Southern Centre and JICA

Confidential Clinic Encrgy Survey
Yillage (Clinic) survey for enevgy
Questionnaire munber:

Surveyor/Enumerator
1. Date of survey:
Date/Month/ 1997
2. Name of Clinic Represantalive:.............coooo s e
3. Sex of respondend:
1. Male 2. Female

4. Age of representative:
1. 20s 2.30s 3. 40s 4. 50s 5. 60s +

A

Name of Clinic

6. Name of district

7. Name of Province...............ocooovivreriennecnces
8. Sector of your clinic |

1. Large Scale Commercial Farm LSC

2. Resettlement Area Farm (RAF)

3. Small Scale Commercial Farm (SSCF)

4. Parastated Government Farm (PGF)

5. Communal Land Farm (CLF)

6. Urban

9. Type of electrification of the clinic
1. Fully unelectrified
2. Photovoltaic {PV) electrified
3. Grid electrified

10. Population in the Catchment area of the Clinic
A, Characteristics of the clinic

11.

111. How many employees work at the Clinic? .............. RTRI
112, Total Number of nurses (SRN+SCN)...........
113. Total Number of nurse aid...........

114. Total number of Environmental Helth Technitian
115. Total number of other employee

14. Number of major building of clinic (Exclude toilets, incinerator, washing room, staff’s dwelling
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15. Rooms and facilities of thcmﬂ

Facility of Number Facility of room Number
| Room N | o
150! Consulting 1510 Pharmacy storage | |
1502 Waiting 1511 Linen storage L
1503 Consulting . 1512 Distnfection 1
1504 Injection 1513 Male ward L
1505 Staft’s 1514 Female ward
1506 Delivery B 1513 Sluice
1507 Atenatal 516 Shower L
1508 Treatment 1517 Utility B
15C9 Refrigerator 1518 Other
16. Availability of following facilities in use . ~
Facility I. Availability 2. Reason see ***
Yesi No2 | Reason of out
Fill 1 or 2 )

1601 L
1602
1603

1. Lack of water

2. Facility broken

3. Lack of sewage

4. No necessary
17. Is there any medical doctor’s visit?

1. Yes 2. No
171. If Yes, till the average frequency.  Around ... .times per ... months
18. Average number of monthly out patient in 1996 (Fill number} Around............ /month

- 19. Top five diseases at your clinic in 1996.

19t......... 192l 193, .. 194, 195, .

1. Acute respiratory infectories

2. Diarthea

3. Injunes

4. Malaria

5. Respiratory disease

6. Skin diseases

7. Sigas, symiptoms, and ill-defined

8. Sexual transmittance diseases :

9. Tonsillitis 10. Others
11. 20. Average number of deliveries a month in 1996. Around ............. /month
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B. Al Clinics: Electric appliances and cnergy used

15. Apphiances used

:\ppiiancc Number Number of | Power (Walts) | Source of Poweir**# )
o : Hours used/Day | See below
| eg. Radio 8 9 4

1.

2

3.

4

5.

6.

7.

S

9.

1310 For sorce of power, please use ene of the following:

1. Grid Electricity
4. Dry Battery

7. Other (Specify)

16. Sources ofe_liergy used : .
(A) For Al Clinics: Source of Energy for 1995, Average consumption per month

2. PV Electric
5. Kernsere/Paraflin

6. Gas

3. Diesel

F: Gas

Az Firewood B: C:biesel | D: Petrol | E: ) See
Parrafin Electricivt | helow
v
Units/month barrow/Cart | litre litre litre KWh Kg

1 Cost per month $

2 Average time (hr)
used/day

3 Used for Car

4 For Motorcycle

S For Truck

6 For Cooking

7 For Lighting

8 For Geunerator

9 Qthers

16 { B) For Option F: Gas, Give the Following;

L. Average Life Of a Bottle
2. Mass (kg) of A bottle
3. Number of Botiles used/Day
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16 {C) For Grid, Solar and Generator Electrified Clinics only: Supply of elcct';'icily

na=not applicable

17. ALL Clinics: Source of water for Clinic uses including Drinking

Volumes nljfday

Quantity spent a day (‘_1996)

Total cost in 1996

From piped tnside

From piped outside

Fiom river/ streanV/ dam

¥rom conununal tap

e e e et a———

From well protected

From well unprotected

From others Specify

17 b The distance from your source of water {m)

1 On premises

2 Shorter than 500m
3 500to 1,000 m

4 More than 1,600 m

18. Priorities of the Clinic (Including energy)

181. What are the 5 most important things for your Clinic? List up the top five items according to

your priofity. _
1. Budgetary Money
4. Fuel
7. Safety

10. Wireles Telephone |

13. Drainage Facility
16. Housing

182. What is your clinics priority for energy sources? List up the top five items according to your

priority.
1. Firewood
3. Electricity by grid

5. Electricity by engine generator

7. Gas
9. Others

2. Medicine

5. Electricity

8. Ambulance
11. More Staff
14. Doctors Visit
17. Others

2. Paraffin

3. Water
6. Refrigirator
9. Telephone

12 Education/Training

15 Entertainment

4. Electricity by PV

3. Coal

6. Dry battery
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PV ELECTRIFIED CLINTCS ONLY
UNELECTRIFIED AND GRID ELECTRIFIED CLINICS GO TO Q20

C. Photovoltaic (PV) system

19, For Clinics already installed PV system

1901, Date of PV installation 1. Month.............. 2 Year 19. .
1602. Capacity of installed PV system................... watts

1903. Arrangement for buying PV system

. Bought by one time paying

2. Initial payment and repaying of loan
3. Others, specify

1904, Investient amount of whole PV system including initial installatton work which you have
(had) to pay '
Arround Z3............

1905. Total répayment period
l. year(s) 2. month(s)

1906. Repayment stage
1. Already repaid
2. Under repaying
3. Repaying will start soon

1907. Rate of repayment of loan ZS...._.per........... (select from below)
I. Month 2. Quarterly repaying
3. Half yearly 4. Yearly repaying

5. Others, then specify

1908, ‘Amount of money to maintain PV system apart from loan repayment {Fill numbers)
1. Around ZS.............. fYear

2. Around Z$.............. / month
1309. Appliances connected to PV system _
1. Fluorescent tube(s) 2. Incandescent bulb(s)
3. Radio 4. Black fwhite TV
5. Color TV 6. Others, then specify

1910. From what time to what time PV lighting is used a day?

1911. Maintenance of PV System. Who is doing maintenance work for PV system ?
L. Clinic Head Nurse 2. Other Nurse

3. Paid Person 4. Envronmenta! Health Technician 5. Other
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1912, Total nuerber of faults which you called for the maintenance company after installat'on tll the
end ot May 1997 Around times

1913. Frequency of faults for which you calted for the maintenance company alter installation till the
end of May 1997, Average around .................. times/ month

1914, Total number of days that PV system couldn't be used due to tow vo.ltage after installation till
the end of May 1997 Around ... days

1915. Type of faults you have experienced (Fill up to five}

. Break down of PV panel

. Inclination, break down of stem (pole) for solar panel

. Appliances connected do (did) not work

. Shorter avaitable hours a day compared to the initial start up days
. Fluctuation of voltage when in use

_ Disconnection, loose connection of wite at the terminal of battery
. Corrosion of the battery terminal

. Shut down by over use of appliances

9. {.evel down of pure water in the battery

10, Almost no use due to no sunshine during daytone

11. Stolen

12. Others, specify

o9 sl O Wy fa WD DD

1916 State the kind of ‘changes‘in daily life that your Ciinic has experienced after installation of PV
“system ? (Fill up to five)

Easy care of handling delivery at night time

Easy care of handling the urgent patients at night time

Easy receiving of patients recessary to stay in the ward at night

Giving the public health education to the villagers at night become .

Giving the education for the family planning to the villagers at night become easier
Safety of clinics at night (easy to notice snakes, animals, injurious insects, intrudes

Sleeping hours decreased

Bit by mosquito, injurious insects, etc. Increased

. Employees became lazy

10. Fundamentally almost no change

11. Others

O 00N Oy A ke =

1917. Extent of satisfaction : Are you currently satisfied with PV system ?

Satisfied very much

Just about {nearly satisfied) due to less capacity than clinic's needs

Just about (nearly satistied) due to a rather high burden of repaying the loan.
Not satisfied, but not unsatistied

Nearly unsatisfied due to higher burden of repaying the loan.

Nearly unsatisfied due to high frequency of faults on the system

Unsatisfied

N WA W -

1918. Fill all the names of PV system companies you know
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UNELECTRIFIED AND PV ELECTRIFIED [THDS ONLY
Please skip question 20 to 23 for the grid electrified clinics

D. Future installation and/or expansion of PV system

20, Please list 5 future installaltions in your plans for future elecirification by PV and/or cxpansmn of
PV by use of following appliances

I. Fluorescent tube - 2. Incandescent bulb ' i
3. Electric stand 4. refrigerator. -
5. Electric fry pan 6. Electric toaster
7. Electric food processor 8. Electric fan
9. Radio 10, Radio cassette
HL.TV 12, Battery charger
13. Others, specify
21. What is your priority in future PV electrification and/or expansion plan using 25 watts PV
system? ( Fill according to your priority based on the expense shown below. Necessary
expense: Z3 20,000 by single payment

73 8,800/year for three (3) years _
Appliances to be used: 12 fluorescent and outlets for radio or black/white TV
12 fluorescent tubes _ .
6 fluorescent tubes and consents for radio or black/white TV
Minimum Florescent and oullets for Radio and TV
Others, specify

B

22. Payable amount in case of electrification by 2 electric famps

Fill the amount of money (monthly basis) which you feel you can pay for item 1 to 5. Fill the amount
of money for item f.

1. What would be expensive price for you ie unacceptable price for solar PV system, but still
pay anywav‘? - AroundZ$......... . L.dm

2. OK (acceptable) to pay, but little bit too cheap and begin to worry about quality {not
expenswe) Around ZS...... /m

3. Too expensive to pay, we won't electrify: Around Z$ ... /m

4. Too cheap that makes me worry about quality:  Around ZS............... /m

5. Payable monthly cost:  Areund Z$ ............... /m

6. Payable initial investment (indoor wiring and battery):  Asound Z$ ...

7. Are you willing to purchase PV system in future ? 1: Yes 2: No

8. If Not, Under what condition, would you want to buy PV system ?
23. Any other comment for PV electrification: ;
ALL CLINICS

E Operating Costs

24, How has the tendency of the gross total annual income of your clinic in 1996 in compared to that

in 1995 changed ? (Here, the gross total annual income contain all cash income before deduction of
tax and all income in kind.)

1. Increased
2. Almost no change
3. Decreased
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25. How has the tendency of the gross total annual consumption expenditure of your chinic in 1996 in
compared to that in 1995 changed?

I. Increased

2. Almost no change

3. Decreased

26. How much was the gross total annual income of your clinic in 1996 ?

27 Sources of income for clinic (Fill the selected up to five)
Budget from Supporting Organisation

1.
2. Remiltance
3. Transters
4, Donations
5. Income from the Patient
6. Income in Kind
7. Borrowing
8. Others

28. Average gross monthly operating Cost in 1996 (Fill number)
2801, Personnel fee Around Z%.... . /m
2802. Medicine  Around 2§ ... /m
2803. Electricity Around Z$............ /m
2804. Fuel (Paraffin, kerosene, gasoline, gas, wood, etc.) Around 28 m
2805. Photovoltaic (PV) Around Z$ ..., /m
2806. Dry battery Around Z8.. ... /m
2807. Others Arcund ZS$................. Im
2808 Total Around Z8 ... ... /m

29. Disposal incame
291. Did you make any savings in 19967 1. Yes 2. No
262 How much money did you save ?
293. How much did you save at the end of May 19977
294. Where do you save your deposit ?
1. Bank
2. Other banking organization
3. By yourself
4. Others

Thank you very much for your cooperation.

30. Surveyor’s confidential comment
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Confidential Household Encrgy Survey N

Village (Household) survey for energy
Questionnaire number:

Surveyor/Enumerator
1. Date of survey;
Date/Month/1997
2. Family Name: ..o

3. Sex of respondend:
1. Male
2. Female

4. Age of representative:
1.20s 2.30s
3.40s 4.50s
5.60s +

5 Nameofvillage ...
6. Nameof district. ...

7. Name of province

8. Sector of your village

1. Large Scale Commercial Farm LSCF
2. Resettlement Area Farm {(RAF)

3. Small Scale Commercial Farm (SSCF)
4. Parastated Government Farm (PGF)
5. Communal Land Farm (CLF)

6. Urban

O

. Type of electrification of the household
L. Fully unetectrified
2. Photovoltaic (PV) electrified
3. Gnd electafied

A. Characteristics of the family

1. Family size: How many people live and eat together in your home ? ...

111. How many of the above are economically active (able bodied)?.......................
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For the following questions 12 and {3, use the options:

1. Own agricullure 2. Own stock farming

3. Agriculture for others 4. Stock farming for others
5. Services 6. Mining & construction
7. Manufacturing 8. Education

9. Business & finance 10. Machine operators

11. Law & security 12, Clerks & sccretaries
13. Transport 14. Director & manager
15, Government officials 16. Others, specify

12. Job category of family household head ....................

13. Job of family members other than family Head. (Please include non-resident incmbers that
contribute to the well being of the family. Fill in up to five different job categories if
possible)......ccoovinininn

14, House
141. Total number of traditional houses (Fill number)

142. Total number of other type/ morden type houses (Fill number)
143, Total number of rooms of other type/ morden type houses (Fill number)............
144. Main material of wall of other type/ morden type house

1. Concrete/Brick 2. Metal

3. Traditional 4. Wood

5. Other specitfy

145. Main material of roof of other type house than traditional one

1. Concrete 2. Metal 3. Slate
4. Traditional 5. Thatch 6. Wood
7. Other

B. All Households: Eleciric appliances and energy used
15. Appliances used

Appliance Number Number of | Power (Watts) - | Seurce of Power***
Hours used/Day See below |

¢g. Radio 1 3 9 ' 4

1.

2.

3.

4.

3.

6.

7.

8.

