YEMEN
2L SHELTER CLUSTER

Coordinating Humanitarian Shelter and Settlements

BRIEFING SESSION ON PHOTOVOLTAIC SYSTEMS: ESSENTIAL
PRINCIPLES FOR BEGINNERS
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Overall Learning Objective
By the end of the training, participants will understand the components, operating principles, basic sizing

logic, and essential maintenance requirements of an autonomous photovoltaic system.
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I. MODULE 1: Fundamentals of a Photovoltaic
(PV) System

I. 1. General Structure of an Off-Grid Solar System Al o el dncaadid) 48U Al alal) JSsgt q oY 9

Presentation of a simplified diagram including:
Solar panels — charge controller — batteries — inverter — electrical loads
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Explanation of the energy path:

"~ Inverter

Sunlight — DC electricity — storage — AC conversion — use by appliances
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I. 1. General Structure of an Off-Grid Solar System

Key diagram points:

- Separation of DC and AC wiring

- Protection devices (fuses, breakers)

- Panel mounting, tilt and orientation
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A. Solar Panels

w‘ CU-‘;\J‘ ,i

*Working principle: photovoltaic effect s 9a Joa Lgll\ T T BN )« Jand) fasa
converting sunlight into DC electricity. oAb Al peS L ) eadd)

eCommon technologies:
eMonocrystalline (higher efficiency,
smaller surface)
ePolycrystalline (lower cost, moderate
efficiency)
ePeak power (Wp): maximum power output
under Standard Test Conditions (STC).
eElectrical characteristics: Voc, Isc, Vmp,
Imp.
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l. 2. Essential Components Al i g8al) -2 1Y

B. Charge Controller Gaally aSall) das g
*Role: protects the battery against

overcharging and deep discharge. for Al g X130 ) e Ay Ul dglaa gl
eImportance: crucial to ensure i)

system safety and battery lifespan. & g Al Al gladal 4 ) g a1 4aaY)

*Types: e o A )
ePWM: simple, low cost, lower MR 010 I Jaray

AMACEIR

RYAES Jé‘ (Aals) oaddis b : PWM »
Apadd) 716 Aalii) e 23 : MPPT
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efficiency.
eMPPT: maximizes panel output,
better in hot climates or low

sunlight. Auadiial) duwadd)
eKey parameters: nominal voltage, Jira ¢ o) 2gd) sdai 1) yulaal)
current rating (A). (sal) L
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l. 2. Essential Components Al i g8al) -2 1Y
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C. Batteries
eFunction: store the energy produced.
*Technologies covered:
eAGM
oGel
(Lithium mentioned as an
emerging option but not detailed)
eCapacity: expressed in Ah; link to
energy: Wh =V x Ah.
eImportant concepts:
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eDepth of Discharge (DoD) . :Z\:u aslia
eCycle life cfusi\‘w .
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eTemperature operating range °
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I. 2. Essential Components Al i g8al) -2 1Y

D. Inverter
*Role: converts DC (batteries) into AC
230V for appliances.
*Types: pure sine wave
(recommended), modified sine wave
(not for sensitive devices).
*Main characteristics:
eRated power (W)
eSurge power (peak)
eEfficiency (%)
eExamples of sensitive appliances:
refrigerators, pumps, electronics.
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Il. MODULE 2: Introduction to System Sizing el.ﬁ.'d\ arasal (st dadia 12 Baagl)

<

s Step 1. Assess Energy Needs
Objective: Learn the

basic logic to
estimate the size of The module includes

Al cilaliial a1 J6Y) 5 ghadl)

_ % Step 2: Size the Solar Production
a PV system. four essential steps (nber of PV)
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*» Step 3: Size the Battery Storage
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s Step 4: Size the Inverter:
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ﬂ_ist appliances:

Calculation method:
Daily consumption = Power (W) x Usage time (h)

(example: lamp 10 W x 5 h = 50 Wh/day)

Determine total consumption in Wh/day

YEMEN

32 SHELTER CLUSTER

Coordinating Humanitarian Shelter and Settlements

vccount for system losses: about 15 - 20% j
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Lighting TV Fridge Charger air conditioner
10W x 5h 120W x 4h 300W x 24h 0.8W x 5h 1000W x 6h
Daily energy Daily energy Daily energy Daily energy Daily energy
need need need need need
50Wh 480Wh 7200Wh 4Wh 6000Wh
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Determine local sunlight (PSH = Peak Sun Hours).
Typical examples:

