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TOPICS THAT WILL BE COVERED

✓Advancements in Generation System

✓Advancements in Transmission system

✓Advancements in Distribution system

✓Machine learning for power systems (Time permits!)
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ADVANCEMENTS IN 
GENERATION SYSTEM
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➢Modeling and Validation of Hydropower Plants

• Physics driven (Based on differential equation)
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• Software: Open-Modelica, Simulink..
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• Can be further extended to data-driven models



➢Condition Monitoring for Hydropower plants

• Sensors, Signal Processing, Internet of Things (IOT), AI..
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CMFD: Condition Monitoring and Fault Diagnostics
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Alagöz, İzzet, Mehmet Bulut, Veysel Geylani, and Arif Yıldırım. "Importance of real-time hydro power plant 
condition monitoring systems and contribution to electricity production." Turk. J. Electr. Power Energy 
Syst 1, no. 1 (2021): 1-11.



Fig. Solar PV potential in Nepal 15

SOLAR PHOTOVOLTAIC GENERATION IN NEPAL



Fig. PV schematic diagram 

16



➢Controller Interaction

• Parallel operation of 30 inverters a 500 kW solar plant connected 
to a 44kV feeder via 600V/44kV

Fig. Current and voltage waveforms under normal and unstable operations 

PV1

PV2

PV30

600V

44 kV

17



System Root locus plot

18



Substation

PV1 PV2 PV3
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OTHER REQUIREMENTS OF SOLAR 
INVERTER
• Active power curtailment

• Reactive power support

• Inertia support

• Low Harmonic content….

➢Solar converter must be able to be able to fulfill all the 
requirements specified by the country grid code

Ancillary services
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Retrofit controllers
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Retrofit controllers for Active Power Curtailment



Problem of Inertia
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𝑚𝑎 = 𝑓

𝑚
𝑑𝑣

𝑑𝑡
= 𝑓

𝑑𝑣

𝑑𝑡
= 𝑓/𝑚

100N 100N

J

ω ω

J

▪ SG provides inertia whereas PV has none of it
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VIRTUAL SYNCHRONOUS MACHINE (VSM)

• Allows renewable converters to behave like conventional 
generators-> (Synthetic inertia)

Fig. Virtual synchronous machine
Fig. System Frequency 23
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Fig 7: System Frequency Response with IEEEG3 Governor
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Fig 7: Centre of Inertia frequency (fCOI) of the system



Table 2: Frequency nadir and RoCoF of generating buses

Bus Name fnadir (Hz) RoCoF (Hz/s)

Kaligandaki – A 48.79227 0.2013

Likhu - A 48.78238 0.2255

Lower Modi 48.79182 0.2014

Middle Marshyangdi 48.79146 0.2011

Marshyangdi 48.79254 0.2009

Chilime 48.79344 0.2493

Devighat 48.79556 0.2014

Bhotekoshi 48.79212 0.2241

Khimti 48.78258 0.2254

Likhu – IV 48.78167 0.2256

Upper Tamakoshi 48.78077 0.2258

Gandak 48.79213 0.2013

Kulekhani – I 48.79518 0.2018

Kulekhani – II 48.79487 0.2015

Sunkoshi 48.79603 0.2020

Indrawati 48.79618 0.2020

Trishuli 48.79482 0.2009

Modi 48.79185 0.2010

Frequency Stability Indices Measured point Value

System lowest Nadir Upper Tamakoshi 48.7077 Hz

System highest RoCoF Chilime 0.2493 Hz/s

System frequency Nadir COI 48.7976 Hz

System RoCoF COI 0.2038 Hz/s

Table 3 : Frequency stability indices for 
selected system



Research Opportunities

• Retrofit of Grid Connected Solar Farm Controller for frequency 

response support (Curtailment)

• Impact of VSM in Frequency Response “Inertial response Frame”

• Optimal loadshedding strategy

• Energy storage as an ancillary service (Pricing)
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TRANSMISSION 
TECHNOLOGIES
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WIDE AREA MONITORING SYSTEM

• PMUs can measure from 20 to 150 samples per second

• Typically it measures the voltage and angle of the bus where it 

is connected
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Fig. PMUs in North-American grid
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• Currently, NEA is also planning to install PMU at EHV substations

• PMU data can be used for many purpose including faster 

estimation/ prevention of stability issues (STVS)
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Lyapunov exponent

Unstable region

Stable region



35

Unstable region

Stable region

Lyapunov exponent
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IEEE 9 bus system results

Safavizadeh, Arash, Meysam Kordi, Fariborz Eghtedarnia, Roozbeh Torkzadeh, and Hesamoddin Marzooghi. "Framework for real‐time short‐term stability assessment of 
power systems using PMU measurements." IET Generation, Transmission & Distribution 13, no. 15 (2019): 3433-3442.
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IEEE 9 bus system results

Safavizadeh, Arash, Meysam Kordi, Fariborz Eghtedarnia, Roozbeh Torkzadeh, and Hesamoddin Marzooghi. "Framework for real‐time short‐term stability assessment of 
power systems using PMU measurements." IET Generation, Transmission & Distribution 13, no. 15 (2019): 3433-3442.



