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Abstract—This paper proposes a novel approach to maximize 

utilization of wind energy by using a combination of flexible AC 

transmission system (FACTS) devices, shunt capacitor (SC) and 

static synchronous compensator (STATCOM). The stochastic 

nature of wind power is considered through a set of scenarios. 

After running the real market, the proposed model must be 

applied by the independent system operator (ISO) to determine 

the parameters such as the value of the real reserve of each 

generator. The control procedure of the proposed model is easier 

and more accelerated due to using SC. Moreover, the proposed 

method improves the voltage flicker mitigation and power quality 

parameters due to using STATCOM. The proposed method is 

applied to IEEE RTS. It is shown that the proposed model affects 

the total flexibility of the energy system compared to the system 

without SC and STATCOM in order to enhance effective wind 

energy utilization. 

Index Terms--FACTS devices, PCC point, voltage flicker, wind 

energy utilization.  

NOMENCLATURE 

1. Indices 

s  Index of scenarios, 1 to 𝑁𝑠. 

r  Index of wind power units, 1 to 𝑁𝑟. 

l  Index of loads, 1 to 𝑁𝑙. 

i  Index of conventional units, 1 to 𝑁𝑖. 

n / m  Index of buses. 

2. Sets 

𝜉  Set of loads. 

𝜚  Set wind units. 

𝜋𝑛  Set of buses adjacent to nth bus. 

𝜁  Set of conventional units. 

3. Parameters 

𝐿𝑙
𝑄

  Reactive load by lth load. 

𝑃𝑖
𝑓𝑖𝑥

  Power production by ith conventional unit. 

𝑄𝑖  / 𝑄𝑖 Min/Max reactive power production of ith unit. 

𝑅𝑖
𝐷 / 𝑅𝑖

𝑈  Min/Max active reserve by ith unit. 

𝑇𝑠  Probability of sth scenario. 

𝐿𝑙
𝑃  Active load by lth load. 

𝑍𝑛𝑚𝑙𝑜𝑠𝑠
 Importance factor of loss in objective function. 

𝑆𝑛𝑚  Capacity of line from bus n to bus m. 

𝑄𝑖
𝐷  / 𝑄𝑖

𝑈  Min/Max reactive reserve by ith unit. 

𝑍𝑟𝑤𝑖𝑛𝑑
 Importance factor of wind spillage in objective 

function. 

𝑍𝑙𝑠ℎ𝑒𝑑𝑑
 Importance factor of load shedding in objective 

function. 

𝑊𝑟𝑠 Output power of rth wind farm in sth scenario. 

𝑊𝑟
𝑓𝑖𝑥

 Output power of rth wind farm as a result of market. 

𝑉𝑛 / 𝑉𝑛 Lower and upper bound of voltage magnitude. 

𝑋𝑡𝑟𝑎𝑛𝑠 Reactance of transformer of wind power unit. 

𝑋𝑛𝑒𝑡 Reactance of equivalent thevenin circuit of utility 

grid that is seen by STATCOM. 

𝐵𝑐𝑎𝑝 Susceptance of shunt capacitor 𝐶𝑠𝑡𝑎𝑡 at location of 

STATCOM. 

𝑅𝑠𝑡𝑎𝑡 Resistance of STATCOM structure. 

𝐿𝑠𝑡𝑎𝑡 Inductance of STATCOM structure. 

𝐶𝑠𝑡𝑎𝑡 Capacitance of STATCOM structure. 

𝜔𝑒 Operational frequency at the location of 

STATCOM. 

𝑣𝑑𝑐  / 𝑖𝑑𝑐   DC voltage/current of STATCOM. 

𝑣1 / 𝑣2  Voltage levels of transformer. 

4. Decision Variables 

𝑉𝑛
0  Voltage magnitude at nth bus in first level. 

𝜃𝑛
0  Voltage angle at nth bus in first level. 

𝑄𝑖
0 Reactive power of ith unit as a result of market in 

first level. 

𝑊𝑟𝑠𝑤𝑖𝑛𝑑
 Wind power spillage of rth wind power in sth 

scenario. 

𝐿𝑙𝑠𝑠ℎ𝑒𝑑𝑑
  Unserved lth active load in sth scenario. 

𝑟𝑖𝑠 Deployed active reserve of ith unit in sth scenario. 

𝑞𝑖𝑠 Deployed reactive reserve of ith unit in sth scenario. 

𝑣𝑛𝑠 Voltage magnitude at nth bus in sth scenario. 

𝜃𝑛𝑠  Voltage angle at nth bus in sth scenario. 

 


