carried/ out b hufacturer
for finvestigation or homologation and the results of tests made by users oratories,
with references to the test laboratory.
Typge acceptance tests are the tests carried out on prototypes and on ea y may be
renewed in whole or in part at the request of the Purchaser.
9. |Quality assurance procedure
The Identification Dossier should give a list of the components.o ben made
ung
Its Comité de
la Marque [Trade Mark Committee] or’ide
In the Identification Dossier, the manufacture i gcription of the checks made before
and during manufacture (checking on materials).
A description of these ope
o sampling procedure
p methods of testing and
o the sanctiTs ap
10.| Type tests
10.
Thd and main
per f the test

condi

10.(1.

The

b enging is tested in accordance with the norms ISO 3046-2 and ISO 3046-3.

To

be.completed

10.

1.2 Tests on the alternator

The tests on the alternator are shown in Table 4.

25
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Table 4 : Tests on the alternator

Test Norm Test conditions

Visual examination
Check on the IP (protection index) IEC 34-5
NF EN 60 034

Insulation resistance IEC 34-1 Measured under a voltage of 500 V DC
NF C 51-111

Dielectric strength IEC 34-1 under DC voltage or AC voltage at industrial frequency
NF C 51-111

!
Direction of rota‘ion IEC 34-8 test with machine uncoupled (operating as an engine,
NFC 51-118

Unloaded test IEC 34-2 test with machine uncoupled (operating as gine)y, atpvariable voltage for
NE C 51-112 separation of losses

Measurement of output IEC 34-2 method of separation of losses or by ealibrated engi
NF C 51-112

AN
Test of heating gn load IEC 34-1 test with excitation capacitors ny a g tor load representativie of the
to whetherthe harmonic cqntent of

IEC 34-22 useful load ; particular attention.wilkbe par
the currents under test is close to that,of\the currents drawn by the electr|cal load
NF C 51-111 on the electrogenerator set./

Vibrations of bedrings IEC 34-14 test with machine’un o\@leﬁ pefating as.an engine)
NFEN 6003414 | N\

Measurement of| noise IEC 34-9 test'with machine uncoupled Was an engine)
NF EN 60034-9
1ISO 1680-1 (N

10.1.3 Check test on containers

(In preparation)

10.2 Overall tests
Overall tefsts shall be perf

The basiq operating p&
o the|stability’o
e the|volfage and frequency fo
e heating.of t
e fue| consu

o vibrationstby the engine, the alternator and the chassis.

The testg on operation should also be performed in order to check the correct operation of [the
protectiomandcontrotsystems:

Where possible, tests should be performed under the limiting environmental conditions specified for
the electrogenerator set.
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1. Scope of application

This document applies to lead accumulator batteries intended for use in a fixed position in decentrali-
sed rural electrification installations to fulfil a direct current requirement.

The regulations and standards referred to in this document apply in France. Their use may be sug-
gested in other countries where no equivalent local provisions exist.

NOTE. - This document is not a specification strictly speaking but rather a selective recapitulation of statutory
requirements and installation conditions to be observed in order to ensure a long working life and effective ope-
ration of installations and also security for neighbours and operators. Having regard to the extremely varied con-
ditions encountered on site, the list of batteries that might be selected covers almost all open lead batteries and

several-models-of-nickel cadmitim haH’nry

Wotk on hand on batteries and especially on the way they are administered will pfobabl
review of the contents of this document within a few months.

n thorough

2. [References to laws and regulations

2.1| CEl standards

CE
fog

CE
fall

CE
CE

68-2-11 : 1981, Fundamental climatic and mechanical sf ) - tests - test KA : salt

part 2 - tests -[test EC :

2.2

2.2.1 AFNOL standards
NFT 23-001 : 09/53,

2.2.p UTE stand

NF|C 15-100 : © ) 2/1995, Low voltage electrical installations. Rules (equivalency
ser r

NF : 3 imatic and mechanical strength tests - part 2 - tests -| test KA :
sal ‘ {

NF|C : L) Fundamental climatic and mechanical strength tests - part 2 - tests {test EC :
fall i

NF 3March, 1990, type test procedure for accumulator rectifier - charger - battery units

UTE Cd2-201 : 496, 296, Official publications concerning protection against the risks of fire and pa-
niclin‘establishments open to the public (excerpts regarding electrical installations, see 2.3.8. statuto-
ry orderof25June—1986)

UTE C 15-103 : 992, Choice of electrical equipment (including ducting) in relation to external influen-
ces

UTE C 90-511 : 03/91, General - production date coding

2.2.3 European standards

NF EN 50102 : 695, Degrees of protection required by jackets for electrical equipment against exter-
nal mechanical impact. Code IK (classification C 20-015)

NF EN 60529 : 10/92, Degrees of protection required for sheathing (IP code) (identical to CEI 529,
classification C 20-010)
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2.3 Regulations applicable in France

2.3.1 Laws

76-663 of 19 July 1976, concerning installations classified for environmental protection

2.3.2 Decrees

88-1056 of 14 November 1988 concerning protection for workers in establishments where electrical
currents are applied

93-1412 of 29 December 1993 concerning general provisions applicable to installations classified for
environmental protection subject to the declaration under heading 2925.

2.3.B Statutory orders

31 the laws
cor

25 painst the
risi

90 locations
ear 8-1056).
19 arbouring
an

2.3.

DR protection
for ecree 88-
104

3.

3.1l Components

Ac¢umulator ’ﬁtri [ged state
and vice versa throug

Bat

Bo the elec-
trol

Tern

Co : 50 applies
to an interlinked positive plate and a negative plate belonging to two neighbouring elements,
Density..)abstract quantity expressed by the ratio of the mass of electrolyte to the mass of|water oc-
cugying the same volume at 4°C.

Electrolyte : a mixture of pure water (distilled or demineralised) and sulphuric acid, the preparation of
which is characterised by the density of the mix.

Gelled electrolyte (sealed elements) : the electrolyte is immobilised in the form of a silicate gel.
Element : practical shape in which a galvanic cell used for the production of current is implemented.

Open accumulator element : element provided with a filling opening permitting a reduction in the
electrolyte reserve to be made good by adding distilled or demineralised water.

Sealed (or recombined) accumulator element : element remaining sealed provided that the speci-
fied operating limits are observed. It is fitted with a safety valve operating in the event of internal
over-pressure.
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NB : This type of element displays a recombination rate for gases greater than 95%. There is therefore no need
to add water during operation.

Felt (sealed elements) : the electrolyte is maintained by capillarity in a felt of partly impregnated
(approx. 80%) glass microfibre.

Grille : conductive support used in lead accumulators to maintain the active component.

Active component : material of plates reacting chemically to produce electrical energy when the
accumulator discharges and re-established to its initial state when charged.

Fritted plate : electrode consisting of a sheet of perforated nickel plated steel on which a specific
nickel powder is deposited by fritting. The active component is incorporated by precipitation in this
extremely porous fritted mass.

Flat plate : electrode comprising a conductive support of a lead-based alloy and deposijed active

components.

Sef plate (plate with large surface) : electrode generally of soft lead wi d surface

and whose active component is obtained as a thin layer at the exp

Pocket plate : electrode comprising an assembly of pockets of pe S < ets being
intgrlinked and containing the active component.

Tubular plate : electrode comprising an assembly of porou 3 ed with~active compongent.

Separator : device inserted between the plates, avaidi > ircuits, retaining the active compo-
nent and the texture or porosity of which permits-i gas to be
relgased.

Va : i i imit the_int pressure in/the element. This mechgnism pre-
verts air from entering and operates at a-pressu i lement.

3.2| Electrical quantities

Autonomy : on being con e \ i me at the
end of which the stop : discharge
ratip).

Auto dischar i ction. assocCiated with eIectronS|s of the water (dissociatjon of hy-

drogen and oxygeé circuit but

alsp on charging-a ed at the
terminals of th

Assigned€aps N i ici i - cumulator
may di ) ion and final
vollage. It i ion ¢f the dis-

chgrge expre d'

Nominal capacity : capacity defined by the reference conditions specified (temperature, [operating
corlditionsand final voltage). It is designated by C,;, replacing C, by the number of watt hoprs and T
by théuration of discharge expressed in hours.

Nominal energy (E.:) : energy defined under the specified reference conditions (temperature and
final voltage) replacing E,, by the number of watt hours and T by the duration of the discharge expres-
sed in hours.

Electromotive force (EFM) : difference in potential existing across the connecting devices of an
element or of an open circuit battery.

Charging or discharging rate : constant output of the charging or discharging current expressed in
relation to the capacity of an accumulator.

Initial voltage : voltage appearing immediately at the terminals of the element after the operating
circuit is closed.
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Operating voltage in floating operation (Uj) : voltage applied at the terminals of an element for the
purpose of maintaining the charged state. The current produced must be greater than the auto dis-
charge current.

