
 

 

1. Energy flow formulations 

1.1. Energy flows in EP 

𝑆𝑒𝑆𝐸𝑃,𝑗 =
𝑃𝐸𝑃

𝑃𝐿
           (1) 

𝑆𝑒𝑆𝐸𝑃,𝑗 is the level of self-sufficiency of electricity procurement in case j. 𝑃𝐸𝑃 is the power procured 

from the grid. 𝑃𝐿 is the demanded load. 

 

1.2. Energy flows in RES 

𝑃𝑃𝑉,𝑖,𝑗 = 𝑃𝑁,𝑃𝑉,𝑗 ∗ (𝐺𝑖/𝐺𝑅𝑒𝑓) ∗ (1 −  0.0037 ∗ (𝑇𝑖 + (0.00256 ∗ 𝐺𝑖) − 𝑇𝑅𝑒𝑓))   (2) 

𝑃𝑃𝑉,𝑖,𝑗 is the power of the PV plant in timeframe i in case j. 𝑃𝑁,𝑃𝑉,𝑗 is the nominal power output of the 

photovoltaic plant. 𝐺𝑖  is the solar irradiation in timeframe i. 𝐺𝑅𝑒𝑓  is the solar radiation at reference 

conditions (1000 W/m2). 𝑇𝑖  is the ambient temperature in timeframe i. 𝑇𝑅𝑒𝑓  is the temperature at 

reference conditions (25°C). 

𝑃𝑊𝑇,𝑖,𝑗 = 𝑃𝑁,𝑊𝑇,𝑗 ∗  𝜐𝑊𝑇,𝑖 ∗∗ 3 ∗ 0,5 ∗ 𝐶𝑝 ∗ 𝜌𝐴𝑖𝑟 ∗ 𝑅𝑅𝑜𝑡𝑜𝑟 ∗∗ 2 ∗ 𝜋    (3) 

𝑃𝑁,𝑊𝑇,𝑗is the nominal scaling factor of the wind turbines in case j. 𝜐𝑊𝑇,𝑖 is the wind speed in timeframe 

i. It is constrained as follows: 

𝜐𝑊𝑇,𝑖 =  {

0 for 𝜐𝑊𝑇,𝑖 < 3 𝑚/𝑠

0 for 𝜐𝑊𝑇,𝑖 > 26 𝑚/𝑠

else 𝜐𝑊𝑇,𝑖

        (4) 

𝐶𝑝 is the coefficient of performance. 𝜌𝐴𝑖𝑟 is the air density. 𝑅𝑅𝑜𝑡𝑜𝑟 is the radius of the rotor. It is capped 

at 5 MW per turbine, matching the modeled wind turbines nominal power. 

𝑃𝐸𝑓,𝑖 = 𝑃𝐿,𝑖/𝜂𝐼𝑛𝑣          (5) 

𝑃𝐸𝑓,𝑖 is the effective load. 𝜂𝐼𝑛𝑣 is the efficiency of the inverter. 

𝑃𝐷𝑖 = 𝑃𝑃𝑉,𝑖,𝑗 +  𝑃𝑊𝑇,𝑖,𝑗 −  𝑃𝐸𝑓,𝑖          (6) 

𝑃𝐷𝑖 is the power difference between the power output of PV and WT and the load 𝑃𝐸𝑓,𝑖 in timeframe i. 

𝐵𝐸,𝑖,𝑗 =  {

𝐵𝐸,𝑖−1,𝑗+𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵 𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗+𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵 > 0

𝐵𝑀,𝑗 𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗+𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵 >  𝐵𝑀,𝑗

0 𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗+𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵 ≤ 0
     (7) 



 

 

𝐵𝐷𝑖𝑠𝑐,𝑖 =  {

0 𝑓𝑜𝑟 𝑃𝑃𝑉,𝑖 + 𝑃𝑊𝑇,𝑖 = 𝑃𝐸𝑓,𝑖

0 𝑓𝑜𝑟 𝐵𝐸,𝑖 = 0

𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵

        (8) 

𝐵𝑀,𝑗 =  𝐵𝑀,𝑁,𝑗 ∗ 𝑆𝑂𝐶𝑊          (9) 

𝐵𝐸,𝑖,𝑗 is the energy stored in the battery in timeframe i in case j. 𝑅𝐸𝐵 is the roundtrip efficiency of the 

battery. 𝐵𝑀,𝑗 is the maximum battery capacity in case j. 𝐵𝐷𝑖𝑠𝑐,𝑖,𝑗 is the discharge power of the battery in 

timeframe i. 𝐵𝑀,𝑁,𝑗 is the nominal maximum battery capacity in case j. 𝑆𝑂𝐶𝑊 is the allowed window 

of the state of charge. 

