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Lappeenranta University of Technology 

School of Energy Systems 

 

BL20A1400 Renewable Energy Technology 

EXAMINATION: 8th May 2026   C. Breyer/A. Gulagi 

TIME: 08:30 – 10:30 

• You are allowed to use one, double-sided sheet of A4-sized paper as a study 

aid during the exam. This study aid must be hand-written. No printouts or 

photocopies will be allowed. No other supplementary materials or dictionaries 

are allowed.  

• Read and follow the instructions for each question carefully.  

• Use the answer paper provided to show detailed calculations. Showing your 

formulas and calculations in detail will ensure that part marks can be awarded 

if minor calculation errors occur. 

• Your name and student number must appear on all answer booklets.  

• Calculators with empty memory/offline may be used. 

• All questions should be answered in English and in a clear and legible 

handwriting. 

 

EXAM TOTAL: 40 points 

Answer ALL of the following questions. Showing your calculations in detail will 

ensure that part marks can be awarded if minor calculation errors occur.  

1. Use the manufacturer’s specifications provided for the TSM-PC05 solar modules. 

(Total 10 points) 

a. Calculate the efficiency of the TSM-240 PC/PA05 at Nominal Operating Cell 
Temperature (NOCT) (2 points) 

b. Calculate the Maximum Power Point (Mpp), Short circuit current (Isc), 

Open circuit voltage (Voc) and efficiency of the TSM-240 PC/PA05 panel 

at a cell temperature of 15 ºC lower than NOCT, assuming all other conditions 

are the same. (8 points) 
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2. Consider the following data for Israel in 2030, where the components of the 

electricity system are assumed to be ground-mounted solar PV, stationary 

batteries, and a PtG system (including gas storage). Assume WACC is 5%. 

(Total 14 points) 

 

Parameter Unit Electrolysis Methanation 
Carbon 
capture 

CCGT 
Solar 
PV 

Capex €/kW 380 278 335 775 390 

Opex_fixed €/kW 13 13 13 19 11 

Opex_variable €/kWh 0.0012 0.0015 0.0013 0.002 0 

FLH hours 1780 1780 1780  1700 

Efficiency % 70 % 85 % 95 % 58 %  

Lifetime years 30 30 25 30 35 

 

Parameter Unit Battery Gas storage 

Capex €/kWh 134 0.05 

Opex_fixed €/kWh 4 0.001 

Opex_variable €/kWh 0.0002 0 

Efficiency (round trip) % 85 % 100 % 

Lifetime years 20 50 

 

Parameter Unit Value 

Average daily consumption kWhe 15 

Number of households 
 

300000 

Hours of year h 8760 

Daily consumption GWhe 4.5 

Annual consumption GWhe 1642.5 

Average hourly power demand kWe 187500 

Battery capacity kWhe 8 

Battery E/P h 6 

Battery cycles/a 
 

365 

Number of batteries 
 

300000 

 

a) Calculate the total amount of energy that would be charged to the batteries in 

GWhe. (2 points) 

b) Calculate the total amount of energy that would be discharged from the 

batteries in GWhe. (2 points) 

c) Calculate the amount of electricity output that would come from the CCGT in 

GWhe. (2 points) 

d) Calculate the amount of gas that would be needed to produce the electricity 

output from CCGT in GWhgas. (1 points) 
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e) Calculate the total amount of solar PV energy that would need to be 

generated over the year in GWhe. (2 points) 

f) Calculate the solar PV capacity needed to produce that energy in MWp. (1 

points) 

g) Calculate the necessary charge power of the PtG system in MWe. (2 points) 

h) Calculate the amount of gas storage needed in GWhgas if the equivalent of a 

6-month supply of gas is to be stored. (2 points) 

 

3. PtX: Methanol production (6 points) 

 

Methanol production in the PtX process is defined by the following: 

 

Methanol synthesis 

𝐶𝑂2 + 3𝐻2  ↔  𝐶𝐻3𝑂𝐻 +  𝐻2𝑂     ∆𝐻298𝐾,50 𝑏𝑎𝑟 =  −40.9 
𝑘𝐽

𝑚𝑜𝑙
 

 

Assume that an electrolyser can be operated at 84% efficiency to create 

hydrogen gas, and that CO2 can be produced in a scrubber at an energy 

demand of 500 kWh/ton. The lower heating values of hydrogen and methanol 

are 120.21 and 20.094 MJ/kg, respectively. Calculate the efficiency of the PtX 

(here: power-to-methanol) process as a whole if only 80% of the raw materials 

are converted by the methanol synthesis process. Hint: assume 1000 mol 

production and calculate mass and energy flows.  

 

Molar mass 

CO g/mol 28 

CO₂ g/mol 44 

H₂ g/mol 2 

CH₃OH g/mol 32 

H₂0 g/mol 18 

 

4. Examine the following data provided about rooftop solar PV systems in Finland 

and a battery storage system. Assume WACC of 2%. (Total 10 points) 

Parameter Unit Rooftop solar PV 2020 Rooftop solar PV 2030 

Capex €/kWp 1169 826 

Opexfixed % of Capex per year 1.5% 1.5% 

FLH hours 1000 1000 

Lifetime years 30 35 
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Parameter Unit Value 

Battery Capex € 4000 

Battery Opex % of Capex/year 2.33% 

Battery lifetime years 15 

Battery cycles per year - 275 

Round trip efficiency of battery % 90% 

Battery capacity kWhe 10 

Capacity degradation factor % 90% 

 

a) Calculate the levelised cost of electricity for the rooftop solar PV system for 

2030. (3 points) 

b) Calculate the levelised cost of storage of the battery system using the 2030 

LCOE for solar PV if the battery lifetime increased to 20 years, the round-trip 

efficiency increased to 95% and the capex of the battery decreased to €1800. 

(4 points) 

c) How many doublings of battery capacity would need to occur in order to 

achieve this new capex of 1800€ if the learning rate were 20%? (3 points) 

 