9.
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1510 For sorce of power, piease use one of the following:

1. Grid Electricty
4. Dry Battery
7. Other (Specify)

16, Sources of cnergy used

2. PV Electdc
5 Kerosene/Paratlin

3. Diesel
6. Gas

{A) For All Households: Source of Energy for 1996, Average consumption per month

D: Petrol

A: Firewood B: Parrafin { C:Dicsel E: F: Guas
: Etectrici | ***  See
iy below
Units/month barrow/Cant litee litre litre KWh - |Kg |
} Cost per month $
2 Average time (hr) used/day
3 Used for Car
4 For Moteravele o
3 For Truck
6 For Cooking |
7 For Lighting i
$ For Generator
9 Others . L
16 ( B) For Option ¥: Gas, Give the Following:
1. Average Life Of a Bottle
2. Mass (kg) of A bottle
3. Number of Bottles used/Day
16 (C) For Grid, Selar and Generator Electrified Households only: Supply of electricity
Supphed by Grid , PV Generator
| Single Phase 1=yes 2=No na na
Three Phase 1=yes 2=No na na

Supplied Volt

Supplied Amp

Supplied Watts

na=not applicable

17. ALL Houscholds: Source of water for Household uses inc]uding Drinking

Volumes mjl’day

Quanlity spent a day (1996)

Total cost in 1996

From piped inside

From piped outside

From river/ stream/ dam

From communal tap

From well protected

From well unprotected

From others Specify
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17 b The distance from yeur source of water (in)
1 On premises
2 Shorter than 500m
3 500t0 1,000 m
4 More than 1,000 m

18. Priorities of the family (Including energy)

181. What are the 5 most important things for your family lite ? List up the top five items according
to your priorily.

1. Money 2. Food 3. Water

4. Fuel 5. Electricity 6. Health

7. Safety 8. Clothing 9. Footwear
10. Religion 11. Education 12. Job

13. Entertainment 14. Social relations 15. Relatives
16. Friends 17. Transportation tools 18. Property
19. Housing 20. Others

182. What is your family's priotity for energy sources? List up the top five items according to your
priority.

1. Firewood 2. Paraftin

3. Electricity by gnd 4. Electricity by PV
5. Electricity by engine generator 6. Dry battery

7. Gas 3. Coal

9. Others

PV ELECTRIFIED HOUSEHOLDS ONLY
UNELECTRIFIED AND GRID ELECTRIFIED HOUSEHGLDS GO TQ Q20
C. Photovoltaic (PV) system

19. For Households already installed PV system

1901. Date of PV installation 1. Month.............. 2. Year 19

1902. Capatily of installed PV system................. watts

1903. Arrangement for buying PV system

. Bought by one time paying

2. Initial payment and repaying of loan
3. Others, specify

=

1904. Investment amount of whole PV system including initial in.stallalion work which you have
(had) to pay Asrround Z$...............

1905. Total repayment period 1. year(s) 2. month(s)

1906. Repayment stage
1. Already repaid
2. Under repaying
3. Repaying will start soon
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1907. Rate ofrevﬁaymcr{t&c?floan ZS.....per...... (select from be!i;g)
1. Month 2. Quarterly repaying
3. Half yearly 4. Yeariy repaying

5. Others, then specify

1908. Amount of money to maintain PV system apart from loan repayment (Fill numbera)
1. Around Z$ /Year
2. Around Z$ / month

1909. Appliances connected to PV system

1. Fluorescent tube(s) 2. Incandescent bulb(s)
3. Radio 4. Black fwhite TY
5 Color TV 6. Others, then specify
1910. From what time to what time PV lighting is used a day‘? From.......... pm. to..... pm

1911. Maintenance of PV System. Who is doing maintenance work for PV system ?
{. Family member 2. relative
3. Paid Person 4. Others, specify

1912. Total number of faults which you called for the maintenance company after instaltation till the
end of May 1997 Around ... times

1913. Frequency of fauits for which yoﬁ called for the maintenance company after installation till the
end of May 1997, Average around .................. times/ month

1914. Total number of days that PV system couldn't be used due to low voltage aﬁer mstallahon till
the end of May 1997 Around ... days

1915. Type of faults you have experienced (Fill up to five)
1. Break down of PV panel
. Inciination, break down of stem (pole) for solar panel
. Appliances connected do (did) not work
. Shorter avatlable hours a day compared to the initial start up days -
. Fluctuation of voltage when in use
. Disconnection, loose connection of wire at the terminal of battery
. Corrosion of the battery terminal
. Shwit down by over use of apphances
9. Level down of pure water in the battery
10. Almost no use due to no sunshine during d2ytime
I1. Stolen
12. Others, specify

[+ BN I w AR W R L A o]

1916 State the kind of changes in daily life that your family has experienced after installation of PV
system ? {Fill up to five)

Dinner time became much joyful
. Family's interests to the outside world became wider
Cooking at night became easier
Completing homework became easier for school children
Hours for the entertainment ( such as by watching TV, listening radio etc.) became longer
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6. Working at home at night (such as knitting, sewing etc.) became easier
7. Home parties with relatives, and /or other families increased

8. Safety of houses at night (casv to notice snakes, animals, injutious insects, intruder etc.)
9. Sleeping hours decreased

10. Bit by mosquito, injurious insects, etc. increased

11. Family became lazy

12. Fundamentally almost no change
13. Others

1917. Extent of satisfaction : Are you currently satisfied with PV system ?

Satisfied very much

Just about (nearly satisfied) due to less capacity than family's needs

Just about {nearly satistied) due to a rather high burden of repaying the toan.
Not satisfied, but not unsatisfied

Nearly unsatisfied due to higher burden of repaying the loan.

Nearly unsatisfied due to high frequency of faults on the system

Unsatisfied

A

1918. Fill all the names of PV system companies you know
UNELECTRIFIED AND PV ELECTRIFIED HHDS ONLY
Please skip question 20 to 23 for the grid electrified households
D. Future instailation and/or expansion of PV system

20. Please list 5 future installaltions in your plans for future electrification by PV and/or expansion of
PV by use of following appliances

1. Fluorescent tube 2. Incandescent bulb

3. Electric stand 4. refrigerator

5. Electric fry pan 6. Electric toaster

7. Electric food processor 8. Electric fan

9. Radio 10. Radio casselte

1L TV i2. Battery charger

13. Others, specify
21 What is your priority in future PV electrification and/or expansion plan using 25 watls PV
system? ( Fill according to your priority based on the expense shown below. Necessary
expense: Z3% 5,000 - 6,000 by single payment

782,200 - 2,600 fyear for three (3) years
Appliances 1o be used: Two ftuorescent tubes or combination of one
fluorescent tube and one outlet for radio or black/white TV

Two fluorescent tubes

One Muorescent tube and one consent for radio or black/white TV

One outlet for TV only

Others, specify

hadiadi i
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22. Payable amount in case of clectrification by 2 electric lamps

Fill the anount of money (monthly basis) which you feel you can pay for item 1 to 5. Fill the amount
of money for item f.

I. What would be expensive price for you ic unacceptable price for solar PV system, but still
pay anyway?: Around ZS............./;m

2. OK {acceptable) to pay, but little Lit too cheap and begin 1o worry about quality (not
expensive) Around Z$...... /m

Too expensive to pay, we won't electeify: Around 73 . ... /m
Too cheap that makes me worry about quality:  Around ZS$................ /m
Payable monthly cost: Around Z8 ... fm

Payable initial investment (indoor wiring and battery): - Around Z$
Are you willing to purchase PV system in future ? 1: Yes 2: No
If Not, Under what condition, would you want to buy PV system ?

B

23. Any other comment for PV electrification:

ALL HOUSEHOLDS
E Living conditions

24. How has the tendency of the gross total annual income of your famnly in 1996 in compared to
that in 1995 changed ? (Here, the gross total annua! income contain all cash income (by selling

agricultural products, stock farming, wages, remittances, iiousehold enterprise sales, transfers, elc.)
before deduction of tax and all income in kind.)

1. Increased
2. Almost no change
3. Decreased

25. How has the tendency of the gross total annual consumption expenditure of your famxly in 1996
in compared to that in 1995 changed?

1. Increased
2. Almost no change
3. Decreased

26. How much was the gross total annual income of your family in 1996 ? Z$

27. Sources of income for family life (Fill the selected up to five)
1. Farming inconte including selling agricultural products and stock farming
2. Remittance
3. Wages including jot for piece job.
4. Household enterprise sales
5. Income in kind
6. Transfers including pensions, social welfare etc.
7. Properties
8. Donation received from the public, relatives, neighbor, etc.
9. Borrowing
10. Others, specify
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28. Average gross monthly cé}‘{ékl_implion expenditure (Ml number)

2801. Food Around Z8 ... /m

2802. Drinking water  Around ZS....../m

2803 Electricity Around 28 ... /m

2804. Fuel (Paraflin, kerosene, gasoline, gas, woed, etc.) Around Z3 ... /m
2805. Photovoltaic (PV) Around Z5 ... fm

2806. Dry battery Around 7% e fm

2807. Clothing Around 723 ... /m

2808. Education AroundZ$ ... /m

2809. Entertainment {including beer)  Arround ZS......... Month

2810. Others  Around ZS................... m

2811, Total  Around Z3
29. Disposal income
291. Did you make any savings in 19967 1. Yes 2. No
292 How much money did you save ?
293. How much did you save at the end of May 19977
294. Where do you save your deposit ?

1. Bank

2. Other banking organization

3. By yourself
4. Others

Thank you very much for your cooperation.

30. Surveyor’s contidential comment
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~ Confidential School Fnergy Sur;cy

Village survey for energy {School)

Background Information

0. Interviewer’s Name

1. Date of survey {Fill number) Date............... Month ..o 1997

2. Name of schOOl Head o e e
3. Sex; 1. Male 2. Female

4. Age of representative/resPORACNT. .........o.oo oo
3. Name of school

Type of School
I .Primary 2 Secondary

6. Name of village

7. Name of disirict

8. Name of province

9. Sector of your village (Fill the alphabet)

Large Scale Commercial Farm {(I.SCF)
Smalt Scale Commercial Farm (SSCF)
Communal Land Farm {CLF)
Resettlement Area Farm (RAF)
Parastated Government Farm (PGF)
Urban

O D B e

10. Type of electrification of the school

1. Fully unetectnified
2. Photovoltaic (PV) electnfied
3. Grid electiified

11. Population of viiiages in catchment area
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A, Characteristics of the school

13 School size: How many employees work totally in your school ? (Fill number)

14. Total number of pupils/students, and classrooms (Filt number)

a Jb. c |d
Primary School Secondary School
e Pupil Classroom Student Classroom
§ 141 Grade 1 ~ Form |
142 | Grade2 . Form 2
143 Grade 3 Form 3
144 | Grade 4 ' Form 4
145 Grade § B Form $
{46 Grade 6 Form 6
147 Grade 7 -
148 Adult
149 Total .

15 Does your school have two classrooms a day (Hot Seater) system ?
1. Yes 2. No

16 School start time and closing time (Fill number by 24 hr system)
Start  Closing

®

161 In case of one time classroom a day system  FURR Do,
162 In case of two time classrooms a day system: First  a....... b

Second c.......... d

17 Average homework frequency and average necessary hours to do (Fill the number)
ONCE PER............ DAY(S)

Necessary hours: Express by expected hours (1: 1 hour, 2: 2Zhours etc.)

Primary School Secondary School
7 Frequency | Nes. Hrs Frequency | Nes. Hrs

o Gradea | ] Form

| Form.

TSN LV SN (WS PRSP

169 Total
Note: Nes. Hrs = Necessary hours to complete homework for pupil/student
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*B. Electric applmnces and enengy used

All Schools: Electric appliances and energy used

15, Appliances used

Appliance

Number Number of | Power Source of
Hours used/Day { (Watts) Power***
3  See below
{ eg. Radio ] 3 9 4
1.
2.
3.
4.
3.
| 6.
l7.
58,
9.

1510 For sbrc_e of pé\\i’er, please use one of the following:
1. Grid Electricity

4. Dry Battery

7. Other (Specify)

2. PV Eleciric

5. Kerosene/Parafiin

16. ALL SCHOOLS: Sources of energy used
(A) For All Schools: Saurce of Energy for 1996, Avcrage consumptnon per month

3. Diesel
6. Gas

A: Firewood | B: Pasrafin | C:Diesct | D Petrol E— F: Gas See
Electricirty | below
Units/month barrow/Cart | litte litre litre KWh Kg
1 Cost per month $
2 ° Average time (hr)
used/day

3 Used for Car

4 For Matorcycle

S For Truck

6 For Cooking

7 For Lighting

8 For Generator

9 Qthers

16 { B} For Option F: Gas, Give the Following:

1. Average Life Of a Bottle
2. Mass (kg) of A bottle
3. Number of Bottles used/Day

{10
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16 (C) For Grid, Solar and Generator Electrified Scheols enty: Supply of electricity

=S;;bplied by‘ __=_f7 Grid . —j‘ ]E\-’_ —_t_j_:: ] _Gcfnfgratoirfj B
Single Phase I=yes 2=No | na na
Three Phase I=yes 2=No na na

Supplied Volt

Supplied Amp

Supplied Watls

i na=not applicable o - T

17. ALL Schools: Source of water for Schaol uses including Drinking

3
Volumes m™/day

Quantity spent a day (1996)
Total cost in 1996

From piped wside

From piped outside

From river/ stream/ dam
From communal tap

From well protected
From well unprotected
From others Specify

& 17 b The distance from your source of water (m)
I On premises
2 Shorter than 500m
3 500t01,000m
4 More than 1,000 m

20, Priorities for the School {including Energy)

201, What is the most important thing for your school ? List up the top five items according to your
priofity by selected numbers. :

1. Budgetary money 2. Classroom (Building)
3. Water 4. Fuel

5. Electricity 6. Lighting _

7. Text book 8. Reference books

9. Library 10. Teachers

11. Re- education/re-training of 12. Telephone

teachers

13. Wireless telephone 14, Gymnasium

15. Drainage facility 16. Entertainment

17. Others

1H1
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202. What is your school's priority for energy source? List up the.t'op fivg items according to your
priorily.

l. Firewood 2. Paraftin

3. Electricity by grid 4. Electricity by PV
5. Electricity by engine generator 6. Dry bateery

7. Gas 8. Coal

9. Others

C. PV ELECTRIFYED SCHOOLS ONLY: Photovoltaic (PV) system
21. School already installed PV system

2101. Date of PV installation (Filt number) 1. Month ............ 2. Year 19.....

2102. Capacity of installed PV system (Fill number) ... watts
2103. Arcangement for buying PV system

1. Bought by one time paying .
2. Initial payment and repaying of loan
3. Others, then specify

2104. Investment amount of whole PV system including initial instalfation work which you have (had) to
pay (Fill number) Around Z8 T q

2105. Total repayment period (Fill number) a. ... year(s) b. .......... month(s}

2106. Repayment stage
1. Already repaid
2. Under repaying
3. Repaying will start soon

2107. Rate of repayment of loan (Fill figure in a and put the alphabet inb) a. Z$ /b
. Monthly repaying

. Quarterly repaying

. Half yearly repaying

. Yearly repaying -

. Others, then specify

e

W W

2108. Amount of money to maintain PV system ekcept loan repayment (Fill numbers) E
1. Around ZS............... Year 2. AroundZS$ .. ... / month

2109. Appliances connected to PV system

1. Fluorescent tube(s) 2. Incandescent bulb(s)
3. Radio 4. Black fwhite TV
5.Color TV 6. Others, then specify

112
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2110, From what time to what time PV Iightmg is used a day? From.......... _pm . pm
2111. Maintenance of PV System. Wha is doing maintenance work for PV system ?