Final voltage (U,, stop voltage) :

garded as terminated.

voltage in respect of which the discharge from the element is re-

Nominal voltage : conventional value used as a reference. The nominal voltage of a lead element is
fixed a 2 volts.

The following notations are taken from the French standards NFC 15-100 and NF C 58-311 :

I, : maximum value of direct current likely to be supplied at the battery under normal

operation

and on set conditions by the charging system. This value is declared by the manufacturer of the
charging system ;
» |ys : value of the direct current supplied to the battery triggering intervention of ¢he’current mo-
nitoring facility in the battery connection under operating conditions;
» |, : value of the current carrying the charge corresponding to curre being ge-
nerally higher than the nominal current supplied by the charger undenno ioh ;
» |, : value of direct current of the facility supplying the ch
» |, : value of the current effectively ensuring operatio > faci cting the supply to the
charging system ;
» Uy : value of the direct current applied at the ity monito-
ring the battery voltage under set operating ¢
>
4. [Environmental conditions
Unless spec:lfled otherW|se by the Purc has bd, stored
and imati
Storage (1) Operation
Ambient temperature (°C) 30 to +50 220 to +45 15 t0 +40
Relative hufnidity (%) 5t0 95 10 to 90
Atmospheric pressure (iPa) 700 to 1060
(1) japplies\to ac ulators\protected by their original packaging
5. |C d maintenance of a lead battery
A duide to_t of control and maintenance for lead accumulator batteries is given i Annex A
to this doeumen
6. |Electrical characteristics

6.1

Electromotive force

The quality of a product is characterised by the weak dispersion of voltage measured in open circuit
on fully charged elements. The value of the EMF indicated by the Supplier must be respected with a
tolerance of + 1%.
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6.2 Capacity

The nominal capacity CNT is specified for a reference discharge period (hours), an element tempe-
rature of 20°C and a conventional stop voltage of 1.80 V per element.

The assigned capacity CT is guaranteed by the Supplier for a discharge period T (hours), an element
temperature of 20°C and a stop temperature specified in relation to the discharge rate.

NB : The assigned capacity over 10 hours (C1o) is always stated by the Supplier and in that case the stop vol-
tage is fixed at 1.80V.

For each type of accumulator, whether open or sealed, the nominal capacity and assigned capacities
used as reference are specified with the discharge parameters appearing in table 2.

Table 2 : Discharge parameters /\(\
AN
Accumulated type Capacity Discharge Dischar Stop voltage (V)
(Ah) period (h) ratio (A
$tationary compact lead CNi1o 10 CN10/10 1.8
sealed CNs 5 5 N\ 1.75
CNs 3 CN3 \ 1.70
$tationary compact lead CNs 3 \313\ 1.8
rapid discharge CNis . C 175
CN4 1 1/ 1.70
$tationary compact lead CN;y 1 CNi/1 1.8
extra-rapid discharge _ _ 05/0.5 175
sealed CNo25/0.25 1.70
The capacities showne equi erating cycles applying the corrections for temperature
where applicable. Capaeit \ .9Cyr) are therefore permitted during a pre-delivery
chgck.
7. [Endurance ch
7.1| Storage c
Aft¢r complete charging, a ment or solid block stored in open circuit in premises with a |prevailing
temperature en'20 and 25°C must preserve its charge.
The loss~of capac ofded at the end of an idle period equal to 6 months should not ekceed the
follpwing values :
o 35%.Tor a stationary compact lead sealed type ;
0 50% for a stationary compact lead rapid-discharge type ;

e 75% for a stationary compact lead sealed ultra-fast discharge type.

Besides, it must withstand such storage for 6 months without irreversible deterioration of the initial
characteristics (voltage, density and capacity) which must be present after full recharging and five
cycles of operation.

The sealed elements must be able to withstand 6 months' storage in recumbent position. No seepage
of electrolyte or trace of corrosion may be observed during this period.
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7.2 Operating capacity
The operating capacity of a battery is characterised by :

e homogeneity of tensions (gap less than 0.03 V in relation to the average of elementary ten-
sions) ;

e a negligible density drop for open elements (drop of less than 0.02 in relation to average value)

e reduced capacity loss (restitution greater than 0.80 CNT).

The battery is regarded as defective if at least 2 of the above parameters are located outside the
tolerances.

7.3| Cyclic capacity

The cyclic capacity of an accumulator is defined by the number of chargin
corstant intensity that it can withstand under the following conditions :

» discharge for 4 hours at a ratio of 0.10 C10 (A) ;
p recharging for 20 hours at a ratio of 0.03 C10 (A).

The voltage can be limited on completion of charging to red

cycles at

In these circumstances, accumulators must withstand

7.4] Overloading capacity

The capacity for overloading under co e iscde an accu-

mulator can withstand an unlimited overload by a constant voltage of 2,35 V per
element imposed at its terminals for 400 days. Thi oading capacity is also characteriged by the
relgase of gas :

A) Ppen elements : the is re %Iemets fitted with their plug should contajn no har-

mfyl or corrosive substan

B) Sealed elements e recombination-Tate of oxygen and hydrogen must be at least 0|95 throu-
ghqut the test périod. ombinati for an element under an overloading test is ohtained by
the|formula :

=1- 3000(@)

Q

M£ (kg S mass of the element before the test ;
M3 (kg)represents the' mass of the element at the end of the test ;
Q (Ah) representsthe quantity of electricity recorded during the test.

8. [Mechanical characteristics

8.1 Electrolyte reserve

8.1.1.1 Open elements

The electrolyte reserve corresponds to the volume delimited by the vertical walls of the body and the
maximum and minimum levels.

At maximum level, the free space beneath the top should suffice for the normal release of gas without
the projection of acid bubbles to the outside. Under such conditions, the electrolyte reserve should
permit an ongoing overload as stated in 7.4 for a period of 100 days.
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8.1.2 Sealed elements
The electrolyte reserve is influenced by the initial volume, the density, the recombination rate and tightness.

Under normal operating conditions the electrolyte loss should not affect the working life of a sealed
element.

At the end of the overloading capacity test (see 7.4) the loss of mass (M, M3) should be less than 10% of
the initial electrolyte mass (M, M,) were :

M, (kg) represents the mass of the element (or solid block) before filling ;

M (kg) represents the mass of the element (or solid block) after filling ;

Mjs [kg) represents the mass of the element (or solid block) at the end of testing.

8.2| Fall resistance

The elements or solid blocks whose mass is less than 60 kg must off
ocqur during handling. This resistance is assessed in accordance wi
B) | the height of the fall is fixed at 10cm.

that may
1 (variant

9. [Other characteristics

9.1| Body

The body must be so dimensioned as to meet t
8.1) and to avoid potential short circui
the|following tests, described in item 19

regarding the electrolyte rgserve (cf.
ctive’components. It must jwithstand

o dielectric resistance ;
o resistance to heat ;

» resistance to tempe
o resistance to

9.2

o cracking.
Separato@

Sey y not affect the electrolyte or modify its compositipn. Sepa-

ratq ponents may not therefore be made of micro-porous|polyvinyl.

Sey e plates to prevent leak currents.

9.3

Thd iS 9 sure perfect tightness of the body. It comprises :

The design of the top should permit the plugs and level indicators to be inverted to facilitate filling after the
batteries have been in operation.

The top should withstand the following tests described in item 19 ;
¢ heat resistance ;
e resistance to mechanical shock ;
e cracking.
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9.4 Plugs

Plugs on open elements should permit the normal release of gas. The design should take account of
the following prerequisites :

e ‘"paracid" protection : an expansion chamber with filter and/or chicanes preventing release of
bubbles of acid to the outside ;

o ‘“fireproof" protection : the nature of the walls and material used should eliminate the risks of
explosion that could be caused by proximity of a flame or spark.

9.5 Level indicator

Opégn elements must be marked o indicate the electrolyte Tevels MAX, AVE, and MIN.

If the body is transparent or translucent, these markings must remain visible after the’battery has
been installed. If it is of opaque material, they must appear on an external i

9.6| Electrolyte

The electrolyte is prepared from special sulphuric acid for accum ear ahd devoid

of gny deposit of insoluble material.

9.7| Element

d e separa-
tors ;
d ad during
handling or during use.
10.| Accumulator range
The proposed range ji pe of ele-
ment to meet certain/criteria 8 S bnal auto-
normy, final volt , m ‘
B) the "stat rence dis-
b) the "statigha pid discharge" type designed for heavy duty dischargg : the re-
scha is fixed at 3 hours ;
c) the i ary act |ead ultra-rapid discharge" type designed for discharges at gpecial ra-

farge period (T) is fixed at 3 hours.

11.| Marking
Elementsssupplied bare must legibly and indelibly carry the following information :

» {manufacturer's name and trademark ;

T | ! H ! 4
COUIMy nNiucA darnu riofrmmriar Lapatity ,

e manufacturing date : year, week® 2.