• Challenges remaining

1. Develop a tool for real-time monitoring and early warning system 

based on PMU measurements

2. How to make system more observable with limited number of 

PMUs?

3. Effect of PMU noise and communication latency in estimation

4. ………..
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DYNAMIC LINE 
RATING ESTIMATION
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• Over head lines normally are limited by thermal limit (Heat)

• They are usually sized based on worst criterion (65 degree celsius, low wind velocity and 

full radiation)

220 kV 220 kV

Ampacity= 506 A

Thermal limit =sqrt(3)*220* 506 = 193 MW

✓However, conductor can carry more current

when the solar radiation is low and wind velocity is high

(Cooling effect)
41



Technology developed by the Slovenia grid
42
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Undergraduate project work of
Phurba, Sristhi and Polarj (Running), KU



ADVANCEMENTS IN 
DISTRIBUTION SYSTEMS
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• Distribution Grid Visualization (Ongoing Project)
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• Transmission Grid Visualization
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https://www.rechargenews.com/transition/the-final-piece-of-
the-puzzle-how-will-the-future-grid-work-/2-1-
515137?zephr_sso_ott=cKZMLw



• Distribution Grid Visualization
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Smart meter

Micro phasor measurement unit 

https://powerside.com/products/power-monitoring/micropmu/

https://techlekh.com/nea-smart-electricity-meters/



• Distribution Grid Visualization (Ongoing Project)
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• Distribution Grid Visualization (Ongoing Project)
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Undergraduate project work of
Phurba, Sristhi, Abhisekh and Prakash, KU



• Distribution Grid Visualization (Ongoing Project)
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• Distribution Grid Visualization
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https://www.semanticscholar.org/paper/A-Novel-Visualization-Technique-for-Electric-Power-Wong-
Schneider/36c2e19e3d9fd4b10e3fe9d9b0422c979f0bafae



• Distribution Automation -> Outage Management System
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• Distribution Automation (Ongoing Project) -> Outage Management 
System
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▪Distribution/ Feeder Automation (In lab)

• More complex algorithm/ AI (maybe) required in complex 

system (Mesh, loop etc)
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Lab model
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Undergraduate project work of
Yubraj, Aship and Abhijeet, KU



PROBABILISTIC METHODS



• Provide statistical information about system→ Better tool for 
decision making

• Better method to analyze the effect of different uncertainties 
(renewable, load etc)

▪Task: Find voltage profile for load for every hour

• Solution: Take hourly load data of every hour and run the 
loadflow (Newton Raphson) 

➢Tedious work



POWER SYSTEM
UNCERTAINTIES

Fig. PV output power [Fan et al. (2012)]

Fig. Wind velocity [Weisser et al. (2002)]
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FLUCTUATIONS TO PROBABILITY
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PROBABILISTIC LOADFLOW

Probabilistic

Load-flow

Mean and Standard deviation of voltage

Mean and Standard deviation of powerflow

✓ Uses Monte Carlo Simulation or some analytical methods such as cumulant,
point estimate etc



PVG supplies 20% of the load demand



INPUTS



Over-voltage prob.= 83.23%

Over-loading prob.= 92.06%



Other applications
❑Probabilistic optimization

• Task: Put a capacitor bank of appropriate size to keep the voltage near 
desired voltage (1 pu)

• System has a lot of photovoltaic generation

▪ Solution:

▪𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 σ
𝑖=1
𝑁𝑏𝑢𝑠𝑷(𝑽𝒊 < 𝟎. 𝟗𝟓)

▪ Constraints:  𝑸𝒎𝒊𝒏 ≤ 𝑸𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓 ≤ 𝑸𝒎𝒂𝒙

✓ This problem can be solved by different optimization algorithms such as
particle-swarm optimization, genetic algorithm etc.

Substation
V15 kms

PV1



• Volt-Var Control (Distribution Automation)
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OTHER RESEARCH AREAS

✓Machine learning in power systems

✓Home Energy Management Systems

✓Electric Vehicles (Vehicle 2 Grid)…
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Thank you for your attention

74



REFERENCES

• AEPC solar photovoltaic report

• Murdock, H.E., Gibb, D., André, T., Appavou, F., Brown, A., Epp, B., Kondev, B., McCrone, A., Musolino, E., Ranalder, L. and Sawin, 
J.L., 2019. Renewables 2019 global status report

• Delle Femine, A., Gallo, D., Landi, C. and Luiso, M., 2019. The Design of a Low Cost Phasor Measurement Unit. Energies, 12(14), 
p.2648.