1. School representative 2. Head master
3. Teachers 4. Administrative
5. Others, specity

2112, Total number of faults which you called for the maintenance company after installation till the end
of May 1997. Around ... times

2113. Frequency of faults for which you called for the maintenance company after installation till the end
of May 1997. Average around ... times/ month

2114. Total number of days that PV system couldn’t be used due to low voltage afler installation till the
end of May 1697, Around

2115. Top Five Type of faults you have experienced

. Break down of PV panel

. Inclination, break down of stem {pole) for solar panel

. Appliances connected do (dld) not work’

. Shorter available hours a day compared with the initial start up days
. Fluctuation of voltage when in use

. Disconnection, loose connection of wire at the terminal of battery
. Corrosion of the battery terminal

. Shut down by over use of appliances

. Level down of pure water in the battery

10. Almost no use due to no sunshine during daytime

11. Stolen

12. Others, specify

N G0 ~J Ch LA da e B e

2116. What kind of changes in shool life employees have experienced after installation of PV system ?.
List the top §
1. Teachers’ preparation of lessons for next day became easier

2. Receiving the consultation for education from the pupllfstudem s family in the evening
became easier

Progress of lessons became faster

Adult education class in the evening was avaitabl

Oftering room (s) for villagers meeting in the evening became easier

Safety of school at night (easy to notice snakes, animals, injurious insects, etc.) increased
Bit by mosquito injurious insects, etc. increased

Working time for employee especially it for teacher became longer

Budgetary burden became heavier

10 Employee became heavier

11. Fundamentally aimost no change

12. Others, specify

R
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2117, Extent of satisfaction. Are. you currently satisficd with PV system ?

. Satistied very much

- Just about {nearly satistied) due to less capacity than school’s needs

. Just about (nearly satisfied) due to a rather high burden of repaying the loan.
. Not satisfied, but not unsatistied

. Nearly unsatisfied due to higher burden of repaying the loan.

. Nearly unsatistied due to high frequency of faults on the system

. Unsatisticd, specify why?

e DA T~ e

2118. Fill all the name of PV system coempanies you know

b.

a.
c. ) d.
e. f.

D. Future installation and/or expansion of PV system
Please skip question 22 to 25 for the grid electrified schools

22. Your plans for tuture electrification by PV and/or expansion of PV by use of fol!owmo
appliances

Fluorescent tube

Incandescent bulb

Electric stand

Refrigerator

Electric fan

Radio

Radio casselte

Vv

Others, specity

B -

—@Wﬂ@MPP

0.
23. What is your priority in future PV electrification and/or expansion plan using 165 watts PV
system?

Necessary expense:  Around Z8$ 20, 000 by single payment

Around Z$ 8,800 fycar for three (3) years

Appliances to be used: Around twelve fluorescent tubes and outlets for radio and or TV
Priority:

. Twelve fluorescent tubes

2. Six fluorescent tubes and many outlets for radio or TV

3. Minimum fluorescent tubes and many outlets for TV

4. Others
24. Payable amount in case of PV electrification by 12 fluorescent tubes and outlets for radio/TV.
1. What would be expensive price for you?: Around Z3.........../m
2. OK (acceptable) to pay, but little bit cheap (not expensive) Around ZS ............. /m
3. Too expensive to pay, we won't electrify: Around Z3 ... /m
4. Too cheap that makes me worry about quality: Around Z$........... /m
5. Payable monthly cost: Around Z$.. ... . /m
6. Payable initial investment {indoor wiring and battery): Around Z$ ............

-Are you willing to purchase PV system in future ? I: Yes 2: No
If Yes, Under what condition, would you want to buy PV system ?
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25 Any other commeat for PV electrification:

E Operating costs

) 26. How about the tendency of the gross total annual inceme of your school in 1996 in compared with

? thatin 1995 7 Here, the gross total annual income contain all cash income (by budget from the
supporting organization of your schools, donation, remittances, transters, etc._jbefore deduction of tax
and all income in kind.

1. Increased
2. Almost no change
3. Decreased

27. How about the tendency of the gross total annual expenditure {= operating cost) of your School in
1996 in compared with that in 1995 ?

1. Increased

2. Almost no change

-~

3. Decreased
28. How about the gross totai annual income of your schools in 1996 7 ...

@ 29. Sources ot income for your school (Fill the selected up to five)
1. Budget from the supporting organization of your shool

. Remittance

Transfer

Donation

Income in kind

Borrowing

Others, specify

N AW

30. Aﬁerage gross monthly operating cost in 1996 (Fill number)

3001. Personne! fee (Excuding Ministry of Education Staff ~ Around Z$.... ... /m
3005PV. Around “Z$....../m
3002. Electricity Around Z$ ... fm
3006. Dry battery Around 2S....... ... /m
3003. Fuel {(Paraffin, kerosene, gasoline gas, wood, etc.)  Around ZS......... m
3007. Others Around Z5........ /m
& 3008 Total Around Z$ . ... /m
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31_.-l)isposabl:e income at your school
311 Did you make any savings in 1996

. Yes 2. No
312 How much money did your school save 7 Z8

313. How much did you save &t the end of May 1997 228, ...

314. Where do you save your deposit ?

1. Bank 2. Other banking organization
3. By yourself 4. Others

Thank you very much for your ceoperation,

32. Surveyor's confidential comment
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CHAPTER 1

SOLAR PHOTOVOLTAIC SYSTEMS

WHAT IS A SOLAR PHOTOVOLTAIC SYSTEM?

A solar photovoltaic unit turns sunlight into electricity. The more sun there is, the more i
clectricity is produced. When it is a rainy day, litile eleclricily is made. At night, no

cleclricity is produced even if the moon is very bright. Because electric lights are needed

when the sun is not shining, electricity made during sunny days is stored in a battery.

Electricity can be drawn from the battery at any time to do useful things like operate lights,

refrigerators and videos.

WATER SYSTEMS ANO SOLAR SYSTEMS: A SIMILAR IDEA

Understanding a solar system scems difficult at first. Electricity can not be scen and
measurements must be made with complicated looking instruments. To help in
understanding an electric system, it is useful to compare it with a water system,

The water system that acts most like a solar photovoltaic system is a rainwater collection )
system. The amount of water collected by a rainwater collection system changes with the Fia
weather. There are days with much rain and days with none so that some days much water
is collected and on others none is collected. In the same way, the amount of electricity
made by a solar system changes according to the weather, There are days with bright sun
when a lot of electricily is created and others with little sun when litile electricity is made.
Sometimes it rains for many days, other times it is dry for many days. Sometimes it is
sunny for many days and other times it is cloudy for many days. So the output of both
rainwater collection systems and solar systems depends on the patterns of the weather.

Not only do rainwater collection systems and solar PV systems acl much alike, they have
similar parts.

The main parts of a rainwater system are:

v THEROOE (QLLECTION AREA

ASTORAGE TANK

PIPES T CARRY NATCR 10 AD EROM TAE Tk
VALVES 0N PIPES 70 CONTROL THE ELON OF NATER
APPUANCES {LIKE A SONER) FOR BSING THE HATER

R N

The main parts of a PV systém are:

v THEQUETIR P i 3
T STORAGE BATTERY

WIRES 10 AR THE EECTRIGHY T0.AND FROM TNE BATTERY

ACCHTROLLER F0 CONFAOL THE FLOW OF ELECTRIONY

ARRLARCES LK SAS)FOR USIG THE ELECTRITY

NN NS

Each part of the rainwater system does a job similar to a part in the PV system,



Collection

The solar panel collects sunlight and convells it into electricity. [t is often mounted on a
roof but it can be placed anywhere there is sun. In a rainwater system the cquivalent part is

" the house roof. IT we think of electricity as being like water, then the roof collects
 rainwater like the solar panet collects sunlight, The roof collects water that falls from the

sky so it can be stored for later use. The solar pancl collects sunlight that comes from the
sky so it can be stored for later use as electricity. The bigger the roof, the more water that
is collected when it rains. The bigger the PV panel the more sotar encrgy that is collected
during the day. If it rains hard, a lot of water is collected in a short time and if it rains
lightly, only a little is collected in the same time. If the sun shines brightly, 2 lot of
clectricity is collected in a short time and if it is cloudy only a litle is collected in the
same lime, [f it docsn’t rain, rio water is collected and if it is night, no solar coergy is
collected. So you sce that the idea behind having a roof area for rainwater collection is
almost the same as the idca of having a solar PV pancl for sun energy collection.

Storage

Water is needed when it is not raining and electricity is nceded when the sun is not shining.
Both a rainwater collection system and a solar PV system must have storage. The battery
in a photovoltaic system does a job like the storage tank of a water system. The storage
{ank allows the use of water for some time after it quits raining, The battery allows the use
of electricity for some time after the sun goes down.

If it rains a lot and no one usés much water, the storage tank fills up to capacity. If the sun

shines a lot and there is little use of electricily then the batlery becomes full of electricity

and we say it is charged.

If people use water when there is little rain, the water level in the tank gradually fails and
soon the tank becomes cmapty. If people use electricity when there is little sun, the amount
of electricity in the battery gradually falls and soon the battery has no more electricity and
we say il is discharged.

SOMETHING VERY IMPQR‘I’ANT TO KNOW ABOUT 'S'OLAR.
UNITS

If people use water from the tank faster than rain falling
on the roof collection area refills it, the tank will run dry
and people will have to wait until it rains again before
they have water. If people use electricity faster than the
sun shining on the photovoltaic panels can refill the
battery with electricity, then the battery will run out of
electricity and become discharged and the people will
have to wait for the sun to recharge it.




Fiow Control

Water- storage tanks have valves on their outlet pipes to control the use of water.
Photovoltaic systems have a controlter between the battery and appiances to control their
usc of electricity. Such a controller is called a discharge controller because it controls the
amouril of electricity coming out, or discharging, from the battery. A water tank may not
be damaged by being drained until cinpty but a battery can be damaged if (00 much
clectricity is drawn from il. The discharge controller prevents damage o the battery from
too much discharge.

Some water storage tanks alse have valves on their inlet to prevent them from becoming
too full and overflowing. Most ph‘otovoltaic systcms have a controlier between the panel
and the batlery to keep the battery from receiving too much electricity. It is called a charge
controller because it controls the amount of encrgy going into, or chargmg, the battery.
Batteries can be damaged from too much charge, so the charge controller is necded to
prevent damage from over charging.

Usually the charge controller and the discharge controller are combined into one box
which is simply called the controller.

Transport '

Both water and electricity have to be moved from place to place. To move water froni one

“place to another, pipes are used. To move electricity from one place to another wires arc
used. Big pipes let water flow more easily than small pipes and are needed when large
amounts of water are (o be moved quickly. Big wires let eiectnmly flow more easily than
small wires and are used when large amounts of electricity is to be moved quackly

If pipes are not connected togelher properly, lhey lcak and all the water does not get lo the
other end of the pipe where it is needed. If wires are not connected together properly, all
the electricily does not get to the appliance end of the wire where it is needed.

Appliances

The devices that make use of the water from the rainwater system or of the electricily from
the photovoltaic system are called appliances. For rainwater colleétion systems, there is
often only onc appliance attached to the system: a tap. Some more complicated water
systems may include other appliances such as flush toilets and showers. Appliances that
use a lot of water, like flush toitets, only work well if connected to a waler system that is
designed for them. If a flush toilet is atlached to a water system designed for a simple
water tap, it probably will not work properly and the storage tank may run dry qmckl)

With solar photovollai¢' systems, many units have only one app]lancc lights. But it is
possible to connect other appliances like radios, videos, pumps and refrigerators if the
photovoltaic system is designed for them. But if a tefrigerator, pump of video is connected
1o a solar photovoltaic system designed only for lights, it will not work propetly and the
battery will be discharged quickly. '



CHAPTER 2

ELECTRICITY

{NTRODUCTION

~ People usually have some dxfnculty in undcrstandmg clcclncny becausc it is invisible.
Forlunalcly, clectricity has many things in common wilh water so understanding how
walter acts in‘a waler system helps us understand how electricity acts in a PV system.

To understand a water system, there are a few things that we have to know. We must
know things like how much water is there, how much force is pushing water through the
pipes and how much water is ﬂowmg through the pipes over a period of time. These
important things that we ¢an measure in a waler system are like things that are important
to measure with electricily.

PRESSURE

Waler prcssure is a measure of the force that pushes water through a plpc Each country
has its own method of describing pressure. Units like pounds pet square inch, Pascals and
kilograms per square metre are used. Though they have different names, they all arc a
measure of water force. One common measure of water pressure is kilograms per square
centimetre. A water pressure of 1/3 kilogram per square centimetre is very low and is what
might be found ‘at the outlet to a rainwater storage tank silting on the ground. A pressure
of 10 kilograms per square centimelre is high and might be found at thic outlet of a pump
driven by a diescl cngine. It takes a 1ot of force to move water through long pipes so high
pressures are needed when water must be moved long distances. Low pressures are ail
right when the water is being used very close to the storage tank.

Electrical pressure is the force that pushes cle'clricity'lhrough a wire. Fortunately, the
measure of elecirical pressure is the same everywhere. It is measured in Volts, An
electrical pressure of 1-1/2 volis is low and is the electrical pressurc provided by one dry
cell like is used in an eleciric torch or radio. An electrical pressure of 240 Volts is fairly
“high and is the pressure found at city etectrical power points. High voltages are needed to
move electricity long distances or for running large appliances.

VOLUME

The amount of water in a tank is its volume Many differcnt measuces of volumc are
popular. The gallon is a measure of volume used in some countries. Another common
measure of volume is litres. A houschold rainwater tank may hold 4000 litres. Another
measure of volume is cubic metres. One cubic metre is the same volume as 1000 litres.

There are scveral measures of electrical volume too. One measure of electricity volume is
the Coulomb. A torch cell may hold an electrical volume of 1500 Coulombs. A solar
battery may hold an electrical volume of 360,000 Coulombs, Another more common



measure of cleciricity volume is the Ampere-hour, An electrical volume of one Ampere-
hour is the same as an electrical volume of 3600 Coulombs so a battery holding 360,000
Coulombs also holds 100 Ampere-hours.,

FLOW RATE

When water moves throvgh a pipe, it is said to flow. The volume of water (like gallons,
litres and cubic mcires) that flows through a pipe in one unit of time (like one second, one
minute or one hour) is called the flow rate. It is often measured in litres per minute. A pipe
from a rainwater tank may have a flow rate of 10 litres per minutc when a tap is turned on

while a pump driven by a diesel engine may provide a watcr flow rate of 1000 litres per
ninute, .

