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𝐼 = 𝐼𝑃𝑉 − 𝐼𝑑1 − 𝐼𝑑2 −
(𝑉+𝐼𝑅𝑠)

𝑅𝑠

𝐼𝑑1 = 𝐼01[exp (
𝑉+𝐼𝑅𝑠

𝑎1𝑉𝑇1
)]



 

𝐼𝑑2 = 𝐼02[exp (
𝑉+𝐼𝑅𝑠

𝑎2𝑉𝑇2
)]

Where:

-𝐼 𝐼  

-𝑉𝑇 𝑉𝑇

-𝑎 𝑎



 

 



 

𝐶(𝑡 + 1) = 𝐶(𝑡) − ∆𝑡𝑃𝑡
𝐸

𝑃𝑡
𝐸  ∆𝑡

𝑃𝑡
𝐸

|𝑃𝑡
𝐸| ≤ 𝑃𝑚𝑎𝑥

𝐸

𝐶𝑚𝑖𝑛 ≤ 𝐶(𝑡) ≤ 𝐶𝑚𝑎𝑥



 

𝐶(0) = 𝐶𝑠

 𝑃𝑚𝑎𝑥
𝐸

 𝐶(𝑡)

 𝐶𝑠

 𝐶𝑚𝑖𝑛

 𝐶𝑚𝑎𝑥

 

       𝐸𝑑𝑖𝑠
𝑚𝑖𝑛 = ∫ (𝑃𝑙𝑜𝑎𝑑

𝑖 − 𝑃𝑔𝑟𝑖𝑑
𝑖,𝑚𝑎𝑥)𝛿𝑡

𝑇

0
,          𝑃𝑙𝑜𝑎𝑑

𝑖 ≥ 𝑃𝑔𝑟𝑖𝑑
𝑖    

 

𝛿𝑡  

𝑃𝑙𝑜𝑎𝑑
𝑖  𝑖

𝑃𝑔𝑟𝑖𝑑
𝑖  𝑖

𝑃𝑔𝑟𝑖𝑑
𝑖,𝑚𝑎𝑥

 



 

      𝐸𝑐ℎ𝑎𝑟𝑔𝑒
𝑚𝑖𝑛 = ∫ (𝑃𝑔𝑟𝑖𝑑

𝑖,𝑚𝑖𝑛 − 𝑃𝑙𝑜𝑎𝑑
𝑖 )𝛿𝑡

𝑇

0
,          𝑃𝑔𝑟𝑖𝑑

𝑖,𝑚𝑖𝑛 ≥ 𝑃𝑙𝑜𝑎𝑑
𝑖   

𝑃𝑔𝑟𝑖𝑑
𝑖,𝑚𝑖𝑛

𝐸𝐸𝑆𝑆
𝑚𝑖𝑛 = max (

𝐸𝑑𝑖𝑠
𝑚𝑖𝑛

η𝑑

, η𝑐. 𝐸𝑐ℎ𝑎𝑟𝑔𝑒
𝑚𝑖𝑛 )

η𝑑  

η𝑐  

𝐸𝑑𝑖𝑠
𝑚𝑖𝑛

η𝑑

η𝑐. 𝐸𝑐ℎ𝑎𝑟𝑔𝑒
𝑚𝑖𝑛

 

 

 



 

𝑃𝑤 = 0.5 ∗  𝜌 ∗ 𝐴 ∗ 𝑣3 ∗ 𝐶𝑝

𝜌

𝐴

𝑣

𝐶𝑝
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𝑊/𝑚2

𝑃𝑠 = 𝜂𝑠 × 𝐴 × 𝑆𝐼[1 + 𝛾(𝑇0 − 25)]

𝜂𝑠 𝑆𝐼

𝑇0



 

𝑃𝑝𝑣 = 𝑁𝑠 × 𝑃𝑠

𝑁𝑠



 

 

 

𝜂𝑒𝑢𝑟 = 0.03𝜂5% + 0.06𝜂10% + 0.13𝜂20% + 0.10𝜂30% + 0.48𝜂50% + 0.20𝜂100%

𝜂𝑐𝑒𝑐 = 0.04𝜂10% + 0.05𝜂20% + 0.12𝜂30% + 0.21𝜂50% + 0.53𝜂75% + 0.05𝜂100%

𝜂5,10,20,… % 𝑃𝑐𝑜𝑛𝑣

𝑃𝑛



 

𝜂% = 100
𝑃𝑐𝑜𝑛𝑣

𝑃𝑛

 

 

𝐸𝑚𝑖𝑛 𝐸𝑚𝑎𝑥

𝐸𝑚𝑖𝑛 ≤ 𝐸(𝑡) ≤ 𝐸𝑚𝑎𝑥

 𝐸(𝑡 + 1) = 𝐸(𝑡) − ∆𝑡𝑃𝑐(𝑡)𝜂𝑐

𝐸(𝑡 + 1) = 𝐸(𝑡) −
∆𝑡𝑃𝑑(𝑡)