Yemen: PSH = 5-6 Central Africa: PSH = 4-5
Simplified formula to determinate the PV capacity:

Daily consumption

Required PV power (W) = g (daily Irradiation) x Sys Performance

Eg: For an overall daily energy need of 70 KWh

PV power (Wp) = 20000 = 14,385 Wp =14.583 KWp
Q)ply safety factor: 1.2 to 1.3 /
/ (PSH = Peak Sun Hours) (sl guadd) g gl Jac gia -\gdm
2 A5 ALl

aslclels 4-5= PSH bl Ly il asllels 56 = PSH el : “Crefiitt tarras?9
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KWh 70 _iiie A8k dNgiuy a5 glial tis :Jba

KWp 14.583 = Wp 14,583 = {0000
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i
ﬂimpnfied formula: \
Daily consumption x Days of autonomy -

Battery capacity (Ah) = System voltage x DoD

Eg: For an overall daily energy need of 70 KWh

Battery capacity (Ah) = 2000%X02 = 899 Ah = 1000 Ah = 5x200Ah
Important points:
Recommended DoD: 80% for Lithium j
/ adaloall S\a_)mh
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Ah 5x200 = Ah 1000 = Ah 899 = 2:2X70000 _ (np g aes
0.8x48
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ﬂ' ypically, the converter capacity should be selected between \
80% and 100% of the installed solar field capacity.

80% PV (Wp) = Pinv < 100 % PV
Eg: For a solar capacity of 14 KWp

12 KWp 2 Pinv < 14.385 KWp

- J
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12 KWp = Pinv < 14.385 KWp

We/yemen

| Inverer |

| Group PV J

Group PV (Wp)

Pinv

80% PV (Wp) = Pinv < 100 % PV
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lIl. MODULE 3: Preventive & Corrective Maintenance (Level 1 & 2) (2 31 s siwall) dsagaail) g 4l ol) Ll 1431 5aa o)

Objective: Perform basic routine
tasks and identify simple faults.
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3.1. Level 1 Maintenance (without special tools) (fald @l gl G 93) 9V 5 ganall (00 Al 3.1
awadd) 71 1Y) Ciudai

Aacli el a4+ i ol ki v/

Panel cleaning:
v' Use clean water + soft cloth
ind) Ayl all 55 0 el & Cadaill (st v/

Avoid hot hours (thermal shock)
A5 Pl a5 axe (e SW) v

v" Check for constant shading

Visual inspection:

v Look for cracked, heated, or damaged 1) paadl)
cables Cali ol 3,1 a gl R (e Gl v
v Check connection tightness (without SN

over-tightening) () 23 ¢y 5) SOa sill lSa) pand Vv

. g.“ To o
Charge controller: i s — o) LEDJ) S ea ol ?h:
Read LED indicators (charging, low 2k — o) L:;)”}M;}
battery, fault) (U~

el sla e @il v

o /

Check device temperature

N /
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3.2. Level 2 Maintenance (with multimeter)

(Sasilall aladialy) G (¢ glasal) o dilpal) 3.2

Essential measurements:

v' Panels: open-circuit voltage (Voc), current if possible
v Batteries: resting voltage

<11.5V — discharged and 12.6-12.8 V — fully charged
v Inverter: AC output voltage

Basic troubleshooting:

v' Low panel voltage: dirt, shading, damaged cable

v' Battery over/under-charged: faulty controller, loose
connections

v Inverter shutting down: overload, low battery voltage

Safety rules:

v Switch off PV production before intervention
v" Never short-circuit a battery

v" Wear insulated gloves and safety glasses,
Respect polarities (+/-)

https://www.sheltercluster.org/response/yemen
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Objective: Consolidate knowledge.
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IV. MODULE 4: Summary and Conclusion

4.1 . Key Takeaways

» Structure of a PV system
» Role of main components
» Basic sizing method

» Maintenance and safety

principles
-
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G.Z. Best Practices

» Adequate battery ventilation

\

Correct panel tilt and orientation

Use proper cable sizes

Keep a logbook of maintenance
measurements

Clean panels regularly

J

C signs of burning smell, overheating or

,;Eéf YEMEN
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Coordinating Humanitarian Shelter and Settlements

4.3. Limits of Competency
Participants should contact a certified
technician for:

» advanced MPPT configuration
> Inverter installation > 2 kVA

» complex roof installations

» AC wiring work

J

smoke
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Solar System Sizing
Simulator
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Thank You

More Info.:
https://www.sheltercluster.org/response/yemen

Follow us on X:
@ShelterClustYE

JULY 2025
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