𝑃𝐸𝑆,𝑖 =  {

0 𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗+𝑃𝐷𝑖 ∗ 𝑅𝐸𝐵 ≪  𝐵𝑀,𝑗

𝑃𝐷𝑖  𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗 ≥  𝐵𝑀,𝑗

𝑃𝐷𝑖 −  (𝐵𝑀,𝑗 −  𝐵𝐸,𝑖−1,𝑗) 𝑓𝑜𝑟 𝐵𝐸,𝑖−1,𝑗 <  𝐵𝑀,𝑗

     (10) 

𝑃𝐸𝑆,𝑖 is the power sold in timeframe i. 

𝑆𝑒𝑆 𝑅𝐸𝑆.𝑖,𝑗 =  (𝐵𝐷𝑖𝑠𝑐,𝑖,𝑗 + 𝑃𝑃𝑉,𝑖,𝑗 + 𝑃𝑊𝑇,𝑖,𝑗)/ 𝑃𝐸𝑓,𝑖,𝑗      (11) 

𝑆𝑒𝑆 𝑅𝐸𝑆.𝑖,𝑗 is the share of the load that can be covered by the renewable energy system in timeframe i in 

case j. 

𝑆𝑒𝑆 𝑅𝐸𝑆.𝑗 =  ∑ 𝑆𝑒𝑆 𝑅𝐸𝑆.𝑖,𝑗
𝑖𝑚𝑎𝑥
𝑖 /𝑖𝑚𝑎𝑥        (12) 

𝑆𝑒𝑆 𝑅𝐸𝑆.𝑗  is the amount of timeframes which are covered by the renewable energy system of all 

timeframes in case j. 𝑖𝑚𝑎𝑥 is the total number of timeframes.  

𝑈 𝑖,𝑗 =  𝑆𝑒𝑆 𝑅𝐸𝑆.𝑖,𝑗  ∗  𝑃𝐸𝑓,𝑖           (13) 

𝑈 𝑖,𝑗 is the used renewable energy in timeframe i in case j. 

𝑈 𝑗 = (∑ 𝑈 𝑖,𝑗
𝑖𝑚𝑎𝑥
𝑖 + 𝐵𝐸,𝑖𝑚𝑎𝑥,𝑗)/ ∑ 𝑃𝑃𝑉,𝑖,𝑗 +  ∑ 𝑃𝑊𝑇,𝑖,𝑗

𝑖𝑚𝑎𝑥
𝑖

𝑖𝑚𝑎𝑥
𝑖      (14) 

𝑈 𝑗  is the ratio of the energy used compared to energy production in total in case j. 𝐵𝐿,𝑖𝑚𝑎𝑥 ,𝑗  is the 

remaining electricity in the battery at the end of the investigation period in case j. 

 

 

 

 



 

 

2. Cost formulations 

2.1. Cost formulations in EP 

𝑐𝑡𝑜𝑡,𝐸𝑃,𝑗 = ∑ 𝑃𝐸𝑃,𝑖,𝑗
𝑖𝑚𝑎𝑥
𝑖 ∗ 𝐿𝑃 ∗ 𝑐𝐸𝑃        (15) 

𝑐𝑡𝑜𝑡,𝐸𝑃 is the total cost of electricity procurement in case j. 𝐿𝑃 is the lifetime of the plant. 𝑐𝐸𝑃 is the cost 

for electricity procurement. 

 

2.2. Cost formulations in RES 

𝑐𝐶𝑎𝑝,𝑃𝑉,𝑗 = 𝑃𝑁,𝑃𝑉,𝑗 ∗ 𝑐𝐶𝑎𝑝𝑒𝑥,𝑃𝑉         (16) 

𝑐𝐶𝑎𝑝,𝑃𝑉,𝑗  is the capital expenditure of the PV plant in case j. 𝑐𝐶𝑎𝑝𝑒𝑥,𝑃𝑉  is the cost factor for capital 

expenditures regarding PV plants. 

𝑐𝑂𝑝,𝑃𝑉,𝑗 = 𝑃𝑁,𝑃𝑉,𝑗 ∗ 𝑐𝑂𝑝𝑒𝑥,𝑃𝑉 ∗  𝐿𝑃𝑉        (17) 

𝑐𝑂𝑝,𝑃𝑉,𝑗  is the operational expenditure of the PV plant in case j. 𝑐𝐶𝑎𝑝𝑒𝑥,𝑃𝑉  is the cost factor for 

operational expenditures regarding PV plants. 𝐿𝑃𝑉 is the lifetime of the PV plant. 

𝑐𝐶𝑎𝑝,𝑊𝑇,𝑗 = 𝑃𝑁,𝑊𝑇,𝑗 ∗ 𝑐𝐶𝑎𝑝𝑒𝑥,𝑊𝑇         (18) 

𝑐𝐶𝑎𝑝,𝑊𝑇,𝑗 is the capital expenditure of the wind turbines in case j. 𝑐𝐶𝑎𝑝𝑒𝑥,𝑊𝑇 is the cost factor for capital 

expenditures regarding wind turbines.  