DI France, NF T 23-001
@ In France, NF C 90-511
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12. Starting up

12.1 Connections

Connections between elements or solid blocks will be sized to ensure good mechanical resistance
and the lowest possible voltage drop. This voltage drop should not exceed 0.01 V between two ele-
ments and 0.02 V between two arrays of elements.

Connections will be acid-proof by nature or by treatment and will not require preventive maintenance
such as greasing.

Connections will be protected by an insulating material to avoid any risk of accidental short-circuiting.

Connections will be so made that the replacement of a defective element or,
thel welding nor special tools.

block reduires nei-

12.2 Grouping

Elements or solid blocks will be grouped with means of attachmefiti an 60 kg or
handling eyes if the mass is greater.

12.3 Identification

Battery groups will be identified by an information plate ) : following particulars :
supplier's name and address ;
coding index ;
nominal capacity and capacity o
end of charge density (open ele
delivery date.

If start-up is undertake
from positive polarity.

12.4 Post-installatic
Post-installatio €c

wards) as

13.L Packaging and transportation

The Supplier will take all necessary steps to ensure the elements arrive in perfect state at destination.
In particular, the base and cover of the packaging will be so marked as to prevent overturning.

In addition to the address of the consignee and customary markings for fragile and dangerous hard-
ware, each packaging will indicate the following in indelible characters :

e supplier's name ;
e coding index for the elements.

The packaging may show additional information at the Purchaser's request (date and contract re-
ference, etc.).
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14. Technical documentation

Each battery of accumulators is supplied with the accompanying file containing at least the following
documents :

e a battery specification providing instructions for starting up, maintenance and safety and the
general guarantee conditions. This file also includes tables for measuring the appropriate pa-
rameters ;

e a wall poster drawing the user's attention to the danger of explosion (open elements), to be af-
fixed inside the battery room. The Purchaser will when ordering indicate the language in which
the poster will be drafted.

15. Installation rules

15.1 Administrative formalities

The legal provisions of each country must be observed® ® e installa-
tions to be kept by an administrative body in order to prevent the lead\or a ing sqattered in
the|environment at the end of their useful life.

15.2 Location

The conditions for installing a stationary accumulator ba 4 released

dunng charging (open battery 2 An accumulator battery ring room
which may be an ordinary one'
Hoyvever :
. the capa-
e case of
e opened
and if it is

The i

Q/tt\e\ﬁ\ Location

000\an room not accessible to the public
2> 10 ket

U§\1\OOO ordinary electrical engineering room

\U\\OO\S\ln any room

15.8 Ventilation

The reom and the jacket for the three types of installation described in 15.2 must be ventilat¢d®.

The premises and the jacket must be naturally or mechanically ventilated according to the specific
requirements for each type of battery (see 15.3.1 and 15.3.2). Where a battery is placed in a jacket,
ventilation openings placed at the upper and lower parts will suffice to create satisfactory ventilation
provided that the output pipe opens on the outside of the building.

® In France, battery installations with charging power of over 10 kW are considered installations classed for
environmental protection, and must therefore be declared at the departmental Prefecture (law 76-663, decree
77 1133 and 93-1412)
“) In France, statutory order (25 June 1980)
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15.3.1 Ventilation of an open battery
The volume of air to be renewed in an open battery is 0.05 N/ m%h, where :

N = number of elements of the battery
/= IbL or IbS ©
I
orl=le2 ©)
n

In the case of mechanical ventilation, charging should cease as soon as ventilation stops.

15.3.2 Ventilation of a recombination battery

A recombination battery must normally be linked to a charger dedicated to it
the|volume of air to be renewed is 0.0025 NI m*/h, where :

hese circurlnstances,

N 3 number of elements of the battery 66
/= /bL

If the charger is not specifically adapted to the recombination battery tf of ajr renewed
will|be calculated by the method applying to an open battery

T 3in hours
5 volume of the room (in m®)

3 number of elements in the battery

15.4.1 Specific ba

If 3 battery is insta
particular® :

room.used for no other purpose ;
o _waterproof floor ;

p “Walls covered with a watertight coating adapted to the type of battery electrolyte, up t¢ 1m abo-
ve floor level (or more if batteries are in racks) ;

e retention basin (no discharge to sewers) of a capacity equal to the larger of the following two
values :

¢ either 100% of the largest body ;
¢ or 50% of the global capacity of the bodies ;
e room to be heated exclusively by circulation (air, water, water vapour) ;

® |n France, NF C 58-311
© In France, NF C 15-100 (section 554 and annex)
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e no toxic or corrosive gases may be emitted to the atmosphere (special channelling) ;

e equipment for rinsing the eyes ;
o firefighting equipment (sand, fire extinguisher for electrical fires).

15.4.2 Battery box

DRE-C5
June 1997

o Ifthe batterg is installed in a box (see 15.2) the latter must display the following characteristics

in particular” :
¢ built of non-flammable materials ;
o ventilated at the top and bottom with evacuation to the outside of the room ;

e retention basin (no discharge to sewers) of a capacity equal to the larger of the following two

values :
¢ either 100% of the largest body ;
¢ or 50% of the global capacity of the bodies ;
» no toxic or corrosive gases to be released to the atmosphere (sp
» equipment for rinsing the eyes immediately to hand ;
o firefighting equipment immediately to hand (sand, fire exti

15.56 Electrical equipment

cla
Thd

If a posed active parts® :

and’two active exposed parts whose voltage
All ust be adapted to the risk of corrosion and, if g
tot § allic parts such as plates, reinforced rigid metal pip
Ele i esult in the ignition of a possible explosive atmosphere(g)'
Af y i rcutting and sectioning the battery. It must be easily acceg
ma 9,
Ma
15.

The follewing signs must be put up :

eter of 1 metre around the battery ;

64-3) are
brming.

differs by

pplicable,
es, etc.).

sible and

N0 enfry to any unauthorised person

e no smoking ;

e no entry with a flame ;

e signs showing access to unprotected active parts ;
o first aid following shock.

16. Maintenance accessories

“)In France NF EN 50102 and UTE C 15-103
® In France, statutory order (19December 1988)
®) n France, decree 88-1056
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The accessories described below are provided solely for the maintenance of open batteries. Unless
indicated otherwise, a set of accessories will be provided per battery or per batch of 24 elements if
the number of batteries is indeterminate. A set of accessories includes a densimeter, a filler and a
thermometer. It will be supplemented with two plugs of each type used and two level indicators if the
batteries are provided with these.

A) Densimeter

The densimeter comprises :

e a heavy duty transparent pipette whose geometrical shape permits rapid balancing of the
areometer without any adhesion to the walls ;

¢ a bulb of pure rubber or material of equivalent quality with sufficient volume to take measure-
Ments In a single manoeuvre ,

» a fitting serving as shock absorber for the areometer and fitted wit 150mm in
length ;
o an areometer graduated for densities of 1.10 to 1.30 graduated/in hundred ith |an exten-
ded reading scale (minimum spacing 2.5mm per 0.01)
The densimeter will be supplied in strong packaging designed for transi
B) Filler
The filler includes a reservoir made of plastic contai at least 2
mefres in length and a filling nozzle similarly of a plastic \ grip acting

as stop-cock.
C) Thermometer
ThI thermometer is graduated from -20 0 ) ions’will be acid proof.

The thermometer will be supplied in strong [ gned for transit and storage.

17.| Reliability, maintainabili

17.1 Reliability

At the Purchaﬁ?
o the stand

p the failure

d must meet ;
ent : rate guaranteed or inferred from the official dpcuments

17.2

The mainten S ments have an important effect on the cost of operating the equipment. The
Supplier musttherefore indicate the frequency and nature of maintenance operations.

At the’Purchaser's request, the Supplier will substantiate the average replacement or repajr time for
an gelement and the average intervention time. The total of these two times will constitute the mean
time between technical repairs (MTTR).

17.3 Availability

MTBF

MTBF + MTT
equipment will be able to function normally, where MTBF is the average period of fault-free operation.