When eleclncnl) moves Ihrough a wire, it is somctimes said to flow just like water but
' usuaily it is said to have 4 current instead of a flow rate. So clectricity movmg through a
wire is a current and electrical current is measured in Amperes. One Ampere is a volume
of one Coulomb ﬂoWing through a wirc over a time of onc second. It is a one Coulomb
per second flow rate. One Ampcre is also the average current flowing through a wire when
onc Ampere-hour of electricity volume flows through a wire over a period of one hour,
The current which flows through a solar powered light may be one Ampere white that
nceded Lo run a farge solar powered video may be thirty Amperes,

RESISTANCE

Electricity flows through wires like water flows through pipes. Plpcs allow water fo be
~ carried from one place 10 another just as wites allow clectrlclly to be carried from place to

place. The longer the pipe or wire the more difficult it is to move water or electricity from
the source to the user.

With water, the longer the pipe the lower the flow of waler that a particular pressure can
push through the pipe. For a given pressure, a very long pipe will have a much lower flow
of water than a short one of the same size. This is because the longer the pipe, the more
difficult it is to push water through the pipe. It is just as though a very long pipe pushcs
back with a force against the flow of water. This force that opposes the flow of water is
called flow resistance or snnply resistance. The resistance to water flow in a pipe increases

in step with the length of a pipe, S0 a pipe twice as long pushes back twice as hard. It has a
resistance of twice as much,

It is also harder to push water through a small pipe than a big one. The back force
{rcsistance) increases in step with the decrease in the amount of room there is for water
Row in a pipe. The room for flow is also called cross seclional area. It is usually measured
in square inches or square centimetres. If a pipe has a cross scction of five square
centimetres, it will {for an equal length of pipe) have twice the rcsnslance 1o water flow as
a pipe thal is len square centimetres in cross section area.

Be sure that the difference between diameter of pipe and cross sectional area of pipe is
understood. The diameter is the distance across the end of the pipe. Thé cross sectional
arca is the total room available across the end of the pipe for water to flow. It is important



to realise that if you double the diameter of a pipe, the cross scetional arca of that pipe is
made forr limes, not two times, larger, The reason is that when you increase the diameter
of the pipe in one direction, the diameter is increased in the other dircction too because the
pipe is round. If you doubled the diamcter of the pipe in only one direction and thercfore
doubled the cross section arca, the pipe would not be round, it would be a flattencd oval,
This means thal if you have a hundred metres of 20mm diameter pipe and you change to
40mm diameter pipe, the pipe resistance falls by a factor of four because the cross
sectional area of the 40mm pipe is four times that of the 20mm pipe.

Blectricity flowing through a wite acts in the same way as water {lowing through a pipe. 1f
the wire length is doubled, the resistance of the wire is also doubled and it is twice as
difficult to force electricity through the wire, If the wire size {cross scction area) is cul in
half, the resistance is doubled and it is two times harder to push electricity through the
wire.

With watcr, if the pressure stays the same and the pipe length is doubled, the flow rate is
cut in half. Another way of saying the same thing is that if we want (o maintain the sane
flow rate through a pipe whose length has doubled (thereby doubling its resistance to
flow), we have to double the pressure,

Looking at it differently, if we find that for some reason we have to increase the length of
a pipe to double what it started with and can't change the pressure forcing the water
through thé pipe, then the only way we will be able to keep the same flow rate as before is
by cutting the resistance in half. To do that we can lay another pipe of the same size along
side the first one and connect them together. That gives double the room for water to flow
and cuts the resistance to flow in half. Another way is to take out the old pipe and put in a
single new pipe with double the cross sectional area of the old one.

This relationship can be stated as follows:
Water Pressure equals Flow rate times Resistance
or another way:
Water Flow rate equals Pressuve divided by Flow Resistance
or a third way:

Walter Flow Resistance equals Pressure divided by Flow rate

Therefore if you know any two of the three terms, flow resistance, pressure or flow rate,
you can calculate the third easily.

Electricity acts the same way. If wirc length (resistance) is doubled and the Voltage
(electrical pressure) kept the same, the Amperes flowing (electrical flow rate) are cut in
haif. If the Voltage is kept the same and the wire length doubled we can have the same
current only by cutling the wire resistance in half. This can be done by doubling up the
wire with another of the same size or by replacing the old smalt wire with one having
twice the cross sectional area of the first one.



There is no common meastrement term for pipe resistance but the unit used in measuring
electrical resistance is the Ohm, The intesaction between clectrical pressure in Volts,
clectrical flow rate in Amperes and flow resistance in Ohms is:

Voltage equals Amperes time Ohms
Which is the clectrical equivalent of:
Water Pressurc equals Flow Rate times Flow Resistance

or another way:

Amperes cquals Yoltage divided by Ohms
Which is the electrical equivalent of:
Water Flow Rate equals Pressure divided by Flow Resistance

‘or a third way:

Ohms equals Voltage divided by Amperes
Which is the electrical equivalent of:
Water Flow Resistance equals Pressure divided by Flow Rate

' Therefore if you know any (wo of the three: Amperes, Volts or Ohms, you can always
calculate the third. |

Examples:

A Voliage of 12 Volts forces a current of 4 Amperes through an enknown resistance. What
is the resistance in Ohms?

Resistance = Volis/Amperes
= 12/4
= 3 Ohms

A resistance of 6 ohms is placed across a voltage of 24 Volts. What current fows?

Current = Volts/Qhms

2416

= 4 Amperes

A resistance of 3 ohms is measured to have a current of 2 Amperes flowing through it
What voltage is there across the resistance?

Voltage = Amperes X Ohms

2X3

6 Voits



POWER

Power is the ability to do work. A machine with lots of power can do lots of work.
Anyone tiving near the occan knows the power of moving water, If you have cver had to
swim against an out{lowing tide, you know there is power in cven slowly moving water, If
the water volume is high and the flow rapid, as with high breakers along the recf, the
power is great and can break bones or cven kill.

If you placc your hand in flowing water, you can feel the stream of water pushing your
hand. The flow of water is producing a small amount of power. If the water is under high
pressure or there is a large volume of water flowing, the pressurc on your hand is greater
and we can say there is more power. In fact, the power increases if cither the waler
pressure or the water flow rate increascs.

Think about the water flow from the fauce! on a rainwater tank. If the faucet is just barely
tarned on and there is little flow, the force on your hand under the tap is low. If you turn
the tap open all the way, the power is greater. The power increases exactly as the flow rate
increases. If the flow rale doubles, the power doubles.

Also, if the tank is nearly empty and the pressure very low, the force on your hand is also
low. If the tank is full and the water pressure high, the force is also high. The power
provided by the flow of water increases exactly as the pressure increases. If the pressure
doubles, the power doubles.

So the power from a stream of water increases both with increased flow tate and increased
pressure. If both the pressute and the flow rate double, the total power is raiscd by four
times, twice dug to the doubling of flow rate and twice again for the doubling of pressure.
In fact, the power can be said to be changed as the change in the flow rate and the pressure
multiplied together.

Examples with numbers:

Suppase:

Flow rate doubles and the pressure triples
2 imes 3 =6
The power goes up six times
Suppose:
Flow rate doubles and the pressure is cut in half
2 times 1/2 =1
and the power is the same.

Electrical power works the same way. If the pressure (Volis) doubles and the flow rate
(Amperes) stays the same, the power doubles. If the current triples and the voltage stays
the same, the power triples. If the voltage doubles and the current triples, the power goes
up six times. Electrical power equals the flow rate in Amperes times the pressure in Volts.



The measure used for electrical power is the Watl. One Watt is the power produced by a
current of one Ampere driven by an electrical pressure of one Volt, If the electrical
pressute of a photovollaic system is 12 Volts and it operates a light which uses two

Ampercs, the power used is:
12V times 2A. = 24 Walls

Remember that electrical power in Watts is the Voltage times the Amperage just like
water power is pressure times flow rate, E

Examples:
A video uses 30 Amperes at 12 Volts, Iis powet requirement is:
30 Amperes X 12 Volts = 360 Walts

A pump uses 10 Ampcres at 48 Volts. Its power requirement is:

W0AX48Y = 480 Watls

~ Alightuses 1.5 Amperes at 12 Volis. Its power requircment is:

ESAXI12V = I18W

Notice that you can use this relationship between Watts, Volts and Amperes to calcutate
backwards too:

If a 24 Watl light is connected to a 12 Volt source of electricity, how much curent will £
flow?

12 Volis times ?72? Ampercs = 24 Wotts

XA AR VAY =2A

So if we know the power in Watls we will get the Amperes if we divide Watts by Volts. If
we know Walts, we can get Volts if we divide Walts by Amperes.

If a 120 Watt refrigerator opesales on a current of 10 Ampercs, whal voltage is present?

77? Volts times 10 Amperes = 120 Watts
1I20W/10A =12V
ENERGY
The terms power and e'nergy are often confused. Power is the ability to do work. Energy is g

the total actual work that is done. A targe, strong man has a ot of power but if he is lazy
. and sleeps all day, he docs little work and produces little energy.

To see the difference between power and encrgy, think of a car and a motorcycle. The
power for their motors is rated in horsepower. A 40 horsepower car motor has ten times
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the power of a 4 horscpower motorcycle. You might think that the 40 horscpower motor
provulcs ten times the encrgy of the 4 horsepower unit but that is not so. Remember that
energy is a measure of actual work done. Even though somcthing is power(lul, there may
be little work done because the power is used only for a short time. The very strong man
who sleeps all day does much less work than a weak man who labours all day. A 40 horse
motor operated for a few minutes moves the car only a short distance while a 4 horse
motor operated all day will move the motorcycle a long distance. The encrgy produced

B depends on both the power available and the length of time the power is applied.

§-' Multiplying power fimes the time the power is used gives energy. Since the electrical
measure of power is the Wall, in clectrical terms energy is measured as Walts times hours
or Wait-hours. '

An electrical _dcvice that delivers a power of five Watts for two hours provides S X2 = 10
Waltt-hours of encrgy. If a light requircs 20 Watis to operate and is run for four hours, the
encrgy used is 20 X4 = 80 Wail-hours.

Because it is energy Wthh is provided to the baltery by the sotar panels and energy which
goes 1o the appliances from the baltery, it is the flow of ertergy, not power, that detcrmines
how large the pancls and batteries must be. An appliance, like a small light, that uses little
cacrgy in an hour can operale many hours from a charged battery. An appliance that uses
much energy in an hour, like a freczer, will operate only a short time from the same
charged battery.

CiRCUITS

A piping system for a rainwater syslem may be simply a short pipe with a tap at the end or
it may have many branches going to many places. The pipe and its connections can be
called the water circuit. For the water to flow all the way from the tank to the appliance
there must be'a continuous pipe connecting them. If the pipe is disconnected or broken,
the water will not flow to the appliance and it will not work.

If a piclure is drawn of a water cnrcun it shows the water source, the pipe paths and
conucctions and the appliances. The drawing is called a plumbing circuit diagram. On that
dtagram you can frace the flow ofwater from source 10 appl:ance

Like water circuils, eleclncal circuits for PV systems can be very simple such as a wire
running directly from a battery to a light. A circvit can also be complex with several
batteries and many appliances all connected together. When electrical elements, like
batteries, resistances, motors and appliances are connected together with wires, an
electrical circuit is created. For an elecirical circuit to function, there must be a continuous
path for the eleclricity to flow. If a continuous path does not exist, then we say that the
;\%  circuit is open. If the continuous path is present, then the circuit is closed. Electricity will
flow through a closed circuit but will not flow through an open circuit. A swilch is an
electrical device which allows you {o open or close a circuit to turn the electricily on or off.

There is one b]g difference between the way a water and an electrical circuil works. A
water circuit usually ends with the appliance and the water flowing away inlo a drain
somewhere. In an electrical circuit, the electricity cannot flow outside of a wire so there
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must be a wire to carry ¢clectricity away from the appliance just as there is one to carry
electricity to the appliance. This refurn wire goes back-lo the power source where the
returned electricity is pumped back up to full voltage and sent back out to the appliance. In
an clectrical circuit, the electricity must kave a continuous path not only to the appliance
but from the appliance back to the source as well. If the path is broken at any place, the
flow of clectricity stops.

Polarity

It makes a difference to most solar powered appliances which way the electricity flows. If
you connect a flush toilet backward, it will not work and if you connect a solar light
backward il probably will not work either. With a water appliance the inlet pipe is usually
clearly marked, The same is true of connections in a solar system. The markings are
usually + and — or spelled out as positive or negative. The + sidc is called the positive pole
and the - side the ncgauvc pole. The arrangement of + and — is called the polarity of the
unit. The polarity is simply a way of showing the direction of the electricity flow.

Appliances usually have their + pole connecled to the + pole of the battery and the — to the

It is always important to know and observe polarity when
making connections in a PV electrical system. Connecting
the wrong poles together can cause damage, a fire or even
an explosion.

Series Circuits

When electrical elements are connected end to end, they are said to be connected in serics.
To connect two wires in series, one end of one wire is connected to one end of the second
wire creating a single wire as long as the two put together. This is like connecting two
short pipes to create one longer pipe. Notice that the resistance of the resulling long wire
(or pipe) is the sum of the resistances of the individual wires (or pipes).

ifa long pipc is made by connecling shorter pipes end_ to end, any water that goes into one
end must pass through all the pipe sections to get to the other end. The same flow rate is
present everywhere in the circuit, Electricity entering one end of series connected
electrical components will all pass through each component to get to the other end. A
basic characteristic of series connected electrical circuits is that;

All components in a series circuit have the same electrical
current (Amperes) flowing through them. The voltage across
each individual component will vary according fto the
characteristics of that component.

If we stack water tanks one over the other, the pressure available from the bottom tank
will increase. In PV systems batteries and panels are often connected in scries to increase
the available voltage. If two 12V batteries producing 10 Amperes are connected in series,
24V is produced at 10 Amperes. If three 18V panels each producing 3 Amperes are
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connected in scrics, $4V at 3A is produced. The voltage from series connected batierics or

panels is the sum of the individual voltages. The Amperes produced is the same as that
produccd by one unil,

Paraliel Circuits

When electrical componenls are connected side by side, lhcy are said to be connected in
parallel. To connect two wires in parallel, one end of cach wire is connected together then
the other ends of each wire is connected together. The rcsult is two wires side by side with
the two ends tied together.

