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ELECTRICAL MACHINES II
1. The cement plant contains nonlinear loads and significant harmonic sources (kiln rectifiers drives) that can flow through the plant, therefore it is necessary to treat both of the harmonics and the power factor reduction problems to improve the system efficiency, power system quality and decrease losses. This work examines the technical feasibility of designing a capacitor filter bank according the level of harmonics in the network, and also achieving improvement for the power factor (Static Compensators).  
Question 5
· Avoid Power Factor Penalties
Most industrial processing facilities use a large quantity of induction motors to drive their pumps, conveyors, and other machinery in the plant. These induction motors cause the power factor to be inherently low for most industrial facilities. Many electric utility companies assess a power factor penalty for lower power factor (usually below 0.80 or 0.85). Some also incentive high power factor (above 0.95, for example). By adding power factor correction, you can eliminate the power factor penalty from your bill.
· Reduced Demand Charges
Many electric utility companies charge for maximum metered demand based on either the highest registered demand in kilowatts (KW meter), or a percentage of the highest registered demand in KVA (KVA meter), whichever is greater. If the power factor is low, the percentage of the measured KVA will be significantly greater than the KW demand. Improving the power factor through power factor correction will therefore lower the demand charge, helping to reduce your electricity bill.
· Increased Load Carrying Capabilities In Existing Circuits
Loads drawing reactive power also demand reactive current. Installing power factor correction capacitors at the end of existing circuits near the inductive loads reduces the current carried by each circuit. The reduction in current flow resulting from improved power factor may allow the circuit to carry new loads, saving the cost of upgrading the distribution network when extra capacity is required for additional machinery or equipment, saving your company thousands of dollars in unnecessary upgrade costs. In addition, the reduced current flow reduces resistive losses in the circuit.
· Improved Voltage
A lower power factor causes a higher current flow for a given load. As the line current increases, the voltage drop in the conductor increases, which may result in a lower voltage at the equipment. With an improved power factor, the voltage drop in the conductor is reduced, improving the voltage at the equipment.
· Reduced Power System Losses
Although the financial return from conductor loss reduction alone is not sufficient to justify the installation of capacitors, it is sometimes an attractive additional benefit; especially in older plants with long feeders or in field pumping operations.
QUESTION 9
Real power (P) = 100kW 
Voltage phase = 415V
 Initial power factor=0.85
 lagging Improved power factor=0.95
 Where; power factor=𝑐𝑜𝑠 ∅1 𝑐𝑜𝑠 ∅1 = 0.85
 ∅1 = 𝑐𝑜𝑠−1 ∗ 0.85 ∅1 = 31.788° 
Where, P= 100KW 𝑐𝑜𝑠 ∅1 = 100𝐾
 𝑆 S=0 ⋅ 85 ∗ 100 × 103 𝑆 = 85𝐾𝑉𝐴 𝑡𝑎𝑛 ∅1 = 𝑄 𝑃 Q=0.6197 ∗ 100 × 103 𝑄 = 62𝐾𝑉𝐴𝑅
 factor=𝑐𝑜𝑠 ∅2 𝑐𝑜𝑠 ∅2 = 0.95 ∅2 = 𝑐𝑜𝑠−1 ∗ 0.95 ∅2 = 18.19° 
Where : 𝑐𝑜𝑠 ∅2 = 𝑃 𝑆2 𝑆2=0 ⋅ 95 ∗ 100 ∗ 103 𝑆2 = 95000𝑉𝐴 𝑡𝑎𝑛 ∅2 = 𝑄2 𝑃
[bookmark: _GoBack] 𝑄2=tan(18.19) ∗ 100 ∗ 103 𝑄2 = 32868.4 𝑉𝐴𝑟
. Where, 𝑄1 = 𝑄𝑐𝑎𝑝 + 𝑄2 , 𝑄𝑐𝑎𝑝 = 𝑄1 − 𝑄2 𝑄𝑐𝑎𝑝 = 61974.4 − 32868.4 𝑄𝑐𝑎𝑝 = 29106𝑉𝐴𝑅 = 29𝐾𝑉𝐴𝑟 Recall: C= 𝑄𝐶 𝑉𝑟𝑚𝑠 2 ∗2𝜋𝑓 
Using the standard Nigerian frequency 
C= 29.1∗103 4152∗2𝜋∗50 C=537.9*10-6 Farads =537.9𝜇𝐹