The availability rate ( x1 00) is the probable percentage of time during which the
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Technical guarantee

The guarantee applies to equipment transported, in store and used in accordance with this document.
The guarantee takes effect on the date of receipt and applies under the following conditions :

manufacture or poor operating resistance (cf. 7.2) will be reinstated or replaced free

for a period of two years, elements and mechanical parts that display a defect of material or

of charge

by the Supplier. The latter will take steps to ensure continuity of service during operation ;

beyond these first two years, the defective equipment will similarly be replaced or repaired un-

der the stated conditions. However, the replacement supply will be invoiced by the Supplier on
the basis of the original updated price by applying to it a rebate calculated in the following way :

Wh

NO
whil
ran

19.
Ch

Thd
qua

To
ove

The

The
tifid

NO
sen

A% =100 % where,

V is the reference working life expressed in months ;

he date on
y, the gua-

19.

b checks made by the Purchaser or b : ati ted by it will be independent of the
lity controls that the Supplier must u arious stages of production.
quality, a specimen st meet all\ conditiops imposed by this document (suitability fgr cycling,
rloading, storage, etc)).
i ade on each product type. A product type is dgfined by :
ive and negative plates ;
eparators.
ens/of each production type for qualification together with the iden-
cimens will be tested as follows :
ellaneous tests (storage, salt fog, form, etc.).
TE. - A-qualified element on solid block may not be changed in any way without the Purchaser'q prior con-
t.
1—Capacity measurement

The test will be carried out on elements or batteries that have received a charging current limited to
0.04 CNT (A) until the end of charge indicators appear. Open elements will first be filled up to the
average level before this operation.

A) Nominal capacity

The battery will be discharged at a constant intensity equal to CNT/T (A). The test will be stopped
when the battery voltage of n elements reaches n x 1.80 V.
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B) Assigned capacity

The battery will be discharged at a constant intensity equal to CT/T (A). The test will be stopped when
the average value of the individual voltages reaches the stop voltage specified in relation to the dis-
charge scheme (cf. 6.2).

NOTE. - If the initial average temperature of the electrolyte differs from 20°C, the measured capacity will be
increased by 0.75% per degree below 20°C or reduced by 0.75% per degree above 20°C. However, if the ave-
rage temperature exceeds 30°C or is less than 10°C, the test will be deferred to another date.

19.2 Cycling aptitude test

Elements will be charged and then discharged under the conditions laid down in 19.1 to ensure that
they are returned to their nominal capacity.

The
totq

Thd
tained temperature of 25°C = 1°C.

The

cles for a

Aft¢r each capacity measurement the elements WI|| each e i i icity equal to
1.3|ti

Thg NT.

19.3 Overloading aptitude test

The elements are fitted in series to the termi tabilised-s idi Itage of n
x 2|35 V with a tolerance of £ 0.5%.

The bodies will be positione S 1ostat i i intai tempera-
turg of 25°C £ 1°C.

The capacity will be
The test will be stop

when the inte 3
Thip test will also 9
chd

.8 CNT or

ents to be

r incorpo-

0. “a.double Ah counter monitoring and totalling the cycles ;

e auxiliary control, monitoring and protection circuits ;
e a cooling tank with thermostat, electric valve and resistance (if necessary).

For the constant voltage overloading test :
e a constant current input (£ 5%) with volt meter and ammeter incorporated.

For the discharge tests before and during cycling and overloading tests :

e a constant input (x 5%) electronic discharge "resistance" with volt meter and ammeter incorpo-
rated ;

e auxiliary control, monitoring and protection circuits.
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For all tests, a measurement unit to record the :
e voltage at the element terminals ;
e current input to each circuit ;
e quantity of electricity passing through each circuit ;
e temperature of each element ;
e date and time of readings.

NOTE. - All measurement appliances offer a level of accuracy of 0.5.

19.5 Body tests

19.4.1 Dielectric resistance test

The body is subjected to a dielectric resistance test under a voltage U corr D00 V per
mm of thickness of the thinnest wall.

Before the test, the body is filled with water and immersed for 48 f in's ANy pores
haye time to fill. At the point of testing the levels will be adjusted o 1c w the upp st.

The test will be made by dipping one electrode inside the b
curfent build up should be noted.

ide it ; no

19.9.2 Heat resistance test

The selected bodies to be filled with wa

ThI
Aft

arri

body will be measured. Nong¢ of these
ding wall.

Thd i N i irit-After ong minute it is emptied and allowed to drgin without
prid e . ! houtd show no distortion or cracking in the thickness of

atively for 2 minutes into two tanks filled with water, the one
with ambient temperature, T,\the othier with a temperature of T + 30°C ; the transfer will b¢ made in
ice consecutively.

The tests describedbelow allow the tightness of open elements to be verified.

19.4.1 \ Inclination test

Elements filled with electrolyte up to the maximum level are tilted at 30° towards each of their sides
for 5 minutes.

No escape or any seepage of electrolyte may be noted.

19.6.2 Over pressure test
An over pressure of 100 hPa is maintained within the elements for 15 seconds.

No leakage may be noted during this test.

19.7 Plug efficiency
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19.7.1 Paracid efficiency

The plugs to be tested will be fitted to the elements subjected to the overloading test. Reactive paper
(litmus or methyl orange) are placed 2cm above the openings in these plugs.

No

change may be noted in the reactant after one week's observation.

19.7.2 Fireproof efficiency

The plugs will be tested under a gasflow identical to that resulting from overloading. They will be fitted
to real elements or equivalent facility. Every precaution having been taken for the protection of the
observers, a flame (or spark) induced at approx. 1cm from the plug should not cause an explosion.

19.

Thd
fac
the
bei

Thd
blo
cre
allg

The
ceg

19.

8 Falling test

b element or the solid block is placed in its normal operating position on rigid sur-

b of concrete and steel as provided under standard CEI 68-2-31 (vari ed above

surface, a wood block 10mm high being placed beneath one corner'and a woad Dmm high

ng placed beneath the adjacent corner of one of the lower edges.

e article is then swung above the test surface while turning(round n the two

Cks until the corner adjacent to that placed on the 10m il the angle

bted by the article and the test surface is 30°, the latte It is then

wed to fall freely onto the test surface.

Hges suc-

The elements or solid blocks equipped og test in

acq
init

fing
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Annex A : Guide to choosing a lead accumulator battery

A.1. Parameters determining the choice of accumulators
A.1.1. Parameters for use

A.1.1.1 Environmental constraints
storage (supervised or not) ;
extreme operating temperatures ;

DRE-C5
June 1997

p—atmosphere(tropicat, ToTTosive, etTc.).

A.1.1.2 Installation constraints
» space occupied ;

p acclimatisation of the premises (ventilated or not).

A.1.1.3 Operating level under voltage and under floating voltage
»  Unax, Umin maximum and minimum values of voltage (often i S he user) ;
> Up.

A.1.1.4 Autonomous period

A.1.1.5 Operating currents
e | permanent ;

» charging impact, if any (position i d of autonomy).
A.1.1.6 Renewal frequency (working lifé
A.1.2 Battery parameters
A.1.2.1 Technology

Open lead :

»  types of :

o alloys for the
Sealed lead :

A.1.22 Capacity

The capacity

p_{the"period of autonomy ;

thefimatvoitage;
o the ambient temperature ;
o the degree of "security".

A.1.2.3 Number of elements

o N = Unax Of use/Ucharge Per element
A.1.3 Effect of the choice of battery on the choice of charger
A.1.3.1 Voltage

The range of output voltage from the charger should cover the range of operating voltage.
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A.1.3.2 Current
The calibre of the charger is determined by the following ratio :

Icharger = Iuse + Ibattery

The limitation of the charging current (Ibattery) at present recommended by the makers is 0.1t0 0.2 C
but is not rigorously applied. The figures adopted by EDF for uninterrupted supply show that the
maximum charging current may reach levels of approx. 0.4 C. A level of this kind should not affect
the ageing of the accumulators. In addition, this high level of current has the advantage of reducing
the charging time and, as a corollary, of increasing the battery availability.

A.2 Stationary lead accumulators and specific features

A.j.'l‘l'yp'rcﬂ'pﬂre
Planté plate :

» substantial working life ;

» sometimes used for high capacities ;

» unsuitable for rapid discharge (period of autonomy several ;
o unsuitable for overloading and cycling ;

» high cost.

Smooth plate :
p unsuitable for frequent cycling ;
p suitable for rapid discharges ;
» |low cost.
Tubular plate :

» suitable for cycling ;
» suitable for overloadi

o resistant to vibra
p unsuitable. for

A.2.2 Packag@

Single element

Fixed top design

Design consistingnof 'separate elements fitted in the same integral body with connections (apparent)

A design_permitting the free escape of electrolytic gas. A facility is included for topping up |the water
and measuring the level and volumetric mass of the electrolyte.

Valve regulated (sealed element)

A design for recombining the electrolytic gases. No facility is included for topping up the water. The
electrolyte is immobilised and limited in volume. A safety valve permits gas to escape in the event of
internal over-pressure.

A characteristic of these batteries is that they are of a "recombination" type. This means that the
breakdown of water into oxygen and hydrogen, which is the normal electrochemical reaction on re-
charging and on floating, is accompanied by a parallel chemical reaction recombining these gases
into water in a sealed battery.
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A.2.3 Alloys
Lead antimony (PbSb)
Advantages :
e improvement in suitability for fund recasting ;
¢ increased mechanical strength of the lead ;
o effective resistance to corrosion.
Disadvantages :
e substantial water consumption (affects the frequency of checks) ;

b [0SS of capacity through poisoning of the negalive plate (migration of anfimony iong from the
positive plate to the negative plate) so reducing the working life.