𝜂𝑑

𝑃𝑐(𝑡) 𝑃𝑑(𝑡) 

𝐸(𝑡) ∆𝑡

𝜂𝑐 𝜂𝑑

−𝑃𝑐(𝑡)𝜂𝑐 ≤ 𝑃𝑐
𝑚𝑎𝑥(𝑡) 𝑃𝑐(𝑡) < 0



 

𝑃𝑑(𝑡)

𝜂𝑑
≤ 𝑃𝑑

𝑚𝑎𝑥(𝑡) 𝑃𝑑(𝑡) > 0

𝐸𝑚𝑖𝑛(𝑡) 𝐸𝑚𝑎𝑥(𝑡)

𝑃𝑑
𝑚𝑎𝑥 𝑃𝑐

𝑚𝑖𝑛

 

 

 

𝐸𝑏𝑎𝑡𝑡 = 3.6 × 106 × 𝐸𝑏𝑎𝑡𝑡 (𝐽𝑜𝑢𝑙𝑒)

𝐸𝑏𝑎𝑡𝑡 = 3.6 × 106 × 2500

𝐸𝑏𝑎𝑡𝑡 = 9 × 109 (𝑗𝑜𝑢𝑙𝑒)

   𝐸𝑚𝑖𝑛 = 0.2 × 𝐸𝑏𝑎𝑡𝑡

          𝐸𝑚𝑖𝑛 = 0.2 × 9 × 109



 

𝐸𝑚𝑖𝑛 = 1.8 × 109 (𝑗𝑜𝑢𝑙𝑒)

𝐸𝑚𝑎𝑥 = 0.8 × 𝐸𝑏𝑎𝑡𝑡

      𝐸𝑚𝑎𝑥 = 0.8 × 9 × 109

                                                                                    𝐸𝑚𝑎𝑥 = 7.2 × 109 (𝑗𝑜𝑢𝑙𝑒)

 

  

𝑃𝑛𝑒𝑡



 

𝑃𝑛𝑒𝑡 = 𝑃𝑝𝑣 − 𝑃𝐿

• 𝑃𝑝𝑣

• 𝑃𝐿

 

 𝐸(𝑡) 

• 𝐸(𝑡) = 𝐸𝑚𝑎𝑥

• 𝐸(𝑡) = 𝐸𝑚𝑖𝑛



 

• 𝐸𝑚𝑖𝑛 ≤ 𝐸(𝑡) ≤ 𝐸𝑚𝑎𝑥

 

 



 

• 0 ≤ 𝑡 ≤ 5

• 5 < 𝑡 ≤ 15

• 15 < 𝑡 ≤ 23

• 𝑡 > 23
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https://data.giss.nasa.gov/gistemp/graphs/
https://en.smartinnovationnorway.com/news/norways-first-full-scale-microgrid/
https://en.smartinnovationnorway.com/news/norways-first-full-scale-microgrid/
https://doi.org/10.1016/j.tej.2012.09.013


 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.apenergy.2017.12.048
https://events.solar/midwest/smart-energy-microgrid-marketplace/microgrid-graphic/


 

 

 

 

 

 

 

 

 

https://www.acs.eonerc.rwth-aachen.de/cms/E-ON-ERC-ACS/Forschung/Abgeschlossene-Projekte/~euwe/HYBRID-AC-DC-MICROGRIDS-A-BRIDGE-TO-FUT/lidx/1/
https://www.acs.eonerc.rwth-aachen.de/cms/E-ON-ERC-ACS/Forschung/Abgeschlossene-Projekte/~euwe/HYBRID-AC-DC-MICROGRIDS-A-BRIDGE-TO-FUT/lidx/1/
https://www.acs.eonerc.rwth-aachen.de/cms/E-ON-ERC-ACS/Forschung/Abgeschlossene-Projekte/~euwe/HYBRID-AC-DC-MICROGRIDS-A-BRIDGE-TO-FUT/lidx/1/
https://doi.org/10.1016/j.est.2018.12.017


 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

https://www.mathworks.com/support/search.html/videos/energy-storage-optimization-1572452905678.html?fq%5b%5d=asset_type_name:video&fq%5b%5d=category:simulink/index&page=1
https://www.mathworks.com/support/search.html/videos/energy-storage-optimization-1572452905678.html?fq%5b%5d=asset_type_name:video&fq%5b%5d=category:simulink/index&page=1
https://www.mathworks.com/support/search.html/videos/energy-storage-optimization-1572452905678.html?fq%5b%5d=asset_type_name:video&fq%5b%5d=category:simulink/index&page=1