• Aghamohammadi, M.R. and Tabandeh, S.M., 2016. A new approach for online coherency identification in power systems based on 
correlation characteristics of generators rotor oscillations. International Journal of Electrical Power & Energy Systems, 83, pp.470-
484.

• Kundur, P., Balu, N.J. and Lauby, M.G., 1994. Power system stability and control (Vol. 7). New York: McGraw-hill.

• NEA annual report

• Kumar, P.S., Chandrasena, R.P.S., Ramu, V., Srinivas, G.N. and Babu, K.V.S.M., 2020. Energy management system for small scale 
hybrid wind solar battery based microgrid. IEEE Access, 8, pp.8336-8345.

• Zhong, Q.C., 2016. Virtual Synchronous Machines: A unified interface for grid integration. IEEE Power Electronics Magazine, 3(4), 
pp.18-27.

• Obi, M. and Bass, R., 2016. Trends and challenges of grid-connected photovoltaic systems–A review. Renewable and Sustainable 
Energy Reviews, 58, pp.1082-1094.

75



REFERENCES

• http://pe-ip.com/internet-of-things-iot-interface-for-electrical-equipment-
manufacturers/

• Zhou, B., Li, W., Chan, K.W., Cao, Y., Kuang, Y., Liu, X. and Wang, X., 2016. Smart 
home energy management systems: Concept, configurations, and scheduling 
strategies. Renewable and Sustainable Energy Reviews, 61, pp.30-40.

• Hui, S.Y., Lee, C.K. and Wu, F.F., 2012. Electric springs—A new smart grid 
technology. IEEE Transactions on Smart Grid, 3(3), pp.1552-1561.

• Pokharel, S. and Dimitrovski, A., 2020. Analytical Modeling of a Gapless 
Ferromagnetic Core Reactor. IEEE Transactions on Magnetics, 56(2), pp.1-10.

• Hossain, M.J., Mahmud, M.A., Pota, H.R. and Mithulananthan, N., 2014. Design of 
non-interacting controllers for PV systems in distribution networks. IEEE 
Transactions on Power Systems, 29(6), pp.2763-2774.

• https://www.otlm.eu/

76

http://pe-ip.com/internet-of-things-iot-interface-for-electrical-equipment-manufacturers/
http://pe-ip.com/internet-of-things-iot-interface-for-electrical-equipment-manufacturers/
https://www.otlm.eu/


REFERENCES

• Cabrera-Tobar, A., Bullich-Massagué, E., Aragüés-Peñalba, M. and Gomis-Bellmunt, O., 2016. Review of advanced grid requirements for the integration 
of large scale photovoltaic power plants in the transmission system. Renewable and Sustainable Energy Reviews, 62, pp.971-987.

• Zeb, K., Uddin, W., Khan, M.A., Ali, Z., Ali, M.U., Christofides, N. and Kim, H.J., 2018. A comprehensive review on inverter topologies and control 
strategies for grid connected photovoltaic system. Renewable and Sustainable Energy Reviews, 94, pp.1120-1141.

• Shah, R., Mithulananthan, N., Bansal, R.C. and Ramachandaramurthy, V.K., 2015. A review of key power system stability challenges for large-scale PV 
integration. Renewable and Sustainable Energy Reviews, 41, pp.1423-1436.

• Shivashankar, S., Mekhilef, S., Mokhlis, H. and Karimi, M., 2016. Mitigating methods of power fluctuation of photovoltaic (PV) sources–A 
review. Renewable and Sustainable Energy Reviews, 59, pp.1170-1184.

• Dreidy, M., Mokhlis, H. and Mekhilef, S., 2017. Inertia response and frequency control techniques for renewable energy sources: A review. Renewable 
and sustainable energy reviews, 69, pp.144-155.

• Sridhar, V. and Umashankar, S., 2017. A comprehensive review on CHB MLI based PV inverter and feasibility study of CHB MLI based PV-
STATCOM. Renewable and Sustainable Energy Reviews, 78, pp.138-156.

• Blaabjerg, F., Iov, F., Kerekes, T., Teodorescu, R. and Ma, K., 2011, February. Power electronics-key technology for renewable energy systems. In 2011 
2nd Power Electronics, Drive Systems and Technologies Conference (pp. 445-466). IEEE.