Over the past ten years, the ratio of antimony in the positive plate ha m 10% to
les$ than 3%). The effect of this trend has been to increase the worki rs and re-
duge maintenance work (topping up with water).
Lead-calcium (PbCa)
Adyantages :

» low water consumption ;

. ng defec-
Dis
A.2
Thd ating cur-
ren i igns where
the cial types
of K

by 1% to

C per add|t| nal degree and reduced by 1% for each degree less.
A.4.5(Charging methods
Thecharging methods most commonly used for lead batteries of the stationary type are as follows :

e Single step : this method is used more especially for fixed type accumulators and gas recombi-
nation sealed accumulators. It consists of recharging the battery under floating regulating con-
ditions. The simplicity of this technique has the advantage of greater charger reliability and lo-
wer cost. For batteries of the fixed type, the choice of single step lies in the fact that they will
not withstand high charges. In the case of sealed batteries, the same choice is due to the fact
that charges (single and double step) have comparable efficiency.

e Voltage double step : This method is used for open accumulators. Initially, a stabilised direct
current greater than the floating battery voltage is applied at the terminals of the battery to ac-
celerate or complete, where applicable, charging of the elements. The charging period must be
determined in consultation with the manufacturer. After this period of time the voltage at the
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battery terminals is reduced to the level provided for operating in floating mode. For open ac-
cumulators, this method of charging is intended to reduce the charging time and improve ho-
mogeneity of the electrolyte through agitation by the gases emitted.

The ranges of the voltages used for the various methods of charging must be decided by manufactu-
rer.

A.3 Choice of battery and space used
A.3.1 Choice of battery and dimensioning

The choice of technology is made in relation to the criteria explained above. Account will be taken of
the following broad trends :

$ [ dooet el L a-for-matntanan o= | A HAE
CUST(CUST PITOC—arma—anownT O T anm e TTancC arri SCTrvicnTy ),

p environmental constraints (e.g. temperature) ;

p installation constraints (the need for an expensive fireproof room fa
p operating range under voltage ;

p period of autonomy ;

» operating current (charging impact, if any) ;

o frequency of renewal.

A.3.2 Dimensioning of an open lead battery

The decisive criteria with regard to dimensions are 3 0
o use (charging impact and positioriNin time
p period of autonomy (taking account of.age
o final level of voltage (U,) ;

» size of the voltage pocket on co me@e

harging.

A Rhrief supplementa i ) n_as a "voltage pocket" is noted on commen¢ement of
dis¢harging. @
Forl a period of timé 3 X 2% of the discharge of nominal capacity, the battery vol-

tagp falls to a m s ‘according to the intensity of the discharge current iy approx.

When discharging urrent, care should be taken that the brief fall in voltage odcurring at
the|star i g doesot fall below the prescribed final discharge voltage. If it does,|the coef-
ficigntsof th i urrent should be reduced which will result in the battery bging over-

A.32.1.2.Surge

If thedischarge current rises, the battery voltage will develop according to the equation :

(U = Al X Rjnt with,
Rint = internal resistance of the battery elements immediately before the current impact.

By way of example, the voltage in a 400 Ah element subjected to a discharge of 120 A for 2 hours
may fall by approx. 50 t 75 mV on an increase of current of 50%.

This voltage drop should be taken into account when dimensioning the battery by establishing a new
level for the final voltage (Ua,) which integrates the variation in voltage due to the surge. We then
have :

Uz =Ua + Al X Rint.

The quantities required for calculating the dimensioning should be advised by the manufacturer.
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A.4 Monitoring and maintenance
A.4.1 Monitoring accumulator batteries

The availability of accumulator batteries is one of the main concerns of users. Present monitoring
operations rely on measuring the individual voltage of the elements, the density of their electrolyte
(open lead elements) and their autonomy.

A.4.1.1 Measurement of individual voltage in floating mode

When functioning in floating mode, the charger applies the voltage at the battery terminals. Two types
of findings are possible during measurement of individual voltage at the elements constituting a
battery :

tcl ID;UIIO IIIUGOUIUd darc thG L2dAlTIG fUI Uﬂbh G:UIIIUIIt. :t IO thUIGfUIU ;IIIPUOD;b:U tU d SeSS the
battery status unless all elements are in the same condition ;

» imbalance is observed. In that case, this may be due either to non-homogenegus)ageging of the
elements or to defects in manufacturing one or more elements. operation
on an unbalanced basis is undesirable. If the battery is new and y identical
elements, the suspect elements should be replaced. Othe : | ady been
in operation for several years, replacing prematurely aged i buld have
the effect of increasing the imbalance. The proportion” of.eleme aced in a
battery depends on their technology. In the case of accumulators{wi ny ratio, a
large number of elements should not be replaced si ‘ 3 i increases
after several years of operation.

In the case of accumulators with a low ratlo ptors, the
proportion of elements that may be re high ratio
of gntimony.

A.4.1.2 Density measure

The density of the electrolyte in an accu is\essentially a good indication of the state of its
chgrge

Thig parameter can he me aditi eans, exclusively within the electrolyte reserve
located above the a ; atesy easurement to be taken, the electrolytg must be
rendered hom €0 ich e achieved by a charge resulting in "boiling". In fact, the level of
chgrging volta ted i than2.33 V, a level as from which boiling can be pbserved.
This density measufemen 3¢ applied, especially after topping up with water, only by preceding it
with a charge at2\38 er éle ailing this, by a charge at a lower level but over several days.
Prgcautions must be ta ing account of the level of the electrolyte, which must be[the same
for jall eleme

A41.

The au IS parameter for functional control of the state of a battery charge. In fact,
mepsuring enomy or period of discharge at constant current up to the final|specified
dis¢harging.voltage allows for a perfect check on the "reconstitutable" capacity of a battery junder the
given conditions. During this check, the battery should be discharged to as low a level ag possible
within the perm|tted I|m|ts in order to compare the reconst|tuted capaC|ty of each of its eleme nts at the
san ' ’ ' ) ose to 1.8

V per element. ThIS level permits the doubtful elements to be identified where loss of capacity will
result in inflection on their polarisation curve.

A.4.1.4 Measurement of the internal resistance of elements

A study is in progress into the characterisation of accumulators on the basis of the measurement of
the internal resistance of the elements. Initial results show that this method can be applied on a
relative basis. In fact, a comparison of measurements made on all elements of a battery at a given
point in time should permit defective elements to be identified where a substantial difference is noted
in the values measured for internal resistance. A finding of this kind allows the operator to be warned.
If a battery cannot be discharged, the autonomy check can be made at just one of the doubtful
elements ; this specimen element can then be recharged.
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A.4.2 Maintenance

Accumulator batteries should be maintained along the lines laid down by the manufacturer. Following
the latter's instructions may in fact be a condition under the guarantee agreement.

A.4.2.1 Open accumulators

In the case of open accumulators, it must be remembered that the maintenance intervals depend on
the temperature, the voltage parameter under floating operation and the age of the battery. An
increase in these parameters may result in increased consumption of water in the electrolyte reserve
(3 Ah supplied to the battery while operating in floating mode produces a loss of 1 gram of water per
element).

A.4.2.2 Sealed accumulators

The standards for sealed accumulators state that the recombination rate o ; this is
ordjnarily 98 to 99% in practice. The result is that the residual water loss s negligibl ht the end
of these batteries' working lives, which is why they are justifiably called *mai C ee hatteries.

Sealed accumulators are maintenance-free but special precautions S ejr floating

moge voltage is generally 2.27 V per element at around 25°C; to teperature
increases. This is so for two reasons :

p the recombination reaction is exothermic, i.e. they initia
of ohmic losses ;

pendently

p the quantity of electrolyte is reduced and so cd is their the i . an equi-
valent quantity of heat communicated to ey of the same capacity, the one being
sealed the other open, will resulfin ] i

sinfilar open batteries. Besides, sufficien i 3 o i i ive heating
duning normal operation.
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1. Scope of application
The term “energy converter’ covers the various devices that can be used to obtain the following
specific functions :
A. Conversion of DC-AC electrical energy between the storage battery and AC utilisations
(inverter).
B. Conversion of DC-DC electrical energy between the storage battery and DC utilisations (DC-
DC converter).
C. Conversion of AC-DC electrical energy between AC electric circuits (diesel, electric grid) and
the storage battery (battery charger).

. Conversion of DC-DC electrical energy between solar panels and e battery
(conditioning unit adapting the solar panel voltage to the bz or power
maximising device).

F. Conversion of AC-DC electrical energy between the wind gepeérs d tk ge battery
(battery charger supplied with power by the wind generator

. “Battery-less energy conversion”. This concerns the convefsion of & ar panels
and a wind generator generally supplying power to pumping ices, wil nels, or a
wind generator generally supplying power to pumping-devices vithe te battery

Note : Converters designed to supply power to fluorescent tub 2 2 he defined
scope.