This is Yike laying two smal pipes side by side then connecling them togelhcr al both ends.
When water is turned on, part of the water flows through one pipe and part through the
other. The flow is sphl If one pipe is large and the other one small, more water will flow
~ through the large pipe than the small one. This is frue because the same pressure is present
on both pipes but their resistances arc different. The same thing happens in a parallel
electrical circuit, the flow is split among each of the branches according to the flow

resistance of cach branch. A basic characleristic of parallel conncctcd clectrical circuits is
that:

All components connected in parallel have the same voltage
across their terminals. The electrical current (Amperes)
flowing through each component will vary according to the
electrical characteristics of the components. _

If several water tanks are set side by side and interconnected, the pressure will be the same
as from onc tank but the flow of water will be increased. In PV systcms batteries and
panels are often. connected in parallel to increase the available current. If two 12V
batteries which can produce 10 Amperes are connected in parallel, 12V is produced with a
possible 20 Amperes of current. If three 18V panels each producing 3 Amperes are
connected in parallel, 18V at 9A is produced. The voltage from parallel connccled

batleries or panels is the same as that produced by one unil. The Amperes produced is the
sumn of the individual currents.

ALTERNATING GURRENT (AC)

The clectricity that we have discussed so far can be thought of as flowing directly [rom a
source {like a battery) through wires to the point of use (like a light). This form of
eleclrzca! flow is called Ditect Current or DC.

Solar panels storage baltesics and torch batteries all producc pC elccmcny Notice that
none of these sources of electricity have any moving patts.

The electrical power provided by engine driven rotating generators ranging fiom the
smallest portable generator up to the very largest city power plant is usually not direct
current. It is usually Alternating Current. This type of electrical power flows in one
direction for a short time then reverses to flow in the other direction an equally short time
before reversing again. This type of electrical power is called Alternating Current (AC)
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because the clectricity is constantly allernating its direction of flow. The flow siarts in one
direction, say from the source to the appliance, then reverses to flow in the opposite
direction then starts going the original direction again. This forward then backward
n,pciilion of direction is called a cycle and the number of cycles thal occur in one second
is called the AC frequency. The measurement term for frequency is the Hertz which is
simply the number of dircctional change cycles per second for the electricity. Power plant
frequencics are either SO Hertz or 60 Hertz (Hz) according to what power standards a
country obscrvcs

Alternating Cum,m power can be convcrlcd lo Dircct Current using what is called a
rectifier. Direct Current can also be converted to Alternating Cureent using an inverter.
These conversions cannot be made without the loss of some power and un!cﬂs care is
taken, the power produced is of a poor quality.

The laws. goveming electrical flow in Dircct Current systems also apply to Alternating
Current systems but with some added complexities causcd by the constantly changing
flow of clectricity. Calculations which are exact for DC may be onty approximate for AC
unless complicated correction formulas are included in the calculations,

Unlike DC, AC has no polarity. Thal is because polarity indicates the direction of
electricity tlow and in an AC syslem, the flow reverses many {imes a second.

Which is better, AC or DC power? Both have advantages and disadvantages. AC is more
commonly used in large power systems both because it is casily produced by big rotating
machines and because it is easy to change from one voltage leve! to another, an important
factor in large power distribulion systems. DC power is generally more efficient to
transport and usc but more difficult to produce in large quantities and operating vollages
are not caSIIy changed. The decision whether to use AC or DC is usually based on what
technology is 1o be used to create the power. Home appliances built to opcrate on DC do
cxactly the same job as ones designed to work on AC and both are widely available. Since
solar panels produce DC, that is the usual choice for solar PV system operation. In a fow
cases where appliances arc not readily avaitable for DC operallon an inverter to convert
solar- gencrated DC to AC may be used. Such conversions should be avoided when

possible because of the added cost of the inverter and its use of additionat electrical energy.

CONCLUSION

Electrical systems are like water systems in many ways. Pressure, flow rate, power and
resistance all act in the same way for waler and ¢lectricity.

Any time there is a problém understanding an electrical system it is a good idea to think
about how a similar water system would acl. Even in troubleshooting a solar electrical

system, thinking about it as though it was a water system often helps in deciding what is
wIong.
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CHAPTER 3

PHOTOVOLTAIC PANELS

INTRODUCTION

In a photomltéic system, the part that converts sunlight to electricity is called a
phiotovoltaic pancl. It is expensive and very hard to make but simple to use. All that you
have to do to make clectricity is to place it in the sun.

PANEL CONSTRUCTION

Most solar pancis normally used for rural power production are made up of a number of
individual cells. The cells may be round, square or some other shape.

AMORPHOUS PANELS

Some panels, called amorphous silicon panels, do not have
individual cells but still can charge a 12 V battery. These panels
are not recommended for rural electrification use because they
. do not last as fong as the panels with individual cells yot cost
about the same for the same power rating.

Each cell produces about one-half Volt no matter what their size. The amount of Amperes
a ccll can produce depends on its size with larger cells producing more Amperes.

Since cach cell only produces about one-half volt, many cells w:ll have to be connected in
serics to produce a high enough voltage to charge a 12V battery. Usually there arc from
30 to 36 of these cells on a panel which is intended to charge a 12V battery. This makes
sure the maximum Voltage from the pane! is high enough to charge a 12 V battery.

Because panels having less than 33 cells do not properly chargf: a 12 V lighting system
battery in the tropics, no panels should be used that do not have at least 33 cells and 34 to
36 cell pancls are better. Most panels from good manufacturers now use 36 cclis and that
is rccommended for all tropical installations.

Panels with more than 36 celts witl work fine. Unfortunately, they cost more and do not

provide any advantage over 36 cell units. Therclore, their higher cost is not justified for
12 V battery charging.

THE EFFECT OF PANEL AREA ON ELECTRICITY OUTPUT

The same way a large r0of collects more water than a small one, the larger the solar panel
the more electricity is produced. If you double the amount of surface covered by pancls
the electrical power output in Walts is doubled.
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THE EFFECT OF SUNLIGHT BRIGHTNESS ON ELECTRICITY OUTPUT

The harder it rains, the more water you get from a roof. Photovoitaic pancls work the same
way with the sun. The more sunlight there is falling on the pancl, the more clectricily is
produced.

THE EFFECT OF PANEL DIRECTION ON ELECTRICITY OUTPUT

If you arc standing in a rain storm with a strong wind blowing, the side of you facing the
wind gets much wetter than the side away from the wind. To get the most electricity from
a solar panetl it must be pointed towdrds the sun.

THE EFFECT OF HEAT ON ELECTRICITY QUTPUT

You work better if you are nédt too hot. Solar panels also work best when kept cool. The
hotter the panel is the less power it provides.

MAXIMISING THE ELECTRICITY OUTPUT FROM A SOLAR PANEL

Because photovoltaic panels arc expensive, you want to get as much electricity out of
them as you can, Electricily from a solar panel is greatest when:

v THERBIGITEST SONLIGRT HALLS ON THE PANEL

The brightest sun is where there is no shade. Solar panels lose most of their
electricity output when even a small part of the panel is in the shade. It is very
important that solar panels are placed where the sun will shine on then from at
least 0900 to 1500 without any shade at all.

" THEPANEL POIYTY TORARD fﬁ[ I/

The most electricity will come from the panel when it pozm‘s dtrecﬂy toward the
sun. But because the sun keeps moving across the sky from morning to night the
panel would have to move to always point dzrecr!y toward the sun. That is not
practical in most places and the best we can do is to ﬁ.x the panel so it is pomrmg
in the direction where the sun' is located when it is the brightest. The sun is
bnglztest at noon. The best mounting for a sclar panel is with a tilt toward the
equator equal to the latitude of the location. A panel located at a site with a
fatitude of 18 degrees south of the equator would be best mounted with a tilt of 18
degrees toward the north. A panel mounted on the equator should have a tilt of 5
degrees toward any direction. A small filt is always needed to let rain wash off dirt
that is on the panel.

v’ THEMNEL [ KEPT A QOB AS PONSIBLE

Because solar panels must be in the bright sun, it is hard to keep them from getting
hot. It helps if solar panels are mounted so wind can blow over both the top and
bottom of the panels. That means they should not be mounted right on a roof but at -
least ten centimetres above the roof so air can move all around the panel and keep
it from getting too hot.



16

TO GET THE MOST FROM SOLAR PANELS FOLLOW THREE
RULES

Rule 1: There should be no shade on the panel between 0900
and 1500.

Rule 2: Tilt the panel an angle in degrees equal to the latitude of
the site though it should never be tilted less than 5§ degrees
from horizontal. The panel should face north for sites south of
the equator and it should face south for sites north of the
equator.

Rute 3: Mount the panel at least 10 centimetres above other
surfaces so air can easily cool the back of the panel.

PROPER MOUNTING OF PANELS

Because solar panels are expenswc and cas;ly broken, it is m1p0rlant that they be mountcd
solidly so they cannot be loosened by the wind and blown away. Nails are not good
enough 1o hold panels in place very long. Screws or bolts made of materials which will
not carrode should be used to attach solar panels and to hold together the frame that is
made to mount the panels 1o a building.

ARRAYS OF MORE THAN ONE PANEL

Most people want more power than can be provndcd by a single solar PV panel. To
increase the power available, panels may be connected together. There are two ways
pancls can be connected together: series connections and parallel connections.

Series Connectmg Panels

When more voltage than can be provnded by asingle panel is needed, additional panels are
connected in series. §f one panel provides 18 Volts, two in series will provide 18 + 18 or
36 Volis. Three in series will provide 3 X 18 or 54 Volts. For each of these 18 V panels
connected in series 1o other panels, the voltage will go up another 18 Volts.

"~ The Ampere% provided by panels in series is the same as that provided by one panel
because the same electnclty flows through all the panels as they are connected in one long
line. Each panel increases the electrical pressure bul the flow stays the same as one panel.

Since power in Watts equals Volts times Amperes, the power increases as panels are
added.

Parallel Connecting Panels

When the voltage from a single panel is fine bul more current is needed, panels can be
connected in parallel. If one panel provides 2 Ampetes in bright sun, two in paraliel will
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provide 2 + 2 or 4 Amperes, For each of these 2 Ampere panels connecled in paralicl, an
extra 2 Amperes will be produced.

In parallel connected panels, the voltage remains the same as one pancl but the Amperes
increascs with cach added panel. Since power in Walts equals Volts times Amperes, the
power increases as panels arc added.

Notice that for both scrics and paraliel connected panels, the power increases as the
number of panels in increascd. Two pancls in parallel produce the same power as fwo
pancls in series, it is just that the Voltage and Amperages are different.

Series - Parallel Connections -

Solar PV systems to power refrigerators and other large appliances often use a 24 Volt
battery instead of a 12V battery. Some ¢ven us¢ 48 Volt balteries. Since solar panels
almost always are designed to charge 12 V batlerics, two have to be connected in series to
charge a 24 V baltery and four have to be connected in series to charge a 48 V battery..
Many times, more Amperes are needed than can be provided by one panel, so it is
necessary to connect pancls in parallel as well. This combination of series and paraltel
conncctions can be extended to as high a Voltage as needed by adding more panels in
scries and as high an Amperage as is needed by adding more panels in parallel.

There are many different ways of correctly connecting a large iumber of panels to get a
desired Vollage and a desired Amperage. You can connect panels in series until the
desired voltage is reached then connect other scries connected sets of panels in parallcl
until the desircd Amperage is reached.

You can also connect panels in parallel 1o get the Amperes needed then connect other
simitar groups of parallel connected panels in series to get the desired voltage. Perhaps
this should be called parallel-series connection but it really doesn't matter since the end
Voltage and Amperage is the same as series-parallel connections.

THE IMPORTANCE OF GOOD PANEL CONNECTIONS

The solar panels are the source of all electricity in the PV
system. If the wires are not clean and tightly connected to the
panels, some of the electricity will be lost and the system will
not work right. Always be sure that connecting wires are clean
and that the screws which connect the wires to the paneis are

also clean and are properly tightened.

[T~y
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CHAPTER 4

BATTERY

CHARACTERISTICS

The battery stores electricity produced by the solar pancl for later use. It is an important
part of solar systems which nced to have clectricity at night when the solar panel is not
producing clectricity.

The battery is one of the most expensive parts of the solar system. It also has the shortest
lifc and is the part most casily damaged by poor maintenance or improper usc. The most
important thing a PV technician can learn is how to take care of batteries and how to tell if
the people using a PV system are causing battery damage through improper usc.

The type of battery usually used in a solar system is what is called a Lead-Acid battery.
That is its name because the main malerial it is made of is lead and lhe battery contains
acid. The acid is called Sulphuric Acid and can bumn holes in clothes, burn skin and
especially hurt the eyes. For that reason, you should be very careful around Lead-Acid
batteries and not spili the actd, get it in your eyes or on your skin. If it'is spilled or comes

‘in contact with your skm OF €yes,’ lmmedmlely wash it off wnh iots of water.

Lead-Acid batteries are made up of cells. Bach cell producas about 2 Volts. A 12 Volt
battery has six 2 Volt cells connected in series. A 24 Volt baitery has twelve 2 Volt eells.

The cells may all be contained in a single plastic case like a car battery or they may be
separate.

Most batteries used for solar systems have removable caps on top so you can test the cells
and add water when it is nceded. They are called open cell or flooded cell batteries. Some
batterics are sealed and cannot be maintained except at the factory. They are called
maintenance free or sealed balteries. That type of battery has a smooth top and no filler
caps. If that type of battery is prowdcd for your solar systems, there is nothing you can do
to maintain it except keep the connections tight, the case clean and be sure the user of the
system is not using it improperly. Maintenance frec batteries are more expensive than
open cel! batteries of the same capacily. Field tests have shown that maintenance free

batteries do not last as long as open cell battcries that are properly maintained.

Maintenance frec batteries should only be used where no one is trained to properly
maintain the open cell type batteries.

Of all the parts of a solar system, the battery requires the most care. It must be checked
regularly to be sure the liquid level is correct and only the purest water added if it is tow.
If properly maintained, a battery has a life of five to seven years. If poorly maintained or if
the electricity system is used improperly the battery may have to be replaced much sooner.
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THE SOLAR SYSTEM BATTERY IS SPECIAL

Although the solar ballery may look like the baltery used in automobiles, tractors and
trucks, inside it is very difterent, Batteries used for vehicles are designed to provide large
amounts of power in short spuris while solar batteries are designed to provide a small
amount of power continuously for many hours.

A car battery is like a fast, short distance runner. It
produces a lot of effort for a short time.

A solar battery is like a long distance runner. It provides a
moderate amount of energy continuously for a long time.

A good long distance runner is usually tall, thin and has long legs. A good sprintet usually
has a compact and powerfully built body, If a long distance runner is forced to sprint, he
will not be very fast and may be injured. If a sprinter is entered in a long distance race, he
will be slow and may not even finish the race.