𝑐𝑂𝑝,𝑊𝑇,𝑗 = 𝑃𝑁,𝑊𝑇,𝑗 ∗ 𝑐𝑂𝑝𝑒𝑥,𝑊𝑇 ∗ 𝐿𝑊𝑇        (19) 

𝑐𝑂𝑝,𝑊𝑇,𝑗 is the operational expenditure of the wind turbines in case j. 𝑐𝐶𝑎𝑝𝑒𝑥,𝑊𝑇 is the cost factor for 

operational expenditures regarding wind turbines. 𝐿𝑊𝑇 is the lifetime of the wind turbines. 

𝑐𝐶𝑎𝑝,𝐵,𝑗 = 𝐵𝑀,𝑗 ∗ 𝑐𝐶𝑎𝑝𝑒𝑥,𝐵         (20) 

𝑐𝐶𝑎𝑝,𝐵,𝑗  is the capital expenditure of the battery in case j. 𝑐𝐶𝑎𝑝𝑒𝑥,𝐵  is the cost factor for capital 

expenditures regarding the battery. 

𝑐𝑂𝑝,𝐵,𝑗 = 𝐵𝑀,𝑗 ∗ (𝑐𝑅𝑒𝑝,𝐵 ∗ 𝑧𝐵,𝑗 ∗ 𝐿𝑃/𝑧𝑚𝑎𝑥,𝐵 + 𝐵𝑀,𝑗 ∗ 𝑐𝑂𝑝𝑒𝑥,𝐵 ∗ 𝐿𝑃)    (21) 

𝑐𝑂𝑝,𝐵,𝑗  is the operational expenditure of the battery system in case j. 𝑐𝑅𝑒𝑝,𝐵  are the costs for the 

replacement of batteries.  𝑧𝐵,𝑗  is the theoretical cycles the batteries needed in case j. 𝑧𝑚𝑎𝑥,𝐵  is the 



 

 

number of cycles that the battery will last without a significant loss of capacity. 𝑐𝑂𝑝𝑒𝑥,𝐵 is the cost factor 

for operational expenditures for the battery system. 𝐿𝑃 is the lifetime of the plant. 

𝑐𝐶𝑎𝑝,𝐼𝑛𝑣,𝑗 = 𝑃𝑁,𝐼𝑛𝑣,𝑗 ∗ 𝑐𝐶𝑎𝑝𝑒𝑥,𝐼𝑛𝑣 ∗ 𝐿𝐼𝑛𝑣/𝐿𝑃       (22) 

𝑐𝐶𝑎𝑝,𝑃𝑉,𝑗 is the capital expenditure of the inverter in case j. 𝑃𝑁,𝐼𝑛𝑣,𝑗 is the maximum nominal power the 

inverter can handle in case j. This is set equal to the maximum power which is transferred through the 

system at any given timeframe. 𝑐𝐶𝑎𝑝𝑒𝑥,𝐼𝑛𝑣 is the capital cost factor of the inverter. 𝐿𝐼𝑛𝑣 is the lifetime of 

the inverter. 

𝑐𝑡𝑜𝑡,𝑅𝐸𝑆,𝑗 =  𝑐𝐶𝑎𝑝,𝑃𝑉,𝑗 +  𝑐𝑂𝑝,𝑃𝑉,𝑗 +  𝑐𝐶𝑎𝑝,𝑊𝑇,𝑗 +  𝑐𝑂𝑝,𝑊𝑇,𝑗 + 𝑐𝐶𝑎𝑝,𝐵,𝑗 + 𝑐𝑂𝑝,𝐵,𝑗 +  𝑐𝐶𝑎𝑝,𝐼𝑛𝑣,𝑗 (23) 

𝑐𝑡𝑜𝑡,𝑅𝐸𝑆,𝑗 is the total cost of the RES in case j. 

𝑐𝑡𝑜𝑡,𝐸𝑆,𝑗 = ∑ 𝑃𝐸𝑆,𝑖
𝑖𝑚𝑎𝑥
𝑖 ∗ 𝐿𝑃 ∗ 𝑐𝐸𝑆,𝑖        (24) 

𝑐𝐸𝑆,𝑖 is the market price for electricity sales in timeframe i. 𝑐𝑡𝑜𝑡,𝐸𝑆,𝑗 is the total revenue of electricity 

sales in case j. 

𝑐𝑡𝑜𝑡,𝑅𝐸𝑆+𝐸𝑃,𝑗 =  𝑐𝑡𝑜𝑡,𝑅𝐸𝑆,𝑗 + (1 − 𝑆𝑒𝑆𝑅𝐸𝑆,𝑗 ) ∗ 𝑃𝐸𝑓 ∗ 𝐿𝑃 ∗   𝑐𝐸𝑃 − 𝑐𝑡𝑜𝑡,𝐸𝑆,𝑗   (25) 

𝑐𝑡𝑜𝑡,𝑅𝐸𝑆+𝐸𝑃,𝑗 is the cost of the RES with electricity procurement in times when the RES cannot cover 

the energy demand and energy sales when the RES produces surplus energy. 