Some manufacturers offer devices nentioned

abqve as well as certain functions attery, in
particular) and instrumentation. In this cas specific to
thope two functions if a single device ig required.
The functions of converters seen glass ain categories in order to :
. Ensure conversion\(type.o ical energy ¢onversion, from A to F as stated above)|;
Protect the op i

ion and lonig service life_ofthe converter in environmental conditions ;

);

2,

The Section 6
(Sp e inverter
enyi

For Cc energy

corjversion, functions$ is given in Section 9 (specific functions of conversion excluding the| inverter).

The specifications of functions 2 to 5 defined for the inverter (type A) in Sections 7 and|8 can be
takwmmmmmmmmmemn For

example, function 2 (Protect the operation and long service life of the converter in environmental
conditions) should be modified in its section on electrical conditions. Similarly, function 3 (Protect the
inverter environment) should be modified as regards the specific protection of the relevant energy
source, especially with respect to the harmonic currents that it absorbs owing to the converter (the
energy source being a battery, a diesel generator, a wind generator or solar panels, as applicable).

This document describes the minimum safety requirements and is not intended as an exhaustive
manual of instructions or design specifications. Ensuring compliance with this document does not
release any person, organisation or corporation from the responsibility of complying with any other
relevant regulations.
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3. References to standards

3.1 Standards drawn up by UTE and AFNOR
NF C 15-100 : 05/91, Low-voltage electrical installations. Rules (equivalent to IEC 346 and HD 384).

UTE C 15-402 : 09/1995, Practical guide, Static type uninterruptible power supplies (UPS) -
Installation rules.

UTE C 18 510 : Collection of general electrical safety instructions.

UTE C 18 530 : Book of electric safety instructions for approved personnel.

3.2| Standards drawn up by CENELEC

NF|EN 50081-1 (NF C 91081-1 classification) : Electromagnetic compatibili iC trapsmission
stapdards - First part : Residential, commercial and light industry.

NF|EN 50082-1 (NF C 91082-1 classification) : Electromagneti i ¢|immunity
stapdards - First part : Residential, commercial and light industry

NF| EN 50091-1 (NF C 42-810-1 classification) : Uninterrup v i Part 1 :
General instructions and safety rules.

NF|EN 50091-2 (NF C 42-810-2 classification) : Urinterrupti Part 2 :
Insfructions regarding magnetic compatibility

NF|EN 50091-3 (NF C 42-810-3 classificati rru@le power supplies (UPS) 1 Part 3 :
Performances.

NF| EN 60146-1-1 (NF C 53-211, IEC46-1:1 sifi 1) : Semiconductor type cohverters -
Common specifications and grid switched conve Part 1-1 : Specification of basic|technical
clayises.

NF| EN 60529 (NF C 2 ( i ion, ivalent to IEC 529-1989) : Degrees of protection
proyvided by casings (Code

NF[EN 60947-1

NF| EN 60950
infgrmation process

ow-voltage equipment - First part : general ryles.

equivalent to IEC 950) : and amendments, [Safety of
electrical office equipment.

Series of standar 61002:x, 61003-x and 61004-x (NF C 9100y-x and IEC 100y-x
classificatiopnin i concerning electromagnetic compatibility.

3.3| Sta

IEG 14 53-221 elassification) : Semiconductor type converters.

IEQ C \63-223 classification) : Direct semiconductor type DC converter§ (DC-DC

corjverters).

IECQ 1000-2-2 : Electromagnetic compatibility - Part 2 : Environment - Section 2 : Compatibjlity levels
for Tow-frequency control interference and signal transmission on low-voltage on public electric power
grids.

3.4 French statutory texts
o Worker protection :

Decree 88-1056, November 14, 1988, regarding the protection of workers in establishments
implementing electric currents.

Circular DRT 89-2, February 6, 1989, Application of decree 88-1056.
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e Low-voltage directive :

Decrees 75-848, 81-1237 and 95-1081.
e EMC directive :

Decree 92-587 of June 26, 1992.

4. Definitions

The vocabulary used is, unless otherwise specified, that defined by standards IEC 146-1-1, IEC 146-
2, IEC 146-3.

5. |Abbreviations
UPB : Uninterruptible power supply.
AC|: Alternating current.
DC]: Direct current.
6. [Specification of energy conversion by the inverter
The main function of the inverter is to supply alternating ct trical load
of gonsumers in service conditions.
6.1| Specification of electrical loads
It i$ essential to describe as accur as 1 ica [ is to be
supplied in order to avoid any malfunctien.
6.1.f1 Load supply voltage
The number of phases a neutral
corfductor.
The rms voltage rating ¢ sutre C is 50 Hz
unless otherwisispe ified.
6.1.@ Description ofl6ad
The hat it can
sug b remains
clo
The inverter is dimensioned nt values
will S :
generally
30_minutes. This current corresponds to permissible temporary overloads ;
p “Short-duration rms rated output current (duration expressed in seconds). This current

corresponds to the starting of motors in particular (s...) ;
e maximum output current.

The range of variation of the load’s power factor will be specified.
In the case of a 3-phase inverter, the maximum unbalance of the load will be specified.

In the case of non linear loads (especially electronic type loads such as television, radio,
microcomputers, fax machines, telephone answering machines, certain types of low-consumption
lighting), at least, the power factor of each of the loads will be given as well as, as far as possible, the
value of the harmonic components of the currents produced by the load. If necessary, the basis of an
experimental characterisation of the load can be taken.
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6.2.
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Quality of supply for the designated loads

1 Static performances

e The following ranges of variation are permitted in normal service conditions and in c
service : rms output voltage : £5%.

ontinuous

Note : +6%, -10% can be accepted in certain cases, particularly when the inverter is reserved for non-

simultaneous applications of limited range.
e output frequency : +2%.

In order to ensure satisfactory operation of the loads, whether they are linear loads, motor loads or

eleg
refe
2-2)

Ho
poV
son
6.2.

The
the

Ov
Un

for

7.

Ad
effd

7.1

7.1.
The

”

brence should be made to the standards regarding uninterruptible power
(see Appendix I, Table 1).

hetimes used to refer waves of the rectangular type.

P Dynamic performances

istinction is drawn be
ct of the inverter o

Climatic conditions

The conditions regarding cold, heat, humidity, salt spray and fungal hazard must be

bidal type

nysoidal” is

he loss of

inverter.
ormance.
hce range

d and the

een -15%

dix I1).

specified,

on _the basis of document DRE -C 8. “Climatic and Environmental Testing” and assU

ming that

the inverter is generally located in a shelter, the protection level of which must be ensured.
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e Electromagnetic field immunity (EMC)

Document DRE - C 8 : "Climatic and Environmental Testing" will be used as a basis. The
values specified below are for guidance and can be modified in compliance with the European
EMC directive.

¢ Rapid transients in bursts :

- direct 2 kV - 5 kHz (supply), capacitive 1 kV and 5 kHz (monitoring and control) in
accordance with IEC 1000-4-4.

¢ Shock waves :

- 3 kV in common mode, 1 kV in differential mode in accordance with IEC 1000-4-5.

¢ Electromagnetic field :
- In accordance with IEC 1000-4-3.
¢ Electrostatic discharge :
- 6 kV in contact, in accordance with IEC 1000-4-2.
» Flora and fauna
Fungal hazards may be encountered in certain en \ see document DRI - C 8 :
"Climatic and Environmental Testing").
Some animals such as rodents or insects (ants, tg S be encountered. Specific
measures must then be taken.
7.1. Abnormal electrical conditions
o
s (fuses).
hufacturer
s located
r specific
o
amage in
g
ut down.
g
essary to
A rity. This,
hoewever, results in a reduction in efficiency.

7.2 Protection of the inverter environment

7.2.1 Protection against direct contacts (with or without tool)

The IP degree of protection of the casing must be specified and comply with at least IP2X.
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7.2.2 Protection against indirect contacts

Protection against indirect contacts must be ensured in keeping with the safety measures taken in the
installation. For all these specifications, reference can be made to document DRE - C 8 : "Climatic
and Environmental Testing".

e Earth continuity
The value of the resistance of earth connections must be equal to or less than 0.01 Ohms.
¢ Insulation resistance

The value of the insulation resistance must be greater than 100 M(at 500 V. It is also possible
to specify whether the inverter is in insulation class | or Il, if this is required for the selected
electric shock protection system.

» Presence of an isolating transformer or not

It must be specified by the user whether an isolating transf b that an

appropriate electric shock protection system can be installed. at 50 Hz
i be known
7.2.
The nts of the
sys ng to the
othe
r the load
due
7.2.
If s nts of the

con

As
(management
corjtaining DR

an perform certain energy management| functions
, in particular). In this case, the specific documents

rt of a fire

tests can

be speC|f|e or synthetic materials or a manufacturer’s guarantee can be demanded.

