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1. (5 pts) Consider that you have identical crystalline silicon solar cells available with a short-
circuit current of 4 A and an open-circuit voltage of 0.6 V at standard test conditions (STC).
If a PV module is formed by 54 crystalline silicon solar cells in parallel (each branch will have
18 cells), what are the open-circuit voltage and short-circuit current of the module at STC?
Assume that interconnection losses are negligible.

VOC = 18 × 0.6 V = 10.8 V
ISC = 3 × 4 A = 12 A

2. (10 pts) Suppose that your family has a small house in the countryside which is not connected
to the grid. The place enjoys 3.5 equivalent sun hours. Therefore, you have decided to install
an off-grid PV system in the house to supply your family’s electricity demand. Electrical
needs of the house are summarised in the below table.

Load Quantity Power per Item (W) Time of Use (h) Type
Incandescent Lamp 10 20 2 DC

TV 1 100 2 AC
DVD 1 40 2 AC

Laptop 1 100 2 AC

Table 1: Electrical needs of the house

• (1 pts) What is the total energy demand Wh?
E=10×20 W×2 h + 1×100 W×2 h + 1×40 W×2 h + 1×100 W×2 h = 880 Wh
• (1 pts) What is the total power demanded by the DC loads in W?
PDC=10×20 W = 200 W
• (1 pts) What is the total power demanded by the AC loads in W?
PAC=100 W + 40 W + 100 W = 240 W
• (3 pts) Considering solar panels with the following specifications:
P = 100 WP , VMPP = 16 V, IMPP = 6.25 A, VOC = 18 V, and ISC = 7 A. Assume that the
combined efficiency for the cables, the charge controller and the battery system is 90% and
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that of the inverter is 96%. How much energy in Wh must the panels produce to cover the
electricity demand of your family in one day?
ETotal=[(240 W×2 h / 0.96) + 400 Wh] / 0.90 = 1,000 Wh
• (4 pts) Assume that the panels work under MPP conditions. How many panels will be
needed to produce that energy?
Number of Panels = 1,000 Wh / 3.5 h / 100 W = 2.857 ≈ 3 Panels

3. (10 pts) Calculate electrical energy generation unit cost of a 10 MW CSP plant with a unit
equipment cost of 2,500 USD/kW, a power plant lifetime (`) of 10 years, an efficiency of 30%,
a land price of 10 USD/m2, and a valuation ratio (ξ) of 6% per year by taking into account
the followings:

• In layout planning of the plant,

– 10 m2 area is needed for deploying 1 m2 heliostat,

– Heliostats will be placed by leaving a margin of 10%,

– For other equipment, an additional area will be reserved which corresponds to the half of the area
occupied by the heliostats.

• Net power capacity of each heliostat is 0.285 kW/m2.

• Average solar insolation per year is 2,200 kWh/m2.

Hint: Cyear and CInvestment stand for the costs of annual electrical energy generation and
investment respectively.

Cyear = CInvestment × [ξ×(1+ξ)`

(1+ξ)`−1
]

CArea = (10 MW× 1.1 / 0.285 kW/m2)×10 m2/m2 × 1.5 × 10 USD/m2 ≈ 5.79 MUSD
CEquipment = 10 MW × 2,500 USD/kW = 25 MUSD
CInvestment = 25 MUSD + 5.79 MUSD = 30.79 MUSD
Cyear = 30.79 × [0.06(1+0.06)10] / [(1+0.06)10-1] = 4.183 MUSD/year
E = 2,200 kWh/m2-year × (10 MW× 1.1 / 0.285 kW/m2) × 0.30 = 25.47 × 106 kWh/year
CUnit = 4.183 × 106 USD/year / 25.47 × 106 kWh/year = 0.164 USD/kWh
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