In thc samg way, if a solar syslem bauery is used to attempt to start a lraclor, car or lruck it

will work poorly and may be badly damaged. If a battery made for usc in a car, truck or

tractor is used in a solar system’ it will not last nearly as long as the battery made

especially for solar systems. You should never allow a solar system battery to be used for

any other purposec. If you must use an automotive (ype battery in a solar system, do not

expect it to last very long. If you use a solar batlery to start cars or traclors, it will not last
- long either. - :

TYPE OF BATTERY

Several types of batteries are made. The lypé best suited for most solar systems is called a
deep discharge battery. It is called that because it is especially designed to dellver most of
its power slowly without any damage

The most common baltery type made is the starlmg battery. It is designed to pravide lots
of power for a short time in order to start engines. That battery is easily damaged by taking
too much power from it over a long period of time. Though the starting type battery is
cheaper than the deep discharge batlery, it will not last long when used in a PV system and
replacements b¢ much more expensive in the long run.

ABILITY TO STORE ELECTRICITY

Batteries are classed according to how much eleciricity they can store. The measure vsed
is the Ampere-Hour {AH). If a battery delivers one Ampere of current continuously for
100 hours it has provided 100 Ampere-hours. If a battery delivers 10 Amperes
continuously for 10 hours, it is also delivering 100 Ampere hours. If 5 Amperes is
delivered continuously for 20 hours, that is 100 Ampere hours too. Ampere-hours are
therefore equal to the continuous current being delivered times the number of houss it is
delivered. If a current of 7 Amperes is delivered for 6 hours, that will be 6 X 7 = 42 AH.
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If a battery is rated at 100 Amipere-hours, that means it can be expected to deliver 1
Ampere for 100 hours, or 10 Amperes for 10 hours, 5 Amperes for 20 hours or any
combination of Amperes and hours that cqual 100 when muliiplicd together.

When selecting a replacement baltery, it should never have a lower Ampere hour rating
than the onc originally instalted, If the battery is a decp discharge type of batlery, then the
replacement does not need to be higher in rating than the original battery.

Starting type (automotive) batterics are never the best choice for solar systems but if it is
impossible to obtain a decp discharge type of battery and a starting battery has to be uscd,
always obtain one at least twice as big as the solar battery originally installed. I the
original battery shipped with the solar system had a 105 AH rating and you have o replace
it with an automotive type of battery, the replacement should have a rated capacity of at
least 210 AH. Even with the larger battery, it will not last as long as a proper deep
discharge type, but at least it should last several ycars.

If an open cell type of solar battery is to be replaced with a maintenance free type of solar
battery, it should be half again as large as the open cell battery it is replacing. So if the
original open cell battery had a capacity of 100 Ampere hours, a solar lype maintenance
frce ballery to replace it should have a capacity of at least 150 Ampere hours.

IHE DIFFERENCE BETWEEN A BATTERY fULL OF ELECTRICITY (CHARGED) AND ONE EMPTY
{DISCHARGED) ' | :

We can casily tell i€ a Watcf tank is full or empty. 'I( is not so easy to tell if a battery is full
or empty of electricity since we cannot sce electricity. To tell if a battery is full or nat it is
necessary to usc a tester.

There are two types of testers to tell how much eleclricity a baltery contains. The most
common tester checks the acid in the battery and tests il for its strength. The stronger the
acid in the baltery, the more electricity is stored in the battery. The strength of the acid is
measured by a device called a hydrometer. - '

A hydromieter is a glass tube with a special float in it. The battery acid is sucked up into
the tube by squeezing a bulb on top. The float then rises to the top of the liquid. On the
float are markings which tell how strong the acid is. If the float rises high in the liquid,
then the battery is full. If it floats low, the battery is low and if it rises part way, the battery
is partly full of electricity. '

The hydrometer measvrement is like a float gauge on a water tank. In a water tank if the
float is high, the water is high. If it is low, the water level is also low.

In a battery, if the hydrometer float is high the battery charge is high. If it floats tow, the
charge level is low.

A second way to check the amount of electricity in a battery is to use a meter which
measures the Voltage of the battery. When a water tank is full, there is a higher pressure at
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the outlet tap than if the tank is low on water. With a battery, if it is full of electricity, the
vollage is higher than if it is low on clectricity.

Water pressure is highest when the storage tank is full.
Electrical pressure (Volta%e) in a storage battery is highest
when the battery is full arged.

A battery ratcd al 12 Volts will actually measure over 13 Volts when it is fully charged
and less than 11 Volts when it is getting low on charge. A batlery has very little charge lefl
in it if its Voltage falls below 10 Volts. In normat usc, the battery should never be
discharged to a Voltage less than 11.5 Volts.

Since the differcnce between the Voltage of a low battery (11.5 V) and a full battery
{13.5 V) is only 2 Volts, a high sensitivity Voltmeter must be used to tell the difference
accurately.

Vollage level is the easiest way to check the charge in a battery bit accurate Voltage
measuring meters are expensive and easily damaged. For routine checks it is usually belter
o use a chcap hydrometer.

INSTALLING A NEW BATTERY

The specnal acid used in storage batleries is callcd clectrolyte. To install a hattcry that
comes with electrolyte (acid) already in it, fitst be sure the acid level is correct, then
simply connect the battery and allow it to charge from the solar panel at least two sunny
days before turning on any lights or other appliances. If a new battery arrives filted with
acid but one or more of the cells is low on electrolyte, add only acid (et water) before
connecting the battery to the solar system.

If a new battery is delivered with some acid aiready in the
cells, fill the cells with acid if any are low and connect it
to the solar system. Let the solar system charge the
battery for at least two sunny days before using any
electrici

If the new battery arrives with no liquid in the cells, the cells must be filled with battery

acid. Because the battery acid may harm eyes, skin and clothes it is important to handle
the acid carefully.

o
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IMPORTANT: If acid gets on the skin, eyes or clothes
immediately wash off the acid with lots of clean water.

Fill the battery stowly and be very carcful not to spill any acid. You should fill cach ccll so
slowly that you can count to at least to thirly in the time it takes to fill onc cell. It is best to
put a fittle acid in onc cell, then put some in another cell and rotatc through all the cclls
before adding more to the first cell. This will iusurc that you arc not filling the cells to fasl.

If the batlery comes with filling instructions, follow them carefully. If no instructions are
provided, [ill the cells so the acid covers the plates in the cell but is below the bottom of
the {ill opening,.

Notice that the battery 'beco_mcs warm after it is filled. That is normal but it can become
dangerously hot if it is filled too fast so always fill slowly and carefully.

A newly filled battery should be immedialeiy connected to the Solar system and allowed to
sit and charge for at least two sunny days before any clectricity is uscd.

The battery should be installed ina plastic or wooden box which has holes near the top to
allow air to reach the baitery. Never use a metal box because the acid will cause the metal
to corrode.

‘The battery should be installed on a hard, level surface. It should not be placed where
small children can reach it because they may be bumed by the acid. Place the battery
where it is not likely to be turned over accidentally.

The wires should be firmly attached using bolts. Never use spring clips or just wrap the
wire around the posts. Paint the terminals with thick oil or grease to prevent corrosion. Do
not paint the oil or grease anywhere but on the battery terminals.

BATTERY MAINTENANCE

There are three things that need to be done to propesly maintain a solar system batlery:

Maintenance Step I

* Keep the battery clean. If the top of the battery becomes ditty corrosion wiﬁ begin to be

a problem and electricity will begin to leak from the battery connections through the dirt.
To clean the battery, use only fresh water and a rag. Because it is likely that a little acid
will be found on the battery, be careful not to touch your eyes with hands or rags that have
touched the battery. Wash all rags and your hands in fresh water when you are finished.
Recoal the terminals with thick oil or grease after cleaning.
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Maintenance Step 2

Test each cell with (he hydrometer. All the celfs should be about the same when
mcasured with the hydrometer. I one or more are much different from the others, it is
likely that the battery is beginning to fail. A failing battery may continue to be used as

long as the system is functioning but the battery should be watched more carefully in the
future to sce if it is getting worse.

Sometimes there will not be cnough electrolyte in a battery cell to suck enough into the
hydromelter to get a reading. In that case, add pure, clean, fresh water untit the cell is filled

to the proper level. Wait at least one day before taking a reading with the hydrometer after
filling with water.

Maintenance Step 3

Keep the battery cells full of electrolyte. The bailery cells should be chcckcd al lcast
once a month and special, high purity fresh water added if the liquid is below the correct
level. After the batlery is once filled with acid, you should never add more acid unless the
battery has been turned over and the acid spilled out. As long as the acid has never spilled
out of the cells in the battery, add only pure, fresh water, never more acid. The water put
in the battery must be pute, cIcan and fresh or the batlery life may be shortened.

Do not fill the cells so the water is to lhc top of the fill holes. If you do, as the battery is
charged, clectrolyte will be forced out and acid will spread over the top of the battery. The
electrolyte should always cover the thin plates you can sec if you look into the fill holes
but should not be so full as to come up into the fill holc itself. Usually there is a mark on

the side of the batlery or an indicator in the fill hole which shows the proper level! for the
clccirolyie ' ‘

Battery caps should not be kept very ughl though they must always be in placc cxcept
when you are checking the baltery. Battery caps have a small hole to let the cell breathe. If
that hole is plugged the cell may crack or explode. If a cap is lost or broken and a proper
replacement cap is not immediately avaitable, use a sheei of plasuc to cover the hole.
Remember to never plug the hole tightly because the cell must get air to operate. Never
use paper, wood, cork or metal to cover the fill holes, only plastic or glass.

[f water has to be added more than once each month to all the battery cells, it is likely that

the system controller is not operating properly. It should be replaced and returned for
adjustment or repair.

If water has to be added often to one or two cells but not the rest of lhe cells the baﬂery is
weakening and will probably have to be replaced soon.

SAFETY AROUND BATTERIES

Although the Voltage of a ballery is not enough to cause harm, if a piece of metal is
ptaced across the terminals of a charged battery, there is enough power in the battery to
cause a large, hot spark to jump which could cause a fire.
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Never lay anything on top of a battery except plastic or
lass.

‘The acid in a battery is not strong cnough to cause immediate bumns to the skin and no
harm will probably be done if it is washed off immediately. To get rid of the acid, lots of
water must be uscd for washing.

Gelting acid in the cyes is parhcularly dangcrous It will cause cye damage and sometimes
blindness. When filling a battery, do not look inte the fill hole while acid or water is being
added. After handling, filling or testing a battery, be careful not to touch your eyes belore
washing your hands. If any acid gets into the eyes, wash them with lots of water actually
immersing your head in a bucket of water or dunking in a pool if possible.

When the baltery is connecled, it sometimes produces a gas which will cxplode if a flame
is near. Never smoke or light matches, or use an open flame lantern around a battery,
particularly when checking or filling the cells.
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CHAPTER 5
CONTROLLERS

INTRODUCTION

In a water system, it is sometimes important that a storage tank not become too full or too
empty. A valve can be installed to turn off the water coming into the tank when the tank
gets full. Another valve can be inistalled which prevents water from lcaving the (ank when
it gets too low. These two valves control the amount of water in the tank.

In a solar q)stcm, an clcclucuy valve is usually installed to keep the battery from getting
too fuil. This is called a charge contraller, Another valve is installed to keep the battery
from completcly running out of clectricity, That'is called a discharge controller. These
clectricity valves contro! the amount of electricity in the battery.

CHARGE CONTROLLER

Without a charge controller the panels can force too much clectricity into the battery and
cause it to be overcharged. When a battery is overcharged, it loses water rapidly, it gets
hot and may be damaged. A charge controller works like a valve on a rainwater collection
system that prevents the water tank from overflowing.

The charge controller must be connected between the panels and the baltcry It works by
constantly checking the voltage of the baitery and if the battery vollage is so high that it
shows that the battery is full, the controller automatically disconnects the panels so no
more electricity will be forced into the already full battery,

OISCHARGE CONTROLLER

The discharge controller keeps the appliances from taking too much electricity out of the
batlery and causing it to become too discharged. When a battery is too discharged, it loses
some of -its ability to be recharged and becomes weakened and its life shortened. A
discharge control is like a valve on a rainwater collection system that keeps you from
taking all the water from the tank.

The discharge controller must be connected between the battery and the appliances, It
works by continuously checking the voltage of the batlery and if the battery voltage is so
low that it shows that the battery is almost empty, the controtler automatically disconnects
the appliances so no more electricity can be taken from the nearly empty battery.

COMBINED CHARGE AND DISCHARGE CONTROLLERS

Many times a charge controller and a discharge controller are together in the same box.
You can usually tell what kind of controller is present in a box by looking to see what
connections there are, If the controller box has connections that go to the panels, it usually
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means that it includes a charge controller. If the box has connections that go to the
appliances, it usually means that it includes a discharge controller. All controliers arc
connecled (o the battery.

INSTALLATION AND MAINTENANCE OF CONTROLLERS

Wire the controller into the circuit according to the instructions which are provided by the
supplicr of the controller. It is very important that you conneet the right wircs to the right
terminals. The positive wire from the battery must be connected to the positive baitery
terminal on the controller. The positive terminal from the panels must be connected to the
positive panel terminal on the controlier. If the controller is wired incorrectly it will not
work: and the coniroller and the battery may be damaged. Long wires between the
controller and the batlery may cause problems since it is more difficult for the controller to
measure the charge in the battery from a tong distance. It is best if the wire between the
controller and the battery is no more than two metres long.

When installed properly, controllers rarely fail. Controlicrs can be damaged by incorrect
wiring, connection to too large appliances, 0o much heat, insects, water and animals. The
controller should be solidly mounted in a cool place out of the sun and rain and as close to
{he battery as is practical. The connections should be made according to the instructions
and all connection screws tightened correctly. If new appliances are added, be sure the
controller can handtle the extra power without damage.

If a controller does not work properly, always replace it with a good one and send in the
bad one for repair. Never wire around the controller. Never change the controller
adjustments. The adjustments tell the control circuits when the battery is full and when it
is cmply. Without special equipment and techniques, you cannot set them propetly. If you
change the adjustments without the proper cquipment and techniques the system may
appear to work but you will causc damage to the batlery and greatly shorten its life.

SUMMARY

The charge and discharge controller protect the expensive battery from damage due 1o 100
much electricity being forced into it or from too much eleetricity being taken from it.
Though you may be able to get a little more electricity from a baltery by wiring around the
controller, the battery will wear out much sooner. If you need more electricity, it is much
better to add another panel instead of wiring around the controller. If a controller fails and
bad connections are not the problem, replace it rather than trying to fix it.
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CHAPTER 6

WIRE SIZING AND SELECTION

INTRODUCTION

If a watcr system is instatied using pipes that arc too small, water pressure will be lost in
the pipes. By the tinic the water reaches the user, the pressure may be so low that not
enough comes out to be useful. The reason for the loss of pressure is that the small pipe

has too high a resistance and a lot of the pressure is used up just keeping the walcr flowing
in the pipe.