7.2.p ‘Limiting electromagnetic field emissions

e Emission by high-frequency conduction (10 kHz to 30 MHz), electrical field emission (30 MHz to
1,000 MHz).

The generic standard, EN 50081-1, will be used as a basis. Limits on low-frequency emission by
conduction are not applicable and correspond to the voltage harmonic limits defined in Section 6.

7.2.7 Noise

The noise limits at rated power can be specified, if necessary. In particular, the converters can
produce sounds at 50 Hz or at higher frequency (a few kHz) according to their operating mode.

8. Constructive provisions regarding the inverter
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8.1 General

The required items of equipment are generally installed in isolated locations where there are few
personnel qualified in the electrical field.

Strong and reliable equipment backed by sound references is therefore required both for the main
components and for fitting accessories, in order to ensure the minimum possible maintenance and
long-term resistance to damage.

8.2 Facilitating maintenance

It must be possible to change all the subassemblies easily without specific tools
e Cut out the system’s power supply on user requests

Elimination of dangerous voltages inside the appliance (capacitors with a-yoltage/of >120 V,

output voltage, etc.) in a short time (a few seconds, for example). rwise, clearmarking (by
means of labels on the converter and in the maintenance manua indicate required
lapse of time before undertaking any servicing and the voltage g ecki cedure.
Opening of power circuits on input and output.
This can be provided by external components (contacto

» Allow the easy replacement of consumables (fu
Easy manual operation : easily replaceable withdra fuses and

lamps.

Availability of the previously state
o Facilitate converter / environ

Specify the type of connection (pinr

nponents.
between
o Provide i
Input vol
Note : Limentation
er side, an

system.

8.2.1
AnM

All [the attaching hardware must be resistant to deterioration by nature or protectefd against
atmospheric agents. Clamping screws must, imperatively, be fitted with washers of devices
preventing them from becoming loosened.

8.2.2 Mechanical stresses during transportation

Mechanical stresses during transportation, according to the means of carriage provided for (ship,
aircraft, bush taxi, etc.), must be specified (see document DRE - C8 : "Climatic and environmental
tests"). The packaging must be included in these tests.

8.3 Efficiency and energy consumption

This is an important point in order to avoid overdimensioning the solar panels. A compromise will be
sought between the cost of the converter and “efficiency”. It is possible to use the efficiency
calculated by weighting according to the load, using the efficiency curve, and to make comparisons
with a resistive load (see example of coefficient in Table 2, Appendix IlI).
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The maximum efficiency is not enough information in itself.

The maximum no-load losses and standby losses can be specified, where applicable. However, the
exact definition of these terms must be discussed with the manufacturers. In particular, the operation
of switching to standby must be explained (power level, operation, switching from one mode to
another, etc.). It may also be required that this device should be desactivatable.

8.4 Documents to be supplied

The manufacturer must supply :
e the instruction manual for the operator,
e the maintenance manual containing maintenance requirements,

» documentation including assembly drawings, wiring diagrams, specifieations and-instructions

for assembly, installation and setting up.

trance in a
ntries.

Note : The manuals must be written in the French language in the case of co
language that can be read and understood by operators in the case of converters\

The documentation must cover the following points :
» Forinstallation :
¢ 3 iCe other equipment for

0
0

9.

9.1

The
from the batte

of the DC-DC converter is to supply consumers with DC voltage at fixed value
designated loads and supply quality must be specified.

Note ¢ In-the case of low voltage (<48 V) from a battery that also has a low voltage (<48 V), gn isolating
trarlsformer is not required.

9.2 Battery charger

The specific function of the battery charger is to supply the battery with electrical energy. The values
of the voltage and capacity of the battery and of the charging current must be specified.

It must be specified whether the battery charger is a supplementary charger used for emergencies or
if its operation is usual.

In the case of a battery charger intended to be used on a usual basis on a electrogenerator set,
compatibility between the operation of the battery charger and operation of the electrogenerator set
must be checked. In particular, controls of the wave train type (operation in on/off mode for periods of
between 20 ms and several seconds) can be damaging.
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It must be specified whether the value of the charging current can be adjusted by the user.
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2. - It must be specified whether the battery charger can also make allowance for the state of charge of the
battery (current limitation at the end of battery charging, in particular) or whether the battery protection function
is provided by the system’s charging regulator or by the user, personally.

9.3

Conditioning unit adapting the solar panel voltage to the battery voltage

The power-conditioning unit can have three specific functions in addition to the function of supplying
power to the battery :

Adapting the voltage of the solar panels to the battery voltage in order to simplify installation

For
agr

moni

9.4

The principal specific function of the ba

voli
opt
to

cor
the

Notf}

Operations

o Allow easier changlng of the specified limits of the solar panels co flgura ion.(adq

The principle is based on constantly adapting the output thesolar,pane
to remain at the maximum power point.

ition of a

ing energy

e battery.
s in order

the purposes of these three functions, the limits of each fu clearly specified in
cement with the manufacturer (rated values, pe rrent rangeq, type of
hitoring used to locate the maximum operating point

e may be, however, anoth
ator monitoring. Indeed, it may be

age and current values of the batter

e of the specification drawn up, however, it may be usef
document DRE - C8 : "Climatic and environmental tests"

r specific,
ecessary
case, the
ecified by

electrical energy to the b%:tery. The

5 from the

e Section
il to carry

such as
agement,
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Appendix | ; Compatibility levels for individual harmonic voltages on low-voltage systems

Table 1 : Compatibility levels in IEC 1000-2-2

Odd harmonics Odd harmonics Even harmonics
not multiples of 3 multiples of 3
Harmonic rank Harmonic voltage Harmonic rank Harmonic voltage Harmonic rank Harmonic voltage

(n) (%) (n) (%) (n) (%)

5 6 3 5 2 2

7 5 9 1.5 4 1

11 35 15 6 5

43 24 8 5

17 >21 10 5

19 1.5 2 2

23 1.5 > Q 2

25 1.5
>25 0.2+.5x25/n

N
100V Q A
N
/ﬁ / Q
50V /
//
OVJ
\ /
\\\ /
e ) / /
\ \/\/\/
0s 5ms 10ms 15ms 20ms
Time
e 1 : Example of voltage comprising harmonics (see Table 2)
Table 2
Harmonic rank 3 5 7 9 11 13 17
Voltage as % 5 6 5 1.5 3.5 3 2
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Appendix Il : Maximum voltages planned on battery side

Voltage / Rated input voltage

Notf
cut

1,15

Timeins

0
1,00E-07

1,00E-06 1,00E-05 1,00E-q1

he curve is
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Appendix Il : Weighted efficiency of an inverter

In order to be able to compare the efficiency of converters and to allow for the efficiency over the
whole power range, it is possible to weight the load factor with respect to time. We obtain a more
consistent efficiency value than the efficiency in rated conditions. The efficiency is, of course, given
for a precise type of load : generally, for a resistive load. Table 3 shows the values currently used in

various publications.

Table 3 : Inverter operating time with respect to the load factor

Load factor 5 10 20 30 50 100
(%)

Operating time 3 6 13 10 20
(%)

@C@

23
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Introduction

An electrification system for isolated sites comprises the following items of equipment :

e sources : sources for production of electricity from renewable resources (sun, wind, water)
and/or fossil fuels ;

o storage methods for the energy produced (accumulator batteries) ;
e loads (lighting, electric motors etc.)
In principle, the amount of energy available to users of these systems is not unlimited, because of the

simple fact of the availability of the primary power source (sun or wind), the power of the generators,
and the storage capacity for the energy collected.

It H th ¥ ol to-rnaonaaa th - £ il o ovailabl - e e-—ardartao
IS ere VTS CootTldlN U TTIATTAY S TS UOT UT UHTC dvAdlldVIC TUOUUTULT O, T UTuUTT 11U,

e optlmise the use of the available energy provided by sources ;
¢ to gave as much of the stored energy as possible (minimum loss) ;

e to Manage the amount of "consumable" energy in the best interests(of the redia rgy
needs of the customers, and in order to prolong the life of the equipmen

The need to manage leads to the installation of equipment intended to\control guration and
operation|of the electrification systems.

This docliment does not, by convention, deal with protectic € > nst
electrical hazard. This point is covered in part B 6 of the DRE

Protection of the electrification system against aberrant ion/i for
example

e complete discharge of the battery ;
e batfery overload ;

e wasting energy ;

e ovdr-production of energy ;
e ovgr-consumption of e

The protections described are - i the
performamce of the sten

Any joint Inter-use interfere

The funciional descrig the
technologies used,.esp

The priorities managed-b Y erg) For
example, [for of\energy ven

if it mearjs ervesgenerator working a little harder and the cost of production being slightly
higher. Fgr domesticUse,\the return cost per kWh needs to be minimised and the durability of storage
methods encouraged;for everyone's benefit, even if it means cutting supply for short periods.
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1. Scope of application

This specification defines a functional range of energy controllers suitable for the type of
electrification in isolated sites.