• Li, C., 2017. Unstable operation of photovoltaic inverter from field experiences. IEEE Transactions on Power Delivery, 33(2), pp.1013-1015.

• Wu, Y.K., Lin, J.H. and Lin, H.J., 2017. Standards and guidelines for grid-connected photovoltaic generation systems: A review and comparison. IEEE 
Transactions on Industry Applications, 53(4), pp.3205-3216.

• Lara-Jimenez, J.D., Ramırez, J.M. and Mancilla-David, F., 2017. Allocation of PMUs for power system-wide inertial frequency response estimation. IET 
Generation, Transmission & Distribution, 11(11), pp.2902-2911.

• Fan, M., Vittal, V., Heydt, G.T. and Ayyanar, R., 2012. Probabilistic power flow studies for transmission systems with photovoltaic generation using 
cumulants. IEEE Transactions on Power Systems, 27(4), pp.2251-2261.

77



REFERENCES

• Winter, W., Elkington, K., Bareux, G. and Kostevc, J., 2014. Pushing the limits: Europe's new grid: Innovative tools to combat 
transmission bottlenecks and reduced inertia. IEEE Power and Energy Magazine, 13(1), pp.60-74.

• Von Appen, J., Braun, M., Stetz, T., Diwold, K. and Geibel, D., 2013. Time in the sun: the challenge of high PV penetration in the 
German electric grid. IEEE Power and Energy magazine, 11(2), pp.55-64.

• Overholt, P., Ortiz, D. and Silverstein, A., 2015. Synchrophasor technology and the doe: Exciting opportunities lie ahead in 
development and deployment. IEEE Power and Energy Magazine, 13(5), pp.14-17.

• https://en.wikipedia.org/wiki/Smart_grid

• http://www.sbwire.com/press-releases/outage-management-system-market-forecast-to-2023-examined-in-new-market-research-
report-just-published-964170.htm

• Bahmanyar, A., S. Jamali, A. Estebsari, and E. Bompard. "A comparison framework for distribution system outage and 
fault location methods." Electric Power Systems Research 145 (2017): 19-34.

• Farhangi, Hassan. "The path of the smart grid." IEEE power and energy magazine 8, no. 1 (2009): 18-28.

• https://www.researchgate.net/publication/342550973_A_Novel_Approach_to_Fault_Diagnosis_of_High_Voltage_Trans
mission_line_-A_Self_Attentive_Convolutional_Neural_Network_Model/figures?lo=1

• https://pcmp.springeropen.com/articles/10.1186/s41601-018-0110-4

78

https://en.wikipedia.org/wiki/Smart_grid
http://www.sbwire.com/press-releases/outage-management-system-market-forecast-to-2023-examined-in-new-market-research-report-just-published-964170.htm
http://www.sbwire.com/press-releases/outage-management-system-market-forecast-to-2023-examined-in-new-market-research-report-just-published-964170.htm
https://www.researchgate.net/publication/342550973_A_Novel_Approach_to_Fault_Diagnosis_of_High_Voltage_Transmission_line_-A_Self_Attentive_Convolutional_Neural_Network_Model/figures?lo=1
https://www.researchgate.net/publication/342550973_A_Novel_Approach_to_Fault_Diagnosis_of_High_Voltage_Transmission_line_-A_Self_Attentive_Convolutional_Neural_Network_Model/figures?lo=1


MACHINE LEARNING 
FOR POWER SYSTEMS

79



✓Artificial Intelligence is a bigger concept to create intelligent 
machines that can simulate human thinking capability and 
behavior

✓Machine learning is an application or subset of AI that 
allows machines to learn from data without being programmed 
explicitly

✓Machine learning algorithms:

Supervised and Unsupervised
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Regression

X Y

1000 200

2500 300
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Loadflow

CONVENTIONAL CPF

power at load bus voltage

▪ Takes large computational time for large system
▪ Security assessment is done every 5 to 15 minutes
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𝑽𝒐𝒍𝒕𝒂𝒈𝒆 = 𝟎. 𝟓 ∗ 𝑷 + 𝟎. 𝟖 ∗ 𝑸

G
P

Slack

Active Power (P) Reactive Power (Q) Voltage

5MW 1MVAR 1.02 pu

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑓 (𝑃, 𝑄)

𝑷,𝑸

Smart 
Meter

Real-time implementation

Prepare the model offline

Calculate the voltage 
(output)
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“Data-Driven Method”



Classification: Supervised learning

Age Weight Diabetes

30 90 1  (Yes)

50 60 0 (No)

. . .

Age

Weight

Diabetes

No diabetes
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Classification: Line fault classification
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Lab model

86
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Undergraduate project work of
Yubraj, Aship and Abhijeet, KU
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