In an electrical system, if the wires are 100 small, voltagc is lost and appliances may not be
able (0 get enough eleetricity to work properly. The reason for the loss of voltage is that

the wires have too high a resistance and a lot of the voltage is used up just keeping the
electricity moving in the wire.

A common reason for poor performance of solar systems is wmng that is too small. It is
very important to know that the wiring used for a 12V solar installation must be much
larger than wire used to carry the same amount of power at 240V from a city clectrical
system. Electrical technicians trained to work on city electrical systems often install wire
that would work fine at 240V but works poorly at the 12V found in a PV system,

Wire connectmg appliances in a solar installation must bc larger than wire used for the
same size apphancee operating from 240 Volt AC power.

THE RELATION OF SIZE TO POWERLOSS

Pipe Size. Water flows easily through a big pipe but not a small pipe. The smaller the
pipe, the morc difficult it is to force water through it. To make water flow through a pipe,
there must be force behind it, That force is the water pressure. To move a certain amount
of water each day’ through a blg pipe takes less pressure thar through a small plpc Since
the power needed to move the water is the pressure times the flow rate, a small pipe will
require more power than a big pipe to make the same amount of water move through the
pipe in a day. Power costs money. To save power, bigger pipes can be installed. But big
pipes cost more money than small ones. When designing a water system, the designer has

to compare the cost of bigges pipe and the cost of the extra power necessary to force water
through smaller pipes.

Wire Size. The same problem exists with solar electrical systems. The smaller the wire,
the more electrical pressure (Vollage) must be available to force a certain current through
the wire. To get increased Vollage, more batteries and panels must be installed at
considerable extra cost. If we put in very big wires, the voltage needed to push the
electricity through the wires is low, but the cost of the wires becomes high. The right size
of wire is that which provides the best compromise between the cost of larger wire and

i
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increased wiring costs to lower losses and the cost of more pancls and batteries needced to
overcome wire losses.

THE RELAYION OF LENGTH TO POWER LOSS

Prpe fength, Thc longer a pipe, the more difficult it is to fOICb waler through it. To move
a cerlain amount of water cach day through a short pipc takes less pressure than through a
o long pipe of the same size. Since the power needed to move the water is the pressure times
% the flow rate, using a long pipe will require more power to move the same amount of
waler than using a short one. Power costs money. To save power, pipes should be as short
as possible.

Wire length. The same problem CXIS{S with solar electrical systems. More elccmcal
pressure (Volts) must be present to force a certain current (Amperes) through a long wire
than a short one of the same size. To get this increased voltage, more batterics and pancls
must be instalicd at considerable extra cost. To save cost, wires should be kept as short as
possible.

VOLTAGE DROPS FROMWIRING

The reason for the power loss in wire is its resistance (Ohms) It takes force (Volis) to

push electricity through the wire and the more resistance the wire has, the more force must

be used. The amount of Voltage neccssary to push the electricity through a wire is called

the voltage drop of the wire. It is called voltage drop because the vollage at the battery end
§ of the wire is higher than that at the appliance ¢nd by the amount nceded to push the
.. clectricity through the wire. There is a drop in voltage due to the wire resistance.

It takes more force to push a lot of élcclricity through a wire than to push a small amount.
Therefore, the voltage drop in a wire increascs as the electricity flow (Amperes) increases.

The exact vollage drop caused by the wire equals the Ampcrcs being pushed through the
wire nmes lhc wire rcmslance in Ohms. ‘

The 1hree things which dctermmc the loss of power in a wire are the amount of eleclricity
(Amperes) which have to flow, the wire sizec and wire length.

An appliance requires a certain number of Amperes to Opcrate properly. It is the appliance
that determines the Amperes which must flow in the wire conneeting the appliance and
the battery.

Wire length and Vollage Drop: Since wire resistance increases as wize length increases,
the shorter the wire, the better. If the voltage drop between the battery and an appliance is
2 Volts with a ten metre wire, shortening the wire to 5 metres will cut the vollage drop in
half to only 1 Volt. Not only does a shorter wire make more Volis available to the
apphancc it also cuts the cost of the wire s6 a double advantage is gained. This leads to:

WIRING RULE 1: Never put in Ionger wires than are absolutely
necessary.
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Wire Size and Voltage Drop. Since resistance decreases as wire size increases, the voliage
drop in the wires gocs down and wire size goes up. Doubling the size of the wire cuts the
wire voltage toss in half. But doubling the wite size will increase the cost of the wire, A
good method 1o use to be sure that the wire is big enough for the PV system (o work
properly but nol oo big and cxcessively expensive is to allow the wire to lose some
voltage but not so much as to causc problems with appliance operation. This leads to:

[ WIRING RULE 2: The maximum voltage drop for a 12 Volt solar
system wiring should not exceed 0.5 Volts.

TYPES OF WIRE

Allhough the size of the wire is the most basic specification, there are several different
types. of wirc available in the standard sizes. :

Conductor Type

The metal core that carrics the electricily is called the conductor. Although large wires are
sometimes made with aluminium conductors, wire used for home and small commercial
applications is always copper. Even if aluminivm wire is available at no cost, never use it
in house wiring because unless it is installed with special, difficult to obtain conncctors
and in a special manner, it will not last very lc)ng

For house wiring, solid copper wire is often used. lt consists of a single sotid copper
conductor inside an insulating s_leeve Solid wire is usually the cheapest but it is stiff and if
bent back and forth enough times it will break.

Some wire is made up of many small wires all bunched together inside the insulaiing
sleeve. It is called stranded wire because it is made up of many small strands of wire,
Though cach strand is very small, enough strands are bunched together to makc the total
wire area equal to that of a solid wnrc If each strand is, for example, 0. 1mm’ in size, then
25 strands wilt be used in a 2.5mm’ wire. The main advantage of stranded wire is its
flexibility. The more strands in the conductor, the more flexible the wire. Most appliance
power cords have a stranded wire. Very large electrical wires arc also stranded simply
because a single solid wire would be too hard to bend.

Electrically, there is no difference between equal sizes of stranded and solid wire. Solid
wire is cheaper and fine for permanent installations. Stranded wire 1s usually best for any
application where the wire is not permanently fixed in place.

Insulation

Insulation on a wire is mainly intended to prevent accidental electrical connections so no
electricity is lost through leakage to the material surrounding the wire. Insutation also is
for safety. At the low voltages of a solar system, electrical shock is not likely but burns or
a house fire can be caused if inadequately insulated wires are shorted.
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Anothier function of insulation in some wires is to combine several conductors into one
unit. Since all clectrical circuits require one wire going to the load from the power source
and another returning, it is common for house wiring to include two separate conductors
combined into one insulating sheath, This is called two conductor wire. Three conductors
or more arc also available though for solar systems usually two arc all that is needed.
Multiple conductor wire has two layers of insulation. The exterior insulation holds the
several wires together and the interior insulation is a layer around cach individual wire.
For house wiring, two conductor wire is much more convenicnt to install than running two
single conductor wires.

Tnsulation also protccts the wire from damage. tHeavy, abrasion rcsistant insulation is uscd
for wiring that is to be moved oflen or may be stepped on or run over by vehicles. Special
insulation is needed for wires that are to be buricd or cxposed to sunlight and the weather.

When buying wire, make sure that the insulation is right for the job. If the wire is to be
exposed to the weather, as is the case for connecting solar pangls, il is important that the
insulation be designed for exposure to sunlight and to rain. Standard indoor house wiring
will become hard and crack open if exposed to suniight for tong periods. If the wire is to
be buried, the insutation must be of a lype designed to tesist the fungus and moisture
always present in the ground. Again, standard indoor house wiring will be ruined by tong
burial.

- WIRING RULE 3

Always use the right kind of wire for the joh. Buried wire must
have underground rated insulation. Wire exposed to sunlight must
have exterior grade insulation. Wire with interior grade insulation
may only be used inside a building, neither buried nor exposed to
the sun for long periods.

CHOOSING THE CORRECT SIZE OF WIRE

At the end of this chapter is a table to help you'determine the size wiretouse ina 12V PV
installation. These wire sizes are NOT correct for PV systems that are not 12V,

Looking at the tables you can see that there are two things that must be known in order to
correctly choose the proper wire size:

The distance in melers atong the path of the wire.
The puinber of Amperes which must flow through the wire.

Distance Along the Path of the Wire: The length must be measured along the actual path
{he wire will take al! the way from the appliance to the battery.
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Usz‘ng The Wire Sizing Table For Wiring Appﬁm:ces

It is very easy to use the table whcn a battcry is connceted by a wire to a single applnncc.

First the appliance Amperes or Watts must be determined. This is usually printed on the
appliance though somelimes it can oniy be found on specification sheets packed with the
appliance. Starting al the top, move down the Watts/Amperes columin until you find the

first row having the number of Watts or Amperes equal to or higher than the appliance
rating.

DISTANCE MEASUREMENT

Dlstance is always mcamred along the actual path the wire follows in the installation. Side
branches to switches or extra wire needed to go around doors and windows must be
included in the total distanice between the battery and appliance. Even though the wire you
are connecting may be connected to a controller instead of going all the way to the battery,

the measurement of distance for figuring wire size must go all the way from the appliance
to the battery.

Then in the table, go across the row for the ap_propriatc Watt/Ampere value untit you reach
a wire tength equal to or longer than the wire length you need,

Go straight up to the top of the 1able and read the wire size directly.

EXAMPLE #1:

A wirte run of 7 metres is required between a battery and a 60 Walt fan operating off of 12
Volts. What standard European wire size is needed? What American Wire size?

Distance between battery and appliance is 7 metres
Watts = 60
System Voltage = 12V,

Using the 12V Metric wire table, go down the Walts columa to 60, Go accoss on that line.
First you come to 6 metres. That is too shorl since the actval value is 7. Keep goifig across

the pagé. The next distance is 10 metres, That is larger than 7 so it can be used. Go up that
columa and you sce thal the wire size is 4mm’

Though we can use the exacl wire sizes that we calculate from the table, we can also use
any larger wire too. If a larger wire is used, the actual power loss is less so there will be a
slight improvement in the operation of the solar system.

The two most common wire sizes are 1.5mm? and 2.5mm?. The difference in cost between
the two wire sizes is not large when compared to the overall cost of the solar system but
the losses in the larger wire are significantly lower. For best performance, it is best to use
the 2.5mm’ even though a smaller wire is given by the table as being acceptable.

|’ WIRING RULE 4 |
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l Do not use wire smaller than 2.5mm2 for any solar installation, I

Wire Sizing For Appliances With Motors

‘The Watls or Amperes listed on an appliance is its eleciricity use while in normal,
continuous operation. For example, a reftigerator may show a power requirement of 60
Watts at 12 Volts, That means when it is rinning continuously, it will need Lo receive 5
Amperes of current from the baltery. Electric motors, however, require extra current 1o
start, When an clectric motor s first turned on it may require several times the Amperes as
it uses when running. Since the voltage drop in the wire increases as the Ampercs through
the wire increases, a motor which is slarting and drawing extra Amperes from the batlery
may caus¢ such a large voltage drop in the wire that jt can cause problems with the
appliance, particularly when the battery is partially discharged and its voltage low. To
prevent this problem, wircs running to appliances with motors (refrigerators, washers and
pumps for example) should be at least twice as large as the size given in the wire table.
Note that an exception to this rule is the wite running to electric fans. Fans do not require
the large exra starting current and therefore do not need the oversized wire.

WIRING RULE §

Wires from the battery to a refrigerator, pump, washing machine
or other appliance with a motor should be at least twice as large
as the wire table shows.

Wire Table For Panel To Battery Connections

Voltage drop problems can occur in the wires connecting solar panels to batteries.

‘The number of Amperes the wire must carry is not constant. It changes with the amount of
charge in the battery, the size of the panels and the brightness of the sun. The wire size
should be that which will pass the maximum amperes the pancls will produce. The
maximum panel Amperes is assumed to be:

Maximum Panel Amperes = Wp rating/15 for charging a 12V battery

Thus a 90Wp panel can be assumed lo produce a maximum of 90Wp divided by 15 = 6
Ampercs. Where there is more than one panel, the Amperes of cach are added together.
Thus if there were two 90Wp panels, the Amperes would be (6+6) = 12 Amperes

If the table requires a wire size larger than is available, several smaller wires can be
combined into one large one.

EXAMPLE #2:

A 12V solar system uses 3 pancls to operate a health cenire. Each has a ratihg of 45Wp.
The pancls are mounted on the roof and the distance between the panels and the baitery
along the wirc path will be 12 metres. Using the wire table, what size wire is needed?
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First, estimale the maxinunm Amperes from the Pancls:

Maximum Amperes = Wp rating / 13 = 45/15 = 3 Amperes. Therefore, thice pancls will
poduce (3A+3IAL3A)= 9 Amperes

Then go down the Ampere column until you reach 9 Amperes, then go across to the 12
Meire panel to battery distance column and rcad 6 mm’ as the minimum wite size 0 vse.

SUMMARY

Wirc is usually the lowest cost part of a solar electric system but if the wrong wire is used
it can keep the more cxpensive parts of the solar system from working properly.
Remember that electricity from a solar system is different from that found in cities where
there is a central electricity wlility. The wires normally used for house wiring in the city
arc oftchn too small for a solar system.

It is very important to sclect the right size of wire and the proper type of insulation for the
wire. If the wrong size wire is used, the appliances may not work right. If the wrong type
of insulation is chosen, the wire may develop electrical losses or may be the cause of
clectrical fires due to insulation failure, .
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CHAPTER 7

SYSTEM SKZING

INTRODUCTION

For a solar photovoltaic sysiem to work propetly, the size of the pancls and the battcry
must be matched with the energy necds of the appliances. Because panels and batteries are
cxpensive, it is common to iry to save money by installing too few pancls or too small a
baltery. That is very poor practice and docs not really save money because a system that is

too small for the appliances does not work right and the battery will have (o be replaced
often.

Sizing PV systems for homes is not difficult if it is known what appliances will be used
and how long they will operate each day. Because all the power must come from the

panels, it is most important that they be large enough to provide the energy nceded even
when there are some cloudy days.

CALCULATING THE PROPER PANEL SIZE

Appliances use cnergy measured in Watt-hours and panels producc energy measured in
Wall-hours. Watt-hours of encrgy are like litres of engine fuel. When five litres of fucl are
needed to go from one place to another i in a car, if only four litres of fuel are provided the
motor will stop before the trip is oomplcted In a solar syslem, if an appliance needs 100
Watl-hours a day to work properly, if only 80 Watt-hours are produced by the panels, then
the appliance will quit working early in the day.

ELECTRICITY LOSSES

- If the fuel line leaks in the car, you will need more fuel in your travels. With a PV system
there are always electricity leaks and even if the panels produce a full 100 Wait-hours a
day it will not be enough to power appliances needing 100 Watt-hours a day because some
of the energy from the panels is lost before it can get to the appliances.