2. Definitions and abbreviations

Wind-generator : wind-powered electricity generator.

REN : renewable energy (wind, sun, etc.).

PV generator : field of photovoltaic modules.

Elelctricity generator set : alternative electrical energy source with a thermal-motor, providing either
a bposter or a back-up power source

Prgduction : complete set of production equipment (PV generator, wind 3 . r set).
So y (when the
sto

Sta ist of one
or

Loads : user equipment powered by the electrificatio

Baf by involve
vitg

No ese loads
ma

Ba or by the
ger

No powered by the battery. They may be jettisoned in
the 1A

Ge

Ps¢udo-batte agd s : pattery no

AC
DC|: ¢
IBat ti

U4 : voltage measutred at the terminals of the battery.

Uoja-oltage measured at the output terminals of the inverter.

U,om : Nominal usage supply voltage.
Unax : maximum permitted voltage at the terminals of the loads.
Unin : minimum acceptable voltage at the terminals of the loads.

Up, : voltage measured at the terminals of the photovoltaic generator.
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3. Functions of the energy controller

The main functions of the energy controller relate to the configuration and
electrification system in order to :

e manage energy fluxes in production storage links ;
e manage energy fluxes in storage load links ;

e manage energy fluxes in production load links ;

e manage "on off" commands for the generator set ;
e configure the set of batteries ;

Copyright (C) 1997, EDF

operation of the

e MaTage mformation:

The genefal functional architecture of an energy controller is shown in figure 1 :

Sources 4@7 Storage \Qp cat ns

G = Energy controller

3.1 Enengy fluxes controlled
The energy fluxes considered.in energy
e production - storage f
P, —» Stor @—)
P, — St ge
e production -

St - UDCnb :
St s Upy - storage - "REN pseudo-battery-less" loads links

Note : TheTollowing NiNKS are not manageda -
e storage (any dedicated battery loads ;

e generator set (dedicated generator loads ;

e wind generator (braking load. This link becomes operational as soon as the Pying — St link is

Jettisoned.

The energy fluxes taken into account by the energy controller are shown in figure 2.
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Photovoltaic array
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Reserve generator set

(Wind) (Pv) (Gr)
CENGES
v )
Wind Storage
generator
braking

v

Generator

de¢dicated
@ loads

REN. pseudo- DC loads AC loads c
battery-less loads non-backed up non-backed up A Ioac{iIS\EEcked up
(FDbl) (DCnb) (ATnD) i

Figure 2 : Energy fluxes taken into account by the energy controller
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3.2 Functional range of energy controllers
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There are three main categories of energy controllers for the electrification system for isolated S|tes
comprising production sources using renewable energy (that is types 1 to 7 of the system typology)

e G, intended for "direct REN" systems ;

e G; intended for single and multi-user systems (types 2 and 4) without generator set but with
storage which subdivides into :

O  Ga, : basic controller ;

0 G2b:

e G;
¢

surges or voltage drops, with the option of controlling priority loads ;

controller similar to Gy, with an additional function to protect loads from voltage

ntended for single and multi-user systems, with storage :
G3a .

nly

0 tage
0 to
0
e G,
0
0
Table 1's
Type of controller
Functiop N° qes\cm@\of fuhction File | Gi | Goa | Goo | Gaa | Gab | Gao ||Gaa | Gea | Gao
M{nag\emer}\c\\ne\/ggfluxes in Production - Storage links
1.1 Battery chargi enerators A-1 ® L L] L] L] L]
1.2 Non battg/ B\Qﬂ@d A-2 [ ] ° [ L] ° °
1.3 t%{f\gh\ethhe PV generators as a A-3 L]
fum dia
14 ati&’@\ad (p}\grammed day) A-4 o ° ° ° ° °
1.5 \Bon\tr;]\f di chculahon of the current in the A-5 L L4 L4 L4 L4 L4
PV generator -'battery link
1.6 Battery cr%if{g from wind generator A-6 ° ® ® L] ° °
1.7 Non battery overload [ ] ° ° L] (] L]

! the energy management devices for type 6 systems (hybrid small power station, with synchronous coupling) and type 8 (small
diesel power station) are not defined in this document
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Table 1 (end) : Functional range of energy controllers

Type of controller

Function N° Description of function File Gt | Goa | G2 | G3a | Gap | Gac | Gaa | Gaa
1.8 Equalisation load (programmed day) [ ° ° ° ° )
1.9 Control of the direction of circulation of the current in [ ] [ ] [ [ ® ®

the wind generator - battery link

1.10 Battery charging by the generator set (any day) A-7 ® L ° o o

1.11 Non battery overload by the generator set A-8 [ [ [ L] L]

1.12 Equalisation load by the generator set (programmed | A-9 o o | @\ o | e
day)

2 : Management of energy fluxes in the Storage - Loadsfl'\nks Q\

2. Power supply for backed-up AC/DC loads A-10 \0\ o L4 L4
22 Jettisoning of backed-up AC/DC loads A-11 ® L4 L4 L4
238 Maximum voltage limit at terminals of backed-up AC/DC | A-12 \ \.\ L4
loads
N
24 Holding minimum voltage at terminals of backed-up |/ A-13 L4
AC/DC loads
2.5 Power supply to non-backed up AC/DC loads \/Afy{ /\ (4 L] L] L] L] ® L]
N
2.6 Jettisoning of non-backed up AC/DG.Joads < A-q\5 -/ j (] ® ® L] L] L] L]
27 Maximum voltage limit at terminals of mon-backed. up [ A-16 \_,0/ L] L] L4
AC/DC loads
2.8 Holding minimum voltage at terminals\of non-ba edm\ - o L4 L4 L4
AC/DC loads

29 Power supply t&ps&c@-ba\ﬂéry-less Io\as§ % A-18 L] ®

210 Jettisoning ps%udéﬁaﬂeb\@ss Iégds A-19 L o

3: Nlénaguwerh\o\fe\vggg? fluxes in the Production - Loads links

3. Power supply toha -up Iowme generator [ A-20 L L
set

3.2 Break ww\&b\&ked‘ép AC loads by the | A-21 [ °
erator'set

anagement of on/off commands to the generator set

4. W g\e@r sé A-22 [ ° ° ) )

4.p Stopping ge%\rator set A-23 ® L] L] L] L]
5 : Management of information

5. Supplied by the instrumentation A-24 o [ [ [ ] [ [ ® ®

52 Supplied by the operator A-25 (®) | (o) ® ® [ [ [

5.3 Supplied by the user A-26 (@) | (@) | ® o L

54 Return information relating to management decisions to | A-27 o L4 L] L] L] L] L] L]
actuators

55 Return information relating to management decisions to | A-28 ® L] L] L] L] L] o
the operator

5.6 Return information relating to management decisions to | A-29 ® L L] L] L] o o
the user

Note. - Files A-1 to A-29, describing the various functions of the energy controllers, are in annex A.
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3.3 Correspondence between types of electrification systems and energy controllers

Table 2 indicates the link existing between the type of electrification system based on REN
(see document DRE - B 1 : "Architecture of Electrification Systems") and the energy controllers
defined above.

Table 2 : Correspondence between functional range of energy controllers and the typology
of electrification systems

Typology of electrification
systems

Range T
G, *
G, * *
G * *
Gia * \
GSb *
Gac * / *
Gas * DA /AN
Q@AY
G *

3.4 Management of battery state of charg

Electrochemical batteries are no
the indications in figure 3.

charge level of which is characterised by

Overload conditi6

Equalized: 2 i a order to reconfigure the battery to nominal performance

h = detectable enerqgy quantity to discriminate between states of charge

low 1+h

Figure 3 : Battery State of charge
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Using the state of charge shown in figure 3, management modes for the loads are illustrated in
figure 4.

- Power supply from battery
Overload condition

_equalised B N
full

full-h Pseudo-battery-
i ~‘less REN loads. - {8888~~~ - -

PS from generator set

empty

Generator-
dedicated loads

4'7Management modes for loads

NO

les established for control of the generator set, it is possible to |assign the
"low 2" to jettisoning of backed- up or non-backed up loads.

été e technblogical solution used to evaluate the various charge levels is not chosen in adyance. The
<</ te of charge of the battery may be evaluated by association of measurements relating fo :
AN

Base Option
Battery voltage °
Temperature
Energy budget

4 - If other storage methods are used instead of batteries, the energy storage level definition should be
reviewed.
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4. Conditions of service

Under study.

4.1 Conditions of storage

Under study.

5. Electrical characteristics

Under study.

6. Consfructional characteristics

@%
B
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