In most solar PV systems, the energy from the panels is first stored in a battery before
being sent to the appliances. There is always some energy lost in the battery. That lost
energy must be provnded by the panels but never gets to the appliances. Also, a little
energy is always lost in the wires and coniroller even though the wires ate the proper size
and the controller is working correctly. It is reasonable to say that for every 100 Watl-
hours needed by the appliances, at least 130 Watt-hours must be provided by the panels.
The extra 30 Watt-houss is lost in the battery, wires and controller.
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Calculating Appliance Watt-hours used each day

To compute the number of Watt-hours needed cach day from the pancls, {irst computc the
number of Watt-hours nceded each day by the appliances. Then add to that the number of
Watt-hours lost before the cncrgy gets to the appliances.

To comgpute appliance Watt-hours, multiply the number of Watls nceded to operate the
appliance times the number of hours the appliance is used each day.

Example #1: : _ i
1f2 10 Watt light is fuined on two hours a day, then the energy used is:
10 Watts X 2 hours - 20 Watt-hours per day
HE:] 120 Watl fan is operated 3 hours a day, the cnergy used is:
120X 3 = 360 Wau—hours per day.

Always fngure the encrgy used per day becausc the solar pancls work on a daily cycle.
Sometimes an appliance is used more on some days than on others, in a church for

example. Then compute the Wait-hours needed per week and divide that by 7 to get the
Watt-hours per day.

Example #2:

A20 Watt light in a church is used on Wednesday nigﬁt for three hours and Saturday night for four
hours. The rest of the week it is not used. The Light will use:

20 Watts X3 = 60 Watt-hours on Wednesday é
20 Watts X4 = 80 Watt-hours on Saturday

So the light uses 60 + 80 = 140 Watt-hours per week. There are seven days in a week, so the light uses
140 divided by 7 = 20 Watt-hours per day on the average.

So far, we have assumed there is onl'y one appliance. Usually there are several. We have to
know the total encrgy needed by all the appliances each day. To get that, find the Watt-
hours needed per day by each appliance and add them all together.

Example #3:

A housc has three lighls'. One is 20 Watts and is used three hours a day. The sééond is 10 Watts and is

used 4 hours a day. The third is 2 Watts and is used 9 hours a day. The total Watt-hours used by the
three lights'in a day is:

20 Watis X 3 hours = 60 Watt hours per da&r
plus: !
10 Watts X 4 hours = 40 Walt houss per day i
plus:
2 Waits X 9 hours = 18 Watt hours per day

The total eneigy used is
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60 +40 + 18 = 118 Watl-hours per day.

Calenlating total Watt-hours needed from the panels each day

Once the Watt-hours uscd by the appliances is known, the Watt-hours that must be
prowdcd cach day by the panels will be appliance Watl-hours plus the Watt-hours lost in
the wires, battery and controler. It is reasonable to estimate that for every 100 Watt-hours
uscd by the appliances, the panels have to produce 130 Wati-hours. Therefore to calculate
the number of Watt-hours that have to be produced by the panels cach day, multiply the
Watt-hours used by the appliances times 1.3

Example #4:

‘The appliances in a house require 100 Watt hours per day. The pancls will have to produce:
100 Watt-hours X 1.3 = 130 Watl-hours per day

of which 30 Wait-hours will be lost in the system and 100 uscd by the appliances.
Example #5:

A fan uses 200 Watt-hours in & day. The panels will have to produce:
200X 1.3 = 260 Watt-hours cach day
of which 60 Watt-hours will be lost in the system and 200 vsed by the fan.

L'sumarmg the :nergy output from a solar panel

Pholovoltalc panels come in different sizes. The larger the panel thc more energy in Watt-
hours it will produce. Panel manufacturers rate the size of their pancls by the maximum
Watts of power that they will produce. This is called panet peak Watts. On manufacturer's
data sheets, pancl peak Walts is usually shown as Wp. Some common panel sizes are 35
Wp, 42 Wp, 47 Wpand 55 Wp. Since the pcak Wails produced depends not only on the
size of the panel but also on the brightness of the sunlight striking the panel, you cannot
~ get Watt-hours by muluplymg peak-Watts times the hours the sun is shining because the
brightness of the sun is constantly changing as it moves in the sky. Also, clouds reduce
panel output so'in a cloudy climate there will be less energy produced by a panel than in a
sunny climate.

Fortunately there have been many measurements made of panel energy output which can
be used to estimate panel energy production. Those measurements tell us that it is
reasonable to estimate that a 35 peak Watl solar panel will provide 120 Watt-hours per
day on the average in a typical Pacific island climate. On very clear days the panel will
produce morc, on ctoudier days less, but over many days, the average panel oulput from a
35 peak Watt pancl will be about 120 Watt-hours.

If a bigger panel is used there will be more energy oulput. If the panel is twice as big and
rated at 70 peak Walls, then it will produce twice as many Walt-hours per day as a 35
Watt panel. To estimate how many Watt-hours a particular panel will provide in a typical



37

Pacific Island climate, divide the actual pancl peak-Wall rating by 35 then multiply times
120 which is the average daily output of a 35 peak Watt pancl.

Example #6:
The number of Watt-hours expected to be produced by a 55 peak-Wait panet in a typical Pacific Island
climate is:
35735 X120 = 188.57 Watt-hours per day

The 55 Walt panel produces 55/35 = 1.57 times as much energy as a 35 Watt pancl. The
35 Watt panel produces 120 Wail-hours per day, so the 55 Watt unit provides 188.57 Wait
hours per day.
Example #7
About how many Walt-hours per day will 2 47 Watt pancl produce in a typical Pacific Island climate?
47135 X 120 = 161.14 Watt-hours per day.

Determining the number of panels needed

If two panels are connected together, lwice as many Watt-hours will be produced. Fhree
panels will produce three times the Wait-hours one panel produces. Watt-hours produced
arc the same whether the panels are connected in series or in parallel.

To find the number of panels needed to operate the appliances, find the number of Watt-
hours which musl be provided by the panels and divide that by the number of Watt-hours
- one panel will produce.

Example #8:

Appliances in a house need 200 Wati- hours a day to operate. How many 42 peak Wall panels Wl” be
needed if the climate is a typical Pacific Island climate?

The panels must produce 260 Wals p]us the encrgy lost in the system:
200X 1.3 = 260 panel Watl-hours per day.

Onc 42 Walt pancl can be expected 1o produce:
42435 X 120 = 144 Watt-hours per day

Therefore it will take:
260/144 = 1,81 pancls to do the job.

Since we cannot take a saw and cuta pane'l 1o smaller size to get 0.81 panels, there will have to be at
lcast 2 panels installed. One pancl will not be enough.

Example #9:

A video system which needs 200 Watts to operate is used four hours a week. How many 35 peak Watt
pancis will be needed to provide enough encrgy?

200 Watts X 4 hours = 800 Watt-hours per week




800/7 = 114.29 Watt-hours per day
So 114.29 Watt-hours/day is required by the appliances
11429 X 1.3 = 148.58 Walt-hours per day
and 148.58 Walt-hours/day must be provided by the pancls.
One 35 Watt panc] produces:
- 355X 120
@ 148.58/120

120 Wait hours per day.
1.24 pancls will be needed

There cannot be a fractional pant of a panel, so 2 panels will have to be installed for there to be enough
cnergy to run the video as nceded.

Swummary of panel sizing ealculations
Step 1). Calculate the Watt-Hours per day for each appliance used.

Step 2). Add the Watt-hours needed for all appliances together to get the total Watt-hours
per day which must be delivered to the appliances.

Step ’3) Multiply the total appliance Watt-hours per day times 1.3 to get the total Wait-
hours per day which must be provided by the panels.

Step 4). Calculatc the Watl-hours per day produced by one pancl by dividihg the panel
peak Watt rating by 35 and multiplying the answer times 120.

Step 5). Divide the total Watt-hours per day which must be provided by the panels by the
number of Watt-hours per day produced by one panel. Increase any fractional part of the
result to the next highest full number and that will be the number of panels required.

Example #10:
A house hias the following appliance usage:
One 18 Watt light used 4 hours per day
One 60 Watt fan used 2 hours per day
Qne 75 Watt refrigerator that runs 12 hours a day

The system'will be powered by 40 peak Watt panels, How many pancls will be needed if the climate is a
typical sunny Pacific Istand climate?

Step 1).
Light: 18 X4 = 72 Watt-hours per day
Fan: 60X 2 = 120 Woatt-hours per day

Refrigerator: 75 X 12
Step 2).

i

900 Watt-hours per day

Total Appliance use

72 + 120 + 900
= 1092 Watt hours per day.
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Step 3).
Panel encrgy necded = 1.3 X 1692
= 1419.6 Watt-hours per day
Step 4).

Watl-hours per day per panel = 40735 X 120
= 137.14 Watt-hours per day per panel.
Step 5).
Number of pancls needed = 1419.6/137.14
= 10.35 pancls. Actual requirement

= 11 panels.

"The number of panels calculated by this method is the minimum number If mor¢ panels
are installed, the system will perform somewhat better and battery life will be improved. If

less panels are used, the system may not work at all during cloudy periods and battery life
will be shortened. :

BATTERY SIZE DETERMINATION

A battery is necded because the apphanccs use clectnc:ly at different times arid rates than
- the panels produa, Fot the systcm to work properly, the battery must be large enough to
store sufficient encrgy (o operate the appliances at night and on ctoudy days. Also, for the
battery to last a long time, it should not be discharged too much too often, In sizing a

battcry, it is important to install one large enough to operate the appliances for at least five
days withou! recharging. : _ '

The rule for ha!terj size is to Install a battery'which has five
times as much capacity as will be needed to operate the

appliances for one day.

Remembériﬁg'ihat batléry life depénds on how much discharge takes place before a
recharge, another way of looking at this rule is to say that the battery should be large
enough so that one day's use of the appliances will discharge it no more than one-fifth of

its full charge. This limited discharge before recharging will help the battery last a long
time. :

In purchasing a baltery, the voltage and the Ampere-hour rating must be known. Usually
for a solar PV system in a home the voltage will be either 12V or 24 V. The size in
Ampcre-hours will depend on the energy requirements of the appliances.

Since the battery should store five times the energy the appliances use in one day, the

Watt-hour capacity needed in the battery is the tolal appliance Watt-hour per day
requirement times five.
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Because battery manufacturers rate their battery in Ampere-hours, not Watt hours, it is
necessary to converl the calculated Watt-hour storage to Amperc-hours. Since Walls

cquals Volts times Amperes, dividing Watt-hours by the battery voltage gives Ampere-
hours,

Example #11:

‘The total appliance Watt-hour per day requirement for a house system using a 12 V battery is 260 Watt-
hours per day. The tolal Watt-hours which the batteiy should store will be:

5 X 260 = 1300 Watt-hours

Once the total Walt-hour capacity of the battery is known, the Ampcre-hour capacitly can
be calcvlated by dividing Watt-hours by battery Volts:

1300 Watt-hours / 12V = 108.33 Ampere-hours.

For this example, the battery chosen should be a 12V deep-discharge type battery with at
lcast a 108.33 Ah rating.

Remember that if a deep-discharge type of battery absolutely cannot be found and it is

necessary to use an automobite type of battery, choose one with at Ieast twice the Ampere-

hour capacity as would be cortrect for the deep-discharge battery. In the example above, a

~ car battery would have 10 have a rated capacity of at least 108.33 X 2 = 216.66 Ah to have
a useful life in excess of a year or so. Even then, it will not last ncarly as long as a deep-

discharge type battery. .

Summary of battery size calculations
_ Step 1) Compute the Watt-hours per day used by each appliance.
Step 2). Total the Watt-hours per day used by all appllanccs
Step 3). Multiply the total appliance Watt-hours per day b':, ﬁvé

- Step 4). Divide the answer obtained in Step 3 b} the battery Vollagc The result will be
the required Ampere-hour capacity of a deep-discharge type battery. i an automobile
battery must be used, choose one with at least double thc Ampere-hour capacity calculated
for the decp-discharge type of battery.

Example #12:
A house with a 12 V solar system has the following appliance uses:
One 18 Wait light used 4 hours per day
One 60 Watt fan used 2 hours per day

One 75 Watt refrigerator that runs 12 hours a day

What battery capacily will be needed?



41

Step 1)
Light: 18 X4 =72 Wait-hours per day
Fan: 60 X 2 = 120 Watt-houss per day
Refrigerator: 75 X 12 = 900 Watt-hours per day
Step 2).

Total Applianéc use:!
72+ 120 + 500 = 1092 Watl hours per day.
Step 3).
‘Total Appliance Watt-hours X5 = 1092X 5
= 5460 Watt-hours
Step 4).
Divide Watt-hours by battery voltage
5460 /12 = 455 Ampere hours
I a car type batlery is used, it should be double that or:
455 X2 = 910 AL

So for the house in the example, a deep-discharge baltery of at least 455 AH should be
used.

SYSTEM MODIFICATIONS AND SIZING

The size of the panels and the battery are both determined by the Watt-hours consumed by
the appliances. Watt-hours used by appliances changes when appliances are added or
removed from the system and when appliances are used more or less each day. Having
more panels and a bigger battery than is needed is not a problem. It is a big problem,
however, when the panels and battery are too smail.

It is common for people to add appliances to an existing PV system. If that is done, the
system wilt not continue to operate properly unless the panels and battery are large enough
to provide the extra Watt-hours. Any time a new appliance is added or an old apphance
replaced by a new one, it is important lo recalculate the correct panel and battery sizes and
to increase the system capacity to bandle any increased load.

Even if the appliances are not changed, using the appliances more will increase the energy
used and make it necessary to add pancls or a larger battery to keep the system working
properly. It is common for people 1o under estimate the amount of time lights or other
appliances will be used. If the PV system size is calculated using estimates of appliance
use that are (oo low, then the system will not be large enough and will not work well,

@
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Too smatl a system will run out of power when the weather is
cloudy and will cause batteries to fail more often. Any time a PV
system is not working properly always check to be sure that the

panels and battery are farge enough to provide the Watt-hours
actually needed to operate the appliances. If the system is too
small, you must either increase the number of panels or reduce

the energy needed by appliances by reducing their number or
their time of use. A larger battery may also be needed, but
installing a larger battery without first installing more panels
will not help. If you do not increase the number of panels, the
system will continue to work poorly and batterles will fail often.

SUMMARY

Many of the problems with solar PV systems are caused by not having enough panels or
large enough batteries to provide needed energy. Unless the system is sized correctly, the
power will fail during cloudy weather and the battery will have to be replaced more often
than should be the case. '

Though a smaller system is cheaper at first it is more expcnsi(:c in the tong term. Trying to
save money by installing too few pancls or too small a battery only leads to a system
which is unreliable and has a high maintenance cost.
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